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"s a n9Th e ry prop ert(60101 to" rength coplew

ABSTRACT: Solution of the principal economic problem of the Party and tc, o
lSoviet t,,tion - that of creating the material and technical basis for

Communism - is intimately related to the development, production and
application of efficient modern structural materials. The attainment ofS
high parameters in machines working wi*h gaseous and liquid media at vea
migh and very low temperatures, the creation of equipment to work with
broad pressure ranges, would be impossible without progress in materiaw
science, without the creation of materials the new requirement
se~t forth by the development of contemporary o,;ngine-ering. The key probl,•
in modern engineering - high --- liability - wi~i Lt. solved sooner on the
basis of materials with Iiigh aiiý' stable jphysieo-me~hanicai, chemical and
other properties. At the same time, the scale of modern industry requires

•. that the new materials be relatively Inexpensive, r~aaJily available, and1
Sbased on the use of domestic raw materials. Synthetic polymers, which
¢ipossess a number of the necessary properties - hight s~rength coupled witi,
• low specific gravity, good thermal and acoustic insuiation, friction and
i• antifriction properties, stability to many chemical agents, e.,come
• closest to satisfying the above requirements. During rerent years, anid
• particularly since the resolutions of the May P-lenary Session of the

Central Committee of the Communist Party of the Soviet Union (1958), an
enormous number of synthetic materials have been developed in the USSR-
high-strength and heat-resistant plastics, Inciuding glass-reinforced anAi
lightweight foam plastics, which have come int~o extensive use in the
manufacture of parts for power anid communications equipment, and various
types of fibers possessing many valuable properties. These materials will.
be used In all branches of the national economy, not oniy as metal
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•,;uhstitutes, hut also as highly efficient structural materials. The new
,uperstrength steels and heat-resistant alloys should be used extensively

otIn modern engineering; beryllium, tungsten, molybdenum, niobium, titanium
and other metals, as well as alloys made with them, will come into use in
industry on an increasing scale. Certain metals and alloys that were
assimilated long ago - such a.; alumInum and magriesium alloys, which have
ron used preferentiali.v in aviation engineering, will come to h, n,,mbered
among the basic structural materials in con.tr'.ton•, mechanical
engineering and other branches ,f ir•du~try. It has become urgently
necessary to generalize Llnormation on metallic and nonmetallic structural
materials so that, in designing various machines and other equipment,
designers, engineers trid production engineers may make use of materials
that conform most fully to thý, rrer-quisites :',r long-term dependable
opcration. 7T-", conrers an element of time-Iness on the appearance ji
the encyclopedia "Structural Materials," in which the reader will find
the handbook data on the materials of modern engineering assembled for
the first time. The encyclopedia incluaes survey articles on the most
imoortant properties ,-,f heat-resistant, antiscaling, magnetic, semi-
conductor, corrosion-*Asiliant, i(mrmoacoustically insulating arid other
materials that are of greate.• interest to worker's in industry. An
extensive section is devct,.i - ý modern testing and nonrcustructive
juality-control methc.:s fur matcria-s. Treatrrit.nt. 'f theoretical problec..
in physical metallurgv and material behavior 1rn ý-neral is held to the
necessary minimum; those interested in these problems are referred to fl
bibliographies given at the en'! of each artic1 .e. Prioduction processes
are discussed only to the extent that they affect the properties of the
materials. The editors invite readers to submit comments on the
individual volumes as they appear; these will ne received gratefully anu
taken into consideration in preparation of later volumes.
Additional Information: Vol. IT, pp. 1-408 and

Vol. III, pp, 1-527.
Edl! sh Translation: 4'_ 68 paGes.
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EDITOR'S NOTE

Solution of the principal economic problem of the Party and the

Soviet nation - that of creating the material and technical basis for

Communism - is intimately related to the development, production and

application of efficient modern structural materials. The attainment of

high parameters in machines working with gaseous and liquid media at

very high and very low temperatures, the creation of equipment to work

with broad pressure ranges, would be impossible without progress in ma-

terials science, without the creation of materials meeting the new re-

quirements set forth by the development of contemporary engineering.

The key problem in modern engineering - high reliability - will be

solved sooner on the basis of materials with high and stable physico-

mechanical, chemical and other properties. At the same time, the scale

of modern industry requires that the new materials be relatively inex-

pensive, readily available, and based on the use of domestic raw mater-

ials. Synthetic polymers, which possess a number of the necessary pro-

perties - high strength coupled with low specific gravity, good thermal

and acoustic insulation, friction and antifriction properties, stabil-

ity to many chemical agents, etc., come closest to satisfying the above

requirements.

During recent years, and particularly since the resolutions of the

May Plenary Session of tht Central Committee of the Communist Party of

the Soviet Union (1958), an enormous number of synthetic materials have

been developed in the USSR - high-strength and heat-resistant plastics,

including glass-reinforced and lightweight foam plastics, which have
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come into extensive use in the manufacture of parts for power and com-

munications equipment, and various types of fibers possessing many val-

uable properties. These matarials will be used in all branches of the

national economy) not only as metal substitutes, but also as highly

efficient structural materials.

The new superstrength steels and heat-resistant alloys should be

used extensively in modern engineering; beryllium, tungsten, molybdenum,

niobium, titanium and other metals, as well as alloys made with them,

will come into use in industry on an increasing scale. Certain metals

and alloys that were assimilated long ago - such as aluminum and magne-

slum alloys, whicIL have been used preferentially in aviation engineer-

ing, will come to be numbered among the basic structural materials in

construction, mechanical engineering and other branches of industry.

It has become urgently necessary to generalize information on me-

tallic and nonmetallic structural materials so that, in designing var-

ious machines and other equipment, designers, engineers and production

engineers may make use of materials that conform most fully to the pre-

requisites for long-term dependable operation. This confers an element

of timeliness on the appearance of the encyclopedia "Structural Mater-

ials," in which the reader will find the handbook data on the materials

of modern engineering assembled for the first time. The encyclopedia

includes survey articles on the most important properties of heat-re-

sistant, antiscaling, magnetic, semiconductor, corrosion-resistant,

thermoacoustically insulating and other materials that are of greatest

interest to workers in industry. An extensive section is devoted to mo-

dern testing and nondestructive quality-control methods for materials.

Treatment of theoretical problems in physical metallurgy and ma-

terial behavior in general is held to the necessary minimum; those in-

terested in these problems are referred to the bibliographies given at
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the end of each article. Production processes are discussed only to the

extent that they affect the propertier of the materials.

The editors invite readers to submit comments on the individual

volumes as they appear; these will be received gratefully and taken in-

to consideration in preparation of later volumes.
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CONVENTIONAL SYMBOLS AND ABBREVIATIONS

amp - ampere

A - Angstrom unit

abs - absolute

at - technical atmosphere

at-% - atom-percent

atm - physical atmosphere

v - volt
va - volt-ampere

w - watt
w-hr - watt-hour

g - gram

g-atom - gram-atom

hy - henry

°C - degree Centigrade

°K - degree of Kelvin absolute scale

cps - cycle per second

g-eq - gram-equivalent

d, 0'- diameter

db - decibel

RR - railroad

cal - small calorie

kg-mr- kilogram-meter

hp - horsepower

m - meter

max - maximum

min - minute

S-- micron

mm - millimeter

mm water - millimeter of water column

mm Hg - millimeter of mercury column

mol. - molecular
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e.g. - for example

NK - natural rubber

rpm - revolutions per minute

r - roentgen

sec - second

SK - synthetic rubber

st - stoke

TU - Technical Specifications

sp.gr. - speclfic gravity

UZ - ultrasound, ultrasonic

hr - hour

ev - electron-volt

emf - electromotive force

PREFIXES ENCOUNTERED BEFORE NAMES OF BASIC UNITS OF MEASUREMENT

deka - (10)

hecto - (102)

k - kilo (1o0)
6M - mega (10)

d - deci ( 10-)

c - centi (10-2)

m - milli (10-3)

P - micro (10-6)
114 - millimicro (10 9 )

PERIODICALS
"AZh" - Akusticheskiy zhurnal [Journal of Acoustics]

"BP" - Bumazhnaya promyshlennsst' [Paper Industry]

"VM" - Vestnik metallopromyshlennosti [Herald oi the Metals Industry]

"VS" - Vysokomolekulyarnyye soyedineniya [Macromolecular Compounds]

"ZhPKh" - Zhurnal prikladnoy khtmii [Journal of Applied Chemistry]

"ZhETF" - Zhurnal eksperimental'noy I teoreticheskoy fiziki [Journal
of Experimensal and Theoretical Physics]

"Z" - Zavodskaya laboratoriya [Industrial Laboratory]

"IAN SSSR. OTN" - Izvestiya Akademil nauk SSSR. Otdelenlye tekhniches-
kikh nauk [Bulletin of the USSR Academy of Sciences,
Technical Sciences Section]

"KZh" - Kolloidnyy zhurnal [Colloid Journal]

"K i R" - Kauchuk i rezina [Caoutchouc and Rubber]
"114 i IP" - Lakokrasochnyye materialy i ikh primeneniye [Fvints and

Varnishes and Their Application]
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"M- i AP" - Mekhanizatsiya I avtomatizatsiya proizvodstva [Mechanization
and Automation of Production]

"P" - Priborostroyeniye [Instrument Making]

"PM" - Plasticheskiye massy (Plastics]

"SVM" - Sinteticheskiye vysokopolimernyye materialy [Synthetic High-
t Polymer Materials]

"S i I" - Stanki i instrument [Machines and ToolsJ

"S 1. K" - Steklo i keramika [Glass and Ceramics]

"WP" - Tekstil'naya promyshlennost' (Textile Industry]

"Tr. NIIRP" - Trudy nauchno-issledovatel'skogo in-ta rezinovoy prom-
yshlennosti [Transactions of the Scientific Research In-
stitute of the Rubber Industry]

,'UKh i TP"- Uspekhi khimii i tekhnologiya polimerov [Advances in the
Chemistry and Technology of Polymers]

'PFM i M" - Fizika metallov i metallovedeniye (Physics of Metals and
Metallography]

"KhV" - Khimicheskiye volokna [Chemical Fibers]

"Kh i TP" - Khimiya i tekhnologiya polimerov [Chemistry and Technology
of Polymers]

"KhN i P" - Khimicheskaya nauka i promyshlennost' [Chemical Science
and Industry]

"KhP" - Khimicheskaya promyshlennost' IChemical Industry]

"TsM" - Tsvetnyye metally (Nonferrous Metals]

FOREICN PERIODICALS

"Aircraft Engng" - Aircraft Engineering (UK)

"Aircraft Prod." - Aircraft Production (UK)

"Amer. Ceram. Soc. Bull." - The American Ceramic Society Bulletin (USA)

"Arch. Eisenhlttenwesen" - Archiv fUr das ElsenhUttenwesen (Arclives
for the Metallurgy of Iron], (Federal Repub-
lic of Germany)

"Aviat. Week" - Aviation Week (USA)

"Brit. Plast." - British Plastics (UK)

"Chem.-Ingr-Techn." - Chemie-Ingenleur-Technik [Chemical Technician
and Engineer] (Federal Republic of Germany)

"Faserforsch. and Textlltechn." - Faserforschung and Textiltechnik
[Fiber Research and Textile Engin-
eering], (Federal Republic of Ger-
many)

"Foundry Trade J." - Foundry Trade Journal (UK)

"Industr. and Engng Chem." - Industrial and Engineering Chemistry (USA)

"Iron Age" - The Iron Age (USA)

"J. Amer. Ceram. Soc." - Journal of the American Ceramic Society (USA)
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"J. Appl. Mech." - Journal of Applied Mechanics (USA)

"J. Electrochem. Soc." - Journal of the Electrochemical Society (USA)
"J. Inst. Metals" - Journal of the Institute of Metals (with the Bul-

letin and Metallurgical Abstracts) (UK)
"J. Metals" - Journal or Metals (USA)

"J. Res. Nat. Bur. Standards" - Journal of Research of the National
Bureau of Standards 'USA)

"Man-Made Text." - Man-Made Textiles (UK)

"Mater. and Methods" - Materials and Methods (USA)

"Materie plast." - Materie plastiche [Plastics) (Italy)

"Metal Finish." -Metal Finishing (USA)

"Metal Ind." - Metal Industry (UK)

"Metal Progr." - Metal Progress (USA)

"Mining Engng" - Mining Engineering (USA)

"Mod. Plast." - Modern Plastics (USA)

"Nat. Bur. Standards Circ." - National Bureau of Standards Circular
(USA)

"Nondestruct. Testing" - Nondestructive Testing (USA)

"Planseeber. Pulvermetallurgie" - Planseeberichte fUr Pulvermetallurgie
[Plansee Reports on Powder Metallur-
gy) (Austria)

"Precis. Metal Mold." - Precision Metal Molding (USA)

"Proc. Indian Acad. Sci." - Proceedings of the Indian Academy of Sci-
ences (Irndia)

"Proc. Roy. Soc." - Proceedings of the Royal Society (UK)

"Prod. Engng" - Product Engineering (USA)

"Rayonne et fibres synthet." - Rayonne et fibres synthetiques [Rayon
and Synthetic Fibers] (Belgium)

"Rech. aeronaut." - La recherche aeronautique [Aeronautical Researct]
(France)

"Rev. aluminum" - Revue de l'a!.uiniur% [Alw7inum Review) (France)

"Rubber and Plast. Age" - The ;Rubber and Plastics Age (UK)

"Rubber Chem. and Technol." - Rubber Chemistry and Technology (USA)

"SAE Trans." - Society of Automotive Engineers Transactions (USA)

"Skinner's Silk and Rayon Rec." - Skinner's Silk and Rayon Record (UK)

"Text. Res. J.' - Textile Research Journal (USA)

"Text. World" - Textile World (USA)

"Trans. Amer. Soc. Metals" -Transactions uf American Society f'or Me-
tals (USA)

"Z. ges. Text.1nd." - Zeltschrift far die gesamte Text'.iindustrie
[Journal fbr the Fntlre Textile Industry] (Fed-
era] Republic cf Ger-any)
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"Z. Metallkunde" - Zeitschrift fUr Metallkunde [Journal of Metals]
(Federal Republic of Germany)

Mechanical and Physical Properties

Property Symbol Unit

Modulus of normal elasticity in
tension (static) E kg/mm2

Modulus of normal elasticity in
tension (dynamic) Ed kg/mm2

Modulus of tangential elasticity
(shear modulus) G kg/mm2

Isostatic compression modulus K kg/mm2

Poisson's ratio L -

Proportional limit in tension apts kg/mm2

Conventional yield point in
tension (permanent deformation C.2%) aO. 2  kg/"•mn2

Ultimate tensile strength ab kg/mm2

Ultimate bending strength aizg kg/rmn

Ultimate tensile strength of'
notched specimen 0bn kg/mm2

Ultimate compressive strength 0 -b kg/mm2
Proportional limit in torsion Tpts kg/irn

Conventional yield noint In
torsion (permanent shear deforma-
tion 0.3%)j 0 3

Ultimate torsional strength •b kg/mm2

Shear strength Tsr kg/mm2

Breaking strength in tension Sk kgimm

Relative elongation after fail-
ure for lengths of

I = 5d; I = 1Od 65; 610
I - 5.65 IF %

-=l 1.3 4F 6%
Upsetting ratio in cormpression %
Necking ratio after failure %

Rock-well hardness (A, B and C
scales) RA, RB, RC -

Brinell hardness HB Kg/,r.2

Vickers hardnes•s 2

MIcrohardness H kg/mm,2

Specific impact strength In an ig-r/cM'
bending

- x~xix -



Endurance limit inA bending with
symmetrical mycle c- kg/rm 2

Creep limit at high temperatures
(itress causing 0.2% strain at 100,
300, etc., hours) 70.2/100 kg/mm

Fatigue limit at high tempera-
tures (stress breaking specimen at P
100, 300, etc., hours) C1 0 0 ;a 3 0 0  Kg/Imm

Sagitta f mm

Power factor cosqp

Specif 1c gravity y g/cm-

Temperature coefficient of
linear expansion a!

Thermal conductivity coef-
ficient X cal/cirisec. C

Specific heat c cal/, :•

Resistivity p ohms .mm/rm

Surface resist•ivity 0 ohIMS

Volume resistivity Pv ohms.cnm

Refractive index n --

Magnetic permeability p hy/m

Temperature.0 0tC

Boiling point t kipC

Melting point to

Vitrification temper,.-re T °C
g

Manu-
script (Transliterated Symbols]
Page
No.

xxxvi HK = NK = natural'nyy kauchuk r natural rubber

xxxvi CK = SK = sinteticheskiy kauchuk - synthetic rubber

xxxvi TY = TU = tekhnicheskiye usloviya = technical specifications

xxxvi Y3 = UZ = ul'trazvuk = ultrasound

xxxix A d = dinamJcheskiy dynamic

xxxix nu = pts = proportsional'nost' = proportionality

Xxxix - izg = izgib = bending

- x1 -



.Xxxix H = n = nadrezannyy - notchedxxxix CP = Br = Brez =shearI

X1 1(141 = kip = kipeniye = botling

xPI nn= p1 lavleniye = melting

-xli.
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ABLATION - destruction of material on interaction with a high-en-

thalpy, high-temperature and high-speed gas flow, characterized by in-

tense heating of the surface zone of the material and removal of mass

from it due to fusion, vaporization, sublimation and other phenomena.

Diffusing throughthe boundary layer, the gasified part of the material

absorbs heat, with the result that the heat flow arriving at the sur-

face of the material is reduced (so-called "thickening" of the boundary

layer or thermal blocking). The use of ablation-susceptible "consumable"

materials that absorb large quantities of energy per unit of mass lost

ahd possess low thermal conductivities and a specific complex of other

physicomechanical properties is an effective way of protecting the

skins of high-speed aircraft from intense short-term aerodynamic heat-

ing, and the walls of rocket-engine chambers from hot gases. Ablation

may be regarded as a particular case or part of heat and mass exchange

between the material and the heated gases, which incorporates the fol-

lowing fundamental, arbitrarily classified effects (the Roman numerals

denote the groups of the effect factors, while the Arabic numerals de-

note the individual elements within each group): I. Absorption of heat

on heating of the material in the solid and liquid phase to tempera-

tures corresponding to the phase transitions. II. Removal of heat from

the surface zone of the material due to conduction (1) and radiation

(2). III. Effects related to removal of mass: a) mechanical effects -

"friction" erosion, loss of material in the solid state due to tangen-

tial forces set up by the gas stream (1), "abrasive" erosion, due to

impacts of solid particles or droplets (2); b) thermomechanical - scal-
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ing and cracking as a result of thermal expansion and dropping away of

solid particles (3), exfoliation - separation of softened or weakened

particles of material by forces produced by the onrushing stream or by

accelerations (4), heat absorption on fusion and sweeping of the fused

layer by the gas stream or runoff of this layer under the action of in-

ertial forces (5); c) thermal effects - absorption of heat on heating

of a liquid film and loss of mass in vaporization (6), sublimation -

absorption of heat and mass loss on transition to the gaseous state di-

rectly from the solid state (7), superheating of vapors of vaporizing

or sublimating material (8); d) thermochemical effects - absorption of

heat in pyrolysis and loss of thermal decomposition products (9), evo-

lution of heat in combustion (10), dissociation (11) and ionization

(12) of vapors of the material in the boundary layer, and thermochemi-

cal interaction of vapors of the material with the main gas stream (13).

The following factors influence the process of heat and mass

transfe;r between the material of the object and the external medium:

the magnitudes of the heat flows to the surface of the material, the

composition of the medium, the velocity of motion, the iature of the

flow (laminar or turbulent) in the boundary layer, the dimensions (e.g.,

wall thickness) and shape of the object, the chemical nature and struc-

ture of the material and the properties that depend on them - the

heats of the phase transitions, the heat-transfer coefficient, the ra--

diative and catalytic properties of the surface, and the strength and

deformation indices. To maintain the necessary strength in the load-

bearing elements of the structure, to maintain it in functioning condi-

tion, and to provide heat protection at minimum weight, an attempt is

made to select materials that realize useful effects (I, 11-2, III-6,

7, 8, 9, 11, 12), and minimize the unfavorable effects (II-1, 2, 3, 4,

10) under the conditions in question.

2
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The ablative properties of a material are characteriied by several

parameters: the effective heat of ablation or effective enthalpy, the

velocities of linear removal V or loss Vm of mass and the indices to

the thermal-insulation properties, e.g., the temperature gradient

through the thickness of the material. There are a variety of defini-

tions for the "effective enthalpy" of a material. From one standpoint,

it includes the heat (Haff) required to heat 1 kg of the removed mater-

ial to the temperature of the phase transformation and then take it

through the phase transformation itself. According to another stand-

point, the effective enthalpy (Heff) also incorporates the heat expend-

ed in heating the vapors of the material (and on the other processes)

in the boundary layer.

Following the onset of steady-state ablation

where qo is the heat flow to the unconsumed surface at the ablation

temperatue, C is the specific heat capacity, Ta is the surface temper-

ature of the material subject to ablation, Hp is the heat of the phase

transformation (vaporization, sublimation), (AH)O is the enthalpy dif-

ference of the boundary layer in the absence of "sweating," qr = aFT 4

is the heat flow radiated by the body (a is the Stefan-Boltzmann con-

stant and C is the emittance), a is the gasification coefficient, the

fraction of the total mass lost in the form of vapor and gaseous pyro-

lysis products, pN(y)' is the mass transfer coefficient; here: N

2/3 or 2/9 for laminar and turbulent boundary layers, respectively,

and Mp is the molecular weight of the vapor (values of a calculated by

the above formula correspond to the case of an air flow and certain

particular streamlining conditions).

3
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TABLE 1 A mong the various classes of mater-

B TexopiOvouoH ials - metals, ceramics, plastics -

50I 5o -0 3000 filled polymers are most suitable for
C CTOeNToecxoroaat . . . . 40 1200 2200
L AeCOO'wmoma? .......... 00 1700 2000
XCarim.,,, 4', .ia,,. i,0 use as heat-insulating coatings working

fer"ORM 1"IARN X&e Pe-

*M4 aR'oBNX SORoJIO 1300 25nO 3700

by the ablation mechanism. Illustrative

A) Material; B) heat flow values of H in kcal/g (without con-
(kcal/mý .sec); C) glass- ef n
reinforced textolite; D)
asbestos textolite; E) sideration of radiation and various
laminated plastic with wo- streamlining conditions) for certain
yen Refrazil base.
TABLE 2 phenolic plastics are given in Table 1.

nie •,. ','It is expedient to employ materials
Maepon."c i (.jVv 1 . c,

(u.4 (Wam-.,ex) with small thermal conductivity coeffi-
rgpaq~n? ........... . .. 06 O.4•CTextonJae8luh *non,.o0 cients. The larger qo, the greater the

= .ýN~l 0,32 0.56PAc~onnzacmwt lIeflOfbHI,1t 0.32 0,5
GHala.JH ......... . 0.86 0.99
HCianuupko ...... 0.89 ,.to portion of the material that will be

IH epg hanewou la cTa i. . 1 ,69 13, 10

subject to ablation. For moderate ther-A) Material; B) linear

rate of removal V (mm/sec); mal loads, the structures may be protec-
C) rate of mass 1Ass Vm
, .(g/m2osec; D) graphite; ted with thermal insulation and radiat-

E) transparent phenolic
plastic; F) phenolic asbo- ing coatings; at high rates of supply of
plastic; G) nylon; H) zir-
conium silicate; i) stain- energy to the surface, ablative thermal
less steel, insulation becomes an important factor.

The indices V and Vm, which character-

ize erosion resistance, are particularly important for materials used

in the nozzles of rocket engine- and other devices of which stability

of the aerodynamic ý.ontours and weight parameters is required. Increas-

ing Heff lowers the rate of ablation:

V',,.- Q I . - q. t!.

where p is the density of the material. Typical values of the ablation

rate for a number of materials at the critical point, with an initial

heat flow of 5300 kcal/mn-sec in an air medium (velocity 750 m/sec, en-

thalpy 4500 kcal/kg, temperature 83000) are given in Table 2.

4
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References: Issledovaniya pri vysoklkh temperaturakh [High-Temper-

ature Research] Collection of articles edited by V.A. Kirillin and A.S.

Sheyndlina, Translation from English, Moscow, 1962; Adams, Posledniye

dostizheniya v teorit ablyatsii [Recent Advances in Ablation Theory],

"Voprosy raketnoy tekhniki," [Problems of Rocket Engineering], 1960, No.

4 (64); Skala, ibid., 1960, No. 8 (68); Lucas W.R. and Kingbury, I.E.,

"Mod, Plast.", 1960, Vol. 38, No. 2, pages 135-40, 211; Schmidt, D.L.

ibid., pages 135-40, 211; Schmidt, D.L., ibid., No. 3, pages 131-41.

B.I. Panshin

Manu-
script
Page [Transliterated Symbols]
No.

3 1 = 1 = lineynyy = linear

3 u =m = massa = mass

a00 eff = effektivnyy = effective

3 a = a = ablyatsiya = ablation

3 n = p = prevrashcheniye = transformation

3 n = p = par = vapor
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ABRASIVES- rocks and minerals (natural and artificial), usually

of higher-than-normal hardness, used in agglomerated or ground form for

surface dispersion and machining (grinding, cuttlng, lapping, boring,

polishing, and the like); also used as high-strength materials to re-

sist prolonged abrasive action in the rubbing parts of mechanisms (an-

tabrasives, abrasiostats).

The ratural abrasives include diamond, corundum, emery, garnet,

quartz and its varieties - silica, agate, quartz sand, quartzite and

sandstone (dense rocks), tripoli, diatomite, gaize, Mohs (loose pow-

ders), feldspar and talc; granite, basalt lavas, pumice, crocus (Fe20 3 )

and chalk. The most commonly encountered artificial abrasives are elec-

trocorundum, carborundum, and boron carbide. The basic characteristics

of abrasives are: 1) hardness, strength and toughness; 2) the shape of

the abrasive grain, 3) abrasive capability and 4) grain size.

We classify abrasives as those with high hardness (diamond and

alumina abrasives), medium hardness (quartz, silica, agate, garnet,

feldspar, granite, basalt lavas and pumice) and low hardness (tripoli,

diatomite, gaize, crocus, chalk, talc, and porous shales). Abrasives of

high and medium hardness are used chiefly as cutting and grinding ma-

terials, while abrasives of low hardness are used principally for po-

lishing,.

The hardness of an abrasive is characterized by its position on

hardness scales. The various abrasives array themselves in the follow-.

Ing series on the ten-point Mohs scale: diamond 10, corundur ), quartz

7, garnet 6.5-7.5, feldspar 6-6.5, hematite (crocus) 5.15-6, talc 1,

6
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chalk less than 1. The microhardnesses of artificial abrasive materials

(kg/mm2 ) are as follows: diamond 10,060, boron carbide 3300-4300, sili-

con carbide 2800-3300, electrocorundum 1800-2600.

Abrasive grains are most often crystalline fragments, and less often

monocrystals with regular crystalline shape or a crystalline aggregate.

The cutting edge of the grain is the side formed by any pair of inter-

secting crystallographic planes. Since different crystallographic

planes intersect at different angles, the grain cutting edge also ac-

quires various tip angles.

The physical characteristic of an abrasive that is of greatest

practical importance is its abrasive ability, which represents a com-

plex of properties: hardness, toughness, brittleness, duration of ef-

fectiveness, etc. The abrasive ability of ground abrasives (particles

160-120 p in diameter) is established by a standard procedure, by de-

termining the amount of glass dispersed when it is used to grind the

material to be tested. If the abrasive ability of quartz is taken as 1,

the relative abrasive abilities of other abrasives are as follows: gar-

net 3.3, corundum 4.8, diamond (bort) 35.4. As compared with the abra-

sive ability of diamond, which is taken as unity, the abrasive abili-

ties of artificial abrasives are: electrocorundum (93.6% A12 03 ) o.149;

monocorundum (a variety of electrocorundum) 0.15-0.25; silicon carbide

0.25-0.45; boron carbide 0.56-0.64. The mesh characterizes the size and

uniformity ol' the abrasive-grain dimensions; it is determined by clas-

difying the grains on the basis of linear dimensions by screen analysis,

settling in a liquid, or some other method. The mesh number is deter-

mined by the linear dimensions of the grains in the main fraction. The

more uniform the shapes and sizes of the abrasive grains, the better

will be their working properties.

Machining finish obtained with an abrasive process is inversely

7
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proportional to the size of the abrasive grains; here, admixtures of

coarser grains produce defects on the machined surface, while finer

grains reduce the abrasive effect, since such grains do not fully par-

ticipate in the process. In their commercial form, abrasives are

crushed materials with standard grain sltes (GOMT 3647-59). Crushed

abrasives are classified as follows on the basis of grain size in the

USSR: grinding granular (Nos. 200-16, 2500-160 4 fractions), grinding

powders (Nos. 12-3, 160-40 p. fractions) and micropowders (Nos. M40-M5,

40-3 p. fractions). Diamond powders (GOST 9206-59) are classified into

50 grades - from A50 (630-500 ,1) to AM1 (smaller than 1 4). Abrasives

are characterized by Imperfect cleavage, so that they regenerate them-

selves during the abrasive process, producing new irregular sharp frac-

tures. Abrasive products should be quite porous.

Abrasive stones, from pieces of which abrasives products of the

necessary shape and dimensions are obtained directly, should be set

apart on the basis of method of use from other abrasives, which are

used chiefly in dispersed fonn. Abrasive stones generally consist of

silicaceous rocks - sandL-tones, novaculite (chalcedonous) shales and

quartzites, as well as granites, basalt lavas, and pumice.

Abrasive stones (in the form of millstores, :hetstones, and the ltke)

are used only to a limited degree because of the difficulty of makirg

tools of the necessary size and dimensions frcm the77 and the posslbi-

lity of using them only at low working speeJs (not over 5-6 n./sec). The

importance of diamcnn arong the dispersed abrasves Is i ncreasing

steadily. The abrasive next In Iir.portance after dian-ond is corundum,

which is used in the form. of powders, pastes and, 1e,.: L.ften, in abra-

sive Products in ceramic and organic binders, fox the grinding and -o-

lishinrg of metallic products (ball bearings) and glass (O.t!Lal lenses),

where natural ccrundu. is more effective that. synt•etIc corundum.

8
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Abrasives are used as follows: quartz sand preferentially for

rough grinding of glass; garnet and crocus for glass (miller) polishing;

emery chiefly in felt-based wheels for rough machining of noncritical

components; pumice for grinding and dressing wood, leather and stone.

The soft adhesives - chalk and talc - are included in various polishing

preparations for finishing leather, polishing rice, etc. Silica is used

to make sandpapers for finishing leather, plastics and wood, an6 the

material is made available in the form of grinding grains and powders

(most often in 14 grades from 24 to 240). Corundum Is produced for the

most part in micropowder form (No. 28, No. 7, etc.) and emery in the

form of grinding grains (No. 90 and coarser).

The most widely used artificial abrasives are as follows: with

high hardness - boron, tungsten and silicon carbides, electrocorundum

(specific brands are alundum, aloxite and nevodiamantine); those of med-

ium and low hardness - grcund glass, synthetic red (iron) rnd green

(chromium oxide) crocus, polirite (cerium oxide), oxides of copper,

zinc, nickel, manganese and thorium, steel filings, Italian powder

(stannic acid), as well as polishing compounds containing brushed na-

tural abrasives and various salts.

The following formrs of artificial abrasives are produced in the

USSR: boron carbide (crystalline, with additives of pure boron and

graphite), which is used as a substitute for diamond powders in truing

h-ard alloys (carbide cutting tools), in grinding ruby, quartz and cor-

undum; green silicc.n carbide (high abrasive ability) and the black var-

Let:, (less brittle), used in machining tough materials with low break-

irg strength (gray iron, brass, bronze, aLuglinum, copper, glass, porce-

lain, bone, plastics, and the like); normal eLectrox-oru-,ndu= E in grades

E92, E93 and £95 for gr¶ndirng meta2s, white EB for machining spezial

steels, glass, and precision thread-srind'ng; monocornndurn M for mach-

9
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ining alloys having high breaking strength (for example, nitridcd

steels).

References: Nemetallicheskiye iskopayemyye [Nonmetallic Natural

Deposits], Vol. 1, Moscow-Leningrad, 1936; Temkin, B.S., Shlifuyushchl-

ye i poliruyushchiye materialy (Grinding and Polishing Materials], Mos-

cow, 1947; Trebovaniya promyshlerinosti k kachestvu mineral'nogo syrtya

[Industrial Requirements as to Quality of Mineral Raw Materials], No.

37; Koyfman, M.I., Korund i nazhdak, [Corundum and Enery], Moscow-Len-

ingrad, 1947; Abrazivnyye instrument' [Abrasive Tools], catalogue, Mos-

cow, 1958 ; Abrazivnyye instrumenty. catalogue, Handbook, Moscow, 1961.

P.P. Smolin

Manu-
script [Transliterated Symbols]
Page
No.

FOCT = GOST = Gosudarstvennyy obshches yuznyy standard =
State All-Union Standard
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ABSOLUTELY BLACK BODY - a body characterized by the ability to

absorb completely all radiation incident upon it irrespective of the

wavelength of the radiation and the temperature; it also possesses the

highest radiative power for a given temperature. The absorption coef-

ficient of the absolutely black body is unity at any temperature. The

Models of the absolutely black body: a) Spherical cavity with hole; b)
tube element; c) cylindrical depression in a body; d) wedge-shaped
depression in a body.

absolute blanrf bori'v does not P- - in nature' . 1 7,. I-t - 'oy

but the concept of the. absolute black body is of great importance in

the theory of radiation, the basic laws of which have been derived as

they apply to black-body radiation (see thermal radiation). A physical

model of the absolute black body can be realized in the form of a

closed cavity having opaque and uniformly heated walls, the radiation

and absorption of which th;?ough a small hole in the wall (Fig., a) are

for all practical purposes subject to all laws of radiation for the ab-

solute black body. The physical model of the absolute black body is

based on the principle of absorption of the rays by the cavity walls as

a result of multiple reflectior. By the tsa~ie token (each element of the

internal surface of the cavity qImultaneonsly radiates ard reflects the

11
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radiation of the other elements), the absolute black body model pU-

ses a radiating power close to the possible maximum at the given tem-

perature. In engineering, absolute black body models are used in the

form of uniformly heated tubular element b and cylindrical (c), wedge-

shaped (Mendenhall wedge) or conical (d) depressions in a heated body.

References: Ribo, G., Opticheskaya pirometriya [Optical Pyrometry]

Translated from the French, Moscow-Leningrad, 1934; Mikheyev, M.A., Os-

novy teploperedachi [Fundamentals of Heat Transfer], 3rd edition, Mos-

cow-Leaingrad, 1956; Plank, M., Vvedeniye v teoreticheskuyu fiziku

[Introduction to Theoretical Physics], Part 5, Translated from the Ger-

man, Moscow-Leningrad, 1935; Kul'bush, G.P., Elektricheskiye pirometry

(Electrical Pyrometers], Moscow-Leningrad], 1932.

A.I. Kovalev

12
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ABSORPTION COEFFICIENT - the ratio of the radiant energy absorbed

by a body to the radiant energy incident on it: a = Epogl/Epad. For an

absolutely black body this factor equals 1, while for an absolutely

white body it equals 0. The absorption coefficient of real bodies lies

within the limits 0 < a < 1 and depends on the chemical composition,

physical state, and thickness of the absorbing layer and the wavelength

distribution of the incident radiant energy.

G.A. Zhorov
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ACETATE FIBER - artificial fiber from acetylcellulose which has

valuable service qualities. The starting raw material for the produc-

tion of acetate fiber is regenerated cellulose acetate (the content of

combined acetic acid is 54.5-56.5%) Acetate fiber is formed by the dry

method from acetylcellulose solutions with a degree of polymerization

of 350-400 mixed with acetone and alcohol (85,15) or acetone and water

(90:10) on a bobbin-type spinning mill. The physio-mechanical proper-

ties of acetate fibers are: specific weight 1.32, moisture content (Lu-

der standard conditions) 6-8%, dry rupture length 11-14 krn, loss of

6ti-eaigth in the wet state 40-45%, dry elongation 22-30%, wet elongation

28-35%. Suspension dyes are used for water-bath dyeing, while acetone-

soluble dyes or high-dispersion pigments which ensure bright and fast

colors are used for dyeing in the mass.

Acetate fiber is twice as elastic as viscose and cuprammonium fi-

bers, for which reason fabrics fron acetate fibers have a low suscepti-

bility to crushing. Acetate fibers possess a substantial thermoplasti-

city (deformation of the fiber starts at 140-150°). The processes by

which acetate fibers are produced are distinguished by their relative

simplicity and hainlessness, stability of spinning solutions, higher

(by a factor of 2.5-3) concentration of the spinning solution in com-

parison with that used for the forming of viscose fiber, higher rate of

fiber formation when using the dry method, absence of finishing opera-

tions in the wet state, moderate specific consumption of solvents due

to their regeneration, feasibility of complete reprocessing of wastes

and refuse. Shurtcomings of the production process are: inflammability

14
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and danger of explosion when acetone comes into contact with air, which

irequire the use oi special electrical fittings and motors, substantial

heat generation in the spinning compartment zone which necessitates air

conditioning. Acetate fibers are used in the pure form and together with

other fibers for the production of fabrics and knitted products. Knit-

ted underwear ana outerwear are made from acetate rayone, while staple

acetate fiber together with other fibers is used for wrinke-resistant

fabrics and articles. Acetate fibers are not colorable by dyes which

are used for dyeing cellulose and protein fibers are used together with

the latter for obtaining various color effects *.n fabrics.

References: Rogovin, Z.A. Osncvy xhimii i tekhnologii proizvodstva

khimicneskikh volokon (Fundamentals of the Chemistry and Technology of
Chemical Fibers Produiction]. "n.d ediLion, Moscow, 1957; Birger, G.Ye.,

ProizvodEtvo khimicheskikli volckon i ikh prim, neniye (The Production and

UtilLzation of Chemical Fibers]. Moscow, 1959; Kanter, D.Ts., Nekrasova,

T.A. and Golosenko, O.M. "TP," No. 9, page 16, 1958.

L.S. Gal'braykh
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ACICULAR TROOSTITE - is the structure of products of the inter-

mediate transformation of austenite (see Steel).

16
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ACID- AND ALKALI-RESISTANT RUBBER - rubber which protects appara-

tus, machinery, and equipment from the detrimental action of acids

and alkalies. Depending on their purpose and the field in which they

are to be used, such rubbers should, in addition to resistance to var-

ious media, exhibit good adhesion to metals (when employed for anti-

corrosion coatings), durability (when used for packaging components

in pumps), and heat or frost resistance (when used at high or low temp-

eratures). Their chemical stability depends to a large extent on the

temperature and concentration of the medium. The service life of acid-

and alkali-resistant rubbers ranges from several months to 4-6 years

and depends on the purpose for which the material is intended, the

operating conditions, the concentration and temperature of the medium,

whether or not it contains suspended particles, the type of apparatus,

the surfacp area in c.ntact with the mc lum, the number of strokes

(for nackaging components), and other factors. Their chemical stability

is determined chiefly by the properties of the initial gum rubber and

the composition of the rubber mixture. Addition of silica gel to the

mixture in place of chimney soot or lamp black substantially increases

its resistance to a number of chemical reagents. The same filler may

promote an increase in resistance to one medium and a decrease in re-

sistance to another. For example, silica gel, which improves resist-

ance to hydrochloric acid, lowers resistance ti alkalies. A combina-

tion of fillers is used to obtain rubbers stable in both types of media.

Addition of softeners such as )araffin, ceresin, etc., which migrate

to the surface of the rubber, also increases the chemical stability

17



of the mixture. Ru'bber, with strong sulfr boris are producid b: Jin'

thiram as an accelerator and reducing the sulfur content.

"IABLE 1

C~ ~lO - cep- C oa n- " T m ex a nte~ee~ tS 1 44 ao,'u g 8Cp i I a~Ica .0 iiNU NnI qcu C tii

9 lomm.paun (se. %) Dn 5 Mo so hmoae aioan aOWa n lpu. npo"" oem up.I CmopuT TiiuS- sIO n-.,
10 r saww rn (-C) .... wAn 1o o7o n o 70 paiour 0 y ac.s'n-

S50%. Teepaocr no TM.2-

1) Medium; 2) acids; 3) nitric- 4) sulfuric; 5) phosphoric; 6) hydro-
chloric; 7) sodium hydroxide; 6) mechanical properties of rubber; 9)
concentration (% by weight); 10) temperature (00); 11) up to; 12) any;
13) ultimate tensile strength - 45-100 kg/cm2; 14) relative elongation

- 200-350%, hardness in TM-2 apparatus- 45-60.

TABLE 2

1 -21, nu- -- -.

"CSM o $- I .. = 1 P" . .. ..

peetware,200-250 A;& , -

l()ouu~uipaaw 66ac % o0n sO o 2-0 Ql~f M o 10ama q1SeaSu upoqace Ml1Teimpaery o.'C) .... So 70 M o 10 n o 7 0 I 50()T .ocubabuos Dou'm

1) Medium; 2) acids; 3) nitric; 4) sulfuric; 5) phosphorlc; 6) hydro..chloric; 7) hydrofluoric; 8) sodium hydroxid&eý)mechanical proper-
ties of rubber; 10) concentration (% by weight); 11) temperature (c);
12) up to; 13) any; 14) ultimate tensile strength - 200-250 kg/cm2;
15) relative elongation - 300-500%, hardness in 1T1-2 apparatus - 60-
75.

Acid- and alkali-resisti-nt .bbers are produced from the follow-

Ing types of raw rubber: sodium divinyl (SKB), divinyl styrene (SK's),

divinylnitrile (SKN), butyl (BK), polyisobutylene (PI), chorsulphated

polyethylene (KhP), ethylene-Propylene (EP), and chloroprene.

SKB-based rubbers are widely used in the manufacture of soft rub-

bers, semlebonites, and ebonite. Ebonites are, however, brittle and

thermoplastic (softening at 60-70*).

Table 1 presents data on the resistance of SKB rubbers to ;arious

acids and alkalies.

18



SKT- base d r->'- .'P r ýa. - '~.a ,I P- 11, p;,oM1 t,' 1t 2: and arp

heat-resistant to •.0 and frost-resist'nt tc-"i.

Acid- and alkali-resistant rubbers based on K-3-5 (ani, to cjme

extent, those based on SINvS-50) are strong, elastic, higriv durable,

heat-resistant to 100-120*, and frost-resistart to -40 or -•C

Table 2 presents data on the acld Apd alkali rzistunfLc:f rib-

bers based on SKS+30.

TABLE 3

_ 
-E 

Mz uxse CO Oice

9 Hijmmnpamu(aft. 20 25.~ fec Poio 3; Is 50 Uso W -4pen..'I

10 Temooeypa s (*C) w 10 s too I tc10.o 1001so070 0 74) P"'?N mbor. e 7bA' nABW
t300-400%. T nao, 80

'TU-2-7O-Sc [

1) Medium; 2) acids; 3) nitric; 4) sulfuric; 5) hydrochloric, U') ace-
tic; 7) sodium hydroxide; 8) mechanical properties of rubber; 9) con-
centration (% by weight); 10) tempnerature "C); 11) up to; 12) ulti-
mate tensile strength - 100-150 ký/cm 2 * 13) relative elongation- 300-
4O0%, hardness in 1.M-2 apparatus- 70-60.

TABLE 4

&So an__XM "anman

3- 6" 17 '8
I t N Got WI -

Traw # (IC) So so X0 UtO no

1) Medium; 2) acids; 3) nitric" e ) szifur-l '; 5) hydrochloric; <I phes-
phoric; 7) rcetic; s) sodium hydroxide; ) concentration (% by weight);
10) temperature (*C); 11) up to; 1.) unstable in hot acid.

Acid- and alka.1-resistant rubbers baceI on SKN have a chemicql

stability similar to that of SKS ru:-bbers; th.ey tie resistant to pet!ol-

e=m products rontalnin;n up to .C'- &romatfe hydrocarbons and to p'ropir.- -

and butane. They are heat-resi't&nt to 150*, durable, and

ant to to-C-c " (for .O-261 or -1-: to--GJ (for SO-18).

Rubbers based cmn chloroprene are c0hiracterized by high resiF .,ce

i9
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TABLE 5
CpeSa Ftolapa- UpaS- aMspan.qec~ue

un (no. %) TIPS c60AclTS Xf l
i_2 _ _ _ 5

6MM ,. ......... P'nm 20 HeSatrr mn - npeA upOoTrll ~ m°Zmdt 21 60 AOft T2YO ym • ,iuURN t PalouseISO-

2~420 goiCal
S.... so 22 To we220 . Tnocerr. yAX.

Coaa ag oo 9 ... 069 50518  ,0 no

To me ......... 70 YuepAuuo o_%j r
fsaaeuosa , ux .0oaa TO He ,ereys, ma cxa- Teuo --ep pa

AMMONep xN Ow ... o20 70 T O To - -

T ome..........3'' 7 yo o27

C4oax• .,OT ."' .. "o 50 "9" o, To me,
Towe9....5.1 60 YabePIUo ROicM~eT

yudwuannucam . JIM0, - 0 To me
Xx*2mx -5.... No~mnY To me He tTY* e Bo ArN-

Ru3 am ....... }6. 50 70 To we

1) Medium; 2) concentration (% by weight); 3) temperature ( 0 C); 4) re-
sistance; 5) mechanical properties of KhP; 6) ammonia; 7) chromic acid;
8) the same; 9) hydrochloric acid; 10) hydrofluoric acid" 11) nitric
acid; 12) phosphoric acid; 13) sulfuric acid; 14) acetic acid; 151 po-
tassium hydroxide; 16) sodium hydroxide; 17) liquid, anhydrous; 1b)
concentrated; 19) up to; 20) glacial; 21) weak action or none at all;
22) the same; 23) moderate action; 24) ultimate tensile strength -

180-240 kg/cm2; 25) relative elongation - 200-500%; 26) hardness in
TM-2 apparatus - 60-80; 27) embrittlement temperature - -25 to -40*•

to the action of acids and alkalies, as well as by good adhesion to

metals (Table 3). They are heat-resistant to 80-900, frost-resistant

to -30 to -35O, and resistant to petroleum products containing up to

25% aromatic hydrocarbons. These rubbers are widely used for lining

railroad tank cars intended for transporting hydrochloric acid.

Acid- and alkali-resistant rubbers based on PI are inert to chem-

ical reagents and res, 3tant to thermal and oxygen aging. PI-based mix-

tures begin to flow at loads of 3 kg/cm2 . A composition of type P-155

or P-200 PI, zoot, and graphite is usually employed; it is produced

in sheets under the trademark PSG and these are cemented or hot-air

welded at 2000.

Table 4 presents data on the acid and alkali resistance of PI-

based PSG mixtures.

BK-based rubbers have a higher resistance to aggressive media

20
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than those based on unsaturated polymers and are comparable to PI com-

positions. In contrast to PSG coatings, protective linings of BK are

mechanically strong, elastic, and durable, do not flow, and resist

fats and vegetable oils, which destroy PI. The principal drawback of

BK rubbers is their lack of adhesion to metals.

Acid- and alkali-resistant rubbers based on KhP have a high re-

sistance to chemical reagents, aliphatic hydrocarbons, ozone, and oxy-

gen and are heat-resistant and durable. Table 5 presents data on the

acid and alkali resistance of KhP rubbers.

Acid-resistant hoses of KhP ar, distinguished by good operational

characteristics in working wlth sulfuric acid, hydrofluoric acid, and

other oxidizing agents. KhP rubbers are widely used in chemical enter-

prises for lining tanks and chlorination and pickling baths and in the

manufacture of peckIng components which must be both chemically stable

and durable.

Acid- and alkali-resistant rubbers based on an ethylene-propylene

copolymer (EP) are characterized by high elasticity, durability, and

ozone, acid, and alkali resistance. EP has a higher acid and alkali

resistance than BK.

EP-based rubbers adhere poorly to metals. They are used principal-

ly in the manufacture of packing components intended to operate in

highly active aggressive media.

References: Zuyev. Yu.S., Borshchevskaya, A.Z., DAN SSSR [Proceed-

ings of the Academy of Sciences USSR], 1959, Vol. 124, No. 3, page

613; Zuyev, Yu.S. et al., VS, 1961, Vol. 3, No. 2, page 164; Novyye

uchuki. Svoystva i primeneniye [New Rubbers, Properties and Applica-

tions], collection of translations, Moscow, 1958; Polyakov, K.A.,

Slomyanskaya, F.B., Polyakova, K.K., Korroziya i khimicheski stoykiye

materialy [Corrosion and Chemically Stable Materials], Moscow-Lenin-
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grad, 1953; Biryukov, I.V., Tekhnl!'-gfya obkladlci chimiche.kiy appar-

atury rezinovymi smesyami [Techniques for Lining Chemical Apparatus

with Rubber Mixtures], Leningrad-Moscow, 1952; Zuyev, Yu.S., Bukhanova,

N.N., Darfwan, T.I., K I R, 1960, No. 10, page 44; Koshelev, F.F.,

Kornev, A.Ye., K i R, 1958, No. 3, page 29.

F. Ye. Fradkina.

2
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ACIDPROOF CERAMICS - are ceramic materials characterized by a high

chemical stability to the effect of acids (hydrofluoric acid being ex-

cluded), alkalis and gases. Acidproof ceramics are made from high-

melting or refractory clays (talcum, feldspar, etc.) and also from por-

celain or semiporcelain, and are characterized by a high mechanical

strength and a low permeability for gases. Special acidproof ceramics

may be made from special bodies or pure oxides and must prove an ele-

vated chemLcal stability to the action of extremely strong chemical sub-

stances (phosphoric acid, for example), and also have a low thermal ex-

pansion coefficient, an increased heat endurance, a high mechanical

strength and other specific properties. Depending on the composition,

the acidproof ceramics are characterized by the data given in Table 1.

TABLE 1
Physicochemical Properties
of Acidproof Ceramics

flwao o aasikoton 1 2 "N .8l

4 CJEOI'OC1O3OOCTh(L.....9 0-0931
S 0 KO6I.(N.............0-418

!: "10 ........ 1-43J7 ]SroaoromsUP00M (WA4)......... --oOa
UP 0T !on (%).......... 20-20- 0

*n pleS OWrNme u ......... 50-f 100
UPW Op RpC-NE*U ...... I s0-o00

MoiTyab yflpyroot (Ne.f0e) *s. 8-5--046
1541.42. •pMU. a 0 I - 8SY'pNaiS 30--10 , -* ••12 0,054-

I3Tenaonpo meoauoc (asmA,.L qs.p.p) 6.9-12
-Tepuomoiol ,rto (nOa qeemo ao -o7 =; 0101t"--30". WOo ). ..... 14. 1 ,-14

1) Cheracteristics; 2) values of the characteristics; 3).acidproofness
(•;) 4) alkaliproofness (%); 5) weight by volume (g/cmi); 6) water ab-
sorption (%)ý 7) strength (kg/cm2 )' 8) compression strength; 9) •ens~le
strength; 105 torsion strength; 125 modulus of elasticity pkg/cJ 100);
12) coefficient of thermal expansion within 20-100", x.-lO; 13) heat
conductivity (kcal/m.hr.degree); 14) heat endurance (number of thermal
shocks; 600 1-00, water).
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In Table 2, data on the chemical stability of the basic types of

ceramic materials are given.

TABLE 2
Chemical Stability of Diverse Ceramic
Materials

",de~~~~~~ho 0' 5OsoP •Uep'V o, _S•am. Haono- I KOpW
NMI W~ WhJUOP- j Op POTO- Pill PX37

pAm.. M1• • 6 m-

1) Characteristics; 2) stony ceramics;
3) acidproof brick; 4) porcelain; 5)
cordierite products; 6) carborundum
products; 7) forsterite products; 8)
acidproofness (%); 9) alkaliproofness

The acid- and alkaliproofness are determined according to GOST 473-

53. Acidproof ceramics are subdivided into 2 groups with regard to their

properties, the methods of production, and the purposes: 1) with a

coar3e-grained body, as acidproof bricks or tiles, used for lining of

chemical reaction apparatus, etc.; 2) with a fine-grained body, as

materials for centrifugal and piston pumps, ventilators and pipes for

the transport of aggressive fluids, cocks for high pressures, diverse

apparatus for reactions (towers, condensers, vessels for diverse pur-

poses, tanks for stationary lead accumulators, and also packings of re-

action columns. The greater part of these products is delivered in di-

verse standardized types and shapes. The products from acidproof ceram-

ics may be glazed in order to increase the tightness to gas and moist-

ure. Acidproof ceramics are used in the chemical, textile, cellulose-

and paper, hydrolytic, metallurgic, and pharmaceutic industries and in

important types of acidproof ceramics delivered by the industry are

listed in Table 3.
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The low heat endurance of the acid proof ceramics, e',pecially of

that with a compact body, is a disadvantage of them; therefore, a rapid

TABLE 3
Properties of the Main Types of Acid-
proof Products

as (w. uws Ii i

m-pnn ..... I2--)4 8-12 160-250 - - 2!0Kne.,mmynopffue

"__irn "WLp-Il
y• a H, .. 05-08 5-7 200-250 120-150 - 2

NapSi, TH ... 95-97 6.-I0 200-250 120-150 - 3--
12 flJInVNa ana ru-

pnauvsol npo-
NUMUlURNHOC . 97 6 250 (50 - 10

13 T•pYflx KRcAot'o-
y"npxwe .... 97-98 3-5 300--400 - 3-4 --2

14 Xuu. anuapatypa 97-98 3-6 300-400 - - I
IS Hpan ...... .. 97-98 3-6 300-403 3 I

16 HON14 -RAOR-pas ; mn- to16 KombzIa Racal•Oq- poeaapt~ 1p9r
awe: (')

1? i4spaNtaec"We 98 5 350-1tO -- -- 2

IM ..... ... 98 2 2000-2500 - 5-6

* Depending on the ring diameter.

1) Type of the product; 2) acidproof-
ness (%); 3) water absorptioi. (%, not
more than); 4) ultimate strength
(kg/cm2 , not less than); 5) in ccm-
pression; 6) in bending; 7) hydraulic
pressure (atm, not less than); 8) heat
endurance (number of thermal shocks,
not less than); 9) acidproof brick;
10) acidproof tiles, grade K; 11)
thermoacidproof tiles, grade TK; 12)
tiles for the hydrolysis industry;
13) acidproof pipes; 14) chemical
apparatus- 15) cocks; 16) packing
ringý,; 17) ceramic; 18) semiporcelain;
19) destructive load (kg).

heating and cooling of tha products must be avoided.

V.L. Balkevich
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ACID RESISTANCE- is the property of materials to withstand the

action of acids, preponderantly of mineral acids: H2 S0 4 , HN0 3 , and Hcl.

The acid resistance of pure substances, including polymers, dependb

mainly on their chemical type and the properties of the reaction pro-

ducts. The latter may be a nondegradated polymer forming a film on the

surface, the film, for example, which developes on cellulose fibers

under the action of H2 SO4 (parchment paper), etc. Concentrated H2 SO4

and HNO3 act, as a rule, as sulfonating or nitrating agents, the former

as a dehydrant also. Fluorine-substituted polymer hydrocarbons and

some resins possess the highest, saturated hydrocarbons a medium and

mb'nv of the polyesters a low acid resistance. The fillers may play an

essential part in technical polymers. Thus, carbon blacks and silica

gel improve the acid-resistance; fillers, however, which are soluble

in acids - chalk, for example - reduce the acid-resistance. The acid-

resistance of polymers may be improved by preparation of their surface,

applying of special coatings, for example, which have a high acid-

resistance. The latter decreases when the temperature rises. A rapid

evaluation of the acid resistance is carried out by treatment of the

material with acids at higher temperatures, or at room temperature with

more highly concentrated acids. The former method gives more reliable

results.

N.N. Lezhnev
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ACID-RESISTANT NICKEL ALLOYS are nickel-base alloys which are

characterized by high corrosion resistance in many aggressive media, in

connection with which they find wide application in chemical machinery

construction (see Corrosion of Ni.ckel Alloys). Many of the alloys also

have excellent high-temperature strength. As a rule, the nickel alloys

containing chromium and tungsten are resistant in aggressive oxidizing

media. The alloys of the Ni-Cu and Ni-Mo-Fe systems which do not con.

tain chromium are resistant in aggressive nonoxidizing media. The Ni-Cu

alloys which are additionally allowed with aluminum and silicon are

characterized by high strength after aging, which expands considerably

their field of application in chemical machinery design. Moreover, ad-

ditional alloying with silicon markedly improves the casting properties

of the nickel alloys. Simultaneous alloying with silicon and copper

considerably improves the corrosion resistance of the nickel alloys in

hot solutions of sulfuric acid. Thle Ni-Mo alloys have high corrosion

resistance in hydrochloric acid and alloying of these alloys with iron

improves their pressure workability. The chemical composition and

physicomechanical properties of the most widely used acid-resistant

nickel alloys are shown in Tables I and 2.

Monel metal (Ni~hMts 28-2.5-1.5) is used for detail parts of medi-

um strength and high corrosion resistance in the fabrication of equip-

ment for the petroleum refining and pharmaceutical Industries, pums

for mine waters, for elements of unique arcbAtectural trirL This alloy

is stable in hydrofluoric acid, sea water, concentrated alkalis (with

the exception of SkOH), dilute solutions of sulfuric acid. It is not
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TABLE 1
Chemical Composition of Acid-Resistant Nickel Alloys

______ -.... 2... EI:16pIfl41;;i~l l,.IIlt~r'U4 ,17..(%)

11 .C n MR cr CO At Mo Pe CU 3 :NJ eeIH

I~llllll 1-,-,5 1 ("412- l 0,2 .. . ;hr - 2-3: 7. 9 ;5 V , ---

N.ir.unI I I.•
(III~IIME a 5 .I ... .. • j •0.2 I 0.2--1. 6--2 --- ,I . - ,.I -- ~ 'l' J:! 1b, --7 --

.. .. .. .. ... <,. 25 20.4 ,,2, _ _ , ,0 -75 1 I - I 7 - II -

Xm-ib A .. .9' <0.12 3- -2 --22 1-0 - -

..... 9. <0 12I 3 <1 - -- 26-30 4-7 -- -Z I _"

XaceoC, . ....... .. . 4.- , , - -12 4C, -<.°-1.-'- .p___ -3 75-

. ',75 -2.S

Xacie"AoW ... ..0. 'o13 1 - 21 -5.5 __ <2.5 __ jIJ 5c~.5ho V I _J.______

X 91(<o.11 ,- 122 9 20 45 I

Rn -° ...... <0.05 <0.6 <0.5 19.5- 25-35 Oc aJb' eI It .5-3 U-4 110.6-1.2

UMAUTO 0 1.1.I i0.1 I 1 jl8-22I 2 s .r 3 f SP jTI0.02

1) Alloy; 2) element content (%); 3) other elementsi 4) Monelmetal (NM-
ZhMts 28-2.5-1.5); 5) Monel; 6) balance; 7) same; 8) Inconel; 9) Has-
telloy; 10 Nionel, 1]) Illium 3.

recommended for operA.. •n at temperatures above 3750 nor in oxidizing

media or ,e\rated arid :olutions. It is produced in the form of rod,

forgings, sheet, strip, wire, tubing and castings.

Monel K Is used for parts of high strength and high corrosion re-

sistance (pump valvef., springs). This alloy is strengthened by aging.

With respect to corrosion properties it Is close to ordinary monel me-

tal. It Is not recommended for operation at temperatures above 315" In

media containing sulfur compounds. It Is produced in the form of rod,

forgings, strip, tubing.



II-53n2

TABLE 2
Physical and Mechanical Properties of Acid-Resistant
Nickel Alloys

mnoua&,- Noah OA ~ __w- Xcl a~ XG00.. Ix, awes. I Mes. X W?.. 01A . 070
3....... J u,'_iJ, K_'3 i" "IeJ~b4 n* iZmA .l 8 , ,, tA , a" F ias W x "" m"

Din TPUAS n -. .fl O a -- I Ifiiia ~pEB lat~f~u 0,,u flew lpsa I D ? Oan

h (W "1 17500 14 IOU - I#000 21 500 221(0 bo .10o 11400 - -;? 0.P 17 4 "
I (eAium ) 0+-5-9 3I--05 7-102 6--2 0 7744 77-- I--5 $$--0 to 7 ? o 644 4

* (a/amm) IN-31 13-17? 611-41I 2I-- 33-30 40-46 40-44 -- 31 3? is is 30
ON%) 30--0 10-25 1-1 35--60 40-48 40-46 3--4 1 2 46 is 43 so 1.6

() -o - 40-54 40-45 2-$ -50 I -- - 43 I1.A
ilt I (Klimm ) 110-140 20-S0 27&-350 120-170 200-"I15 210-235 t0o- 3--31 $4 - - 72--6v M01r. . 50 (PC; X.2? . 6.l6v (oems) 12 e,74 VV e.34 Is 61 6's l.24 6 . I 1. 0 1e.1t. o a o 6ia•wnl 0 14 26 12.2 11.5 II 20 12.5 II 14.2 11.3 .I 2.3 23 l

20("`00 9.i), 0,01) 0.041 - 0.031 0.04 0.021 0.03 0. 4.029
C ) 0,127 0.027 - 0.0 0., t#4 0. 01 0.2025 - 0.108'' 160' - 1,,0- 1,60- 10- 1035- 203 12- 131

1350 13"$ 112" 142 
1 1TTowln-ph rlpa "DC~ uG-(.)°~'e V.°6 "13S0+ "75I -- ITII-12610 1033*-1 0 10,+-2' I +I+-13 - 44H-1 t 44 -- too-: --

paomu JQ 17 t 1250 1230 M20 2fo20

*Mechanical properties after aging.
1) Property; 2) Monel metal; 3) Monel; 4) Inconel; 5) Hastelloy; 6) NI-
onel; 7) Illium G; 8) material form; 9) rolled stock; 10) castings; 11)
,cg/mm2 ); 12) (i/cm 3 ); 13) in range; 14) (cal/cm-sec-+C); 15) (cal/g-
C); 16) t pl (NC); 17) hot working tewperature (*C).

Monel S is used for cast parts operating In aggressive media with

friction and sliding (valve seats, for example) and also for parts re-

quiring high pressure tightness.

Inconel Is used for parts of high strength and high corrosion re-

sistance operating in oxidizing media, and also for parts operating at

high temperatures. It Is not recommended for operation at temperatures

above 815' in media containing sulfur compounds.

Hastelloy A (1I460) is used for detail parts of equipment operat-

ing in hydrochloric acid at temperatures to 70*, in sulfuric acid di-

luted to 50" at temperatures up to the boiling point. It 1s not recom-

mended for use in oxidi.zing media. This alloy machines satisfactorily,

may be deformed In the hot and cold conditions. The optimal cobination

of corrosion resistance and strength Is obtained after water or air

quench from 1150-1175". This alloy welds satisractorily us1ft gas,

electric, and argon-arc welding.
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Hastelloy B (EI461) serves for fabricating detail parts of equip-

ment operating in hydrochloric acid of all concentrations at tempera-

tures up to the boiling point and also in other nonoxidizing acids

(phosphoric, sul:uric with concentration to 60%). It is not recommended

for use in oxidizing media. It is used for operations in air up to 760r.

This alloy deforms and welds satisfactorily. The best combination of

corrosion resistance and strength of the alloy is achieved after air or

water quench from 1175%. Quench from 1050-10600 with a soak time of 2-4

hours is also used. Tempering at 7500 for 100-200 hours increases the

alloy hardness to RC 45-50. It is satisfactorily welded using gas,

electric, and atomic-hydrogen welding.

Hastelloy C (E1375) is used for detail parts of equipment operat-

ing at moderate temperatures in oxidizing media (moist chlorine, hypo-

chlorite, ferric chloride, cupric chloride, nitric acid, phosphoric

acid, mixture of hydrochloric acid with sulfuric acid under oxidpnerg

conditions, sea water, many organic media, including acetic and formic

acids and their salts). It is used for operations in air to 10900. It

is not recommended for operation in nitric acid at temperatures above

50°. This alloy Is satisfactorily welded using gas, arc and hydrogen

welding. It Is produced In the form of sheet, plate and castings. Opti-

mal corrosion resistance and strength are obtained after water quench

from 1220*.

Hastelloy D Is used for cast parts operating with hot solutions of

sulfuric acid of all concentrations up to 700. The corrosion resistance

of the alloy diminishes in highly concentrated solutions of sulfuric

acid (70-90%) at temperatures above 70. It Is not recommended for use

in strongly oxidizing media. This alloy has high hardness and Is very

difficult to work. Annealing at 1050-1080" for 2-4 hours with subse-

quent slow coc ing Is used to improve the machinability. The alloy is
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cast into earth or chill molds.

Hastelloy P is used for detail parts of equipment operating in

contact with acids and alkalis in oxidizing and reducing conditions. It4

has good resistance to stress corrosion in chloride solutions. It is

produced in the form of sheet, rod, and castings. The best corrosion

resistance, strength, and workability are achieved after water or air

quench from 11750.

2

Fig. 1. Stress-rlpture strength after 100 hours of the Hastelloy alloys

A, B, C, X. 1) 01O0, kg/mn2 ; 2) temperature, *C.

Fig. 2. Stress-rupture strength after 1000 hours of the Hastelloy al-

loys A, B, C, X. i) alOO0 , kg/nm 2 ; 2) temperature, *C.

Nionel serves for the fabrication of containers for storing phos-

phoric and sulfuric acids, hot solutions of caustic soda. It may also

be used in oxidizing media.

Illium 0 is used for high-strength cast parts in chemical machin-

ery construction, for pump parts, and for parts of equipment in the

viscose industry. It has good resistance to the action of sulfuric,

phosphoric, nitric, and organic ocIds, mixtures of mineral acids and

salts, and as also to the action of sea water, fluorine and sulfur com-

pounds (H23, 302). It Is not recommended for operation in contact with

the halogens and their acids.

In addition to the forementioned Hastelloy-type corrosion.-.esis-
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tant allos, the following special high-temperature alloys of this same

type are widely used. Hastelloy W, which has high mechanical properties

and is used for fabricating labyr•inth rings for gas turbine engines.

This alloy welds satisfactorily 1Asing various forms of welding with the

use of filler metal of the same composition. Hastelloy X, which is used

for detail parts of gas turbine engines (structural rings, gas collec-

tor housing, detail parts of the nozzle ring and combustion chamber).

It welds well. In comparison with the other weldable alloys it has

higher strength at high temperature.

The stress-rupture strength of some of the Hastelloy-type alloys

is shown in Figs. I and 2.

References: Babayev, B.A., Nikelevyye splavy Hastelloy [Hastelloy

Nickel Alloys], Amerikanskaya tekhnika i promyshlennost' [American En-

gineering and Industry], 1945, No. 4; Chisholm, C.G., "Weld. J.," 1946,

Vol. 25, No. 12; Metals Handbook, Vol. 1, Novelty (Ohio), [1961],

(ASM).

V.P. Batrakov, F.F. Khimushin
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ACOUSTIC DEFECTOSCOPY - techniques for detecting flaws in multi-

layered metallic and nonmetallic structures and various combinations of

them, separation in laminated plastics and certain other defects in

other products; they are based on the use of elastic (usually bending)

vibrations, usually in the audible (below 20 kc) frequency range.

The impedance method ýometimes known as the reaction method) is

based on evaluation of the mechanical resistance (mechanical impedance)

of the product being examined at the point of its contact with a pickup

that sets the structure into elastic vibration. Used in detecting flaws

in bonded, soldered and other types of Joints between a thin skin and

stiffening elements (spars, ribs, etc.) or fillers (foam plastics, hon-

eycomb panels, and the like) in multilayered structures. Usually, the

mechanical impedance is evaluated from the amplitude of the product's

reaction force to the vibrating pickup in contact with it. A block dia-

gram of an impedance defectoscope appears in Fig. 1. The sound genera-

tor supplies the upper piezoelectric element, which excites elastic vi-

brations in the pickup rod. The variable componert of the reaction

ai

Fig. 1. Block diagram of acoustic impedance defectoscope: 1) Sound gen-
erator; 2) piezoelectric element; 3) rod; 4) piezoelectric elementj 5)
amplifier; 6) needle indicator; 7) relay device; 8) signal lamp; 9)
contact terminal piece.
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force and the voltage across the lower

.'piezoelect ic element, which is propor-

tional to the former, will be larger the

higher the mechanical impedance of the

product at the point of contact with the

t u p. sensor. If there is no flaw in the joint,

* and the structure is vibrating as a sin-

Fig. 2. General appearance gle unit, the impedance is determined by
of IAD-2 impedance defec-
toscope. the rigidity of' the entire section and is

rather large. If there is a flaw in the

joint, the segment of skin that has sep-

arated from the internal element will vi-

brate independently, so that there will

be a sharp decrease in the mechanical im-

pedance and the signal level at the lower

piezoelectric element and, consequently,

at the cutput of the amplifier. Defects
Fig. 3. Specimen flaw re-
cording from bonded joint are announced by a signal lamp in the
in large honeycomb panel.

pickup and can also be read off the out-

put indicator. This technique makes it possible to detect flaws in

joints between internal elements of a structure and the skin with which

the pickup is encountered; in sandwich structures with two skins, each

skin is checked separately. The IAD-I and IAD-2 defectoscopes are used

in control work. The IAD-2 instrument (Fig. 2) has a working frequency

range extending from 1 to 8 kilocycles. The power supply is 220-volt,

50-cycle alternating current; the device draws 100 va and weighs 11 kg.

During operation, the operator moves the pickup over the surface of the

object, watching the signal lamp. The dimensions and shapes of flaws

are evaluated by using the pickup to outline the zone at which the
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joint is broken. This procedure is used to detect flaws in products

made from various metallic and nonmetallic (glass-reinforced textolite,

plastics, delta wood, etc.) materials provided that the skin material

has a sufficiently high elastic modulus. Control is impossible from the

side of the material having small elastic modulu3 (rubber, foam plastic,

etc.). The material of the internal element of the structure makes no

difference. Separation in laminated nonmetallic materials (for example,

glass-reinforced plastics) situated at depths ranging up to 3-4 mm but

not exceeding half the section can also be deteoted by the impedance

method. The sensitivity of the method is determined by the parameters

of the structures being controlled. With increasing skin rigidity and

increasing rigidity of the internal element of the object, sensitivity

rises. The minimum area of defect that can be detected is 15-20 nmn 2.

The limiting skin thickness for aluminum alloys, given a sufficiently

rigid internal structural element, is 2 mmn for control by the impedance

method. The dependability and efficiency of the joint checkout may be

increased by mechanizing the control process and recording the results.

Figure 3 shows a trace of flaws in thebonded joint between the skin and

filler in a large honeycomb panel, as obtained on a semiautomatic PI-1

apparatus. The defects appear in the form of light spots. The diagram

gives a complete picture of the number, dimensions, shape and positions

of the flaws detected.

The method of free oscillations (sometimes called the vibration

method) is based on impact excitation of the product to be controlled

and analysis of the nature co its damping natural vibrations. It is

used to detect zones of joint separation (usually in bonded joints) be-

tween elements of multilayered metallic, nonmetallic and combined struc-

tures, detection of separation in nonmetallic products, etc. In the

simplest variant of the method (tapping), the operator detects flaws by
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Fig. 4. Block diagram of defectoscope working by the free-oscillation
method: 1) Vibrator; 2) piezoelectric receiver; 3) filter; 4) amplifier;
5) indicator; 6) power unit.

Fig. 5. Block diagram of apparatus for defectoscopy by the natural-fre-
quency method (USA). 1) Vibrator; 2) sound generator; 3) product being
tested; 4) microphone; 5) amplifier; 6) vacuum-tube voltmeter; 7) elec-
tronic oscilloscope; 8) workpiece supports.

ear, i.e., by the change in the tone of the sound. The use of apparatus

eliminates subjective errors in evaluating product quality and expands

the potential of the method. A block diagram of a defectoscope working

on the free-oscillation method appears in Fig. 4. The defectoscope pick-

up contains a vibrator that periodically strikes the surface of the

product to be controlled and a piezoelectric receiver, which converts

the damped pulses of elastic oscillations into electrical signals. Af-

ter filtering and amplification, these signals are fed to the needle

indicator. If there is a flaw in the joint, the nature of the pulses,

and particularly their frequency spectrum, changes; the defectoscope

filter blocks out those frequency components of the pulses that corres-

pond to sound regions of the product. The presence of a defect causes

higher-frequency components to appear in the pulse spectrum; these pass

through the filter and deflect the needle of the output indicator. The

type ChIKP-1, ChIKP-2 and other defectoscopes are used for controlling

by the free-oscillation method. The ChIKP-2 instrument consists of two

modules-- a measuring module weighing 1 kg and a power pack weighing
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4.5 kg. Power is by 220-volt 50-cycle alternating current; the power

drawn is 200 va. In the control procedure, the operator presses the

pickup against the surface of the product to be inspected, watching the

defectoscope output indicator readings. Sensitivity diminishes with in-

creasing depth of the flaw. The extent of the flaw is evaluated by out-

lining with the pickup. The ChIKP-2 defectoscope can detect separations

and broken-Joint zones between nonmetallic coatings and the base (which

is usually metallic). With a coating thickness 5 to 80 mm thick, tha

smallest defect that can still be detected ranges from 2 to 8 cm2 , res-

pectively.

Unlike the impedance method, the freo'-oscillation method is used

to Jatect separations and Joint defects situated at depths to several

tens of millimeters. It is particularly effective in checking for bond-

ing defects between sheets of nonmetallic materials, which have poor

conductivity for elastic vibrations (textolite, asbotextolite, plw-wood,

and the like), as well as between nonmetallic materials and a metal. In

the latter case, the control is usually pcrformed on the nonmetallic

side.

The natural-frequency method is based on measurement of resonance

frequencies in bending vibrations. It is used in the USA to evaluate

bond quality and detect cracks in abrasive grinding wheels. It can be

used bD control other products. Figure 5 shows a block diagram of an

apparatus (USA) for defectoscopy by this method. The vibrator, which is

fed by a sound generator, excites bending vibrations in the product be-

ing controlled. The product is mounted on supports that coincide with

the nodes of its vibrations. A microphone converts the sound waves ra-

diated by the object into an electrical voltage. After amplification,

this voltage is fed to a vacuum-tube voltmeter and the plates of an

electronic oscilloscope. The signal from the generator goes to the oth-
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er pair of oscilloscope plates; by varying its frequency, we may deter-

mine the fundamental resonance frequency of the object from the maximum

voltmeter reading. The oscilloscope makes it easier to find this fre-

quency by helping separate it from the harmonics (using Lissajous fig-

ures). In quality-control work on abrasive grinding wheels, a decline

in bonding quality or the presence of tracking lowers the natural fre-

quency, and this serves as a basis for identifying rejects.

References: Lange, Yu.V., Sovremennyye metody defektoskopii kleyev-

ykh soyedineniy (Modern Methods of Defectoscopy of Bonded Joints], in

collection entitled: Klei i tekhnologiya skleivaniya [Adhesives and

Bonding Technique], Moscow, 1960; -, Nekotoryye novyye primeneniya

uprugikh kolebaniy v defektoskopii (Certain New Applications of Elastic

Vibrations in Defectoscopy], "ZL," 1959, Vol. 25, No. 7; -, Nekotory-

ye Kharakteristiki akusticheskogo impedansnogo metoda defektoskopii

[Certain Characteristics of the Acoustic Impedance Method of Defecto-

scopy], -, 1960, Vol. 26, No. 7; Lange, Yu. V., Defektoskopiya soye-

dineniy v mnogosloynykh konstruktsiyakh [Defectoscopy of Joints in Mul-

tilayered Structures], Moscow, 1962 (Peredovoy nauchno-tekhn. i proizv.

opyt. [Advanced Scientific-Technical and Production Experience], Topic

14, No. M-62-262/9); Nondestructive testing handbook, Vol. 2, N.Y.,

1959.

Yu.V. Lange
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ACOUSTIC PROPERTI3 - properties characterizing the behavior of

materials toward sound waves (ZV). Oce of these properties is the velo-

city of propagation of the ZV, which is determined by the formula

,./K where p is the density and K is a coefficient taking account of

the elastic properties of the medium. The speed of sound depends on the

nature of the ZV (longitudinal or transverse) the state of the medium

and the temperature.

When a ZV strikes an obstacle, part of the energy is reflected,

while the rest enters the obstacle, where it is partle absorbed by the

work of friction in the material and partly radiated. The property of

materials by which they absorb ZV energy is characterized by the sound

absorption coefficient a, i.e., the ratio of the sound-wave energy ab-

sorbed by the material to the energy of the incident wave. The sound

absorption coefficient depends on the frequency of the ZV, the state of

the material and its dimensions. It is particularly large for gaseous

and solid substances with small open pores.

The ratio of the intensity of the sound that has pa&sed through

the material to the intensity of the incident ZV is known as the acous-

tic permeability coefficient -. Engineering also uses the sound inaula-

tion coefficient a, which is the reciprocal to T.

The reflected part of the ZV is characterized by the sound reflec-

tion coefficient 0, which is the ratio of the reflected ZV intensity to

the incident Intensity. The coefficient a influences reverberation,

i.e., the continuation of the sound after the sourne has ceased sound-
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TABLE 1

Velocity of Sound Propagation in Various Substances
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1) Subsertance 3)0 D pensity oun (g/c3)2)Temperature (C) 1)Speed of sound (m/sec)

5) Gases

6) Nitrogen 11 H~ydrogen
7)Helium 12 Oxygen

bi Carbon monoxide 14 Methane
9 Carbon dioxide Chlorine
10) Water vapor 15 Air

16) Liquids

17 Water 22 Carbon disulfide
18 Alcohol Kerosene
19 Glycerine Gasoline
20) Ethyl ether 25$ Carbon tetrachlor-
21) Chloroforr ide

251 Solids

* 27 Alun I ru 39 Constantan
28 Magnesium 40 Manganin
29 Copper 41 Brass
30 Nickel 42 German silver
31 Tin 4• Bronze
32 Gold 42 Paraffin
33 Granite 45 Marble
34 Hardwood 46 Ice
35 Cadmium 47 Crystal quartz
36 Lead48 Organic glass
37 Zinc 49 Natural rubber
38 Steel
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TABLE 2

Coefficient of Sound Absorp-
tion in Various Materials

a* 00p
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1) Material; 2) thickness (mm); 3) sound absorption coefficient at
sound wave frequency of (cps); 4) asborite; 5) asbosilicate ASA; 6) as-
bestite ATsA; 7) acoustolite ASP; 8) ATIMKh-I0 aviation insulating mat-
erial; 9) ATIMKh-15 aviation insulating material; 10) concrete; II)
felt; 12) fibroacoustite; 13) linoleum on concrete base; 14) vermicu-
lite; 151 mineral wool; 16) foam glass; 17) window glass; 1[) marble;
19) rubber.

TABLE 3
Sound Insulation Coef-
ficients of Various
Materials

mmKt

(el)

S ca Im"a. .m . I ....... .. I.

1) Material; 2) sound insulation coefficient (db); 3) aluminum; 4)
steel; 5) lead; 6) window glass; 7) concrete wall; 3-ply plywood.

ing.

The three coefficients are linked by the relatiorxhip a + 0 + =

1. The acoustic permeability coefficient Is generally much smaller

than the others.
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References: Dreyzen, I.G., Kuz- elektroakustiki [Course in Elec-

troacoustics], Vol. 1, Moscow, 1938; Key, D. and Lebi, T., Siravochnik

flzlka-eksperimentatora [Handbook of the Expirimenttl Physicist], trans-

lated from the English, Moscow, 1949; Iofe, V.K. and Yanpol'skiy, A.A.,

Raschetnyye grafiki I tablitsy po elektroakustike [Working Diagrams and

Tables in Electroacoustics], Moscow-Leningrad, 1954; Bedilo, A.T., Zvu-

koizollruyushchlye i zvukopogloshchayushchiye materialy i izdeliya

[Sound-Insulating and Sound-Absorbing Materials and Products], L'vov,

1957; Bubley, R.Ye., Akustika [Acoustics], Kiev,1959.

V.V. Korolev

Manu-
script [Transliterated Symbols]
Page
No.

33 3B = ZV = zvukovaya volna = sound wave
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ACOUSTIC REISTANCE (specific acoustic impedancO)- the ratio of

the applied acoustic pressure (in bare) to the acoustic velocity (the

velocity oC particle vibration due to the sound):

where ra -s the acoustic resistance, p is the density of the medium, c

is the velocity of propagation of sound in the medium, p is the acous-

tic pressur'e and v is the acoustic velocity. The acoustic resistance

characterizes the ability of the medium to absorb energy from: a sound

source oscillating with a given amplitude.

Acoustic Resistances of Gases, Liquids
and Solids

I Waft own'"
cpm~a O! 1P.iJPae- I 1•

mi Ito-

4 O* " a0.......... . .0011 Ile"yI (Cy7o0 ) I,00Olm

5 "1 *0............ 0.60'3 Il 3035pa MO -NfCa ~~. !31106.- -. .... .... ,-o~o ,--......... .. --. n
2Ca .............. 30.003 UucL yraeo........... f)95

M ajkit OCTN if

,, . ......... 0., T P Ma MO•T,, ,!...o- 3s

t3 Cinm.............. I.24 ft ... .. ... 1&430

20 11 -......... . . I....... . ...

m (up a) .... I ....... ... 3 .

S- 206 T ms1p (o te U Il ICmma ...... .2.6 .n (.f .1 ..

U1 .1.............5 4'"t.*rA
5

Min........... .... 4. . . . . .Ci =LL4- 113 "

1) Mediw•m 2) Acoustic r•et-
tan e-10- (g/
/Prn.sec)

3) Gases

4) Hydrogen L1 Air (dry)
5 Water vapcr CXygen
6 Methane 9 Carbon monoxide
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10) Liquids

11 Gasoline 15) Sea water (salinity
12 Alcohol 0.036 o/oo)
N) Kerosene 16) Mercury

Water (fresh) 17 Transformer oil

18) Solids

19 Lead 26) Copper
20 Aluminum 27) Steel
21 Brass 28) Glass
22 Cast iron 29 Quartz (along X-axis)
24 Magnesium 30 Wood (oak)
2 Polystyrene 31/ Paraffin
25 Nickel 32 Rubber

33) Bakelite

References: Furduyev, V.V., Elektroakustika [Electroacoustics],

Moscow-Leningrad, 1948; Landau, L.D., Lifshits, Ye.M., Mekhanika splosh-

nykh sred [Mechanics of Continuous Media], Moscow, 1954; Krasil'nikov,

V.A., Zvukovyye i ul'trazvukovyye volny v vozdukhe, vode i tverdykh

telakh [Sonic and Ultrasonic Waves in Air, Water and Solids], 3rd Ed.,

Moscow, 1960; Skuchik, Ye., Osnovy akustiki [Fundamentals of Acoustics],

translation from the German, Vol. 1-2, Moscow, 1958-59.

V.V. Korolev
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ACRYLAN - synthetic carbon-chain modified polyacrylonitrile fiber

based on the mixture of copolymers of acylic acid nitrile with vinyl

acetate (95:5%) and acrylic acid nitriLe with 2-methylvinylpyridine

(50:50%). Acrylan is stable to sunlight and biological attack, and does

not dissolve or swell in ordinary organic solvents. Sp. gr. 1.17; mois-

ture content 1.27% under standard conditions; residual moisture on dry-

ing 1.6%. Loses 5% of strength on heating for 20 hours at 1500. The di-

electric constant (frequency 60 cps) is 4.5. Acrylan is readily dyed

with acid, basic, and vat dyes, as well as by acetate-fiber dyes. The

breaking length of acrylan is 22.5 kn dry and 18 Ian wet; the respective

elongations are 35 and 44%. The elasticity (reversible deformation) for

an elongation of 2% is 99%, but only 67% for 10% elongation. As regards

resistance to rubbing, acrylan is inferior to polyamide and polyester

fibers, but better than wool. Acrylan is mixed with cotton for use in

the fabrication of special zlothing for workers in the chemical indus-

try. 35-45% of high-shrinkage fiber is added to ordinary stable fiber

to produce a high-volume yarn. Acrylan products are distinguished by

shape and dimensional stability.

L.M. Musichenko
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ACRYLATE LATICES are latices of rubber-like copolymers of the

acrylic or metacrylic esters with other monomers. The properties of the

products and films made from the acrylate itices are determined by the

composition of the copolymer. The products made from the iatices based

on the saturated polymers (for example, nitrile-acrylate) are outstand-

ing in their high resistance to atmospheric influences, to the action

of ultra-violet rays, ozone, heat, etc. Products made from the divinyl

acrylate latices have outstandingly high elasticity and frost resist-

ance. The presence in the polymer of the divinyl bonds makes possible

the conduct of the sulfur vulcanization process, but decreases the re-

sistance of the films to atmospheric influences. The acrylate latices

contain polar polymers which integrate well with the polar resins and

do not dissolve in the aliphatic hydrocarbons. A general property of

the acrylate latices is the excellent luster of the films obtained from

them.

Among the acrylate latices based on the saturated polymers, use

is made of the copolymer ethylacrylates (Lactoprene E, Hycar PA-21, Hy-

car 4021) and the butylacrylates (Lactoprene BN). The vulcanizates

based on the ethylacrylate latices have a brittle temperature of -80

and have high oil resistance. Aging for 3 days at 1750 does not cause

noticeable reduction of strength of the products. Products made from

Lactoprene BN are characterized by resistance to the action of hot oils,

heating to high temperatures in the air, atmospheric attack, and a com-

paratively low brittle temperature (-270). Vulcanization can be accom-

plished by introduction into the latex of sulfur and triethylene tetra-
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mine. At the present time the widest application has been made of the

acrylate latices with unsaturated acrylate elastomers obtained by copo-

lymerization of methacrylate with divinyl (for example, the Butakons

ML 501, ML 507, ML 508 and ML 590).

The divinyl acrylate latices are widely used in the paper indus-

try as binders for pigments in the production of rubberized paper and

cardboard. The application of coatings made from caolin or a mixture of

caulin with pigments with the use of casein, animal glue or starch with

ML 501 latex as a binker improves the luster, the surface appearance,

the water resistance, texture, and suitability of the paper for print-

ing. The ML 507 latex is used for protection of the paper surface in

the production of washable wallpapers. In the textile industry use is

made of the ML 508 Butakon as the basis for the preparation of adhe-

sives for the laying of rugs and the fabrication of nonwoven textile

materials. The divinyl acrylate latices (in particular the ML 590 Buta-

kon) are widely used for dressing leather, since they provide satisfac-

tory frost resistance, good luster and adhesion and excellent oil re-

sistance of the coating.

The acrylate latices whose production methods have been develop-

ed in the USSR contain ternary copolymers of divinyl, acrylate ester

and metacrylic acid. The presence of carboxyl groups in these copoly-

mers still further improves the adhesive properties of the latices and

the physical and mechanical properties of the films. The DMA-80-1 and

DMM-65-1 latices are used for dressing leathers, as leather substi-

tutes in industry, in the paper industry and in other fields.

A.I. Yezriyelev, A.V. Lebedev
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ADIMION (sticking) - the formation of a bond between two unlike

bodies (phases), solid or liquid, that are brought into contact. The

appearance of the bond is due to forces of interaction (ionic, van der

Waals, metallic). In the limiting case of chemical interaction between

the adhesion pair (chemosorption bond), a surface chemical compound is

formed.

In a number of cases a double electric layer forms when two unlike

bodies are brought into contact: electric charges of opposite signs ap-

pear on the adhesion pair, and their attraction, together with the in-

termolecular interaction, gives rise to adhesion. In the case of adhe-

sion between high polymers, the principal role in the formation of the

adhesion bond is taken by diffusion of molecules and individual chains

of one polymer into the volume of the other. The interweaving of the

chains produces tenacious adhesion, and instead of an interface a

three-dimensional transitional layer forms in such cases. Adhesion of

identical polymers is known as autohesion. In autohesion, prolonged

contact results in transformation of the two parts of the phase into a

single one. In practice, adhesion of solid bodies and polymers is most

frequently encountered, for example, in bonding materials ano applica-

tion of polymer coatings.

The extent of adhesion Is evaluated on the basis of the force (ad-

hesion strength) or work (work of adhesion) necessary to break the ad-

hesion bond. Instruments for measurement of adhesion are known as ad-

hesiometers. The most common adhesion testing procedures are for ten-

sion, shear and peeling. Adhesion is characterized by a force in the

S~48



I-8ai

Fig. 1. Influence of linear dimensions d of nominal adhesion-bond area
on its strength a (schematic).

IVA

I 9.!
too

Fig. 2. Influence of rate v of process of brea'iing adhesion bond by
peeling on work of adhesion A (schematic).

first two cases, and by a work Li petling. The force and work of adhe-

sion depend on the area of actual r-ntact, the speed at which the ad-

hesion bond is broken, temperature and other factors. The larger the

contact area, the greater will be the adhesion. The actual contact area

between two bodies is usually considerably smaller than the nominal

area due to surface roughness. Exceptions are as follows: 1) adhesion

between two liquid phases (for exanple, in welding), 2) formation of an

adhesion bond by application of a melt or solution to the surface of a

solid body with subsequent cooling or evaporation of the solvent (sol-

dering, hot tinning, formation of paint coatings, polymer films, adhe-

sive sandwich layers), 3) formation of a second solid body as a new

phase on the surface of the first solid body in growth of two-dimen-

sional crystallization nuclei (for example, electrocrystallization).

Increasing the duration of contact, the pressure and the temperature

increases the actual contact area. In any method of establishing con-

tact, however, the adhesion bond contains defects and nonuniformities,

which, when the bond Is broken, act as stress concentrators. Faiiure

begins at these points and this is responsible for the scale effect,
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which consists in a decrease in adhesion strength with increasing lin-

ear dimensions of the nominal contact area (Fig. 1). The adhesion

strength and work of adhesion increase with increasing speed of the pro-

cess in which the Joint is broken (Fig. 2). This is accounted for by an

increase in mechanical losses and electrical phenomena related to the

double electric layer. The free energy fA = a12 - 010- 020 < 0, which

characterizes the loss of free energy per I cm2 of adhesion-seam sur-

face in the isothermally reversible adhesion process, is the thermody-

namic characteristic of adhesion. Here, a12 is the surface tension of

adhesion bond, 0lO is the surface tension of one body (phase), and 020

is the surface tension of the other body (phase). The work of adhesion

(in iscthermally reversible rupture) WA =- fA" Measurements of adhe-

sion encounter a number of difficulties. Among other things, rupture of

a strong adhesion bond is frequently of mixed adhesive-cohesive nature

(rupture takes place partly inside the body with the lower strength).

References: Adam, N.K. Fizika i khimiya poverkhnosti [Physics and

Chemistry of Surfaces], translated from the English, Moscow-Leningrad,

1947; Krotova, N.A. 0 skleivanii i prilipanii [Bonding and Adhesion],

Moscow, 1956; Deryagin, B.V. and Krotova, N.A., Adgeziya [Adhesion],
I

* Moscow-Leningrad, 1949; Voyutskiy, S.S., Autogeziya " adgeziya vysokopo-

limerov [Autohesion and Adhesion of High Polymers], cow, 1960.

G.M. Bartenev
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ALHESIVE-BONDED AND RIVETED JOINT - is a permanent combined Joint

of materials by means of an adhesive and of rivets. It differs from the

adhesive Joint by a higher (by L 5-3 times) strength especially in the

case of nonuniform peeling off, and, in joints of heatproof materials,

under the effect of heat, and also by a higher reliability during a

long-time service (the aging of the adhesive has a lower effect on the

strength of the combined Joint). The impact strength of the adhesive-

bonded and riveted Joint is higher, and the process of destruction is

delayed. The compression strengths of diverse Joints between the skin

and the carrying elements of a Duralumin panel are quoted in the Table

(the height is 1130 mm, the thickness of the skin is 1.1-1.4 am, the

size of the edge profiles is 30 x 30 m, and the open space between

them is 165 mm, A VK-32-E4 adhesive was used).

TABLE

TI• --pe wa.

, ,4 N•m m •

57 07 gg
17 Be

1) Test temperature (*C); 2) critical stress in the skin of the adhe-
sive-bonded and riveted panel (kg/sm2 ); 3) relative strength of the
panels (in %; the strength of the adhesive-bonded and riveted panel is
assumed to be 100%); 4) auhesive Joint; 5) adhesive-bonded and riveted
Joint.

The adhesive-bonded and riveted Joint differs frcs one which is

only riveted by a higher tightnesls and strength, especially in the case

of cyclic loads (the durability of the adhesive-oonded and riveted
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Joint may be by 5-10 times higher). 3 types of adhesive-bonded and ri-

veted Joints are to be distinguished, based on their design and their

calculated stability. 1) a mainly adhesive Joint, the rivets being ap-

plied only in a small quantity on places where stresses are active, on

the edges of honeycomb panels, for example; 2) a mainly riveted Joint,

the adhesive being applied only in order to somewhat tighten and rein-

force the Joint (a thick adhesive layer, incomplete adhesion, impossi-

bility of curing the adhesive by heating, an adhesive which is not re-

sistant to heat, etc.); 3) a combined Joint, the calculation of which

must take into account both the part of the adhesive and of the rivets.

The adhesive used for adhesive-bonded and riveted Joints must manifest

an elasticity in the layer which is sufficient to ensure a combined

working of the adhesive (MPF-I, BF-2, BF-4, PU-2, VK-32-200, etc.) and

of the rivets, and further, a fluidity which enables it to fill the gaps.

It is expedient to use cold-curing adhesives.

The adhesive-bonded and riveted Joint may be carried out in 2 ways:

the riveting is done after the adhesive is cured; in this case, the

holes for the rivets are drilled previously, (riveting by pressing is

reconmended); or the riveting is carried out before the adhesive is

cured, and the curing of the latter occuxs only in the finished com-

bined Joint (in this case, an equipment for p:_.ssing the adhesive is

not necessary because the rivets themselves press the adhesive Joint).

* A greater strength and tightness of the Joint results by the first me-

* thod; the second method is the more simple. It is recommended that the

rivets be covered with liquid adhesive, that washers from an adhesive

film be placed under the heads, and that a surfacial tightening of the

Joint be carried out in order to ensure tightness.

Adhesive-bonded and riveted Joints are used for the bonding of

pieces of metal, plastic, and wood materials, rarely of elastic or soft

52
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materials (rubbers, foamed plastics, and loose fibrous heat insulation).

The adhesive bonded and riveted Joint, as well as the rivezed Joint,

are unsuitable for brittle materials (giAses, ceramics). The adhesive-

bonded and riveted Joint. may also be used to repair riveted Joints un-

der fteld conditions.

References: Goryunov Yu. B. Primenenlye kleyevyklh i kleyezaklepoch-

nykh soyedineniy pri remonze samoletov [The Application of Adhesive and

Adhesive-bonded and Riveted Joints in the Repair of Aircraft], in the

Collection: Klei i tekhnologiya skleivaniya (Adhesives and the Techno-

logy of Adhesive Bonding].

A.T. Tumanov
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ADHESIVE-BONDED AND WELDED JOINT - is a permanent combined Joirnt

of metals by means of an adhesive together with resistance welding. The

combination cf the process of electric point-welding (rarely of step-by-

step contact-roller welding) with the adhesive-bonding makes it possi-

ble to obtain joints in which many of the disadvantages are absent

which characterize both the welded joints (nontightness, for example),

and the adhesive joints (poor resistance to high teraperatures or to non-

uniform peeling off).

The design of adhesive-bonded and welded joints is similar to that

of the joints made by resistance point-welding. The adhesive relieves

the welding points and this fact makes it possible to increase the

steps between them and to reduce their size; the effect of the welding

on the structure and the properties of the basic metals is diminished

in this way, and the strength of the joint is increased. Double-row

checkered welding points must be used for the bonding of thick sheets.

It is expedient to arrange tne points in such a manner that the dis-

tance between the center and the edge of the overlap is not greater

than the diameter of the cast core.

The adhesive-bonded and welded joint may be carried out by several

methods. The 1st method (the basic one) is the electric point-welding

on the liquid adhesive ).ayer which is applied to the entire surfaces to

be joined; welding is carried out by machines of the MTIP type with

a relatively weak impulse of the welding current. The 2nd method is the

resistance welding of openings In the adhesive film or in the layer of

a rapidly drying adheisve which was applied discontinuously by means of

I _ 5
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templates. This method is more laborious than the former. Its advantage,

however, is the fact that the adhesive does not affect the forming pro-

cess and the qualiL; of the welded seam, that the time for beginning

welding is not limited by the working life of the adhesive, and, if an

adheisve film is used, the adhesive does not run out; these facts make

it possible to bond parts of any shape and to heat them (if the adhe-

sive Is cured by heating) in any position. Welding on an adhesive film

is carried out by machines with a strong impulea of current (mainly, to

avoid gaps between the surfaces to be Jointed. The 3rd method is the

welding of the surfaces to be Joined and the subsequent extrusion of

the adhesive into the gaps between them. This method is simple, it is

used for Joining a skin with profiles welded-on by a single-raw seam;

the strength of this Joilnt however, is lower than welding carried out

on the adhesive.

The curing of the adhesive is carried out without external pres-

sure; no complex presses for the adhesive-bonding of the pieces are

recessary. Not every adhesive is adoptable for adhesive-bonded and

welded Joints. Only such adhesive are applicable as those which possess

a sZ.ficfently low viscosity (if a liquid adhesive is used), which

evolve a minimum quantity of gases when heated in the welding zone,

whose contamination of the cast core of the welding points by norsmetal-

lic inclusions is insignificant, which form a stable Joint at low

pressures (in the range of 1 kg/cma and below), and which have a suffi-

ciently long working life (if a liquid adhesive is used). In most. cases,

the epoxy adhesives VK32-4E, VK-1, FI-4S, etc., are used for resistance

welding on liquid adhesive. The strength of an adhesive-bonded and weld-

ed Joint depends upon a number of factors in the design and technology;

the type and size of the Joint, the mechanical properties of the metals

to be Joined, the quantity, arrangement and diameter of the welding
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points, the type of the adhesive, the thickness of the bond line, the

welding conditions, the curing process of the adhesive, etc. The

s;rength factor, i.e., the ratio of the strength of the joint to the

strength of the basic metal is approximately equal to the unit in the

case of shift; in the case of peeling off, however, it amounts only to

tenths of the former.

Under the condi+ions of static shear, the adhesive-bonded and

welded joint is usually more stable than adhesive, welded or riveted

joints. The typical strength of the above-mentioned joint types is

shown in Fig. 1 in relation to the temperature.

, 5000. - I •

6 4000

52000 2-

2 000
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A 3 TemnepomYp u~nb,mo.uR, *C

Fig. 1. Static shearing strength of overlapped Duralumin joints: 1) Ad-
hesive-bonded and welded joint (VK-1 adhesive); 2) adhesive joint (VK-l
adhesive); 3) electric point-welding; 4) riveted joint (rivets with d =
= 5 mm).

The adhesive-bonded and welded ,joints surpass the adhesive and the

welded ones in regard to the stability against nonuniform peeling off

(longitudinal compression, twisting of the panels formed by a skin which

is reJnforced by struts. and peeling off the skin from the frame), but

they may be inferior to riveted and, especlally, to adhesive-bonded and

riveted joints.

The strength of the adhesive-bonded and welded joint in the case

of shearing impacts is higher than that of similar adhesive, welded or

riveted Joints. Investigations of the effect of the design of the joint,

of the grades of the metal and the adhesive, of the loading conditions

and of other factors on the strength of the diverse types of joints un-
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der cyclic loads give different results for adhesive-bonded and welded,

adhesive, welded, and riveted Joints, but carrying capacity of the ad-

hesive-bonded and welded Joint is in every case higher thar that of

welded or riveted ones.

The typical diagram of the fatigue strength of the different types

of overlapping Joints of Duralumin is shown in Fig. 2. The rupture of

adhesive-bonded and welded Joints occurs in the metal at the edge of

the overlap, i.e., in the zone which is not weakened by the welding

heat, whereas rupture on the boundary of the welding point is character-

Istic for welded joints.

I Pos V

Fig. 2. Fatigue shearing strength for the overlapping joint of Duralu-
min: 1) Adhesive-bonded and welded joint (VK-1 adhesive); 2) adhesive
joint (VK-1 adhesive); 3) riveted joint (rivets with d = 4 mm); 4)
electric point-welding (the asymmetry coefficient of the cycle is 0.1,
at normal temgerature). A) Stress in the metal (maximum stress of the
cycle), kgimm-; B) number of cycles until rupture occurs.

It is recommended that adhesive-bonded and welded Joints be used

for the reinforcing of stressed structures in designs of aluminua, mag-

nesium, or titanium alloys as well as of low-alloy stainless carbon

steels in the form of sheets and profiles with a thickness of 1-4 am

and more.

References: Pugachev A. I., Tekhnologiya izgotovleniya i svoystva

kleyesvarnykh soyedineniy iz alyuminiyevykh splavov [Technology of the

Production, and the Properties of Adhesive-bonded and Welded Joints of

Aluminum Alloys], Moscow, 1959; Shavyrin V.N., Kleyesvarnyye kostruktsai
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i, kh primeneniye (Adhesive-Bonded and Welded Designs and Their Appli-

cation], "Svarochnoye proizvodstvo" (Welding Industry], 1959, No. 11;

Pugachev A.I. [at al.], Kleyesvarnyye soyedineniya v aviakonstruktsiyakh

[Adhesive-Bonded and Welded Joints in Aricraft Design], in the Collec-

tion Klei i tekhnologiya skleivaniya (Adhesives and the Technology of

Adhesive-Bonding], Moscow, 1960.

A.T. Tumanov
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ADHESIVE JOINT - is a permanent joint of parts by means of an ad-

hesive (without melting it), which forms a thin layer (the bond line)

between the parts. The advantages of the adhesive joint are: a method

to bond heterogeneous materials together; tightness; resistance to

corrosion, electric, thermal and acoustic insulation; absence of stress

concentrators such as holes, and - as a result - an increased stability

against vibrations; continuity of the joint, which contributes to the

stability of thin-walled structural elements; the smooth outline of

the bonded parts, etc. The disadvantages of the adhesive joints are: a

relatively low heat resistance caused by the organic nature of the ad-

hesives; a low peel strength, and resistance to "aging." Diverse con-

structive junctions are used for adhesive joints (Fig 1). The adhesive

joints are subdivided in classes according to the adhesive and the ma-

terial used, the shape of the object, the method and quality of the

joint, and the intensity and type of the stressed state in the joint

under the action of external forces. The mentioned factors are signifi-

cant for the design, the calculation and the production of objects bond-

ed by adhesives.

Adhesive joints are most efficient in cases of the junction of

thin-walled structural elements operating under shear stress. The effi-

ciency of adhesive joints of the overlap type, i.e., the relation of

the stress op in the material which causes a destruction of the joint

to the tensile strength 6b the material, is quoted in Table 1 in per-

cents ( "to0% ) as a function of the thickness 6 of the material and

the length of the overlap. The data in Table 1 are obtained for the ma..
I
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terial D16AT, and the adhesive BF-6 at a short-time static loading at

20. The ultimate shearing strength of an overlapped or fished Joint,

,s

Fig. 1. Forms of the constructive junctions of parts in adhesive joints;
1) Simple lap; 2) overlapping; 3) lap with bevelled edges; 4) miter
joint; 5) fishing; 6) fishing with bevelled edges; 7) fishing on both
sides; b) fishing on both sides, with bevelled edges; 9) flat ("Lami.-
niat") mating surfaces; 10) butt joint; 11) joint of a honeycomb core
with panels; 12) concealed joint; 13) joint of a shaft with a nave; 14)
oint of pipes by expansion; 15) Joint of pipes by an external ring

isleeve) or by sectional laps; 16) joint of pipes with an insert; 17)
telescopical joint; 18) miter joint of pipes; 19) angle with panel; 20)
T..beam with panel; 21) U profile with panel; 22) joint of walls by
means of two angles; 23) joint of a panel and a glued profile with a
border of varying thickness; 24) joint by a groove; 253 fastening of a
pin on a shaft.

i.e., the destructive load related to th,- bond area, decreases with the

increasing length of the latter, but the maximum force sustained by the

joint increases in this case until the stress in the joint parts

S approaches the tensile strength of the material (Fig. 2). In practice,

the shearing strength of adhesive joints is higher the thicker the ma-

terial, the higher its modulus of elasticity, and the higher its yield-

ing. The carrying capacity of adhesive joints depends on the type of

the joint (Fig. 3). The weakening effect of the bending is removed in

joints fished on both sides, and they are by 5-20% more stable than

joints with a (simple) overlap (fishing) on one side only, in which!

the bending effect, and,, in turn, the stress in the bond line, is caused|

by the eccentricity of the force P (transmitted by the panels) to the

6o
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plane of the bond area, Ms o,5 (6%+6,) where 6 and 62 are the thicknesses

of the material. Miter Joints are the most stable, especially in the

case of cyclic loads, but they are considerably more difficult to pro-

duce.

TABLE 1

"-AIom - L y,
0~m .2S 0.5 t.0 1.5

5 78 45 28 20 Is
to 95 8.5 45 30 25
20 1#9 0L 70 50 40
85 10o0 9 83 7;' 57

1) Length of the overlap,
1, amm; 2) a /a at a thick-
ness of thepma~erial equal
to a (mm).

The following 3 types of breaking may be distinguished when the ad-

hesive joint is affected by a load which involves stresses perpendicu-

1 KS....

F=ee

3i -"g= -

FI',. 2. Shearing strength of an adhesive joint (Dl6AT material, and BF-
8 adhesive, at 200) as a function of the length of the overlap and the
thickness of the material. 1) Dreaking force per linear unit, S, kg/cm;
2) shearing strength, T, kg/cm4; 3) length of the overlap, i, mm.

lar to the surface of the connection: 1) uniform; 2) not uniform, and

3) peeling off (exfoliation), i.e., the extreme case of nonuniform

breaking, if the tensile stress is concentrated on the border of the

joint. The efficiency of an adhesive Joint in the case of breaking

(even a uniform one) is for the mast part lower than in the case of
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shearing. It is determined by the ratio of the indices for the adheoive

and cohesive properties of the adhesive and the limit tensile strengths

of the Joint parts.

Q.... I I [- ** ,

Fig. 3. Effect of the
type of adhesive Joint
on the static shearing
strength (Duralumin,
BF-2 adhesive). 1) Re-
lative strength, %.

The strength of an adhesive Joint of a nonuniform breaking (of the

Joint between the skin and the framework of an aircraft wing, or of the

vane of a helicopter, for example) is only a fraction of that of a uni-

form breaking; the strength increases with an increasing thickness of

the skin and a reduced distance between the supports (Fig. 4). The

functioning of an adhesive joint becomes especially difficult when

there is a combined action of shearing and peeling off stresses. In

this case the destruction occurs Subsequently, part for part, and the

maximum load per unit length does not depend on the bonded area. The

strength of a thin flexible matmrial decreases when the tearing-off an-

gle increases from 0 (shear) to 45, 90, and 1800 (the standard method

for testing glued-on fabrics); its value is 1O0% (66 kg/cm), 33, 9.4,

and 8.8%, respe-tively, for the AK-20 adhesive and the ANMZ material.

The working of an adhesive Joint under the conditions of a nonuniform

breaking and peeling off can be avoided Ly reinfoicing the joint by de-

termining the optimum shape of the cross section of the frame part, by

a local increase of tie stiffness of the skin, by the selection of an
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elastic adhesive, by reinforcing the adhesive joint with rivets or by

welding, etc.

Fig. 4. Breaking load in the peel test of an adhesive joint between a
skin and the longitudinal elements of the framework as a function of
the cylindrical stiffness (where 6 is the thickness of the
Duralumin skin; E is the modulus of elasticity, and L is the Poisson's
ratio), and of the length L of the span between the frame elements
(static short-time test at 20; BF-2 adhesive; the border of the T-beam
has a width of 35ni). 1) Uniformly distributed breaking load of the
skin, P, kg/cm ; 2) stiffness of the skin, or 'ezo-p, , kcAcm.

The compression strength of an adhesive is by 10-100 times hig.er

than its tensile strength. An external compressing force increases the

shearing strength of the adhesive joint. The breaking load P, P= k,

where T is the limit shearing strength of the adhesive joint, F is the

bond area, and k is wan empirical coefficient, is valid in the case of

the joint of block-shaped materials (i.e., in the case of a uniform dis-

tribution of the stress in the bond line) (see Table 2).

The strength of adhesive joints of any material deperds essentially

on the temperature which affeets the adhesion and cohesion properties

of the adhesive, on the thermal stresses, and on other factors. The na-

ture and the degree of the effect of the temperature on the strength of

an adhesive joint depend on the type of the adhesive and on the stressed

state (Fig. 5). A decomposition of the adhesive occurs as a result of a

long heating or of a short action of high temperatures. The strength of

the adhesive joint is in both cases gradually or rapidly deteriorated.
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New types of adhesives with an increased heat resistance (for some hun-

dred hours) at elevated temperatures (to 10000) are in development. The

application of general laws pertaining to the time dependence of the

strength of materials is extended to the adhesive joints, Generally, at

moderate temperatures, the phenomena of cyclic fatigue are more danger-

TABLE 2

Czlim 2 1 I
marpy.-I (Q26M•iNr4C'6'•+ IH. 1 n ,I ,1

_J I- '
A $ofi 2.2 *.;[ I.l . •,,M

1) Scheme of the load; 2)
shearing + compression; 3)
shearing; 4) shearing +
peeling off.

ous than the phenomena of a decrease in the strength under the long-

time action of a constant load. At elevated temperatures, the danger of

destruction by static fatigue may become equal (or even greater) than

the danger caused by dynamic fatigue (Table 3).

200K

f eo tof

Fig. 5. Efcoftemperature on the strength of adhesive joints bear-
ing vrostypes of load: a) Shear; b) uniform, peeling off; c) non-

uniormVeetngoff. Signs: - = PU-2 adhesive;------ BF-2 adhesive;
1) gc2
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The shearing and peel strengths of an adhesive joint are the high-

er the thinner the layer of the adhesive. Reinforced adhesive layers

TABLE 3

'1A I Ps
MAXKNO , :cmmX f IT

Itarp3,.a 2 ma = emi A=2801p
2 T HWu.p:

"COMW - I . .- m 7 6 i 0) .4I (i -0 le.) C! i
........................................... ~ IsO 170U110 '

Im lmNorco" .~L J ... 1#0 IJp 18: "1S 10 2 7

(200 @.) r *I-

I~8 5CoO~ 17 ~~ 4Uý 35 z

1) Load; 2) ultimate shearing strength (kg/cm ) of an overlapped joint
of YalT steel with a length of 15 mm and a thickness of 2 amm, glued
with PU-2 adhesive at the temperature; 3) static short-time (1 min); 4)
static long-time (200 hrs); 5)cyclic (200 hrs) with a frequency of 17
cps.

are necessary for joints which function under conditions of a nonuniform

peeling off, in joints of panels with honeycombs, in the adhesive joints

of foamed plastics, fabrics, and other porous materials. The design of

adhesive-bonded objects must taken into account the specific working

properties of the adhesive joints and of the selected adhesive.

References: Panshin B.I., in the Collection Klei i tekhnologiya

skleivaniya (Adhesives and the Technology of Adhesive Bonding], Moscnw,

1960; Adgeziya, klei, tsementy i prLpoi (Adhesion, Adhesives, Cements,

and Solders], edited by N. Debroyn and R. Huwinck, translated from

English, Moscow, 1954; Spies G. I., "Aircraft EIgng.,, " 1953, Vol. 25,

No. 289, pages 64-71; Epstein G., Skleivarnye metallov [Adhesive Bond-

ing of Metals), translated from English, Moscow, 1956.

A.T. Tumanov
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AG•9 - a fiberglass molding plastic. See glass-reinforced plas-

tics.
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AGATE (technical)- collective term, .'or chalcedony proper (fibrous

modification of force) and its laminar varieties. Sp. gr. AL.57-2.64,

bulk 2.570 g/cm3, i.e., somewhat lower than that of quartz due to the

presence of opal impurities and submicrosc:opic porosity (0.66-0.81%).

Color may be gray, white, red, etc. Agate cornssts of a large number of

thin layers, the number of which may range up to 3-10 thousand in 1 cm.

Within a given layer, the fibers may be extended aiong the c-axis of

the quartz (quartzine), perpendicular to it or at an angle of 30*. The

Mohs hardness of agate is 6.5-7, the Shore hardness 115-120, and the

pendulum hardness 540; the elastic modulus is 1.106 kg/cm2. The hard-

ness of agate diminishes rapidly as the temperature rises. At room tem-

p,ý:ature, the hardness of agate parallel to the fiber is almost 2 times

that perpendicular to the fiber. As the temperature rises from 200*C,

the difference between the hardnesses in these directions becoxes sma?-

ler and nearly vanishes at 400.

Applications of agate are tPaeed on Itc higgh E&.ticity. toughness,

hardness, acid and abrasion resistance and its ability to take a mirror

polisn. Agate is used to rake 1) mortars and pestles for analytical

cherIcal work, 2) rollers for burnishing leather and paper, 3) dies for

extr-ading graphite and similar materials in the production of pencils

and other ob'ects, 4) sp!rnnerets in the production of synthetic fibers,

5) precision industrial stone:* (knife edges, pallets, thrist bearings,

bushIngs, watch .ewels. etc. ) for analytic and dial balances, timep•ie-

ces, -entrlfuges, electrlcal reasuring Instruments (voltmeters, amme-

ters) and 6) special jewels for precision instrument tuilding. Homogen-
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eoas uncolored agates without foreign Inclusions, fissuring, traces of
opalization or distinct lamination are used; the dimensions of the in-
dividual pieces of agate should permit fabrication of wafers with areas
of 15-20 cm2.

V.I, Fin'ko
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AGING OF ALUMINUM ALLOYS - the ability of metallic alloys to under-

go hardening induced by heating at elevated temperatures (artificial

aging) or occurring spontaneously at room temperature after quenching

from high temperatures (natural aging).

Fig. 1. Solubility diagram of copper in aluminum. 1) temperature, °C.

Post quenching heating at disproportionately high temperatures

reduces the strength of the alloy, causing it to be over-aged. Struc-

tural changes occur in the alloy during aging, leading to formation of

Guinier-Preston zones (during natural aging) or of structures approxi-

mating those produced by decomposition (during artificial aging). The

effect of natural agiLg can be reduced by a moderate increase in tem-

perature. This recovery process returns the alloy to its initial post-

quenching condition. Transferring the alloy to room temperature again

causes ratural aging.

Natural aging. The term natural -.,ging refers to the ability of

metallic alloys to undergo spontaneous hardening at room temperature

after quenching from high temperatures. Hardening by quenching and ag-

ing is observed exclusively in solid solutions and then only when the

solubility of the metal added to the base metal is greater at high

temperatures than at low temperatures. Many metallic alloys, particu-
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larly those of aluminum and copper, satisfy this condition.

Figure 1 is the solubility diagram of copper in solid aluminum.

The solubility line AB on the graph divides it into two parts. The por-

tion to the left of the solubility line corresponds to a homogeneous

solid solution, while that to the right of the solubility line corres-

ponds to nonhomogeneous alloys containing crystals of a chemical com-

pound of copper and aluminum (CuAl 2 ) with a copper content of -54% by

weight, as well as a crystals. It can be seen from the diagram that

an alloy containing 4% Cu is a homogeneous solid solution in the high-

temperature (above 500Q) region. When such an alloy is slowly cooled

the excess copper precipitates from the solid solution in the form of

CuA1 2 particles, which are distributed along the grain boundaries and

within the grains. The majority of the alloy thus now consists of alum-

inum crystals containing a total of 0.1-0.2% copper.

In this slowly cooled state the alloy is quite soft and its

strength approximates that of pure aluminum. The hardness (HB) of an

alloy in this state is approximately 40 kg/mm2 . However, if an alloy

containing 4% copper is heated to high temperature and cooled rapidly

to room temperature (by quenching in water) precipitation of the copper

from the solid solution is retarded. The solid solution is supersatura-

ted with copper, i.e., is in a state which does -not normally obtain at

room temperature. In this unstable condition the alloy exhibits the

interesting phenomenon called aging (from the German Alterung, which

has this meaning).

The hardness of an alloy containing 4% copper amounts to 60 kg/mm2

when measured immediately after quenching. if the metal is permitted

to stand at room temperature its hardness reaches 66 kg/mm2 after 2 hr,

up to 76 kg/mm2 after 12 hr, and up to 80 kg/mm2 after 24 hr. Aging is

virtually complete after 5-6 days at room temperature.
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144
2.78% ,' ., .U 11 '1 LLJ !ii

2. 784 -

Fig. 2. Change in the characteristics of an aluminum alloy containing
4.5% copper during natural and artificial aging. 1) Electrical resis-
tance, ohm-cm; 2) lattice parameter, A; 3) density, g/cm3 ; 4) time,
hr.

The increase in the strength and hardness of aluminum-copper al-

loys during aging increases with the copper content, but there is a

limiting concentration corresponding to the maximum solubility of cop-

per in aluminum at the eutectic temperature, 5.5-5.6%. It has been es-

tablished that all the characteristics of aluminum-copper alloys are

altered during natural aging: electrical resistance and density in-

crease and plasticity decreases. However, plasticity does not undergo

as pronounced a change during natural aging as during artificial aging.

It is natural to assume that the processes occurring in the solid

solution and leading to aging consist in precipitation of copper from

the solution to forn CuA1 2 particles, as is the case during slow cool-

Ing of the alloy. The fact that such particles cannot be detected with

an optical microscope can be explained by the extreme fineness of the

precipitate (small particle size). However, the interatomic distances

in the solid solution should increase during natural aging, rather than

decreasing as is the case in act'ality, since the copper atoms preci-

pitated from the solil solution are smaller than the aluminum atoms.

Accordingly, as the interatomic distances decrease during natural aging
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the density of the alloy rises and its volume is reduced. Electrical

resistance increases during natural aging, while when precipitation from

the solid solution occurs it should decrease in conformity with the drop

in solid-solution concentration. Magnetic permeability is also "anoma-

lously" altered during natural aging. These data indicate that the su-

persaturated solid solution is retained during natural aging rather than

that it decomposes. Actually, the changes in the solid solution during

natural aging are confined to displacement of the copper atoms within

the crystal lattice over short distances, of the order of tens or hun-

dreds of A, and accumulation of these atoms in the planes of the cubic

lattice to form two-dimensional (laminar) structures, the so-called

CGuinier-Preston zones (see below). The copper concentration in these

zones is approximately the same as in CuAl 2 (54% by weight), so that

the interatomic distances within the zones are somewhat less than in

the regions between the zones. These nonaniformiLies lead to develop-

ment of strong internal stresses at the zone boundaries; the substan-

tial hardening of the alloy during natural aging is attributable to

these stresses. The temperature range over which the processes dcsig-

nated by the general term natural aging take place does not necessarily

correspond to the "room-temperature" region, as is the case for alumi-

num alloyed with 4% copper and other aluminum-based alloys. Thus, the

processes which occur in aluminum alloyed with magnesium, zinc, and

copper (type V95) at room temperature are designated by the general

term artificial aging. In this case the natural-aging temperature range

lies below the room-temperature region. Conversely, in copper-beryllium

alloys (containing -2.5% beryllium) natural aging occurs at temperatures

substantially above the room-temperature range.

Artificial aging. In contrast to natural aging, which occurs at

room temperature in certain metallic alloys, artificial aging is in-
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duced by heating to high temperatures after quenching. Artificial aging

involves precipitation of atoms of the dissolved metal from the solid

solution in isolated groups. This process is occasionally called dis-

persion hardening, a term which attempts to show that the changes in

the solid solution originate in precipitation of dispersed particles

of the hardening phase. In contrast to dispersion hardening, natural

aging is referred to as solution hardening (hardening in which the so-

lution is retained).

The change in the characteristics of an alloy during artificial

aging has a totally different character from that observed during na-

tural aging. Thus, tho electrical resistance, mean interatomic distance

in the solid solution, paramagnetic permeability, and certain other

characteristics are altered in the normal fashion, i.e., as should be

observed when dissolved atoms are precipitated from the solvent lattice

(Fig. 2). Hardening during artificial aging occurs in roughly the same

manner as at room temperature. However, the plasticity of the alloy is

markedly reduced (Fig. 3) and its corrosion resistance decreases. Arti-

ficial aging is consequently avoided for alloys of the duralumin type.

The corrosion resistance of duralumin alloys with a high magnesium con-

tent (-1.5%; D16 alloys) rcmains at virtually the same level after ar-

tificial aging as after natural aging.

iis

Fig. 3. Change in 00.2 (1), 00.2/ob (2), and 6 (3) of duralumin with a
high silicon consent (0.8%) at different aging temperatures (aging time
40 hr). a) kg/mm ; b) temperature, 0C.
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40j? 'coil 4.0j?

Fig. 4. Structure of elementary cell of e'-CuAI 2 (a) and of elementary
cell of solid solution (b).

* 0

* *

Fig. 5. X-ray diffraction pattern obtained with monocrystal of pure
aluminum, using Loewy's method.

The change in the structure of an alloy during natural aging is

restricted to formation of Guinier-Preston zones, which retain coherent

bonds to the aluminum lattice. However, when the alloy is heated to

100-1500 after quenching the diffraction pattern resulting from aging

is altered in such fashion as to indicate expansion of the copper-en-

riched regions of the solid solution (initial Guinier-Preston zones).

These areas become thicker. If heating at 1500 is continued the initial

diffraction pattern, corresponding to formation of Guinier-Preston

zones, gradually becomes fainter and eventually disappears. It is re-

placed ty a different pattern, which indicates the oncurrence of other

processes in the solid solution leading to formation of an initial in-

termediate structure, the so-called e"-phase, which gradually is con-

verted to the more stable 0'-phase (Fig. 4a). These reordering proces-

ses lead to gradual loss of the bonds between the structures produced

and the solid-solution crystal lattice. However, the new structure re-

tains substantial similarities to the lattice. This is easily seen when

74



III-113s6

the two structures are compared. Figure 4a represents the elementary

cell of the new structure. The light circles represent sites occupied

by aluminum atoms and the dark circles sites occupied by copper atoms.

Figure 4b shows a part of the solid-solution crystal lattice. The heavy

lines enclose its elementary cell. Losing its bonds to tke basic lat-

tice on heating to higher temperatures (250-3500), the new structure

undergoes a profound transformation to form a stable lattice of the

compound CuAl 2 , in which the copper is precipitated from the solid so-

lution during slow cooling from high temperatures. A stable CuAl12 lat-

tice is formed during postquenching heating as the final result of the

transformations occurring in the supersaturated solid solution. Ex-

tremely fine laminar copper structures, Guinier-Preston zones, are

formed during the i.itial stage. Continued heating causes changes titch

give rise to new structures. When the final stable CuAI 2 structure is

formed hardening ceases and the alloy gradually softens: the metal be-

comes overaged. Such metal is equal in strength to the annealed alloy.

Aluminum-copper alloys, which were used as an example for consid-

eration of aging processes, are not widely employed because of their

low strength. Higher strength can be achieved by adding both copper and

magnesium to the aluminum. Manganese is also added to increase strength

and corrosion resistance. When the magnesium content is high (-1.5%)

both CuAl 2 and the ternary compound Al CuMg serve as the hardening

phase in alloys of this type (duralumin).

Guinier-Preston zones are two-dimensional (laminar) structures in

quenched (supersaturated) metallic solid solution3 and are produced by

natural aging; they are uniformly distributed throughout the crystal

over an area extending for several tens or hundreds of Angstroms and

1-2 atomic layers thick. In AI-Cu or Cu-Be alloys these two-dimensional

structures are oriented in three mutually perpendicular directions,
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corresponding to the three mutually perpendicular planes of the eiemen-

tary-cell cube. The existence of these two-dimensional structures was

established by Guinier in France and Preston in England (1938), who in-

vestigated the natural aging of Al-Cu monocrystals by precision x-ray

methods.

Figure 5 shows the x-ray diffraction pattern of pure aluminum. The

x-rays were directed perpendicular to the plane of the crystal cube.

This direction corresponds to the fourth axis of symmetry of the cube.

The symmetry of the crystal is reflected in the x-ray pattern. When

quenched in water after heating at high temperatures (in the monophasic

region) an aluminum alloy containing 4% copper is an unstable or super-

saturated solid solution of copper in aluminum. The x-ray diffraction

ýdttern of such an alloy is quite similar to that of pure aluminum.

During natural aging new diffraction spots superimposed on the initial

diffraction pattern, at first weak and then more intense, appear sever-

al hours after quenching. These changes in the diffraction pattern be-

come quite obvious after a few days (Fig. 6). They are caused by dis-

placement of the copper atoms within the solid solution. As a result of

these dislocations the copper atoms accumulate predominantly in those

lattice planes parallel to the planes of the clibic aluminum crystal lat-

tice, forming copper-enriched areas extending for several tens or hun-

dreds of Angstroms and 1-2 atomic layers thick.

&M.:A I

Fig. 6. X-ray diffrac- Fig. 7. Diagram of Gui-
tion pattern obtained nier-Preston zone in
with monocrystal of solid-solution crystal
aluminum alloyed with lattice. 1) Plane occu
4% copper after natur- pied by Cu atoms; 2) CU

Sal aging. atoms; 3) Al atoms.
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The copper-enriched areas are somewhat compressed and the adjacent

areas somewhat expanded (Fig. 7). The distance between the plane occu-

pied by copper atoms and the first plane occupied by aluminum atoms is

approximately 10% less than the normal distance between planes of this

type in the just-quenched solid solution. The subsequent planes are

displaced by less and less, so that approximately the fifteenth plane

is again in the normnal position.

The irregularities caused by formation of fhese zones lead to de-

velopment of strong internal stresses at the zone boundaries, which

results in considerable hardening of the metal.

Recovery. If an aluminum-copper alloy aged at room temperature is

heated for a few minutes or even several seconds at 200-2500 and then

cooled rapidly to room temperature, the hardening undergone by the me-

tal at room temperature is completely eliminated. All the characteris-

tics of the alloy return to their initial (preaging) levels. If the

alloy is then permitted to stand at room temperature it again undergoes

hardening, Just as after quenching. When a "recovered" alloy is per-

mitted to stand at room temperature its hardness is altered in the same

manner as after quenching and reaches the same value after 5-6 days.

Since the diffraction pattern produced by natural aging disappears

during recovery, it may be concluded that the "Guinier-Preston zones

formed during this process, which harden the alloy, decompose and the

copper atoms are again distributed in a statistically uniform manner in

the aluminum crystal lattice. Attempts have been made to utilize re-

covery under practical conditions, for softening materials during cold

working (stamping, drawing, beating, etc.), since the material then un-

dergoes spontanec-.us hardening ence more.

However, a marked decrease in corrosion resistance occurs after

recovery, restricting the practical utilization of this process.
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Overaginx refers to the late stages of artificial aging, when the

hardening resulting from this process halts and the alloy gradually

becomes softer. Overaging occurs only when the holding time at the

maximum artificial-aging temperature is too long or when this tempera-

ture is exceeded during normal or even brief holding.

Structurally, overaging is cnaracterized by the final stages of

decomposition of the supersaturated solid solution to font stable

hardening-phase structures characteristic of the annealed alloy (CuAI 5

for Al-Cu alloy: ara A..L2%.g for Al-Cu-Mg alluye, etc.)

In final analysis, an overaged alloy consists of a basic ,-ass of

low-concentration solid solution and precipitated hardening-phase par-

ticles (crystals), which are distributed principally along tht .,rain

boundaries. The mechanical characteristics and corrosion resistance of

an overaged alloy approximate those of the annealed alloy.

References: Bochvar, A.A., Metallovedeniye [Metalworking], 5th

Edition, Moscow, 1956; Petrov, D.A., Voprosy teorii splavov aiyur.inilya

[Problems of the Thea of Aluminum, Alloys], Moscow, 1951; Gu!nier, A.,

Determination by X-rays of Internal Strains in Metals and Alloys, in

book: Internal Stresses and Fati6ue in MEtals, Am~stezram (a.c.), 1959;

Toman, K., Acta Crystallogr., 1957, Voi. 1C0. page 1,7; SllcOck, J. :.

J. Inst. Metals, 1961, Vol. 89, part 6, page 2G,0.

D.A. Fetrcv

768



iii-114s

AGING OF POLYMER MPTERIALS - a chemical process involving a change

in molecular structure leading to a change in the physical character-

istics of the material and consequent loss of its valualle technical

properties. In essence, this process consists in a complex chain reac-

tion involving formation of free radicals or, less frequently, ions;

It is accompanied by Destruction and structuring of the material. Aging

is an irreversible process, In contrast to changes in the physical

characteristics of polymers caused by destruction cf interr.clecular

bonds, as when the temperature is raised. Aging results "ror. exposure

to various agents, the most comon of which is heat, a'tn.cugh light and

mechanical strecs arc more specific. The most _ ual chemical agents are

oxygen, ozone (see Ozone resistance of olynmer materials), molstcure.

etc. Ordinary, or therxa1l aging, of p¢lyrmers Is us'aal. a consequenc-e of

an oxidative ,rocess taklr4,- clace in!-.-, the action of atmo•spherlc ýxv-

gen dissolved in "he pclyrmtfr and at_'_ated by heat. We m-ust dist'riuish:

I) aging c' a Lo.ogeneous poly.ler c ontair--ng -o low-,•lecular additives
(pure rubbers, plast'lo, f"bcr, etc. )n agiyt

sc .. addicives or, dispez'sed solid partlllcs 'f fier; 2) aging at.od-

orate (lip to anOO) *rd h~t' terp,:'atures, sin'e the -.echanis,. f.-, the

procesz differs mate: !ally I: these two cases.
Aging of homk7oger.cuis .ir;: re i.-verc Is a Chain autocatalytic

oxidation process eccirrlný--3 at eoderate te.-peratires through Intermned-

late fcrrmatorof p' iyr.e r~xtdcs, whose dec.r.p-'sit Ion Is -_ften as-

,3oca-ted with breakin of the moe-'a"-3r <_• n and devel-pment of two

free valences. This ýrces can be dean ram.>ed degenerat.cn.
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It may tend toward preferential destruction (as in the ca•:e of natural

rubber) or toward preferential structuring (as in the case of butadiene

rubber, polystyrene, etc.), deoending on the molecular structure of the

Dolymer and the reaction conditions (oxygen pressure, temperature,

thicknass of sample undergoing oxidation, etc.). Macroscopically, pre-

ferential destruction is manifested principally in softening of the

polymer to the point of "resinification" and sometimes in liberation of

volatile products. Preferential structuring is manifested in an increase

in hardness and brittleness and loss of plasticity and elasticity. Oxi-

dation itself begins with initiation, i.e., formation of free radicals;

at moderate temperatures this basically involves decomposition of the

hydroperoxide R = OOH to form the radicals RO0, RO', an- i10". A chain

is then formed in accordance with the equation RO" + FH (polymer mole-

cule) - ROH + R'; where R is a carbonyl radical R + ROOH - ROH + RO'.

The reaction terminates in recombination of the radicals ( + R, R0

+ RO0, ROý + RO'), which leads to nonreactive procducts. Decomposition

of polymer hydroperoxides almost always proceeds in accordance with the

first equation. The presence of double bonds in the polymer (gum rubber,

etc.) somewhat complicates the reaction mechanism. At moderante tempera-

tures the dominant reaction is obviously that between oxygen and the

methylene group located in the a-position with respect to the double

bond; at elevated temperatures (lO0-1200), the dominant reaction is with

the double-bonded C atom. In addition, unsaturated polymers are capa-

ble of undergoing reactions leading to polymerization and formation of

nonchain cyclic structures. At 150-2000 the decomposition-rate constant

of the peroxide is higher than its formation-rate constant, so that no

peroxide is formed and the reaction loses its degererative character.

Under these conditions the reaction reaches an explosive rate in the

absence of serious delays in diffusion.
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Aging of polymer materials containing low-molecular additives and

solid fillers. Low-molecular additives participating in the chain-form-

ing process may substantially alter the rate, direction, and character

of the reaction. Thus, antioxidants, which bond free radicals, prevent

chain reactions and yield a virtually unramified process. This also

leads to a decrease in the rate of structural change. The presence of

compounds containing iron, manganese, copper, and sometimes sulfur,

phosphorous, etc., accelerates the aging of polymer materials. The

polymers most sensitive to "catalytic poisons" are those whose chains

contain large numbers of double bonds (primarily natural rubber). Ac-

tive fillers, such as carbon soot, silicon dioxide (powdered silica

gel), etc., have a complex effect on the aging of polymer materials.

Since they carry large numbers of weak free radicals, such fillers

serve to trap the free radicals produced during oxidation of the poly-

mer, thus having an antioxidizing action. However, active fillers sorb

air, thus increasing the effective solubility of oxygen in the polymer

and accelerating oxidation and aging. Moreover, the oxides which coat

the surface of certain types of soot (e.g., chimney soot) catalyze

oxidation. One consequently often encounters the twofold action of soot

under practical conditions.

Aging of polymer materials under the action of mechanical stresses

constitutes a special group of phenomena. Such stresses weaken or rup.-

ture the chemical bonds in the polymer molecule, especially in the case

of rather rapid alternating deformation (e.g., extension and compres-

sion), where the stresses cannot be relaxed. This pnenomenon is a var-

iety of aging. It usually leads to acceleration of' oxidation (mechani-

cal activation) and therefore to intensification of aging. Mechanical

activation is also observed during the •eari.g of polymer materials,

such as Putoiiobile tires, conveyor belts, e.c., the abrasion of which
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is a combination of mechanical, chemical, and mechanical-chemical phe-

nomena. The relative roles of these factors depend on the temperature

and operating conditions (the tires of light automobiles are less de-

formed and more severely heated than those of heavy machinery, so that

oxidation predominates in the former case and a mechanical process in

the latter case).

Oxidation of gums and rubbers at moderate temperatures occurs at

a constant rate over almost the entire "technical life" of the material.

Oxygen-absorption rate as a function of temperature can usually be ex-

pressed by the Arrhenius equation, while the activation energy varies

from 17-18 to 28-30 kcal/mole, depending on the composition of the poly-

mer. The dependence of the change in the structure of the polymer on

temperature, i.e., the aging of the polymer, is considerably more com-

plex. This function can be determined only for certain mectanical in-

dices. Once the temperature function is known it is possible to extrapo-

late data on temperature-accelerated aging to normal operational or

storage conditions for the polymer in question. Other methods for pro-

ducing accelerated aging give only comparative results, which must be

regarded as qualitative and treated with care. There are cases in which

the varying sensitivity of polymers to changes in the accelerating

agent (in oxygen pressure, radiation strength, etc.), as well as to

rises in temperature in some cases, results in a polymer more resis-

tant to aging under operational conditions than another polymer becom-

ing less resistant during accelerated aging. Aging of polymers is of-

ten accompanied by evolution of volatile products, especially at high

temperatures, so that in order to avoid migration of volatile ingre-

dients different materials should not be aged in the same chamber. For

the same reason, the chamber must be slowly ventilated with a laminar

flow of heated air, whose humidity should also be rtrictly controlled.
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thermal destruction anid ý;uboequent chain depolymerizatlon arid strur,-

turing or with a nonc. Itn cyclization reaction. In the former case the

nost stable polymers 914 2'4,;o distinguished by low heats of polyirr-

ization, a pheno.:.enon associated with steric effects; such materials

include polymethylrretha ýývylato, poly-a lpha-methylstyrene, poly isobuty-

letne, etc. Convcrsely, a high heat of polymerization guarantees re.jis-

tance to thermal destr-uction (as in polyethylene, polyphenols, etc.).

Polymers with a oubstantial content of vinyl side chains (sodlum-buta-

diene rubber, etc.) tend toward thermal cyclization. Oxidative procve-

ses proceed most readily in polymers with a considerable number of

double bonds in the 1,4 position (polyisoprene). Polymers with polar

substitutions, such as fluoropolymers, are very stable. Polymers con-

taining phenol rings in the main chain ar.2 highly resistant to thermal

aging. Resistance to thermal aging under different conaitions varies

with the composition and structure of the polymer molecule; this neces-

sitates careful selection of the polymer most resistant under the con-

ditions in question. The choice of low-molecular additives becomes ini-

portant. In this case. Antiaging agents of the phenol type have the best

protective action for certain polymers, while amines are best for oth-

ers, etc. Compounds with two functional groups (antifatigue agents) are

used to increase the resistance of polymer materials to oxidation under

fatigue conditionis. All these low-molecular additives should be highly

soluble in the polymer in question, light-resistant, etc. Protective

coatings and impregnating substances are also employed. In some cases

it is possible to eliminate the stresses which accelerate aging.

Certain polygmors (polyesters, polysaccharides, certain rubbers) art

unstable under tne combined action of heat, light, oxygen, and water

vapor (see Atmo~phr, i', sl.,tance).
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Aging of polymer materials under the action of radiant energy,

ozone,, and heat. A photochemical process can take place only when ra-

diant energy of a given wavelength is absorbed. The greatest aging is

consequently observed under the action of ultraviolet and ionizing

radiation. All polymers undergo structural alteration, i.e., aging,

when exposed to sufficiently intense radiation. Secondary processes

(oxidation, chain structuring, and destruction) vary widely !, polymers

with different compositions and structures. On the whole, however, it

can be said that light activates aging to a greater extent than heat.

Thus, the rate at whi.ch rubber prepared from natural gum is oxidized

on irradiation with ultraviolet light is approximately 3 times greater

at 400 than the rate of "thermal" oxidation at 700. In this case the

light activates pre-radical formation (initiates the chain reaction),

the oxidation rate being proportional to the square root of the radia-

tion intensity. in order to prevent photooxidation and aging one can

use substances which: 1) reduce the intensity of the light absorbed by

the polymer (dyes, soot, etc.); 2) inhibit the chain reaction (sub-

stances of the nickel dibutyldithiocarbamate type, etc. ). Surface coat-

ings (powdered aluminum in a binder, wax, paraffin, etc.) are sometimes

employed. The latter two substances also increase ozone resistance.

Aging of polymers redLuces their useful life under operational and

storage conditions. Prevention of this phenomenon is consequently a

serious national-economic problem.

R~ferences: Kuz'minsky, A.S., Lezhnev, N.N.Zuyev, Yu.S. Okisleniye

kauchukov I rezin [Oxidation of Gums and Rubbers], Moscow, 1957; Lezh-

nev, N.N., Metody uskorennogo teplovogo stareniya rezin [Methods for

the Accelerated Thermal Aging of Rubber], Moscow, 1957; Bil'meyer, F.U.

Vvedeniye v khimiyu i tekhnologiyu polimerov [Introduction to the Chem-
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AIR PERMEABILITY - see Gas Permeability.

I
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AIR-QUENCHABLE STEEL - steel that permits quenching in air, which

greatly reduces the warping of components during heat treatment but re-

quires considerably greater alloying.

The decisive factor In the formation of naartensite is the criticjle

quenching rate, i.e., that cooling rate at which the structural trans-

formation to perlite and intermediate phases is suppressed. The criti-

cal quenching rate depends on the carbon and alloying-element content

of the steel, as well as on the austenitization temperature; in the

general case, the critical quenching rate decreases as the carbon and

alloylng-element content and the austenitization temperature increase.

TABLE 1

Chemical Composition of Air-Quenchable Steel

unA I -- Ia'm Ir sew a .

5, I

'1171 I~C IN (11. : .i11 1 .:. u. , I-

ljSteel; 2) 'c~cntent of elements W%; 3) 18Kh2N4vA;
42K2N4Va; 5) 3OKh2N2VFA; 6) 30Kh2N2VFM~A; 7)

3GCKh2GN2.1V.MA (yb-1); 8) up to.

Fig. 1. Influerce oI' Fig. 2. Influence of
stfi11 anid :ý.?-[ressed tempering on. mechan-
air on comp(.alnt cool- Ica] characterlstics
ing. 1) Cooling rate, ot 3 MFA ot~eei.
0C/sec; 2) temperature 1) g..m/crr 2 kg/

0C; ) compressed air; 2)m
4) still air.
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Quenching in liquid ý-.ejta always causes substantial Jefor:atIor.

(warping) of components with complex sliapes fabricated from structural

steels, especially hlgh-strength steels. Subscquent straightening of

such components is difficult, even impossible i, some cases involving

very complex components. This considerable warping, especially on

quenching in oil, makes It necessary to fabrkiate components with large

tolerances for subsequent correction to the requisite size.

Suoh defoi~nation of components can be materially reduced or even

completely eliminated if the steel is capable of being quenched by

cooling in air. Quenching in moving air is sometimps employed to in-

crease the cooling rate (Fig. 1). Air quenching of components permits

the use of clamping devices, the cost of whose fabrication is offset

by the decrease in expenditures for machining and heat treatment and by

the eliminstion of straightening operations.

The principal advantage of alr ceoling duriing quenching over cool-

ing in liquid media lies in the fact that it is possible to conduct

final machining of the component before quenching, _.e., in the an-

nealed state.

Straightenit6 dfno macn 4.ning or components quenched to a Ligh al-

timate strength often cause local stresses and surfac, defects, which

reduce res1stance to brittle when high-strength steelt are employed un-r

der the action of surface-ac-ive snd corrosive media, Elimination cf

deforiaticn during q1enruhing consequently increases the oierational

reliability of components. However, sir-quenchable steel has one con-

siderable drawback; it requires considerably greater al.oylng than

steel quenched in liq-uid riedia and its use. Is thus not alk--ýays econ~mI-1

cal. Alloying of structural steels Is most widely conducted when quench-

in, is 1to be carriea out in liquid edia.

The r:ost corumonly employed types of air-quenchable t:teel are



I I - -. 4'-

,,g iln air; q6 encr.
at 560Cc coolg .'- ci]; ) .Aer I r .I
o01 oil), temper!.ng at •t"- '• •'° '" " "

8,Oý9'00 (cooling in a!r)*, te ,perlnoz at ~&~ ~A
quenching from 930 + 100 (coolir t, a'j, te• e-.r- r 3,

TABLE 3
Mechanical Characterictics or' 30Kh21,2VFA and 3 2
SN2VM SteCIs at Elevated Temperatares

Tel.wpm4 4pai-.w, T- ni,

•',:(H2-(,-'we .' - -,. np ."
Sa ai r n.C i :

SOM242D4'A (UP)row(w) 3IýJM 4 9I0 $'a

5 lf 'T !l7C '" 4

3Q 2tlh * I( A cf, *, .4 10 I0 15! , -45o 5 -

•50 1I?.* i"-

1) Steel; 2) heat treatment; 3) tempe ature ( 0C); 4) k/ijr 2 ); 5) 30Kh-
2N2VFA (bars); 6) 30Kn2GSN2VM (bars): 7) quenching from 9400 in air.

tempering at 6400; 8) quenching from 9300 in air, tempering at.

TABLE 4

Lcng-term Strength, Creep Strength, and Durability
of 30Kh2N2'JrA Steel on bending

"• " ' .C0 a'qii -- L

p . TtPenq a T00-.5 w n

( oo EIMnA S

2

3n.&Aud C C7.85 -a ('1 1.r 7 -10E ,.Uy--.

Vp are. ao 6 L\w2i

L/flan E -~)M 6t0.094 (20 and 0. 0) - .

7 56 44 ~
14 2? 1

*Tests conducted by a•ntiles er 'CdendfIn- at 200 and

pure bending at 300-',50Cc witn n~tchd specimgens.

1) Heat treatment; 2) temperature ~' 3) 0~2lOfo residual de-

f'orr~ation; 4) ac L. 2/I% cO f roi total 6lot o~at Ion - 5) based cn 10 cycle-,;
2

6) kg/m'W,); 7) ~uenchin~g at 94Qc (cooling in air), temperin~g at 6400

(Coollng in air3

The physical characteristi;s t:_" 30Kih2N2*wFA and O33d-2Ii2VWA steei

Litclude: -y '1.8;, a -l1173-10-t- (2"" 1-00) and 14-w5.20_ý (400-f.000)

1/exC, and X - Q.C4 (200) and O.C-9-4 (z;00) oal/cr.-stc.C.

lechnologicial characterlstlIcs. 1`11-t defc'rr.ýatorn elk 1l'Kh2N4"VA a-

B~it
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25Kh2N4VA steels is cooducted over the temperature range 1100-850,

while that of 30Kh2N2VFA, 30Kh2N2VFMA, and 30Kh2GN2SVMA steels is car-

ried out at 1180-850. Air-quenchable steel has satisfactory weldabill-

ty and is cut in the same manner as steel quenched in liquid media. The

Brinell hardness of air-quenchable steel (dotp ) amounts to 4.0 mm after

annealing or high-te.maper normalization. Maximum softening of 30Kh2N2VFA,

30Kh2N2VFMA, and 30Kh2GN2SVMA steels is achieved by isothermal anneal-

ing involving heating to 8000, furnace cooling to 6500 (or transfer to

another furnace at 6500), holdAk, it 6500 for 'rom 8 to 16 hr, and

cooling in air. The irqpact strength c' air-quenchable steels, particu-

larly 30Kh2N2VFA and 30Kh2N2VFMA, varies comparatively little as the

temperature is lowered to 7C0. Air-quenched 30Kh2N2VFA, 30Kh2N2VFMA,

and 30Kh2GN2SVMA steýel display through hardenability for cylinders

80 mm in diameter and plates 40 mm thick; after quenching in air steels

of these types are subject to the least deformation and have the high-

est heat resistance at 400-5500. Steels of types l8KhNVA and 25Kh2N4VA

have unlimited hardenability.

Air-quenchable steels are employed in the manufacture of shafts,

disks, tie bolts, and other severely loaded components with complex

c onf igurat ions,

References: Gulyayev, A.P., Termicheskaya obrabotka stali ([cat

Treatment ci Steel], 2nd Edition, Moscow, 1960; Spravochnik po mashin-

ostroitel'nym materialam (Handbook of Machine-Building Materials], Vol.

1, Moscow, 1959; Gudermon, I., Spetsial'nyye stall (Special Steels],

translated from German, Vol. 1, Moscow, 1959; Alekseyenko, M.F., Struk-

tura i svoystva teplostoykikh konstruktsionnykh I nerzhaveyushchikh

staley [Structure and Properties of Heat-Resistant Structural and

Stainless Steels], Moscow,1.962.

M.F. Alekseyenko
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I

Alý- see Reflection, light, coefficient of.

i
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ALCLAD - semifinished product (usually sheet or tubing) of alumi-

nuim alloy coated (clad) with a thin layer of high-purity aluminum, e.g.,

AD1, D16 and similar alloys. The cladding layer p~otects the alloy from

corrosion electro chemically and must have a more negative electrochemi-

cal potential than the basic alloy. Hence pure aluminum cannot be used

to clad aluminum alloys. Alloys of the Al-Mg-Zn-Cu system (high-strength

plastic aluminum alloys), e.g., alloy V95, are for this reason clad

with zinc-aluminum alloys (1% Zn, remainder Al). The thickness of the

cladding layer is determined by anticorrosion requirements and its ab-

solute magnitude must not drop below 35 ,L. In practice, the cladding

thickness is specified in percent relative to the thickness of the

sheet cr tube. For thin sheets (less than 2,0 mm), the cladding thick-

ness makes up at least 4% of the sheet thickness on each side, and at

least 2% for thicker sheets. For special requirements, when there is a

danger that significant amounts of alloying elements will diffuse from

the alloy to be protected into the cladding layer, the sheets are given

heavy-duty cladding 10% thick on a side. The cladding layer lowers the

material's ultimate strength to some extent (by 1.5-2 kg/mm2 ) and may

be quite detrimental to fatigue strength (see Mechanical properties un-

der cyclic loading).

O.S. Bochvar, K.S. Pokhodayev
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ALEXANDRITE - see Chrysoberyl.
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ALFNOL - see Magnetically soft high-penmeance alloy.
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ALFEIR - see Magnetostrictive materials.
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ALGINATE FIBER - artificial fiber with alginic acid (high-molecu-

lar, linear polymer), contained in sea weeds (in the amount of 25-40%)

of shore waters of the Pacific Ocean and in the seas at the shores of

the USSR, England, France and Norway, as a base. The fibers are spinned

from water solutions of alginates (sodium, potassium and calcium algin-

ates) in the form of filament threads. The fibers are distinguished by

their inflammability and solubility in dilute alkaline solutions. To

reduce this solubility, alginate fibers are tneated by chromium, beryl-

lium, iron and aluminum salts; here the so-called metal-alginate fibers

are spinned (beryllium compounds are toxic

Calcium alginate fibers are characterized by higher indicators

than potassium and sodium alginate fibers, The specific weight (average)

of calclum a3ginate fibers is 1.75 and it depends on the Ca content

(for 9-10% Ca it increases to 1.78). This fiber is produced with the

number N el. 4500 (15:I microns). The moisture content of fibers with

C.14% Ca under standard conditions comprises 19%, and 9.5% it increases

to 30%; when the relative humidity is 100%, the moisute content in-

creases to 51.9%. The rupture length in the dry state varies from 10.0

to 14.0 km and in the wet st-te it drops by 60-70%; the elongation here

varies correspondingly from 10-14 to 25-26%. The rupture length de-

creases sharply, and the elongation increases in an atmosphere with 65%

and particularly 100% relative humidity in comparison with dry air (in

dry air it is 19.8 km and 10%, in an atmosphere with 65% relative humi-

dity it is 10.05 km and 14%, in an atmosphere with 10O0 relative humidi-

ty it is 2.6 km &nd 26%). The rupture length of sodium and potassium a1-

97



1.45v1

ginate fibers comprises 11 km. Metal alginate fibers with aluminum have

the highest wet strength, in addition, they are characterized by low

solubility.

Alginate fibers are used for: the production of bulky fabrics with

a soft touch, obtaining skeleton and fashion fabrics and lace products

(for this purpose alginate fibers are processed together with wool and

other fibers and then the alginate fibers are removed fram the finished

fabric by a solution of conmmon salt. Alginate and metal alginate fibers

are for producing fireproof uniforms, theater curtains, and other fire-

proof articles, and also for camouflage nets (chrome alginate fibers).

In medicine alginate fibers are used in the form of threads, surgical

cotton and gauze for rapid retardation of bleeding and for healing of

burns without seams and scars; alginate fiber t treads which are used

during surgical operations do not have to be subsequently removed,

since the live tissues dissolve them withouv harm to the organism.

References: Mankriff, R.W. Chemica. Fibers [translated from Eng-

lish], pages 227-236, Moscow, 1961; Friecer, E., "Rayonne fibranne at

fibres snhfitlques" (Fiber Rayon and Synthetic Fibers), No. 9, pages

709-713, 1957.

V. M. Buki~man

98



III-15sh

ALKALI RESISTANT MATERIALS - are metals, alloys and nonmetallic

compositions resistant to corrosion in caustic alkalis. The alkaliproof-

ness of metal materials depends, generally, on its resistance to disso-

lution in alkalis of the oxides or hydroxides forming a film on the

metal surface. The type of alkaliproofness of nonmetallic materials is

based on their chemical stability and their inability to react with al-

kalis. Gold, indium, cadmium, nickel, platinum, rhodium, silver, titan-

ium, and chromium are corrosion-resistant to solutions of caustic alka-

lis; iron, copper, lead, and tantalum possess a lower resistance; tin

dissolves slowly in caustic alkalis; aluminum and zinc dissolve quickly.

The following alloys resist concentrated solutions of caustic alkalis:

a) iron-chrome-nickel and copper-nickel alloys, Monel metal, steel of

the Khl8N9 grade, cast iron with addition of nickel ,the grades

SChShch-l and SChShch-2) at high temperatures; b) the same metals and,

moreover, bronze (at alkali concentrations higher than 33%), iron-

silicon alloys (containing 14-16% Si), brass, and Elektron metal at

normal tempe, atures. Iron-chrome-nickel alloys, gold (in the case of

NaOH), nickel (up to 500"), steel of the Khl8N9 grade, chrome-nickel al-

loys, and zirconium (up to 600") are corrosion-resistant to melted al-

kalis. The alkali resistant materials used for the lining of appara-

tuses and also for the facing of fundaments and of floors of working

places may be of inorganic or organic nature. Cast black-colored ba-

salt and diabas tiles are tight and are corrosion-resistant to all al-

kali solutions- Ceramic tiles (acid-proof according to GOST 961-57) are

resistant to diluted alkali solutions. Diabas cement resists diluted
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alkali solutions but not hot water. Bituminol is a hard putty baned on

bitumen and coal-tar pitch; it resists diluted alkali 7olutions at tem-

perstures from -200 to +600. Bitumen asphalt with an alka".proof filler

(limestone or dolomite) is used to face floors affected by alkali colu-

tions of a concentration up to 40%. Pitch asphalt or pitch concrete

(based on coal-tar pitch and resins) with an alkaliproof filler may be

used for the same purposes. Ptich putty, resistant to alkali media, ij

used to Join blocks and to form inpenetrable layers. The Arzamit P ce-

ment, stable in 50% alkali solutions, is composed of a resol re7in and

a filler (silica, graphite, barium sulfate, etc.). Arzamite P iz used

as a binder in the lining of constructions. Viniplast (vee Polyviny!

chloride plastics) is a plastic resistant to 50% alkali Colutiono;

sheet vLniplast is used for the protective lining of containers. Poll-

isobutylene sheet PSG, a plastic with filler (carbon black or graphite),

resists 60% caustic alkali solutions at 1000. Asbovinyl resiZtZ ail>.-

ted alkali solutions and acids at normal tempei'atures. High-pressure

polyethylene, pollstyrene and, especially, Ftoroplast-& and Ftcroplat-

3 are highly chemically resi3tant to alkalis. Ftoroplast-. is ab,-clute-

ly resistant to alkalis at temperatures from -52 to +70*. Some paint-

and-varnish materials used in the coating of metal constructionc belong

also to the alkaliproof materials; such materials are, for example,

epoxy varnish, having an excellent resistance to alkali colution3; mod-

ified phenolformaldehyde varnish with a good resistance, and nitrocellu-

lose and organosilicon varnishes with a sufficient resistance to alka-

li solutions. To the epoxy materials belong as fcliew7. the grcurd-

coat E-4021; the alkaliproof varnish E-LIO2, refI7tant t-1 a *. 4 Ko0,

for 30 days; the alkaliproof (green) enamel. 0EP-.71, re,7:.Lant to a

40% KOH at 1i00 for not less than 5 hours and the epoxy-nitrocell.ho.e

enamel EP-51, resistant to the action of alkalis.
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Vinyl palnt-and-varnish materials resistant to the effect of alka-

ii solutions are as follows: the VKhL-4000 varnish, the VKhE-4023 enam-

el, and the diviniylacetylene varnish.

References: K11in",, I.Y-., Kcrroziya khimienesKoy apparatury I kor-

rozionnostoykiye materialy [Corrosion of Chemical E';uipment, and Cor-

rosion-Resistant Materials ,, 3r__dd Edition, Moscow, 1960; Bakhvalov, G.T.

and Turkovskaya, A.V., Kori'ozlya i zashchita metallov [Corrosion and

Protection of Metals), 2nd Edition, Moscow, 1959; Pul'tsin, N M., Titan-

ovyye splavy i ikh primeneniye v mashinostroyenii [Titanium Alloys and

Their Application in Machine Building', Moscow-Leningrad, 1962; Cher-

kez, M.B., Khromirovaniye i zhelezneniye [Chrome- and Iron-Plating],

2nd Edition, Mcscow-Leningrad, 1961; Antikorroziynyye pokrytiya stroi-

tel'nykh konstrukt.,iy i apparatury [Anticorrosion Coatings of Building

Constructions and of Equipment], Moscow, 1959; Lyubimov, B.V., Spet-

sial'nyye lakokrascchnyye pokrytiya v mashinostroyenii [Special Paint-

and-Varnish Coatings in Machine Building], Moscow-Leningrad, 1959.

M.V. Cherkez
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ALLOYED CAST IRON - is a cast iron which, in addition to the ele-

ments usually present in common nonalloyed cast iron, contains special-

ly added, so called alloying ingredients, such as nickel, chromium,

molybdenum, vanadium, titanium, aluminum, copper, zirconium, magnesium,

cerium, boron, calcium, tellurium, which impart various properties to

the cast iron. Manganese and silicon belong also to the alloying in-

gredients, if their content does not surpass 2 and 4%, respectively.

Alloying of cast iron improves the mechanical properties (strength,

plasticity, wear resistance) (Table 1) by affecting the structure of

the metal base and the distribution of graphite, and also by deoxida-

tion (see Magnesium iron, Wear resistant iron); it equalizes the hard-

ness of c&aitngs with different cross sections; it increases or de-

creases the stability of the carbides; it increases resistance to cor-

rosion, heat, and scale formation, the nonmagnetizability, etc.

The metal base of the iron structure is improved by addition of

nickel, chromium, molybdenum, copper, titanium, aluminum, etc.; the

carbides are stabilized by chromium, vanadium, molybdenum, zirconium,

tellurium, boron, etc.; wear-resistance is increased by nickel, chrom-

ium, manganese, and copper; corrosion-resistance in aggressive fluids

and in oxidizing gases is increased by chromium, nickel, molybdenum,

aluminum, and silicon; the stability of the cerbides is decreased,

i.e., the graphitization is promoted by nickel, aluminum, silicon, and

titanium, Vanadium, titanium, aluminum, calcium, cerium, and magnesium

act as deoxidizinig agents. Hence, many of the alloying elements affect

in a combined manner the properties of cast iron.
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With regard to the degree of alloying, i.e., the total content

of alloying ingredients, the cast iron grades are subdivided into low-

alloy (up to 3% of alloying ingredients), medium-alloy (from 3 to 10%),

and high-alloy (more than 10%); with regard to the microstructure, the

cast iron grades are subdivided into gray iron with lamellar or spher-

oidal graphite having a metal base from a pure ferritic up to a pure

austenitic structure, including the pearlitic, sorbitic, and bainitic

structures, and in white and chilled irons (see Gray iron, Chilled

iron).

An addition of up to 3% of alloying ingredients improves the mech-

anical properties of the cast iron due to an increased dispersity of

the structure of the metal base. Thus, nickel in an amount of up to 3%

prevents the formation of chilled areas in the castings because it de-

creases the stability of the primary carbides and improves the metal

base by increasing the pearlite content and stabilizing the ferrite in

the pearlite. At the same time, nickel increases the strength of the

cast iron and equalizes the hardness across the section of the casting

(see Fig.). A high-strength cast iron may be obtained by reducing the

total carbcn content and substituting two parts of nickel (by weight)

for one part of silicon (by weight), on the premises that the content

of combined carbon does not surpass the eutectic carbon content.

I 230

250-

Equalization of the hardness and structure of cast iron by addition of
nickel: 1) 0.2% Ni; 2) 1.5% Ni. A) Hardness, HB, kg/mm2 ; B) diameter of
the casting, mm.
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TABLE 1
Effect of Nickel and Chromium on the Mechanical
Properties of Low-Alloy Gray Iron

Mexannmmsqe

2 caomr enw-W vkp
%gym 1 C, ,,l Si Ni C,__ _ _ _ _ _ __ _ _ _ _ _(wa-.W ,

7caspmounsrpgwu !,!y10 ,7 1.6 - o- 24.2 224C f,1 31,9 1,13 0.45 31 2 26 2
9sauup~uni~m psouu 3.313 0:6 2. 3'4 - 20.6 t83

3.35 0,82 2,32 0,6 .42 49.3 217

i) Cast iron; 2) percentage of elements; 3) mechanical properties;
"4 obshch; 5) svyaz; 6) kg/mmc; 7) medium-silicon, nonalloyed; 8) med-
ium-silicon, chrome-nickel; 9) high-silicon, nonalloyed; 10) high-sil-
icon, chrome-nickel.

Chromium, due to its carbide-forming effect, is added to gray iron

as a hardening agent in quantities which dpend on the wall thickness

of the casting. The chromium content may reach up to 1% in thick-walled

castings without chilling taking place; the chromium content must not

surpass 0.5% in castings of a medium size. The chilling effect of chrom-

ium is prevented by its addition combined with nickel. The Ni:Cr ra-

tion lays between 2:1 and 3:1 (Table 1) in cast iron with a high car-

bon content; this ratio rises up to 5:1 in cast iron with a relatively

low carbon and silicon content. Chromium is added to cast iron with

spheroidal graphite only in the casting of large sized parts.

Molybdenum affects the structure of the metal base by improving

the mechanical properties of gray iron; high-strength irons with an aci-

cular (bainitic) structure may be obtained by addition of molybdenum

to chrome-nickel iron or chrome-iron (Table 2).

Low-alloy chrome-nickel and chrome-nickel-molybdenum irons hardly

differ from nonalloyed iron with regard to their physical properties.

Low-R1loy chrome-nickel and chrome-nickel-molybdenum iron is used for

high-strength castings which play an important role in the parts of

diesel engines, compressor crankshafts, camshafts, and also parts which
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are exposed to vibration, wear, and heating at high temperatures.

Clutches, brake drums, and dies for casting aluminum alloys and copper

alloys are made from gray iron of an acicular structure. Low-alloy

chilled iron is used in the manufacture of rollers for rolling mills,

etc.

Small quantities of' titanium are added only to gray iron with lam-

ellar graphite, because the graphitizing capacity of titanium exceeds

that of the silicon, and prevents the formation of chilled areas in

gray iron with lamellar graphite. An addition of titanium to gray iron 1

with spheroidal graphite is not feasible due to its inhibiting effect

on the formation of spheroidal graphite. Titanium forms titanium car-

bonitrides which not only irprove the mechanical properties of the iron

but cause it to have a fine-grained structure (Table 3).

TABLE 2

Chemical Composition and Mechanical Properties of
Gray Iron with Acicular Structure

21. comepmamue snememron *, Mexauunnucimmm 7n

C Si Mn NI Cr MO j- rl2

C flJMaTXHqA- 2,9-3.4 .- 2.3 0,7-:.o 1.t-2.0 0.13- 0.5-I .0 U.- - r- 241-102
5 Trm rpa4uon 0,35 54.6

C mapoem-- 2. -. 1 .. ,6-2.60,6- .2 1.0-4.0 0.25 - 0.9- ,2 75- 55-75 1-51 280-350

6 Im IllU.m 0.5 t0o

1) Cast iron; 2) percentage of elements; 3) mechanical properties; 4)
kg/mm2 ; 5) with laniellar graphite; 6) with spheroidal graphite.

TABLE 3

Effect of Titanium on the Mechanical Properties of
Gray Iron witi. Lamellar Graphite

3OAaeppmamne en~emeirom_(e04) U6181104. coCOOR a

flnmenjithull arpe'raT a& Hift
1 07r( (1) C S( T1 5I

0 3.60 2.12 0.04A 13.8 103

Brpiw 6 2 3.68 2,36 0.226 10.0 187
,oy R &N jone,. 0 3.09 2,1? 0.050 23.8 too

b7  3.10 2.21 0.106 26.1 tll

TureJ.rt,an ne,,i 8 0 3.44 1.62 0.060 21.6 163I 3.40 1,06 0.00.1 23.6 2.5
2 3.44 2.08 0.232 26.2 189

1 Melting unit; 2) addition of ferrotitanium; 3) percentage of elements;
4 mechanical properties; 5) kg/mm2; 6) cupola furnace; 7) arc furnace;

cruicible furnace.
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Alloying with titanium is carried out by adding ferrotitanium or

pig iron containing titanium (see Pig iron). Titanium-containing cast

iron is used for parts exposed to wear (see Cast iron for piston rings)

and for parts which must have an increased strength.

Addition of up to 3% copper increases the strength and hardness of

gray iron with lamellar graphite. Low-alloy gray iron with lamellar

graphite, containing 1.5-2% copper, is used mainly for castings which

are exposed to wear; malleable iron (see Malleable iron) is alloyed

with copper in order to increase its wear-resistance. Copper signifi-

cantly inhibits the formation of spheroidal graphite in higih-strength

magnesium-alloy iron.

Gray iron with lamellar graphite is alloyed with elements which

stabilize the carbides, in order to increase the strength and wear-re-

sistance of castings, on the condition that the content of combined

carbon does not surpass that of eutectic carbon. The latter condition

does not apply to tellurium and born which are added to white iron for

castings which are exposed to wear in an abrasive medium (see Wear-re-

sistant cast iron).

Small quantities of aluminum are added to modify white iron which

is to be tempered into malleable iron (see Modifying of cast iron).

Magnesium, calcium and cerium serve as deoxidizing agents and modifiers

promoting the formation of cast iron with spheroidal giaphite (see Mag-

nesium-alloy cast iron).

These metals belong to the group of micro-all3ying constituents.

Medium-alloy and high-alloy cast iron is used for castings with

special properties. Different structures of the metal base are formed

depending on the composition of the alloying constituents, their quan-

tity and ratio, and, as a result of these factors, the cast iron as-

sumes special mechanical, physical, or chemical properties.
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References: Comstock, J., Titan v chugune i stall [Titanium in

Cast Iron and Steel], [translated from English], Moscow, 1956; Hall,

A.M., Nikel' v chugune i stall [Nickel in Cast Iron and Steel], trans-

lated from English, Moscow, 1959; Grilliat, J and Poirot, R., "Fonder-

ie," 196&, No. 178.

A.A. Simkin

107 -



131-82s

ALLOYS FOR HEA•ING LEMENS - metal alloys with a high specific

electrical resistance and hot strength, which are widely used In many

areas ot technology as resistance elements for electric furnaces and

various loading devices. The working temperature of articles fabricated

from these alloys reaches 1200*. The principal requirements imposed on

high-hot-strength electric heating materials are: 1) high hot atrernth,

which is necessitated by operational conditions and must include chem-

ical stability in air and special furnace gases. 2) A high p and a low

temperature coefficient. 3) Satisfactory technological and mechanical

characteristics, i.e., the ability to undergo machining when hot or

cold in order to produce wire and strips of the necessary size. 4) Sat-

isfactory mechanical strength at high temperatures, which must be suf-

ficient to support the weight of the material itself and certain inci-

dental loads during high-temperature operation. 5) low cost.

These requirements are most fully satisfied by nickel-chromium al-

loys (nichromes) and iron-based steels containing chromium and aluminum.

These alloys have a phase structure consisting of solid solutions,

which explains their high p. Formation of nickel-chromium solid solu-

tions also considerably increases the hot strength of nickel. The chrom-

ium content of nichrome rarely exceeds 30%, since a higher content

leads to structural heterogenization and a decrease in alloy plasticity.

When producing thin wire 0.3 mm or less in diameter the chromium con-

tent should not exceed 20%. In order to reduce the cost of nichromes

and improve their workability part of the nickel is replaced by iron

(up to 20-25%). Iron-containing nichromes are called ferronichromes.
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Alloys with this composition can also be based on ternary nickel-chrom-

ium-iron solid solutions.

TABLE 1
Chemical Composition of Nichromes (GOST 9232-59)

Cnas Cj n I X NI Al Fe j

X4 oHsO . 3. 0, 1 ,5 0,7,3 tS-iq 15-75 J0, ,! 0,021 0.n1

. . . :1 ~~~~~~ 0. 4- 0-3 757 oi jj0.0252 s .X5.. 0,o5 0,1 05 19-232 Ocn~ ft o,4-1.1i 2:6 0.01j 0,02

1) Alloy 2) no more than; 3) Khl5N6o; 4) Kh2ON80;
5 Kh2ONOT3; 6) remainder.

TABLE 2
Principal Physical and Mech-
anical Characteristics of
Khl5N6O and Kh2ON80 Alloys

cool~c~a XdSflfl) X201180
c1o2a 1 2.

S130 1405 -16 upK20-600*0/1c) Il 12,5

(tle2,2 C) . .). . .g.). 5,10t
7 & (,*/x)6r)(al0.'C);3 7 a.C 8 a•Ol20* (*^-A Iu /:fI) t• 1 .08

9 eupa'rypnot' KOO"P

20~l00o; 1) 0b of an ealed alicy (kg~'llliun 2 ; 1) ofannald alo

ups1 20.-I10V . .... 13ý$-0.1A- .10"6
1.0 a&O6 v.xmcmiaull Am•,*,') 61 -15 411-0

a o"Wise"Nt (%t . . . 2,.--,o 45 -SO
1111

1) Characteristic; 2) KhlSN60; 3) nh2ON80; ;4) y(g/cm3); 5) a-106 at

20-100" (1/°C); 6) c (cal/g.-"C); 7) X (cal/cm-sec.*C); 8) p at 20°
(ohm'mm2M); 9) temperature coefficient of electrical resistance at

20-100*; 10) Ob of annealed alley (kg/mm2); 11) 6 of annealed alloy

TABLE 3
Mechanical Characteristics of Nichromes at High
Temperatures*

C,8 t "m 20 . o.) 2,..,,2 IV . 3

30 111 30..I lo

20 izi 0 2 G! -, is's 72 % 0 .

10 35I~~ 2 * 3 -I_________

Mie alloys shown are experimental.

1) Composition of alloy (%); 2) treatment; 3) 00.2

over 100 hr; 4) kg/mm 2 ; 5) up to; 6) annealed.
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TABLE 4

Chemical Composition of Iron-Based High-Hot-Strength
Alloys with High Electrical Resistance (GOST 9232-59)

US 31 le N1 Al e
21wl Oml I r I I l I I-e

<0 1ne 5-. LF e 0.25 0"3
4 x1IV 4 .A . 0',. :* .-0.1 . - 5.s 5.00 2 0 0.o 250 .0 5 1 1 .S-2 t.'o e t5 6 - . . ) n . . 2

0.400 01 0.(119
6 O2 1A .0 . 0.0 0.3 < 0 260-80 4C 0.6 1 5.0-15,6 0.0I1 0,01b

1) Alloy; 2)no more than; 3) Khl3Yu4; 4) OKh23Yu5;
5 OKh23Yu..; 6) OKh27Yu5A; 7) remainder.

1=2ON8•3 alloy cotains 2.0-2.9% titanium. The titanium content

of hl5N6) and h20N80 alloys should be 0.44K, provided that a lower con-

tent is not indicated in the specifications for the components to be

fabricated. Alloys intended for wire of microscopic size cannot contain

aluminum, while a zirconium content of up to 0.3% is permissible if no

titaniumi is present. Especially rigid requirements are Lmposed on the

sulfur and phosphorous contents. Sulfur forms a sulfide eutectic along

the grain boundaries, while phosphorous increases the brittleness of

the alloy. The carbon content is also limited, since any substantlai

carbide-phase precipitation leads to a decrease in the plasticity and

service life of nichromes. Manganese, aluminum, and silicon are metal-

lurgical impurities and their content should not exceed 1%. Only

Kh2MON8OT3 is supplementally alloyed with titaniun: and aluminum in order

to increase its strength, hot strength, and heat resistance (a contribu-

tion of the aluminum).

GOST 2238-58 gives the values of p for nichromes as a function of

wire diameter. Nichromes have high plasticity and strength at both room

and working temperatures.

Despite the fact that high-hot-strength alloys of the nichrome

type have a good combination of physicochemical and mechanical charac-
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teristics, they are being displaced by cheaper iron-based heat-resis-

tant steels.

The titanium content of these alloys should not be more than 0.3%.

The "Electrostal"' Plant produces certain steels of this type with a

high chromium content (EI-290, EI-340) and with rare elements as modi-

fying additives (EI-595, EI-626); structurally these steels are solid

solutions based on a-iron. A higher chromium content causes appearance

of a a-phase, which embrittles the metal. The carbon content of heat-

resistant steels is strictly limited (to 0.06-0.12%), since formation

of carbides reduces plasticity and service life. Although silicon in-

creases the electrical resistance of iron to a greater extent than other

elements, it is unwise to add more than 1%, since larger quantities of

this element cause the allow to lose its capacity for machining. In

certain handbooks Khl3Yu4 and OKh23Yu5 are referred to as fekhral' and

khromal'.

TABLE 5

Specific Electrical Resis-
tance of Iron-Chromium-Alum-
inum Alloys and Diameter of
Wire Produced ("T 2238-58)

d ro- I p -t
d.,Ipoa - Ji •.,(m.p q. i.

Ca~laa *a4U .,,t*I

1) Alloy; 2) d of wire (nu); 3) nominal p at 200; J4) permissible de-
viation in p;-5) ohm-rnm/m; 6) Khl3Yu4; 7) OKh23Yu5; 8) OKh23Yu5A.

Pekhral' has a mean tem~perature coefficient of eiecl, rical reals-

tance at 15-1O00 of 0.00018 1/°C, i.e., 2-3 times that cf khrcm~al' or

ferronichroaie. Fek~hral' is widely used in the manufacture ot loading

rheostats, household appliances, low-temperature resist'-ce rurnaces,
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TA3E 6
Principal Physical and Mechanical Characteristics
of Alloys Nos. 1, 2, 3 and 4

iCnans M 2camMI CUI MIcn•smCaccyg Cu I i IX2.1MP) C:na•, J4 1 CaJme M•

.. .. . .. ................. 1500-1310 l490--151 ISIO-1580 .ISO-1 GRO

t q F (. maAR .*iS'i) . . 6 . ... . 1 .•4.- 1.3 S I . 4- . 1 I .A- 2 2. - 2 . 2.- 20-10- (11' . . 7 .... ,.: -IS 14.5-14 16-17 11-17
.a. 7-. 6-7.2 ..-. .. 75 . .1$

. 8 60-70 ?n--o0 No I- n o.'m . .. .. .. .. .. .. . .. .... 1$-25 15-20 2-7 XpT.nme a*--

R (ia n . . . 10 ........... O I o-too , is-,a :P T- ,3 -,"-o 15
"Oo " 11 . ....... . B rop•-m v tna.hun T,..I§.!.n 0 fWV.8 r-w.. a.

CO" " ""11NMl al~ - - w aol I sn•O e~

P aY.inP.-m- rp.- .a * ,ja , V'C) 113,100 I 1200 i4 ,'3"I ,,o

1) Characteristic; 2) alloy No. 1; J) alloy No. 2 (OKh23Yu5); 4) alloy
No. 3; 5) alloy No. 6 ) p at 200 (ohm.mm•/m); 7) a.l0 at 20-1000

(l/*C); 8) y (g/cm3 ); 9) %b (kg/n 2 ); 10) HB (kg/mm2 ); II) machinabil-
ity; 12) working temperature in heating devices ( 0C); 13) when hot or
cold; 14) by polishing only when cast; 15) brittle fracture under ten-
sion.

TALE 7
Loss in Weight of Alloy No.
2 on Oxidation in Ccnpari-
son with Type Kh2ON8O Ni-
chroine

S 2: ýi*

ml 3 .5.i tz 2! n :, I

Cua ~ ~ Ona 9-% 2 I

1) Alloy; 2) test temperature ( 0C); 3) test time (hr); 4) loss in
weight (g/m-hr); 5) alloy No. 2, 6)KhCON80 nichrome; 7) fuses.

etc. Work conducted tc Investigate the physicochemlcal properties of

and to develop a fabrication technol.;fgy fcr OKh23Yu5 alloy (alloy No.

2) also led to recommendation of the Fe-Cr-Al alloys numbered 1, 3, and

4. Alloy No. 1 contains 16-19% C: and 4.0-6.0% Al and 1s Intended for

operat'1;n at terlperat•res of up to 10000. Alloys Nos. 3 and 4 are re-

commended for operation at terperature3 c." -u o 13OC-1450". AlisLon No.

3 contains 40-45% Cr and 7.5-12% Al, wi~lle alloy Nc. 4 contains 61_+4
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Cr and 7.5-12% Al.

High-chromium alloys Nos. 3 and 4 containing 7-10% aluminum also

have a uniform coarsely crystalline structure consisting of ternary

solid solutions. They are intended for practical utilization only in

the cast state. Despite there very valuable combiration of electrical

and technical characteristics they have not come into wide use, since

they are very complex to produce and very b ittle. Alloy No. 2, !.,hich

is highly scale-resistant, is the more widely employed. It is the only

iron (or even nickel) alloy which can operate at 12000 without consid-

erable oxidation. For data on the scale resistance and p of the afore-

mentioned alloys in various media see GOST 9232-59.

Components of alloy No. 2 can successfully function at various

temperatures in air, oxgen, hydrogen, nitrogen, hydrogen sulfide, and

hydrocarbons. Like all other iron-chromium-aluminum alloys, alloy No. 2

becomes brittle at high temperatures as a result of extreme grain

growth and fractures on bending by 45-900. A coarse-grained alloy can

be made plastic by heating it to 3COC or more. Straightening and bend-

ing of components muet be carriri out at these temip'ratures.

Investigation of the hot strength of alloy No. 2 by centrifugal

bending over the temperature range 6O0-120C' made it possible to estab-

lish the maximum stresses whioh this alloy can withstand for 500 hr on

deformation by bending ýTable 8).

It can be seen from tne data cited tnat alloy No. 2 has a very low

creep strength on bending at 1000-1200°. It can con..equently be used

for long periods wlthout additional loading. Wire, sheets, and tubes

are now ,roduced from alloy No. 2; it ts employed experimentally in in-

dt..strial pyrolysis apparatus.
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TABLE 8
w,.•I -M•'O( 1

C(0 C) I u '2W 0a0I a

600 tO0

0oo 10
900 t5
o000 to

1200 2-2.5

1) Test temperatare 2 (0C); 2) maximum stress required to produce a bend
rise of 5 mm (kg/cm ).

Alloys of the Kanthal type are produced in Sweden. These alloys

are very similar in composition to OKh23Yu5, but also contain 3.2-

3.8% cobalt and have strictly limited carbon, silicon, and manganese

contents (no more than 0.04-0.05% of each element). This highly preciseI
chemical composition permits certain types of Kanthal to reach working

temperatures of 1250-13000.

Alloys are tested for service life by the accelerated method des-

cribed in GOST 2419-58. In essence, this method consists in testiiig

wire specimens by high-frequency alternate heating to the maximum work-

ing temperature and cooling until the surface darkens. Three specimens

from each batch of wire are tested and the results are regarded as sat-

isfactory if they do not deviate from the arithmetic mean by more than

±12%.

References: Usov, V.V., Zaymovskiy, A.S., Provodnikovyye reostat-

nyye i kontaktnyye materialy [Lead, Rheostat, and Contact Materials],

Moscow-Leningrad, 1957,(Metally i splavy v elektrotekhnike [Metals

and Alloys in Electronics], Vol. 2); Smiryagin, A.P., Promyshlennyye

tsvetnyye metally i splavy (Commercial Nonferrous Metals and Alloys],

2nd Edition, Moscow, 1956; Kornilov, I.I., Splavy zhelezo-khrom-al-

yuminiy [Iron-Chromium-Aluminum Alloys], Moscow-Leningrad, 1945

(Zheleznyye splavy [Iron Alloys], Vol. 1); Kornilov, I.I., Mikheyev,
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V.S. Zharoprochnyye splavy No. 1 1 No. 2 [High-Hot-Strength Alloys Nos.

1 and 2], Sverdlovsk-Moscow, 1943; Kornllov, l.I., Zharoprochnyy splav

No. 3 [High-Hot-Strength Alloy No. 3), Moscow-Leningrad, 1947; Kornilov,

I.I., Mikheyev, V.S., Tr. In-ta metallurgii AN SSSR [Transactions of

the Institute of Mitallurgy, Academy of Sciences USSR], 1957, No.1,

pages 124-131.

I.I. Kornilov and P.B. Budberg
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ALLOYS FOR SOLDERING TO GLASS - alloys used in the manufacture of

radio, electron-beam, and x-ray tubes. They should be readily wetted

by molten glass and yield vacuum-type Joints with glass and ceramics.

The coefficient of thermal expansion (a) of these alloys should be sim-

ilar to the a of glass over the range between the lowest working tem-

peratures and the annealing temperature of glass. N29K18 (kovar) and

N30Kl3D alloys are used for soldering to heat-resistant glasses (a ~

-3-5.10-6), while Khl8TFM, N47Kh, N47Kh3, N47KhB, N47D5, and N33K1

alloys are used for soldering to less heat-resnstant glasses (a - 8-

10.10-6). The most widely used alloys are N29K18 and Khl8TFM.

References: Solov'yeva, N.A., Yudkevich, M.I., in book: Pretsizion-

nyye splavy [Precision Alloys], Moscow, 1956 (Sb. tr. TsNIIChM [Collec-

tion of Works of the Central Scientific Research Institute of Ferrous

Metallurgy imeni I.P. Bardin], No. 15); Smolyarenko, D.A., Kaplan,

A.S., Standartizatsiya [Standardization], 1959, No. 3, page 13.

B.G. Livshits and A.A. Yudin
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ALLOYS FOR THERMOCOUPLES - alloys which make it possible to ob-

tain NK-SA and NZh-SK thermocouples without correction for the temper-

ature of the free ends. For all their simplicity, ordinary thermoelec-

tric thermocouples have one substantial drawback, the fact that their

thermal emf depends on the heating of their free ends. In this connec-

tion it is necessary to use resistance-calibrated leads and to include

a special device (corrector) in the temperature-indicating circuit to

correct automatically for the temperature of the free ends. A better

solution to the problem is use of thermoelectrode alloys which, when

coupled, begin to display a pronounced thermal emf at 50-1000 (or some-

what higher), depending on operational conditions. Alloys of this type

for uncorrected thermocouples were first developed in the USSR. The

metallurgical industry produces thermoelectrode wire from NK and SA

alloys (GOST 6072-51) for NK-SA thermocouples, which measure tempera-

tures of 300-10000 (GOST 6071-51), and from NZh and SK alloys for NZh-

SK thermocouples, which measure temperatures of 100-9000 (TUTsM 1381-

60). The table shows the basic characteristics of NK, SA, NZh, and SK

alloys. The figure shows the thermoelectric characteristics of NK-SA

and NZh-SK thermocouples.

Use of uncorrected thermocouples simplifies the pyrometric setup

by eliminating the need for compensating leads and a corrector in the

temperature-indicating (galvanometer) circuit and increases the ac-

curacy with which the temperature can be read from the indicator scale,

which has more widely spaced divisions, since reading begins not at

0 degrees but at a higher temperature. Moreover, there is no need to
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Physical and Mechanical
Characteristics of NK, SA,
NZh, and SK Alloys

1 2 -1 0 0 TepkmnexsnemgOq.
* pit 200 "enflnoponflhwl4b

(o ,,..M,/-.) ( me, .o O ie)

BkH 45 21b 0.341±0,02 0.05 (900-10000)
• ,C A 4 3 2 5 0 3 4o• 0, o 2 0 , 0 3 (9 ,"-o 10 11 .0b )

U K 50 20 6,16±10,02 0,1 (700|--I4I'()

9 45 20 0,48t0,o2 0,1 (700-800-)

--- ingth - 100 nun.
1) Alloy; 2) ab (kg/mm 2); 3) no less than; 4) p at 200 (ohm.mm2 /m);

5) thermoelectric nonuniformity (mv, no more than); 6) NK; 7) SA; 8)
NZh; 9) SK.

J= T.,,ri

It~ ~ ::: tjrt-

241o-W". 

.e

'4 Eom.O-,

Thermoelectric characteristics of NK-SA and NZh-SK thermocouples, i)Thermal emf, my; .2) typical calibration for standard thermnocouples; 3NZh-.SK; 4) NK-SA, 5) temperature, OC.

I.-----

determine the temperature of the free ends.

References: Popov, M.M., Termometriya i kalorimetriya m Thermometry

and Calorimetry], Moscow-Leningrad, 1934; L'vov, M.A., Pribory dlya iz-

mereniya temperatur v metallurgii (Temperature-Measuring Instruments

in Metallurgy), Moscow, 1944; Toperverkh, N.I., Izmeritel'nyye i regul-

iruyushchiye pribory na metallurgicheskikh zavodakh [Measuring and

Regulating Instruments in Metallurgical Plants], Khar'kov-Moscow, 1941;

Kul'bush, G., Kalinin, A., Tochnaya industriya [Precision Industry],

1933, Nos. 3-4; Keinath, Jr., Arch. techn. Messen [Archives of Tech-

nical Measurement], 1934, Vol. 4, No. 37, page 97; Thomas, H., Z.
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Metallkunde [Journal of Metalworking), 1944, Vol. 36, ho. 6.

A. L. Shpitsberg
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ALLOY STEEL FOR PER4ANENT MAGNETS - tungsten, chromium, and co-

balt steels containing approximately 1% C. Magnets with high coercive

strength are obtained by quenching the steel to martensite. The full

Chemical Composition, Magnetic Characteristics, and Hardness of Alloy
Steels for Permanent Magnets (GOST 6862-54)*

2 Cofepni aiemp eoip (I) iii iC Ch,,6Cr

"oc ..... " ., I ... , .. . ... I

Clumb I IIC . * -< , Iii
N, I C. r N M I n Co Mo ------ I

1 3 X3 .,• . 0.90-1.10 0i-,. 2.6--3.6 /Ii,-t ,4-' - , .2-.2W - : , ' 6. , 10,2,-2:

KeYi .J, ,) 0. i.. s7 0.17--0 , QJ• , 0 3-- , | ,3 I0.2--0.4• -."-52 1,0,0 62 .6, :2 -',15 EXHSK . 0.90--1.0 0 u 17-0,40 4.5-6,5I|O06 0.20) -'-, 1 547 III, ,9 1-13 78~~d 0.,-t0 0. 17-o:.40 . -t, 06.08 *)2- . 2W-1 . 9 - 1 • 0,Y,,, ; -2, •

'T 0.03, S 0.02.

i) Steel; 2) content of elements (%); 3) magnetic characteristics; 4)
residual induction B ; 5) coercive force H ; 7) gausses; 8) oersteds;
8) no less than; 9) Fauss.oersted; 10) kg/Am ; 11) YeKh; 12) YeKh3; 13)
Ye7V6; 14) YeKh5K5; 15) YeKh9KISM.

heat-treatment cycle is complicated by the fact that steels of this

type have a tendency toward precipitation -f carbides. Steel to be mach-

ined is first subjected to softening tempering at 650-8250. The carbide

transformations which take place during this process greatly reduce the

coercive force of the steel ("breakdown"). The "broken down" steel then

undergoes "corrective" treatment - normalization ac 1000-1250*. The

final operation is quenching from 800-1050O in water or oil after hold-

Ing for no more than 10-15 min (in order to avoid carbide-induced "break-

down"), which produces finely acicular martensite. The table shows the

chemical composition and characteristics of alloy steels for permanent

magnets. The magnetic characteristIcs of chromium and tungsten steels
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do not greatly exceed those cf simple carbon steels with the same car-

bon content. The part played by the chromium and tungsten essentially I
reduces to increasing the hardenability of the alloy and stabilizing

its magnetic properties. Cobalt steel has far higher magnetic character-

istics. Steels of this type are limited in use. They are being displaced

by alni and alnico alloys, which have much higher magnetic characteris-

tics (see Alni alloys).

References: Zaymov6;.y, A.S., Chudnovskaya, L.A., Magnitnyye ma-

terialy [Magnetic Materials], 3rd Edition, Moscow-Leningrad, 1957 (Me-

tally i splavy v elektrotekhnike [Metals and Alloys in Electronics],

Vol. 1).

B.G. Livshits and A.A. Yudin
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ALLOY STRUCTURAL CASTING STEEL - low- and medium-alloy steel for

cast machine components; it is distinguished from carbon steel by its

higher strength and plasticity. The total alloying-element content of

thece steels generally does not exceed 5%; the carbon content of re-

finable steels is 0.20-0.50% and that of cementable steels is 0.07-0.20%.

In complex alloying with several elements at the same time the advan-

tages given the steel by each element may be combined; this imparts

good casting properties to the steel and gives the castings a fine-

grained structure, good hardenability and temper resistance, and high

plasticity, viscosity, and strength. Complex alloying with silicon,

manganese, chromium, nickel, etc., makes it possible to increase the

ab of the steel to 150-170 kg/mm2 while retaining satisfactory plasti-

city. The following are the principal types of heat treatment employed

for shaped castings: annealing, normalization and tempering, quenching

in a liquid medium and tempering, and isothermal quenching in a hot me-

dium. It is wise So use less stringent heat treatment, such as normal-

Ization and tempering, isotherm.al quenching, or annealing, for complex

elongated components with a tendency to warp.

Alloy structural casting steels differ little in physical, chemi-

cal, and certain technological characteristics from shaping steels of

similar composition; as far as mechanical charactcristics are concerned,

these two types of steel differ in plasticity and impact strength. In

cast steel these characteristics are somewhat lower along the grain and

higher across the grain than those of shaping steel.

Table 1 shows the chemical composition of the alloy structural
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casting steels widely used in industry.

Molybdenum can be employed as a substitute for tungsten in 35KhML

and 30KhNML steels. When the steel is smelted in furnaces with acid

linings the permissible sulfur and phosphorus contents can be raised by

0.01% each. Table 2 shows the mechanical characteristics of these steels

after fi.nal heat treatment. The mecianical properties of castings are

checked on specimens cast in lost-metal molds or cut from separately

cast test bars heat-treated at the same time as the castings.

TABLE 1

Chemical Composition of Alloy Structural Casting Steels

2 311ii:Z4 "'M 1U? '. 0.

p ITV m [CT

"19 i s T 5

4 I %ST i~i I 7 ~ 1

1) Steel 2) content of elements (3); 3) n; m:ore than; 4) other ele-
'lents; 51 • or GOST; 6) 27OL; 7) 40G2L 8) 40KhL; 9) 35KIhNL; 10) 200SL;
Ll) 35KhML; 12) 16KhQTL; 13) 30GSTL; 145 35K)GSML; 15) 30KhNML; 16)
WOKhNVL; 17) 27KhGSNL; 18) 30DKhSNL; 19) GOST; 205 AMTU.

Figure 1 showa the variation in the mechanical characteristics of

ertain types of steel as a function of heat-treatment regime and cast-

ng-wall thickness. The mechanizal characteristics of the steels at

arious temperatures were deterrIned 3nr" specirmens cut fr-.w bar- 30 Wir

hick, while the properties of bars with different thicknesses were de-

ermined after tempering at 650-670".

Castings with complex shapes are subjected to normalLzation ar4

n-pering ratter than quenching and tem pering, in order to reduce In-
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ternal stresses.

Increasing casting-wall thicki-ess from 12-25 mm to 100 mm causes a

decrease in mechanical characteristics. In this case there is a drop of

7-10% in yield strength and ultimate strength, 15-18% in relative elon-

gation, Knd 25-30% in relative reduction in area.

Figure 2 shows the change in the mechanical characteristics of

types 30KhNVL and 3ODKhSNL steels at elevated temperatures.

Thin-walled castings (with walls 10-15 mm thick) of 4UG2L, 35Kh-

G0KL, and 27KhGSNL steels can be quenched and tempered at a rather low

temperature to increase their strength. Figure 3 shows the influence of

tempering temperature on the increase in tne strength of 27KhGSNL steel.

Isothermal quenching in potassium nitrate or alkali at 280-3200

with a holding time of 2-3 hr makes it possible to obtain higher

strength in combination with high plasticity in 27KhGSNL and other

steels; I'- comparison with quenching in oil use of this type of heat

treatment promotes a decrease in te warping of complex elongated cast-

ings, but also causes a reduction in the hardenability of the steel.

Type 16KhOTL can be used as a cementable steel; in this case the

castings are subjected to double quenching and tempering at 150-1700.

Annealing or normalization and tempering are employed as prellmin-

ary heat treatment for high-strength steel castings.

A decrease in plasticity and impact strernth resulting frcm em-

brittlement of the grains during crystal'ization is observed in high-

strength stcels (35KhGSML, 27KhGSNL, etc. ) when test bars are cast in

hot molds (ceramic or lost-metal). The curves given in Fig. 4 chazac-

terize the strength of" 27KhGSNL steel under repeated static loading

(static durability).

Figures 5 and 6 show the mechanical characterlst1ls of high-

strength steels at elevated and low temperatures.
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Fig. 2. Mechanical characteristics of cast 30KhNVL (solid line) and
3ODKhSNL (dash line) steels at elevated temperatures. Quenching and
annealing at 6700. 1) kg/mm2 ; 2) temperature, °C.
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Fig. 3. Influence of tempering temperature on the mechanical character-
istics of 27KhGSNI, steQl. Quenching in oil from 890° (wall thickness -
up to 15 mm). 1) kg/mmýý; 2) tempering temperature, *C; 3) kg-m/cm.

Fig. 4. Curves showing static durability of 27KhGSNL steel. Quenching
from 3900. 1) kg/mm ; 2) number of loading cycles to fracture; 3) tem-
pering at 2000; 4) isothermal quenching.

The corrosion resistance of these steels is rather low.

Witn respect to technical characteristics, alloy structural cast-

ing steels have a free linear shrinkage of 2.0-2.2%. Figure 7 shows

the flowability of •ertain types of steel. These steels are smelted in

electric arc and induction furnaces, while open-hearth furnaces are

used for large castings. Casting is ca..led out in loam, shell, chill,
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TABLE 2

Mechanical Characteristics of Alloy Structural Cast-
ing Steels After Final Heat Treatment (no less than)

Tw_ b - -

Orem- TV am rOCT om- 5030(le.,I
i 2 ,,, ,• a. oi,•cw (u,-aI,-') (%) 7'

30 8 HopaiauaaamE E OTI7CK30
torca 1oTs25 7-9 57 0-00 .10 55 128 8

85XM3jI To me 880--80 600-650 40 60 12 20 3,0

12 35fFre .12  860-,80 600-610 45 60 12 20 3,0
30XHMJIj-3 860-880 600-6-50 6 35 70 12 20 3.0

14 soXH .RJ * 850-870 600-650 65 70 12 20 8.o
80AXCHJI *80--70 50"50 60 so to 20 3.0

15 9 3aisaaa x o07070
16 27MT . OCT 7832-55 880-870 568-400 45 65 1t 2o 6.0
1 4012,I ANTY 432-5k 850-870 600-650 411 75 12 80 4.07 To m 8 To we - 850--870 550-600 60 o 8 1i 2,19 rc 8 roCT 7832-55 870-880 570-600 40 65 14 30 5.0

194j, 850--80 600 50s..- 0 0o 65 12 25 8.5

S35 XHJI 860-870 570--00 50 70 12 25 4,.0
• MIXTJI ARTY 432-58 890-910 150-170 60 90 7 20 3.0
35 x mTJY3 FOCT 7832-55 860-870 600-650 55 70 12 25 4.0

2i, orcrn * 910-920 640-660 55 70 1J 25 4C0
3•5XCM;i ARTY 432-58 80--900 630-670 60 80 12 30 4.0

25 88o-000 570-630 85 100 8 20 2.5
30 m 6 rC *3-5 860--070 6(00-651) 05 so to 20 4.5

27 30XIIBJI Tome 80R-870 600-650 65 80 10 20 4.5
301AXCHJ1ý2 860-870 600-650 70 10 tO 20 4,0
27xrctiji ARTY 432-58 880-900 540-560 75 90 10 30 4,.0

29To we 32 BWP880-o00 o too ,30 0 
20 2,5

*10 10 5 20 2.0I 880-900 200-24C 120 150 20 2.5

1) Steel; 2) TU or GOST; 3) final heat-treatment t~mperature (o0); 4)
;normalization or quenching; 5) tempering; 6) kg/mm, 7) kg-m/cm. ; 8)
nozrnalizatIon and tempering; 9) quenching and tempering; 10) 20GSL; 11)
35KhML; 12) 35NGVL; 13) 30h•NML; 114) 30KhNVL; 15) 30DKhSNL; 16) 27GL;
173 140G2L; l8) the same; I9) 30GSL; 20) 40KhL; 21) 35KhNL; 22) 16KhOTL;
2 35KML; 24) 30GSTL; 25) 35KhGSML; 26) 30KhNML; 27) 30KhNVL; 28)
30DKhSNL; 29) 27KhGSNL; 30) GOST; 315 AMTU; 32) in potassium nitrate
from 300%.

•- 2

Fig. 5. Mechanical characteristics of 35KhGSML steel at elevated tem-
peratures (dashed curves - quenching in oil from 8900 and tenmpering at
6000, solid curves - isothermal quenching in potassium nitrate at 3800).

1) kg/mm2; 2) temperature, *C.
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I-I

Fig. 6. Mechanical characteristics of 27KhGSNL steel at low tempera-
tures (solid curves - isothermal guenching, 5ashed curves - quenching
and tempering at 2000. 1) kg-m/cm ; 2) kg/mm ; 3) temperature, 0C.

lost-metal, and ceramic molds. The most flexible molds (e.g., shell

molds) are employed for thin-walled castings of high-strength steel,

which have an especially strong tendency toward hot cracking. Castings

of alloy structural casting steel with a low carbon content weld well.

Castings of such steels with carbon contents of 0.3% or more, which

tend to air-harden, should be heated to 150-3500 before welding or

sealing up defects; the castings are annealed immediately after weld-

ing in order to relieve stresses and prevent formation of welding

cracks.

Alloy structural casting steels are readily cut in the annealed

state.

These steels are used in instrument building (components of in-

struments, apparatus, etc.), shipbuilding (stern-posts, anchors, pro-

pellers, etc.), machine building (steam- and water-turbine housings,

valve and nozzle housings, wheels, spiral conveyors, cylinders and

slide-valve housings for steam engines, pistons, etc.), the manufac-

ture of metallurgical equipment (components of presses, hammers, roll-

ing spans, rolling rollers, punches, die blocks, etc.), and in railroad
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machine building (locomotive frames, firebox frames, wheels, crank-

shafts, journal boxes, etc.).

b • ,

Fig. 7. Flowability of steels: 1) 40KhL, 30KhNML; 2) 35DKhSL, 30DKhSNL;
3) 35KhML, 30KhNVL; 4) 35KhGSL; 5) 27KhGSNL. a) Flowability - bar
length, mm; b) casting temperature, 0C.

Steels alloyed with manganese and silicon are used for casting

components with increased yield strength, ultimate strength, and dura-

bility; manganese steels containing nickel, silicon, and tungsten are

employed for components which must have substantial hardness and

strength and high impact strength. Steels alloyed with nickel and chrom-

ium are used for components which must combine high plasticity with high

impact strength and fatigue strength at room and low temperatures (com-

ponents of pumps, refrigeration equipment, and mining and metallurgical

equipment). Steels alloyed with manganese and chromium and having an

elevated carbon content are intended for components subject to wear

(sprocket wheels and gears for reduction gears and drill winches, pipe-

cutter components); components for cementation are cast from low-carbon

steels (16KhGTL). Chromium-nickel steels containing molybdenum, tungs-

ten, titanium, and copper are used for high-stress components which

must combine high strength with high plasticity, fatigue resistance,

and durability (sprocket wheels, gears, shafts, excavator-bucket com-

ponents, etc.), as well as for components which must function at eleva-

ted temperatures (components of oil-drilling and petroleum-cracking

equipment, in boiler and pipe fabrication and shipbuilding). The multi-

component alloy steels 35KhGSML, 27KhGSNL, etc., are employed for cast-
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ing high-strength thin-walled aircraft components (chassis components:

tie beams, connecting pieces, brackets, and struts, as well as various

load-bearing assemblies, motor support frames, etc.).

References: Metallovedeniye i termicheskaya obrabotka stall i

chuguna [Metalworking and Heat Treatment of Steel and Pig Iron], Hand-

book, Moscow, 1956; Akimov, G.V. and Akimova, K.I., Yedinaya spetsi-

fikatsiya metallicheskikh materialov mashinostroyeniya Soyuza SSR [Com-

posite Specifications for Metallic Machine-Building Materials in the

USSR], Pt. 3, Moscow, 1948; Nekhendzi, Yu.A., Stal'noye lit'ye [Steel

Casting], Moscow, 1948; Kershenbaum, Ya.M., Markhasin, E.L., Yaroshev-

skiy, F.M., Tekhnologiya proizvodstva neftepromyslovogo oborudovaniya

[Production Technology of Petroleum-Refining Equipment], Moscow-Lenin-

grad, 1948; Steel Castings Handbook, 1950, Cleveland, 1950; Trubitsyn,

N.A., Saveyko, V.N., Bidulya, P.N., Goryachaya treshchinoustoychivost'

litoy uglerodistoy stall [Hot-Cracking Resistance of Cast Carbon Steel],

Moscow, 1958 (Peredovoy nauchno-tekhn. i proizv. opyt [Advanced Scien-

tific, Technical, and Production Experience], No. M-58-207/4).
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ALLOYS WITH HIGH ELECTRICAL RESISTANCE - rheostatic alioys with

working temperatures of up to 4000 and heat-resistant alloys for heat-

ing elements with working temperatures of up to 12000.

TABLE I

Chemical Composition of, Products Manufactured from,
and Purpose of Rheostatic Alloys (GOST 492-52)

2 XU.Iau. cocTaM (%) 3 4
Cana P 00XVoa406O- U)pampeoe

MCn I z n NI Cu pU'a ' -n=*pmp

Maluran•H MHMg3.12 I . 5 ,--13, 5 - 2,5-3,5 Oc'arhoe9le 9 .ie-, ZAs 8. m ieiwem.
5' malu, WeMAn • •Uepi?.BOSUOM~ a np•ftpoo

XoHcr11'TAf MHxq40-1,5 6* 1-2 - 3"--t * a rK • nex aumm ,rumm.
npoa•on"K Itemsf a8 nHoJnea.can. U PODoid 3 ;M

Ilefatuliup MHUtb-20 - 18--22 13,5--1,5 168 T a nr ,ax Upomo I
7Aenypo, euI 1. ne-

me# a "wzulq.

1) Alloy; 2) chemical composition (%); 3) type of semifinished product;
4) typical application; 5) MNMts3-12 manganirn; 6) MNMts4O-l.5 constan-
tan; 7) MNTsl5-20 argentan; 8) remainder; 9) strips, sheets, bands, and
wire; I0) strips and wire; 11) for electronic components and measuring
instruments; 12) for electronic components and compensating leads; 13)
for precision mechanical instruments, electronic components, and tech-
nical vessels.

Rheostatic alloys can be divided into two groups, thos e for pre-

cision resistors and those for starters and regulating rheostats. Al-

loys for precision resistors should have a p highly constant with time,

a low temperature coefficient of electrical resistance, and a low ther-

mal emf when coupled with copper; alloys for starters and regulating

rheostats can have less stable characteristics than the alloys of the

Ist group. Rheostatic alloys should also have good corrosion eresistance

and high plasticity for cold drawing into fine wire.

All the aforementioned requirements are most fully satisfied by
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TABLE 2

Basic Physical and Mechani-
cal Characteristics of Man-
ganin, Constantan, and Ar-
gentan

I ' 'C~ok.,a I ma.t2 3 xo•.- He#:,n,.

I ,_P i I " A 1 4 fI e

t;. (VC) ...... ... 060 1260 1080

¥ (e/c,'p)m .4.-- .... 14 8,9 8,7
m.10 l u -• 2,-100' 6, 9 67
0 (toC) . .b... 1 4,, 16,6

"(C npul IS" (Ala/. Q) 0,0975 ( 0.0977 0.095
16(•m.m a.cex.*C) 8. 0,052 0.05 0,06-0.08

9q•plp 20-. 0,435 0.48 0,26

nPOTNAUCHKN AIPR20--1OO°(Ij*C) . . 3.10-1 2.10-6* 2-10-4
lepmosnc u uae

C IeAh% (•sei'C) I 40 t4,4
Ob- OT?0WN~fVJI

. (Ea/,aIw) ,,,,' •l • 50-55 40-50 38-1.5
6-oroxge'Rnm-Ilt (%) 30 30 35-45

nlnonxy'rua a paoIa i
.1 u-epaTYpa (*C) 0o0 500 250

-71X"alue of 2-10- can be
obtained by careful screening
(see Constantan).

1) Characteristic; 2) manganin; 3) constantan; 4) argentan; 5) Y (g/

/cm 3 ); 6) a10O6 at 20-100'(1/ 0 C); 7) c at 180 (cal/g. 0 C); 8) X(cal/cm.

Gsec. 0 C); 9) p at 200 (ohmn.rmm 2 /m); 10) temperature coefficient of elec-

trical resistance at 20-1000 (l/ 0 C); 11) thermal emf when coupled with

copper (pv/°C); 12) ab of annealed alloy (kg/mm2 ); 13) 6 of annealed

alloy (%); 14) permissible working temperature ( 0 C)

alloys consisting of solid solutions formed over a wide concentration

range during the interaction of metals in group I of the periodic sys-

tem (Cu, Ag, Au) with metals ir groups VI, VII, and VIII (Cr, Mn, Ni).

Copper-based alloys are of the greatest commercial importance. The pre-

cision alloy known as manganin is widely employed. Addition of nickel

to this alloy greatly reduces its thermal emf when it is coupled with

copper (to 1 tv/°C), which permits almost complete avoidance of thermal

currents.

Manganin strips, bands, and wire have a p of 0.42-0.48 ohm.mm2 /m

at 200, while their temperature coefficient of electrical resistance is

3.10-5 l/OC over the range 20-1000.
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There are alloys of the manganin type which contain 3-4% aluminum

(izabellin) plus 1.5% iron (novokonstantan) instead of nickel. These

alloys have considerably more precise characteristics than manganin and

are used principally for technical purposes, as in starters.

Investigation of ternary Mn-Cu-Ni alloys has established that thcse

containing 65-70% Mn, 15-20% Ni, and 5-20% Cu have a p = 1.9-1.96 ohm.

•u 2m/m and a temperature coefficient of electrical resistance of 5.10-5

I/C at 20-100*. The p of these alloys is thus 4 times higher than that

of manganin. Alloys with this composition have very good technical

characteristics and can be used to produce strips, wire, and other pr•-

ducts for the electronics industry.

A copper-nickel alloy of the constantan type has less precise char-

acteristics than manganin. According to the GOST, its total impurities

should not exceed 0.9%. Mn is also a metallurgical impurity.

As can be seen from Table 2 constantan has a far higher therilal

emf than manganin, which makes manufacture of precision resistors from

constantan quite advantageous. A less expensive tigh-resistan-e alloy

than manganin or constantan is argentan, in which part of the nickel

is replaced by zinc (Table 1). This alloy has a lower electrical re-

sistance than manganin or constantan. Argentan wire becomes britt~e

above 200-250*.

Nickeline (a copper alloy containing 30-35% Ni and 2-3% Mn) has

roughly the same characteristics. There are also precision rheostatic

alloys based on precious metals, particularly silver containing 10-17%

manganese and 3-9% tin, but these are of no great piactical significance.

References: Usov, V.V., Zaymovskiy, A.S., Provodnikovyye reostat-

riyye i kontaktnyye materialy [Lead, Rheostat, and Odontact Materials],

3rd Edition, Moscow-Leningrad, 1957 (Metally i splavy v elektrotekk nike
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[Metals and Alloys in Electronics], Vol. 2); Agladze, R.I., Mokhov, V.

M. Soobshch. AN Gruz. SSR [Reports of the Academy of Sciences, Georgian

SSR], 1954, Vol. 15, No. 1, pages 33-40; Smiryagin, A.P., Promyshlennyye

tsvetnyye metally i splavy [Commercial Nonferrous Metals and Alloys],

2nd Edition, Moscow, 1956.

N.N. Kornilov and P.B. Budberg
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ALLOYS 1,7ITH SPECIAL PHYSICAL CHARACTERISTICS - alloys whose prin-

cipal function is to ensure a definite value for some physical chara>-

teristic; mechanical and technical characteristics play a subordinate

role in this case. Many of these materials are precision alloys in the

sensc of having rigid requirements imposed on their composition and

production technology.

Alloys with special physical characteristics can be divided into

the following groups: 1) soft magnetic materials, which are character-

ized by high inltial and maximum permeability, a low coercive force,

and small hysteresis and eddy losses. The requirements imposed on these

alloys depend on the purpose for which they are intended. For example,

materials for relay cores should have a low coercive force and residual

induction, while those for the cores of high-power electromagnets should

have a high saturation induction. Soft magnetic materials include iron

(armco, carbonyl, and electrolytic), electric sheet steel, and high-

pezineability alloys (permailoy, alsifer, alfenol, and termenol). 2)

hard magnetic materials (alloys for permanent magnets) should have a

high coercive force, a high residual induction, and a softening curve

with a high curvature factor. They include quenched martensitic steels

(chromium, tungsten, and cobalt), cast and cermet alloys of the alni

type, and shaping alloys. Oxide and crust magnets constitute a special

group. Additional requirements are imposed on hard magnetic materials

in certain cases (e.g., maximum specific hysteresis losses for mater-

ials to be used in the rotors of hysteresis motors). 3) Magnetic ma-

terials with special characteristics: an elevated permeability con-
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stant (perminvar, izoperm, magnetodielectric) or high saturation induc-

tion (permendyur, etc.). This group includes alloys exhibiting high

magnetostriction and thernnmoagnetic alloys. 4) Alloys with a high speci-

fic electrical resistance; these include alloys for precision resistors,

which must have a low temperature coefficient of electrical resistance

and a low thermal emf when coupled with copper (manganin, constantan),

alloys for starters and regulating rheostats (nickelene, argentan),

heat-resistant alloys for heating elements (nichrome, ferronichrome,

fekhral', khromal', megapir, etc.), and alloys for tensometers, whose

resistance must be highly sensitive to deformation. 5) Alloys whose co-

efficient of thermal expansion is 0 (invar, superinvar) or fixed (al-

loys for soldering the glass and ceramics). 6) Alloys whose temperature

coefficient of modulus of elasticity is close to zero (elinvar, etc.).

7) Alloys for thermocouples, thermobimetallic materials, etc.

References: Pretsizionnyye splavy [Precision Alloys], Sb. trudcv

TsNIIChM [Collection of Works of the Central Scientific Research Insti-

tute of Ferrous Metallurgy imeni I.P. Bardin [No. 15, Moscow, 1956; No.

22, Moscow 1959; No. 23, Moscow, 1960; Livshits, B.G., Fizicheskiye

svoystva metallov i splavov [Physical Characteristics of Metals and

Alloys], Moscow, 1959; Zaymovskiy, A.S. and Chudnovskiy, L.A., MC-

nitnyye material; [Magnetic Materials], 3rd Edition, Moscow-Leningrad,

1957 (Metally i splavy v elektrctekhnike [Metals and Alloys in Electro-

nics [, Vol. 1); Usov, V.V. and Zay:ovskiy, A.S., Provodnikovyye r(o-

statnyye i kortaktnyye materialy [Lead, Rheostat, and Contact Mater-

ialsj, 3rd edition, Moscow-Leningrad, 1957 (metally i splavy v elec-

trotekhnike (Metals and Alloys In Electronics), Vol. 2); Bczort, R.,

Ferromagnetizm [Ferroragnetismi, translated f!--c. English. Moscow, 1)56.
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ALNI ALLOYS - nonpiastic alloys for pcrmanent magnets based on the

Fe-Ni-Al system, the ones most widely used by virtue of their high mag-

TABLE 1

Chemical Compositions and Magnetic Properties (after
GOST 9575-60 and (lOST 4402-48)

2 2 OP nw"r"-4U

6 AliIt aISAwm1 .... . .. " IA - 000 210 264000
A EHf4 (AH3 . .S0 15.5 - 4, 3 ~ lvO U0 00o 340000

S(MMIUCE) - 2-'3.:0 2 3.*5 - - I- 1Q51 4 000 71: 4300

Hil 2 ........ 30.0) 12.0 j 2. 0 0.3 120001s 4 oKn*),X 5(i , 4AHO: - 21. 1.0 j I3.0 0.3 - 06000 $00
1 ) Hi A K: 2*0.0O 9.o 21I.0 6.0 0.3 - ISO#00 600 0060

) 31J(0 Alu.) 291.0 I0.0 f6.0 I 3.0 0.3 - 9000 6M $T4041
1 M;1X35T5 . . ..... 0 5.0 3s.0 4.Q 5.0 - 0000 2000 I60004

13 NH110 24T2 - -- lu 9.0 o .0 2.0 1 U0G 730 266000

uarow . . 0 9A, 24,0 40 U. 1 - 2300 $50 16o00410110 N4f1(4. ....... 2 -. .-;114.0 . - U.8 122040 660 164000
ID AM5 ... . 0 6 o 40 - 13 00 0is 1446o0

20 AM5F . 5. 0 . L- 4.0 0. 07 0 M~: ;G4 Go.

2 Content of elements()
3) Residual induction B (%gaus~es)
4Coercive force H (oe~steds) 35W Specific malnetis energy (BH) ma~s87r (ergs/cm)
S~ ( alni Imk

Zi YND4(AN3).
a ANK (alnisi)

10) YuNDK15 (AI4Kc2)

111 YuNDK35T5
12) YuNDK24(ANKo4, agio

14 YuNDK252BA

net4.c properties and ease of fabrication. A special point to be ob-

served In heat-treating these alloys Is that they are cooled from high

temperature at a critical rate that ensures a state of high coercivity

(Table 2). The corposi~tion of the alloy Is selected In such a way as to

obtain the optInuri properties at a suitable critical cooling rate. The
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TABLE 2

Recommended Heat-Treatment Conditions (after GOST
9575-60 and GOST 4402-48)

ANI Quenching from 12000 in boiling wa-
ter or normalization from 12000
(for thin magnets)

YuND4 Normalization from 11000

ANK Normalization from 12000

YuNDI2 Quenching from 12800 (cooling in hot
j uND8 water); tempering at 5900

fuNDK15 Quenching from 13000 in a magnetic
field with H . 100 kiloamperes/m
(cooling from 900 to 7000 at an
average rate of 1-50 per sec);
temp,.ring at 590 0

YuNDK35T5 Quenching from 12200 in a magnetic
field H > 100 kiloamperes/m (cool-
ing as iapid as possible to 850-
8000, subsequent cooling to 7000

at a rate of 0.5-20 per sec); tem-
pering at 59g0

YuNDK21 4T2 Same, but quenching from 12500

YuNDK24 Same, but at a rate of 2-1.50 per
YuNDK24B sec

YuNDK25A Same, but at a rate of 1.5-2°
YaNDK25BA per sec-.

magnetic properties of Fe-NI-Al alloys aze higheit at contents of 27-32%

Ni and 12-14% Al, but the Ni ccntent should be lowered and the Al con.-

tent raised for magnets weighing more than 1-2 kg in order to lower the

critical cooling rate. Copper additives raise the properties, compen-

sating for the decrease in properties that results from deviation from

the optimum Ni-Al composition. Copper also stabilizes the properties

with regard to variations in chemical composition. The introduction of

1% Si (alnisi) lowers the critical cooling rate sharply - which is of

importance in producing high properties in heavy magnets. A further in-

crease in magnetic energy can be achieved by the introduction of Co

(more than 12%) and Cu (up to 6%). A high content of copper (8-12%) im-

proves the flow properties of mold-cast alloys. A sharp increase in mag-

138



1-20a2

netic energy is obtained by thermomagnetic treatment (cooling in a mag-

netic field from the critical temperature) in alloys with increased Co

content (> 28%). The particularly high properties of the last two al-

loys listed in Table 1 are attained by creating crystallographic and

magnetic texture simultaneously (by orienting the directions of crys-

tallization during solidification and heat treatment in a magnetic

field).

Alni alloyL. are stable to structural and magnetic aging; partial

demagnetization to stabilize tha magnetic flux is justified only for

precision-instrument magnets. The basic shortcoming of these alloys is

brittleness. Magnets made from them are fancy-shaped castings and admit

of machining only by grinding. For small magnets, this process gives a

very small useful yield. Magnets weighing up to a few tens of grams and

complex-shaped magnets are made by the powder-metallurgical method. The

coercive force of the cermet magnets is the same as that of the cast

magnets, but the residual induction and, accordingly, the energy are

10% lower than those of the case types.

The field of application of alni-alloy magnets is extremely wide:

electrical measuring instruments, telephone apparatus, recorders, mag-

netos, electrical machinea, magnetic clutches, etc.

References: Livshits, B.G. and L'vov, V.S., Vysokokoertsitivnyye

splavy na zhelezonikel'alyuminiyevoy osnove [High-Coercivity Alloys on

the Ircn-Nickel-Aluminum Base], Mosccw, 1960; Zaymovskiy, A.S. and

Chudnovskaya, L.A., Magnitnyye materialy [Magnetic Materials], 3rd edi-

tion, Moscow-Leningrad, 1957 (Metally i splavy v elektrotechnike [Me-

tals and Alloys in Electrical Engineering], Vol. 1); Dovgalevskiy, Ya.

M., Splavy dlya postoyannykh magnitov [Alloys for Permanent Magnets],

Moscow, 1954; Bozort, R., Ferromagnetizm (Ferromagnetism], translated
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from the English, Moscow, 1956.

B.G. Livshits, A.A. Yudin
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ALODIZING OF ALUMINUM ALLOYS - see Chemical oxidation of aluminum

alloys.
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ALPHA + BETA-BRASS - brass containing from 36 to 45% Zn and having

a mixed structure consisting of crystals of the a- and p-phases of the

copper-zinc system after heat treatmient and mechanical working. The al-

pha + beta-brasses include L62, L60, LS59-1, LS60-1, L060-1, LMtsA57-3-

1, I4ts58-2, LZhS58-1-1, LZhMts59-1-1 and LAN59-32. The brasses of this

group are somewhat stronger than alpha-brass.

Ye.S. Shpichinetskiy
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ALPHA-B WSS - brass containing up to 33% Zn and having the struc-

ture of the a-solid solution of the copper-zinc system after heat

treatment and mechanical working. The alpha-brasses include brasses L96,

L90, L85, L8o, L68 and L70. Alpha-brasses are easily cold- and hot-

worked.

Ye. S. Shpichinetskly
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ALPHA-TITANIUM - an allotropic modification of titanium. Titanium

has two allotropic modifications, which are designated a and P. The

temperature of the allotropic transformation for pure titanium is 8820.

Alpha-titanium is the low-temperature modification, stable below 8820,

and has a dense-packed hexagonal lattice; the high-temperature modifica-

tion (a-titanium) is stable at temperatures above 8820, and has a body-

centered cubic lattice. The crystal lattice constants of a-titanium are

a = 2.9503 + O.0003A; c = 4,6830 + O.0005A; c/a = 1.5873 + 0.0007. The

constants of the p-titanium crystal lattice at 200 (extrapolation) are

3.283 + 0.003A. The lattice constants of a- and P-titanium are strongly

influenced by oxygen, nitrogen and carbon impurities. Oxygen and nitro-

gen, which form interstitial solid solutions, influence the parameter

c more strongly than a, i.e., they expand the crystal lattice in the

direction perpendicular to the base plane (0001), increasing its hexa-

gonality. At room temperature, there are 12 slip syst3ms and 18 twin-

ning planes in a-titanium. The presence of a large number of slip and

twinning planes accounts for the high plasticity of titanium at room

temperature as compared with other hexagonal-lattice metals (magnesium,

zinc, cadmium). The ratio c/a = 1.5873, which is 2.9% smaller than the

ideal value for dense packing (1.633). The compression of the lattice

in the direction of the c-axis reduces the difference between the num-

ber of atoms in the base plane and the other lattice planes, thereby

depriving the base plane of its exclusive position as the only slip

plane. The density of a-titanium at 25 + 20 is 4,507 + 0.005 g/cm 3. The

density of s-titanium (at 9000), as calculated from the lattice con-

1_44



I-30al

stants, is 4.32--.35 g/cm3 , as a function of the purity of the original

titanium.

References: Parratt, L.G., "Phys. Rev.," 1936, Vol. 50, No. 1;

Duwes, P., "Trans. Amer. Inst. Mining and Metallurgical Engre," 1951,

Vol. 191, page 765; McQuillain, A.D., "Proc. Roy. Soc. A," 1950, Vol.

204, page 309; Rostoker, W., "Trans. Amer. Inst. Mining and Metallurgt-

cal Engra," 1952, Vol. 194, page 981.

Ye.A. lorisova
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ALPHIZED TITANIUM LAYER - see Titanium alloys.
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AIASIFER - see Magnetically soft high-permeance alloy.
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ALTEMRTING STRESS CYCLE - a cycle in which maximum and minimum
stresses differ in sign. See Fatigue.

G.T. Ivanov
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ALUMEL - an alloy used in pyrometry as the negative thermoolec-

trode of the chromel-alurmel (KhA) thermocouple, and in the form of com-

pensation wires; type designation Ifts AK2-2-1.

TABLE 1
Chemical Composition of Alumel (%)

OeM. b8.~u~u *2 119.iNWO______

Ati s$ Ni.-ec. a* Ma C:U l P I31 Pb€ MitA.
I I

2.11 2.0 1 2._2_1 q i i I I _II

•ralt Is present as an impurity in nickel. To
ensure the required thermal electromotive force
value, the newly revised GOST provides for a co-
balt content between 0.6 and 1.0%.
1) Basic elements; 2) impurities; 3) total Impur-
Ities; 4) not over; 5) remainder.

TABLE 2
Physicomechanical Properties
of Alumel

I~•V I i" 2 m !- Cm yj

?nvp~qt vwel~,•
I-. . . ,Ob' C _--

I - I

I j , t,: . .. .

apg*

M SO

1) Property; 2) index; 3) state of mater.al; 4) tpl (°C); 5) • (g/cm3 );

6) a (ohms.mm2 /r.); 7) temperature coefficient of reaistivltIj 8) Ob (k&/
/Mme); 9) annealed; 10) work-t1,ardened to 60%; 11) HB (k,&..z ; 12) meg-
netic properýies; 13) magnet!c; 14) work-hardened.
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KhA thermocouples are used to measure temperatures up to 10000.

Use of the thermocouples above 10000 is not recommended, since on pro-

longed holding at high temperatures, the change in thermal electromo-

tive force becomes quite pronounced. Alumel is produced in 4 thermal

electromotive force classes. There is a chromel of the corresponding

calibration class for calibration of each alumel class. By grouping al-

umels and chromels of identical classes, we obtain the standard calibra-

tion for the chromel-alumel thermocouple.

References: Popov, M.M., Termometriya i kalorimetriya [Thermometry

and Calorimetry], 2nd edition, Moscow, 1954; Toperverkh, N.I., Izmeri-

tel'nyye i reguliruyushchiye pribory na metallurgicheskikh zavodakh

(Measuring and Control Instruments for Metallurgical Plants], Khar'kov-

Moscow, 1941; Berkovskiy, I.Ya. and Kolokolova, A.G., Nikelevyye Splavy

[Nickel Alloys], Moscow-Leningrad, 1941; L'vov, M.A., Pribory dlya iz-

merenlya temperatur v metallurgii [Instruments for Temperature Measure-

ment in Metallurgy], Moscow, 1944; Smiryagir., A.P., Promyshlennyye

tsvetnyye metally i splavy [Industrial Nonferrous Metals and Alloys],

2nd edition, Moscow, 1956.

A.L. Shpitsberg

Manu-
script [Transliterated Symbols]
Page
Nc.

149 )LA = KhA = khromel'-alyumel' = chrome!-alumel

149 FOCT = GOST = Gosudarstvennyy obshchesoyuznyy standart =
State All-Union Standard

149 nn = pl = plavleniye = melting
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ALUMINIZING OF STEEL - saturation of the surfaces of steel compon-

ents with aluminum with the object of increasing resistance to scaling

at 700-9000 and above as well as resistance to atmospheric corrosion.

Low-carbon steel is most frequently aluminized. Steel is aluminized in

powdered mixtures consisting of 50% Al (or ferroaluminum), 49% A12 03 and

1% NH4 CL or 99% ferroaluminum and 1% NH4CL. Holding for 8 hours at

10000 produces a layer 0.40-0.45 mm deep consisting of the solid solu-

tion of aluminum in a-iron with inclusions of the compound Fe 2 A15 . To

reduce the brittleness of the aluminized layer, the parts are sometimes

given diffusion annealing at 900-11000. Aluminizing of steel is parti-

cularly important in metallizing large workpieces. In this process, a

layer of aluminum powder 0.4-0.6 mm thick is applied to the surface of

the piece, followed by a coat of insulation and diffusion annealing.

For steel aluminizing in liquid metal, a melt of aluminum with 6-8%

iron, a bath temperature of 700-80 0° and holdinv timr - 3 qz '45

minutes are used. 6teel is aluminized in the fabrication of internal-

combustion engine exhaust manifolds, air and steam radiators, parts of

apparatus for cracking petroleum and natural gas, steam-boiler nozzle

heads, gas-generator tractor combustion chambers, and the like. Galvan-

izing is gradually being supplanted by aluminizing of steel in fused

aluminum (sheets, wire, pipes, structural components, household uten-

sils).

References: Prosvirin, V.I. and Zudin, I.F., Povysheniye zharoupor-

nosti zhelezouglerodistykh splavov alitirovaniyem [Increasing the Heat
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Resistance of Iron-Carbon Alloys by Aluminizing), Moscow-Leningrad,

1944; Florin, K.P., "Tr. Moak. In-ta khim. mashinostr." [Transactions

of the Mosciw Institute for Chemical Machinery], 1957, Vil. 12; Gorod-

nov, P.T., "Metallovedeniye i termicheskaya obrabotka metallov" [Physi-

cal Metallurgy and The Heat Treatment of Metals], 1961, No. 2, pages

55-57; Gorodnov, P.T., Povysheniye zharostoykosti stal'nykh izdeliy me-

todom alitirovaniya [Increasing the Heat Resistance of Steel Parts by

Aluminizing), Moscow, 1962.

A.N. Minkevich

I
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ALUMLM, Al - a chemical element of the 3rd group of Mendeleyev's

periodic system, atomic number 13, atomic weight 26.98; it consists of

a single stable isotope, A12 7 . As a result of its high chemical activ-

ity, aluminum is found in the earth's crust only in compounds with oth-

er elements. Its content in the earth's crust amounts to 8.80% (.,y

weight). together with oxygen and silicon, aluminum accounts for 82.58%

of the mass of the earth's crust, occurring primarily near its surface.

Aluminum is obtained by electrolysis of alumina, A12 03, dissolved in

molten cryolite, Na3 AlF 6 . The alu.'mna Is extracted from bauxite, which

is a complex ore consisting of aluminum-oxide hydrates, which are its

pr•ncIpal constituent, as well as oxides, hydrated oxides, carbonates,

and other comoCunds of silicon, iron, calcium, magnesium, and sodium.

Aluminum is usually trivalent (A13+), although under certain conditions

the aluminum atom may be converted to a monovalent ion (Al+), which

forms compounds of lower valence. There are several artificial radio-

active isotopes of Al, the majority of wnich are short-lived. The only
! A126

radioactive isotope of Al suitable for tracer investigations is Al

(T I 6 years). The elementary cell of the aluminum crystal lattice

is a face-centered cube (lattice parameter - 4.0413A). The specific

gravity of solid aluminum is 2.7 (at 200), while that of molten alumi-

num is 2.3 (at 8000); t'pl for high-purity aluminum (99.996% Al) is

660.240, while that for technical-grade aluminum (99.5% Al) is 6580.

The boiling point, tokip, is 22000; the latent heat of fusion of Al is

976 cal/g. Its specific heat is 0.226 in the solid state (at 1000) and

0.308 cal/g.*C in the liquid state (7000). The neutron cross-section
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of aluminum is 0. 215 barn.

The thermal conductivity of tnls metal is 0.57 cal/cm.sec.°C over

the temperature range 0-100%, while its electrical conductivity is 67-

65% that of copper, depending on its prity. In air aluminum to covered

with a film of aluminum o•ide, which protects it against further oxida-

tion and results in a comparatively high corrosion resistance. Concen-

trated nitric acid and organic acid have no effect on aluminum, but it

is broken down by caustic alkalies, hydrochloric acid, and sulfuric

acid. This metal readily undergoes pressure working - rolling, extru-

sion, drawing, forging, and stamping. It is good for gas, contact, and

other types of welding. Depending on its purity, the ultimate strength

of cast aluminum is 5-9 kg/ma12, its relative elongation is 45-1210, and

its ý-inell hardness is 13-28 kg/~2. Rlld aluminuq ha an uiCAmate

strength of 8-15 kg/mm2 , a relatively elongation of 5-3%, and a hard-

ness of 25-32 kg/mm2 (depending on the degree of cold-working).

Its combination of low specific gravity, high electrical conduc-

tivity, and high corrosion resistance in many aggressive media makes

it possible to use aluminum in electronics (for the manufacture of ca-

bles, busbars, capacitors, and rectifiers), in chemical machine build-

ing (apparatus for the production of nitric acid, organic chemicals,

etc.), in the foodstuffs industry (for cans, pots, milk cans, etc.),

in residential construction, and for protecting metal surfaces subject

to destructive corrosion. It is utilized In nuclear power engineering

for the casings of reactor heat-evolving elements. There are Indica-

tions that it is possible to use liquid aluminum as a heat-transfer

medium in power reactors. Aluminum has found especially wide technolog-

ical use in the form of alloys with other metals (see Aluminum alloys)

and as a plating material. The program adopted by the CPSU at its 22nd

Congress provides for a large increase in aluminum production and for
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use of this metal In electrirlcation, machine building, :ulnstructic)n,
and everyday life.

References: Belyayev, A.I., Metallurgiya legkikh metalloy [Metal-lurgy of Light Metals], 4th Edition, Moscow, 1954; Spravochnik pomashinostroiteltnym materialam [Handbook of Machine-Building Materials],Vol. 2, Moscow, 1959. 
M.B. Al'tman
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ALUMINUM-ALLOY CAST-IRON - is a heat- and corrosion-resistant cast

iron with a high aluminum content; it is used moreover in electrical

industry as a nonmagnetLc material (see Heat-resistant cast iron, Cor-

rosion-resistant cast iron, Non-magnetic cast iron). The aluminum-al-

loy cast-iron is known under the name Chugal' (cast iron + aluminum)

and Pyroferal (Table 1).

TABLE 1

Chemical Composition and Mechanical Properties of the
Aluminum-Alloy Cast-Iron

11yry. 1 S a_._., I "M1

7 ra .....~l . 1,- . 31-2.1J4.-O 0:41 0.0i5 12o-24 t l-I7 20-251 1 70-390U

*lpOeal .. 1. -1 .4 jfU o0 '57 an 0:Sj 01. 0 2H-A _: 3- SI 1701

1) Cast iron; 2) percentage of the elements; 3) mechanical properties;
4) izg; 5) not more than; 6) kg/mm2 ; 7) Chugal'; 8) Pyroferal.

TABLE 2

Physical Properties of Al-,m-
inum-Alloy Cast-Iron

•13 4 - 5•••

l•a I - jT bI •"

(9 y' I I .4 - 4Fm.uePrI

1) Cast iron; 2) g/cm3 ; 3) linear shrinkage (%); 4) wcrkability; 5) max-
imum heat resistance (*C); 6) Chugal'; 7) good; 8) Pyroferal; 9S only
by abrasives.
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Chugal' is modiflea b.. erium, magnesi:um, and other elements in

order to form speroidal grt_1tt.

Pyroferal castings tend towards a spontaneous destruction caused

probably by the reaction of the graphite and the melted A14 C3 carbide

with hydrogen and formation of acetylene (C 2 H2 ). In order to prevent

this phenomenon, the castings are submitted to a heat treatment and the

shelf time is reduced to a minimum; the castings are covered by oil and

kept on a dry place. An addition of 0.4% Ti reduces the grain-size of

the pyroferal.

Chugal' resists nitric acid and sea water. It is used as a heat

resistant material in the manufacture of many parts working at high

temperatures. Pyroferal does not react with molten borax and various

salts, it resists carburizing and cyanid.ng agents during heat treat-

ment, and it resists the cracknig products of hydrocarbons. Pyroferal

is used as a heat resistant material in the scrapers of pyrite ovens,

in carburizing boxes, crucibles for molten salts, etc.

References: Eminger, Z. and Weber, K., Proizvodstvo ctlivok iz

spetsiai'nykh staley [Manufactu,,e of Castings of Special Steels, trans-

lated from Czech, Moscow, 1960; Mcyerovich, I.B., Modifitsirovaniye

dlya polucheriya chuguna s sharovidnym grafitom [Modifyinp to Obtain a

Cast Iron with Spheroidal Graphite', in the book: Spravochnik po chug-

unnomu lit'yu [handbook on Iron Castingi], Moscow-Leningrad, 1960; "Al-

uminium," 1961, Vol. 37, No. 1, pages 29-31.

A.A. Simkin

Manu-
script [Transliterated Symbols

No.

155 x3r izg Izgib bending
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ALUMINUM ALLOYS - alloys of low specific gravity base cn a2auminum.

The worldwide production of alu -,nt r s recently been rising rtpi'lly.

at a growth rate consid-i-ably higher than that of steel, copper, lead

or zinc producti.on. Al is displacing copper, zinc, lead and tin in a

number of technical fields, and even steel in some branches. The seven-

year plan for the deve±opment of the USSR's national economy provides

for an increase in A! production by a factor of 2.8-3.0. The basic mer-

its of aluminuir alloys are as follows: low specific gravity, high elec-

Lrical and thermal conductivity, good corrosion resistance, the ability

to form tough protcctive and decorative films, and high reflectivity;

good technological properties, which make it possible to fabricate com-

plex-shaped, high-precision and very large workpiees from aluninum al-

loys; good machinability, easy chemical .,illing (precision etching) and

polishing, good contact welding and, f"or a nurnber of aluminum ajloys,

good fusion welding as well.

High rigidity in structures made 010ro. aluminum, alloys is of ccn-

slderable value, and the high unit strength of aluninw-n alloys is an im-

portant factor in all forms of tran-portaticn. Presses deslened in the

USSR with capacities up to 70,000 tons are producing lar ". aluninum-al-

loy semifinisned products that require only a miniinrin of machirning. The

excellent foundry properties of alh~ir•u, alloys open brocJ prospects

for production of comr•plex castings with a variety of properties, high

surface finish and precision direnslons. (n.1. a worldwide scale, alumtnn

alloys are -asefi extensively in constriction to fabricate window fro-

doors, wall facings, roofs, trusses, and the like; it in used on rower
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transmission lines for wires and supports; in transportation, aluminum

alloys are a basic structural material for airplanes, helicopters,

trolleys, buses, automobiles and trucks, railroad cars, seagoing and

river vessels, and pipelines; aluminum alloys are used extensively in

fabrication cf many types of rockets; aluminum alloys are used in

hoisting cranes, excavating machinery, oilfield derricks, i.e., in all

cases %~here low specific gravity, high strength, good corrosion resis-

tance and production adaptability make it possible to design efficient

and economical structures that quickly cover their initially higher

cost (as compared with steel structures). At the same time, aluminum

alloys are used to fabricate dishes, decorative trim, "gold" costume

jewelry, wrappers, etc. Alloys with small temperature coefficients of

resistivity and linear expansion have also been produced and are used

in various instruments.

Al may contain as impurities Fe, Si, Ti, Na and certain other

elements. The methods of producing pure Al are constantly being im-

proved, so that it is now possible to produce Al of 99.999% purity on

a respectable scale. This superpure Al is distinguished by high corro-

sion resistance and electrical conductivity, high thermal conductivity

and high reflectivity.

Aluminum alloys are endowed with various properties by adding Mg,

Cu, Zn, Si, C, Mn, Zr, Cr, Li, Cd, and Ce to the aluminum. Before the

Second World War, the alloys most extensively used were Al-Si alloys

(silumins) and their more complex derivatives, Al-Mg alloys (magnals),

alloys of Al with Cu and Mg (duralumin), alloys of Al with Mg and Si

and with Cu, e.g., AV alloy (avial), alloy AK8 (sometimes known as su-

perduralumin). During and after the war, the highest-strength alloys of

Al with Mg and Zn and with Cu (Cb = 60-70 kg/mm2), the self-hardening

welding alloys of Al with Mg and Zn (Cb = 40-45 kg/mm which do not
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require heat-treatment after welding; heat-resistant alloys of Al with

Cu and Mn, and those with Cd and Li (Cb = 36-40 kg/mm2 at 1800 after

1000 hours of soaking at this temperature) were developed rapidly; al-

loys of Al and Ce also came into use.

Fundamentally new opportunities for strengthening Al were opened

by the powder-metallurgical method of producing aluminum alloys. The

extremely thin oxide film that forms in an atmosphere with regulated

oxygen content on the particles of extremely fine-dispersed Al powder

imparts exceedingly high hot strength (at 5000) to the sintered Al af-

ter briquetting, sintering and subq, ent deformation (see Sintered

aluminum powder - SAP). Togetner with SAP, where the Al strengthening

agent is oxygen, or, more precisely, Al oxide, the powder-metallurgical

technique has made it possible to create a number of sintered aluminum

alloys (SAS) strengthened ly Si, Fe and Ni in quantities that consider-

ably exceed their maximum solubility in the solid state or their con-

centrations in the eutectic. These alloys have low a (14.10-6) and un-

usually high corrosion resistance in boiling water.

lioam aluminum (which is lighter than water) is produced on an in-

dustrial scale by decomposing Ti or Zr hydride in fused Al and by oth-

er methods.

Aluminum alloys may be classified into 4 basic groups on the basis

of production methods: shaping alloys for the fabrication of various

semifinished products (sheets, plates, rods, profiles, tub.ng, wire,

etc.) Ly mechanical working (see Aluminum alloys, shaping); foundry al-

loys for the production of fancy-shaped castings (see Aluminum alloys,

.oundry); sintered aluminum alloys for fabrication of semifinished pro-

ducts and workpieces from powders (sintered aluminum powder occupies an

important position among these) and foam aluminum.

In shaping aluminum alloys, the content of alloying elements may
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vary o-er a broad range, but, as a rule, it does not exceed the maximum

solubility in Al. The foundry alloys usually contain a considerable

quantity of the eutectic, so that they are more heavily alloyed and

have superior foundry properties (molten-state flow, formation of dense

castings on crystallization, etc.). In sintered aluminum alloys, the

content of alloying elements may run as high as 20-25%. Titanium, zir-

conium or other elements that enter the aluminum from hydrides used in

the foaming process are present in foam aluminum; their contents vary

from 1.0 to 10%.

Depending on intended use and the mechanical, corru.ion, techno-

logical, physical and other specifications, aluminum alloys are classi-

fied as alloys of high, medium and low strength; heat-resL4tan-, weld-

able and forging alloys; riveting and decorative allcys ard alloys wittn

special physical properties. As a rule, aluminum alloys are prepared

with addition of a considerable amount of primary aluminum, as well as

high-grade scrap. There are special secondary aluminum alloys that per-

mit wider use of low-grade scrap, with some broadening of the impurity

spectrum (see Aluminum alloys, becondary). Some aluminum alloys (the

lowest grades) are used in ferrous meiallurgy to deoxidize steel. At-

tempts to use aluminum alloys in coal mines as oupportiag columns did

not yield satisfactory results, since sparking occurs when these col-

umns are struck against steel, and this is dangerous in the mine atmo-

sphere, which contains detonating gas. The chemical compositions of

aluminum alloys are given in the table below.

References: Bochvar, A.A., Metallovedeniye [Pnysical Metallurgy],

5th edition, Moscow, 1956; Voronov, S.M., Deformiruyemye alyuminiyevy-

ye splavy [Aluminum Shaping Alloys], Moscow, 1951; Petrov, D.A. Voprosy

teorii splavov alyuminiya [Problems of Aluminum Alloy Theory', Moscow,
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1951; Al'tman, M.B. [et alj, Plavka I lit'ye legkikh splavov [Smelting

and Casting Light Alloys], Moscow, 1956; Legkiye splavy. Metallovedeni-

ye, tenmicheskaya obrabotka, lit'ye i obrabotka davleniyem [Light Al-

loys: Physical Metallurgy, Heat Treatment, Casting and Mechanical Work-

ing], [collection of articles], Moscow, 1958; Fridlyander, I.N., Vysok-

oprochnyye defonmiruyemyye alyuminiyevyye splavy [High-Strength Alumi-

num Shaping Alloys), Moscow, 1960; Kolobnev, I.F., Termicheskaya obra-

botka alyuminiyevykh splavov [Heat Treatment of Aluminum Alloys], Nos--

cow, 1961; Baykov, D.I., [et al.], Svarivayushchiyesya alyuminlyevyye

splavy [Aluminum Welding Alloys], Leningrad, 1959; Teploprochnyy mater-

ial iz spechennoy alyuminiyevoy pudry (SAP) [Heat-Resistant Material

from Sintered Aluminum Powder (SAP)], collection of articles edited by

I.N. Fridlyander and B.I. Matveyev, Moscow, 1961; Deformiruyemyye alyu-

miniyevyye splavy [Aluminum Shaping Alloys], collection of articles

edited by I.N. Fridlyander [et al.], Moscow, 1961; Liteynyye alyuminiy-

evyye splavy [Aluminum Foundry Alloys]. Collection of articles edited

by I.N. Fridlyander, and M.B. Al'tman, Moscow, 1961; Dobatkin, V.I.,

Slitki alyuminiyevykh splavov [Aluminum Alloy Ingots], Sverdlovsk, 1960;

Stroitel'nyye konstruktsii iz alyuminiyevykh splavov [Aluminum Alloy

Structural Materials], collection of articles edited by S.V. Taranov-

skiy, Mosco;;, 1962; Livanov, V.A. [et al.)], Otzhig listovogo al'kleda

[Annealing Sheet Alclad], Moscow, 1940.

I.N. Fridlyander
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159 CAll = SAP - spechennaya alyuminiyevaya pudra - sintered alum-
inum powder

159 CAC = SAS - spechennyy alyuminiyevyy splay - sintered alumi-
num alloy
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ALUMINUM ALLOYS, SECONDARY - aluminum-based alloys obtained by re-

covery of breakage and scrap formed in the production and use of semi-

finished products and workpieces of primary aluminum alloys. Secondary

aluminum alloys may be cast in pigs (GOST 1583-53) or for shaping

GOST 1131-41). Foundry-type secondary alutminum alloys are delivered in

the form of pigs weighing from 3 to 19.5 kg. They are used for the pro-

duction of fancy castings and for addition to the charge in the manu-

facture of primary aluminum alloys (DI, AM6, AKS, etc.) and the fabri-

cation of components for general machine building.

As compared with the corresponding primary aluminum alloys, the

secondary alloys contain larger quantities of foreign metallic impuri-

ties, as well as gaseous and solid nonmetallic Inclusions, to the de-

triment of their foundry, mechanical and corrosion properties. Second-

ary aluminum alloys can be obtained in the same high quality as the

primary ones if production is appropriately organized; we refer here to

collection and grading of the scrap not only by alloy, but also by form;

storage of scrap and breakage -n specially equipped premises; use of

active methods to purify the scrap and liquid metal of detrimental me-

tallic and nonmetallic impurities.

References' Istrin, M.A. [et al.], Vtorichnyye tsvetnyye mctdlly

[Secondary Nonferrous Metals], Part 2, Moscow, 1952; Al'tman, M.B.,

[et al.], Plavka i lit'ye legkikh splavov [Smelting and Casting Light

Alloys], Moscow, 1956.

M.B. Al'tman
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ALUMINUM ALLOYS, SHAPING - alloys for the fabrication of semifin-

ished products by mechanical working. A special class of the shaping

aluminum alloys is formed by the SAS's - the sintered aluminum alloys,

which include SAP (sintered aluminum powder). Aluminum shaping alloys

occupy a dominant position among the aluminum alloys as regards produc-

tion volume. In various countries, as much as 60-70% of all aluminum is

used for production of aluminum shaping alloys. Together with an expan-

sion of nomenclature, the dimensions of the semifinished products are

increasing, with the closest possible approximation of their configura-

tion to the finished product with the object of reducing the machining

time and saving metal, which makes production considerably cheaper.

Many aluminum shaping alloys possess high hot plasticity and not parti-

cularly high resistance to deformation, which makes it possible to ob-

tain semifinl3he( pr,'ducts with very complex shapes. In a number of

countries, heavy equipaient has been built for mechanical working of

aluminum shaping alioys. '"he most powerful horizontal and vertical (up

to 70,000 to,18) pres3es nave been put in operation in the USSR.

Aluminum shaping alloys are used to produce extruded shapes and

tubes up to 15-30 m in length, sheets and plate up to 3 m wide and up

to 6-12 m long, forgings and stampincs weighing up to 5-6 tons, rods,

wire and foil. Aluminum shaping-alloy structures car, be built up from

large subunits with a small number of joints. Aluminum shaping alloys

are classified as follows on thc >'ostes cf technological characteristics,

uses, and physical and corrosi, ,ertles: decorative, corrosion re-

sistant, riveting, forging, heat-resistant, alloys with special proper-
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ties and self-hardening alloys. There are low-strength (below 30 kg/
/rm2), medium-strength (3W-45 kg/mm2 ) and high-strength (above 45 kg/
/M2) aluminum shaping alloys.

Most low-strength aluminum shaping alloys are not strengthened by

heat treatment and are used, as a rule, in the annealed state. These

alloys include technical aluminum, AMts alloy, most alloys of the mag-

na?. type - AMgl, AMg2, AMg3, AMg4, and AMg5V; alliminum alloys of the

Al-Mg-Si system - AD31, AD33 (which are strengthened by heat treatment);

SAP-I and SAS-l. Medlum-strength alloys are strengthened by heat treat-

ment and are used after tempering and natural or artificial aging (see

Aging of Aluminum Alloys). These include the forging alloys AK2, AK4,

AKýS-!, .AK16 and AK8. duralumins D1, D16, VDl7, D19, VADI and M40; AMg6

magnal, the alloys AV and AD35 of the Al-Mg-Si system; the self-harden-

ing alloys V92, ATsM, etc., and alluy D20. All high-strength alloys are

strengthened very effectively by heat treatment and are used after tem-

pering and, as a rule, artificial aging. These alloys include those of

the AI-Zn-Mg-Cu system: V93, V95 and V96; alloy VAD23 and, to some ex-

ten,., alloys D16, AK8, and others. Sheets and plates of low-, medium-

and high-strength aluminum shaping alloys may be further strengthened

by rolling.

Aluminum shaping alloys in ttz annealed state are civ°racterized by

an extremely large excess of ultimate strength over yil.d point (by a

factor of two or more). All alloys of the Al-Mg systen, up to and in-

cluding AMg6, have relatively low yield points and are distinguished by

high elongation. Naturally aged alloys retain the high elongation val-

ues; the ultimate strength and yield point are considerably higher than

in the annealed alloys. Artificial aging does not Influence the ulti-

mate strengths of alloys in the various systemas in the same way as na-

tural aging: it increases It very sharply In alloys of the AI-g-Si sys-
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tam (AD31, AD33, AD35 and AV) and particularly in alloys of the Al-Cu-

Mn and Al-Cu-Mn-Li-Cd systems (D20 and VAD23); it raises it, but not

by very much, in alloys of the Al-Zn-Mg-Cu system (V93, V94, V95, V96);

the ultimate strength is virtually unchanged in alloys of the Al-Cu-Mg

system (DI, D16, VDl7, D19). In alloys of most systems, however, arti-

ficial %ging causes a sharp increase in :'ield point, bringing it close

to the ultimate strength (the difference between them may amount to

1-5 kg/nm2 ); the elongation is reduced by a factor of 2-3, although

transverse necking remains quite high.

In artificially aged high-strength alloys, the elongation may de-

crease to 2.5-4% in the transverse direction.Experience has shown that

with such elongation values, the structures perform successfully if

sharp stress concentrators are elom-nlat'ed and the process in which the

semifinished products and structural elements are manufactured is

strictly controlled. The elongation may be increased by using better-

quality ingots (cast with water cooling rather than air cooling, as is

sometimes the practice), and by selecting appropriate forging, stamping,

rolling and extrusion conditions. In the artificially aged state, alum-

Inum shaping alloys exhibit high strength and, as a rule, low techno-

logical plasticity, so that it is desirable to minimize operations in-

volving deformation for semifl'.[shed products in this state (V95, VWS

and other alloys); for alloy D16, it is advisable to perform all su(h

operations before artificial aging, and for alloy VAD23, to conduct ar-

tificial aging on completely finished riveted units.

The higher the strength of alurinum- shaping alloys, the greater is

their sensitivity to stress concentrators (oriented perpendicular to

the direction of force actIon), particularly in work under alternating-

load conditions. Hence all structural components made fror. high-

strength aluminum shaping alloys must have smcoth cor.tours; production
it. 1
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notches (transverse to force action) are not allowable. Impact-

strength values of the order of 1-5 kg-m/cm2 in the longitudinal di-

rection and 0.3-1.0 kg-m/cm2 transverse are characteristic for aluminum

shaping alloys or medium and high strength. However, brittle failure is

not observed in aluminum shaping alloys, and they have no tendency to

cold-shortness. If the structures are subjected directly (without shock

absorption) to impact loads, a preliminary (experimental) check must be

made to determine the possibility of using them wider the given condi-

tions.

Medium- and high-strength aluminum shaping alloys may be inclined

to corrode under stress. For standard aluminum shaping alloys, this

tendency is dependably eliminated by the use of a suitable production

process in fabricating the semifinished products, by spenification of

and adherence to the necessary heat-treatment conditions, and by means

of protective coatings. Certain groups of aluminum shaping alloys ex-

hibit very high corrosion resistance; these Inclaide the deoorative al-

loys, which are distinguished by excellent external appearance and can

be polished and color-anodized (see Anodizing of aluminum alloys, Ena-

mel anodizing of aluminum alloys). As a rule, alloys with high corro-

sion resistance have low strength, so that it is important to obtain a

fine-grained structure in order to Impart good external appearant. to

the workpieces. The surface may become rough if a coarse grain is

formed, and particularly in cases of a coarse crystalline crust. In

aluminum shaping alloys of medium and high strength, the appearance of

a coarse grain and the coarse crystalline crust results in a decrease

in strength and a danger of cracking during hardening. The coarse grain

and coarse crystalline crust are eliminated by adjusting the chemical

composition and the production conditions under which the semifinished

products are fabricated and heat treated.
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In certain aluminum shaping alloys, coarse segregations of inter-

metallic phases appear in the structure - these are the so-called in-

termetallides, which spoil the external appearance of the products,

lower their corrosion resistance and increase their sensitivity to al-*

ternating loads. Intermetallides are eliminated by regulating the chem

ical composition of the alloys and the conditions under which the in-

gots are cast.

Aluminum rivet alloys are used in making rivets. These alloys pos-

sess high shear resistance and good plasticity, which ensures that the

rivets can be given heads of regular shape without cracking. Some ri-

veting alloys can be peeiied only in the freshly tempered state, during

a limited period of time after tempering; alloys that can be headed in

the aged state, with no restrictions on riveting time (alloys D18, V65,

V94) are more convenient for mass production.

Forging aluminum alloys can be cast continuously in any necessary

diameter and exhibit high plasticity in the hot state. Forging aluminum

alloys of meditu.m and high strength must have the proper levels of

strength, plasticity and corrosion resistance. Critical stress-bearing

forged comp,)nents are usually studied very thoroughly when placed in

production, in various directicns and in various zones. The necessary

level of properties is attained by the use of high-quality ingots and

the proper production forging process (for example, by swaging and

drawing of the blank). In forgings and stampings, and particularly for

massive and complex-shaped types (as is the case with rolled and extru-

ded semifinished products), cracking and peeling may occur. It is man-

datory that these products be given a UZ [ultrasonic] inspection, to-

gether with an eddy-current test on the surface layers

Heat-resistant aluminum shaping alloys are, as a rule, used in the

artificially aged state. Since these alloys heat up during use - espe-
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cially over long periods, actually undergoing artificial aging in the

process, it is advisable to stabilize them before they are installed in

the structure.

The aluminum shaping alloys with special properties include: SAS-l,

which has a low coefficient of linear expansion, and AMts-l, which ex-

hibits a low temperature coefficient of resistivity.

The self-hardening aluminum shaping alloys are distinguished by a

special property that is important for welding alloys - slow decay of

the supersaturated solid solution and the ability to temper on cooling

in air, which results in tempering of the welding zone during welding

and subsequent hardening of this zone as a result of aging. These alum-

inum shaping alloys include V92, ATsM and others.

References: Voronov, S.M., Deformiruyemyye alyuminiyevyye splavy

[Aluminum Shaping Alloys], Moscow, 1951; Legkiye splavy. Metalloveden-

lye, ter'micheskaya obrabotka, lit'ye i obrabotka davleniyem [Light Al-

loys. Physical Metallurgy, Heat Treatment, Casting and Mechanical Work-

ing], [Collection of articles], Moscow, 1958; Fridlyander, I.N. Vysoko-

prochnyye deformiruyemyye alyuminiyevyye splavy (High-strength Aluminum

Shaping Alloys], Moscow, 1960; Baykov, D.I. [et al.], Svarivayushchiyes-

ya alyuminiyevyye splavy [Aluminum Welding Alloys], Leningrad, 1959;

Dobatkin, V.I., Slitki alyumiriyevykh splavov [Aluminum Alloy Ingots],

Sverdlovsk, 1960; Deformtruyemyye alyuminiyevyye splavy [Aluminum Shap-

ing Alloys], collection of articles edited by I.N. Fridlyander fet al.),

Moscow, 1961; Teploprochnyy material ;iz spechennoy alyuminiyevoy pud-

ry (SAP) [Hot-Strong Material Prepared from Sintered Aluminum Powder

(SAP)], collection of articles edited by I.N. Fridlyander and B.I. Mat-

veyev, Moscow, 1961; Stroitel'nyye konstruktsii iz aiyuminiyevykh spla-

vov (Aluminum Alloy Structures], [collection of articles], edited by
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SV. Taranovskly, Moscow, 1962; Pavlov, S.Ye. Korroziya duralyumira

Porrosion of Duralumin], Moscow, 1949; Petrov, D.A., Voprosy teorii

splavov alyuminiya (Problems in the Theory of Aluminum Alloys], Moscow,

1951; Voronov, S.M., Izbrannyye trudy po legkim splavam [Selected Works

on Light Alloys], Moscow, 1957; Mikheyeva, V.I., Khimicheskaya priroda

vysokoprochnykh splavov alyumtniya s magniyem i tsinkom [The Chemical

Nature of High-Strength Alloys of Aluminum with Magnesium and Zirconium]

Moscow-Leningrad, 1947; Romanova, O.A., Novyy zharoprochnyy deformiru-

yemyy alyuminiyevyy splay D20 [The New D20 Hot-Strong Aluminum Shaping

Alloy], Moscow, 1958; Archakova, Z.N., Romanova, O.A., Fridlyander, I.

N., Issledovaniye splavov sistemy Al-Cu-Li-Cd-Mn, pri komnatnoy i povy-

shennykh tempexraturakh [Investigation of Alloys of the Al-Cu-Li-Cd-Mn

System at Elevated Temperatures], "IAN SSSR. OTN. Metallurgiya i topli-

vo," Bulletin of the USSR Academy of Sciences, Technical Sciences Sec-

tion, Metallurgy and Fuel], 1960, No. 4; 1962, No. 4; Livanov, V.A. [et

al.], Otzhig distovogo al'kleda [Annealing Sheet Alclad], Moscow, 1940;

Shilova, Ye.I., Alyuminiyevyy splay V65 dlya zaklepok [V65 Aluminum Ri-

vet Alloy), Moscow, 1958.

I.N. Fridlyander
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170 Y3= UZ = ul'trazvukovoy = ultrasonic

171 CAn = SAP = spechennaya alyuminiyevaya pudra = sintered alum-
inum powder

172

L



III-124 p

ALUMINUM BARS- round and shaped (square, hexagonal, etc.) semi-

finished products of aluminum and aluminum alloys. Bars of aluminum and

its alloys are generally manufactured by pressing, although rolling is

sometimes employed. Pressed bars are produced in diameters of from 5 to

300 mm or more and are supplied in the hot-pressed, annealed, and

quenched states. Only bars with diameters of less than 50 mm are sup-

plied in the quenched state. Round bars with diameters of up to 50 mm

can be standardized by drawing. Shaped bars are standardized at in-

scribed-circle diameters of up to 40 mm. Standardized bars are produced

to the 3rd, Ith and 5th precision classes, while other bars are pro-

duced to the 7th, 8th and 9th classes (GOST 4783-55). This procedure

reduces the extent of the large-crystalline rim, but causes deterior-

ation of surface quality. Bars with diameters of up to 120-150 mm can

be manufactured by this method. Larger-diameter bars are produced only

by direct pressing. The conformity of the characteristics of such bars

to technical specifications is always at the discharge end. Macrostruc-

ture and fracture are checked at the draw end. Nonuniformity of char-

acteristics must be eliminated when components are to be manufactured

from pressed bars by stamping or forging.

The most uniform characteristics are obtained when bars are pro-

duced by rolling. Considering the difficulty of rolling cast ingots of

certain alloys, pressed or forged blanks are often employed, although

this reduces the efficiency of the rolling process. Bars up to 180 mm

in aiameter are manufactured by rolling.

References: Zholobov, V.V. and Zverev, G.I., Pressovaniye metal-
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loyý (Pressing of Metals)$ Moscow, 1959.

B.I. Matveyev
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ALUMINUM BRASS - a brass in which the main alloying element is

aluminum. Brasses containing from 0.4 to 3.5% Al are umed in industry.

Aluminum displaces the boundaries of the a and 0'-phases on the Zu-Zn

diagram toward the copper side: 1% of Al is e4uivalent tV 6% Zn (see

Brass). Aluminum increases the strength, heat resistance and corrosion

resistance of brass under atmospheric conditions and in sea water. The

increase in corrosion resistance Is acco'.Anted for by the formation of

an oxide zone. The chemical composition of aluminum brasses is given in

Table 1.

TABLE 1
Chemical Compos ition

.i i , Co• ...eue Mewe, fo (%)

Cases IrOCT. TY f Tlet P 8b
Cu At Zn &FyPbe

21 -1 u

!A twv IFY507-46 84-8-6 0.4-0.7 a 0.03 0.01i 0.002 - 0#5 0.A T 0.0?0.to0.0020.#1 04.60SI.
l2lA)1( 60-1-1 3To *e 66-01 0.751-.10 6 .111V0& .0020,t.01 0.

1 .1 3 57--•i"/J-,-601 2.50-3. .0 2 . 0.00 1.00 9.00 0.01 0.000 0.0

1) Alloy; 2) 0OST, TU; 3) content of elements (%);
4) other elements; 5) not above; 6) total impuri-
ties; 7) LA 85-0.5 ) MTU 1507-46; 9) remainder;
10) LA TT2; 11) QOST 1019-1147; 12) LAZh 60-1-1; 13)same; 14) LAN 59-3-2.

Aluminum brasses have good mechanical working properties. They are

shaped into rods (LAZh60-1-1, LAN59-3-2), tubing (LA77-2) and wire

(LA85-0.5). The basic properties of aluminum brasses are listed in Ta-

bles 2 and 3.

Uniform braid and Insignia are made frcm LAB5-0.5 brass; IA77-2
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TABLE 2
Mechanical Properties

Comet 1 2 roCT. Tv 33 (.,/A,) • , i (%1

Ai A000-51 s0 10 41 is,n, s-~s XITY "0o **• so 23
AO 77.t CT 220o-, •L 4oo 13 20N@ANJ W0-1o rOCT 20:0•J 10500 46 is

3l9AR 69-3.-2 MUlTY 4212- 10000 11 Is

1) Alloy; 2) GMT TU; 3) E (ka/mm2

4 (kgl•2); 5) not below;"6) LA 5-

0.5; 7) TsMTIU 1507-46; 8) LA 77-2- 9)
GOST 2203-43; 10) LAZh 60-1-1; 1) WOST
2o6o-6o; 12) LAN 59-3-2; 13) MPTU 4212-
53.

TABLE 3
Physical and Technological Properties

"Cuipa" 3 4 6 7
1 2 x i

JiA - 8 5 5 0:26 1020 00-so 650-700

AA 771-1 31 0.24 0.071 i 71 700-770 600-650
JAWN 01- - ;2 21.0 0.20 0.00 094 700-800 o00-700
IAH - 2  8,4 10.1 0.20 0,078 956 7100-750j600-6-0

1) Alloy; 2) y (g/cm3 ); 3) ) (cal/cm.
•sec. C); 41 °ohs.mm2 /m); 5) melt-
ing point ( C); 6) hot working tempera-
ture (°C); 7) annealing temperature
(°C); 8) LA 85-0.5; 9) LA 77-2; 10)
LAZh 60-1-1; 11) LAN 59-3-2.

and LAN59-3-:2 are used to fabricate condenser tubes, pipes, gears,

bushings, etc.; components made from LAZh6O-l-I are used in the avia-

tion industry and other industrial branches.

References: Gagen-Torn, V.O., Grashchenko, B.F., and Ivanov-Skobli-

kov, N.N., Mekhanicheskiye i tekhnologicheskiye svoyatva alyuminiyevykh

latuney [Mechanical and Technological Properties of Aluminum Brasses],

"Tr. VWes. alyuziniyevo.-fflgniyevogo in-ta," [Transactions or the All-

Union Institute for Aluminum and Magnesium], 1939, [No.] 19, pages 132-

49; Smiryagin, A.P., Promyshlennyye tsvetnyye metally I splavy [Indus-
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trial Nonferrous Metals and Alloys], 2nd edition, Moscow, 1956, pages

110-20; Spravochnik po mashinostroitel'nym materialam [Handbook on

Mechanical Engineering Materials], Vol. 2, Moscow, 1959, pages 17 5-84.8J

A.V. Bobylev
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175 rOCT = GCST - Gosudarstvenzyy obshchesoyuznyy standart -
State All-union Standard

TY = TU = tekhnicheskiye usloviya = technical specifications

176 UMTY = TsMTU = technicheskiye usloviya tsvetnoy metallurg4i -
nonferrous metallurgy technical specifications
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AZLEINUM BRONZE - a bronze in which the main alloying element is

aluminum. Alloys containing from 4 to 11% Al are of industrial impor-

tance (see Table 1).

The maximum solubility of aluminum in solid cop-

per is 9.4%. Aluminum bronzes are distinguished by

high plasticity and are easily worked; they have no

tendency to liquation and flow readily, but show high

Fig. 1. Mech- volumetric shrinkage. Alloys containing more than
anical Proper-
ties of alum- 9.4% Al have a two-phased structure. Bronzes with a
inum bronze as
a function of high aluminum content are distinguished by high
aluminum con-
tent. a) apts, strength and hardness coupled with low elongation

6b' k""'2; (Fig. 1). Small quantities of iron, manganese or

Al (by weigh/ ; nickel introduced into aluminum bronze further in-
ej kg/mun;

d cpts' crease its strength, inhibit recrystallization and

refine the grain. The presence of iron, which delays

the decay process or the a-solid solution, eliminates the phenomenon of

"spontaneous annealing," which renders the alloy increasingly brittle.

Aluminum bronzes containing more than 10% Al - particularly in the pre-

sence of nickel - are capable of dispersion hardening. Manganese Im-

proves the technological properties and corrosion stability of aluminum

bronze. Sb, As, Bi, S and P impurities are detrimental, since they low-

er the mechanical properties of aluminum bronzes sharply and render

mechanical working difficult; zinc is permissible up to 1.5%.

The corrosion resistance of aluminum bronze Is superior to that of

tin and tin-zinc bronzes. The single-phased bronzes (solid solutions)
178 -
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TABLE 2
Physicomechanical Properties of Aluminum Bronze

2 P6UA SPA)Mb BPAM(MuIO..-3.b go IUPA ~-
5iA6 A? _ ____

8p!" o 4 3 pAnn . p 6 I , umwu . I i01 -

Ul U uaIn n01 umia pow , npoC 'P

a I g ~(11Af m' ........... ... 1 so 4 40 4 40 55
' ........... bo Is fie 0 20 21 0 22 J, 2

1141............ je - ,1 - 1600 0o I o II1O2 l O.j -- " uou , aII.
S........... _ _, o I U__ _IO

1609 .. . .. . .. . be. Iv" 24: 1. 21

1) Property; 2) BrA5; 3) cold-hardened ribbon; 4) castings; 5) BrA7; 6)
hBrNts9-2; T) extruded rods; 8) BrAZh9-4; 9) BrAZhMtslO-3-1.5; 10)

rAZhm- 1-;, li)(kg/=2,).

are more stable, particularly in solutions of sulfates, caustic alka-

lies and tartrate. Only stainless steels can be compared to the aluminu.i-

iron-nickel bronzes as regards corrosion resistance in the atmosphere,

in sea water and organic acids. In the presence of aluminum, the elec-

0 A
''1

Pig. 2. Variation of Fig. 3. Influence of
mechanical properties annealing on the mech-
of BrAZhNIO-4-3 bronze anical properties of
at high temperatures bronze BrAZhN1O-i-.4.
A) 6, a %, ohk§/mmJ; A) a kg/r'm2 ; B) an-
B temperatur'e, C. nealing temperature,

0C.

trical and thermal conductivitles of copper are reduced, but heat re-

sistance rises due to the farrzatIon of a thin film of aluInu.• oxide

on the surface; the latter protects it from, further oxidation. The phy-

alcomechanical properties of the basic types of alu-Inur bronze are
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listed in Table 2. The strength of aluminum bronzes is considerably.

higher than those of the tin bronzes, and at the same time they exhibit

high plasticity, good hot-working properties and, with Al contents be-

low 7-8%, good cold-working properties as well. The various semifin-

ished forms are shipped in the work-nardened or annealed state in the

form of tubing, rods, strips and ribbon. Aluminum-bronze parts can be

fabricated by the most economical methods - stamping, etc. The high

foundry properties of all aluminum bronzes make it possible to obtain

castings of any desired size. Aluminum bronzes with iron and nickel are

distinguished by particularly high mechanical properties, corrosion re-

sistance and heat resistance (Figs. 2-3); for example, at 5000, bronze

BrAZhNIO-4-4 has approximately the same mechanical properties (Cb = 30
kg/,n2, 6 = 10%, 80 HB) as the tin bronzes at normal temperature. After

heat treatment - quenching from 9800 in water and subsequent di~persion

hardening for 2 hours at 4000 - the hardness and strength of the alloy

increase; after tempering, the hardness of BrAZhNlO-4-4 rises from 170-

200 to 400 kg/mm2 . The specific gravity of aluminun bronze ranges from

7.4 to 7.9; the coefficient of linear expansion (a) at 20° is 16.10-6

18-10-6 l/*C. Due to the high mechanical properties and corrosion re-

sistance, as well as their excellent machinability, aluminum bronzes

are used for the fabrication of a wide variety of components in chemi-

cal engineering, aeronautical engineering and general mechanical en-

gineering.

References: Bochvar, A.A., Metallovedenlye [Physical Metallurgy],

5th edition, Moscow, 1956; Smiryagin, A.P. Promyshlennyye tsvetnyye

metally i splavy [Industrial Nonferrous Metals and Alloys], 2nd edition,

Moscow, 1956.

O.Ye. Kestner
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ALUMINUM NCASTING ALLOYS - alloys intended for casting of shaped

components. These ligatures can be divided into five groups, in accord-

ance with their chemical composition and principal alloying element:

1) aluminum-silicon (AL2, AL4, AL9, AL4V and AL9V); 2) aluminum-magne.-

sium (AL8, ALl3, AL22); 3) aluminum-copper (AL7, AL7V, AL12, and ALl9);

4) aluninum-silicon-copper (AL3, AL3V, AL5, AL6, AL!OV, ALI4V, and

ALI5V); 5) other alloys (ALl, ALlI, ALI6V, ALl7V, ALI8V, AL20, and

AL2l). For the chemical compositions of these alloys see Aluminum al-

loys. Alloys bearing the suffix "V" (AL3V, AL7V, etc.) are secondary;

see Secondary aluminum alloys.

Aluminum casting alloys can be arbitrarily divided into three ba-

sic groups: 1) high- and medium-strength; 2) high-hot-strength (func-

tioning at temperatures of up to 200-3500); 3) corrosion-resistant

(functioning in salt water).

Aluminum casting alloys have a low specific gravity (2.5-2.75),

high impact strength, and comparatively high electrical and thermal

conductivity. Heat treatment increases the strength of the majority

of aluminum casting alloys (see Heat treatment of aluminum alloys).

The mechanical properties of all aluminum casting alloys are determined

both by the content of alloying elements and by that of impurities.

The State Standards consequently give the maximum permissible impurity

content. Many metals which are alloying elements for certain ligatures

have a detrimental influence on the properties of others. Thus, copper

is an alloying element of AL3, AL5, and AL7, but an impurity in A12,

its content being restricted by its negative influence on corrosion

18
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resistance (see Corrosion of aluminum alloys). An admixture of zinc re-

duces the mechanical properties of Al-Si and Al-Cu alloys. Tin and lead

substantially lower the melting temperature of these alloys, even when

only tenths of a per cent are present. Silicon, which is an alloying

element in AL2, AL4, AL9, et al., reduces the mechanical properties of

Al-Mg alloys. Iron has a very detrimental influence on silumin, causing

formation of a brittle Al-Si-Fe ternary phase, which crystallizes in

laminar form. The presence of this brittle phse reduces the mechanical

properties, especially the plasticity and impact strength, of Al-6i al-

loys. The positive influence of small additions of certain metals on

the structure and properties of aluminum casting alloys must also be

taken into account; these metals include manganese, which is incorpor-

ated into the quaternary phase Al-Si-Fe-Mn, a phase that crystallizes

in round grains rather than laminae, and beryllium, which in magnesium-

containing alloys forms a dense film of MgO.BeO at the surface of the

molten metal and thus prevents diffusion of gases into the alloy. By

reducing the quantity of metallic and nonmetallic impurities (using

high-purity aluminum), adding small amounts of titanium, zirconium, and

beryllium, and using the most effective refining methods and advanced

casting techniques it is possible to increase the mechanical and other

properties and the hermeticity of aluminum casting alloys materially.

References: Bochvar, A.A., Metallovedeniye [Metalworking], 5th

Edition, Moscow, 1956; Al'tman, M.B., et al., Playka i lit'ye legkikh

splavov [Melting and Casting of Light Alloys], Moscow, 1956.

M.B. Al'tman
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ALUMINUM FOIL- is a strip with a thickness from 0.05 mm (with a

tolerance of 0.005 mm) to 0.2 mm (with a tolerance of 0.04 mn). The

strip is from 10 to 460 mm wide (at a thickness from 0.055 to 0.04 mm),

or from 10 to 600 mm wide (at a thickness from 0.05 to 0.2 mm). Alumin-

um foil is manufactured from the aluminum grades AD, ADi (GOST 4784-48)

and AVOO, AOO, AO, Al (GOST 3549-55). It is used for the production of

honeycomb structures, and capacitors, for heat insulation, for water-

proofing, and for decorative and other purposes. It is available in

rolls in annealed and cold hardened states, in diverse tints or with

printed ornaments. The foil from the AMts alloy is produced in cold

hardened state with a thickness from 0.05 to 0.1 mm and a width from

100 to 175 mm.

Ye.D. Zakharov
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ALUMINUM FORGING ALLOYS - alloys distinguished by high plastic

properties at hot-working temperatures and good foundry properties,

which make it possible to obtain ingots of specified sizes and to make

forged products of specified shape and dimensions. Aluminum forging al-

loys are 'med to make forgings and stampings with larger dimensions and

mze complex shape than any other material. This makes it possible to

build structures from large subassemblies with a minimal number of mem-

bers. An important advantage of certain aluminum forging alloys is the

relatively high uniformity of their properties in the three mutually

perpendicular directions, together with good hardenability of solid

sections and low warpage during machining.

The aluminum forging alloys include AK6, AK6-1 and AK8 in the

Al-Mg-Si-Cu system; alloys AK2, AK4 and AK4-l in the Al-Cu-Mg-Fe-Ni

system; alloy V93 in the Al-Zn-Mg-Cu system and alloy VD17 in the Al-

Cu-Mg system. In addition to these forging alloys, forgings and stamp-

ings may be made frou alloys AD, ADI, AMts, AMtsl, AMgl, AMg2, A.Mg3,

AMg4, AMg5V, AMg6, AD3!, AD33, AD35, AV, Dl, M4o, V95, V96, D20, VAD23,

SAP-l, SAP-2, SAS-l (see articles on Medium-strength aluminum shaping

alloys, High-strength aluminum shaping alloys, Heat-resistant aluminum

shaping alloys, Sintered aluminum alloys and Sintered aluminum powder).

The forging alloys AK2, AK4, AK4-1 and V93 do not contain Cr, ni,

Zr or other additives that promote the appearance of the aluminum-alloy

press effect and accelerate the decay process of the supersaturated

solid solution of aluminum. As a result, the alloys are distinguished

by relatively little property anisotropy and by good hardenability. Al-
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10y V93 has the highest strength among all of the aluminum forging al-

loys, but softens rapidly on prolonged heating above 3,000. It is more

sensitive to notching under alternating load then, alloys AK6 and AK4-l.

Alloys AK2, AK4, and AK4-I have medium strength at room tempera-

ture and relatively high strength at temperatures up to 200-2500. After

quenching in hot water, forgings and stampir4s of alloys AK2, AK4,

AK4-l and V93 show only insignificant warpage during machining. In many

cases, they can be put through all machining operations (except for

seating pads) before tempering.

Alloy AK6 can be used for stampings witlh extremely complex shapes

and is one of the widely used forging alloys. Alloy AK6-l is a modifica-

tion of alloy AK6. Small additives of chromium and titanium make it

possible to reduce the tendency toward the appearance of a columnar

structure in ingots and coarse reýrystallization structure in workpie-

ces.

Alloy AK8 is strongel, than alloy AK6, but a number of difficulties

are encountered in its heat treatment (narrow temperature range of

heating for quenching, which frequently results in overheating of

workpieces or "nettling" - the appearance of chains of intermetallides

along the grain boundaries, particularly in solid sections).

Alloys AK6, AK6-l and AK8 are usually used in the tempered and ar-

tificially aged states, but in cases where it is necessary to elevate

the plasticity of the metal, they may also be used after natural aging.

In this case, the strength characteristics of these alloys, and the

yield point in particular, drop noticeably.

Alloy VD17 is of medium st'rength at room temperature and has high

hot strength (short and long term) at 200-250". It is used chiefly for

stamping and priming of compressor blades.

The properties of the forgings and stampings in the transverse di-
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rection, particularly through the thickness (height) are extremely im-

portant for evaluation of the forging alloys and the processes used in

working them. The strength and particularly the plasticity values of

the metal in this direction may be only a fraction of those in the

longitudinal direction if the alloy or forging procedure has not been

properly specified. When new types of stampings or forgings are being

made, provision is made in advance for cutting out control specimens at

various points on the workpiece in all three directions, in accordance

with the possible distribution of the working stresses.

These alloys are frequently worked by a combined swaging and draw-

ing-down process consisting of repeated swaging and drawing operations,

with drawing before swaging in the direction perpendicular to the axis

of the billet. Such working raises the strength characteristics and the

plasticity of the material, particularly in the transverse directions.

All forgings that will go on to fabrication of critical stress-bearing

components should be subjected to this process.

-O

6 47 a

Fig. 1. Stress-strain curves to yieli point at room and elevated tem-
peratures for AK4 alloy. A) a, kg/mmn.

Rolled and extruded products can also be fabricated from any forg-

ing alloy that submits to casting and hot working. Thus, the production

of sheet from AK6 and AK8 alloys has certain technological advantages:

large ingots may be poured and rolled with less difficulty than in the
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Fig. 2. Stress-strain curves to yield point at room and elevated tiM-
peratures for VD17 alloy. A) a, leg/mm2 .

case of alloys Dl and D16. Sheets of alloy AM4-l are distinguished by

high fatigue strength up to 200*. Large shapes are fabricated from V93

alloy. These shapes have lower strength in the longitudinal direction

and better properties in the transverse direction than alloy V95 shpes.

The larges profiles, for which the initial billet is an ingot 1000-

1100 mm in diameter, are produced considerably more easily from V93

than from V95 alloy.

Figures 1 and 2 show tension diagrams for alloys AK4 and VD17 as

far as the yield point; Figs. 3 and 4 show creep curves for alloy VD17

at 250 and 3000; Figs. 5 and 6 show the fatigue-strength curves of AK4

and VD17, and Figs. 7 and 8 show the endurance curves of AK4-1 alloy af-

ter shot blasting. For the properties of the aluminum forging alloys,

see Tables 1-13.

Corrosion resistance. Alloys AK6, AK6-1, AK8, AK2, AK4, AK6-i and

VDI17 possess satisfactory corrosion resistance, but have a tendency to

corrosion cracking; this applies particularly to AKb In thin sections.

The corrosion resistance of alloy V93 is practically the same as that

of alloy V95. It is superior to alloys AK6, AK8 and AK4 as regPds

over-all corrosion resistance, but has a stronger tendency to corrosion

cracking. Anodizing with chromate filling of the film provides depen-

dable corrosion protection.

Heat treatment and mechanical working. To render the properties
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TABLE 1

Mechanical Properties of Small Forgings and Stamp-
ings in the Tempered and Artificially Aged State*

"CaMS' f f { *, • .-. (•-' B ....

AK.4. aR s~ i 4 6 1.
AN"-. AM s 1 Is 40 24i 110 .
AlM .... as 46 to 21 39 12.1
A9l .... 26 44 9 - 27
ANA .... 32 as to 2o - t3 , 7.0

as 12 13 26 3 I -
6M to -to 1.0 6.0

.. .9 6 o 21 - 6.0

t 200, E =7200 kg/mm2 , 0 2700 kg/r M2 and =
- 0.33.

* •The endurance limit was determined in alternating
bending of a rotating specimen: N - 2 x 107 cycles.

A) Alloy; B) (kgImm2 );)C) ?sr; D) smooth specimen;
E) notched specimen; F) VD17; a) V93.

TABLE 2
Mechanical Properties of AK6-1
Alloy Stampings at Low and Ele-
vated Temperatures

FI.,*,a ye')3

foi.van +Is*;en 3 •10t o 1 a s.0(200 2 13 1la-~un

*Teendurance limit a01wa
determined in bending of a rota-
ting specimen; N - 2 x 101 cycles.

1) State of material; 2) test temperature ('C); 3) (k/Mm2); 4) smooth
specimen; 5) notched specimen; 6) tempered and artificially aged.
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TABLE 3
Mechanical Proper-
ties of Forged Semi-
finished Products
(Tempered and Arti-
ficially Aged) of Al-
loy AK8 at Elevated
Temperatures

S~upa pm *A )
to 48 10

30 G - 6 ISISO 0.1 34 17
ITS 0.5 81 IItoo . $1
200 Q.5 It IS

100 242O 0.5 20 ii1,0 Is IS
sib 0.5 1 11Itoo 1 6O

Al Test temperature
C); B) holding time
hor); C) (kg/mmn2).

TABLE 4
Mechanical Properties with and Across Fiber ofLarge AK8 Alloy Forgings at 20*

COrcimiD. e -, / AO : n
I --------.-- f 06 • * t %m

l elQAm 1 ) Dam" "OI C " r .

(IV 
_ _O_ 

W., ! ( ) ', A 'V) (%)

A) State of material; B) along fiber; C) kg/r2; D)across fiber; E) width; F) thickness; G) temperedand artificially aged.
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TAME 5 TABLE 6
Typical Mechanical Proper- Mechanical Properties of
ties of Extruded A.(4 Alloy AK4 Alloy Extruded Rods at
Strips with and Across Fi- Low Temperatures
ber

A. !,row supeasl op~uc..a,
-~ ~~~o~ - - MI k.pW~A .. .. ,.o r--.

uwinB AM))

SON5 +2 43 0.m- ý0?Z .01 8. , t £

MOM lle. . .J~~i~ O 1. 5 43 O~3$ ot.0 -0 A =,, , i, .
n e m a m e~ l O~o~ lO 51e .~l I? I -h!1., .' 8, 5, 5: ",. 1 A

-9fie endurance limit a1 A) Test temperature ( 0C);
was determined in pure B) smooth specimen; C) ab
bending of a rota Ing spe- 2
cimen; N - 2 x l0 cycles. (kg/mm%) D) notched spe-
A) Cutting direction of cimen; E abN (kg/mm2);
specimen; B) kg/mme; C) F) *N (%)"
smooth; D) notched; E)
lengthwise; F) crosswise;
0) through thickness.

TABLE 7
Mechanical Properties of AK4 Al-
loy Extruded Strips at Elevated
Temperatures

Ter--. '" a.- e..I . 'm ,..i

(c) A C (,U ,,) , .

20 7200 25.0 l32.: .0 o .5 2t.s
to0 lo 4 0 .13 31.o 31.o 0 ,0 22.6

iso -- 23.5 V . :,. 3 .5 It.$ 24.5
200 5500 25.0 320.0 32515.0 2.

:so 5 0 14.6. o 0. .0 31.s

. 5 I 1. I . 3 $3.0:0::: 0~ 5. 5..0 32.113O ,200 ,.0 $.0 "7. 33.5 It- s

A) Test temperature (*C); B)
opts; C) (kg/mm2 ).
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TABLE 8 'ABLE 9
Mechanical Properties Mechanical Properties of
of AK4.-l Alloy Forg- V93 Alloy Forgings Made
ings at Elevated Tem- from an Ingot 800 mm in
peratures Diameter (Tempering inForg ings )

Towp qW a 4,, .• tino no mawni, € n

""-) 
0184

20 - 40 a

160 01 1 7?

1 05 8. 0 113,5 123 0 12 5 $s 310100 0. I2 I 14 .100 25 5 1OO 1 0 s S. C 61 4.0 is S.r40 JO 0 4.6 60 8.

221 •,1 II 1 600 811 6 i *s so ,
a00 34 10

20 20
27' 0.4 14 11I

O,) 10 21 1) Forging thickness (mm);
2 )lengthwise; 3) kg/mm2 ;

A) Test temperature 4 crosswise; 5) through
(:C); B) heating time thickneEs.

*IIfAII

G d -* ' •to-

of VDl7 alloy at 2500. of VDl7 alloy at 3000.
A) Test •ime in hours; A) Test time in hours;

0 8) ) a kg/.=.)g! .

TABLE i0 TABLE 11

Mec~hanical pro-- Enduranlcf LimitsperF.es of V93 of Extruded Semi-
Alloy Forgings finished Productsat Low and Ele- of VD17 Alloy at
vated Tempera- 200

ture Test *ei or;A ettm nhus

-__________ • l ii~, •lI :.1
-70f 45 It ,.
+I*.• &e •I At

BA) Spemen cutting direction; B) (kg/Azmi); C)
A) Test tempera- smooth specimen;D) notched specimen; E)tures (C); B) lenthwise; F) crosswise.
(kA/IrB2).
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iN

Fig. 5. Fatigue-strength
curves of alloy AK4. A)
kg/mm2 ; B) time to failure
in hours.

TABLE 12

Physical Properties of Forging Alloys

SC } D 0 ,,.
COPSB A' BW'CA) I(o.A. (') A,'-eK-*0  

(11e°C)

AH6, AKO* 2.75 0.041 0.42(250) 21.4(20-1I00*) 0. 19(5d0 )
0. 45(4004) 35.6(00 -- 500 °) 0. 24(4)0-)

AIRS . . . . 2.8 0.043 0.38(25") 25. 5(20- 1000) 0.20(100o)
0 ,43(4000) 24. 5(20--300o; 0. 260400)

AI,2 . ... 2.8 0.047 0.37(25') 22.3(20--100) 0,i8(100")
0.43(4001) 24.2(20-3001) 0.24(400")

AH4 . . . . 2.77 0.050 0,35(25') 21.8(20-1001) 0.20(100')
0. 41(400*) 24,9(20-300') 0.25(400')

AIH4-i . . . 2.8 0,055 0.,34(250) 19.6(20--00') 0. 19(000*)
S0,39(4000) 24.8(300-4000) 0, 22(350')

Dl1"/ ' • 2.75 0,055 0.32(250) 23.6(20-100-) 0,20(1000)
0,41((400) 26.9(300-4001) 0.23(400')

BO3I . • . • 2.84 0.0408 0.39(25°) 24,1(20--t00) 0.19(200)
0,39(400') 40. 7(300-400') 0.27(400')

A) Alloy; B) y,(g/cm3 ); C) p (ohrmss.mm/m); D) X
(cal/cm.sec.°C); E) c (cal/g*C); F) VDI7; G) V93.

unifcrm through the lengtl., width and thickness of the workpiece, the

blank should be given swaging-and-drawing in three (or two) mutually

perpendicular directions. Alloys AK6 and AK6-1 forge easily from an ex-

truded blank. The forging and stamping temperatures range from 380-470'.

The critical strain lies in the range from 2-15%. The alloys should be

deformed with more than 20* upsetting. They have lower plasticity in

the case state. The forging and stamping temperature for the cast state

ranges from 380 to 450'. Various types of complex-shaped forgings and

stampings can be made from alloys AK6 and AK6-1. The heating tempera-
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ture for quenching is 500-515*; cooling is in water and the pieces are

artificially aged at 150-165u for &-15 hours.

,•A

a I
B

Fig. 6. Fatigue-strength
curves of VD17 alloy. A) a,

kg/mm2 ; B) time to failure
in hours.

A 2,1 fill II I• Il

A?•_0 1 1 10

Fig. 7. Endurance curves of AKJ4-l alloy in cantilevered bending of ro-

tating specimens with shoulder (a,. = 1.85). 1) Specimens with wor•-

hardened surface; 2) specimens wi~h polished surface. A) a, kg/mm ; B)

number of cycles to failure, N.

Alloy AK8 exhibits satisfactory hot plasticity. It can be used to

make forgings and stampings with complex shapes. The heating tempera-

ture for quenching is 490-505o; cooling is in water and the pieces are

artificially aged at 150-165o for 6-15 hours; natural aging for at

least 4 days. Alloys AK6, AK6-1 and AK8 (and alloy VDI7) are tempered

in water at room temperature (when they are tempered in boiling water,

the strength drops sharply). Hence considerable warpage during temper- ,
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A II 11N'o !S i ' Ili

I' OF 1' 0

Fig. 8. Endurance curves of AK4-! alloy in cantilevered bending of ro-
tating specimens with semicircular notch (a = 2.2). 1) Specimens with
shot-blaated surface; 2) specimens with pol1shed surface. A) a, k/...;
B) number of cycles to failure, N.

ing and subsequent machining is characteristic for pieces made from

these alloys.

TABLE 13

Technological Data on AK2,
AK4, AK4-1 and VD17 Alloys

Temn-pa 4 Hc(ycCmenenoe
l KORIU R Teun-pa " CTapeH.emDTaM-oE.- narperla

CZUM" M B npec- non Tematepa- flpoA.n1l-
COlRON •iHa my 7, aCooe? orum= Vo) H~ OCTh. > (-C) 3, 5" 1' (RaCM 6

AH2 7 3&-,5o 510-520 185-175 15-18
'50-880 1515-520 t65-1s5 13

AH4-I 350-450 525-540 180-195 I10
HII 7 350-450 1 495-505 185-175 t6

fl Alloy; 2) forging and stamping temperature in extruded state ( 0 0);
3 heating temperature for quenching (*C); 4) artificial aging; 5)
temperature (°C); 6) time (hours); 7) VD17.

Alloys AK2, AK4, AK4-1 and VD17 possess satisfactory plasticity in

the hot state and can be drop- and press-forged. The permissible degree

of deformation in one pass under dynamic conditions is 60%, and under

static conditions it is over 60%.

To reduce warpage, workpieces made from alloys AK4 and AK4-1 must

be tempered in water at 900. This lowers the strength of the alloys by
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more than 2-3 kg/m2 [sic]. Alloy V93 possesses satisfactory plasticity

in the hot state; it can be used to make the largest forgings and stamp-

ings, including complex-shaped stampings. To reduce warping of forgings

and stampings during the tempering process and subsequent machining,

the water temperature in the quenching bath must be raised to 70-80.

The strength characteristics of the alloy show virtually no change when

the water temperature in the quenching bath is raised right up to 90%,

but the elongation has a tendency to diminish..

All alloys of this group can be welded satisfactorily by spot and

seam welding, but not by fusion welding. They are easily cut in mach-

ining.

Uses. Alloy AK2 is used to make pistons for internal-combustion

engines; alloys AK4, AK4-l and VD17 are used in compressor blades, in

pillars, disks and wheels of turbojet and turbopropeller engines, en-

gine pistons and other forged parts operating at high temperatures. Al-

loy AK4-1 can also be used in sheet form. Stamped and forged parts with

complex shapes and average strength are produced from AK6 and AK6-1 al-

loys (engine subframes, fittings, rockers and fastening components);

alloys AK8 and V93 are used for heavily stressed stampings and forged

components, engine subframes, fishplates, and spar flanges; airplane

undercarriage components are also made from V93 alloy. Recently, alloy

AK8 has been supplanting alloys AK6 and V93. In cases when it is neces-

sary to have very high corrosion stability, minimum warpage and minimum

distortion of geometry during operation, untempered corrosion-resistant

alloys such as AMg5V, AMg6, SAP-l, SAP-2, etc., should be used. Certain

characteristics of the most important aluminum forging alloys are given

in Table 14 as an aid to selection.

All large, solid and complex-shaped forgings and stampings must be

given UZ [ultrasonic] inspection to detect internal flaws (cracking and
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TABLE 14

Certain Characteristics of the Most Important For'g-

Naito.~ HU S190?I Aflono-

1 2DO (0)7 7
A946, Cpejzmn 100- 11mGNU- A~O 150- YAOMet. 30Nal"(11 N IPH Ton- CYUoecT- -

AJ(6-1 1200 are ISO nopm. CTepemme unine ca. DeHMiO
1CJ!ONCK10a TebhH8M eCreCTaeN- IUO-301

121. oe le man Am - c pe1- 1

IS1 CC- " 1 76

ANG Ducottan I I D- CpezaeeRl To me To weT e To me To we Toy~rn-
1200 CJO0 CIN1

WOC?. neperoesy
18 20 20 20 20 20 .aHsJIi~e

AH4-1 C peninn " 00O- Cnom- A o 250 To we 3a14anna XopC.iuan CYWeCT.-
1200 Xule a Hec~ycel. oeeHHje Ho

11 22 13 20 ,~pev T~. ~ a
23 24 "cneop~-

(Co. 90*)

B13100o aaelwe 0~o-I To me To mr, To we Ile3Haqa-3.nt

R 1~ n 220 12 7-0 29
A. 1B flAR 0-0 Hso otO oeiu. 3aAM~a UrnU Ton- ?CY111eNCCT lpf

ate 18 Cpejwsv s0-0~a~. None, B-uiMI:p cb. DeHHNCe
caom~~ue KYCCTheH-2030

Hoe oneU NMA-CPCO.-

12 13 131 ecOTeH R30 3.1 12 1
______ Petpnwe 16 -1

AA~3, Ileebico- 500-BOO To 'me To me Bu~cosxaA To me To m~e To ;e -

AlIS Hs 20 2 18 20 20 20

All.Al, 5emco 00- Ca3maawc To me Uhacohan 07tmur - MHN -

..t, .a 1100 N H. H IWahl-H rJlH!
AMr.^ H oein. IIICHHBM
AMr3, epet~HNH Cjtownbie

AMrSB 36 20 37 339~___

A~t CPeaHRR1 Ao 800 C7ene 0O 160 YaopjeT. 3aH8Ju142 Hpx T011- C Y111eCT- -

HmO OP01- N eCleCT- IIIfHHC CB. DeHHNIC
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1) Alloy; 2) strength at 200; 3) maximum ingot diameterc(mliQ 4) com-
plexity of stampings produced; 5) temperature of' use (C;)corrosion
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resistance; 7) heat treatment; 8) hardenability; 9) warpage in temper-

ing and machining; 10) other characteristics; 11) average; 12) most
complex; 13) up to' 14) satisfactory; 15) tempering and natural or ar-
tificial aging; 161 average at thicknesses above 200-300 mm; 17) sub-stantial; 18) high; 19) average complexity; 20) same; 21) sensitive tooverheating in tempering; 22) complex; 23) tempering and artificial

aging; 24) good; 25) substantial, but insignificant for tempering in
hot water (above 900); 26) V9 ; 27) high; 28) insignificant; 29) tem-
pering in water at 70-80*; 303 AV; 31) above average; 32) tempering in
water, artificial or natural aging; 33) AD31, AD33, AD35; 34) low to
average; 35) AD, ADl, AMgl AMg2, AMg3, AMg4, AMg5V, AMg6; 36) complex
and not highly complex; 37) high to above average; 38) annealing 9)
minimum; 40) Dl; 41) tempering and natural aging; 42) V95, V96; 43) be-
low average at thicknesses above 200-300 mm; 44) substantial, but in-
significant on tempering in hot water; 45) D20; 46) VAD23; 47) not
particularly complex; 48) SAP-i, SAP-2; 49) not machined.

laminatior eddy-current tests of the surface layers, and careful ex-

ternal inspection with a magnifying glass, particularly after the fin-

ished products have been anodized.

Together with the mandatory use of UZ inspection to find reject

forgings and stampings with large laminations and double-skin areas,

production measures should be taken to reduce the detrimental effects

of lamination. As a rule, stampings have many advantages over forgings.

Stampings permit the use of smaller-diameter ingots. As the ingot dia-

meter increases, double skin and lamination become more frequent and

their dimensions increase. Lamination and double skin are oriented

strictly in the direction of the fiber; hence more successful orienta-

tion of the fiber with respect to the forces operating can be guaran-

teed in stampings. The stamping inspection chart should indicate the

most heavily loaded sections, in which the fiber direction should not

be perpendicular to the operating forces. The degree of deformation of

the metal is also considerably higher in stampings, and this increases

its strength under repeated and vibrating loads appreciably. In cases

in which it is not possible to guarantee favorable orientation of the

fibers in the dangerous sections of the stampings, UZ inspection of the

199.
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corresponding zones is indispensable. If necessary to guarantee higher

reliability of UZ inspection of the most heavily loaded zones, special

production allowances shou'd be made for removal after UZ inspection.

The number and size of the permissible defects, their directions and

locations are determined in each specific case by the designer.

References: Voronov, S.M., Deformiruyemyye alyuminiyevyy splavy

[Aluminum Shaping Alloys], Moscow, 1951; Legkiye splavy. Metallovedeni-

ye, termicheskaya obrabotka, lit'ye i obrabotka davleniyem [Light Al-

loys: Physical Metallurgy, Heat Treatment, Casting and Mechanical Work-

ing], collected articles, Moscow, 1958; Fridlyander, I.N., Vysokoproch-

nyye deformiruyemyye alyuminiycvyye splavy [High-Strength Aluminum

Shaping Alloys], Moscow, 1960; Metallurgicheskiye osnovy lit'ya legkikh

splavov [Metallurgical Foundations for Light-Alloy Casting], collected

articles edited by I.N. Fridlyander and M.V. Chukhrov, Moscow, 1957;

Deformiruyemyye alyuminiyevyye splavy [Aluminum Shaping Alloys], col-

lection of articles edited by I.N. Fridlyander [et al.], Moscow, 1961;

Dobatkin, V.I., Slitki alyuminiyevykh splavov [Aluminum Alloy Ingots),

Sverdlovsk, 1960; Kolobnev, I.F., Termicheskaya obrabotka alyuminiyev-

ykh splavov [Heat Treatment of Aluminum Alloys], Moscow, 1961.

I.N. Fridlyander, T.K. Ponar'ina

.Manu-
script [Transliterated Symbols]
Page
No.

190 cp = sr srez = shear

192 K - n = nadrez - notch

192 nu - pts - proportsional'nost' = proportionality

197 Y3 - UZ = ul'trazvukovoy - ultrasonic
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ALUMINUM FORGINGS- semifinished products obtained by free forging

of an aluminum-alloy ingot or extruded bar between flat hammer blocks.

The process is used to manufacture parts of experimental structures and

for short-run production. On the basis of weight, these forgings are

classified into two categories: up to 30 kg and over 30 kg. Maximum

forging weight is determined by the capabilities of the forging and

pressing equipment and the technological properties of the alloy (cast-

ing properties, making it possible to pour large-diameter ingots, sat-

isfactory plasticity in the cast state). Forgings made from alloys with

good technological properties (V93, AK6, AK8) measure up co 2000 x

x 1500 x 500 mmn3 and weigh up to 4500 kg. The use of an extruded rod

aids in the forging process, but reduces the maximum size of the forg-

ing. The mechanical properties of the forgings depend on the situation

of the specimen with respect to the direction of metal flow under de-

formation. The best mechanical properties are displayed by specimens

whose axis is parallel to the direction of maximum metal flow, i.e.,

along the length of the forging, in most cases; the properties along

the forging width are somewhat poorer, and poorest of all along the

thickness. Mechanical properties over the thickness of a forging may

prove to be poorer than in the longitudinal direction (by 20-30% with

respect to ultimate strength and by a factor of 3-4 with respect to

relative elongation). The degree of forging property degradation in

the transverse direction depends on the quality of the initial bar and

the deformation configuration during forging. An omridire-tional forg-

ing configuration is used to improve these properties. In order to re-

201
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duce warping, large forgings made from aging alloys are given a com-

plete annealing prior to mechanical working, and a strengthening heat

treatment is used after preliminary peeling.

Ye.D. Zakharov
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ALUMINUM PANELS - monolithic, ribbed, and sheet semifinished prod-

ucts. They are used in heavily loaded and light-weight structures in

areas such as ship and aircraft building.

Aluminum panels up to 1000 mm or more wide and up to 15 m or more

long are manufactured by pressing in horizontal hydraulic presses with

forces of 5000, 12,000, and 20,000 t and by stamping in vertical hy-

draulic presses with forces of from 35,000 to 75,000 t. Production of

panels by pressing has a number of advantages over stamping; the former

method can be used to obtain rib configurations that cannot be achieved

by the latter technique (T-shaped ribs). Moreover, equipment of consid-

erably lower power can be employed in pressing. Thus, for example,

stamping of a panel 700 mm wide and 12 m long in a vertical press re-

quires a force of 150,000 t, while pressing in a horizontal press re-

quires a force of 5000 t. There are several procedures for mianufactur-

ing pressed aluminum panels:

1) V- or U-shaped, where the width of the panel somewhat exceeds

the diameter of the container; 2) linear, where a round or flat con-

tainer is used and the width of the panel is less than the container

diameter; 3) tubular, where the width of the panel considerably exceeds

the container diameter. Panels obtained by the second and third methods

are straightened along the genetrtx after pressing.

The table presents data on possible panel widths for pressing in

5000 and 12,000 t presses.

When the press force is raised to 20,000 t and a container 1200 m

in diameter is used panels up to 2500 mm wide can be obtained by the
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1) Press force (t); 2) container shape; 3) container diameter of cross-
seotion; 4 ) linear method; 5) V-shaped method; 6) maximum panel width
(in); 7S pressing of ribbed tubes; )t tube diameter; 9) panel width;
10) round; 11) flat.

tubular method. Pressed panels have thicknesses of 4-6 ran. It is possi-

ble to imnufacturie panels that very in cross-section along their

length, using the tubular method. In this case the punch has a prede-

terinined taper, which permits variation of the inside diameter of the

tube as the metal moves by. Panels can also be produced with end piec-

es, their production technology being similar to that employed for

shapes with end pieces (see Aluminum shapes of vayta ine cross-section).

However, pressing can only be used to produce monolithic panels with

longitudinal (running in the pressing dioection) ribs. Panels with lon-

gitudinal and transverse ribs are manufactured in comparatively small

sizes (up to 2-2 r long). They are fabricated by stamping in vertical

presses with forces of 30,000 and 70,000 t. Curved panels can also be

produced by stamping. The height of the ribs depends to a considerable

extent on the stamping pressure, the die geometry, and the deforfation

temperature. Thus, for example, In stamping an nIntial blank of De6 al-

say 15 n thick at a pressure of 40 Alun ms the maximum height of a

trapezoidal rib is 42.5 In, while at a pressree of 16 kP/ane it is only

15 u. Stamping flat ribs by forcing the metal through an undercut

groove (similar tu a mold) under the same pressure increases rib height

by 30-35%. Panels are stamped In two or three operations, depending on

23
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the complexity of the ribs. Pressed and stamped panels are delivered

after heat treatment and straightening. Pressed panels are straightened

on stretching machines, while stamped panels are straightened in gaug-

ing dies. The mechanical characteristics of pressed and stamped panels

are equivalent to those of ordinary semifinished products obtained by

these methods.

References: Zholobov, V.V., Zverev, 0.I., Pressovaniye metallov

[Pressing of Metals], Moscow, 1959.

B.I. Matveyev
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AUJMINUM PIPES- are made from aluminum and its alloys; have a

round or fancy hole along the length. By their configuration they are

divided into 3 groups: smooeh, fancy (rectangular, square, hexagonal,

etc.) and ribbed (with longitudinal or transverse ribs. Smooth pipes

are made by pressing (extrusion) of the pipe blank with subsequent cold

rolling, drawing or only hot or cold extrusion. In the hot pressed

state, due to the retention of the press effect (see Press Effect of

Aluminum Alloys) the strength characteristics of the pipes are higher.

Smooth pipes can also be made by rolling a strip into a pipe blank with

subsequent welding of t',e longitudinal or spiral joint. Lately round

aluminum pipes of large diameter are obtained by rolling hollow ingots

into strips which are rolled up into rolls. These rolls are unrolled at

the location where the finished pipes are to be placed into a strip up

to 100 m arn more long a ,nder the action of internal pressure they

take or the correct shape of a rounr -Ipe. Shaped pipes are made by

drawing through an intricately shaped drawing die and extrusion through

a reed female die. In extrusion through the reed female die the de-

formed metal, being separated by the knife-like part of the bit. forms

the internal void of the pipe, Is joined by pressure and then welded in

the cavity zone. Extrusion by this method requires a high degree of de-

formation and a high temperature. Usually f'anjcy pipes are made from al-

loys with a high plasticity (AV- Dl, D16). Ribbed pipes with longitudi-

nal ribs are made by extrusion, while those with transverse ribs are

made by rolling on special rolling mills. Smooth and fancy pipes, as

ribbed pipes, can be made with a wall thickness variable over the
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length (with respect to the inside diameter) by extrusion, using a ta-

pered bit.

Pipes can have a stepped than e in the inside diameter at a specl-

field length. The outside diameter can change only at one of the pipe

ends. Here the outside diameter can only be increased. Aluminum pipes

are made with diameters of 3-4 mm up to 300 mmn and more. In extrusion

by the use of the metal counterflow method it is possible to obtain di-

ameters up to 1500 mm; here the extruding force should be by a factor

of 2 and more lower than when extruding by the direct method. The

length of such pipes does not exceed 1.5-2 meters. Pipes with diameters

from 90 to 300 mm can be made by the direct extrusion method with a

wall thickness of not less than 2-5 mm. Cold rolled pipes from 10 to 80

mm in diameter are made with wall thicknesses of 1.0-1.5 mm, and pipes

2-15 mm in diameter are made by cold impact extrusion with a wall

thickness within the limits of 0.2-0.5 mm. In the as-supplied state

pipes can be annealed (M) from the D., D6, D16, AV, AMG, AMts, AD and

ADI alloys; quench hardened (T) from the Dl, D6, D16, and AV alloys;

semihardened (P) from the AMg alloy; hardened (N) from the AMg, AMts,

AD and AD1 alloys. Quench hardened pipes are straightened with a resid-

ual deformation of 1.5-2.5%. In order to prevent the residue of saltpe-

ter from settling on the internal walls and pipes and avoid the sharp

drop in corrosion resistance which this produces, the pre-quench heat-

ing is performed in vertical air furnaces with a forced air circula-

tion. The pipes are inspected for specific mechanical properties, are

tested in longitudinal compression and flattening in amounts of 3% from

a melt batch for round pipes and of 20% for fancy pipes after heat

treatment. The longitudinal compression testing is performed in the

cold state in pipe sections whose length is equal to twice the outside

diameter. Annealed pipes from brand AD and ADl aluminum withstand,
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without forming cracks, the longitudinal compression test up to half of

the initial length. Pipes from the AMg alloy withstand transverse flat-

tening without forming cracks until the pipe walls meet, while hardened

and semihardened pipes withstand it until the walls approach one ano-

ther through a distance equal to four times the wall thickness. The

pipe material should not have a coarsely-grained structure.

B.I. Matveyev

208



Iv

II-74P-1

ALUMINUM PLATErS - semifinished products obtained by rolling a flat

ingot, forged slab, or pressed strip on smooth cylindrical rolls and

having a thickness of more than 10 mm. They have a maximum width of

2500 mm and a maximum length of 10,000 mm. The maximum plate thickness

and weight are governed by the maximum weight of the ingot or slab.

Plates more than 30 mm thick rolled from flat slabs have markedly re-

duced characteristics through their cross-section. when plates are used

in the fabrication of components intended to operate in a volumetrical-

ly stressed state it is necessary to check the plate characteristics in

all three directions. Use of a forged slab or pressed blank insures

more uniform characteristics in all directions, but reduces maximum

plate weight. Plates intended for the manufacture of especially criti-

cal components should be fabricated from ingots cast with water cooling

only or from forged slabs. In rolling plates from flat ingots of cer-

tain alloys (AMg6, etc.) the ingot is subjected to technological plat-

ing with pure aluminum in order to improve its surface; the thickness

of the plating should not exceed 1.5% of the plate thickness. It is

possible to produce laminated plates (bimetallic or polymetalic) con-

sisting of two or more layers of different aluminum alloys, which are

welded to one another during rolling.

In order to eliminate or reduce warping caused by quenching,

freshly quenched plates are straightened under tension sufficient to

produce 1-2% elongation. The figure shows a machine for tension-

straightening fr,;shly quenched plates with lengths of up to 15 m,

widths of up to 3 m, and thicknesses of up to 150 mm. During rolling or
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Machine for tension-
straightening plates.

heat treatment plates may develop internal cracks that do not appear at

the surface; in order to detect quch defects the plates must be checked

ultrasonically.

References: Sheet Metal Inds, 1958, Vol. 35, No. 372, page 300.

Ye. D. Zakharov
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ALUMINUM SHAPES - semifinished products of aluminum and aluminum

alloys with a large length-to-cross-section ratio. The cross section

of a shape may be constant or may vary over its length (shapes of vary-

ing cross section), ranging from very simple to very complex (Figure).

Aluminum shapes are manufactured from sheets by pressing, stamping,

rolling, and bending. Pressing can be employed to produce shapes of

diverse configuration and size, utilizing simple equipment. Pressed

shapes fabricated from certain aluminum alloys have elevated strength

characteristics as a result of the press effect (see Press effect in

aluminum alloys). Pressing in horizontal hydraulic presses is the prin-

ciple method employed in the manufacture of aluminum shapes. Pressed

shapes can be divided into three groups in accordance with their cross-

sectional configuration: open shapes, hollow shapes, and shapes of

varying cross-section.

Shapes of the 1st and 3rd groups are pressed both with and with-

out lubrication. Shapes obtained by pressing with lubrication have a

small large-crystalline rim, a more uniform structure, and more uniform

characteristics along their length than shapes pressed without lubrica-

tion. Pressing of shapes with lubrication is not, however, a common

procedure, since it produces an unsatisfactory surface quality (rough-

ness and embedded graphite residues) and thus a greatly reduced corro-

sion resistance. Shapes of the 2nd group are pressed only without lub-

rication, since when a lubricant is present the metal does not fuse

before being removed from the mold. Shapes can be classified in the fol-

lowing manner in accordance with as-delivered condition: annealed (M),
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quenched and naturally aged (T), and quenched and artificially aged

(Ti). Shapes are delivered after tension straightening (to a residual

deformation of 2-4%). Pressed shapes are produced with a flange thick-

ness of from 1 mm to 350 mm or more. Normal- and high-precision shapes

are also produced.

Expanded shapes with var-
ious cross sections.

The warping of a shape about its longitudinal axis cannot exceed

20 per running meter over any segment. Shapes with a flange thickness

of from 4 to 10 mm can be subjected to smooth bending over a radius of

curvature <4 mm per running meter, while those with a flange thickness

of more than 10 mm cannot be bent through a radius of curvature of more

than 2 mm per running meter. Shapes can have a large-cryztalline rim

if their mechanical characteristics satisfy the requirements imposed by

TU. The size of this rim can be somewhat reduced by regulating the chem-

ical composition of the alloy and the pressing regime. Aluminum shapes
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obtained by pressing have nonuniform characteristics along their length

and through their cross section as a result of very nonuniform flow of

the metal during pressing. The ultimate strength of the shape increases

by 5-6 kg/mm2 from the discharge end to the starting end, while its

elongation decreases. The minimum characteristics set by TU for alurnin-

um shapes consequently respond to the discharge end. The nonuniformity

of characteristics in shapes is also affected by the total geometric

deformation. The smaller this deformation, the greater is the nonuni-

formity of characteristics through the cross section and along the j
length of the shape. The least nonuniformity is obtained at a total

deformation of 90%. The temperature at which the ingots are heated be-

fore pressing affects the mechanical characteristics of the finished

shapes. The influence of heating temperature on mechanical characteris-

tics is slight at deformations of more than 80%; nonuniformity of char-

acteristics increases with heating temperature at deformations of less

than 75%. The characteristics of a shape are lower in the central por-

tions of its cross section than at its periphery in this case. Nonuni-

formity of characteristics decreases as the temperature is reduced.

The optimum pressing temperature for the soft alloys AD, ADI, AMg, AMg3,

AMts and AV and all types of pure aluminum is 350-450o, while that for

the hard alloys D18, D3P, Dl, D6, AMg5, AAC, AK4, AK5, AK6, AK8, V95,

VAD23, D19, D20, etc. is 350-400. Higher pressing temperatures permit

a reduction in pressure, but the pressing rate is also reduced and the

surface quality of the shapes deteriorates. Hard-alloy ingots are us-

ually subjected to homogenization heating at temperatures near the

quenching temperature. Homogenization greatly reduces the anisotropy

of characteristics in pressed shapes. The flow rate during pressing is

considerably higher for soft alloys than for hard alloys (being 0.3-1

m/min for the latter). The flow rate has ito effect on the mechanical
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characteristics of the finished shapes. Shapes obtained by bending

sheets have a number of advantages, including thin walls (less than 1

mm thick), low tolerances, uniformity of characteristics through their

cross sections, and a comparatively simple production technology.

References: Zholobov, V.V., Zverev, G.I., Pressovaniye metallov

[Pressing of Metals], Moscow, 1959; Gubkin, S.I., Tecriya obrabotka

metallov davleniyem [Theory of the Pressure Working of Metals], Moscow,

1947; Matveyev, B.I., Zhuravlev, F.V., Tekhnologiya pressovaniya profil-

ey peremennogo i periodicheskogo secheniy iz legkikh splavov [Techni-

ques for Pressing Shapes of Varying and Periodic Cross Section from

Light Alloys], Moscow, 1959.

B.I. Matveyev
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ALUMINUM SHAPING ALLOYS WITH SPECIAL PROPERTIES - SAS-1 sintered

aluminum alloy, which has a reduced coefficient of linear expansion,

and AMtsM-l alloy, which has a low temperature coefficient of electri-

TABLE 1

Typical Mechanical Properties of Semifin-
ished Products of AMtsM-l Alloy (at 20)

I-, Ulpn1~4JIJI B uolcpquloMe
13 1811pa llle u 51,801 "De gwa "ONll

X '4I n pal3mep C ,-e?,.lnn e 5 m
litAJ~y*.d6pNIafl •Trallaa A 1 2' "$

IIMOCIA TIUIXHN M I AXT1e T .7 17.0 20.0 16.5 21,0

Q.5-1 .U AIX 32.0- 2.o 30,0- 2.0
33.0 32.0

1) Type and size of 2semifinished product; 2) state of material; 3) lon-
gitudinal; 4) kg/mm ; 5) transverse; 6) strips 10 mm thick; 7) cast;

sheets 0.5-1.0 mm thick; 9) cold-worked.

TABLE 2

Typical Electrical Properties of Semifin-
ished Products of AMtsM-1 Alloy (at 20-)*

warp"r- arHt" -arspToWM-

tip . 0'. 0r,po 200" P &M. slirpel n w. srpoo

JCarT"Hrpu . tr' i te 1 sVWule -ip 3n 00 n Tu - al p 300" Ta-
6 4 'Was@ 3 ,wc wo Noa IsI "C..

OIL[ w,,i i wq o•sWl# 0 O M U
1 • tl~~1k ma ye ! "a1 , ours = e

- . 2.

ýfnpa 0'4.jam Ai'M) 5. 0.1 0 114 U, 1041
Teuneraryp"Is u,bK xo~,ar.w
?poc,|,l. 'TeU l tH ut )1 tO6e), .• D )•• ooO eS CO- I .0 t 1 2 U1

--- eets 1.0 mm thick.

1) Electrical properties; 2) cold-worked, annealed at 200" for 16 hr,
and air-cooled; 3) cold-worked, annealed at 3000 for 3 hr, and air-
cooled; 4) cold-wor ed annealed at 3000 for 16 hr, and air-cooled;
5) p at 20* ohmr.min/m); 6) temperature coefficient of electrical re-
sistance (0-l000).
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cal resistance.

AItsM-l alloy contains 2.0-4.5% Mn and is prepared from pure Al.

The low temperature coefficient of electrical resistance of this alloy

is attributable to formation of a supersaturated solid solution of Mn

in Al as a result of quenching from the liquid state. The billet for

production of sheets is a strip 6-12 mm thick, which is ,ast directly

in a special apparatus, the crystallized metal being rapidly cooled.

Annealing at temperatures above 2000 causes decomposition of the super-

saturated solid solution of Mn in Al and reduces the electrical charac-

teristics of the alloy. Rolling of thinner sheet; (up to 0.5 mm) and

stamping are carried out with cold metal or at temperatures below 2000.

Tables 1 and 2 show the mechanical and electrical properties of semi-

finished products of AMtsM-l alloy.

AMtsM-I alloy has a high corrosion resistance, close to that of

pure Al and substantially higher than that of unplated duralurnin. It is

easily stamped when cold. In order to avoid de:L.xiuration of the elec-

trical properties of the alloy straightening should be carried out with

cold metal or at temperatures below 2000. This alloy is used for elec-

tronic devices requiring a reduced temperature coefficient of electri-

cal resistance at temperatures of from below zero to +2000.

For information on SAS-1 alloy see Sintered aluminum alloys.

References: Fridlyander, I.N., DAN SSSR [Proceedings of the Acad-

emy of Sciences USSR1, 1955, Vol. 104, No. 3, pa!c 429; Fridlyander,

I.N., Konstantinov, V.A., Zaytseva. N.I. . ZhFKh [Jo-i-nal of Physical

Chemistryj, 1956, Vol. 30, No. 7, Shplchinetskly. Ye.S., Rogel'terg,

I.L., Chutko, V.V., in collection: Metall vedenlye tsvetnykh metallov

i •av• [Working of Nonferrous Metals arid Ailoysl, edited by V.A.

Nemilov, No. 12, Moscow, 1950; Fridlyander, I.N. and Khol'nova, V.I.,
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in collection Metallurgichesklye osnovy lit'ya legkikh splavov (Metal-
lurgical Principles of the Casting of Light Alloys!, Moscow, 1957.

I.N. Fridlyander
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ALUMINUM SHEET is produced by rolling a flat ingot, forged slab or

pressed bar on smooth cylindrical rolls. Sheets are obtained by hot

rolling (hot-rolled), hot rolling with subsequent cold cold rolling

(cold-rolled). The dimensions of the sheet produced are: thickness from

0.5 mm (allowable deviation 0.1 imm) to 10 mm (allowable deviation 0.5

mm); width 1000-2000 mm, length to 7000 mm. If required, sheet can be

produced with width to 2500 mm ani length to 10,000 mm. Sheets made

from alloys which are not strengthened by heat treatment are delivered

annealed (for example, AMtsM), half-hard (for example, AMtsP), hard

(for example, AMtsN). Sheets from the alloys which are sLv±eigthened by

heat treatment are delivered annealed (for example, DI6M); solution

treated and naturally aged (for example, V95T1, D16T); solution treated

and artifically aged (for example, V95T1, DI6T1); strain hardened after

solution treatment and natural aging (for example, D16TN); highly

strain hardened (degree of cold deformation 15-20%) after solution

treatment and natural aging with subsequent artificial aging (for exam-

ple, D16TlNl, Dl9TlNl); strain hardened after solution treatment and

artificial aging (for example, V95TIN). With regard to the surface fi-

nish, the sheets are divided into structural and facing. Facing sheets

are produced with higher requirements on the quality of the surface fi-

nish. Their designation includes the letter "V" (for example, DI6TNV).

Sheet made frcm the Dl, D16, V95 alloys can be produced without clad-

ding. In this case the designation includes the letter "B" (DI6B).

Sheets made from these alloys of thickness 0.8-4 mm with heavy cladding

(7.5% on each side) have a designation with the letter "U." Surface de-
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fects of the sheets (scratcheb, nicks, worn spots, wrinkles, imprints

from the rolls, spots, stripes, etc.) are permitted in the limits es-

tablighed by the specifications. Delaminations which do not extend to

the surface of the sheet can be detected by untrasonic inspection.

Ye. D. Zakharov
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ALUMINUM SHEET OF VARIABLE SECTION (tapered sheet). Variation of

the cross section of the sheet along the length can follow a linear

law, some curved law, or periodic, i.e., power laws.

An economical method of producing sheets with variable section is

rolling and this method is the most widely used; this method can pro-

duce sheets only with a uniform variation of the cross section area.

Other methods are machining on milling machines, etching In concentrat-

ed solutions of alkalis and acids. The first two methods permit produc-

ing sheets with both uniform and periodic, power, variation of the

cross section.

The following form of sheet3 of variable section cross are rolled:

with one-sided taper, with one-sided taper with a region of constant

section; with bilateral taper with the presence of a region of constant

section in the center of the sheet. The width of the sheets produced

industrially is 800 mm and more, maximal length is 5 meters. The maxi-

mal thickness of the sheets is 10 mm and the minimal is 1 mm.

The maximal permissible taper is < 1 mm/running meter. The toler-

ance on the sheet thickness is ± 0.2 mm, the width tolerance is ± 1 mm,

the length tolerance is ± 5 mm. Sheets can be produced from all the

wrought aluminum allcys. They are delivered in the solution treated and

aged condition and also in the strain hardened condition.

With regard to metal structure, mechanical properties, and also

the quality and magnitude of the cladding layer, the sheets of variable

section made from the corresponding aluminum alloys do not differ from

the sheets of constant section.
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I�7ech�rgt�l Properties ofSheets of Variable Section
I�de From the D-26 Alloy

a
NOCISSHN 1 I j2 � j (%)

U C)
l27,� t5
84-Is 10-8

1) Delivery state; 2)(kg/�� 2); 3) Solution
treated and aged; 4)
strain hardened.

Reference: Shor E.R., Novyye protsessy prokatki [New Rolling Pro-
oessesj, 14., 2960.

B.I. Matveyev
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ALUMINUM WIRE. This wire is produced from several types of alumin-

um alloys and is intended for the manufacture of rivets, electrical

leads, electrodes for fusion-welding aluminum alloys, etc. Wire with a

round cross-section is most commonly used; it is obtained by rolling

and drawing round blanks. Pressed blanks are generally employed in the

manufacture of rivet wire (1.6-10 mm in diameter), although rolled

blanks are also permissible. Cast blanks are used principally in the

production of electric leads and small-diameter welding wire.

Wire with a d = 4 mm or less intended for mechanized welding can

be delivered in chemically purified form in hermetically sealed contain-

ers aia is suitable for direct utilization in automatic and semiautoma-

tic welding equipment (GOST 7871-63).

Ye.D. Zakharov
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AMBER - is a fossil resin of conifers of the Tertiary period; it

is amorphous. Its composition is very complex and inconstant, and cor-

responds approximately to the formula C1 0 H1 6 0 4, and contains in the

average (in %) 79 C, 10.5 H, and 10.5 0, and also small quantities of

sulfur and ash as impurities. The color turns from straw-yellow to

cherry and darkbrown; the Mohs hardness is 2-3; the refraction index

is 1.530-1.547; the melting point is 250-300°, the decomposition temper-

ature is 370-3800; amber obtains a negative electric charge when rub-

bed; it is very translucent to x-rays. The specific volume resistance

in i0 1 7 -10 1 9 ohm.cm; *ho. dielectric constant is 2.7-3.0; th,..cndirg

strength (of pressed amber) is 180-600 kg/cm2 ; the coefficient of di-

electric loss is 0.002-0.009; the heat conductivity is 2110-4 w/cm.

Amber is partially soluble in certain organic solvents, its solubility

being as follows (in %); 11.3 in methanol; 11.5 in carbon tetrachlor-

ide; 14.3 in ethanol; 16.9 in turpentine oilI 17.5 in chloroform; 18.8

in ethyl ether; 21.3 in benzene; 23.3 in acetone; 24.2 in amylol; 30.0

in amyl acetate, and 32.1 in bitter-almont oil (benzaldehyde). Alkalis

and acids (including hydrofluoric acid) do not almost affect amber.

Sulfuric (concentrated) acid and concentrated solutions of tin chloride

and chlorine water affect amber by corroding the surface. Amber softens

and may be pressed when heated at 140-200 (in the absence of air).

Pressed amber is composed of fine grains and chippings of natural amber

which are heated and pressed at 3000 kg/cm2 ; the properties of pressed

amber are almost similar to those of natural amber. Dry distillation

of amber yields succinic acid (up to 2%), oil (15-20%), colophcmy (up
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to 60-65%), and water. Melted amber is a low-melting substance (t

1801) obtained by dry distillation at a temperature about 4200; it is

higher soluble in organic solvents than natural amber.

Amber is used as follows: as an insujating material in a number

of electric devices (mainly pressed amber); in the manufacture of dish-

ware (beakers, dishes, etc.) which is chemically resistant to hydro-

fluoric acid and alkalis; in the preparations of succinic acid, oil,

varnishes, colophony, medicinal preparations, paints, etc.; and in the

Wmanufacture of artistic commodities and Jewelry (mouth-pieces, brooch-

es, beads), etc.

References: Rybin, A.A., Yantar', yego obrabotka i primeneniye

[Amber, Its Treatment and Application], "Byul. tekhn. inform. po kam-

neobrabotke i yuvelirnomu proizvodstvu" [Bulletin of Technical Informa-

tions on Stone Processing and Jewelry], 1954, 7th Issue, No. 1, pages

inform. TsNILKS" [Gems. Bullet-i of Technical ard Economical informa-

tion of the Central Scientific Research Laboratory of Gem Stones],

1960, No. 1(3), pages 55-62.

V.I. Fin'ko

Manu-
script [Transliterated Symbols]
Page
No.

224 LU1WKC= TsNILKS Tsentral'naya nauchno-issledovatel'skaya
laboratoriya kamney samotsvetov = Central
Scientific Research Laboratory of Gem Stones
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JAMETHYST - see

225



aq

AMINOPLASTS - plastics (reactoplasts) based nrlncipally on urea-

formaldehyde and melamine-formaldehyde resins and organic or mineral

additives. They are produced In accordance with GOST 9359-60. Carbamide

resins are obtained by polycondensation of the anmides of monobasic

acids with aldehydes. Cellulooe sulfite, nitrocellulose (linters),

cellulose-sulfite paper, varilois types of asbestos, talc, mica, etc.,

are used as additives. Aminoplasts are produced as pressed powders

(types A and B, melalit, K-77-51, K-78-51), filre.-s (meiavnloknlt, IVEI-

11, VEI-12, MFK-20), laminar materials (decorative 1a,Rnna- plastics),

and plastic foam (mipor). Pure carbamide resins are used for manufac-

turing cements (KM-1, KM-3, KM12 and MF-17). Pressed powders and fit-

rous materials are produced by mixing a resin solution or aqueous resin

condensate with the filler and then drying and grinding the mixture. An

accelerator (arotropin), a dye (organic or mineral), and a ]Lbricant

(zinc stearate) are also added to the composite. When mineral dyes (lit-

apon, barium sulfate, etc.) are used the resultant products are opaque.

Laminar plastic is manufactured by impregnating cellulc-e-sulfite pacer

with aqueo.Ls reshi condensate (MM-54-U) and then drying it at 110-1200.

Pressing is carried out In multistago hydraulic presses at 140-150°.

The irnner layers of the plastic are usually paper, cloth, or veneer

impregnated with phenol-forziialdehyde resin; the outer, decorative layer

is of paper impregnate•d with a carbamide resin. Articles are fabrIcated

from pressed powders and fibers by direct press'ng. The p:'essilng ter-

perature is 140-150* for materials based on urea-formaldetyde res'n

and 150-160o for materials based on melamine-formaldehyde resin; the
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presz ng pr Bsui'e is 24_-'2%_ ,g/w' ..

powder or fiber) and the geometrlc com pi .It , 2 .,. IAe

holding time in the press-forn, iS approximrately I mtn at a product-w-1l

thickness of 1 run. It Is recomrended that the prens-powder be briquet-

ted before. preving. Mipor is produced by mixing an aqueous emulsion of

urea-formaldehyde resin with a pcor-fonzning agent and consolidating the

r ixture in molds at 20-,0,. Carbamide resins are colorless, so that

materials based on them can be dyed any color, including light tints.

Phyeical, Mechanical, and Electrical Characterls-
tiza of Aminoplasts

CI se I' I-$ x •l~x'

5-O .) 9I-IS 1-15 3-12

-. ' , - (% ............ . .. . -v I6 O -- .. O I --0. SID� -- 0 0
!O)TP~expii'.T~b no tpzvea.i1i (Me '"1. . . . 0-50 30J-50 . 0 i) IV-30 23-25

I!Tencn (~tC.*u?i nO UAPnCy (*C) ... . . 10-120 120-160 19-16fO so Wu. t30-IO0

12 .(.... .... .. .. .. . . . .I . . 6 0.4 0i-o. S 0. 1-0.3 3-4

4llonne_,"6 q K-78-5,q (noAK).. .... I- I . t 1ain4- r a l2-IS -ti: 32-33

1) Properties; 2) press-ma~terial; 3) aznlnoplast; 4) melalite; 5) mela-
voloknit; 6) K-78--51, MFK-20, VEI-li; 7) laminar plastic; 8) specific
imipact strength (kg.c;n/cm2 ); 9) ultimate strength on static bending
(kg/cm2 ); 10) Brinell hardness (kg/rn 2 ); 11) thermostability by Mar-
tens's method (4C); 12) water absorption (%); 13) specific s5UOerficial
resistance (ohms); 14) dielectric strength (kv/m.): 135) are .'eisitance
(sec); 16) no less than.

Aminoplasts are stable when exposed to light, have no odor, resist

the action ci weak acids and a.lkalles, oils, gasollne, alcohol, a.;.etone,

etc., and are decomposc.4 by concentrated acIdi and alkalies. Am'io-

plpsts based on urea-fornaldeh¢y-Ce resin are hygroscopic, their .lIt&re

content varying with that of the air, a phenome.non accompanied by -

velopment of internal stresses In the material. These plastics cc,

quently age rapidly when the air temperature and hur.-Idity often v. ry

over a wide range; this is manlfested in the appearance of a ni icrk -)f
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fine cracks and in yellowing of the material. When urea-formaldehyde

plastics are boiled in water for 30 min they absorb up to 4% of the wa-

ter and release formaldehyde. Aminoplasts based on melamine-formalde-

hyde resin are water-stable, are unharmed by boiling in water, and have

a •'gher mechanical strength, dielectric properties, chemical stability,

and thermostability than urea-formaldehyde plastics. Aminoplasts, es-

pecially those based on melamine-formaldehyde resin, have a high arc

resistance (when exposed to an electric arc they release nitrogen,

which extinguishes the arc). Aminoplasts based on urea-formaldehyde re-

sin are used to fabricate components which need not meet rigorous re-

quirements for dielectric properties and mechanical strength (switches,

sockets, telephone housings, etc.). Decorative laminar plastic is wide-

ly employed for interior trim and furniture; mipor is one of the best

heat and sound insulators. Aminoplasts based on melamine-formaldehyde

resin are used for electrical mining equipment, arc-extinction chambers,

and other apparatus, as well as for articles which must function in hot

liquids and steam.

A new production method has been proposed for increasing the qual-

ity and speeding up the manufacture of aminoplasts; this technique per-

mits continuous production of aminoplasts at temperatures of up to 1600

and rates 60-100 times as rapid as under ordinary conditions. Amino-

plasts manufactured by this method have a higher water resistance and

less tendency to age.

The table shows the physical, mechanical, and electrical charac-

teristics of the most common pressed types of aminoplasts.

References: Barg, M., Tekhnologiya sinteticheskikh plasticheskikh

mass [Technology of Synthetic Plastics], '-ningrad, 1954; Ullmans En-

cyklopaedie der technischen Chemie,
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Vol. 3, Munich-Berlin, 1953; Petrov,,

G.S., Karbamidnyye smoly i pressovochnyye kompozitsli [Carbamide Resins

and Extruded Composites], Moscow, 1940; Gorbunov, V.N., Rydvanova, S.S.,

Kinetika reaktsii kondensatsl. mocheviny s formal'degidom pri vysokikh

temperaturakh , "PM," [Kinetics of the Condersation Reaction Between

Urea and Formaldehyde at High Temperatures, PM, 1960, No. 4: Gorbunov,

V.N., Konstriuktsionnyye sloistyye plastiki na osnove steklovolokna i bu-

magi, v kn. [Laminar Structural Plastics Based on Fiberglass and Paper)

in book: Plastmassy v mashinostroyenii (Plastics in Machine Building],

Moscow, 1959.

V.N. Gc4.u'tuv, V.Z. Mayevskaya, and S.M. Perlin
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ANDALUSITE, AI2 SiO5 l a mineral of the silicate class; it is iden-
tical in composition and application to sillimanite and kyanite, from
which it differs in lattice structure and certain physical properties.

Andalusite often contains a small admixture of Fe 2 03 and sometimes as
much as 7% MnO (this is a variety of andalusite known as viridine or
manganandalusite). This mineral can be gray, yellow, brown, red, or
dark green (viridine) in color and may in rare instances be colorless.
Andalusite is usually found in acicular crystals. It doce not decompose
in acids. It has a Mohs hardness of 7-7.5, a specific gravity of 3.1-
3.2, and a heat capacity of 0.77 cal/g.°C at 00 and 1.20 cal/g.°C at
12000. At 1325-i4! 0° andalusite is converted to mullite and jilica
glass, but, in contrast to kyanite and sillimanite, its volume remains
unchanged. This mineral is employed in t~e prodiction of refractory

ceramic products; clear, finely colored andalusite is us-ed in Jewelry.

P.P. Smolin
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I!

ANDESITE - see Natural acid-resistant materials. I
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ANGLE OF TWIST - plasticity characteristLie of' motallic wire, which

is determined by performing and industrial te:;t in torzion and which

gives an idea about the ability of the metal '. •inerrru plastic defor-

mation in constant or intermittent torsion. Thu, a cT? of Lwist is de-

termined over a computational length, which i cni-i! 1• 100 diameters

of the wire being tested, but nlt less than 5(, i ntw, more than 500

mm. One twist is defined as one complete (360") 1.ii'n ,,i' Lhe rotating

end of the specimen being tested.

In torsion tests (GOSTs 3565-58, 1545-42) -1i t r•, mrie of twist

or torsion angle is defined as the different, In •Km•meou, turning

angle of two cross sections at the computational ldn,:,th of the specimen

under test.

References: Shaposhnikov, N.A., Mekhanicheskivc ispytaniya metal-

lov [Mechanical Testing of Metals], 2nd edition, Muscow-Leningrad,

1954.

Yu.S. Danilov.

Manu-
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232 rOCT = GOST = Gosudarstvennyy obshchesoyuzuy.v standard = All-
Union State Standard
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I
ANID - a synthetic heterogenous-chain fiber obtained by polycon-

densation of the salt AG (hexamethylene diamine and adipic acid in a

ratio of 1:1). It is produced in the USSR (as an ordinary and rein-

forced filamentous thread), in the United States, in England (under the

name nylon 66), and in other nations. Its physical and mechanical pro-

perties are as follows: specific gravity of fiber - 1.14; moisture con-

tent under standard conditions - 3.4-3.8%, at 200 and 95% relative hu-

midity - 5.8-6.1%; breaking length - 35-38 (65-70) kn (henceforth the

figures in parentheses are for reinforced thread); loss of strength

when wet - 7.8-13.5 (6.4-12.2)%, when skeined - 1-1.1 (5.6-12.7)%;

short-term tensile strength - 40-44 (74-79) kg/mm 2; maximum elongation

when dry - 23-32 (14-16)%, when wet - 26-34 (14-16)%; modulus of elas-

ticity - 230-320 (370-450) kg/mm2 ; modulus of torsion - 4500-5400

2
(7400-8200) kg/cm ; elasticity during extension by 4%- 100 (100)%,

during extension by 10%- 98.0-98.5 (96-99)%; durability (resistance

to repeated bending in a DP apparatus at 110 cycles per min under a

load of 5 kg/mm2 ) - 11-15 thousand (28-37 thousand) bends; wearability

(number of cycles under a load of 30 g) - 1-1.1 thousand (3.7-4 thou-

sand); resistance to ultraviolet irradiation (loss of strength after

irradiation for 20 hr) - 23.7-32.2 (36.3-47.9)%. For other properties

and uses of anid see Nylon 66 and Polyamide fiber.

References: Demina, N.V., et al., KhV, 1960, No. 5.

E.M. Ayzenshteyn
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ANDUL GLUE - is the product of the treatment of diverb:• materials

of animal origin; it has a high adhesive property. Depending upon the

raw material, the animal glues are subdivided into glutin, casein, al-

bumin and conbined glues.
The glutin glues are subdivided into: hide glues, from the hypo-

dermic layer of the animal hide, and Into bone and fish glue. Glutin

glues form stable Joints when wood is glued, but they have a low resist-

ance to water and rot readily. Dry glutin glue is supplied in form of

plates, tablets, lamellas or powder, and glue with a water content of

50-60% is available as Jelly. The bonding strength of hide glue (GOST

23252-46) must be not less than 100 kg/cm shearing strength for the

"extra," "highest" and "first" grades. Casein, the main substance of

the casein glues, is obtained from skimmed milk. Waterproof glues are

obtainable by treatment of casein with the oxides of certain heavy -

tals and alkaline earth metals. Alkalis and sodium salts are added to

casein glues in order to prolong its working life. The bonding strength,

the waterproofness, the viscosity and other properties of the glues de-

pend on the quantity of alka.I, lime and water. Casein glues are sub-

divided into glues mixible in liquid state, and in powdered glues. The

former may be prepared on the place of application. The casein glue is

waterproof and possesses a high bonding strength (not less than 130

kg/cm in the shearing test); its working life is 5-7 hrs, Powdered

glues are composed of dry components and are prepared in special shops

by mixing the powder with water. Powdered casein glues make for Joints

of a higher strength than the glutin glues, but their water resistance
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is limited, and they are easily affected by fungi. A:, .ý., glucs pro-

vide higher water-resistant Joints than the casein glues, but the Joints

swell and are affected by microorganisms. Combined glues are composed

from albumin and casein and possess a higher bonding strength than al-

bumin and casein glues. Animal glues are azed in the wood-working,

paper and textile industries.

References: Berdinskikh I.P., Skleivaniye drevesiny (The Gluing of

Woodj, Kiev, 1959; Adgeziya, klei, tsementy, pripoi [Adhesion, Adhe-

sives, Cements and Solders], translated from English, Moscow, 1954.

D. A. Kardashev
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ANISOTROPIC MATERIALS - materials with some or all of their pro-

perties varying in different directions. They usually exhibit aniso-

tropy with respect to the majority of their physical (mechanical, opti-

cal, thermal, magnetic, etc.) and chemical characteristics. Anisotropic

materials may be monocrystals, textured polycrystalline bodies, fibrous

and foam materials, reinforced concrete, piaatic6 wit,. idiuanar 1^•'•"

(getinaks, textolite, stekloplast), etc. Amorphous materials also be-

come anisotropic in directional force fields. Liquids are anisotropic

during flow and when they contain so-called liquid crystals, ,-;hose

Fig. 1. Polar diagram." of anisotropy of strength in a copper monocrystal
(after Chokhral 'ekiy).

molecules a.-e oriented relative to one anothcr under certain conditions

(paraoxyphenetcle, 'holesterol benzoate, etc.). The properties of an-

isotropic -iaterlals ire characterized as a function uf geometric di-

rection by polar diagrams (Fig. i) or by the vector of the property in

question. The degree of anisotropy is deternines by the composition and

internal structure of the material. Heterodesmic crystals are the most

anisotropic, their particles having different types of chemical bonds

with varying energy in different directions. Such materials are often

characterized by a laminar or fibrous (linear) structure. For example,

carbon in the formi of grapt heterodeamic laminar crystal, exhl-

'3 '
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bits substantially greater anisotropy than diamond, a homodesmic coval-

ent crystal. Composite materials with nonuniform filling in different

directions, such as reinforced concrete beams, laminar plastics, etc.,

are highly anisotropic.

Utilization of anisotropy makes it possible to reduce the consump-

tion of materials and to improve itructural quality. Thus, for example,

transformers with cores of anisotropic textured steel in which the ex-

ternal magnetic field coincides with the direction of greatest magne-

tizability in the material are approximately 20-40% better than trans-

1-ormers witn cores .. . hot-,.oiied steel. Anisotropy opens up

broad possibilities in tool making and automation.

Mechanical anisotropy is manifested in the dependence of elasticity

constants, strength indices, plasticity, and viscosity on the direction

in which parts of crystals undergo plastic slip along selected crystal-

lographic planes and the directions in which the crystals fracture

along certain crystallographic planes, the cleavage planes. A clear ex-

ample of anisotropy of mechaniCal properties is furnished by mica and

asbestos crystals, which are easily split Intc thin bheets and fibers.

Even crystalz with a high degree of lattice symmetry exhibit marked an-

isotropy of mechanical properties. Thus, the modulus of normal elasti-

city of iron monocrystals at room temperature varies from 1350 kg/iu 2

for direction [1001 to ?900 kg/n 2 for direction [ill]; copp6i- speci-

mens cut parallel to *he diagonUm of the lattice unit are 3 times as

strong as specimens cut parallel to the edge of the cube (35 and 12

kgam 2), the anisotropy of residual deformation being still greater.

Utilization of mechanical aniaotropy makes it possible to assemble

lighter, stronger- structures. Anlsotropic fiberglass with Ob m 50 kg/
/M2 both along qnd across the sheet tears at an angle of 45" under a

stress of 22 kg/m2. Paper is 1.5-2 times stronger along the roll than
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across it. Three-layer, three-millimeter plywood of birch veneer has a

2strength of no less than 7.5 kg/mm along the fibers of the outer lay-

er's and of 2.5 kg/mm2 at an angle of 45*. Polymer fibers and foams are

also highly anisotropic. Production technology has a larre influence on

anisotropy. Preliminarily extended (oriented) polymer mwaterials are 2-3

times as strong as unoriented materials. Cast alloys (not sub...cted to

-ontrolled crystallization) usually exhibit little anisotropy. Aniso-

tropy of mechanical properties increases %Ith the degree of reduction

(the ratio of the cross-sectional area of the ,;VIginal w-)rkplece to

that of the drawn billet; Fig. 2). This is esocr !all,, 2larl. v'flectcd

in the impact strength aN, plasticity 6, *, fp'.gue strength cw, and

fracture resistance Sk; the coefficients of plastic-defor•ation resis-

tance, as and a , vary less as a function of th. direction in which the

a -pecimen is cut. Anisotropic materials are often quartLtatively charac-

terized by the coefficient of anisotropy a, which Is the ratio of the

properties along the fibers to those across the fibers. It -.ust be no-

ted, however, that the lowest values are not always obtained in the

transverse direction; in annealed carbon steel, nickel ferrite, etc.,

the lowest values are observed at an angle of 60-700 to th- defcerr.a-

tion direction (Fig. 2). Anisotropy of strength and plasticity in me-

tals such as steel is associated not so much with textural deformation

as with orientation in the deform7ation direction of nonm.etallic carbide,

nitride, sulfide, etc., phases, dislocation networks, adsorbed gases,

etc. After reduction anisotropy consequently depends to a large extent

on the chemical ari, especially, the phase co.posItion (FIg. 3). Ho•ro-

geneous alloys are less anisotropic than heterogeneous allcys Alloys

smelted in purer form, as by the vacuum method, are less arls.•tropic at

a given reduction than those produced by electrosmelting. Electric

steel is less anisotropic than open-hearth zteel. Al! other Cndit.ons
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being equal, steels exhibit a nonuntforn rise In anieotropy - their

strength increases (at low annealing temperatures). Rolled billets are

more anisotropic than pressed billets. Thus, according to the experi-

ments of N.I. Korneyev, et al., the impact strength of longitudinal

duralumin samples is identical to that of pressed specimens, while that

of transverse rollcd spc~zimens is only a bit more tnan nalf as much.

Liquation intensifies anisotropy after reduction. The anisotropy of de-

formea materials is util'.zed by designing s'ructures in which the maxi-

mum tensile stresses coincide with the direction of' the fibers.

0-w

to 4

Fig. 2. Influence of degree of reduction and liquation on anisotropy of
mechanical properties in steel: a) #; 6; c) a -; 1) No pronounced liqua-
tion (electric steel); 2) the same (open-hearWh steel); 3) marked
liquation; 4) very marker ilquation (after Coupette). A) (transverse/
longitudinal) .100%; B) degree of reduction.

b

Fig. 3. Change in impact strength of ferrite (0.03% C) as a function
of cutting direction: 1) 0.5 Si; 2) l.l Si; 3) 0.O9% S; 4) o.O9%
S + 1.1% Mn; 5) 3.45% NI. a) aK, kg--m/cm ; b)angle to forging direc-
tion, degrees.

Micromechanical testing has recently become quite Important in
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evaluating anisotropic materials.

Optical anisotropy (OA) is manifested in birefringence, optical

activity, i.e., rotation of the plane of polarization, dichroism, de-

pendence of uolarization on direction, and a number of other phenomena.

It can be natural (crstals) or artificial (induced by mechanical de-

formation or magnetic or electric fields). Induced optical anisotropy

may persist, as in tempered glass, or may disappear when the inducing

field is removed (Kerr effect). Optically anisotropic materials are

used as light polarizers and analyzers of the Nicol-prism (Iceland spar)

and polaroid (polyiodides, quinine sulfate, nolyvinyl alcohol) types,

as light modulators in Kerr cells (nitroberizene, o-nitrotoluol, et al.),

and for pnotoelastic investigations of the stress state of various

structures in models of glass, plastic, etc. Optical anisotropy is

utilized in chemical analysis of petroleum products, etc.

Fig. 4. Scalloping formed during deep drawing of textured (anisotropic)
sheet metal with a face-centered cubic lattice.

Fig. 5. Deformation of cold-worked uranium samples cut in rolling di-
rection under cyclic thermal stress: a - before; b - after 3000 cycles
at 50-5000 (after Chiswick and Kelman).
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Thermal anisotropy ie manifested in the direction of the coeffi-

cients of thermal conductivity and thermal expansion. It is especially

pronounced in laminar (e.g., graphite) and chain (e.g., tellurium)

structures. The maximum increase in crystal size takes place in the di-

rection of the weakest bonds. A slight decrease in size may occur in the

direction perpendicular to this in the aforementioned substances.

Anisotropy of electrical conductivity and magnetic properties is

also important. For example, FeCl 2 , CoC1 2 , and other metamagnetic com-

pounds are ferromagnetic in some directions and paramagnetic in others.

The natural anisotropy of anisotropic materials can be utilized,,but it

is often intensified artificially or even induced by special technolog-

ical processing. For example, holding a ferroelectric ceramic in an

electric field increases the piezoelectric modulus in the field direc-

tion and such a ceramic can be used as a piezoelement. Thermomagnetic

treatment of magnico and supermalloy greatly improves their nagnetic

characteristics along the applied field. Anisotropy sometimes has un-

desirable consequences in the processing and exploitation of anisotro-

pic materials. Thus, deep drawing produces 4 scallops on the upper edge

of sheet metal with a cubic lattice and 6 scallops on that of sheets

with a hexagonal lattice (Fig. 4). Each scallop corresponds to a direc-

tion in which the deformation resistance is relatively low. Metals with

anisotropic mechanical and thermal properties undergo marked deforma-

tion during cyclic heat transfer (Fig. 5).

References: Mes'kin, V.S., 0sniovy legirovanlya stali [Principles

of the Alloying of Steel], Moscow, 1959; Fridman, Ya. B. and Ratner,

S.I., ZL, 1945, Vol. 9, No. 2-3; Coupette, W., Stahl und Eisen, [Steel

and Iron], 1941, Vol. 61, No. 45, page 1013, No. 46, page 1036.

Sh.Ya. Korovskiy, Ya.B. Fridman, and N.I. Korneyev
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VI

ANNEALING OF STEEL - heat treatment employed to soften steel and

facilitate machining for plastic deformation, as preparation for fur-

ther heat treatment, and to produce given mechanical characteristics.

Annealing can be classified as high (or complete), incomplete, low,

complete isothermal, or incomplete isothermal (see Figure). High (or

iU

Figure. Graphs of high annealing, complete isothermal annealing involv-
ing heating to above the critical point Ac3 , incomplete annealing, and
incomplete isothermal annealing involving heating to above the critical
point Ac1 . a, b) Curves showing completion of austenite decomposition

when steel is heated to temperatures above the critical points Ac3 and
Ac1 respectively; 1) high annealing; 2) complete isothermal annealing;

3) incolplete annealing; 4) incomplete isothermal annealing. A) Temper-
ature, C; B) lg time.

complete) annealing consists in heating the steel to a temperature 30-

500 above its upper critical point Ac3 and then slowly cooling it. In-

complete annealing involves heating to somewhat above the lower criti-

cal point Ac1 and subsequent slow cooling. Low annealing (high temper-

ing) consists in heating to slightly below the lower critical point

Acl, more or less prolonged holding at this temperature, and subseQuent

cooling, usually in air. Isothermal annealing differs from high and in-

complete armealing in the fact that, after preliminary heating to a
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temperature above Ac3 or Acl, the component or semifinished product is

held for a definite time during cooling at a temperature somewhat above

the lowest austenite-stability temperature (approximately 1000 below

Ac1 ) and then cooled in air. The complete recrystallization necessary

to correct the structure of overheated steel takes place only during

complete (or complete isothermal) annealing; incomplete annealing re-
sults in only partial recrystallization, while low annealing produces

no recrystallization at all. Cold-worked structural steel usually re-

crystallizes during all types of annealing, provided that the appropri-

ate holding time is employed. The cooling rate during complete and in-

complete annealing and the holding time during isothermal annealing

should ensure decomposition of the austenite in the perlitic-transfor-

mation zone. The higher the transformation temperature, the lower is

the hardness of the steel. A reduction in the heating temperature dur-

ing incomplete or incomplete isothermal annealing of alloy steel leads

to a lower austenite stability in the perlitic-transformation zone than

complete annealing and consequently accelerates the annealing process.

An increase in the degree of alloying increases the stability of the

austenite and thus necessitates use of slower cooling rates or prolong-

ation of the holding time during isothermal annealing. When the steel

is highly alloyed the stability of the austenite is so greatly enhanced

that all forms of annealing involving heating to above the critical

point Ac1 or Ac3 become unsuitable; low annealing of sufficient dura-

tion is employed in this case. The hardness of the steel decreases as

the low-annealing tec'oerature is raised, although the hardness of high-

alloy steel may rise sharply if the critical point Ac1 is accidentally

reached. High or complete isothermal annealing, which ensures a sto.-

ture consisting of laminar perlite and ferrite, is generally utilized

to improve the machinability of low-alloy steel containing less than
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0.5% carbon. Incomplete or incomplete isothermal annealing is employed

instead of high annealing to accelerate the premachining heat treatment

of medium-carbon alloy steel. High-carbon steel has optimum machinabil-

ity when it has a granular-perlite structure, which is obtained by in-

complete annealing involving heating to somewhat above the critical

point Ac1 and subsequent slow cooling. Such annealing is sometimes

called spheroidization. In order to produce the maximum quantity of

granular perlite high-carbon steel is occasionally subjected to swing

or cyclic annealing, which consists in repeated heating to and cooling

0rom P temperature near Ac1 . In some cases, high-carbon steel is low-

annealed to increase its machinability. In order to improve its plastic

deformation steel is subjected to low or incomplete annealing in order

to obtain a granular-perlite structure. Low or incomplete annealing is

generally employed for cold-worked steel. Complex cooling cycles are

often used to ensure maximum softening of high-alloy structural steel:

the steel is heated to a temperature above Ac1 but below Ac3 , cooled to

a temperature below the minimum austenite-stability point (450-5500),

reheated to somewhat above the minimum austenite-stability point (650-

6700), and held at this temperature until the austenite has completely

decomposed; it is then recooled to 450-550° in order to reduce austen-

ite stability at 600-6700. Slow cooling over the temperature range 650-

4500 causes temper brittleness in many alloy steels, which leads to a

decrease in viscosity. This brittleness can be completely eliminated by

subsequent quenching of the steel. In order to avoid Temper brittleness

of steel during annealing further cooling in air after the austenite

transformation has been completed is recommended.

References: Gulyayev, A.P., Termicheskaya obrabotka stali [Heat

Treatment of Steel], 2nd Edition, Moscow, 1960.

Ya.M. Potak
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ANODIZING OF ALUMINUM ALLOYS (anodic oxidation, anodic polariza-

tion) - an electrochemical process for obtaining a protective film

(usually of aluminum oxide) on the surface of aluminum alloys. In anod-

izing the component is immersed in an electrolyte and connected to the

positive pole of a current source (anode). When current is pacsed to

the anode active oxygen is released, reacting with the alum~nuns to form

an oxide film on its surface. In contrast to galvonic metallic coatings,

j D V 1 1 tO tO"

toi sIUCA lll AII

Durability curves for specimens of AMg alloy 6.5 rjm in diameter bend-
tested at a rotation speed of 1010 rpm for 150:10b cycles: 2.) As-de-
livered, after rolling; 2) sulfuric acid anodizin at 200 with a bi-
chromate-fil~m filler; 3) heavy anodizing in a 20%H 2SOj electrolyte,
withokit subsequent polishing; 4) the same, polished, al Durability at,
kg/mine; b) number of cycles.

an anodic coating is deposited not on the outer surface of the compon-

ent, but beneath the previously formed oxide film, i.e., at the bound-

ary between the aluminum and the oxide film. In addition to increasing

corrosion resistance and the adhesion of subsequent coats of lacquer,

anodizing imparts hardness, wearability, and electrical andi thermal in-

sulating properties to the surface layer of the metal, while subsequent

treatment in dye solutions gives it the requisite color. Anodizin~g can

be employed for checking the quality of alum-in--alloy components, for
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protecting aluminum mirrors against tarnishing, and for ensuring good

adhesion of galvonic coatings to the surface of the component. Depend-

ing on the requirements which it must meet, the component is subjected

to various types of preanodizing surface treatment, prime among which

are degreasing, pickling, and mechanical, chemical, and electrochemical

polishing. Only a few electrolytes are of commercial significance (Ta-

ble 1). Anodizing intended to provide corrosion protection is usually

carried out in sulfuric or chromic acid.

The sulfuric-acid process is used for surface-treating aluminum

components and plated and unplated deformed and cast aluminum alloys

with a porosity of no more than 3 points. When a current of 40-45

amp-min/dm2 is passed through aluminum, deformed low-alloy aluminum al-

loys (AMgl, AMg2, AMg3, AD31, AD33, etc.), or plated aluminum alloys a

film approximately 10 ýi thick is formed; a film approximately 5 p thick

is deposited on cast arid unplated high-alloy deformed alloys. It is

possible to obtain films of different thicknesses by varying the ap-

plied current. A film thickness of 20-25 4 is best for components which

will not be given lacquer coatings, being inteneed for use in the open

air (structural elements - window-frames, doors, trim), while a thick-

ness of 15 11 is best for components of this type which will be used in

dry, heated rooms. A thickness of 10 p. is recommended for articles

(e.g., the skin of aircraft, machine uo-ponents, etc.) which will be

lacquered and used in the open air and a thickness of 5 • for articles

of this type which will be used in heated rooms. In order to increase

its corrosion resistance the anodic film is shrunk in hot 5% potassium

dichromate or, if a colorless film is desired, in hot water. Anodic

films on components fabricated from deformed high-alloy and cast alloys

should be shrunk only in potassium dichromate. Lacquering substantially

improves the protective properties of the anodic film.
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TABLE 1
Electrolytes and Regimes Used in Anodizing
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1) Anodizing; 2) electrolyte' 3) composition; 4) concentration (glqi-
ter); 5) anodizing re§ime; 6) current density (amp/dmi2 ); 7) voltage
Wv); 8) temperature ( C); 9) holding time (min); 10) film thickness
w.); 11) purpose; 12) sulfuric-acid; 13) heavy; 14) ordinary chromic-

acid; 15 accelerated chr'omic-acid; 16) oxalic-acid; 17) phosphoric-
acid; 18) boric-acid; 19) corrosion protection, decorative finish, un-
derlayer for lacqu.ering; 20) wear and corrosion protection, production
of thermal and electrical insulating coatings: 21) corrosion protection
for polished and precisely dimensioned components, detection of defects
in metal; 22) corrosion protection, underlayer for lacquering; 23) de-
corative finish, corrosion protection, underlayer for lacquering; 24)
improvement of galvonlc-coating adhesion; 25) insulating coatings of
capacitors, tarnish protection for aluminum mirrors.

The chromic-acid process, which is more expensive and more complex,

Is carried out in 3, 5, and 10% solutions of CrO3 and is intended prin-

cipally for corrosion protection of components with low dimensional

tolerances or polished surfaces (in 3% CrO3 surface cleanness is not

altered by more than + 0.05 i and size is not changed by more than +2 p)
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and components fabricated from cast alloys with a porosity of more than

3 points (5 and 10% CrO3 ). This anodizing method is not recommended for

alloys containing more than 4.5% copper. Films up to 10 g thick can be

obtained on pure aluminum and films 2-3 g thick can be deposited on al-

loys. A chromic-acid film is softer and more elastic than a sulfuric-

acid film and causes no decrease in fatigue strength; the resultant

corrosion resistance is somewhat higher than for a sulfuric-acid film

of equal thickness. Films produced by this technique require no filler.

Chromic-acid anodizing permits detection of defects (cra.ks, pores,

etc. ) in the metal.

Heavy anodizinE in sulfuric acid is carried out at low electrolyte

temperatures (from 00 to -10) in order to obtain heat-insulating lay-

ers (for the piston bottoms of internal-combustion engines, etc.) anrc

electrical insulation coatings (usually with an additional coating of

an insulating varnish). It is intended for components which will be

subject to friction and erosive factors. When the component is inter-

nally cooled the hardest, thickest (up to 200 p.) films are obtained on

pure aluminum and its homogeneous alloys (AMg, AV, etc.). Alloys con-

taining silicon (AL2, AL4, AL9) or small quantities of copper (type

V95, etc.) are easily anodized, while those containing more than 4.5%

copper (D16, Dl, D20, etc.) are more difficult to anodize. The recom-

mended film thicknesses are 50-60 p. (before honing) for components

which will be subject to friction and erosive factors, 100 4 for heat-

insulating coatings, and 20-40 4 or more (depending on the desired re-

sistance) for electrical Insulating coatings. Heavy anodizing increases

the size of the component by anproximately half the thickness of the

deposited film. The rlcrohardness of the film is approximately 250-5002I
kg/rn2. Heavy anodizing reduces the cleanness of surface treatnent from

class 9 to class 5 or even class 4. In order to Improve surface clean-
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ness the film is honed and polished mechanically. The reduction in fa-

tigue strength depends on the anodizing method, the thickness of the

film, and the type of alloy. Thus, for example, heavy anodizing reduces

the fatigue strength of AL4 alloy (80 g) by 12%, of Mg alloy (170 •)

by 45%, and of AK6 alloy (100 gi) by 33%.
TABLE 2

Formulas and Regimes for Staining of Anodic Films
with Organic Dyes
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1) Dye (for aluminum)- 2) TU or GVST; 3) concentration (g/liter)" 4)

holding time (rain); 5) temperature ( C); 6) light-fastness (points);

7) yellow; 8) orange; 9) bleod red; 10) claret; 11) ruby- 12) violet;

13) turquoise; 14) blue; 15) deep blue; 16) green Zh; 17S green S; 16)

brown; 19) black; 20) gold (mixed); 21) GOST; 22) TU U; 23) VTU U.-
24) VTU GAP-U; 25) TU MKIhP.

The oxalic-acid process is employed principally to produce elec-

trical insulating coatings (followed by treatment with electrical in-

sulating varnishes).

Decorative (chromatic) anodizing colors the component. Before

anodizing the component is subjected to mechanical, electrochemical,

or chemical polishirg. The higher the purity of the aluminum, the bet-

ter are its decorative propertle-. It is recounvier-ded that components

with a mirror finish be fabricated from aluminum of no lees than type

J,.
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AO0. A somewhat less intense luster can be obtained with aluminum of

types AO and Al and AMg and AD31 alloys. The clear, colorless films

needed for staining are formed by anodizing in a sulfuric-acid electro-

lyte. The film thickness should be 5-8 g for light hues and 10-15 g for

dark hues. Such films are porous in structure and can be stained

(filled) by a dye. Anodizing in oxalic-acid and chromic-acid electro-

lytes produces opaque films. Enamel-like films are formed in electro-

lytes containing salts of Ti, Zr, and Th. The films are stained with

organic dyes (which cover a broad range of bright hues, but are not

sufficiently light-fast or thermostable; Table 2) or inorganic pigments

(which cover a small range of dull hues, but are light-fast and thermo-

stable).

Light anodizing is used to produce thin nonporous (barrier) films

of high resistance and is employed in the manufacture of electrical

capacitors and rectifiers and for protecting aluminum mirrors against

tarnishing. Anodizing intended to improve the adhesion of galvonic

coatings is usually carried out in phosphoric acid.

Weferences: Shreyder, A.V., Oksidlrovaniye alyuminiva I yego spla-

vov [Oxidation of Aluminum and Its AlloysJ, Moscow, 1960; Golubev, A.I.

Anodnoye okislenlye alyuminiyevykh splavov (Anodic Oxidation of Alumi-

num Alloys], Mow, 1961; Vernik, S., Pinner, R., Khimicheskaya i elek-

troliticheskaya obrabctka alyuminlya I yego splavov [CheMical and Elec-

trolytic Treatment of Aluminum and Its Alloys), Leningrad, 1960.

N.A. Makarov
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ANODIZING OF MAGNESIUM ALLOYS - an electrochemical process for

obtaining a protective film on the surface of magnesium alloys. Such

anodizing is usually carried out in alkaline or acid electrolytes,

using direct or alternating current. The metal to be protected serves

as the anode. The films produced by anodizing serve principally to pro-

TABLE 1

Anodizing Methods (alternating current)
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--- gnesium alloys can also be anodized with di-

re-zt c'irrent by this method.

i) Electrolyte; 2) composition; 3) quantity; 4) current density (amp/
/dm 2 ; 5) voltage at bath electrodes (v); 6) electrolyte temperature
(.C); 7) process time (min); d) coating color; 9) ,.uating thickness
(G); 10) method No. 1; 11) potassiur, hydroxide; 12) aluminum hydroxide;
13) sodium •riphosphate- 14) potassium fluoride; 15) potassium perman-
ganate; 16) g/liter; 17 up to; 18) brown; 19) chrom~c acid; 20) hydro-
fluoric acid (50%); 21) phosphoric acid (85%); 22) amm.onia; 23) mi/li-
ter; 24) green; 25S aror.oiur dlfluoride; 26) sodium: dichromatei 27)
phosphoric acid (85%); 28) Initial; 29) depending on alloy; 30S from
light green to dark green.
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TABLE 
2

Certain Physical and Chemical Properties
of an Anodic Film Obtained by Method No.
3
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1) Typical Themical composition; 2) specific gravity (g/cm3 ); 3) thick-

6ess (n); 4) ratio of pore volume to film volu,•u; 5 thermostability(°C) 6)adhsio to acqer oatngpoints); 7) before moisteninL : 8)
after moistening; 9) microhardness ýkg/mr..2);, ]0) complex compound con-
taining.

tect magnesium alloys against corrosion. Table I shows new methods for

the ancdizing of magnesium alloys, while Table 2 shows certain physical

and chemical properties of an anodic film. The compositici and proper-

ties of anodic films are determined by the character and ratio of the

components of the electrolyte, the process regime, and the elements

present in the alloy. Films consisting primarily of magnesium, hydroxide

are formed in alkaline electrolytes. The films obtained in acid elec-

trolytes usually consist of insoluble phosphates, chromates, and fluor-

ine compounds. Anodizing can be used to produce high-quality films up

to 60 L thick. Anodic films, especially those obtained by the new meth-

ods (see Table 1), have material advantages over chemical films (see

Oxidation of magnesium alloys): they have better protective properties,

greater hardness, and better wearability. Some anodic films are thermo-

stable. Inorganic and organic fillers :naterially improve the protective

properties of such filmis. The principal drawbacks of this process are

the fact that It is impossible to anodize assembled units, the complex-

.ty of the process, and the low elasticity of the film. Anodic films
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are employed for corrosion protection when high hardness and thermo-

stability are required in addition to protective properties.

References: Timonova, M.A., Yershova, T.I., in collection: Korro-

ziya i zashchita metallov [Corrosion and Protection of Metals], Moscow,

1962, pages 166-179; Andreyeva, M.A., Rozov, M.N., Tr. Vses. alyumini-

yevo-magniyevogo instituta (Transactions of the All-Unlon Aluminum-

Magnesium Institute], 1960, No. 44, pages 228-247; Kennedy, A.J., and

Sollars, A.R., Aircraft Engng, 1960, Vol. 32, No. 371; McNeill, W.,

Wick, R., J. Electrochem. Soc., 1957, Vol. 104, No. 6; Barbian, H.A.,

Mater. and Methods, 1954, Vol. 39, No. 1; Light Metal Age, 1954, Vol.

12, No. 3-4, pages 12-13.

M.A. Timonova
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ANODIZING OF TITANIUM ALLOYS - an electrochemical process for ob-
taining a protective film on the surface of titanium alloys. This pro-

cess is usually carried out in alkaline or acid electrolytes (H2S04 ,

HNO3 , CrO3, KOH, etc.) at a current density of 0.5-1.5 amp/dm2 and vol-

tages increasing from 10-15 to 80-100 v. The anodic film thus formed

apparently consists of anatase and varies in thickness from a fraction

of a micron to 2.5 p, depending on the type of electrolyte and the

anodizing time and temperature. The thickest, densest films are ob-

tained in 18% H2S0 4 at a current density of 0.5 amp/dm2, a temperature

of 800, and a process time of 2-8 hr. The anodic films have good pro-

tective properties in H2S04 , HC1, and other media. Anodizing can be em-

ployed to improve the antifriction properties of titanium alloys only

in conjunction with preliminary water-sand blasting of the friction

surface and subsequent application of a varnish based on BF-2 glue,

etc. When there is a continuous supply of lubricant such processing

furnishes a coefficient of friction of 0.06-0.07 at a speed of 0.4 m/

/sec under loads of no more than 40 kg/cm2

.. eferences: Richaund, H.,'Metal Finish," 1957, Vol. 3, No. 25,

page 10.
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ANTEGMIT _ a chemically stable anticorrosion, antifriction (self-

lubricating), heat-conducting material produced as a press-powder based

on phenolic resin and graphitized material. Three types of antegmit are

manufactured (see Table). Small-size products fabricated from ATM-1 are

pressed in the same manner as phenol-formaldehyde powders, while large-

size products are formed in open molds with a vibration compactor. In

order to increase their chemical resistance and thermostability the

finished products are heat-treated, which leaves their configuration

Physical and Mechanical Properties of Antegmit
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1) Index; 2) type; 3) TATEM-0; 4) ATM-lG (TATEM-G); 5) specific grav-
ity; 6) ultimate strength (kg/cm2 ) ;7) under tension; 8) under static
bending; 9) under compression; 10) impact strength (kg.cm/cm2 ); 11)
Martens' thermostability ('C); 12) in air; 13) in inert gas; 14) ther-
mostability; 15) thermal conductivity (kcal/m.hr. C) 16) heat capacity
(kcal/kg.0C); 17) coefficient of linear expansion; 18) specific elec-
trical resistance (ohms.cm); 19) permeability to air of 5-mm thickness;
20) coefficient of friction without lubricant; 21) machinability; 22)
response to all temperature fluctuations within thermostable range; 23)
impermeable; 24) up to; 25) atm; 26) easily cut.
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and impermeability unchanged, but reduces their mechanical strength.

Dissolved ATM-i in any concentration is stable in solutions of

almost all acids, ammonia, and metal salts at temperatures up to and

including the boiling point; it is also stable in amyl, Isopropyl, and

methyl alcohol, gaeiine, dichloroethane, chlorobenzene, sulfuric acid

(75% to 1200), hydrogen chloride (to 1050), and sulfuric anhydride

(to 120*). At 200 it is stable in 5% nitric acid, 10% mercuric nitrate,

copper sulfate, 5% potassium persulfate, and acetone. It is unstable in

alkalies, media containing active bromine, chlorine, or fluorine, and

strong oxidizing agents. ATM-1 and ATM-IG are stable in the same media

as ATM-1, although ATM-IG is more resistant to oxidizing agents and me-

dia containing active chlorine. Graphitized material containing a phe-

nol-formaldehyde binder modified by polyvinyl chloride is alkali-stable.

Antegmit is easily cut, but sharp projections must be avoided; external

and internal threads (large threads) should have rounded crests and

spacings. Antegmit must be cut in shallow passes with a hard-alloy tool.

It is best to assemble the finished product with cold-setting cement

(arzamite-4 or arzamite-5). Antegmit is used for manufacturing lined

reaction apparatus, tubes, fittings,ý electrolytic baths, shielded-tube

heat exchangers, sprinkling and combined sulfuric-acid conuensers with

counterflow tubes and of the "tube within a tube" type, the bearings of

worm conveyors, the bearings of roller conveyors for furnaces, the pre-

cipitating electrodes of electric filters, bubblers, etc. Equipment

fabricated from antegmit is cheaper than that manufactured from lead,

while enameled antegmit is cheaper than Faolite.

References: Sagalayev, G.V., Antegmit i yego primeneniye [Anteg-

mit and Its Applications], Moscow, 1959.

M.S. Krol'
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ANTICORROSION COATINGS. In addition tc protecting metals and al-

loys against corrosion, these coatings serve a number of other func-

tions (increasing hardness and wear resistance, imparting the desired

decorative qualities and color to manufactured products, improving the

flow-by characteristics of aircraft components, etc.). We may distin-

guish metallic and nonmetallic anticorroston coatings; ;iie latter cate-

gory also includes protective films. Metallic anticorrosion coatings

can be divided into anodic and cathodic. In a given medium the electro-

chemical potential of anodic coatings is more negative than that of the

metal to be protected. Anodic .oatings consequently prevent corrosion

both mechanically and electrochemically; when the coating is damaged

only the coating itself and not the metal is destroyed. Zinc and cad-

mium are typical anodic coatings for steel (Fig. 1). The potential ra-

tic is reversed for cathodic coatings, which cannot furnish electro-

chemical protection; when a cathodic coating is damaged the medium

(electrolyte) destroys the exposed areas of the base metal (Fig. 2).

Use of cathodic coatings is Justified by their high chemical resistance,

hardness, and good decorative qualities. Chromium, copper, nickel, and

tin are used as cathodic coatings for steel. Coatings of this type are

rarely employed for aluminum and magnesium alloys.

Before application of any coating the surface of the component is

carefully cleaned by mechanical or physicochemical means: sand blasting,

grinding, polishing, brushing (scratch-brushing), pickling in acids,

machine washing, and degreasing with alkalies and organic solvents.

Electromechanically excited ultrasound has recently come into use for
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2

Fig. 1. Anodic coating (corrosion diagram): A) Anode; K) cathode. 1)
Corrosive medium; 2) corrosion products; 3) zinc; 4) steel.

1 ---- n2

Fig. 2. Cathodic coating (corrosion diagram): A) Anode; K) cathode. 1)
Corrosive medium; 2) corrosion products; 3) chromium; 4) alloy.

surface-cleaning small components; this technique provides better

cleaning and is more economical than other methods. Metallic anticor-

rosion coatings can be applied in various ways. The hot method is based

on immersion of pickled components in molten protective metal (Sn, Zn,

Al), which wets the workpiece and, after the excess has drained off,

crystallizes on the surface in a thin layer. This method is most widely

employed for depositing hermetic layers, for tin-plating and zinc-plat-

ing steel sheets, wires, or welded assemblies, and for protecting com-

ponents against gas corrosion, as in the deposition of molten stellite

or nichrome on the valve faces of internal-combustion engines.

The most common galvonic method is based on liberation of metal

from an electrolyte under the action of an electric current. The pro-

duction of thin coatings, including anticorrosion coatings (usually no

more than 50 p. thick), is called electroplating. The workplece serves

as the cathode and a plate of the protective metal as the anode.Acid or

cyanide baths containing salts of the appropriate metals are usually

used as the electrolyte. The advantages of this technique include high

coating quality, retention of the structure and properties of the base

metal as a result of the fact that no heating is involved, and ease of
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process control, which is effected by varying the electrolyte composi-

tion, the temperature, and the current density; the thickness of the

plating layer is determined by the metal-deposition.time. The mechani-

cal properties of the workpiece sometimes deteriorate as a result of

application of a galvonic coating: plasticity at elevated temperatures,

fatigue strength, and impact strength are reduced. Automatic and semi-

automatic devices are widely employed for zinc-, cadmium-, chromium-,

nickel-, copper-, and tin-plating, as well as for application of rare

or precious metals (Ag, Au, Pt, Rh, Pd, In, etc.). Galvonic application

of alloys is also possible (bronze- and brass-plating, etc.). The

thickness of galvonic coatings varies over a wide range, depending on

their composition and structure and the operational conditions. For ex-

ample, zinc and cadmium coatings are 35-50 4 thick for severe condi-

tions and no more than 10 4 thick for mild conditions. Gold, rhodium,

and indium coatings rarely exceed 0.5-1 g in thickness.

The protective properties of anticorrosion coatings are determined

by their thickness, their behavior with respect to the corrosive medium

in question, and their physicochemical properties. Zinc coatings fur-

nish good protection untler atmospheric corrosion conditions. Cadmium

provides better protection against salt water. Nickel coatings are re-

sistant to air, certain weak acids, alkalies, and fuel-combustion pro-

ducts. Chromium coatings are highly resistant to moist air, nitric and

certain organic acids, alkalies, many salt solutions, hydrogen sulfide,

etc. However, since they are often porous and are cathodic with respect

to steel, chromium coatings give reliable protection only when the

steel has an undercoat of copper and nickel. Use of inultilayer coatings

is also recommended if the metal of the anticorrosion coating adheres

poorly to the base metal or alloy. Lead coatings have a high resistance

to sulfuric acid and sulfur-ccntaining gases. Tin coatlfigs have a high
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chemicai resistance; the corrosion products of this metai are harmless

to the human body and it is consequently widely employed for plating

purposes in the foodstuffs industry. Gold and platinum coatings are ex-

tremely stable and break down only in a mixture of hydrochloric and ni-

tric acids (aqua regia). Copper coatings are often used as underlayers

in nickel-, chromium-, gold-, and silver-plating. The table gives exam-

ples of the u.se of galvonic coatings. The contact method for application

of anticorrosion coatings is based on deposition without an electric

current, as a result of displacement of metals from solutions of their

salts. This technique is used to produce coatings of tin on brass and

steel, of gold on silver, and of copper, nickel, and silver on steel.

They are most frequently decorative, being very thin and having low

protective characteristics. Among the methods for liberating the protec-

tive metal from solution is chemical nickel-plating, which is based on

reduction of nickel salts by hypophosphite. The principal advantage of

this method is the fact that it permits deposition of a protective lay-

er of uniform thickness on components with complex surfaces. Anticorro-

sion coatings of high-melting metals (tantalum, niobium, etc.) can also

be obtained by decomposition of their volatile haloid salts by thermal

dissociation or reduction with hydrogen.

Dispersion metallizaticn (the Schoope process' is carried out with

a special metallizer, a "pistol" (Fig. 3), which disperses the molten

protective metal by means of compressed air; the metal is imelted with

an electric arc or oxyacetylene flame or by induction heating. This

technique permits rapid covering of large surfaces with protective me-

tal after assembly has been completed. However, the protective layer

obtained is of low density and strength and not completely uniform. On-

ly anodic coatings (e.g., zinc, cadmium, or aluninum on steel) are ap-

plied by the dispersion method for corrosion protection. Coatings of
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I
Galvonic Anticorrosion Coatings (recommended applications)
Protective Corrosive Medium pcal Typ-es o Products Pro-

Metal tected and Purpose of Coating
Zinc Air, fresh water at Steel sheets, strips, and

temperatures of up to wire, components of machinery700, closed rooms with and mechanisms, tubing, tables,
moderate humidity con- braces, standards, fasteners
taminated with sulfur- (bolts, nuts, rivets, screws),
containing gases and food containers, threaded com-
combustion products, ponents with precise tolerances
gasoline, kerosene;

Cadrlmium Moist sea air, salt Components and mechanisms
water, hot fresh wa- (primarily for marine aviation
ter, chlor'_de-contain- and ship-building), high-stress
Ing solutions steel aviation components,

standards, springs, electrical
contacts, fasteners and thread-
ed components with precise tol-
erances for tight assembly

Air, closed rooms Usually with a copper under-
with noderate humild-ty layer for protective-decorative

coatings on chemical-apparatus
components, medical Instruments,
terminals to which copper or
aluminum leads are to be at-
tached, bronze springs, mem-
branes, gears, components with
precise tolerances, fasteners

Chrorilu' Moist air, hot oxi- Often with an underlayer of
dizing gaseous media copper and nickel or nickel for

protective-decorative coatings
on fittings for railway rolling
stock, trolley cars, trolley
buses, and omnibuses, automo-
bile parts, precision instru-
ments, medical instruments,
widely used everyday products,
components which must function
under friction, gun barrels

Tin Weakly acid mie±dia, Iron sheets (manufacture of
:'oof.t .,., tin plate), components of in-

struments and radio equipment
which are to be soldered, con-
tacts, components with precise
tolerances, storage containers,
food containers, pots, copper
cable (for protection against
the action of sulfur during
vulcanization)

Lead Sulf-irlc acid, air Tubing, vessels for sulfuric
zontalnIng sulfurous acid, baths, storage batteries
-as e 2
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Protective Corrosive Medium Typical Types of Products Pro-
Metal tected and Purpose of Coating

Copper Rarely uced as an independent anticorrosion coating,
generally employed as an underlayer for nickel-, chrom-
ium-, gold-, ard silver-plating and for subsequent oxi-
dation or chemical staining

Silver Moist air, alkaline Chemical apparatus, electron-
media, hydrochloride ic and radio components, con-
solutions tacts, reflecting devices •ir-

rors, projectors, reflectors,
headlights)

Gold, plati- Air, aggressive cnem- Chemical vessels, watch com-
num ical media ponerts, components of preci-

sion measuring instruments

Antimonj Salt water, moist Substitute for cadmium coat-
sea air ings

Indium Organic acids formed Bushings of lead-bronze bear-
during oxidation of ings
lubricants

Rhodium Air containing sul- Protection of silver coatings
furous gases against tarnishing

Fig. 3. Gas metallizer: 1) Dispersion head; 2) compressed-air turbine;
3) handle; 4) connecting tube i'or compressed-air supply.

nickel, lead, tin, copper, bronze, and stainless steel are used primar-

ily for decorative purposes.

A new method has recently been developed for applying protective

"coatings with a plasina disperser (Fig. 4). A flare is produced in the

plasma burner by the interaction of the plasmrra gas (e.g., a mixture of

hydrogen with 5-10% nitrogen) with the electric arc, Vt~ls resulting in
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Fig. 4. Plasma disperser (diagrammatic): 1) dc power supply; 2) elec-
trode; 3) arc; 4) plasma; 5) coolant; 6) powder suspended in through-
flowing gas; 7) nozzle; 8) gas stream; 9) dispersed material; 10) work-
piece.

dissociation and ionization of the gas; the temperature reaches

~17,000°. Nitrogen containing dispersed metal is forced through the

plasrma-flame zone; the resulvant gas stream is directed at the work-

piece, where a protective layer is deposited. Plasma anticorrosion coat-

ings have a lower porosity, higher strength, and lower oxide content

than coatings produced by the usual dispersion method. This technique

is employed for applying high-melting metals (niobium, tantalum); high-

hot-strength zirconium and hafnium, borides, vanadium carbide, etc. The

therrmal-diffusion method is based on diffusion of the protective metal

into the surface of the workpiece, heating the latter. Vaporized metal

is used for this purpose in some cases and volatile compounds of the

metal in quetstion are used in others. The diffusion layer is 0.02-0.1

mn thick. Diffusion metallization with vaporized zinc (sherardization)Vi
is carried out in closed rotating drums containing nuts, bolts, washers,

hardwaIrL, an(! zinc turnings. A thin zinc-enriched diffusion layer is

formned or, heating.

Gaseous chrom.e-plating, calorizing (aluminum-plating), and silicon-

coating* o0 steel, etc., are based on the reaction of appropriate ha-

luid ccmpounds (CrCi 2 , AIMI3 , SICI 4 ) with iron at high temperatures to

forr, active atoms of the elements in question (Cr, Al, and Si), which

diffust: into the workpiece. These methods are used primarily to in-
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crease the hot strength of alloys, i.e.., to raise their resistance to

gaseous corrosion by formation of high-quality protective films on oxi-

dation. Silicon coating can be employed to increase the hot strength of

high-melting molybdenum-based alloys. One drawback of the diffusion

method Is the fact that brittle metallic compounds, such as FeZn, FeAl 3 ,

and FeCr [FeCr (a-phase) is formed principally during chromium diffu-

sion-plating of austenitic chrome-nickel steels] are formed in the in-

termediate zones, reducing the resistance of the protective layer to

dynamic stresses. The thermodiffusion methods also include anticorro-

sion nitrogen-coating of steel components, which is effected by neating

them in an ammonia atmosphere (at 6500 for 3 hr). The nitrogen-enriched

layer thus formed is distinguished by high hardness and corrosion re-

sistance in water; this method is recommended for components which must

function both in corrosive med-um and under friction, e.g., for water-

pump shafts.

The therniomechanical method consists in welding a layer of protec-

tive metal to the workpiece during hot rolling and is employed for

sheets and wire. For example, this method is used to produce duralumin

sheets plated oa both sides with pure aluminum; the plating layer on

each side amounts to 2-5% of the thickness of the base sheet. Plating

of duralumin is widely utilized in aircraft construction; it is an ex-

ample of anodic coating and is a very effective means of increasing the

corrosion resistance of duralumin in active aqueous media and under at-

mospheric conditions. This technique is also employed to produce bime-

tallic products, such as iron sheets plated with stainless steel, cop-

per, or brass, and for corrosion protection of cartridge cases.

Nonmetallic anticorr~cion coatings include lacquers and paints,

plastics, rubber, bitumen, and oxide and salt film. Temporary corrosion

protection is provided by anticorrosion greases. Lacquers and paints

264



I-72a8

are the most widely employed coatings, being simple to apply, long-act-

ing, easily renewed, and economical. They can be divided into three

categories: primers, fillers, and paints (enamels) and finish lacquers.

Plastic anticorrosion coatings include polyethylene, fluoroplasts,

viniplasts, nylon, and materials based on phenol-aldehyde (bakelite)

and epoxy resins. They are highly water- and acid-resistant and are

used for lining various types of containers and galvonic baths, for

shielding electrical leads, cables, etc., and, primarily, in the chemi-

cal industry. Faolite, which is highly plastic and easily formed or

rolled into sheets, is very widely used. Fluidization, in which sus-

pended plastic particles are deposited on the workpiece in a bath under

the action of a stream of compressed air, is commonly eiiployed. Certain

plastics can also be applied in a pseudoannealed layer by eddy sinter-

ing. Bitumen or asphalt is used for corrosion protection of subterran-

ean installations, principally piping. These materials are applied in

the molten state; in order to prevent slippage the coated pipes are

wrapped in strips of cloth or paper. Rubber-based composites make good

anticorrosion coatings (rubberizing). Rubberizing and coating with

chlorinated rubber provide effective protection against the actiorlof

acids and other chemical reagents.

References: Bakhvalov, G.T., et al., Zashchitnyye pokrytiya me-

tallov v mashinostroyenii [Protective MetalCoatings in Machine Build-

ing], Moscow, 1949; Kadaner, L.I., Zashchitnyye planki na metaJlakh

[Protective Filsm on Metals], Khar'kov, 1956; Bakhvalov, G.T., Turkov-

skaya, A.V., Korroziya i zashchita metallov [Corrosion and Protection

of Metals], 2nd Edition, Moscow, 1959; Samoylov, A.I., Zashchita me-

tallov ot korrpzoua (Obzar zarubezhnoy tekhniki) [Protection of Metals

Against Corrosion (Survey of Foreign Techniques)], Moscow, 1960; Bakh-
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valov,.G.T., Birkgan, L.N., Labutin, V.P., Spravochnik gal'vanostega

[Handbook of Electroplating], 2nd Edition, Moscow, 1954; Vol'fson,

A.I., Antikorrozionnyye pokrytiya v priborostroyenii [Anticorrosion

Coatings in Tool Making], Moscow, 1948; Shvyryayev, G.K., Elektroliti-

cheskiye metallicheskiye pokritiya detaley i izdeliy v khimicheskoy pro-

myshlennosti [Electrolytic Metallic Coating of Components and Products

in the Chemical Industry], Moscow, 1955; Layner, V.I., Kudryavtsev, N.

T., Osnovy gal'vanostegii [Principles of Electroplating], 3rd Edition,

Chaps. 1-2, Moscow, 1953-57; Dubinin, G.N., Diffuzionnoye khromirovan-

iye splavov v poroshakh [Chromium Diffusion Plating of Alloys in Pow-

ders], Moscow, 1959; Krenkler, K., Die neuere Entwicklung auf dem Ge-

biet der Rostschutzanstrichte, "Werkstoffe und Korrosion," [Recent De-

velopments in Rustproof ing Paints, ['Materials and Corrosion,"], 1959,

Vol. 10, No. 1, page 1; Lavorko, P.K., Pokrytiya metallov [Metal Coat-

ings], Moscow-Kiev, 1959.

B.K. Vul'f
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ANTIFRICTION CAST IRON - is a wear-resistant cast iron capable of

running in, by friction on metal (see Wear-resistant cast iron). Anti-

friction cast iron is used in the construction of bearings and other

friction joints. The high specific properties of the antifriction cast

iron are determined first of all by its microstructure, the pearlite -

ferrite ratio in the metal base, and also by the quantity and size of

the graphite inclusions. The microstructure of the antifriction iron

depends on the chemical composition and the heat treatment. The great

majority of antifriction iron grades are low-alloy and non-alloy iron

grades. Copper-bearing or high-alloy antifriction iron with an austen-

ite base is used in some cases.

TABLE 1

Chemical Composition of Non-Alloyed Antifriction Cast
Iron (GOST 1585-57)

1 21 3 conepuS D"Mm(s
rpynna MaP"A C p o 8" I Cr I N T T1 IS M,

epue rAC'l-1 3,2-3,6 1,6-2,. 0.6-0,9 0, t--0,20 40,12 0.2- 0.2-0,4 - -0, 7

" ACq-2 3,2-3.8 1,4-2,2 0,4-0.7 0,1--0,40 0, 12 d 2- 0,2-0.4 0, 1 0,3-0. -

AC11-3 3,2-38 1,7-2.6 0.,4-0,7 0.iS-0,40 CO.12 <6.3 <O.a 0.1 0A-.-- .. - 0

Bu ýoso- A D11 2.8--1151. --2,10,5--t,2 <0,2 <O,003 - - - 0.7 0,0

.Aq-0.,8-3.5 2 ,2 - < 0,2 0•o0, - --

moan s" A 91N .2 ,6-3,0 0 18- 13 0 1 <0 I is (01 t 2 <0 , of -
8 91AIM'l2 I I I-C l I I

1) Group; 2) grade; 3) percentage of elements; 4) gray; 5) ASCH-; 6)
high-strength; 7) AVCH-; 8) malleable; 9) AKCh--
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TABLE 2

Chemical Composition of Copper-Bearing Antifriction
Iron (AMTU 294-58)

i CoUeWpNm e S.•mmelb (%)

ql'•1C 8 No Cr Ca

I I lie G4)see

14 o muqMt -i .. . --80 0,5-1,t 0.0-- 2 , 0,08 <Ot5 1,O--,ISCopldk W-I,8 : - ,e ,3--1, 0,- 9 0,3 0.t0 0,'-1, i -- :,0

1) Cast iron; 2) percentage of the elements; 3) not more than; 4) mal-
leable ChM-; 5) gray ChM-,

TABLE 3
The Limits of Working Conditions for Antifriction Iron
Parts

HB Y - j C~N- bne- Cp'm

qyrOK 1 (xBann') X 15 5 .I I2 13 h " ( "

ACqN-t . .......... 180-229 T.Pmmc. . rap muiiu 0,5-90 2,0-0,2 1-16
ACR-2 . . . . ...... 190-229 1 1-60 1.,o-o,75 3-45"7ACq-2 .. . . . . . . .. too-Igo 1: po.1-60 3,0-0,75 3-45ABq-I .......... ... 210--260 Topuuec,-, 06 aa.i.,.l 5-120 0-1 23-1201ADq-2 ......... 167--197 Cupn - - --AK-... .......... t97-217 Teputuecmu o~pOTWaHHxU 5-120 5-1 25-120AKq-2•.......... .... 167-t17 Cupo. - -

l0 qN-t.3 ......... ... 187-262 Tepu en opaoammun 200 .AO o 200. ..- . ..8 207--262 K~To 06AGe1U AO 5 Ao 5 rO t2S

1) Cast iron* 2) kg/mm2 ; 3) condition of the shaft; 4) sRecific pres-
sure p /m2); 5) sliding rate v(m/sec 6) psv (kgm/cm .sec); 7)
ASCH-; 8 AVCH-; 9) AKCh-; 10) ChM-; 11 heat treated; 12) the same;13) raw.

Exact Junction of the friction surfaces of the parts, absence of

bending, continuous high-quality lubrication, and clearancces increas-

ed by 15-30% in comparison to the standards for bronze (an increase by

50% of the clearances is necessary when the bearing is considerably

heated) are necessary to obtain reliable service with antifriction

iron. Moreover, the friction surfaces must have a sufficient roughness

in order to improve the run in. The run in is carricd out in idle

state with a gradually increasing working load. The run in is improved

by a preliminary pickling of the finished antifriction iron parts in a

10% solution of nitric acid for 1-1.5 minutes and a subsequent impreg-

nation in hot spindle oil for 15-20 min. This treatment not only in-
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creases the micro-roughness of the friction surfaces (0.25-0.8 micron),

) but prevents the formation of cold-hardened or seized spots during the

run-in process, and due to the continuous oil film increases the wear-

resistance by eliminating the contact between themetal surfaces in fric-

tion. The following groups of antifriction iron are distinguished: gray,

high-strength (magnesium-alloy), malleable, and austenitic cast iron.

The chemical composition of nonalloyed cast iron grades for castings

utilized in bearing units is listed in Table 1, that of the copper-

bearing cast iron (according to AMTU 294-58) is quoted in Table 2. Aus-

tenitic cast iron of the ZhChNDKhl5-7-2 grade, alloyed with nickel

(15%), copper (8%), and chromium (2%), and other cast irons of this

type, belonging to the corrosion-resistant and heat-resistant cast

irons of the Ni-Resist type (see Corrosion-resistant cast iron and

Heat-resistant cast iron), are used for parts which work at higher tem-

peratures under wearing and corrosive conditions, e.g., for sleeves of

fuel pumps, distributor valves, etc.

Antifriction iron parts used for service in combination with hard-

ened or normalized shafts (Table 3) must be made of a pearlitic anti-

friction iron of the ASCh-l, ASCh-2, AVCh-l, and ChM-I,8 grades, which

contain in the visual field of a polished section at least 85% pearlite,

and the AKCh-2 and ChM-l,3 grades containing 100% pearlite; parts used

for service with non-heat-treated (raw) shafts must be made of a pear-

lite-ferritic antifriction iron of the grades ASCh-3 (more than 60%

pearlite), AVCh-2 (more than 50% pearlite), and AKCh-2 (35-80% pear-

lite). The AKCh-2 grade may be a ferrite-pearlitic or a pearlite-fer-

ritic iron, depending on its pearlite content.

The austenitic cast iron of the ZhChNDKhl5-7-2 grade may work at

sliding speeds of up to 20 m/sec and at specific pressures of up to

25 kg/cm
2.
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Gray, high-strength, and malleable antifriction iron is used in

the manufacture of parts of tool-machines and forging equipment, in

automobile and tractor building, in agricultural machine building, and

in other branches.

References: Grechin, V.P., Iznosostoykiye chuguny i splavy [Wear-

Resistant Cast Irons and Alloys], Moscow, 1961.

A.A. Simkin

Manu-
script [Transliterated Symbols]
Page
No.

267 ACq = ASCh = antifriktsionnyy seryy chugun = antifriction
gray iron

267 ABq = AVCh = antifriktsionnyy vysokorpochynny chugun = high-
strength antifriction cast iron

267 AKq =AKCh = antifriktsionnyy kovkiy chugun = malleable anti-
friction cast iron

268 UM = ChM = chugun medistyy = copper-bearing cast iron

269 AMTY = AMTU = aviatsionno-metallurgicheskoye tekhnicheskoyeusloviye = Aviation-Metallurgical Technical
Specification
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ANTIFRICTION CER1MTS-- cermets with high durability and a low co-

efficient of friction. They are produced by powder metallurgy as bush-

ings and bearings of two types, monometallic and bimetallic. Monometal-

lic products are fabricated entirely from cermets and include bronze-

TABLE 1 graphite and ferrographite. Bimetallic pro-

Properties of Lead ducts consist of a steel base to which a cer-Bronze

met layer is applied; a variant consists in
1,•.I 2 e, applying a layer of 60% copper and 40% nickel

floTMC Oc , 3nc.) .3.
MB (EXjJIM' 2b-26 %xv(2-,5 and another, working layer of 6% tin, 6% an-

e. t 3o• li pu 20--

too-090(,C) . - -14 timony, and 88% lead to a steel base. The
Hoe". nw,, n. . . " .0

middle layer is applied by powder metallurgy
SProperty 2) value-
3) density (g/c0 3 ); Al and the working layer by impregnation.
HB (g/mm); 5) a.lO
over the range ?0-1000 The antifriction cermet employed In bi-
(I/ 0C); 6) coefficient
of friction over lub- metallic bearings consists of lead bronze
ricated steel; 7) or.

TABLE 2
Applications of Antifriction
Cemrets

ft. xmaenau 1 F2 Oasnac powwwomu

I*~aanE~ t~uA- AI IMCPO.U3 -lM
.TaWIR its CoUn- mannuMw NOWN"Twn 11-

u..',ac y Uarp•,- d. I
S1:WtxW "*- A3ktO&"~W -J.U33'(

C yn-Ga meu tdA . . 9C,..,& & T3 No-

4 6 Amr

Type of product; 2) applications; 3) bimetallic lead-bronze bearings;
three-layer bearings; 5) automobile construction (crankshaft bear-I

ings), machine building (large bearings); 6) automobile construction
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(crankshaft bearings for fuel-injection engines, thrust collars).

containing 70-72% copper and 28-30% lead.

Three-layer bearings with a cermet underlayer have a fatigue

strength 2-3 times that of bimetallic bearings of lead bronze. The per-

missible loading reaches 150 kg/cm2 .

For applications of other antifriction cermets see Bronze graphite.

ftfreng: ;akovskiy, V.S., and Saklinsky, V.V., Metallokeramika

v mashinostroyenii [Cermets in Machine Building], Moscow, 1956; Saklin-

skly, V.V., Tekhniko-ekonomicheskaya effektivnost' tekhnologii porosh-

kovoy metallurgii, "Vestn. mashinostroyeniya," [Technical-Economic Ef-

ficiency of Powder-Metallurgy Technology, [Herald of Machine Building],

1961, No. 6; Saklinskiy, V.V., Khazov, V.A., Izgotovleniye trimetallic-

cheskoy lencheskoy linii, [Manufacture of Trimetallic Sheets for Bear-

ing Linings on Automatic Production Lines, Moscow, 1960 (TsITEIN. Per-

edovoy nauch.-tekhn. i proizv. opyt [Advanced Scientific-Technical

and Production Experience], No. M 60-296/13. Report 3, No. 13).

V.V. SaklinF'-iy
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ANTIFRICTION MATERIALS - materials usually employed for sliding

bearings, bushings, and similar components, which generally function

under friction against metal, primarily in the presence of lubricants,

and ensure low friction, I.e., have antifriction properties or are an-

tifrictional. A low coefficient of friction depends on the combined

properties of the contact surfaces of ttv two components. The presence

or absence of lubricants and their properties, the conditions at the

friction surface (kinematic, force, temperature), the quality of the

surfacp finish, and other factors. In addition to antifriction proper-

ties, the requirements usually imposed on components which must func-

tion under friction include mechanical strength, durability, corrosion

resistance in a given medium, workability, etc. It is often impossible

to find a material which simultaneously satisfies these different,

sometimes contradictory requirerents and two or more materials with

different properties are consequently combined in a single component,

such as bimetallic bushings with a steel base and a working layer of an

antifriction plastic, bearings of porous hard bronze with a filler of

polytetrafluorethylene (referred to by the technical designation fluor-

upiast- 4 in the USSR and as teflon in England and the United States),

a material which provides low friction without lubricants, cast-iron

piston rings with a thin working layer of tin, etc.

One phenomenon which causes high friction between metals in direct

contact (with the surfaces absolutely clear and with no oil films, ox-

ides, or contar.inants), grabbing, involves formation of simple metallic

bonds where projecting irregularities come into contact; grabbing is
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responsible for the sticking of contact surfaces in friction which re-

sults in damage. Lack of grabbing is one of the most important indica-

tions of antifriction properties in a given combination of materials.

The principal method for reducing friction and eliminating wear (in-

cluding its most dangerous manifestation, grabbing) in machinery is the

use of lubricants, completely separating the contact surfaces with the

liquid film formed during hydrodynamic lubrication or with a boundary

film of the lubricant. The properties of these materials which promote

formation or maintenance of the lubricant film between the contact sur-

faces are among those responsible for antifriction characteristics. In

cases where a lubricant cannot be used to separate the friction surfaces

and a load is applied (partially or completely) between them, i.e., in

metallic contact, grabbing and sticking of steel components are avoided

by giving them antifriction properties through superficial chemical

heat treatment (nitriding, sulfiding, parkerizing, oxidation) and, in

some cases, by application of metallic coatings (brass-plating, etc.).

A similar function is served by lubricating oils containing chemically

active antiscratching additives: during friction surface treatment of

the steel occurs when the surface temperature rises to the initiation

temperature of the chemical reaction between the additive and iron. An-

tifriction properties can also be imparted to steel by application )f

solid lubricants (graphite, molybdenum. disulfide, polytetrafluorethy-

lene) to the contact surfaces. Antifriction materials include metals,

which are used principally in working with lubricants (certain types of

cast iron, alloys based on copper, aluminum, zinc, cadmium, tin, and

lead, porous materials obtained from powdered metals by the cerret

method, metallized coatings, and coatings of certaii. plastic Metals),

plastic and resiious- raterIals for working with water as a lubricant,

metal-plastic con.posites for working without lubricants, and graphite-
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based composites for working without lubricants. The majority of these
materials are employed for sliding bearings (see Bearing materials).

M.N. Krushchov
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ANTIFRICTION PLASTICS -- textolite, la-minar ligneous plastics, poly-

amides (caprone, anid), fluoroplast-4, and other plastics used in mach-

ine components subjected to friztion. These materials are used for

bearings, guides, bushings, sleeves, etc. The advantages of bearings of

antifriction plastic include high fatigue strength, absorption of im-

pact and vibration, and little danage to

the contact surfaces in impeirfect friction.

Their drawbacks include less precise mech-

-,-_--- ' •. anism operation (variation in shaft-axis

Fig. i. Single-piecc position) as a result of the fact that an-
extruded bearing.

tifriction plastics are less rigid than me-

tals, the necessity of running-in a bearing before it will regain its

original dimensions after the load is removed, and the change in bea.-

ing dimensions as a result of absorption of moisture.

TextG(,.e bushings and bearings are used in var-

.-.- ious branches of machl. ,e building and tool making; tex-

tolite 2 and 2B has the best antifriction propert:.es,

withstanding pressures of up to 300-350 kg/cm2 when

lubricated with water and having a maximum slidiiig
Fig. 2. Lon-
gitudinally- speed of 5-8 m/sec. Textolite 3, NEK, PT, etc., is also
assembled
plastic bear- employed. Bearings of various shapes are manufactured
ing.

by hot pressing (Fig. 1). Laminar textolIte, which is

produced in the form of plates, is widely used for the split bearings

of rolling equipment. Bearings of the laminar ligneous plastics DSP-B

and D]P-V are used in water-driven turbines, naval equipment, rolling

276



I1-75ai

stands operating under light and moderate regimes, the closing mechan-

isms of locks and floodgates, hydraulic pumps, etc.; these materials

can withstand pressures of up to 200 kg/cm2 when lubricated with water

and of up to 20-40 kg/cm2 when heavy lubricants are used. Bushings or

bearings of textolite or DSP are assembled from individual elements

(Figs. 2 and 3). In designing bearings of ligneous plastics assembly

should be 'face-wise" the veneer layer lying

perpendicular to the shaft cross-section.

Fig. 3. Transversely- The elements of split bearings fabricated

assembled plastic from trapezoidal bars of DSP are used only
bearing.

with their layers arrayed radially. The la-

teral surfaces are machined in such fashion that the bars can be placed

in polygonal tubes (Fig. 4). The coefficient of friction of textolite

and DSP is 0.002-0.015 when water serves as the lubricant and 0.03-0.1

when a mineral lubricant is used. The quantity of water needed to lub-

ricate a bearing is 0.05--0.75 liters/cm2 per min, depending on working

conditions.

Fig. 4. Assembly of Fig. 5. Nylon bushing
bars to produce bush- with compensating slit
ing. and flange.

Caprone (polycaprolactam) bearings with wall thickness of 1.5 m

or less function reliably at pressures of up to 80-120 kg/cm2, speeds

of up to 3.5 m/sec, and temperatures of no more th&n 100-120*. Caprone

(nylon) bushings with narrow slits (Fig. 5) to compensate for changes

in size resulting from variations in temperature and humidity are also

employed. Low-viscosity mineral oil is used as a lubricant. The pres-
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sure on bearings fabricated from other polyamides should be reduced

when lubricating with water. Caprone bearings can function at pressures
2

of up to 5 kg/cm under dry friction; the Brinell hardness of caprone

is 10 kg/mm2. The surface hardness of caprone bearirgs is roughly

halved by heating. The coefficient of friction against steel is 0.17-

0.20 without lubricants, 0.014-0.020 with lubricating oil, and 0.02-

0.05 with water. The gaps in caprone and other plastic bearings should

be somewhat larger than those in metal bearings; the relative clearance

should be approximately 0.003-0.006.

Bearings fabricated wholly from plastic deform under stress, swell

in water, and have a low thermal conductivity. These drawbacks can be

eliminated or somewhat reduced by lining the bearings with a thin layer

of plastic (caprone, polyamide P-68, finely cut cloth, etc.). Lining

methods include eddy deposition of films, pressure casting (for finely

cut cloth and wood), cementing of a plastic film to the surface of the

metal, etc. The most productive method is eddy deposition (immersion of

a metallic component heated to a temperature above the melting point of

the plastic in powdered plastic agitated by a stream of air); the plas-

tic layer is easily renewed by relining. In pressure casting the lining

material is finely cut thin cloth impregnated with bakelite lacquer.

Longitudinal and transverse channels are made on the inner surface of

the bearing for attachment of the lining, which is 2.5-6 mm thick.

Bearings lined with finely cut textolite are used under loads of up to

2
300 kg/cm in rolling and hydraulic equipment lubricated by water.

Bearings coated with polyamide and polyurethane films (0.1-0.5 mm
thick) are used at pressures of up to 200 kg/cm2 and are oil-lubricated.

Bearings of fluoroplast-4 (teflon) have a very low coefficient of dry

friction (0.04-0.06) and can be used without lubricants or with limited

lubrication at pressures of up to 4-5 kg/cm2 ; this material is deformed
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at high pressures. The high antifriction and anticorrosion properties

and frost- ard heat-resistance (maximum working temperature - +2500) of

fluoroplast-4 porous bearings are fabricated from fluoroplast-impreg-

nated bronze; such bearings can withstand pressures of 30-50 kg/cm2 or

more. Bearings can be fabricated from teflon and fiberglass (the fiber-

glass serves as a base and prevents material deformation of the teflon);

there are also three-layer bearings based on porous pin bronze Impreg-

nated with a mixture of teflon and lead. According to the data avail-

able, such bearings can be used at pressures of up to 280 kg/cm2 and

temperatures of up to 200-2800. In addition to sliding bearings, anti-

friction plastics are used in friction guides for various machine tools

and mechanisms (textolite has been found to give the best results).

Roller bearings fabricated wholly or partly from plastics (plastic rol-

lers and metal rings or vice versa) are used at low speeds (up to 2

m/sec).

References: Al'shits, I.Ya. Verzhbitskiy, N.F., Zomer, E.F., Opory

skol'zheniye, [Sliding Bearings], Kiev-Moscow, 1958; Platonov, V.F.,

Podshipniki iz poliamidov (Polyamide Bearings], Moscow, 1961.

I. Ya. Al'shits
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ANTIMONY BRONZE - bronze in which the picture alloying element is

antimony.

Chemical Composition of Antimony Bronzes
CI Couepwncaxue ocHomnI uJneueH1om (%)

Sb 1_ P N1 ' Pb C

3 ispcy s-1 . . . 4.7-0.2 0.4-0.9 - - -~ Ch~H
BpCIyCO 6-12-03 .: . . . 4,5-6.0 0.1-0.3 - 10-14 ToaHe

5 BpCyH -2. ...... .. ....... 5.2-6,3 - 2- 3 1

7 Hf2 PC IC 3.5-3,53.5-20-0,23- C, 15-0.3 34 ý4 82

1) Alloy; 2) content of basic elements (%); 3) BrSuF 6-1i 4) BrSuSF 6-
12-0.3; 5) BrSuN 6-2; 6) BrSuNTsSF 3.5-3.5-3.5-20-0.2; 75 BrSuN 7-2.5;
8) remainder; 9) the same.

The phase diagram of antimony bronze resembles that of copper-tin

alloys. The greatest solubility of antimony in copper at the eutectic

temperature (6450) amounts to 10.4%. As the temperature is reduced the

solid-solution region becomes narrower and the antimony content amounts

to -4% at 2500 (2.6% on later investigation). Antimony bronze has a

broad crystallization range, is not greatly oxidized during casting,

fills the mold well, and has a low linear shrinkage and a weak tendency

(especially tin bronzes) toward dispersed shrinkage porosity. Antimony

casting bronzes alloyed with phosphorous, lead, nickel, and zinc have

good mechanical and very good antifriction characteristics. Antimonj

bronze is a fully satisfactory substitute for tin bronzes in critical

Priction components (see Casting bronze). The table shows the chemical

composition of antimony bronzes.

References: Mal'tsev, M.V., Diagramma sostoyaniya i prevrashcheniya

pri raspade -tverdogo rastvora v sisteme med'-sur'ma [Phase Diagram of
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Copper-Antimony System and Transformations During Decomposition of the

-solid solution], in book: Struktura i lit'ye splavov tsvetnykh metal-

lov [Structure and Casting of Nonferrous Alloys, Moscow, 1945; Anti-

friktsionnyye splavy [Antifriction Alloys], Moscow, 1956.

O.Ye. Yestner
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AQUAMARINE - see Berylli,n.
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ARALAK - see Protein fiber.
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ARBITRARY YIELD STRENGTH - the stress at which the residual defor-

mation reaches a definite predetermined value. In determining this

factor the most common tolerance for residual elongaticn (on extensicn

and bending) or shrinkage (on compression) is 0.2% of the calculated

specimen length; when this tolerance is used for the change in linear

dimensions the residual shear amounts to 0.3%. As a rule, the arbitrary

torsional yield strength is consequently determined with a residual

shear tolerance of 0.3%.

Arbitrary Tensile, Compressive, Warping, and Bending
Yield Strengths for Certain Structural Materials

1 3 i PIeJ('J1bi T10, 4CCIM (1 0 0) ,1rn

2 0I0 5 6 7MAYGeMAj CocTonnue P&Cf), CmaTmot CURTEM Marnite

*C~llJtb .1OXICA .. ...... . . UmaCMHUM OnytlernNu3 :05 _34

It npP 2001 t25 04O 160

9 4IDM.NUCSU Cflfl*RI: 1•
jJ I................. ..CxeHo coer-apeaanhliE 30 32 35 --

12B96 . Ilt COCTRa l)eHnbl 01 5 706 - 94

j• TunoHonme cnfaaw: BTI OTOM. N)INKotIft 21 44) 42 -
1481"5 OTOm4CHiHati 21 67 0 75 9

IS Maruntgse c¢:nia ; ma
MA2 .. .... ...... B COCTORHNK iOCTaaaa 22 16 I I 2'
MAI ..... . OTommeam-n 21 !5 1i 14

16 BM65-1 ......... . .HCycCrkU No CocrTA ro u 25 19 -

1) Material; 2) state of material; 3) yield strength (kg/mm ) on; 4)
extension (00.2); 5) compression (0o02szh); 6) warping (aO.2sm); 7)

bending (ao0.21zg); 8) 30 KhGSA steel; 9) aluminum alloys; 10) D16; 11)

V95; 12) V96; 13) titanium alloys: VT1; 14) VT5; 15) magnesium alloys;
16) VM65-l; 17) quenched and tempered at 5000; 18) quenched and temper-
ed at 2000; 19) naturally aged; 20) artifically aged; 21) annealed;
22) as-delivered.
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In some cases the arbitrary yield strength is determined with a

higher residual-deformation tolerance (0.3, 0.5, 1.0%, etc.). The mag-

nitude of the tolerance is indicated by the subscript on the letter

designating the yield strength, e.g., o0.2P 70. 5 , "0.3_ etc.

The arbitrary tensile, compressive, warping, bending, and torsion-

al yield strengths are calculated from the following formulas:

as., cNmP.s. c..da;
of's MWýM..2n,r/W "WT,,1M#,,sXPW,

where PO.2 and Mo.2izg are respectively the axial load (in kg) and the

bending moment (in kg-cm or kg-mm) at which the residual elongation

reaches 0.2%, M0. 3kr is the torsional moment (in kg-cm or kg-=m) at

which the residual shear reaches 0.3%, F 0 is the cross-sectional area

of the specimen in mm2 or cm 2, d is the aperture diameter in mm or cm,

a is the specimen thickness in warping tests in mm or cm, and W is the

moment of resistance in mm3 or cm3.

For low- and medium-strength structural steels (after annealing,

normalization, and high tempering) and many aluminum and titanium al-

loys the arbitrary tensile and compressive yield strengths are virtual-

ly identical (Table). In high-strength steels the compressive yield

strength is generally 10-15% higher than the tensile yield strength.

The arbitrary compressive yield strength of magnesium alloys is usual-

ly lower than their tensile yield strenth. The arbitrary warping yield

strength of steels and aluminum and titanium alloys is 10-25% higher

than their tensile or compressive yield strength, while that of magne-

sium alloys is higher than their compressive yield strength and some-

what lower than their tensile yield strength. The ma.iority of structur-

al materials have an arbitrary bending yteld strength 25-40% higher

than their tensile yield strength. This is due to the fact that the
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rbending yield strength Is calculated on the basis of an elastic stress

distribution over the specimen cross section and not on the basis of

the aotual curve showing the hardening of the material in the elastlc-

plastic region (see Specific strength).

S. I. Kishkin-7atner
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ARC RESISTANCE (spark resistance) - ability of a material to re-

sist erosion which takes place under the action of electrothermal and

electric processes. The arc di3charge has a plasma temperature of 70000,

is distinguished by a continuous thermal effect on the material. Hence

the arc resistance of a material depends primarily on its melting tem-

perature. As opposed to an arc, a spark discharge has a higher temper-

ature, of the order of 10,000*K, is distinguished by a short-duration

thermal effect on the material, nonuniform distribution of heat suppli-

ed to thematerial, overheating and melting of individual sections of

the material. Hence the spark resistance of a material depends not only

on the melting temperature, but a13o on the specific sheat, heat trans-

fer coefficient, the materials, structure, the force created by the el-

ectron motion, on the shock wave; the electrode polarity, etc. For the

regime: discharge energy 0.125 joules, discharge voltage Ur w 30 volt,

current amplitude Ia - 250 amps, medium - diesel oil, the approximate

values of the .nlectric spark resistance of various materials relative

to the resistance of steel which is taken as unity, comprise: 6.0 .cr

magnesium, 4. 0 for aluminum, 1. 6 for brass, 1. i for copper, 1.0 for

steel, 0.8 for nickel, 0.6 for titanium, 0.5 for molybdenum and 0.3 for

tungsten.

R.-ferences: Stall, D.R., Tablitsy davlenlya parov individual'nykh

veshchestv (Tables of Vapor Pressur'es of Individual Substances), trans-

lated from English, Moscow, 1949; Slavinskily, M.P., Fiz~ko-xhlmlcheskiye

svoystva elementov (PhysicochcrAIzal Properties of F.lements), Mozscow,

1952; Lazarenkc& B.R. and Lazarcnkc, N.I., Fizlka £skrovogo sposoba
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obrabotki metallov (Physics of Spark Machining of Metals), Leningrad,

1957; Spravochnik po elektrotekhnichesklm materialam (Handbook of Elec-

trical Engineering Materials), vol. 1, part 1, Moscow - Leningrad, 1958.

V.V. Korolev
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ARDIL - see Protein fiber.
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ARMATURE STEEL - steel for structural reinforcing units and for

reinforcement of concrete structure.q, It is produced in hot-rolled rods

with periodic shapes (with projections forming a triple thread, with

two longitudinal ribs, etc.) of St5, following Group 1 of GOST 380-60.

The plasticity of armature steel is tested by cold bending. It is also

used in the form of cold-flattened rods of StO, St2, St3, St4, and St5

steels with periodic shapes and special hollows, following Group 1 of

GOST 380-60. When better weldability is required steel with a standard-

ized chemical composition is used (Paragraph 4, GOST 380-57). StO, St2,

St3, and St4 steels should have an ultimate strength of no less than 45

Mechanical Properties of Ar-
mature-Steel Wire

3i Hepern) H a iso~

7 (He mef1ee)

2 8

4. 0 180 3 2) 0
5'o 170 3 23 4

2)
t 0 I El ' 3;3
7,, 0 1 I 0t 3 ) 3

1) Wire diameter (mm); 2) a (kg/mm2 , no less than); 3) 6 (%, no less
than; specimens with a calchlated length of 100 mm); 4 1800 bending;
5) mandrel diameter (mm); 6) number of bends (no less than).

kg/mm2 and a yield strength of no less than 35 kg/mm the correspond-

2 2
ing figures for St5 steel are 60 kg/mm and 50 kg/nm2. Cold bending to

900 is carried out around a mandrel whose thickness equals three times

the diameter cf the rod before flattening. Hot-rolled round armature

steel wire is manhifactured from the Martensitic steels MO9kp, Ml2kp,

290



1-78ai

Ml8kp, and Ml8a and the Bessemer steel BO9kp. Hot-rolled bars of carbon

steel are used in certain special canes, following GOST 535-58. Carbon

steel wire is used for prestressed reinforced conrpetn, structures, fol-

lowing GOST 7348-55 (see Table).

M.L. Bernshteyn, I.N. Kudin
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AMC0 IRON - iron containing very small quantities of carbon and

other elements. Its chemical composition (according to GOST 3836-47) is:

TABLE 1 •0.0 4%C, •0.20%, Si, •0.20% Mn, J0.030%S,
Typical Mechanical <0.025% P, ,0.15% Cu. Armco iron has low ulti-
Properties of Armco
Iron~ (bars) at Ele- mate and yield strengths and a very high plas-
vated Temperatures

TI-p %,I 1Q,, ticity. The mechanical properties of bars (ac-

-. 1 cording to Ferrous Metallurgical Technical
•0 3o 1 20 -

300 37 zS 1~
too 15 14 20 Specification 2y00-56) are as follows: ab > 27
Boo 5 a

-- kg/mm2, a0  = 12 kg/mm2 610 2 26%, *s > 60%,

1 Temperature (°C); / "HB(dtI 5.2 mm. The mechanical properties of

Armco iron at elevated temperatures are shown

in Table 1 and its magnetic properties in Table 2.

Its physical properties are as follows: T = 7.85 g/cm3 ; a = 12.9 x

x 10-6 (25-3000), 14.7.10-6 (25-5000) 1/0C; x = 0.131 (1000), 0.124

TABLE 2

Magnetic Properties
of Ar•nco Iron (ac-
norgdin to GO ST `R'4-
47, no less than)

Cfaab 3,u

4T • 1,2 3500
')A 5 j.0 4000

0.AA O 00I•V

1) Steel; 2) ccercive force (oersteds no more than); 3) maximum mag-
netic pemrabilllty (gausses/oersted); 4) E; 5) EA; 6) EAA.
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(2000), 0.116(300°), 0.08'[(600 0 ) cal/cm.sec. 0 C; c = 0.106 (251), 0.124L

(2000), 0.132 (3000), o0C7s(0o) G/g.C.

Despite its high plasticity at room temperature, Armco iron may

become brittle as a result of extrene ferrite-grain growth or when its

oxygen content is increased; in the latter case the brittleness is ac-

companied by fracture along the grain boundaries. Armco iron may also

be brittle at low temperatures. The cold-brittleness temperature of

this metal depends principally on the size of the ferrite grains. As a

result of its high plasticity Armco iron can be subjected to deep

stamping, beating, and bending; it is only very s.lightly less suscep-

tiole to cold plastic deformation than copper arid is good for all types

of welding. Armco iron exhibits reduced plasticity over the temperature

ra:' r, 850-11500 and hot pressure working is consequently begui at 8500

or at 1250-1300°. This metal is used for manufacturing various electro-

magnetic mechanisms requiring a low coercive force and a high magnetic

induction; in many cases it is employed for deep-stamped components.

Armco iron often is used as the initial material (charge) for produc-

tion of alloy steel. It is expedient to employ the vacuum method in

producing Armco iron for the electronics industry, since it permits a

substantial reduction in power consumption.

References: Mes'kln, V.S.. Osnovy legirovaniya stal; [Principles

of Steel Alloying], Moscow, 1959.
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AHlOR STEEL - steel used in the manufacture of armor plate to pro-

tect tanks, military ships and aircraft, engineering equipment, etc.,

from artillery shells, shrapnel, and small-arms fire.

Armor steel usually contains chromium (up to 2."-5, nickel (up to

3%), molybdenum (up to 0.6%), vanadium (up to 0.2%), manganese (up to

1.5%), and silicon (up to 2%); the content of carbon and specific com-

plexes is determined by the requirements imposed on the armor plate

for which it is to be used. The following factors are taken into ac-

count in selecting the composition of armor steel: 1) the thickness of

the armor. As this factor increases the strength which must be imparted

to the armor steel decreases. While thin armor (20 mm) must have a high

ultimate strength, thick armor (200 mm) has a substantially lower ul-

timate strength and viscosity becomes the principal index. 2) the type

of shell to which the armor will be exposed. Repulsion of armor-plerc-

A-g zdlli 1.wpctiiig perp. -quires an armor steel which can

be specially heat treated to produce a heterogeneous armor with mechan-

ical properties that vary through the thickness of the plate: high

hardness (600 HB) in the forward-facing surface layers and high

strength and viscosity in the rearward layers. When the shells will

impact at a large angle to the perpendicular the armor steel must com-

bine high strength and high viscosity in a homogeneous armor place.

Protection against shrapnel and mines requires an armor steel with max-

imum impact strength at a given ultimate strength. 3) Production tech-

nology. Fabrication of armor-plate components from rolled sheets and

plates or by casting requires an armor steel which satlsfies the re-
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quirements of these production processes. The armor steel used in weld-

ed assemblages, where the armor is a load-bearing element, must exhibit

satisfactory weldability after heat treatment and minimal warping after

quenching and be suitable for cold-straightening after final heat

treatment of the plate. Armor steel which does not satisfy theze re-

quirements can be used for suspended armor.

The armor plate used to produce heterogeneous armor with variable

mechLnical properties differs quite widely in composition and proper-

ties. Thus, the cementable armor steel used for this purpose has a car-

bn content determined by the required strength and viscosity of the

base metal and the alloying necessary for hardening of armor of a given

thickness and for production of a carbide zone in the forward-facing

layers as dictated by the interaction of shell and armor. Armor steel

with a uniform composition must have a carbon and alloying-element con-

tent such that it is possible to obtain armor with variable mechanical

properties by employing the following types of heat treatment: single-

sided quenching by single-sided heating (induction, gas, in salts, etc.)

after preliminary heat treatment, sinr> .tl cooling of a uniformly

h1tdted armor plate, a combination of single-sided heating and single-

sided cooling, differential quenching, step-wise and Isothermic quench-

ing, and single-sided annealing. The armor steel used for laminar armor

must permit casting of laminar ingots, pack rolling, and other lamina-

tion methods (see Multilayer steel).

N.M. Sklyarov
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ARNEL -a trlacet~ate fibe, ;p--duced I?' the UnIted States. See Tn-

acetate f~lber.



ARTIFICIAL FIBER - fibers from natural poJller93 (z.lose, cellu-

losic esters and proteins) ,hosc .acrorrolecules have an e&tended shape,

and the polymers proper or their derivatives are soluble in accessible

solvents. Artificial fibers include viscose, acetate, cupr.mmonium and

protein fibers; viscose fibers are the most extensively used. They are

used in the textile, tire, commercial rubber and radio engineering

branches of industry.

G.G. Finger
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ARTIFICIAL FIBER FROM CELLULOSE ESTERS - fibers from complex esters

of cellulose and from organic (acetic) acids. See Acetate Fiber, Triace-

tate Fiber.

L.S. Gal'braykh

298



1.-98K I

ARTIFICIAL LEATHER - see Leather-substituting Materials.
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ARTI TUFF - see Natural acid-resiktant materials,

300



I-84a

ASBESTINE - a white, often porous rock, a variety of talc. In ad-

dition to talc, it contains an admixture (up to 25%) of short-fibered

tremolite and a varying admixture of carbonateb. Asbestine is used as

a filler in the production of paints and papers; its fibrous particles

give it an increased mechanical strength and elasticity and prevent

precipitation of the pigment during prolonged storage of paints. Lab-

oratory tests in the USSR on the use of asbestine as a filler in anti-

crusting dies in the casting of nonferrous metals have yielded positive

results.

R: Trebovaniya promyshlennosti k kachestvu mineral'nogo

syr'ya [Industrial Specifications for Mineral Raw Materials], No. 1;

Arshinov, V.V., Sokolov, P.N., Tal'k [Talc], LEningrad, 1945; Idem, 2nd

Edition, No. 1; Chernosvitov.. Yu.L., Tal'k and profillit (Talc and Pro-

phyllite], Moscow, 1961.

P.P. Smolin
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ASBETOS - a mineral of the serpentine or amphibole group with a

fibrous structure, called chrysotile asbestos and amphibole asbestos

respectively; it splits into strong, extremely fine fibers under mech-

anical stress. The diametex: of the elementary fiber (crystal) approxi-

mates that of the asbestos molecule, which gives us grounds for regard-

ing asbestos as a mineral polymer. Even a highly distended fiber con-

sists of an enormous number of elementary fibers under actual condi-

tions. In chemical composition asbestos minerals are hydrated silicates

of magnesium, iron, calcium, and sodium. The principal characteristics

used in distinguishing the groups of asbestos are water content (from

13 to 14.5% in chrysotile asbestos and from 1.5 to 5% in amphibole as-

bestos) and the index of refraction (less than 1.6 in chrysotile asbes-

tos and more than 1.6 in amphibole asbestos); the amphibole group in-

cludes 5 types of asbestos: crocidolite, amosite, anthophyllite, actin-

olite, and tremolite. Chrysotile asbestos is the principal commercial

mineral, accounting for more than 95% of the world asbestos production

and more than 99% of that of the USSR. Cro2.Idolite, amosite, and antho-

phyllite are industrially the most important of the amphibole asbestos

group. The production and consumption of actinolite and tremolite are

negligible.

Chrysolite asbestos is a hydrated magnesium silicate, its theor-

etical composition being expressed by the formula H4 Mg3 Si 2 09. The ac-

tual composition of various deposit3 differs from the theoretical com-

position by inclusion of FeO (which substitutes isomorphically in the

MgO crystal lattice) and contamination with other oxides (Fe 2 03, M.20 3,
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CaO, etc.). This mineral is completely and rapidly dehydrated at 7000,

which causes structural breakdown and loss of mechanical strength. CoM-

plete dehydration of chrysotile asbestos occurs within one year on pro-

longed heating at 5500. This type of asbestos melts at -1550* and has

an index of refraction of 1.50-1.55; its specific gravity varies from

2.4 to 2.6, depending on its crystallization-water and iron contents.

A normal fiber is easily broken down into extremely fine elastic fi-

briI2. Fibers with reduced elasticity (semibrittle and brittle fibers)

are encountered in deposits of chrysotile asbestos. When elasticity is

normal the mechanical strength of this mineral is high along the fiber

axis; it reaches 365 kg/mm2 in fibers which have not undergone deforma-

tion and which have a prismatic shape and a lustrous surface. The fi-

bers are deformed during mining and processing and this causes their

strength to decrease to 60-80 kg/mm2 . The modulus of elasticity of a

nonnal fiber ranges from 15.8.105 to 21.105 kg/cm2 . Semibrittle and

brittle fibers are easily split and less strong. When their fibrils are

loosened semibrittle fibers lose a large part of their strength and

brittle fibers break up (the latter are of no practical value). Fiber

length reaches 50-75 mm, but the majority of fibers are less than 3 mm

long. Chrysotile asbestos is not acid-resistant, but alkalies have lit-

tle effect on it (Table).

The quality of commercial chrysotile asbestos has been standard-

ized by GOST7-60. The principal qualitative indices are average fiber

length and texture (degree of fluffiness), content of nonfibrous rock

inclusions in the form of dust and small fragments, and absence of the

brittle variety. Conimercial asbestos is divided into grades and types

in accordance with fiber length and texture and contamination with

rock. The Soviet asbestos industry produces eight grades with the fol-

lowing average fiber lengths in mm: Grade 0- more than 18, Grade I- -
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16, Grade 2 - 12, Grade 3 - 9, Grade 4 - 5.5, Grade 3- 2, Grade 6 -

1.0, Grade 7 - fractions of a millimeter. The fiber texture of chryso-

tile asbestos is classified a• 'ýrr, semihard, and soft. The more com-

pact the fibers in a given grade, tha higher the quality of the asbes-

tos. More than 80% of the entire Soviet production of chrysotile asbes-

tos is used in the manufacture of structural and insulating materials

and products (asbestos-cement roofing, siding, and sheathing tiles and

sheets, asbestos-cement water and gas pipe, channels, and ventilator

housings, asbestos-cement wall panels, sanitary enclosures, cooling-

tower components, and special-purpose products, asbestos-asphalt floor

tiles and asbestos cements, asbestos insulating materials, e.g., asbes-

tos cardboard and asbestos-magnesium, asbestos-dolomite, and asbestos-

diatomaceous materials and products, and asbestos-bitumen roofing and

waterproofing materials). Asbestos filters are used in the chemical in-

dustry. The majority of chrysotile asbestos of grades 3, 4, 5, 6, and 7

is used in the productioi of asbestos structural and insulating pro-

ducts and materials. The next basic group consists of asbestos mater-

lals and products used in machine building, electronics, and heating

plants. These can be subdivided into: 1) textiles produced from the

longest-fibered grades of cI~rvsotile asbestos, up to grade 3 (asbestos

yarn, thread, and cloth products). As much as 20% cotton fiber is added

to increase product strength; in manufacturing certain types of fabric

asbestos yarn is twisted with metal wire; 2) formed articles produced

from Grades 3-6, with organic and inorganic binders added.

The principal products manufactured from chrysotile asbestos are:

1) friction products - molded brake shoes produced from a mixture of as-

bestos and synthetic rubbc., ;,oven brake bands impregnated with bitumen

or oil, woven or molded asbestos-bakelite brake linings, whi.ch are

pressed on latex synthetic rubber or molded or rolled on synthetic rub-
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ber, friction rings of woven asbestos-bakelite, asbestos-bakelite mold-

ed or pressed on synthetic latex, or asbestos-bakelite cardboard, and

friction plates of woven asbestos or asbestos cardboard impregnated

with bakelite. 2) woven and rolled asbestos packing glands, annular

packings (cups of cut asbestos fabric, out asbestos-aluminum rings). 3)

asbestos packings: asbestos-steel sheets, paronite (asbestos-rubber

sheets), cut strips of asbestos fabric, metal-wire-reinforced asbestos

linen, cut and ruled (see Reinforced linen), asbestos-cardboard pack-

ings, feronite (packing sheets consisting of asbestos, rubber, a filler,

and a metal grid). 4) asbestos electrical-insulating materials: insu-

lating paper and cardboard, sheets of insulating asbestos fabric, elec-

tronit (asbestos-rubber sheets), bulk electronit. 5) asbestos heat-in-

sulating materials: asbestos cord, asbestos insulating paper, asbestos-

magnesium cord, beaten asbestos fiber. 6) asbestos filter materials:

filter fiber, filter plates, sterilization plates.

Solubility of Asbestos Min-
erals in Acids and Alkalies

lwep ".eca (-.) n-one 528-%acomed
Se~pa6orI•H npn 26' 25%-Nmh

AcfleCm- 2 MaCTImpood""e I I
uumeep..i 11CI CH COOII IIo. HA us o, II.1

1 "I I 
I !X aao3- I I1I I

TnA- A. w'. 5O 00 14.04 : 45 5:.O [002,0

awAUY -A 3.14 1.02 3.91 3.4S9 1.20

5 Aw1osu-A. 12.0 3.08 11.63 .i 71 3 2. 8

6amYO#A.- 1A3 1.01 3.29 2. 901t. 0

1) Asbestos minerals; 2)loss of weight (%) after treatment for 528 hr
in 25% solution at 260; 3) chrysotile asbestos; 4) crocidolite asbes-
tos; 5) amosite asbestos; 6) anthophyllite asbestos.

Crocidolite asbestos is a fibrous variety of riebeckite and has

the theoretical composition 3H2 0.2Na20.6 (Fe, Mg) O.2Fe 2 03 .17SiO2 ; it

has a hardness of 4, an index of refraction of 1.7, a specific gravity

of 3.2-3.3, a mechanical strength somewhat higher than that of chryso-
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tile asbestos, and an average fiber length greater than that of chryso-

tile asbestos.

Amosite asbestos is a hydrated ferromagnesium silicate with an ir-

regular chemical composition; it has a hardness of 5.5-6, an index of

refraction of 1.64, a specific gravity of 3.1-3.25, and a mechanical

strength one-third that of crocidolite asbestos. Its acid- and alkali-

resistance are satisfactory, but somewhat lower than that of crocido-

lite asbestos (Table). Amosite asbestos has the longest fibers of the

simple types of asbestos, the fiber length reaching 300 mm (averaging

from 12 to 70 mm); the fibers are, however, less elastic, more rigid,

and more difficult to split than those of crocidolite asbestos.

Anthophyllite asbestos is a fe'romagnesium hydrosilicate with the

chemical composition (Mg, Fe) 7 .Si 8 0. 2 . (OH) 2 ; it has an index of refrac-

tion of 1.61, a specific gravity of 2.85-3.11, and a very high chemical

stability (Table). This permits its use in asbestos filters, in chemi-

cal laboratories, and in certain chemical manufacturing processes.

Crocidolite asbestos is used in the production of chemically sta-

ble asbestos products in the chemical industry (linings, packings, fil-

ters, etc. 1 and a-i an additive to chrysotile asbestos in the manufac-

ture of eabestos-cement products and heat-insulating materials. Amosite

asbestos is used In thki same types of products as crocidolite asbestos,

except in textiles. unthophyllite asbestos is employed primarily in the

production of equipment for the chemical industry and, in certain coun-

tries, as an additive to chrysotile asbestos in the manufacture of as-

bestos-cement products.

References: Trebovanlya promyshlennosti k kachestvu mineral'nogo

syr'ya (Industrial Specfi'cat1 for Mineral Raw Materials), No. 5,

Sokolov, P.N. and Shneyder, . , Asbest [Asbestos), Moscow, 1959;
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Sinclair, W.E., Asbestos, Its Origin, Production and Utilization, Lon-
don, 1955.

N.N. Sokolov

I3
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ASBSTOS CARDBOARD - is a fireproof insulating material whose main

componrnt is the fiber of chrysotile asbestos. It is delivered in

sheets (dimensions of the sheets in mm: 500 x 900; 900 x 1000, and 1000

x 1000). The thicknees of the cardboard is 2-10 mm, the heat conduction

coefficient at 20 is 0. 18-0.21 kcal/hr.m, degree. It is used for the

protection of wood constructions against fire, as a lining for indus-

trial furnaces, for the heat insulstion of pipelines and hot surfaces

with temperatures from 150 to 5r00, as a packing material in flanges of

the connection. pipelines of petroleum refineries and other plants. In

2
connections with a low pressure up to 16 kg/cm and temperatures up to

300', the asbestos cardboard is used as a soft packing. At higher pres-

sures, up to 40 kg/cm 2, and at temperatures up to 300-4500, asbestos-

metallic packings are used, consisting of a soft corrugated metal shell

and a filler from asbestos cardboard.

The physicomechanical properties of asbestos cardboard are listed

In the Table.

TABLE
ii l .in 3 IIoeua

- ".%V .. see (, o .). -1 3

,II. s.G ...... .... .. .( I

7~ ~ ., . .I tl,. . .. . .. .

1) Indices; 2) standarg;3)
weight by volume (g/cm-);i.)
strength (kgf/cm2 not less
than); 5) along; t) across-

) moisture (not more than5;
8 loss in weight after cal-
cination (%, not more than).
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It is delivered according to GOST 2850-58.

References: Kitaytsev V.A., Tekhnologiya teploizolyatsionnykh ma-

terialov [Technology of Heat-Insulating Materials], Moscow, 1959;

Neftyanoye oborudovanlye [Equipment for the Petroleum Industry], Vol. 5,

Moscow, 1958.

Ye. G. Vagina
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ASBESTOS CORDS AND ASBESTOS THREAD- are manufactured from chryso-

tile-asbestos fibers combined with cotton. The types and the character-

istics of the cords are listed in the Table.

Types and Characteristics
of Asbestos Cords

S Bec
J i e1"p I 1 nor. x I u MeTJ 1 ec 1 nnr..w

.,IPolD @(), W"ypO (e), e H oaee

1 ('•) •e Ooaee (.A)

3A cOecToSUR 0Na rHc6o ear e3ianb-
WHY p HIA 8 M Hyp3 11) ' 95

4 15 Ii 3

5 20 19 190
6 25 22 215
8 60 25 290

10 90 28 420
t13 125 . y2 440
16 175 5 6 Ac ,nyxmi yp19 260 2 18022 290 25 120
25 380 , l. 380

I) Cord diameter (mm); 2) weight of the running meter (g), not more
than; 3) asbestos cord; 4) asbestos-magnesia-cord; 5) asbestos-cotton-
cord.

Asbestos thread is manufactured with diameters of 0.5 to 2.5 mm.

Asbestos cords and asbestos thread with a diameter of up to 6 mm are

twisted from one or more single yarns; such with a diameter greater

than 6 mm are manufactured from asbestos thread, varn or rove entwined

with asbestos thread or yarn. Asbestos-magnesia cord is manufactured

by entwining asbestos thread around a core composed of magnesia and as-

bestos draw thread. Asbeotos-cctton cord is formed from a core of card-

ed asbestos and cotton fibers and entwined with asbestos or cotton

thread. The loss in weight after roasting at 7000 mast not surpass 32%

for asbestos cord and asbestos thread, and 22.5% for the cover braid-

ing of the asbestos-magnesia cord; the coefficient of heat conductiv-

ity is 0.080 for asbestos-cotton cord; 0.100-0.128 for asbestos cords
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with a core of asbestos-cotton cord, and 0.150 kcal/m.hr.eC for asbes-

tos cords with an asbestos-cord core. Asbestos cords are used as a pack-

ing to stuff boxes of objects used to work in a nonaggressive medial;

asbestos-magnesia cord and asbestos-cotton cord are used as a basic

heat insulation. Asbestos cord is used as a heat-resistant packing ma-

terial to seal manholes, flanges, molds for steel casting, etc. Asbes-

tos cord and asbestos thread can be used for a long time at tempera

tures which do not exceed 4000.

N.T. Dodonov
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ASBESTOS FABRIC - is made by interweaving warp and weft asbestos

threads on a loom; according to GOST 6102-52.9 brands are produced. In

addition to fabrics provided for in the GOST, the industry produces

sealing, asbestosmetallic and asbestosglass fabrics in accordance with

individual TU. The characterization of fabrics is presented in the table.

Indicators of Asbestos Fabrics
PaapumhlfaR Hnrgp78HC

noaoxa5×1O., Io'en-P ups,

lllNpXHa Toamu na Bec I i (a Ie ,enee) 0 npoa m
Mappa (-, He (:, e xe npm 7000

d 1 one) onee)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ a .n.o o c uo s e 0o ~M Y ( H ~ dn7 e e )

AT-i ........... 1t04 1,6 too0 65 27 2290

AT-2 ......... 10t0 1,9 I100 50 0t 32,0
AT-3 ..... ........... 1040 2,9 1500 42 t2 32.0
AT-4 ..... ........... 0t40 3.5 1900 42 14 32.0
AT-5 ...... .......... 1040 3,2 1900 68 25 32,0
AT-6 ..... ............ 1550 3,8 3400 250 150 19,0
AT-?. ..... ........... 1520 2.5 1600 80 60 23,5
AT-4 ...... ........... 1500 3,5 2000 75 100 23,5
AT-S ..... ........... o500 3.5 2000 70 45 32.0

OT-i I..... ........... 1100 1.5 1200 50 50 32,0

OC-2 ..... ........... 1t00 t,5 1600 70 70 32,0

OT-2/35 ..... ......... 1t00 2.0 1800 100 50 32,0

HM-l0 ..... .......... 1080 1,6 1200 95 25 32.0

HM-12 ..... .......... 1080 1,2 900 55 t4 32,0

ACT-i. ..... .......... 1040 2,3 1200 90 40 27,0

ACT-4 . .... .......... 1040 3,5 1600 70 25 32,0

1) Brand; 2) width (MM); 3) thickness (mm, not more than); 4) weight
of 1 m2 (g, not more than); 5) rupture length of a 50 x 100 mm strip
(kg, not less than); 6) losses on calcining at 7000 (%, not more than);
7) NM; 8) AST.

Following are the uses of asbestos fabrics: the AT-l, AT-2 and AT-3

fabrics are used as a filler in making heat resistant asbestos plastics

for electrical insulation and construction purposes; AT-4 is used in

the production of rubberized items of industrial equipment (asbestos

lining strips, rolled up packing gland mater-.al, packing rings and V-

shaped rubber packing rings) and as heat ins;ulation of surfaces up to

3O0; AT-5 is used as a filler in making friction linings and clutch

rings for automotive and other engines; it is made from asbestos yarn

with brass wire and is impregnated in various compounds; AT-6, which
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is distinguished by high mechanical strength and a low cotton content

is used as diaphragms in electrolitic processes as well as for heat in-

sulation of surfaces up to 6000; AT-? is used as a sheating material

in the production of mats with loose fillers; the mats are used for

heat insulation of surfaces up to 5000; AT-8 and AT-9 are used as heat

insulation up to 400 and 3000, respectively. The OT,1, OT-2 and OT-2/35

sealing fabrics are distinguished by high elongation at break and are

used in making shock absorbing pads for special mechanisms. The NM-10

and NM-12 asbestosmetallic fabrics (with brass wire) are used in making

asbestos textolite and engine gaskets. The AST-1 and AST-4 asbestos-

glass fabrics (with a continuous nonalkaline glass thread) are distin-

guished by a high mechanical strength, heat resistance and low weight

and are the replacements, respectively, of the AT-7 and AT-8 asbestos

fabrics. The thermal conductivity coefficient (X) of the AT-6, AT-7,

AT,8, AT-9, AST-1 and AST,4 fabrics, which is determined by the pipe

method, when not less than 3 layers are placed, can be expressed, de-

pending on the average temperature (tsr), by the formula:

ka= O,t2O+O,OOO2otCr kcal/m-hour-°C

References: Poyarkov, A.S., Vovoya tekhnologiya pryadeniya azbes-

ta [The New Asbestos Spinning Technology], Moscow, 1959.

N.T. Dodonov

Manu-
script [Transliterated Symbols]
Page
No.

312 TY = TU = tekhnicheskiye usloviya = technical specification

312 rOCT = GOST = Gosudarstvennyy obshchesoyuznyy standart All-
Union State Standard

312 AT = AT = azbestovaya tkan' = asbestos fabric

312 OT = OT = obtyuratornaya tkan' = sealing fabric
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312 ACT = AST = azbosteklyanaya tkan' = asbestosglass fabric
313 cp = sr = srednyaya = average
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ASBESTOS FIBER - is produced of three types: beaten, combed and

filter fiber. Beaten fiber is serpentine asbestos, which corresponds in

its starting state to GOST 7-60, treated in a vertical opener for separ-

ation of fibers. Asbestos of grades 3-5 with rough, semirough and soft

textures is used for obtaining beaten fibers. Beaten fiber is produced

according to: TU MKhP 323-N (grades 3-5); TU 35-KhP-38l-61 (Zh-3-4oh

P-3-50, P-3-60, P-3-70, M-5-60); TU MKhP ShAU 41-54 (Zh-3-4o0, P-3-60,

P-30-70). The losses due to firing of processed fiber at 700° should

not exceed 14% and the moisture content should not be higher than 6%;

it is used for filling of insulation mats and in the pure form for

thermal insulation and as a component part of insulation mixtures.

Combed fiber differs from beaten fiber by its greater fiber length

and the degree of separation. It is pr-duced from rough texture grade

1-3 serpentine asbestos. The fiber is processed by edge-runner mills,

vertical opener and a carding machine. Combed fiber is used as a heat-

resistance reinforcing filler in the production of plastic materials

and should meet the following basic requirements: hygroscopic moisture

up to 4%, losses due to firing at 7000 up to 15%, iron contnt of the

asbestos up to 4%. The combed fiber is produced according to TU ShAU

52-55 from brand Zh-3-40 asbestos and according to VTU-35-KhP-383-61

from brand Zh-1-50 and Zh-l-38 asbestos.

Filter fiber represents a homogeneous mixture of grade 4 serpen-

tine asbe3tos and bleached sulfite pulp, separated in a beater into

thin fibers. Filter fiber is produced according to TU QWhp 331-N, brands

be Ing YaK-l, YaK-2 and YAK-3, and has the following characteristics:
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TABLE

2 VoTem a n• p
nIp0N~4Mumnn
npn 700 (%). 26-34 608-78 5--6

It"aMuacm(%). 11ol Aol 1 o0l
Uesuwcn mAn 4 4 4
Onim"Aanu
P#In ]lnma .5 Egd'Crpo- Bnmain Cpeawei

1) YaK; 2) wei t loss when
fired at 7000 %); 3) mois-ture content (%;4) up to;
5) used for filtering of
fluids; I free-flowing; 7)
viscous; 8)of medium
viscosity.0

E.S. Popova
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ASBESTOS FRICTION MATERIALS - materials used in the manufacture of

elements of braking units intended to absorb the kinetic energy of op-

erating machines (to half movement) or to transfer motion from one part

of a machine to another. Asbestos friction materials and products con-

sist of asbestos, powdered fillers (barite, iron minium, ground quartz,

corundum), binders (bitumen, linseed, tung, and perilla oils, synthetic

rubber, latex, phenol-formaldehyde resins), metal filaments or rods,

and other additives. Under operating conditions asbestos friction mat-

erials are subject to static and dynamic stresses, the high tempera-

tures produced during frlct.on, and wear. Asbestos friction materials

and products fabricated from them should have a high, stable coeffi-

cient of friction and a high wear-resistance, but should not scratch or

abrade the surface with which they are in contact. A decrease in coef-

ficient of friction during operation at elevated temiratures makes

braking devices unreliable. The principle types of asbestos friction

materials and their compositions and applications are shown in Table

I and their physical and mechanical properties in Table 2; Tables 3 and

4 show the thermal and pressing properties of certain asbestos friction

materials.

Investigation of various asbestos friction materials has shown

that each of them has a critical temperature above ihich the coeffi-

cient of friction drops off sharply. Thus, the majority of materials

with rubber binders have critical temperatures of 220-250, while those

basel1 on phenol-formaldehyde resins have critical temperatures of 260-

280*. The binders of 6KKh-l and 7KF-31 burn off at temperatures above
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Principal Types of Asbestos Friction Materials and
Their Compositions and Applications
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1) Type; 2) composition; 3) application; 4) 6K)M-1; 5) 7KF-31; 6) 6KV-
10; 7) 1F-3 and KF-3M; 8) KF-3G; 9) K-217--57P; 10) synthetic rubber,
asbestos, zinc oxide, Iron rniniux; 11) synthetic rubber, cresol resin,
zinc oxide, iron rniniurm; 12) fibrous 4sbestos impregnated with resol
resin; 13) fibrous asbestos Im~pregnated with pheno'A-formaldehyde resin,
graphite; 14) asbestos impregnated with resol resin, brass rod; 15)
brake linings for trucks and winches; 16) clutch coll'ars, for trucks;
rolled belting for road-building mrac:iinery; 15) friction linings and
shoes; 19) components Intended to provide-damping of vibration in dry
friction over stainless stee'&; coefficient of frictlon unstable; 20)friction linings and collars for excavators; 21) TF-2 (K-15-13); 22)
retinaks: FK-16L, (K-236.-r8), PK-24A; 23) asbestos brake bands; 24) as-
bestos Impregnated with recol resin, barite, Lorundur., brass rod; 25)
asbestos, resol resin, brass rod, barite; 26) phenolic resin modified
with colophony, asbt~sto3, brass rod, barite; 27) phenolic resin modi-
fied with colophony, asbestos, barite (without brass rod); 28) asbestos
fabric woven of asbestos thread and brass wire, Impregnated with bitu-
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men (type A) or linseed, tung, or other oil (type B), and heat-treated;
29) material with high, stable coefficient of friction for caterpillar
machinery; 30) friction collars with high impact strength for tropical
use; 31) braking devices for walking excavators and drill winches; PK-
16L - braking devices for aircraft; 32) linings for various braking
mechanisms; type B - principally in tractor and automobile mechanisms.

TABLE 2

Physical and Mechanical Properties of Asbestos Friction Material3

* U 3i i4F *-.... - ,,

S,- 16 -*, • . 29 316 2

(0 .•St1

3% a. 6N

'25 12

1) Type; 2) specific gravity; 3) Brinell hardness (kgAmn2)- 4) coeffi-
cient of friction (no less than); 5) wear over 2 hr(mg); 6) short-term
resistancf to; 7) static bending; i) shear- 9) tension; 10) compression;
11) kg/cmf; 12) impact strength (kg.cm/cm2); 13) water absorption
(g/drn , no more than); 14) oil resistance (4); 15) Martens thermostab-
ility ('C, no less than)- 16) 6KCh-i; 17) 70P-31; 18) 6KV-1o; 19) [7-3;
20) KF-3M; 21) [7-30' 221 X-217-57P; 23) TF-2 (K-15-13); 24) retlnakz;
25 PK-16L (K-236-58); 26) FK-24A; 27) asbestos brake bands; 28) up to;
291 no less than.

TABLU

Tr•erea• Properties of Cer-
tair' Asbest%,s Friction Ka-
terlals

1) Index; 2) Type, _- 4) FX-I.; .) FK-C24A; 6) c.,':-cir.,t of
liwar expanst-w, .- c- 1 ') .heat zaracity (,zatl/,q.'C-, therrI.&
COndictiity( i
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250", while K-217-57P is resistant to 3000. Exceptions to this rule are

retinaks, IX,15-6, and TF-2 (K-15-13). The coefficient of friction of

retinakis drops at i80°, but stabilizes at 200-350°; on prolonged expo-

sure to high temperatures the coefficient of friction increases with no

marked reduction in durability. K-15-6 and TF-2 (K-15-13) have stable

coefficients of friction which remain almost unchanged at sliding

speeds of up to 30 m/sec and loads of up to 10 kg/cm 2. TF-2 is stable

under tropical conditions. At temperatures of up to 9000 the coeffi-

TABLE 4
Pressing Properties of Cer-
tain Asbestos Friction Ma-
terials

DO qemiAR(%.

1) Type- 2) aushig yield (mm); 3) calculated shrinkage ( no more
than; 41. KF-3; 5) KF-3M; 6) -217-57P; 7) TF-2; 8) FK-16L.

cients of friction of K-15-6 and TF-2 are somewhat higher than that of
retinaks. Products fabriLated from asbestos friction materials should

not crack, exfoliate, or crumble when drilled or countersunk under riv-

eta or when riveted to metal shoes or disks. Such products can be clas-

sified as net, woven, molded, pressed, or rolled, depending on the pro-

ces's employed in their manufacture. More than 50 asbestos friction ma-

terials have been assigned nares.

.RfeM.iea: Povysheniye effektilvnosti torvroznykh :istrolstv. Svoy-

stva friktslonnykh materialov [Increasing the Efficiency of Braking Dc-

vices. Properties of Friction Materials], cillectlon -f articles, Mos-

cow, 1959; &aular.ov, A.A., Friktsionnyye materialy [Friction Materials],
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Moecow. 1958; Chichinadze, A.V., Troyanovskaya, 0.1., Temperaturnoye po-

le, koeffitsivent treniya i iznos friktsionnykh par [Temperature Field,

Coefficient of Friction, and Wear of Friction Pairs], Moscow, 1957.

M.S. Krol'

3
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ASBETOS PAPER - a roll material manufactured from chrysotile as-

bestos fiber with starch added as a binder. Cellulose or synthetic la-

tex is added to the mass for certain types of paper. The asbestos-fiber

content of this material ranges from 76 to 96%. Several types of asbes-

tos paper have been developed: heat-insulating, waterproofing, membrane,

electrial-insulating, and calendar-roll.

Heat-insulating asbestos paper (GOST 263o-44) is produced in rolls

670, 950, and 1150 mm wide and 0.3, 0.4, 0.5, and 0.65 mm thick and in

sheets 1000 x 950 mm in size and 0.5, 1.0, and 1.5 mm thick. The weight

of 1 n2 of paper 0.65-1 mm thick is no more than 1250 g; its coeffi-

cient of thermal conductivity is 0.1350 kcal/m.hr.0 C. The loss during

heating at 700-750o is no more than 17%. The tearing length for paper

0.65-1 mm thick is no less than 160 m along the fibers and 70 m across

them. This paper is used at temperatures of no more than 500. Water-

proofing asbestos paper (TU MKhP 64-N) is manufactured with an admix-

ture of cellulose and produced in rolls 950 mm wide and 0.65 mm thick.

It is impregnated with oxidized petroleum bitumens (gidroizol) and used

as a waterproofing layer for subterranean and other structures, as an

anticorrosion covering for metal pipes, and to protect the surface of

foundations from moisture. The asbestos base of gidroizol makes it rot-

proof and comparatively fire-resistant. The impregnability of this pa-

per is determined from its ability to absorb kerosene, which should be

no less than 72%. The weight of 1 m2 of this material is no less than

400 g; its loss In weight on heating at 700-7500 is no more than 30%,

while its tensile strength is no less than 450 g/mm2 . Asbestos membrane
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pa2 (TUMKhP 25 8 -55P) is used for membranes in the electrolysis of

aqueous solutions of the chlorides of alkaline metals. It should have

a definite strength and porosity. It is produced in rolls 915 and 950

mm wide and 0.65 mm thick and has a tearing length of no less than 360

m along the fibers and 180 m across them; I m2 of the paper weighs 450-

600 g. The transverse permeability of 1 m 2 of a single layer to water

is 2000-3000 cm3 /min at 200 and 700 mm H2 0. The latest electrolyzer de-

signs utilize a layer of asbestos fiber instead of asbestos paper.

Electrical-insulation asbestos paper (GOST 9426-60) is produced in

thicknesses of 0.2, 0.3, 0.4, 0.5, 0.8, and 1.0 mm, with corresponding

breakdown voltages of 1200, 1400, 1700, 2000, 2300, and 2500 v. Varnish-

impregnated paper is used for between-turn insulation in coils and in

the manufacture of laminated plastics. Lmpregnation promotes an in-

crease in electric strength from 3-5 kv/mm to 5-10 kv/mm, in deep re-

sistance from 108 to lolO-lo1 ohms/cm, and in specific skin resistance

from l07 to 109-10l0 ohms. The bulk weight of this paper does not ex-

ceed 0.5 g/cm3 , while its loss in weight on heating at 700-8000 is no

more than 25%. The Fe3 04 content of such paper is no more than 3.4%.

Calendar asbestos paper (TU MKhP 3921-55) is intended for lining the

calendar rolls used in the manufacture of capacitor paper. In order to

give this paper high strength and elasticity semipulped cotton and syn-

thetic latex are added to it. The final rolls contain paper 720, 800,

and 1080 mm wide and 0.2-0.3 mm thick, whose tearing length is no less

than 450 m in either direction (longitudinal or transverse). Its loss

in weight on heating at 700-8000 is 34-40%.

References: Kitaytsev, V.A., Tekhnologiya teploizolyatsionnykh ma-

terialov [Technology of Heat-Insulation Materials], Moscow, 1959;

Spravochnik po elek~rotekhnicheskim materialam [Handbook of Electrical
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Materials], Vol. 1, Part 1, Moscow, 1958; Stender, V.V., Diafragmy dlya

elektroliza vodnylh rastvorov [Membranes for Electrolysis of Aqueous

Solutions), Moscow-Leningrad, 1948.

Ye.G. Vagina
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ASBOINE- see Pul e.lectronite.
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ASBOPLASTIC - a plastic material reinforced with a filler of as-

bestos fibers, used in the manufacture of components with a high heat-

resistance and mechanical strength. Asboplastics are divided into the

following groups: laminar plastics, asbovoloknits, and true asboplas-

tics based on asbestos fiber or mats preliminarily molded into the prod-

uct. Parallel-fiber asbestos of filamentous crystals is the primary raw

material in the production of asboplastics. The physical and mechanical

Physical and Mechanical Properties of Asboplastics
Based on Different Resins

lottasa aeaoa4.opx lerllaa 3 7 ipeenlupr a lf

ACG O O njzct xI O-0- mc~oao- acaojwm

nooaloar OCKOHO a , r, nortnmu A
1 r ,.. %cu5 67n _1 . ... . o. ,

YnAab1i l Mee . .. 1.5 ,5--1.83 1.95 t,.6-1.7 .6.'S 1,t--I. 1.175"-

4 Rio. (%) . 0.8-5.0 0,5-1,0 - 0.1-1 0.4-5

(iPUP. IN"HENU W.. S1SO- 600-- 250- 1750- 100') .,- 245)--39 i'memu ]• 100 2500 t01)0 .. 50 12,5o 2580

n •l cTauq. narx~e . 350-- 700- Ro0- 1750- 1400 t02O-- : :.oG
3900 2450 1200 245"1 t 2o0 2110

Wey (C) . . 250 1110-200 20-30 250 250 25o-350 l00-20v

alPOOUNOe (WNU). -- 40 1, -- 6-7 2 -4 2,5-5

"*ATlaminar plastic based on asbestos paper or as-
bestos board.

1) Index; 2) resin; 3) phenol-formaldehyde; 4) plastic based on mats;
5) asbolite; 6) asbo-oloknit; 7) silicoorgan!p; 8) melamine; 9) e eci-
fic gravity; 10) water absorption over 24 hr (%); 11) ultimate strength
(kg/cmn'); 12) under tension; 13) under static bending; 14) Martens
thermostability (°C); 15) breakdown voltage (kg/mm).

properties of asboplastics depend on the type of resin and its content.

The resin content is generally 30-45%. Phenol-formaldehyde, melamine,

silicoorganic, and furfuryl resins are most commonly employed as the
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binders in asboplastic production, unsaturatOl polyester and polyopoxy

resins and suspensions of polytetrafluorethylene being used less fre-

quently.

The Table shows the principal propeIe.s of various asboplastios.

The mechanical properties of asboplastico are rather stable under

the action of moist air and water; there materials have an elevated

thermostability (being resistant up to 500*). Asboplastics, which do

not contain organic fillers, ane resistant to tropical conditions. The

fatigue strength of asbolite under bending (106 cycles) Is approximate-

ly 500 kg/cm2. Products are fabricated from laminar asboplastics by

machining or molding. Large-size articles are manufactured from asbo-

voloknit mats with parallel fibers, which are produced on asbestos-

combing machines. Binder-impregnated matE are pressed into complex prod-
2ucts under pressures of up t. 15 kg/cm

Asbovoloknit, or raolite, is used in the manufacture of large-size

pipes, armatures. and other products. Articles are fabricated from the

asbovoloknits K-6, K-41-5, KF-3M, etc., by direct pressing and extru-

sion under pressures of 500-600 kg/cm2 and at temperatures of 145-1600

for sheets based on phenol-formaldehyde resins and 160-2100 for sheets

based on silicoorganic resins.

Asboplastics are used in the manufacture of rotary-pump blades,

friction clutches for hydraulic drives, panels for mounting electrical

controls operating at low voltages, etc. Commutators for small electri

cal equipment, contactors, switches, and other components are manufac-

tured from the asbovoloknits K-6, K-41-5, etc. Press materials of type

KF-3, etc., are used for hot pressing of brake shoes for subway cars and

other components. The coefficient of friction of unlubricated aabopla3-

tic at a specific pressure cf 10 kg/cm2 and a speed of 0.4 m/sec is

0.3-0.35, as determined on an "Amaler" machine. Asboplabtics, which are
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distinguished by high strength and rigidity, are used in the manufac-

ture of large-size structural components (elements of aircraft wings

and rudders, glider components, elements of free-standing tanks, etc.).

As a result of their high heat resistance plastics based on asbestos

mats are widely used for thermal protection of rocket nosecones, heat

insulation of rocket engines, and heat-insulating shielding.

References: Shugal, Ya.L., Baranovskiy, V.V., Sloistyye plastiki

[Laminated Plastics], Moscow-Leningrad, 1953; Kiselev, B.A., Ukh, 1960,

Vol. 29, No. 6, pages 796-808; Armirovannyye plastmassy v raketnoy tek-

hnike [Reinforced Plastics in Rocket Technology], Ekspress informatsiya

[Information Bulletin], 1958, No. 46 (Nos. 136-139), 137-138.

B.A. Kiselev
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ASBOSTEEL SHEETS - a product fabricated from two sheets of a spe-

cial asbestos-latex paper Joined by an intermediate framework of per-

forated steel. Both sides of the sheet are coated with a layer of lam-

ellar graphite. This product is intended for sealing gaskets at the

points where tractor-engine components are Joined. The gaskets should

not adhere to metallic surfaces or be permeable to water, gases, or

oil. The sheets are 1.75 mn, thick, 50 mm wide, and 50-875 mm long. The

sheet lengths most in demand are 675 and 875 umn. The absorption capa-

city of asbosteel sheets over a 4-hr period at 200 is no more than 7%

in water, 15% in oil, ard 17% in gasoline. The loss resulting from

roasting of an asbestos layer separated from the steel framework is

_<40% at 700-800*; the tensile strength is -250 kg/cm2 along the sheet
2and -320 kg/cm across it. The residual shrinkage through the sheet is

2 2-20% under a load of 250 kg/cm and -25% under a load of 500 kg/cm

Gaskets fabricated from asbosteel sheets will function in water, oil,

and hot gases at temperatures of up to 3500 and pressures of up to 100
2kg/cm

S.I. Chernyshev

329



1-91a

ABOT OLITM - a laminar pressed sheet material consisting of

layers of asbestos fabric impregnated with a synthetic-resin solution.

It is produced in tiles and sheets of varying thickness and is also

molded into complex products. Production of asbotextolite involves as-

bestos fabric based on chrysotile asbestos fiber of types KV-6, KV-30,

AT-i, etc., and phenol-formaldehyde resins (melamine and silicoorganic

Physical and Mechanical Pro-
perties of Asbotextolite
Based on Various Resins

.ki
SNfo,,aieaue~
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1) Index- 2) resin; 3) phenol-formaldehyde; 4) melamine; 5) sil1coor-
ganlc; 6) specific gra¥1ty; 7) water absorption over 24 hr (W) 8) ul-
timate strength (kg/cm ); 9) under tension; 10) along base; 11i across

base; 12) under compression; 13) perpendicular to layers; 141 along lay-
ere; 15) ,under static bending; 16) Martens thermostabllity (C); 17)
breakdown voltage (kv/,m).
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resins are less frequently used). The resin content of the impregnated

fabric amounts to 38-43%. Asbotextolite sheets and tiles based on phe-

nol-formaldehyde resins are pressed at a temperature of 150-160* and a

pressure of 90-110 kg/cm2 . The Table shows the physical and mechanical

properties of asbotextolite based on various resins.

The coefficient of friction of unlubricated asbotextolite based on

phenol-formaldehyde resin is 0.3-0.38 at a pressure of 10 kg/cm2 and a

speed of 0.4 m/sec; when lubricating oil is used the coefficient of

friction drops to 0.05-0-07. Under these same conditions the wear over

I kg amounts to 2-5 mg under dry friction and 1-2 mg when lubricating

oil is used. The Brinell hardness of this material is 30-45 kg/mm2. As-

botextolite based on phenol-formaldehyde resin has an oil and gasoline

absorption not exceeding 1%. The loss of weight produced by soaking

specimens in hot mineral oil for 6 hr at 1250 does not exceed 3%. Most

components fabricated from asbotextolite are produced by machining. It

is recommended that blanks of plastic based on phenol-formaldehyde re-

sin be heat-treated at 130* for 12 hr. Asbotextolite up to 1.5 mm thick

can be cut with a guillotine without preliminary heating; sheets up to

3 mm thick can be cut after preliminary heating. Carborundum abrasive

wheels 300-350 mm in diameter and 3-6 nm thick are also used for cut-

ting asbotextolite; this operation is carried out at a cutting speed of

3000-3600 m/min, feeding the material to the wheel at a rate of 0.01-

0.6 m/min. A number of flat components are fabricated from asbotexto-

lite up to 3 mm thick by stamping. This plastic can be lathed and

milled. Cutters of high-speed steel or with blades of hard alloys are

used for lathing. Large-size asbotextolite products are manufactured

from Impregnated asbestos fabric by vacuum or autoclave molding. Liquid

binders containing little or no solvent are most frequently employed in

this case. Articles produced by autoclave molding have a higher mechan-
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ical strength and are more fully monolithic than those produced by va-

cuum molding. Asbotextolite is used for thermal protection and heat-in-

sulation of various structuzal elements in rocket and aviation techno-

logy and as a thermostable, electrical-insulating, and friction mater-

ial in instrument building and plant construction. It is also employed

as a panel material, in the assembly of electrical control units, in

low-voltage electrical circuits, for wedges and braces for turbogenera-

tor rotors, etc. Asbotextolite is capable of functioning for prolonged

periods (a number of years) at temperatures of up to 1550.

Deence: Shugal, Ya.L. and Baranovskiy, V.V., Sloistyye plas-

tiki [Laminated Plastics], Moscow-Leningrad, 1953.

B.A. Kiselev
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ASBOVINYL - a plastic consisting of a mixture of pulverized asbes-

tos and the binder lac ethinol. Freshly prepared asbovinyl (Departmen.-

tal Technical Specification MKhP-3190-53) has the consistency of putty

and is applied to a clean surface with a spatula (it is best to use

several layers, alternating 3 or 4 layers of asbovinyl with a layer of

pure ethinol). The total coat thickness should be 10-12 mm. Asbovinyl

hardens when heated or at room temperature; the polymerization time is

3-4 weeks at room temperature and approximately one hour at 900. Ther-

mal decomposition of the polymerization products sets in at 1050. The

physical and mechanical properties of this plastic include: specific

gravity - 1.4-1.5, ultimate strength - 150-215 kg/cm2 under tension and

160 kg/cm2 under compression, working temperature - 95-1100. Asbovinyl

is similar to faolite in physical and mechanical properties, but ad-

heres better to metals, ceramics, concrete, and other materials; it is

distinguished by high chemical stability in many aggressive media (non-

oxidizing mineral and organic acids, dry and moist gases, alkalies,

fresh and salt water, salt solutions, and many organic solvents and

compounds). The chemical stability of asbovinyl in these media extends

over the temperature range 50-1100, but it decomposes under the action

of oxidizing agents and certain organic solvents. The principal short-

coming of asbovinyl is its instability during storage. In order to Im-

prove its properties this plastic is modified with epoxy, furyl, and

other synthetic resins, which increase its ultimate strength under com-

pression to 240-350 kg/cm2 and reduce its polymerization time to 2 days

at room temperature.
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Asbovinyl ie an anticorrosion lining material. It is used in the

chemical industry to protect structures and apparatus employed in the

prcduction of sulfuric and sulfurous acids, sulfur dioxide, and weak

nitric acid at temperatures of up to 1000. It is also used for corro-

sion protection of equipment in metallurgy, machine building, and tool

making; in nonferrous metallurgy it serves as a substitute for lead in

electrolytic baths; in the wood pulp industry it replaces nonferrous

metals and stainless steel in equipment exposed to acetic acid; in the

cellulose-paper industry it serves as a substitute for ceramic-tile and

lead liningE (in tapping vessels, baths, coolers, scrubbers, etc.). As-

bovinyl is employed for protection against gas corrosion in gas pipes

and reinforced concreve structures.

E.G. Gashnikov
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ASBOVOLOKNIT - a heat-resistant pressed material based on asbestos

impregnated with synthetic resins. Phenolic, silicoorganic, carbamide,

etc., resins can be used as the binder.

Phenolic asbovoloknit type K-6 is a composite based on fibrous as-

bestos impregnated with an emulsified re3ol-phenol-formaldehyde resin

and various additives (talc, a lubricant, etc.). The impregnated mater-

Physical, Mechanical, and Dielectric
Properties of Silicoorganic Asbovolok-
nit Materials
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i) Index; 2) type; 3) specific gravity (g/cm3 ); 4) impact strength (kg.
•cm/cm ); 5) short-term static bending resistance (kg/cm2 ); 6) ultimate
strength (kg/cm2 ); 7) under compression; 8) under tension; 9) Martens
thermostability ( 0C); 10) water absorption (%); 11) Brinell hardness

kg/mm2 ); 12) deep electrical resistance (ohm.cm); 13) skin resistance
(ohms): 14) electric strength (kv/mm); 15) arc resistance (seg); 16)
tangent of angle of dielectric loss; 17) at 50 cps; 18) at 100 cps; 19)
dielectric constant; 20) Raushig yield (mm); 21) shrinkage (%).

ial is cold-rolled without friction and vacuum-dried at 80-950; exter-

nally it is a film no more than 1.5 mm thick and has a guaranteed stor-
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age life in a dry heated room at a temperature of no more than 250.

Finished products are fabricated from phenolic asbovoloknit by hot com-

pressive pressing at 170-20 0 0 and a pressure of 450 kg/cm2. The Raushig

yield of this material is 110-190 mm and its theoretical shrinkage is

0.1-0.2%. A metal reinforcing armature is easily introduced into a3bo-

voloknit during pressing. The material can be drilled, sawn, etc. Ex-

ternal and internal threads, inscriptions, and numerals are applied

during pressing. Phenolic asbovoloknit has the following properties:

specific gravity - 1.95; impact strength - no less than 20 kg.em,/e, 2 -

2short-term static bending resistance - no less than 800 kg/cm ; ulti-

2mate strength on compression - no less than 800 kg/cm ; short-term ten-

sile strength - 200-250 kg/cm 2; relative elongation - 0.1-0.13%; modu-

lus of elasticity - 150-250.103 kg/cm2 ; Brinell hardness - 30 kg/mm2 ;

Martens thermostability - no less than 200'; coefficient of linear ex-

pansion - 25-28.10-6.1/*C; thermal conductivity - 0.45-0.5 kcal/m.hr.

-degrees; heat capacity - 0.28-0.3 kcal/kg.degrees; water absorption

over 24 hr - 0.5%; oil resistance - 0.16-0.22%; gasoline resistance -

10
0.4-0.7%; skin resistance - no less than 10 ohms; deep resistance -

100
no less than 10 ohms.cm; electric strength-- no less than 1.5 ky/mi;

tangent of angle of dielectric loss at 50 cps - 0.88. K-6 undergoes

little aging, although its strength and dielectric indices decrease at

elevated temperatures or on prolonged soaking in water; it can be used

at temperatures of up to 1000. This material is recommended for manu-

facture of components with high mechanical strength and heat resistance

(high- and low-voltage commutators, terminal blocks, electrical panels

requiring soldering of leads, sliding components, etc.). Pressed prod-

ucts should be heated at 1200 + 50 for 6 hr. For the pressed materials

K-18-56 and K-18-53, which have a powdered asbestos filler, see Pheno-

lic press-powders.
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Silicoorganic asbovoloknit has high mechanical strength, exception- I
al thermostability, and good dielectric properties (Table). It is pro-

duced as types K-41-5, which is based on phenolypolysiloxane resin, and

KWK-218, which is based on methylpolysiloxane resin. Products pressed

from silicoorganic asbovoloknit are heat-treated to obtain good

strength and dielectric characteristics. The physical, mechanical, and

dielectric properties of silicoorganic asbovoloknit are altered by high

temperatures. Thus, the ultimate strength under compression of K-41-5

drops to 20% of its initial value over the temperature range 20-300*;

the ultimate strength under compression of QKM-218 is little affected.

The values of the ultimate strength under static bending and the manner

in which it changes are similar for these two materials, but the rela-

tive decrease in this index over the temperature range up to 3500 is

69% for K-41-5 and 42% for KMK-218. The impact strength of KMK-218

drops to 54% of its initial value when the temperature is raised to
350*. The strength of both materials decreases during proloriA thermal

aging. The drop in ultimate strength under static bending for K-41-5 is

15% of the initial value at 2000 and 35% at 3000 (after aging for 300

hr); the comparable figures for KMK-218 are 16% at 2000 and 35% at 4000.

Impact strength Is little affected at 200* and is substantially reduced

at 4000. The high values obtained for the tangent of the angle of di-

electric loss and the dielectric constant make it impossible to use K-

41-5 and KMK-218 for manufacturing components for high-frequency radio

equipment. The deep resistance of both materials decreases by 1 or 2

orders of magnitude as the temperature is raised from 200 to 1000, but

remains virtually unchanged when it is further increased. Thermal aging

of K-41-5 (at 2000 or more) causes a sharp drop in deep resistance,

both under normal conditions and when the material has been kept in a

moist atmosphere. Aging of EMK-218 at 2000 and 3000 increases its speci-
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tic resistance under normal conditions, but has virtually no effect on

this index when the humidity at 3000 is high. The working temperature

for both materials is 300-3500, but they can withstand higher tempera-

tures in single-use products. K-41-5 has a higher mechanical strength

than other silicoorganic press materials and is employed as a heat-re-

sistant electrical insulating and general-purpose material in the man-

ufacture of fittings, housings, and components for instruments and

electronic equipment subject to constant heating to 2000 or more. KMK-

218 has the highest arc resistance and is the most resistant to pro-

longed exposure to high temperatures; it is used in the manufacture of

labyrinthine arc-extinction chambers, switches for high-power direct

current, terminal blocks, and other electrical-insulating products

which involve direct contact with an electric arc or operation at high

temperatures. This material is capable of withstanding the combined ac-

tion of tropical humidity and temperatures and growths of fungi and

molds.

For carbamide asbovoloknit see Aminoplasts.

felec: Pik, I.Sh., Pressovochnyye i podelochnyye plasticheski-

ye materialy [Plastic Pressing and General-Purpose Materials], Moscow-

Leningrad, 1951; Steklotekstolit i drugiye konstruktsionnyye plastiki

[Steklotextolite and Other Structural Plastics], Collection of articles

edited by Ya.D. Avrasina, Moscow, 1960; Plastmassy v mashinostroyenii

[Plastics in Machine Building], collection of articles edited by V.K.

Zavgorodniy, Moscow, 1959.

M.S. Krol'
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ATMOSPHERE RESISTANCE - the ability of materials to withstand the

combined action of atmospheric factors: water vapor, rain, wind, dust,

oxygen, ozone, solar radiation, and variations in air temperature. The

latter two factors are of special importance for polymer materials. Ra-

diant energy both affects the polymer itself and activates oxygen,

ozone, and water. This activation results in formation of atmospheric

oxygen, hydrogen peroxide, excited oxygen molecules, etc., substances

which intensify oxidative processes and consequently accelerate Des-

truction and Structuring, i.e., lead to accelerated aging and decompos-

ition of the material. Atmospheric aging is specifically accelerated by

the presence of mechanical stresses. This is especially important for

resin products, which crack under the action of atmospheric ozone when

stressed (see Ozone resistance of polymer materials). In the case of

materials which absorb large quantities of light (those with dark co-

loration) the rise in the temperature of the illuminated object may al-

so play a material role. In some cases this factor is of decisive influ-

ence in reducing the atmosphere resistance of polymer materials. The

breakdown of cellulose materials, cotton fiber, paper, synthetic poly-

esters, and other polymers is often due to hydrolysi3 under the influ-

ence of radiation. Ultraviolet light may convert the water absorbed by

the fibers to hydrogen peroxide (the bleaching action of sunlight),

which gradually destroys the fibers. Polyamides, polyesters, polysac-

charides, and, particularly, polyolefins, including rubber and resins,

are highly susceptible to the action of the atmosphere. Atmosphere re-

sistance can be increased by adding specific antioxidants, light-fil-
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tering substances which do not permit radiation to reach the sensitive

areas of the material, or hydrophobic substances to the polymer. The

requirements imposed on the different additives are extremely diverse

and depend on the nature of the polymer, the conditions under which the

material will be exposed to the atmosphere, the latitude, etc. An ef-

fective increase in atmosphere resistance is occasionally achieved ty

use of appropriate coatings. Special requirements are imposed on mater-

ials intended to function under Arctic condition3 and in the upper lay-

ers of the atmosphere. Resistance to ultraviolet radiation is very im-

portant in the latter case. Ozone resistance plays a special role in

the lower layers, particularly during the spring and summer. For the

atmosphere resistance of metals see the article on corrosion of meta s.

N.N. Lezhnev
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ATMOSPHERE-RESISTANT LACQUER AND PAINT COATINGS are coatings which

are resistant to the action of atmospheric factors (solar radiation, 4

oxygen, air moisture, temperature, etc.). These coatings include the

perchlorvinyl, polyacrylic, pentaphthalate, alkyd-melamine, epoxy and

certain others.

The perchlorvinyl(PKhV) lacquer and paint atmospher-resistant

coatings have good atmosphere, water resistance and chemical stability

and are widely used for painting of ships, aircraft, helicopters, agri-

cultural machines, various metal structures, items used in the oil,

highway and transport machine conatruction, which are used in severe

atmospheric conditions, for example, in a humid tropical climate. These

coatings retnin t;,cir properties over a wide range of temperatures from

•win~as 700 to plus 90-1000. Essential deficiencies of the PKhVcoatings

are the change of color under atmospheric action and the very weak

bonding with the metallic surfaces, therefore they are applied on sur-

faces which have undergune preliminary priming. For the ferrous metals

use is made of 138-A, AG-10c, AG-3a, FL-03K primers; for the nonfer-

rous metals use is made of the AG-3a, AG-10c, FL-O3Zh and ALO-14 prim-

ers. The PKhVenamels are applied primarily with paint sprayers, are

dried at 15-25* for 2-2.5 hours. The enamels are thinned to working

consistency with the R-5 thinner (12-14 seconds on the VZ-4 viscosl-

meter).

The polyacrylic lacquer and enamel coatings have excellent resist-

ance to aging under atmospheric conditions. They differ from the other

atmosphere-resistant paint and lacquer coatings in stability of the col-
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or in the aging process, particularly the lacquer coatings which pro-

vide good protection for metallic items thanks to their color achroma-

tism, transparency and resistance to sunlight. As a result of their

high vapor penetrability (water swelling is slight) the polyacrylic

lacquer films are not suitable for protection against corrosion of the

metals which have limited corrosion resistance. The polyacrylic lac-

quers are used primarily for painting various structures made from

aluminum and its alloys, and the enamels are used for the painting of

aluminum and other alloys and also for certain grades of steel. The

polyacrylic lacquer and enamel coatings are suitable at temperatures

from minua 500 to plus 1800. Deficiencies of the coatings are the tend-

ency to some softening at elevated temperature (600 and above) and

limited resistance to various forms of fuel. The chemical industry pro-

duces the 9-32, 9-32f and AS-82 polyacrylic lacquers, the AS-lsp and

AS-81 white enamels. The lacquers and enamels are applied using paint

sprayers. In order to improve the adhesion of the lacquers to aluminum

surfaces the aluminum and its alloys are first anodized. The enamels

are applied over the AG-3a, AG-10s, ALG-14 and otic.- primers (for more

detail see Lacquer and Paint Coatings for Aluminum Alloys). The coat-

ings are dried at 15-25° for 1-1.5 hours. The lacquers and enamels are

thinned to working consistency using the R-5 thinner (12-14 seconds on

the VZ-4 viscosimeter).

The pentaphthalic enamels are atmospheric resistant and are used

for painting items located in the open air. The properties of the

enamels depend on the drying regime. After drying at 100-1200 they have

high adhesion, hardness, atmospheric resistance; with drying under

natural conditions all the properties deteriorate. These enamels are

widely used for painting trolley buses, all-metal railway cars, auto-

buses, and also various equipment. To improve the protective proper-
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ties the enamels are applied on previously primed surfaces. The FL-03-K.,

138, FL-03Zh and other primers are used. The chemical industry produces

the PF enamels in a large assortment of colors (OOST 6465-53). The

enamels can be applied using all the methods customary in painting

technology. The enamels are thinned to working consistency using the

RS-2 thinner (TU MKhP 1763-52).

Alkyd-melamine enamels (GOST 9754-61) have good decorative quali-

ties, water resistance, hardness, elasticity, good protective proper-

ties, are atmospheric and sunlight resistant. They are suitable for

painting products which are used under conditions of a humid tropical

climate. The enamels are applied using a paint sprayer. The coatings

are stable after drying of the first coat for 30 minutes at 130-1400,

the second coat for 50 minutes. The enamels are used primarily for

painting bodies and components of passenger automobiles, motorcycles,

etc. The chemical industry produces the enamels in a large assortment

of colors. They are thinned to working consistency (24-26 seconds on

the VZ-4 viscosimeter) using the 651 solvent (TU MKhP 4537-56).

In the case of inadequate adhesion, t.he atmosphere--resistant coat-

ings in themselves give poor protection to the metal from corrosion.

Therefore, as a rule, they are applied over surfaces which have under-

gone preliminary preparation and priming. In the selection of the coat-

ings account is taken of the operating conditions, for example, items

subjected to the direct effect of solar radiation are painted with

enamels of light tones with high gloss or with enamels of an aluminum

color which have a high coefficient of reflection. In the case of pro-

ducts operating under conditions of high dust content, use Is made of

coatings with high hardness (alkyd-melamine, epoxy, etc. ). In an atmos-

phere contaminated with industrial gases and vapors It Is most advisa-

ble to use the perchlorvinyl enamels.
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Equipment operated in regions with high humidity is protected by

ooatings having low vapor and water permeability (perchlorvinyl, phenol-

formaldehyde, alkyd-butyric). The external appearance of items operat-

ing under atmospheric conditions is of very great importance, from this

point of view the best enamels are the auto enamels made on an alkyd-

melazine base and the pentaphthalic enamels.

References: Drinberg A.Ya., Tekhnologiya plenkoobrazuyushchikh

veshchestv (Technology of Film-Forming Substances), 2nd ed., L., 1955;

Paine O.F., Technology of Organic Coatings, transl. from Eng., Vol. 1,

L., 1959.

I.I. Denker
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ATTACHMENT OF RUBBER TO THE METALS (bonding of rubber with the me-

tals) is widely used in the fabrication of rubber-metallic details. The

methods of attachment of rubber to the metals are divided into two ba-

sic groups: those associated with vulcanization of the rubber (hot at-

tachment) and those not associated with vulcanization of the rubber

(cold attachment). During hot attachment, the unvulcanized rubber is

attached to the metal in the vulcanization process with the aid of ce-

ments, a layer of brazs or ebonite. During cold attachment, the vulcan-

ized rubber is attached to the metal by special cements. For the fabri-

cation of rubber-metallic details which carry significant loads, for

example, aircraft engine mount supports, auto engine mounts or for the

mounting of precision instruments subject to vibration, use is made of

hot attachment of the rubber to the metals to create a bond of high

strength. Cold attachment of rubber to the metals is used for creation

of less-strong bonds which are used for coating various equipment with

rubber to provide sound absorption, thermal insulation, etc.

In industry the rubber-metallic details are attached by means of

brass; this method is based on the capability of the rubber mixtures

which can be vulcanized in contact with a lyaer which electrochemically

deposited on the metallic framework of the brass to form, a strong bond

with it. The attachment of the rubber to the framework 4hich is cove*-

ed with the brass layer is accomplished in forms, in a press whose

plates are heated with steam or by means of electrical current. In this

case the vulcanization of the rubber proceeds simultaneously with its

shaping and attachment t.o the metal. The forms may be filled with rub-
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ber under pressure for this same purpose. The strength of the attach-

2ment of the rubber to the brass in tear tests (40-60 kg/cin ) depends on

the form of the crude rubber used as the basis for the preparation of

the rubber, the rubber composition, the quality of the brass deposited

and the care with which the entire process is carried out. The attach-

ment using a brass layer is resistant to impact, vibration, is thermal-

ly resistant to 130-1500 and oil and gas resistant If the rubbers used

are heat, gas and oil resistant. The method is suitable primarily for

the attachment of rubber to steel framwork on which there has been plat-

ed a good and strong layer of brass.

A strong bond of the rubber with the metal cannot be obtained with

vulcanization of -he rubber mixture in contact with a steel framework

which is not covered with a layer of brass. For these cases there have

been developed and utilized in industry special cements on the basis of

the ryclized, chlorinated and oxidized crude rubbers, synthetic resins,

organic isocyanates, and also combined cements based on the materials

listed. The basis cf th- aments from the cyclized crude rubber is

thermoprene, which is obtained by e.. ion of suJfuric acid or organic

sulfo acids on natural crude rubber along with heating. For the attach-

ment of rubber to the metals,use is made of solutions of thermoprei'e in

benzene of 10-15% concentration. The tear strength of the attachment of

2rubber to the metals using thermoprene is 10-25 kg/cm . Vulcanized rub-

ber can also be attached to metal with the aid of the thermoprene ce-

ment. Wide usage is made for attachments of cements based on the natur-

al and synthetic chlorinated crudes, which have adhesive properties to

the metals and rubbers. In the process of the vulcanization of the rub-

ber, these cements are capable of creating a strong bond of che resin

with the metal, for example, the cement 201. The tear strength of the

2attachment ;.sing this cement is from 30 to 60 kg/cm . The bond is therm-
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ally stable to 120-130°. The bond is resistant to impact, vibration and

has limited resistance to the action of solvents and oils. The DT-2 ce-

ment based on the oxidized crudes is recommended for the attachment to

metals of the rubbers based on the crudes SKB and SKS-30. The tear u

strength of the bcnd obtained with the aid of this cement is 20-40 kg/

/cm 2 .

The cement VDU-3 which is used for the attachment of rubbers based

on the SKN crude to metals is a solution of a mixture of the VDU resin

and carbon black mixture of the SKN-40 crude in acetone and benzene.

2
The tear strength of the attachment using this cement is 40-50 kg/cm

This same group includes the cements MAS-1 and KT-15 with heat resist-

ance of the attachment to 200-300° which are used for the attachment to

metals of the high temperature-resistant silicone rubbers. In industry

widest use is made of the Laykonat cement based on organic isocyanate

which permits attachment of rubbers of all the industrial forms of the

crudes to the most varied metals (this cement is known abroad under the

label of Desmodur R). The tear strength of the rubber-metal attachments

obtained with the aid of these cements is 40-60 kg/cm2 . The Leykonat

bond is heat resistant to 130-1500, has excellent resistance to the ac-

tion of organic solvents and oils. Compounded cements are prepared on

the basis of materials having good adhesive properties. Thus, the wide-

ly know Tie-Ply cement is created on the base of the chlorinated and

hydrochlorinated crudes. The attachment of rubber to the metals for

fabrication of rubber-metal details by means of ebonite is not used in

vi6w of the brittleness of the latter. The ebonite bond is used in in-

dustry in rubberizing chemical equipment. Cold attachment of vulanized

rubber to metal at ordinary temperature with the aid of special cements

has found wide application in various branches of industry. It does not

require special equipment, forms, heating, etc. The strength of the
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bond of the rubber with the metal in this case is considerably less

than the strength obtained with hot bonding. The cements 88 (based on

Sevanit) and 88-n (based on Nairit) used for cold attachment of rubber

to metals is heat resistant to 60-700. The tear strength of the rubber-

metal bond 24 hours after cementing must be no less than 11 kg/cm2, and

the delamination strength must be no less than 2 kg/cm2. Bonding using

these cements is not resistant to the action of solvents and has limit-

ed resistance to oils. In addition to the 88 and 88-n cements, use is

made of the SN-57 and SN-58 cements with thermal resistance of the

attachment to 70-800, but with lower bond strength than in the case of

the 88 and 88-n cements. The glue 3300 of the 8 8-n type which is more

resistant to oils and gasoline is also known. The rubbers which are

being bonded by the cold setting cements must not contain significant

quantities of softeners and plasticizers (no more than 5-10 parts by

weight to 100 parts of crude).

Any method of attachment of rubber to the metals requires cleaning

of the metal surface of rust, scale, oils, lubricants, etc., and other

contaminants. The metal surface is cleaned by dry or wet sand (sand

blasting), steel or iron shot (shot blast cleaning), wire brushes, em-

ery cloth and etchants.

Infrequent use is made of mechanical attachment of rubber to the

metals which is based on securing the rubber in openings of the metal

framework in the process of vulcanization of the rubber.

References: Zherebkov S.K., Krepleniye reziny k metallam [Attach-

ment of Rubber to Metals], M., 1956; Koshelev F.F., Klimov N.S., Obsh-

chaya tekhnologiya reziny (General Rubber Technology], 2nd ed., M.,

1958; Voyutskiy S.S., Autogeziya i adgeziya vysokopolimerov [Cohesion

and Adhesion of High Polymers], M., 1960; Deryagin B.V., Krotova N.A.,

Adgeziay [Adhesion], M.-L., 1949; Stepanyuk N.V., Tr. N. in-ta rezin.
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prom-sti [Transactions of the Scientific Institute of the Rubber Indus-

try], 1955, coll. 2, p. 109; -, ibid, 1956, coll. 3, p. 29.

S.K. Zherebkov

349



I-94a

AUSTENITE.,- a solid solution in which y-iron is the solvent, hav-

ing a face-centered cubic lattice structure. In iron-carbon alloys the

solute is carbon, whose maximum content in austenite reaches 2% (at a

temperature of 11300). In addition to carbon, the austenite in alloy

steels may contain certain alloying elements.

No austenitic phase is present in carbon steel at equilibrium at

temperatures below 7230; this phase may be prpsent in small quantities

at room temperature in quenched carbon steel, taking the form of so-

called residual austenite. Homogeneous austenite with a polyhedral

structure may be fixed even during normalization in alloy steels with

a sufficiently high content of alloying elements (e~g., nickel, mangan-

ese, etc.). Austenite is nonmagnetic; it has a higher density than the

other basic structural constituents of steel, a moderate hardness and

ultimate strength, a low elastic limit, and a high viscosity.

Austenite is named for the English metallurgist W. Roberts-Austen.

A.F. Golovin
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AUSTENITIC-FERRITIC STAINLESS STEEL is a group of chrome-nickel

or chrome-manganese steels whose structure consists of austenite and

6 -ferrite. The relationship between the amount of the ferritic and aus-

tenitic phases at high temperatures depends on the content of the chrom-

ium, nickel, manganese and other alloying elements, and also on the

tempering temperature(900-1300') (Fig. 1). It has been established that

the best combination of mechanical properties and corrosion resistance

of austenitic-ferritic stainless steel is obtained after tempering at

950-1000° with rapid cooling. Use of higher tempering temperature (above

11000) increases the amount of the ferrite and reduces the amount of

the austenite (Fig. 1). With subsequent heating at 550-9000 there is a

reverse separation of the austenite from the ferrite in the 'form of

widmanstatten figures (Fig. 2). The austenitic-ferritic stainless steels

which are quenched from high temperatures are more prone to separation

of the a-phase and structural changes which lead to the appearance of

intercrystalline corrosion (Fig. 3). Extended heating 4750 makes the

steel prone to embrittlement and destruction by selective corrosion

(Fig. 4). For this reason use of the austenitic-ferritic steels for

operation above 350-400°, is not recommended, and during welding seve-

ral precautions must be observed to avoid excessive heating of the me-

tal adjacent to the weld seam. The mechanical properties of the Pusten-

itic-ferritic stainless steels depend on the relationship of the amount

of the ferritic and austenitic phases and the degree of their refine-

ment. A high silicon content in the austenitic-ferritic stainless

steels increases the amount of the ferritic component and improves the
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ultimate and yield strengths at room temperatures. The chrome-nickel

steels with low nickel content (OKh2lN5T, lKh2lN5T, OKh2lN6M2T) have

higher strength properties than the chrome-nickel steel of purely aus-

tenitic type. The two-phase structure also improves the strength of the

weld seam, which is of great practical importance.
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Fig. 1. Effect of chromium on phase position in alloys with iron con-
taining 8% Ni. 1) Temperature, °C; 2) chrome in percent.

Fig. 2. Structure of OKh2lN5T steel: a After quenching from 10000 in-
to water; b) after quenching from 1200 into water and 2-hour heating
at 7500 (lamellar segregations of secondary austenite from the ferrite
are seen).
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Fig. 3. Effect of temperature and time on tendency of OKh21N5T steel to

intercrystalline corrosion: a) After quench from 10000 in water (hold
.for 15 min); b) after quench from 12500 in water (hold 3 min); o) speci-
mens destroyed by intercrystalline corrosion; o) specimens destroyed by
intercrystalline corrosion; o) specimens withstood intercrystalline cor-
rosion testing per GOST 6032-58 (AM method). 1) Temperature, °C; 2)
OKh2lN5T steel; 3) initial condition, 15 min, quench from 10000; t) 3
min, quench from 12500; 5) seconds.

P:1

Fig. 4. Structure-selective corrosion of 1Kh21N5T steel in solution of
copper sulfate and sulfuric acid after water quench from 9800 and 2-

hour temper at 5500.
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Fig. 5. Variation ¢f mechanical properties of lKh21N5T steel with test
temperature. 1) Ob, 00.2 kg/= 2 ; 2) and; 3) temperature, *C.
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Fig. 6. Variation of corroaion resistance of basic metal and welded
specimens of various steels as a function of number of cycles in boil-
ing 65% nitric acid. Each cycle is 48 hours of boiling. 1) Weight loss,

g/m 2-hr; 2) base metal; 3) welded specimens; 4) number of cycles.

TABLE 1
Chemical Composition of Sustenitic-Ferritic Chrome-
Nickel Stainless Steels

C.ax .no 3
Rf.AoXS- 1 - ~ P*DHHe 8.1e3C1TO %

1rOCT, Cp~ea S1 f M. iC' ____ lip.________

OXgIH5T ,%5 <0.08 '0.8 .0.8 20-22 4.P- S.8 Ti (o.3.-0o,)
IX2IHST 118%t 0.09--0.11 <0.8 <08 j 2'.--"22 4.8-5,8 TI (%(,--0.02) 5.

OX2IH6M2T •5 <0108 .08 <,0.8 -2 5,5-9.5 TI

0X20HI4C2 3H732 <0.08 2-3 < 19-- 2-1 Mt2. --2.)
X2OHI4C2 ON211 <0.2 2-- <1:'5 --22

1) Steel per GOST; 2) factory designation; 3 ele-
ment content (%); 4) other elements; 5) EP;6) EI;
7) but no more than.
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TABLE 2

Mechanical Properties and Heat Treatment of Aus-
tenitic-Ferritic Stainless Steels

3amxb a 3s on A y 1 010 a I*1 4
SI CRON *aPN rOCT aim TY Tep.uq. o~phtvfwa %)

rapa1 t o p.... -+."a....�.,o. -,o. o-. "a?. - -

01oInA 0lrroCT 1166"t 3amam"al @ 00--fOlOo 455 20 -
OlilgS T " IML10 • yz, , l'fiTY 62-55 ammaau C to0-1060- 46 s0 be 1 asgya U

]' 4 rrom fOCT 5946--J[ So , aac C IS0--1060 60 15 as

ToNmn5l -OCT 552--11 3wasme c 1000-0100 I 6 -- It -
I .c ,. mCl, A Wi nyee W

flposo- qXTY 26 010 las"Ma c 000--100 70 1, 20 6

IXIIHST it,81 nlpy'owm JOCT 1601-41 32"xxa e W- 6I 40 *0 &

ma moayaeTo+l',vmJ1 qrUTY 12-51 _ alwaxlrl C 6s0--9l0. 70 461 25 1

'_ 2 TpyOa 'IWTV 142-51 3•0-ae O1000" 70 - i --20 1 Iamy"l, a WAor

TOeNNml I'OCT 6512-61 3s*&#pa e 1000-1080" 70 - I
ADNC? ma Doexyze, a BOAS

0X21Ht M2T 31a/s flpy'.e rOCT 5940--l 3sasimma C 6'1-1060 665 1$ 5-
as mmyluiI

01X201411C2 8178I21 flmiot, lOCT 3949-191 000ie O- 1100* is 256 to t

9my" aOC sas : I I I
-pyv. roCT : Iavanio a t000-t 1600 bs._ , ,

120H14C3 832il Tmr "Tm-.sae 104--so 01" -

__No __I _Iy i

Imay:.

1) Steel per Gost; 2) factory designation; 3) mill product; 4) GOST or

TU: 5) heat treatment; 6) (kg/mm 2); 7) an (kgm/cm ); 8) thin sheet;

9) GOST; 10) quench from - in air, in water; I11 EP; 12) thick sheet;
13) ChMTU; ±4) rod; 15) quench from - in air; 16) quench from - in wa-
ter, in air; 17) wire; 18) El; 19) quench from - in water; 20) tube.

TABLE 3

Typical Mechanical Properties
of 1Kh21N5T Steel*

I ' -, i ;. I~ ti3
Mat~w "apina 0

v 950--1000"l~

5 M s 70-85162- 22- A41El .65 -0 -,2
Umna aatrIPzOW I

test (Imm); 5) after air quench from; 6) after work hardening in cold
condition.

355



I
II-27N5

TABLE 4
Mechanical Properties of Weld
Joints of Hot Rolled Sheets*

II m.an smt*
*b **, 2 &MAN

I t ar01

S. .o .... 7 S•I I to S

Un Mrv~a 70 $1 8 180,

rMpa. .. . 7s 4 1 9 ISO*

*Sheet thickness 3 mam.

1) Form of welding; 2) number of bends or bend angle; 3) (kg/m 2 ); 4)
longitudinal specimen; 5) transverse specimeni 6) parent material; 7)
electro-arc welding with coated electrodes; 85 argon-arc welding.

TABLE 5

Corrosion Resistance of lKhl8N9T and Type 20-12-Si
Steels in Boiling 60% Nitric Acid

9 20-10-Ti C t5 Q 1 C 6 3 029
ONE IXIGHIT)

To we w m.nyrwa va- -
InVa 65U, 1 3 7 1 0
T- n OSe I ,*i .ee1 ¢ ,,

10-12-1, 3 31 arn I' ' .1e7
C 0.10% C -

*Each cycle is 48 hours stay in the boiling acid.

1) Steel; 2) heat treatment; ?) weight loss 4&/&-hr); 4) one cycle*;
5) two cycles; 6) three cycles; 7) four cycles; 8) five cycles; 9)
(type lKhl8NgT)- 10) water quench fron 10500: 11) Zame and tenper:-.g
for 2 hours at t50'; 12) with.

OKh2IN5T, IKh21N5T, and O.hlN6M,2T c)rone-nickel auslenltic-fer-

ritic stainless steels. At hi ;h temperatures the IKh2lN5T steel has

relatively low mechanical properties which decrease rap''.'y with heat-

1r,7 above Q00 (Fi,. 5). The steel welds well using various weldIng

methods: spot, manual electric-arc and argon-arc with the use of weld

wire made from steel of the same corpcsitilon or from c.-ome-nckel

steel of the ib-8 and 18-8-wlth-niobiurm types.
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In the heat treated condition the OKh2iN5T and lGh2lN5T steels

have high corrosion resistance in oxidizing media, very close to the

resistance of the chrome-nickel austenitic stainless steel of the 18-8

type with niobium. ;hen tested per GOST 6032-58, weld joints made from

the OKh2lN5T and lKh2lN5T steels using the TsL-II electrode (lKhl8N9B

weld wire) do not have intercrystalline corrosion in the thermally af-

fected zone. However corrosion of the putting type in boiling 65% ni-

tric acid is about the same as for the lKhl8N9T steel. The variation

of the corrosion rate of these steels and weld joints in 65% nitric

acid as a function of the number of cycles of 48-hour boiling Is shown

in Fig. 6. The OKh2lN6M2T steel also belongs to the austenitic-ferritic

stainless steel group, but thanks to the molybdenum additive it has

higher corrosion resistance in several media in which the 18-12 type

chrome-nickel steel with molybdenum is used. This steel has higher tend-

ency to precipitation of the a-phase, and also to embrittlement at a

temperature of 4750 as a result of the large quantity of ferritlc-form-

ing elements rresent. After water quench from 1000° it has high cor-

rosion resistance In several media and Is not prone to intercrystal-

line corrosion even with quite long exposure. Quenching of the

0Mi21N6M2T steels from high temperatures (12000) leads to the appear-

ance of a tendency to intercrystalline corrosion directly after juench-

ing, and also after tempering.

The austenitic-ferritic stainless steeis based on the systems Fe -

- Cr - Mn or Fe - Cr - .n - NI, which have about the same properties

as the chrome-niCkel austenit -ferritic stainless steels just consid-

ered, find some application in the US.

High manganese content (mcre than 10%) in the chrome-manganese

steels and high chrome content in the chrome-manganese-nickel steels

lead to very severe embrittlement as a res-ilt of precIpItation of the

jcý'
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intermetallic 0-phaseo

The chrome-nickel-silicon austenitic-ferritic stainless steels in-

clude the chrome-nickel-silicon steels of the austenitic-ferritc type,

which as a result of the two-phase structure have higher mechanical

properties than the 18-8 type austenitic chrome-nickel steels, high

corrosion resistance, low tendency to carbonization, better casting

properties, but greater tendency to embrittlement as a result of pre-

cipitation of the a-phase. At the same time the high silicon content

hap an unfavorable effect on hot pressure working, reduces the plas-

ticity in the hot condition. The type 20-10 chrome-nickel steel with

silicon (4%) shows somewhat better corrosion stability in dilute solu-

tions of hydrochloric and sulfuric acids, but poorer corrosion resis-

tance in boiling solutions of 60 and 60% nitric acid. Table 5 shows

the corrosion resistance of the IKhl8N9T and type 20-10 chrome-nickel

steels with silicon in boiling 60% nitric acid. These data indicate

the unfavorable effect of silicon addition on the corrosion resistance

of steel in nitric acid of this strength.

TABLE 6
Mechanical Pr.operties of 18-10
Steel With 3.5% Si

O6p86om!a 1 1 18Jili~oei °K2~' (%

JINThte -+ BhepmH(a B Teqe-
4 Hite 40 MNH. ripH 1t50°

". .e . . . .. . . . 70 38 40

H RH CTRJIb j " Bw •epmf~am

6 ?eqTe.. e 40 .... npi.
1050" 0 BRge . ..... . 83 53 70

1) Treatment; 2) a (kg/mm); 3) cast; 4) cast + soak for 40 miin at
10500, water quencR; 5)wrought steel; 6) wrought steel + soaking soak
for 40 min at 10500, water quench.

The refinement of the cast structure of steel with silicon leads

to increase of ab with simultaneous improvement of the plasticity. Heat

treatment at 10500 also has a favorable effect, increasing the strength
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and plasticity of the cast and wrought material.

Technological characteristics. The austenitic-ferritic stainless

steels have severe anisotropy of properties along and across the direc-

tion of rolling when the deformation is performed predominantly in some

one direction during their proauction. The two-phased structure of the

steel also has an unfavorable effect on hot pressure working, particu-

larly in the fabrication of seamless tubing, therefore in hot pressure

working it is necessary to observe narrow heating temperature ranges

and lower degrees of deformation.

The OKh2lN5T and lKh2lN5T steels are used to replace the lKhl8N9T

steel for the fabrication of corrosion-resistant detail parts. The

Oh21N5T steel is recommended for replacement of the Khl7Nl3M3T

(Khl8NI2M2T) chrome-nickel-molybdenum steel as a corrosion-resistant

material which is stable in acetic, lactic, oxalic, phosphoric acids

and other aggressive media.

The OKh2ONl4S2 and Kh21N14S2 steels serve for the fabrication of

scale-resistant tubing, furnace conveyors, cementation boxes, hangars

and supports in steam boilers. The type 20-10 steels with silicon may

find application in fabricating elements for high strength structures.

Refcrences: Khimushin, F.F., Nerzhaveyushchiye stali (Stainless

Steels), Moscow, 1963; Babakov, A.A. KhP, 1959, No. 4; Khimushin, F.F.,

in book: Puti ekonomli nerzhaveyushchikh staley (Ways of Economizing

Stainless Steels), Seminar Transactions, Moscow, 1960 (Moscow House of

Scientific-Technical Propaganda im. F.E. Dzerzhinskiy, coll. 1) Kuznet-

soy, V.V., Kachestvennaya stal' (High-Quality Steel), 1935, No. 7, p. 5.

F.F. Khimushin
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AUSTENITIC STAINLESS STEEL is steel alloyed with chromium, nickel,

and manganese which retains the structure of the y-solid solution

(austenite) with cooling from high temperature to room temperature and

below. In contrast with ferritic stainless steel, austenitic stainless

steel is nonmagnetic, has moderate hardness and strength, low yield

point and high plastic properties (6 and * > 50%). In application Lu

the austenitic stainless steels quenching is the heat treatment opera-

tion which fixes the austenitic structure. With nickel or manganese

content in the steel which is not adequate for the formation of a pure-

ly austenitic structure, intermediate structures are obtained: austen-

ite + ferrite, austenite + martensite, and others. In steel of the sys-

tem Fe - Cr - Mn, as a result of the lower effectiveness of the man-

ganese in the formation of the austenitic structure the austenite +

ferrite or austenite + martensite regions are more developed (Fig. 1).

, t o0 20 JO 40 so o t' to Jo 40 so

Fig. 1. Ternary diagrams: a) system Fe - Cr - Ni; b) system Fe - Cr -Mn

A - stable austenite: An - unstable austenite; 0 - ferrite; 06 - 6-far-

rite; M - martensite; K - carbides; a - intermetallide a-phase.

Introduction into the composition of chrome-nickel steel of vari-

ous elements causes a change of position on the state diagrams of the

phases y, a and y + a. Increase of the chrome content, introduction of

titanium, niobium, silicon, tantalum, aluminum, and molybdenum promote
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the formation of the ferritic phase. Increase of the nickel content,

introduction of nitrogen, carbon, manganese, on the other hand, pro-

mote expansion of the region of existence of the austerite and increase

its stability. With respect to the efficiency of their austenite-form-

ing effect, the alloying elements are arranged in the following se-

quence (with indication of the nominal coefficients): carbon (30), ni-

trogen (26), nickel (1), manganese (0.6-0.7), copper (0.3). Thc fer-

rite-forming elements are: aluminum (12), vanadium (11), titanium

(7.2-5), silicon (5.2), niobium (4.5), molybdenum (4.2), tantalum

(2.8), tungsten (2.1), chromium (1).

Long-term heating of the austenitic steels at 700-900° or slow

cooling from high temperatures causes the formation of the hard and

brittle intermetallide a-phase, which can lead to a very severe loss of

ductility. Heating the steel above 9000 eliminates this phenomenon,

providing for transition of the brittle a-phase into a solid solution.

Separation of the a-phase (Fig. 2) may take place directly from the

austenite or from the ferrite which is formed after the Y -. a trans-

formation. The austenitic stainless steel which has the a-phase in the

structure is more prone to cracking as a result of the action of tem-

perature ohanges. The degree of effectiveness of the influence of the

alloying elements on the reduction of the martensitic transformation

temperature increases in the following order: silicon (0.45), manganese

(0.55), chromium (0.68), nickel (1), carbon or nitrogen (27).

The stability of the austenitic structure in the chrome-nickel

steel is also associated with the change of solubility of carbon (car-

bides) in the V-solid solution at various temperatures. Separation of

the carbides from the V-solid solution as a result of heating to 650-

8000 increases the martensitic transformation temperature.

Sepai-atlvn uf the carbides from the solid solution (austenize)
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Fig. 2. Separation of a-phase in the ferrite of type 18-8 steel with
titanium after quenching from 12500 and 2-hour heating at 8000.

causes a change in it of the concentration of the alloying elements,

which can cause partial structural transformation and change of the ma

magnetizability, particularly in alloys lying near the boundary between

the regions of the y and a-phases. This transformation takes place pre-

ferentially along the grain boundaries, where there is the greatest

depletion of carbon and chromium from the solid solution, which makes

the steel prone to intercrystalline corrosion. Under the action of ag-

gaa edia suh a stc3l detumpobes raidly, even more rapidly with

higher carbon content. Protracted heating at 500-7000 causes a tend-

ency to intercrvstalline corrosion of steel even with very low carbon

content (0.017-0.03%). To prevent this phenomenon, additions are made

to the austenitic chrome-nickel steels of such strong carbide-forming

elements as titanium or niobium. With regard to intercrystalline cor-

rosion, the austenitic stainless steels are divided into the following

groups: those which have high tendency to intercrystalline corrosion

with heating to 450-750@ (OKhI8NI0, OKhl8Nll, Khl8N9, 2Khl8N9, 2Khl3N-

4G9, Khl4Gl4N, Khl7G9AN4, Khl7AG14); those which are not prone to in-

tercrystalline corrosion (OKhlSNlOT, Khl8N9T, OKnl8Nl2T, 1Khl8Nl2T,

OKhl8Nl2B, Kh14G14N3T). Steels of the first group cannot be used above

400-450' in aggressive media. For operation in aggressive media parts

must be subjected to heat treatment (austenitic quench from l000-11000

into water) after welding (except for spot and seam welding). Steels of
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the second group ma!., b. used at high temperatures and in weld Joints.

The austenitic stainless stells of the intermediate group (OOKhl8NlO,

OOKhl7G9AN4, OKhl7N5G9BA) with short duration heating in the course of

5-30 minutes do not develop a strong tendency to interc'rystallirn cor-

rosion. This permits performing welding without danger of onset of in-

tercrystalline corrosicn in the weldment in the thermally effected zone

if the welding is pocformed rapidly enough. The lower the carbon con-

tent in this steel (0.03-0.06%), the more resistant it is to inter-

crystalline corrosion.

TABLE 1
Chemical Composition

C3a 11 ;- 3 COaeMPa lisle 9:IeMCHT(1, %*

5632-61 11 Ma'-iha C SI Mn Cr NI 14a.p. 9sJleUeMT

00XI 8H0 5 311842 0,04 0.8 1-2 17-t9 9-11 -
O(XISHIO 6 IHU 0,07 0.8 I1-2 17-l1 9--1 -

XHit16H Is4 0.01p IA I 1-2 17--t9 I -- 1 --
XISH9 8H1 3 o. 2 o.8 1, -2 17-1I, 8-l10 -
2XI8H9 )H2 0.13- 0.8 1-2 17-19 8-10

OXI8HIOT 3110i4 I 0.08 0.8 1-2 17-19 9-11 7 TI>5C

R I'?OT OnI:T G., .9 - 1a--1 8--9.5 TI)5 (%C-- . 02)Ao 0.7%
X S8H I'pr 3 I IT 0 ,12 0,8 1- " 17--19 9-I I To V.e

I IKHI2T - 0 .18 0.8 1-2 17-19 11-13 'II.-C 8
0.12 .0.8

XISHI2T - 0.12 0.8 1-2 17-19 11-13 "l)YC % --- ,.02)

0XISH12B J11402 0.08 0. 1-2 17-19 11-13 Nb>SC A0i 1,2%
2XI3H4i9 0111100 (1.15- 0.8 8-10 12-14 I 3.7-4.7 -

X17rn4111, 1I1878 0.1 0 8-10.5 18-18 3,5-4,5 0. 15-0.25% N
X 4r;4l4 -- 0.12 0,8 13-15 113--;5 1--1,5
xtul14H3T 31H711 0. 0.8 13-I1 13-IS 2.5-535 TI>5 (%C-0.02)

I AO 0.6%
Xl 7A`1'4 "11213 0.15 0.8 13.5-15.5 16-18 0. 0.3-0.4 N
OX 171,|r0EA 9 ;)tI5 5 0.08 0,6 8-10 16-18 4.5-5.5 0.8 Nb

0.18-0,25 N
X 17H13M21' 31t448 0.1 0.8 1-2 6--18 12--1A 0,3-0,t( TI

.8--2.6 Mo
0.028o.oss,-- . TI

XI 711l3M3T a1it432 0.1 0.8 1-2 18-Is 12-14 0 3 -01.6 T
0.028
0.031 P

0X1711167 M3T 011580 0O. O'8 1-2 16-I1 15-17 0,3-0,6 '1

0.02 -3.5 o

OX'2j112,812T 311628 0.06 0.8 0.8 202-25 216-29 0.04-0.7 11

0.02 S0.035 P
0X231128M3,ZIaT 311943 0.06 0.8 0.3 22-25 28-29 0.4-0.7 TI

S,5-3 No

0.023

_ .. . 1•Sjee er GOST 5632-61;.2) fac r•. g •aiqp, -,iol .

3) content of elements %; 4) other elements; 5).
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Fig. 3. Variation of mechanical properties of austenitic stainless
steel as a function of degrge of reduction with cold rolling of 1.5-2-
rpm-thick sheet. 1) ab kg/mmzm; 2) 2Khl3G9N4; 3) 2Kh18N9; 4) Khl4Gl4N;
5) 2Khl3G9N4; 6) Khl7G9AN4; 7) degree of reduction, %.

Fig. 4. Variation of mechani al properties of Khl3N4G9 steel with tem-

perature increase. 1) akg/mm; 2) temperature, *C.

The strength of chrome-nickel steel may be increased considerably

by strain hardening during cold rolling, drawing, stamping. Here ab may

reach 120 kg/mm2 for sheet and strip, c0.2 increases to 100-120 kg/mm ,

at the same time the plastic properties drop, 6 falling from 50-60% to

10-18% (see Fig. 3). However this plasticity is adequate for part fa-

brication. For wire ab increases to 180-260 kg/mm . In comparison with

the ferritic and semi-ferritic stainless steels, the austenitic stain-

less steels have higher mechanical properties at elevated temperatures

(Figs. 4, 5).

Type 18-8 chrome-nickel steel (OOKhk8NlO, Okhl8NlO, Khl8N9,

36~4



,:Khi8N9). Steelý; with low carbon content (OOKhJ.8N10 and OYhlbNlO) are

used primarily as welding- electrode wire. The lower the carbon content

in the welding wire, the higher the corrosion resistance of the weld

seam. Steels Khl8N9 and .-'Khi8N9 have a strong. tendency to intercry-

stalline corrosion even with brief heating in the moderate temnperatu~re

range, therefore after welding the parts are subjected to an austeni-

tic structural quench. The steels Khl8N.9 and 2Kh18N9 are used primari-

ly in the work-hardened condition for the fabrication of high strength

parts for aircraft and autos which are joined by electric spot or seam

welding.

TABLE 2

Mechanical Properties (No Less Than)

Crm no rocT 4.4BOACH.1FI Iiatr IIB 60 6.
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1ý 2 341..
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Fig. 5. Stress rupture strength after 1000 hours a10 (a) and creep

limits ol.%.O,000 (b), a1%.o00,000 (c) of chrome-nickel austenitic

stainless steel at elevated temperatures. 1) lO^O^ kg/mm2; 2 Khl7G9-
AN4; 3) temperature, *C; 4) temperature of test in *C.

The chrome-manganese-nickel steel Khl4Gl4N with chrome content

12-14% is prone to intercrystalline corrosion during welding and after

heating in the dangerous temperature range. It is used for parts in

equipment requiring high plasticity and nonmagnetiz~bility. In corro-

sion resistance it is close to the 12-14% chrome steels. It surpasses

the 18-8 type steel in strength after tempering. It is satisfactorily

welded •b• -anus! Pind automatic snot xind roll- woIj4; wi.."h the use of

weld wire from the type 18-8 stainless chrome-nickel steel. Heat treat-

ment oi the steel after welding (other than spot welding) is established

as a function of the carbon content by control tests of weld specimens

for intercrystalline corrosion per GOST 6032-5-.

The 2Khl3G9N4 steel is used fr fabrication of high-strength struc-

tures, primarily from cold rolled profiled strip. The strength an.4

hardness of this steel increase with cold deformation more btrongly

than for the type 18-8 chrome-nlcke steel. Therefore in cold rolling of

strip large degrees of defor-atIon must not be permitted in. order to

avoid excessive loss of plasticity.
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is widely used in tY,2 f •rt.,•: n-.:

properties tr ) It sa t"ndency tý

therefore it serves primarily for the fabrictt'>n -f -arts wh se J in-

ing is accomplished with the aid of spot or reller welding. Fur 'he

same reason, high cooling_ rtP must be used in the heat treEt'ent of

cold rolled si;rip.

Chrome-manganese-nlckel steels with 17-19% chrome and nitrogen

added (Khl7AGl4 and KhI7G9A:44) have high resistance to stmosphertc cor-

rosion and in oxidative media. For parts which are fabricated using

arc, argon-arc, gas and atomic hydrogen welding, it is npessary to use

a steel with low carbon content (0.03-0.05%) and Control the process

strictly to avoid a tendency to intercrystalline corrosion in the weld

Joints. For parts fabricated using spot or roller welding, parts which

are heat treated after welding, and for parts operating in atmospheric

conditions, it is possible to use a steel of this type with higher car-

bon content.

TABLE 3
Mechanical Pn~pcrties of KhGl7AG14
Steel at Low Temperatures

1T'eimper~iture (6C);2 k/r)

The KhlTAG!L steel is markedly strengthened with cold roll•n&. .rnd

is used for comnercial equipment and as a ncnmagnetic r.-terial.

"The 19-83 type chrome-nicke steels with addition of titanir-u

niobium (,l8I9T, Khl8NlYT, CKiBMIT, OYhl1N12T, OK-h18NiLB). A l ion

-,J



II-26N8

of titanium or niobium reduces the tendency of the steel to intercry-

stalline corrosion. Titanium and niobium form stable carbides of the

TiC and NbC type, in this case the chrome which is useful for increas-

ing the corrosion resistance does not enter into the composition of the

carbi s and is retained in the solid solution. Titanium is introduced

into the 5teel in an amount greater than carbon by a factor of 4-5.5,

and niobium by a factor of 8-10 times. When the titanium or niobiwa con-

tent in relation to carbon is at the lower limit the steel is not al-

ways resistant to intercrystalline corrosion, particularly in long-term

service at moderate temperatures (500-800°). This is caused by the ef-

fect of the nitrogen which is always present in the steel and binds

part of the titanium into nitrides, and also by the effect of heat

treatment. Overheating the steel during heat treatment (above 11600) or

welding is considered harmful, particularly in those cases when the re-

lationship between the titaniu.m and carbon is at the lower limit in-

dicated by the formula Ti > 5(%C - 0.02). In this case the lKhl8N9T

steel whiuh has been quenched from a temperature above 11500 acquires

a tendency to intercrystalline corrosion. In the case of normal heat

treatment regimes (quenching from 10500) and in the case of short-time

heating, it is necessary that the ratio of titanium or niobium to car-

bon be respectively no less than 5 and 10. For long-duration service of

parts at 500-7500 it is irportant that these ratios be no less than 7-

10 for titanium and 12 for niobium. To reduce the tendency of the steel

to intercrystalline corrosion, a major reduction of the carbon content

to 0.03-0.05% is advisable. The corrosion resistance of welded Joints

made from steel of this type depends on the titanium and carbon con-

tent in the base metal and in the weld seam. Since titanium burns up

markedly during welding, for the electrodes "se is made of special

coatings in which the titanium appears in tne form of ferrotitanium in
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order to compensate for the loss of titanium in the welding wire. Gen-

erally, use is made of welding wire made from the 18-8 type chrome-

nickel steel without titanium, but with a very low ((-0.06%) carbon con-

tent (steels Oi~hl8N9 and OKhl8Nl0) or electrodes made from the 18-12

type steel with niobium (OKhI8N12B). In weld joints made from the

lKhl8N9T steel operating in media containing nitric acid it is possible

to have corrosion of the pitting type resulting from the high (>0.06%)

carbon content in the steel. Therefore equipment components for nitric

acid production are made from the OKhl8NlOT steel with carbon content

0.06%. In addition, this steel has higher over-all corrosion resistance.

In the deposited metal of t*', weld seam of a joint of steel with

titanium, having a two-phn! structure y + a, it is possible to have

the a-. a-transformation with long-term heating in the range of moderate

temperatures (650-800°), which makes the weld seam very brittle. A

stabilizing an eal at a temperature of 850-9000 is recommended in order

ti restire tge tiugarLvess of the weld seam and to increase the corro-

sion resistance. It is easo very useful for relieving strain hardening

and eliminating stress corrosion cracking in boiling magnesium chloride

end other media containing chlorine ions.

The type 18-8 clhrome-nickel steels with titanium and niobium are

widely used for fabricating detail parts operating at 600-8000. Figure

6 shows the effect of tempering temperature on the stress rupture

strength of the OKhl8NlOT and OKhl8Nl2B steels at a test temperature of

8000 and a stress of 8 kg/mm22, and also the resistance to thermal cy-

cling with a temperature gradient At = 8000 - 200. From Fig. 6 we see

that high tempering temperatures should not be used for detail parts

operating in conditions of frequent thermal cycling.

The OKhl7N3(G9BA chrome-manganese-nickel steel with niobium added

has high resistance to intercrystalline corrosion and high corrosion
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Fig. 6. Strength of OKhl8NlOT (a) and oKhl8Nl2B (b) steels with te-r
perature cycling (number of cycles to failure) and stress rupture
strength (time to failure in hours) as a function of tempering tempera-
ture. 1) Number of cycles; 2) grain size per ASTM scale; 3) time, hours;

4) a . 8 k9vmm 5) stress rupture; 6) tempering temperature, 0C.
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Feig.t7.ce ndwldentso opJ70erasting l ntrc iatecry. taloeinecorrosion-

sltee prounet to intercrystalline corrosion; ,msrogteelno prnetoion-

critical temperatures, and has a tendency to intercrystall.in~ corrosion

after long-term heating at .500-750O' (Fig. 7). At high temperatu:'e it

has approximately the sane mechanical properties as the type 18-8

S chrome-nickel steel.I
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The Khl4Gl4N3T steel has high strength and high plasticity, is not

prone to intercrystalline corrosion, and may be used to fabricate weld

parts without subsequent heat treatment. The mechanical properties of

this steel may be improved by rolling in the cold condition. Heating in

the temperature range 500-7000 does not alter the mechanical properties

of the steel at room temperatures. The steel is produced in the form

of bar, sheet, and strip, welds well by all forms of welding with the

use of weld wire made from type 18-8 steel with or without niobium.

The chrome-nickel-molybdenum steels Khl7NI3M2T and Khl7Nl3M3T are

used to fabricate equipment for producing synthetic fertilizers, in the

paper industry, in chemical machinery construction, and in the petrole-

um refining industry. These steels demonstrate high corrosion resis-

tance to sulfuric, boiling phosphoric, formic and acetic acids, while

the steels with an increased molybdenum content are also resistant in

hot solutions of bleaching powder. Steels with increased carbon content

(>0.07%) acquire a tendency to intercrystalline corrosion with welding

and slow cooling, and also under conditions of long-term heating in the

moderate temperature range. With short-term heating in the moderate

temperature range (welding), satisfactory results are obtained with the

use of a steel with a carbon content less than 0.07%, or still better

no higher than 0.0O-0.04%. Steels with titanium additions are not prone

intercrystalline corrosion with higher carbon content. Addition of

molybdenum to the chrome-nickel steels increases the corrosion resis-

tance in dilute solutions of sulfuric acid and imparis the corrosion

resistance in boiling 65% nitric acid (Fig. 8). The chrome-nickel-molyb-

denum steels weld well with the use of weld wire of the same composi-

tion.

As a result of the addition of molybdenum and a high nickel con-

tent, the OKh23N28M2T chrome-nickel-molybdenum steel has high corrosion
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Fig. 8. Effect of molybdenum on corrosion rate of type 19-9 and 19-12
chrome-nickel steels in boiling 65% nitric acid after austenitic temper
ingand also in acidified solution of copper sulfate. 1) Corrosion rate,
m/year; 2) nmm/year; 3) steel; 4) Mo content, %.

resistance in dilute solutions of sulfuric acid (to 20%) at tempera-

tures not over 600, in phosphoric acid containing fluorine compounds,

and other highly aggressive media. It is used in detail parts of ma-

chinery for producing synthetic fertilizers. After an austenitic tem-

pering, the steel has moderate strength and high plasticity, welds well

by argon arc welding using electrodes of the same composition. In spite

of the titanium content, the steel has a tendency to intercrystalline

corrosion after short-time heating at 6500 if the ratio of the titanium

content to the carbon content is less than seven.

The Okh23N28M3D3T chrome-nickel-molybdenum steel is used quite

successfully for condensers in the production of sulfuric acid by the

tower process, for exhausters in producing fluosilicic acid, and also

for vacuum tanks in producing concentrated fertilizers, has properties

which arp typical for the austenitic steels, welds well with the use of

material of the same composition. In welding it is important to adhere

to the temperature and time provided for in the specifications, avoid-

ing extended heating in the moderate temperature range ot elimhinate any

possible tendency to intercrystalline corrosion.

The precessing properties of the austenitic stainless steels are
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Fig. 9. Variation of coefficient of linear expansion of austenitic
stainless steel as a function of temperature. 1) OKhl7N5G9BA; 2)
Khl4Gl4N3T; 3) Khl8N9T; 4) Khl4Gl4N; 5) temperature, *C.
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Fig. 10. Variation of coefficient of thermal conductivity of austenitic
stainless steel as a function of temperature. 1) X, cal/cm-sec-OC; 2)
Khl4Gl14N3T; 3) termperature, 0C.

completely satisfactory, pressure working is performed at 1150-8500,

while for steels with copper the range for hot working si somewhat nar-

rower (ll0-900o). At high temperatures the austenitic stainless steels

are more subject to grain growth than the steels of the martensitic and

ferritic classes. At room temperature austenitic stainless steel has a

high coefficient of linear expansion, increasing with increase of heat-

ing temperature (Fig. 9) and a high coefficient of thermal conductivity

(Fig. 10). However at high temperatures the difference between a and p

for austenitic stainless steel and the ferritic class steel diminishes.

Therefore heating of austenitic stainless steel at lower temperatures

must be performed slowly, while at high temperatures (above 800") it

must be done rapidly.
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References: Khimushin F.F., Nerzhaveyushchiye stali (Stainless

Steels), Moscow, 1963; Khimushin F.F., Kachestvennaya stal' (High-Qual-

ity Steel), 1934, No. 4; 1935, No. 1; Khimushin F.F. and Kurova 0.1.,

ibid, 1936, No. 6; Khtmushi, ;',F., Ratner F.I., Rudbakh Z.Ya., Stall

(Steel), 1939, No. 8 page 40; Medovar B.I., Svarka khromonikelevykh

austenitnykh staley (Welding Chrmome-Nickel Austenitic Steels), 2nd

edition, Kiev- Moscow, 1958; Metallovedeniye i termicheskaya obrabotka

stall (Metal Science and Heat Treatment of Steel), Handbook, 2nd edi-

tion, Vol. 2, Moscow, 1962; Schaeffler A.L, "Metals progr." 1949, v. 56,

No. 5, p. 680; Post C.B., Eberly W.S., "Trans. Amer. Soc. Metals", oc-

currence and effects of sigma phase, Phil., 1951 (ASTM. Special techn.

publ., No. 110); Symposium on evaluation tests for stainless steels,

(N.Y.], 1950 (ASTM. Special techn. publ., No. 93); Rosenberg S.J. Darr

J. H., "Trans. Amer. Soc. Metals," 1949, v. 41, p. 1261; Krivobok V.N.,

Linkoln R.A., ibid, 1937, Vol. 25, No. 3.

F.F. Khimushin
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AUSTEITIZATION - conversion of the initial structure of steel to

austenite by heating to a temperature above the critical limit. Austen-

itization is necessarily entailed by the processes involved in the heat

treatment oi steel, which are based on phase recrystallizatiun: qucrici.-

ing, annealing, and normalization.

A.F. Golovin
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AUTOADHMION (self adhesion) - adhesion of two identical polymers,

accompanied by mutual diffusion of the polymer chains and individual

links. The strength of the autoadhesion bond increases with time, ap-

proximating the cohesive stroangth (see Cohesion).

G.M. Bartenev
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AUTC14ATIC STEEL - free-cutting steel. Used in the fabrication of

machined components with a view to high productivity of the machining

equipment, especially automatic and semiautomatic types. Distinguished

by unusually high sulfur content, which is necessary for formation of

iclU310115 , •, ".. ... ..S •-VAulfle; •.ese irlusloriss, arrayed

along the fiber, facilitate cutting by assisting in breaking and easy

removal of the chip. Automatic steel contains tte amount of manganese

necessary to bind the sulfur; if the sulfur content is increased, the

manganese content is also raised. In many Plitomatic steels made in the

USA, lead is added as an alloying element to improve cutting. The chem-

ical compositions of domestic automatic steels are listed in Table 1.

A--

44 do

Influence of work-hareil• on the mechnical properties of iteel A12

setting r•atio, %.

Automatic steels are produced In rod form. To Increase the mechan-

Ical properties and Improve cutting, automatic steels are frequently

shipped In the work-hardened 3tats. This :%educes the energy required

for plastic deformation In chip formation. The mechanical properties

of automatic steels In the as-delivered state are listed In Table 2. 0.
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TABLE 1
Chemical Composition

_______ 2 conown. eaume ,. (%)
Crafmt.. C818 h3rOaCT.TV

A U;310:t 0 . 1 -0.35 0.6-0.09 0.060.20 I O064106 I OC16 6

0.1 oi- s *.. oisoo ioo ib 1

A .,-0., 0o. ,-0 3 o .7-1,0 0.0,-0.10 o 0.0 .0
A 30-0.60 0 b1-- 0.7--.0 O.0-.O. 0:0 InT ng
A4:I40 0.341-.4o 0.".- 13 " 1.2-1.- 1 0.1N-0..30 IC0.0 5 rMT M1-b6

l. Steel; 2) content of elements (M); 3) GOST, TU;
4 A4O g; 5) GOST 1414-54; 6) same; 7) ChMTU 4934-
55; 8) GGST 1414-54.

TABLE 2

Mechar,.;ai •iruperties (after GOST 1414-
54) _ _ _ _ _ _ _ _

SI b Cor•un. Wa..,bj Ic . i f
C:Tan . (10 - (AA)

A12 , opmqsu nwo. i xt; I Io2-57 22 36 I 1. 75
10*03309.5rW ~Y6uAtepTo-6- 1 1,

aTo s. d 2-30 AL . ... . - ? 4.6.-- .1
To ws. d 30-100 Am ... 2-70 7,-4.!

A20u rrpo-,owmuu." .. s ,o 200 Am 46--1 20 3' .04.63
g~oaOMNOT" no Mat -ap~norw

ow . d 3--O0AM . ..... . 62--82 -- 4. ,-4.
W*o d e2-loALM ...... $.61-- .-

Towe. d 3O-100 . %46-73 4.95-4.1

ASS Fropare.a.m-. d 5-200 ALM 52-67 Is 25 s,.43

o ,t. d 3-- 0 A"I ........... 0 -66 6 -- ,5-- 105
! To me. o &*--G A ..... -. o- 6 - -To me. 30-10,0 -.- .. . .. 55--7T 6

AIO? Iropwa sea , d S-:o0 Am so-?$ 4.2
~X 0~00"s Tued.d43 -10 ma

k' 1moca bSmeovoro Vfayes) go-go IT

a Steel
b State of material (rods)

d not below
e vim
f hot-rolled, d below 200 rm
g cold-drawn w-ork-hardened, . f-e 3 to

20 r=
h) same
I hot-rolled, d fror. 5 to 200 mm

cold-drawn, Z fm,, 3 to 100 =i (after
high tempering).

Typical mechanical properties of unwcrkhardened A12 steel at elev-

&ted te'peratures are given i&- Tables 3 and 4.
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TABLE 3 The influence of cold deformation

Mechanical Properties of on the mechanical properties of A12
Steel A12

-p 0steel are shown in the figure. The cri-
A 2 tical point A for automatic steels of

40 0 1 7 as
5 26 ,, 4 , . all types is 7300, and tts Ac3 1

________ " IC, n h o

A) Temperature (°C); B) steels Al2, A20 and A30 are 8750, 865*
kg/mm" .and 8450, respectively.

TABLE 4 Automatic steels are forged in the
Creep Limit (kg/mm ) ofannealed A12 Steel temperature range from 1200 to 9500.

cuom A B Tem,-pe (C They submit poorly to welding. In many
(AMALA I.m*C) 4 8 0 1 3I 0,77' 1"' ,cases, parts rade from low-carbon auto-I0 -0 I . 12 Z .

matic steels (A12 and A20) are given
A) Deformation speed (mm/
/amm per hour); B) tempera- chemicothermal machining (case-hardening
ture (C).

or cyaniding), quenched in water or caus-

tic soda solution, and low-tempered. After such processing, the surface

hardness RC of the components is 56-60. Parts made from steel A30, A35

or A40g can be refined by quenching with subsequent high tempering.

References: Spravochnik po mashinostroite.L'nym materialam (Hand-

book on Mechanical Engineering Materials], Vol. 1, Moscow, 1959; AMso-

nov, A.D., Tekhnologiya termicheskoy obrabotki 6etaley avtemobilya,

[Heat-Treatment Technology for Motor-Vehicle Components], Moscow, 1958;

Prokoshkin, D.A., Al'tman, A.B., "Stal'," (Steel], 1941, No. 1.

Ya.M. Potak
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AVIAL (aviation aluminum) - a deformable aluminum alloy; type de-

signation AV. Composition: Mg 0.45-0.9%; Si 0.5-1.2%; Cu 0.2-0.6%; Mn

0.15-0.35% (or Cr in the same quantity); Fe no more than 0.5%; Zn no

more than 0.1%. The alloy exhibits high plasticity and satisfactory

corrosion resistance and is used extensively in fabrication of complex-

shaped components of mcdium strength, particularly forgings and stamp-

ings. Helicopter rotor blades, profiles and skin panels for airframe

structures, forged engine components, and the like are fabricated from

aial. In cases where the corrosion-resistance specifications are more

rigorous, the copper content is lowered to 0.1%. Moreover, limiting the

copper content in avial changes its technological properties substan-

2tially, but lowers the ultimate strength by 2 kg/mm . Avial (with cop-

per) is used as a forging alloy (the old type designation for the forg-

ing version of avial oras AK5 alloy).

References: Voronov, S.M., Protsessy uprocheniya splavov alyuminiy

magniy-kremniy i ikh novyye promyshlennyye kompozitsii [Work-Hardening

Processes of Aluminum-Magnesium-Silicon Alloys and Their New Industri-

al Compositions], Moscow, 1946; Edel'man, N.M. Alyuminiyevyye splavy v

grazhdanskon stroitel'stve [Aluminum Alloys in Civil Engineering], in

book entitled: Stroitel'nyye konstruktsii iz alyuminiyevykh splavov

[Aluminum Alloy Structures], edited by S.V. Taranovskogo, Mowcow, 1962.

I.N. Fridlyander.
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BABBITT - an alloy based on tin or lead and intended for bearing

linings. In addition to tin and lead, the principal components of bab-

bit are antimony and copper. Some types of lead alloys contain nickel,

arsenic, cadmium, tellurium, calcium, sodium, magnesium, and certain

other additives. Babbit is distinguished by a low melting temperature,

a comparatively low hardness, and an especially heterogeneous struc-

ture, which gives it good antifriction properties. Ready-made alloy in-

gots of various types of babbit are generally employed for bearing lin-

ings. When pure metals are used the highest-melting are taken in the

form of ligatures. The lining process should provide tight adhesion be-

tween the antifriction alloy and the steel bearing housing, which is

achieved by special preparation of the bearing and maintenance of the

proper lining temperature. After lining the bearing is bored out to the

requisite size. The lining layer is usually 0.5-4 mm thick (up to 10-12

mm for large bearings). A layer of babbit in a bearing ensures rapid

running-in to the rotating counterbody. Running-in is effected by plas-

tic deformation of the surface layers of the soft alloy base, which

consists of lead or tin and the metals partially dissolved in it; dur-

ing this process the hard, brittle crystals of antimony and other com-

pounds present at the friction surface are easily broken down and

forced into the plastic base under overloads, thus reinforcing it. Run-

ning-in causes the babbit friction surface to acquire a shape corres-

ponding to that of the rotating counterbody and imparts to it the ne-

cessary durability as a result of a certain cold-working and a redis-

tribution of its solid structural components. Babbit is named after the
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American inventor of the first alloy of this type, I. Babbit (see Tin

babbit).

References: See article entitled Lead babbit.

O.Ye. Kestner
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BAKELITE - see Cast phenoplast.
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BA)MLIZED PAPER TU39S AND CYLINDERS - laminated products from Im-

pregnated or varnished paper which are used in electrical devices.

Products with an inside diameter up to 80 mm are called tubes, while

products up to 3 m in diameter are called cylinders. Varnished paper is

oted on one side by phenolforinaldehyde resin (28-35% of the paper, by

weight). Products from this paper are made by winding it into appropri-

ate mandrels through a system of rolls heated to 140-1600; the resin

melts and glues together the individual layers. Impregnated paper con-

tains up to 55-60% of resin. Products from it are usually made in 2

stages. First the blank is cold-wound and then it is rolled on a ma-

chine with hot rolls.

After winding, the tubes and cylinders are heat treated at 130-

1400 for 2-24 hours and more in ordinary dryers or by using high-fre-

quency current. The heat-treated products are removed from mandrels on

a capstan. Varnished paper products are additionally coated by bakelite

varnish. When making capacitor insulators aluminum foil is placed be-

tween the paper layers.

Bakelized paper tubes cylinders from varnished paper are char-

acterized by the followin Ir'tcators: specific gravity 1.15, ultimate

strength (kg/cm2 ) i -Ac flexura 800, in compression along the lay-

ers 400, in cleaving 20; the specific electrical resistivity at 70° af-

ter drying for 4 hours is 1010-10II ohms, electrical strength perpen-

dicular to the layers 10 kv/mm, dielectric permittivity at 50 cps after

drying at 700 for 4 hours is 4.5-5, tangent of dielectric losses angle

at 50 cps after drying at 700 for 4 hours is 0.02-0.03. Bakelized paper
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tubes and cylinders can be, as in the case of Getinaks, machined by

various means (drilling, milling, grinding, turning, etc.). Bakelized

paper tubes and cylinders from varnished paper (GOST 8726-58) are used

in transformer oil at temperatures from -40 to 1050 and at standard

humidity. Bakelized paper tubes and cylinders from impregnated paper

have better electrical insulation properties than those from varnished

paper, particularly under elevated humidity conditLons; they are used

for making cores of induction coils for high-freluenci circuits.

References: Shugal, Ya.L. and Baran;)vskiy, V.V., Slot.styye pais-

tiki [Laminated Plastics], Moscow-Leningrad, 1953; Spravochnik ro elek-

trotekhnicheskim materialam (Handbook of Electrical Engineering Materi-

als], Vol. I, Part 1, pages 250-53, Moscow-Leningrad, 1958.

B.A. Kiselev

Manu-
script (Transliterated Symbols]
Page
No.

385 FOCT= GOST = Gosudarstvennyy obshchesoyuznyy standart - All-
Union State Standard
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BALINE - see Ligneous laminar plastics.
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BALLOON MATERIALS are fabrics with polymer films, used for the
I

fabrication of envelopes of stratosphere ballonns, free and tethered

aerostats, dirigibles, pontoon and sports boats, diving suits, gas bags

and other gas containers. The basic requirements of the balloon mater-

ials are: suitable strength, tersile deformation within specfied limits,

Impe.rmeability to gas, and in the case of aeronautical balloon material

minimal weight as well. The structural portion of the balloon material,

supplying the strength, is fabric made from cotton, silk, Kapron or

other fibers, covered with a film which is impermeable to gas. Widest

usage has been made of rubber films made from natural or synthetic rub-

bers, various lacquer and other synthetic materials. Some products con-

sist of a single gastight layer which fulfills the functions of the

structural portion and the gas-retaining layer, for example, pilot bal-

loons whose enevelopes are made from rubber, polyethylene and polyethy-

leneterephthalate. The balloon materials are divided into one-, two-,

three-, and many-layer materials; with respect to nature of the gas-re-

straining layer we differentiate rubberized, lacquered, and so on. The

two-layer balloon materials are divided into parallel-backed and diagon-

al-backed types. Balloon material of the first type consists of two

fabric layers whose threads have the same direction (parallel layers).

In the balloon materials of the second type the diagonal layer consists

of strips ( wedges) of fabric cut at an angle of 450. The threads (warp

and fill) of one layer are also placed at an angle of 45" to the threads

of thi neighboring layer, which increases the tear strength of the fab-

ric by several times. As a rule, in the three-layer material two fabric
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layers are parallel and one is diagonal. The gastightness of the bal-

loon materials depends basically on the nature of the film-forming pol-

ymer and the temperature (see Gas Permeability).

Reference: Reytlinger S.A., Gazopronitsayemost' vysokomolekulyarn-

ykh soyedineniy (Gas Permeability of High Molecular Compounds), UKh,

1951, Vol. 20, No. 2.
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BARITE (heavy spar) - the rhombic or rhombic-dipyramidal mineral

BaSO4 ; crystals tabular in direction (001) predominate. The Mohs hard-

ness of this mineral is 3.5 and its specific gravity is 4.50. Its in-

dices of refraction are: ng W 1.648, rim - 1.637, and np - 1.636. It is

distinguished by its high chemical stability. Barite is found in hydro-

thermal, metasomatic, and sedimentary deposits, as well as in zones of

erosion.

The clear, colorless crystals of barite are used in optical in-

struments. In order to provide protection against x-radiation barite is

used to coat the walls of x-ray rooms and is incorporated into rubber

gloves, etc.As a result of its chemical stability, particularly with

respect to bulfuric acid, barite is used as a lining and insulating ma-

terial in the chemical industry. Baryta white is resistant to chemicals

and light. Barite is a cons.ituent of lithopone (a white pigment). It

is used as a weighting compound in ;lay solutions encourtered In drill-

Ing and in the petroleum industry, increasing the specific weight of

such solutions from 1.10-1.12 to 1.25-1.75 or more. When incorporated

into glass barite increases its refractive index, improves its luster,

and makes it more transparent to ultraviolet light. This mineralis used

as a filler in the production of photographic papers.

References: Dena, Dzh. et al., Siste--a minerologli [Systems Miner-

ologia), translated from English, Vol. 2, Part 1, Moscow, 1953, pages

482-488; Trebovanlya promyshlennosti k kachestvu syr'ya (Industrial

Specifications for Few Materials], No. 11; Lyubimov, A.L., Barit I vi-
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tezrit [Shrite anW Witherite], MOISCOW-Leningrad, 1946.

V.V. Shcherbina
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BASAIA - an effusive volcanic rock, with a composition character-.

ized by approximately equal quantities of basic plagioclase and ferro-

magnesium minerals, principally augite. Its chemical composition is as

follows (%)! SiO2 - 49.87, A12 03 - 15.96, FeO - 6.47, Fe 2 03 - 5.47,

MgO - 6.27, CO - 9.09, Na20 - 3.16, K20 - 1.55, P2 0 5 - 0.46, TiO2 -

1.38, and Mno - 0.32. The smali-, medium-, and large-grained varieties

of basalt are called dolerite, while the fine-grained variety is called

anamesite. Basalt somewhat altered by secondary hydrothermal and other

processes is called diabase, or diabasic porphyrite. Basalts with an

elevated content o. K20 (4-10%), which in special cases is bonded to an

alkali (orthoclase) or unsaturated silicate (nepheline, melilite, etc.),

are included among the alkaline basaltoids. In engineering the basalts

are sometimes referred to as fully crystalline analogs of tte gabbro

type. Basalt is used industrially in the natural state and after re-

melting or recrystallization.

Basalt has a specific gravity of 3 (2.7-2.3 for remelted basalt),

a porosity of 0.5-1.5%, and a water-absorption of 0.2-0.4% by weight

and 0.5--1.1% by volume; the compressive strength of dry basalt is 2640-

3200 kg/i.m2, of wet basalt 2500 kg/cm 2, of remelted basalt 3000-5000

kg/cm 2, and of fine-grained varieties up to 9150 kg/cm2. Remelted ba-

salt has a wear resistance of 840 kg^r,2. The short-term fracture re-

sistance of remelted basalt is 460-600 kg/cm2 , while its short-term

bending resistance is 450-520 kg/cm2 (1000 kg/cm2 in isolated cases).

The coefficient of volumetric compression for basalt is 18.10-8 at p -

- 2000 kg/cm2 and 15.108 at p - 10,000 kg/cm2 ; the corresponding fig-
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ures for diabase at the same pressures are 15.10-8 and 12.10-8. The

coefficient of thermal expansion of basalt is 6.3.10-7 at 20-1000,

9.10-7 at 100-2000, and 12.10-7 at 200-3000. The coefficient of thermal

0 o16-l- ovr h
expansion of remelted basalt varies from 11.10 to .10 over the

temperature range 100-000. Basalt well withstands sharp temperature

changes in the range 25-6000. The heat capacity of basalt (joules/g) is

0.85 at 00, 1.04 at 2000, 1.14 at 4000, 1.32 at 8000, and 1.49 at 12000

or more. The average heat capacity of diabase at 20-13200 is 0.285. The

thermal conductivity of basalt is 5.01-5.06.10" cal/cm.sec.°C over te

temperature range 0-4000, while its melting temperature varies from

11500 to 13500 (averaging 12500), depending on its composition. Its

viscosity over the temperature range 1150-14000 varies from 37,900 to

140 poises. The magnetic susceptibility of basalt, k, is 4.5 electro-

magnetic units per cm3 . Its electric strength is 32 kv/cm, while that

of remelted basalt is 57 kv/cm. Basalt glass has an electrical conduc-

tivity of 4.10-9 and a dielectric constant of 12. This rock is resis-

tant to the majority of acids and bases, including HNO 3 , H2 SO4 , NaOH,

KOH, and aqua regia. The loss in weight over a 2-hr period amounts to

0.00-0.0.96% for exposure to boiling reagent and 0.00-0.067% for expc-

sure to cold reagent. The high strength, wear resistance, and chemical

stability of basalt are utilized commercially. Basalt glass has good

electrtcal-insulating properties. The chemically industry uses primari-

ly remelted basalt (linings for chemical apparatus and large-size corr-

ponents for special equipment). The electrochemical industry employs

remelted basalt in the manufacture of insulating bases for storage bat-

teries. The electronics industry uses irincipally hyaline or vitreous

varieties of remelted basalt (line and support insulators for high- and

low-voltage grids). In the mining industry remelted basalt is used for

the linings of pneumatic tubes, ball mills, etc. In powder metallurgy
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basalt is used for pouring casting molds. This rock is incorporated in-

to certain types of ceramics (as a substitute for clay). In the paper

industry basalt fiber obtained by remelting is used in the manufacture

of paper and cardboard.

References. Zavaritskiy, A.N., Izverzhennyye gornyye porody [Vol-

canic Rocks], Moscow, 1956; Pelikan, A., Plavlenyye kamni [Remelted

Rock], translated from Czech, Moscow, 1959; Trebovaniya promyshlennosti

k kachestvu mineral'nogo syr'ya [Industrial Specifj tions for Mineral

Raw Materials], No. 58; Tumanskiy, A.L., and Tukal'skiy, E.M., Kislo-

toupornyye materialy [Acid-Resistant Materials], Moscow-Leningrad, 1948.

V.V. Nasedkin
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BAUSHINGER EFFECT - a decrease in resistance to plastic deforma-

tion after preliminary plastic deformation of opposite sign; for exam-

ple, tensile yield strength is reduced by prior compressive deforma-

tion. This effect is named after the German scientist I. Baushinger.

It is little affected by the purity of the material, being observed in

monocrystals of aluminum, brass, iron, and zinc and in polycrystals of

iron, various steels, aluminum and its alloys, sodium and its alloys,

lead, and nickel, as well as in sodium chloride and other nonmetallic

compounds. The extent of the Baushinger effect (evaluated from the de-

crease in the elastic limit when the sign of the load is changed) reach-

es 15-30% in low-temper steels, 10-20% in aluminum alloys, and 40-50%

in high-temper steels and magnesium alloys; this effect is very small

in large-grained iron, copper, and aluminum. Repetition of the load

cycle causes adaptation of the material and reduces the influence of

subsequent cycles (see Fatigue). The Baushinger effect can be reduced

by low tempering. It is caused by the oriented microstresses which de-

velop after plastic deformation as a result of the differing properties

of the internal zones (grains and mosaic blocks) and boundary regions

(grain and mosaic-block boundaries). The Baushinger effect is of great

practical importance when the plastic deformations during technological

processing and under operating conditions are opposite in sign, as when

tubes and bars operate under compression after being tension-straight-

ened. It is necessary to take into account the decrease in yield

strength and elastic limit resulting from the Baushing effect and,

where possible, to eliminate it. This phenomenon has a material influ-
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ence on fatigue fracture. The great danger involved in Symmetric j
stress cycles is due to the flaushinger effect (see Imperfect elasticiy

Internal friction).

References: Vasil'yev, P.M., 0 prirode effekta Baushingera, v ob.

(Nature or the flaushinger Effect, in collection): Nekotoryye problemy

prochnosti tverdogo tela. Sb. ct. posvyashchennyy vos'mideoyatiletiyu

akad. AN USSR N.N. Davidenkov [Certain Problems of the Strength of So-

lids,Collection of Articles in Honor of the Eightieth Birthday of N.N.

Davidenkov, Academician of the Academy of Sciences TUkSSRJ, Moscow-Len-

ingrad, 1959; Ratner, S.I. and Danilov, Y.S."Zl," 1950, No. 4.*

Ya.B. Fridman
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BEARING BRONZE - bronze intended for the manufacture of bearings

and othercomponents which must function under sliding friction. Bronzes

of varying composition (lead, tin, antimony, etc.) are used, depending

on operating conditions (see Bearing materials, Tin bronze, Lead tronze,

and Antimony bronze).

O.Ye. Kestner
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BEARING MATERIALS -materials used in the manufacture of sliding

bearings and having antifriction characteristics. They can be classi-

fied as metallic or nonmetallic. Metallic bearing materials include

Babbitts, alloys based on copper (bronzes),ozino, and aluminum, and cer-

tain types of cast iron; nonmetallic materials include certain types of

plastic, wood-based materials, graphite ma';erials, and rubbers. A num-

ber of bearing materials combtne different types of substances (metals

and plastics, graphite materials and metals, etc.).

Tin- or lead-based babbitts. The distinctive features of all bab-

bitts are their good workability, their ability to "absorb" solid par-

ticles, and the fact that they do not grab when paired with steel.

Their drawbacks include low mechanical characteristics at temperatures

of 1000 or above, low thermal conductivity, and a comparatively low fa-

tigue strength. Tin babbitts are more convenient to produce, more easi-

ly cast on steel, less subject to oxidation, and noncorrosible. When

fatigue-tested by cyclic bending under equal loads tin and lead bab-

bitts (of the same hardness) exhibit the same number of cycles to frac-

ture; Lead babbitts have an advantage when fatigue-tested by cyclic

bending with equal degrees of deformation, since their modulus of elas-

ticity is substantially lower. Babbitts are used in bearings in the

form of a layer cast on a housing of bronze, brass, steel, or cast

iron. Strongest adhesion of the cast babbitt layer to the housing is

obtained with a special casting process, which includes cleaning and

tinning of the housing surface. Thin-walled bearings for light-automo-

bile engines are fabricated by stamping from bimetallic strips produced
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by continuous casting of babbitt on a standardized moving steel strip.

The fatigue strength of the babbitt layer increases as its thickness

decreases; in the bearings of some modern automobile engines this layer

is 0.1 mm or less thick.

When the surface of the bushing is properly prepared and the fac-

Ing layer is correctly cast the babbitt and the housing metal (bronze,

steel, cast iron) are strongly bonded over their entire contact sur-

face, which makes it possible to reduce the thickness of the babbitt

layer considerably. Mechanical fastening of the babbitt to the bushing

(by providing the bushing with grooves and holes that are filled by the

babbitt during casting) is suitable only for lightly loaded bearings.

Another bearing material consists of a grooved steel strip to

which a porous layer of metal containing 60% Cu and 40% Ni is applied

by powder metallurgy. The pores in this layer are filled with soft bab-

bitt (e.g., one containing 3% Sn, 4% Sb, and the remainder lead). The

third, "working" layer thus formed on the copper-nickel layer has a

thickness of the order of 0.05 mm. This material is employed in the

mass production of automobile-engine bearings and exhibits good worka-

bility and a substantially higher fatigue strength than ordinary bab-

bitts.

Copper-based bearing materials. These alloys include Tin bronzes,

Lead bronzes, tin-lead bronzes, and certain others. Tin bronzes are

used for bearings intended to operate under high specific loads at low

sliding speeds, while tin-lead bronzes of types 0S8-12 and OS6-16 are

employed for medium loads and speeds. Lead bronzes (25% or more Pb) are

used for extremely heavily loaded bearings, being cast in a layer on

steel (by casting of individual bearings, casting of bronze on a moving

steel strip, or production of a bronze layer on a steel strip from pow-

dered copper and lead by powder metallurgy, subsequently fabricating
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bearings from the bimetallic strip by stamping). Lead bronzes are less

workable and less capable of "absorbing" solid particles than bab-

bitts, but have a higher permissible working temperature and fatigue

strength. In order to raise the fatigue strength of lead babbitt a to-

tal of 1-2% tin is added. Of the lead-free bronzes Antimony bronze has

the highest antifriction characteristics, which approximate those of

tin bronzes. Rolled bronzes with a low lead content (e.g., BrOPsS 4-3-

4) and copper-zinc alloys (tombac, brass containing 69% Cu and 4% Pb)

are also employed for bearings intended to operate at low speeds and

loads.

Zinc-based bearing materials are used as replacements for tin-lead

bronzes in bearings. Type TsAM9-I.5 alloy is used commercially as a

substitute for bronze in the shaft and Journal bearings of locomotives.

For heavily loaded bearings TsAM9-I.5 Is cast on a steel base, whose

surface is preliminarily zinc-plated. Although the hardness of zinc al-

loys at room temperature is higher than that pf the bronzes which they

replace, this difference decreases as the temperature rises, since the

hardness of zinc alloys drops more rapidly. Zinc alloys can also be

used in the plastically deformed state, in which case they have higher

mechanical characteristics.

Aluminum-based bearing materials have come into wide use in con-

nection with the development of aluminum alloys that approximate the

:haracteristics of babbitts and of methods for plating steel with them.

Table I shows the composition of the best-known aluminum-based bearing

materials. They can be subdivided into pliable alloys, which are used

for facing the working surfaces of steel bearing housings, and alloys

for the producticn of monometallic bearings or bushings consisting of

only one material. Alloys of the first type, which are employed In au-

tomobiles (1oran, Glasier) and tractors (ASM, XB-80), are applied to
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TABLE 1

Bearing Materials Based on Aluminum Alloys

m 4 | nw rniv
ftlCM -" 0.4 4 3m, .Oi%11 0'Wo b, 4 0 * "rI.p. 15 C "i~a@#

maNp" 40111 4 -d 24 1: IUA . 3
*Ai XA I 0. $ 4 S !, Too A-1.4

H9 A X n
II ml• 24 I 27 Amrlsn IS

11 Ks 927$12 ,5 0-$ 4 0,3 .S .5Pb 30 oPr 1i

* Used with running-in coating.

1) Alloy; 2) average contert of basic components other than aluminum

(%); 3) other elements; 4) haru'less, HZ (kg/mm2 ); 5) country of primary
use; 6) ASM; 7) Moran; 8) Alcoa XA 750; 9) Alcoa XB-80 S; 10) Glasier;
11) KS 927; 12) USSR; 13) USA; 14) the same; 15) England; 16) Federal
Republic of Germany.

steel by rolling bundles containing both metals. Bearings are fabricat-

ed from the resultant bimetallic strips by stamping; bearings and bush-

ings are produced from KhA750 alloy by casting. Individual casting of

bearings or bushings on steel housings is also employed (e.g., with

KS927 alloy), this process being referred to as "alfining."

Pliable aluminum-based bearing materials have a higher fatigue

strength and thermal conductivity, better high-temperature mechanical

characteristics, and a lower specific gravity than babbitts. Their

drawbacks include complexity of production, a lower capacity for run-

nling-in, less ability to "absorb" solid particles, and the need to use

a very hard shaft with a very smooth surface. A better capacity for

running-in is obtained by galvanizing the surface of the aluminum alloy

with a thin layer (of the order of 25 a) of a lead-tin alloy (up to 8%

tin is added to the lead in order to make the plating corrosion-resist-

ant). Glasier alloy has extremely high antifriction characteristics and

a definite structure (individual tin inclusions) obtained by special

annealing after plastic deformation; this alloy is used without a lead-

alloy surface coating. In the USA XA750 alloy is employed in the manu-
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facture of bearings and bushings, replacing tin and tin-lead bronzes.

In installing monometallic aluminum-alloy bearings in steel or cast-

iron hoLuings it is necessary to keep in mind the difference in their

coefficients of linear expansion, which may cause development of severe

stresses and plastic deformation of the aluminum alloy during opera-

tional heating. After the bearing has cooled the shaft clearant.e may be

reduced, causing grabbing. This phenomenon must also be taken into ac-

count in selecting the layer-thickness ratio for bimetallic bearings

utilizing aluminum alloys.

Cernet (self-lubricating) bearing materials are produced in the

form of porous bushings by sintering blanks preliminarily pressed (in

press-forms) from suitably treated powdered metals, usually with a

small amount of graphite added. The degree of porosity is generally

about 25%. The finished bushings are grooved under pressure (the work-

ing surface should nut be cut) and impregnated with oil in a vacuum.

These materials are used principally for small bearings intended to Op-

erate under light loads without lubrication. Their service life is lim-

ited by the lubricant reserve in the layers adjoining the friction sur-

face. Iron-graphite bearings can withstand greater loads than bronze-

graphite bearings at lower sliding speeds; their chief drawback is

their high susceptibility to corrosion.

Cast iron for bearings intended to operate under light loads at

low speeds should, in the cast state (gray iron), have a microstructure

that insures the requisite antifrtction chara,;teristics (medium- or

coarse lamellar perlite, no free ferrite or free cementite, graphite of

medium grain size, and a phosphide eutectic in the form of isolated in-

clusions). The Brinell hardness of such cast iron ranges up to 240

kg/mmu. Cast iron containing globular graphite can be used if it is

given a perlitic structure by heat treatment, but it has lower anti-
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friction characteristics.

Plastic-based bearing materials are classified by type of resin,

filler, physical characteristics, production technology, use of compo-

nents in structures, and operating conditions. Plastics based on ther-

TABLE 2

Physiccmechanical Characteristics of Thermoplastic
Plastics for Bearings

I 2 34
___________________I____________________ I,. I.*I' . ,,l,,

7 roomppa t sul I;too61 ..1111 J . .' (e .s-
q •• ?s*l,UI4 j4IIII.41" 4l1'lll 4? "l I |.. I.'" I" I", I" I" | ,I '

10 (Wll**r t Jl'cU •l.65 Itj"'. ' " I" .,:1', I :|L

•ISEI'IN3 1(1' lr4..4?ygHdN I•.MI t IAIA 1,
wm ,IN W ls 21AfrI st.14 rt.p

1) Characteristic; 2) capron; 3) nylon- 4) polytetrafluorethylene; 5)
DV; 6) • •) Brinell hardness (kg/mm); )coefficient of thermal ex-
pansion / C); 9) coefficient of thermal conductivity (cal/cm.-:ec.°C);
10) maximum permissible working temperature (°C).

TABLE 3
Physicomechanical Charac-
teristics of Thermoreactive
Plastics for Bearings

I .l f- hLvt*I lI

I. -

1) Characteristic; 2) lignoston; 3) lignofol'; 4) textolite; ,) Brinell
h-irdness (k&/m&); 6) distension (volumetric) In water at 25c over 2a
nr (%).

moreactive phenol l-fcrmaldehyde resins with - ft'lerL cf cluth (textc-

lite), plywood (i,,•ncfcl'I), cIr ý.awdust are used in bearing. -c pku-jsl,•

wetted with water and operated at low "-:peed.. Textolite 1; emplcyed an

a substitute fcr bronz Irn rcll!n:-:-tan.d bearings. Therpla'-U plaý.-

tics, such as pciyam'nies (nylon, caprcnr) an, pclytetraflucre hyo:..e

(flucreplalt-i), are al--c used for tear-ngs. iclyanllie bn.hn and
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bearings are produced by pressure ca ting or machining of cast blank.,;,

as well as in the form of thin coatings (e.g., 0.1 mm thick) on metal-

lic bases. They are intended to operate with oil or water lubrication.

Fluoroplast-4 has a lower coefficient of friction than other plastics

at low sliding speeds without lubrication, retaining this property at

temperatures of from -200 to +260 . Bearing materials of the following

types utilize f0luoroplast-4 (teflon): 1) bars and tubes are produced by

pressing and sintering a mixture of teflon and a powdered bronze, lead,

or graphite filler. Bushings are then machined from the resultant

blanks. This material (designated as DQ in England) has a high coeffi-

cient of linear expansion and low mechanical strength; 2) a layer of

tin-bronze beads containing 11% Sn is applied to a steel strip (the

bead diameter is 0.1 mm and the layer thickness is 0.3 mm) and fixed by

sintering. The pores between the beads (approximately 30% of their vl-

ume) are filled with a mixture of teflon and approximately 20% by vol-

ume dispersed lead, a working layer of plastic about 25 a thick being

left on the surface. Threaded bushings (which are pressed into the

bearing housings) are stamped from these strips (designated as DV in

England).

Wood-based bearing materials. Naturai wood, pressed wood, and lig-

nofol' are used in the manufacture of bearings. The natural woods used

include lignum vitae (with a specific gravity cf 1.3 &/cm3 and a resin

content of approximately 30%). Pressed wood (lignoston) is produced by

special processing (of birch in the USSR) consisting of impregnation

with glucose (or other substances that reduce water absorption), hot

pressing, and heat treitment. Lignofol' (a laminated wood plastic) con-

sistz- of a number of layers of birch veneer (of the order of 1 rm

thick) arranged in such fashion that the fiber directions of adjacent

layers are at rignt angle-; these layers are impregnated with a phenol-
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forwmaldehyde resin and pressed under conditions that cause polyconden-

sation of the resin. The principal drawback of pressed wood is its sub-

stantial water absorption. Wood-based bearing materials are employed in

the bearings of rolling stands, water turbines, and marine propellers,

with copious water lubrication. Bearings of lignoston and lignofol'

generally take the form of a steel casing within which plates of the

wood material are fastened, with their butts toward the shaft surface.

Lignofol' is used as a substitute for more expensive textolite in roll-

ing-stand bearings. Lignofol' bearings have a higher permissible load

and working temperature than lignoston bearings. Tables 2 and 3 show

certain of the physicomechanical characteristics of plastic bearing ma-

terials.

Graphite-coal bearing materia>: are produced by pressing and heat-

treating a mixtu-e of petroleum coke and a coal-tar resin, a small

amount of natural graphite being added. These materials are employed

for bearings intended to operate at temperatures of up to 4800 under

light loads in air. The porosity of graphite-coal materials makes it

possible to impregnate them with metals or resins to give them special

properties. Metal-graphite-coal materials can withstand specific loads

of up to 25 kg/cm when operating in air and up to 40 kg/cm2 when lu-

bricated; their maximum working temperature depends on the characteris-

tics of th3 impregnating mateial.

Rubber is used as a bearing material with water lubrication under

light loads and at low speeds. It is fastened to the working side of a

metal bearing or bushing in the form of a layer with a row of' longitu-

dinal grooves to supply water to the friction surface. The bearing

working temperature is 50-70°.

Other bearing materials. Cadmium-based alloys are sometimes used

for sliding bearings, having a maximum permissible load intermediate
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between that for tin babbitts and that for lead bronze; these alloys

are used for automobile-engine bearings in the USA. Silver is employed

for the extremely heavily loaded bearings of certain types of aircraft

piston engines. Production of bearing materials with a wide range of

characteristics will be associated with broader utilization Gf powder-

metallurgical methods and the development of metallization technology.

References: Treniye i iznos v mashlnakh [Friction and Wear in Ma-

chines], Collection 6, Moscow-Leningrad, 1950; Spravochnik po mashinc-

stroitel'nym materialam [Handbook of Machine-Building Materials], Vols.

1-4, Moscow, 1959-60; Khrushchov, M.M., Gol'd, B.V., Maurakh, A.A.,

Materialy detaley avtomobiley i traktorov [Materials for Automobile and

Tractor Components], 4th Edition, Moscow, 1948; Al'shits, I.Ya., Verzh-

bitskiy, N.F., Zommer, E.F., Opory skol'zheniya [Sliding Bearings],

Kiyev-Moscow, 1958; Shpagin, A.I., Antifriktsionnyye splavy [Antifric-

tion Alloys], Moscow, 1956; Ivanov-Skoblikov, N.N., Antifriktsionnyye

materialy dlya podshipnikov skol'zheniya [Antifriction Materials for

Sliding Bearings], Moscow, 1956; Petrichenko, V.K., Antifriktsionnyye

materialy I Iodshipniki skol'zheniya [Antifriction Materials and Slid-

ing Bearings], Moscow, 1954; Sleeve Bearing Materials, Cleveland, 1949

(ASM); Werkstoffe fuer Gleitlager [Friction-Bearing Materials],

edited by V.R. Kuehnel, 2nd Edition, Berlin, 1952; Cazaud, R., Le

Frottement et l'Usure des Metaux, les Anti-Frictions [Friction and Wear

of Metals; Antifriction Bearings], Paris, 1955.

M.M. Khrushchov
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BEINITE - a structure formed by the intermediate conversion prod-

ucts of austenite. See Steel.
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BELTING - a strong, linen-woven technical fabric used in the manu-

facture of rubberized conveyor and elevator belts, flat drive belts,

and subway straps (GOST 2924-45; TU MLP 714-50). Belting is produced

from tightly twisted cotton thread; the stronger types are produced

from long-fibered cotton with a fiber length of 33-35 mm and the strong-

est types from synthetic fibers. Belting produced from medium-fibered

Physical and Mechanical In-
dices

If poqIRoCTh IIII pa.'pIJ, H

1f | OI I S4llt IIO,'l" lM , |aliN )Beal.|Tmtrl, (.AI) T , ,, Iiall i t~aI
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1) Belting; 2) thickness (mm); 3) tensile strength (kg) of 50 x 200 mm
strips; 4) warp; 5) woof; 6) weight of 1 m2 of fabric (g); 7) OPB.

cotton is used as a filter material. This fabric is classified as loose-

or close-woven, depending on its tightness. The Table shows its physi-

cal and mechanical properties.

Cotton belting is manufactured from No. 12 thread; threads consist-

ing of from 4 to 7 filaments are used for the warp and woof. Close-wo-

ven belting (OPB-6, OPB-6, and OPB-12) is produced from thin-fibered

cotton thread No. 35, using 30 filaments for the warp and from 24 to 30

filaments for the woof. The elongation under tension is no more than

32% along the warp and 12-14% along the woof. Belting is produced in

various widths, ranging from 750-1450 mm for the ordinary fabric to t4
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I 1100-2100 mnm for the extra-strong fabric. Linen-woven cotton cord-woof

fabric is used for the flat rubberized belts of railway generators;

this material is produced with a warp of stretched, heat-fixed double-

twisted 37/27/3 cord and a woof of No. 37 thread with 23 filaments. The

strength of a 50 x 200 mm strip of this fabric is no less than 660 kg

along the warp and 250 kg along the woof; its elongation under tension

is 30% along the warp and no more than 20% along the woof. This mater-

ial has a thickness of no more than 2.8 mm and weighs 1600 + 80 g per

m2 . It is manufactured in widths of 78 and 96 cm.

S.Ye. Strusevich
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BENDING ANGLE - plasticity characteristic of metallic materials

(strips, sheets, wire, bar stock, pipes, shapes) which is determined by

performing industrial tests: bending, folding, flanging, double roofing

Joint. The bending angle is specified for each kind of tests in appli-

cable GOSTs or TU for the material. A sign showing that the material

has withstood the specified bending angle is the absence of cracks,

tears and cleavages in the material.

References: Shaposhnikov, N.A., Mekhanicheskiye ispytaniya metal-

lov (Mechanical Testing of Metals], 2nd edition, Moscow-Leningrad,

1954.

Yu.S. Daniloi

Manu-
script [Transliterated Symbols]
Page
No.

409 rOCT GOST = Gosudarstvennyy obshchesoyuznyy standard -All-
Union State Standard

409 TY = TU = tekhnicheskiye usloviva - technical specifications
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BENDING TEST - is a statical checking of materials at which the

specimen is set up two supports and loaded with one (a) or two (b) con-

centrated forces as it is shown in the Fig. The bending test is used

to determine the strength and the plastic properties of materials, and

also as a technological checking of the plasticity of the material, its

ability to be pressed, the quality of welding joints, etc. (OST 1683,

OST 1684, OST 1685). If the tests are carried out with machines provided

with recording devices (IMCh-30, IM-4A, for example, designed by the

TsNIITMASh, and others), the bending curve is obtained in the coordin-

ates "bending of the specimen v.s. force" which permits one to deter-

mine the conditioned yeild strength a0.2 and the bending strength cb

using the formulas which are valid for the calculation of stresses in

the range of elastic deformations. The maximum bending deflection or

the bending angle of the specimen before cracking occurs is taken as a

characteristic of the plasticity (a crack may not occur even at a

bending angle near to 1800 when high-plastic materials are tested). The

bending test is particularly used frequently for brittle materials (for

casts from gray iron and wrought i.'on, for example, GOST 2055-43), be-

cause it secures a good reproducibility of the results in contrast to

other testing methods, especially the monoaxial tensile test, which

gives a wide scattering of the results owing to the high sensibility of

brittle materials to the skewing of the specimens in the machine

clamps. The toughness of a metal and its sensibility to sharp cracks

may be judged based on the character of the final section of the bend-

ing curve of notched specimens.

410
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p pb

Fig. Typical schemes of the loading of specimens in the bending test
and the corresponding lineE, of the bending moment (M): a) Transversal
bending of the specimen; b) pure (circular) bending within the section
mn of the length of tae .recimen.

References: Shaposhnikov N.A., Mekhanicheskiye ispytaniya metallov

[Mechanical Tests of Metals], 2nd edition, Moscow-Leningrad, 1954;

Drozdovskiy B.A., Fridman Ya.B., Vliyaniye treshchin na mekhanicheskiye

svoystva konstruktsionnykh staley [Effect of Cracks on the Mechanical

Properties of Strcutural Steels], Moscow, 1960.

I.V. Kudryavtsev, D.M. Shur
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BENDING TEST - determination of the ability of a metal to with-

stand bending when cold or hot. Bending tests are standardized and are

employed for sheets, various rectangular and round blanks (OST 1683),

and tubes (GOST 3728-47), as well as to determine the quality of welded

Joints (OST 1685), nonquenchability (OST 1684), and hot-shortness (OST

1683).

Fig. 1 Fig. 2 Fig. 3 Fig. 4

The size and the shape of the specimen are defined by the GOST

and technical specifications in accordance with the tyje of material
4

and its purpose. However, it is necessary in all cases to retain the

surface Layer of the metal and the specimen thickness is consequently

taken as the thickness of the material a, its width is taken as twice

the thickness of the material 2a (see Fig. 3) but no less than 10 mm,

and its length is taken as 'a + 150 mm, usually being oriented perpen-

dicular to the rolling direction. The specimens are cut cold and sharp

fins are removed. The central portion of the specimen h;nould be free

of markings, glue, notches, anj hammer marks.

Bending tests are conducted on machines which permit compressive

loading ano have devices for bending the specimen (cross pieces with

~412
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roller supports and a mandrel). The roller supports should prevent warp-

ing of the specimen. The radius of curvature of the mandrel around

which the specimen is bent is usually a multiple of the thickness of

the test material, ranging from 1 to 4 times this thickness. The width

of the mandrel should be greater than that of the specimen.

We can distiriguish three types of bending tests: 1) bending to

fracture or cracking and determination of the bending angle (Fig. 1);

2) bending around the mandrel until the sides of the specimen are par-

allel (Fig. 2); 3) complete bending, i.e., until the sides of the spe-

cimen touch (Fig. 3).

A bending test consists in smooth loading of the specimen under

an increasing load until the type of bend stipulated in the standards

for technical specifications is obtained.

Tubes no more than 114 mm in diameter are subjected to bending

tests consisting in smooth bending of the specimen (Fig. 4) by any

method that permits the cutside di&meter vA the tube to remain at no

less than 85% of its initial value over the entire length of the speci-

men. The bending angle is usually taken as 90, while the other angles

are stipulated in the technical specifications.

Specimens which survive bending tests should not show separation,

tearing, fracture, or cracking (see Tecz*nological testing).

Yu.S Danilov
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BENDING TEST INVOLVING ALTERNATE BENDING (alternate-bending tect)

- determination of the ability of metal wire, strips, and sheets to un-

dergo cold plastic deformation by bending. The alternate-bending test

consists in bending a specimen held vertically in a special device al-

ternately 900 to the left and right until it fractures or until the num-

ber of cycles set by Standard requirements for technical spe-2ficationz

is reached.

One cycle is assumed to be bending through 90C and rebendinr

through 90* (i.e., returning the specimen to its initial position). The

cycle during which fracture occurs is not counted. The number of cy-

cie6 per minute should not exceed 6c. Alternate-bending tests ae stand-

ardized for wire with diameters of from C•.8 to 7.0 nTm (GOST 1579-63)

and for -t,'Ips and sheets with thicknesses of ur to am'm (OST 1(,?) In

testing sheets up to 0.5 mm. thick and wire up to 1.5 mrm in diameter it

is permissible to use a tensioning attachment, which ensures that the

specimen is pressed tightly azainzt thp hjjshtrws (rrl]er_) of the de-

vice.

Specimens which survive bending' test- Sýi.u'd n,-ct exhibit separa-

tion, exfoliaticn, tearing, cracking, or fracture o'* the bare materla-

or surface coat:1-7- (cee Technological tectI.£).

Referencef: eapc:u.r.c'., N. A. , M.'anlche:,Ulye icp ,.taniya _-ta -

lov [Mech&nica1 Testl-n c.r Meta'. 2rA n 2itlc:., iccw-Le:rai,

-. -. 4
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BENDING TEST OF DISCS RESTING ON THE CIRCUMPERENCE - is one of the

methods to evaluate the disruption strength (Fig. 1). It is applicable

only to the destruction of discs along radial directions which in the

case of structural steels is usually attained by testing in liquid

nitrogen medium (Fig. 2). Generally, the thickness of the disc is equal

to 5-6 mm. A stressed state near to a biaxial stress is established in

the disc during the test, and, therefore, more favorable conditions for

t:. ... ination of the brittleness are given. Such tests of discs are

especially recommended for a comparative evaluation of materials used

for spherical and cylindrical shells operating under internal pressure.

The calculation of the breaking stresses in the case of absent plastic

bending is carried out using the formula

-j i, I -- (1 )

where P is the breaking load, h is tt.e thickness of the Jisc, 4 is the

Poisson's ratio, a is the radius of the support of the disc, and b is

the radius of the :ontact area of the punch.

Pig. 1. Scheme of the ben-ding test of discs restinE on the circumference.



I
1-291]

Fig. 2. Discs from 30KhGSA steel after brittle destruction in liquid
nitrogen.

References: Fridman Ya. B., RoNtmo. I.M., "Zavodskaya laborator-

iya," 1948, No. 10.

S.I. Kishkina-Patner

4
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BERYL - a mineral of the silicate class, the beryllium silicate

Be3AI2[Si6018], containing admixtures of alkalies, water, helium, and

oxides of Ca, Mg, Mn, Fe, Cr, and V. The simplest crystals are elong-

ated six-sided prisms combined with a pinacoid; tabular crystals, gran-

ular masses, etc., are also encountered. Beryl is brittle and has an

intense glassy luster, a Mohs hardness of 7.5-8, a specific gravity of

2.63-2.91, a tpl of 14200, a coefficient of thermal expansion of

26.1c-7 (20-10000), and a dielectric constant of 6.8-7.6; its indices

of refraction are %n = 1.568-1.602 and np = 1.564-1.595. It has a dis-

persion of 0.014. The only acid which reacts with beryl is fluoric acid.

The following color varieties of beryl are distinguished: 1) true

beryl - blue, greenish-blue, yellow, yellowish-green, green, brown,

milky white, and occasionally reddish; cloudy, opaque crystals and

granular masses; 2) emerald - bright green as a result of an impurity

of Cr3 +; unflawed, opaque varieties with a uniform rich color are very

rarely encountered and are highly prized as gem stones; paramagnetic;

3) aquamarine - clear, greenish-blue hues ranging from almost colorless

to pure greenish-blue and deep blue; the color is due to an impurity of

Fe2+; precious stone; 4) vorobyevite (morganite) - reddish or yellowish-

red as a result of an impurity of Mn2 +; contains cesium; 5) rosterite -

colorless, in short prismatic or tabular crystals; 6) heliodor - clear,

golden-yellow, principally as a result of an admixture of Fe2+, but

posstbly of Fe3+; gem stone.

The ewelry trade values emeralds, which are more expensive than

diamonds when of high quality, aquamarines, especially those which are

4 1 7



¶-11b

rich in color and less glassy, heliodor, and vorobyevite. The require-

ments for Jewelry-grade beryl include uniform coloration, absence of

cracks and inclusions, and transparency.

Reereces: Betekhtin, A.G., Mineralogiya [Mineralogy], Moscow,

1950; Fersman, A.Ye., Drotsennyye i tsvetnyye kamni Rossii [Precious

and Colored Stones of Russia], Vol. 1, Petrograd, 1920; Kryzhanovskiy,

V.I., Akvamarin, v kn. [Aquamarine, in book]: Nemetallicheskiye isko-

payemyye SSSR [Nonmetallic Minerals of the USSR], Vol. 1, Moscow-Lenin-

grad, 1936; Grum-Grzhimaylo, S.V., and Pevneva, L.A., Krivyye spektral 1

nogo pogloshcheniya berillov i topazov razlichnykh okrasok [Spectral

Absorption Curves of Beryls and Topazes of Various Colors], Tr. In-ta

kristallogr. AN SSSR [Transactions of the Institute of Crystallography,

Academy of Sciences USSR], 1956, No. 12; Narayana, Rao, Dielectric Con-

stands of Crystals - III, "Proc. Indian Acad. Sci. A., 1949, Vol. 30,

No. 2; Hummel, F.A., Observations on the Thermal Expansion of Crystal-

line and Glassy Substances, "J. Amer. Ceram. Soc., 1950, Vol. 33, No. 2.

Yu.L. Orlov

S4 18
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BERYLLIUM., Be - a chemical element of group II of Mendeleyev's

periodic system, with an atomic number of 4 and an atomic weight of

9.013. It has one stable isotope, Be9, and is included among the rare

elements.

The beryllium content of the earth's crust amounts to 6.10-4% by

weight. The great difficulties involved in the metallurgy of beryllium

made it impossible to produce it commercially until the end of the

1920's.

The outstanding properties of this metal, high strength in con-

junction with a low specific gravity (1.84), a relatively high melting

temperature (12830), and good corrosion resistance have made it an ir-

replaceable structural material in somo cases, principally in aeronau-

tic and rocket technology and in the manufacture of instruments. The

discovery of atomic energy brought into play still another important

property of beryllium, its low effective thermal-neutron cross-section,

which, in conjunction with its low atomic weight, makes beryllium one

of the best materials for thermal-neutron moderators and reflectors and

heat-evolving-element casings in atomic reactors. Beryllium is the only

metal with these nuclear characteristics. The use of beryllium in neu-

tron sources based on radium, polonium, actinium, plutonium, etc., is

based on its ability to become a high-power neutron source when bom-

barded with a-particles. Beryllium is highly permeable to soft x-radia-

tion (its permeability is 17 times that of Al) and disks of this metal

are consequently employed as windows in x-ray tubes with high beam pow-

ers. Beryllium is also distinguished by high reflectivity for the ul-
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traviolet portion of the spectrum, high thermal conductivity and heat

capacity, a high sound-propagation rate, and chemical activity at high

temperatures. It is a good reducing agent and is capable of causing

dispersion hardening in a nunber of' alloys, especially those based on

copper (see Beryllium bronzel. Beryllium is used as an additive to

aluminum alloys and for applying hard diffusion layers to steel sur-

faces (see Beryllization of steel).

Many of the properties of beryllium cannot be fully utilized be-

cause of the low plasticity and high toxicity of dispersed beryllium

and its compounds. The reason for the low plasticity of this metal has

not been fully explained, but it has been established that there is a

marked anisotropy of properties in crystals and prolucts, especially

those subjected to pressure working. The plasticity of beryllium de-

pends on the manner in which the impurities are distributed and the

purity, grain size, and texture of the metal. Combinations of differ-

ent processing methods and reg- make it possible to obtain bars,

various shapes, sheets, wire, tubing, etc., from beryllium.

The low beryllium content of the earth's crust, the complexity of

the techniques used for processing the ore and obtaining the metal, and

the toxicity of the latter, which requires that special protective

measures be taken during production, make beryllium relatively expen-

sive and limit its application.

Production of metal. Beryllium is usually produced commercially by

metallothermic reduction and electrolysis of melts. The metal obtained

by reduction of beryllium fluoride with magnesium is generally referred

to as fluoride or magnesiothermic beryllium. Fluoride beryllium con-

tains 0.1-0.3% Fe, 0.007-0.02% Mn, 0.01% Cr, 0.01-0.03% Ni, 0.03-0.05%

Mg, 0.02-0.15% Al, 1.10-4% B, and 0.04-0.2% C. Ingots of fluoride ber-

yllium are used in the manufacture of finished products by powder-me-
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tallurgical methods or by casting. The only electrolytic method used

commercially is electrolysis of molten beryllium chloride mixed with

NaC1. The metal obtained in t his manner is referred to as chloride,

scale, flake, or electrolytic beryllium. Crhluride beryllium is usually

higher in quality than magnesiothermic beryllium. The approximate con-

tent of basic impurities in chloride beryllium is as follows: 2-10-3-

1.10-2% Mn, 2.10- 3 -2.10-2% Cu, 5.10- 3-2.10-2% Fe, 3.10- 3% Al, 3.10-3-

2.10-2% Si, 3.10-3_5.10-2% Ni, and 2.10- 3 % C1.

Data on the oxygen and carbon contents are insufficient; isolated

reports indicate that these impurities reach several tenths of a per-

cent.

In order to increase its purity and improve its plasticity metal-

lic beryllium is refined by high-vacuum distillation and soluble-anode

or zone-melting electrolysis. Beryllium is distilled at a residual

pressure of 10-5-10-6 mm Hg, heating the metal to 1320-13500. It is

condensed on a molybdenum base. The distillate takes the form of large

crystals, which adhere to one another. The contents of certain impuri-

ties in distilled beryllium are as follows: 6.10- 3 % Fe, 3.10-3% Al,

5.10-4% Cu, 3.10- 3 % Ni, 5.10- 3 % Cr, 2.10-3% Mn, 1.10- 3 % Pb, and 1.10- 3 %

N. Metal of still higher purity (up to 99.98%) can be obtained by re-

distillation.

Manufacture of finished products. Powder metallurgy is the princi-

pal method used to produce blanks for manufacture of finished products

(see Beryllium block). Beryllium is not very often cast, since the cast

metal has low mechanical cnaracteristics and a coarse-grained struc-

ture, which hampers working. Several powder-metallurgical processes are

employed for beryllium: "cold" pressing and subsequent sintering,

"warm" pressing, "hot" pressing, and sintering without pressing. Beryl-

Mlum powder with a grain size of no more than 70 ii is used as the ini-
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tial material for production of cermets. Powder with a grain size of

no more than 0.5 mm is employed in isolated cases. Cast beryllium in

which the grains have been pulverized by thermomechanical or other

treatment is equal in quality to metal produced by powder metallurgy.

Heating of beryllium to temperatures above 600* is carried out in a

vacuum or an inert medium, in order to prevent oxidation.

Physical Properties

y at 250 (determined by x-ray diffraction analysis) -
S.U447±,o0007 g/cm3

Atomic radius 1,123 kX
Lattice type - tightly-packed hexagonal
Lattice parameters (kX) at temperature of (°C):

Room temperature

a C Ca"•OMIayRHof . . .2 281 3. 577 I.568
200. 2.287 3.584 1.567
61)0". ..... 2.305 3,606 '56. 4
1000* ..... 2.325 3.632 ,562

Interatomic distances

d .. ..... 2.221 AX
d . . .. . 2,281 h.\

Allotropic-transformation temperature (°C):

on heating 1250
on cooling 1244

Lattice type of 0Be- body-centered cubic

Density of liquid beryllium at 15000 - 1.42 g/cm3

Vapor pressure at temperature of:

1236 . -

I1 9 6 U . • . U - a .,r . •a
2970 . .' . • I .t

Heat of fusion .............. ... 2335 cal/mole
Heat of vaporization ......... .. 53490 cal/mole
Heat of sublimation ............. 76560 cal/mole
Shrinkage on solidification .......... 3% 2
Surface tension at 15000 - 1100 + 35 ergs/cm

For data on a see Fig. 1

x (cal/cm.sec.°C) at temperature of:

undeformed 0.37 0.36 not de-

termined

deformed 0.32 0.29 0.24

For data on p see Fig. 2

Superconductivity ................ .below II°K
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Electrochemical equivalent . . . 0.0467 mg/coulomb
Electrolytic dissolution

potential of Be/Be++ 52-55% (for wA-t; 1.9 v5' light )
Reflective capacity55% (for ultraviolet light)

Radiation factor:
at wavelength of 6500 A. . .0.61 (to melting point)
"lt "t 5500 A. . .0.61 (to melting point)

Sound-propagation speed 12,600 m/sec
For other physical properties of beryllium see Ta-
bles 1-3.

TABLE 1
Isotopes of Beryllium

- I -- ' - -llX,

18lY loulmq- "run 11r 1 NW allrNfilt 1
aonw mace JilinM1N- cMN :aJm;H II:.1 lwICIIH•II flypumAS

IW.. 6. 0213 u,00 65 4.4l Ilc43l('117 o,4 P-1
149 7, . ,0191 u.002?4 5.33 y U.4W•-u.46v 5 5:i.*' l
Li 8.00006l, 0.00098 7.02 ao.047 to0IL..1UI

ti,. 0. :00 110 1 0 :0o 16 7 6 , 42 y2 Tom q -u8 0*__
uS,. 10.01677 0.00166 6,45 O.,57 2.. t '0m

SIRAyqOICl1lH NeOT
bIe. 11.0277 0.002b2 5.69 .. HeOc,,e•?e, -12

1) Isotope; 2) mass; 3) packing factor; 4) bonding energy (mev). 5)
type and energy of radiation (mev); 6) half-life; 7) unknown; 85 sta-
ble; 9) no radiation; 10) sec; 11) days; 12) years.

'0

ISO

b VO 
I06 

0 00'0

Fig. 1. Coefficient of thermal expansion of beryllium: 1) Volumetric;
2) linear, perpendicular to c axis; 3) linear, parallel to c axis. a)
Coefi'icient of expansion; b)-temperature, *C.

Figure 3 shows the effective neutron cross-section.

Chemical properties. Beryllium occupies a position intermediate

between magnesium and aluminum with respect to chemical properties,
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which determines its position in the Mendeleyev Table. This clement ex-

hibits high reactivity (Tables 4 and 5).

The solubility of hydrogen in molten beryllium....r .....

"is substantially reduced or, solidification and fur-

ther cooling. There are no reliable reports of a no-

2 .To ticeable interaction between solid beryllium and hy-

Fig. 2. Elec- drogen. Reaction of beryllium with phosphorus vapor
trical resis-
tance of ber- produces beryllium phosphide. Finely-dispersed beryl-
yllium. 1) p
p ohms/cm; 2S lium powder burns in sulfur, selenium, or tellurium
temperature,
0 C. vapor. This metal reduces borates, phosphates, and

silicates to the corresponding elements. Molten beryllium reacts with

the majority of oxides, nitrides, sulfides, and carbides, including

those of magnesium, calcium, aluminum, titanium, and zirconium.

The mechanical properties of products fabricated from beryllium

vary within wide limits, depending on the purity of the metal, produc-

"DO tion technology, grain size, degree of

0, anisotropy, and testing late. The test

0° ••0" . results are also influenced by the size

2 ~of the specimens and the manner in which

Fig. 3. Effective neutron they are prepared, since beryllium is
cross-section of beryl-
lium. 1) Effective cross-
section, barns; 2) neu- highly sensitive to notching. In order to
tron energy, inev; 3) to- eliminate notching cutting Is carried out
tal; 4) absorption.

with a well-sharpened hard-alloy tool and

heating of the specimen is avoided. Preparation of the specimens should

terminate in removal of the surface layer (0.04-0.05 mm) by chemical

etching and subsequent electropolishing.

Fluoride beryllium powder is the material predominantly used in

the manufacture of finished products and it is consequently the proper-

ties of this metal which are given (Table 6).
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TABLE 2

Thermodynamic Properties

(va. MO~t~h( TC,,i' C*4614'ties

S po"1110roO ns 6 1 211'" 11p

9 f4. 7 69" 49

11411 4,97 4210 V-71
t201) RS4

1) Temperature ('K); 2) cr (cal/moie-0 K); 3) condensed; 1)vapor; 5

heat content (Cal/mole) ; 6 ) solid; 7) liquid.

TABLE 3
Heat Capacity at Low Tempera-
tures

I~ 00 .4

1) Temperature ('K); 2) cr (cal/

/mole.0 K).

TABLE 4

Reaction of Beryllium with Certain Acids and Al-

ka lies

Ay"'' e.-po

UO~#1 a. .7 6 %'

A lie~a rA3"!LifN II' i %o vino I~tn
pa A~ua SWIINpu Nn %soft. It.' 2 3A 2 !~t~

VI ccop ;oui~isin' ".1

1) Reaent; ) coacntratofl. ) temeratur; 4) rjiarate -1racin

1.4P IL'. W rkW
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5) hydrofluoric acid; 6) hydrochloric acid; 7) sulfuric acid- 8) nitric

acid; 9) oxalic acid- 10) acetic acid; 11) tartaric acid; 125 citric
acid; 13) alkali; 14) alueous ammonia; 15) any; 16) concentrated; 17)
dilute; 18) glacial; 19 room; 20) on heating; 21) reacts vigorously;
22) reacts weakly; 23) does not react; noticeable reaction only with
finely dispersed powder; 24) slight acceleration of reaction; 25) does
not react, even with finely dispersed powder; 26) reacts until a 'iy-
drated oxide is formed on the surface of the metal, preventing further
interaction; 27) reacts; 28) does not react.

TABLE 5
Nature of Interaction of Beryl-
lium with Certain Gases

,t;op -o '". 011a4..,1 5  pear, pye?
;aop '"'"""""'" " 18,oU7v 17 :1

Aw"El q 11o"
iSyH• 0t : 19

iePo.1 ICY- P.1k•J•I • iCr R1'"W fl '"T

'5. 13
;15OWehb Yr- ,c.se 400 4 a0
.• smp,, (D ,3*-. 202 1"

1) Gas; 2) teinperatuIe; J) type of reaction; 4) fluorine; 5) chlorine;
6) bromine; 7) iodine; 8) hydrogen sulfide; 9) oxygen; 10) nitrogen;
11) ammonia; 12) hydrogen cyanide; 13) carbon dioxide (dry); 14) carbon
dioxide (moist); 15) room; 16) elevated; 37) above; 18) reacts; 19) at-
tack begins after 8000 hours; 20) attack begins after 400 hours;21)
same.

TABLE 6

Basic Properties of Beryllium.

r* .p.on r-Wl c.'satw r. n' - nv~ in

I -~~ U'.XA~4I kS7U jM

2� �'UU A. * .1.', 3

') Property; 2) hot-pressed; 3) ht-pressed, ex-
truded, and a-a lea Id- 4) c t-p P.. reo& and rclled;
5) kg/nz.
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0 I=1 D ra4 vOwM ~
.-A rem,-,J_

Fig. 4. Modulus of elasticity as a function J' temperature during dyna-
mic tensile testing: la) during extensbor. a rate of 0.005 mm/rn.nemin;
ib) during extension at a rate of 0.001 -:7/r/mmrz.rn; Ic) during extension
at a rate of 0.0002 rnm/mm-mrin. A) Tempcrature, 'C.

e001b . teII ' at'. ree n

~I

Fig. 5. Ultimate strengt1. (a) and el~ongatIr.n (b) of beryllium produced
by different methods as a fumnctlcr, of terperature dur~ng extension: 1)

extruded cast beryllium; 2) extruded electrclvtic (chloride) beryllium;
3) hot-pressed; 4) hot-pressed and war!--extruded; r:) ot-pressed and
hot--extruded. A) c., kg/mm.2 ; B) temp;erature, °c.

Fig. t. Prcperti- of hct-preved, a. .....-
tlorn of l-7.-gatic:. ri extct".
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"P 'O - - - -C

0 M00 400 600 S00 0 200 0 0 8o00

0 B PIf"oo p~ C0 60 Sooq, 0C0 0) o 0

Fig. 7. Ultimate strength (a), elongation (b), and necking (c) of hot-
pressed, warm-extruded beryllium as a function of temperature: 1) Along
extrusion axis; 2) perpendicular to extrusion axis. A) ab' kg/mm2 ; B)
temperature, 0C.

S...&lr' A
60

s0 .. ..

S0 200 400 600 800 (000 200 400 600 800 M00

Fig. 8. Ultimate strength (a), elongation (b), and necking (c) of hot-
pressed, hot-extruded beryllium as a function of temperature: 1) 2 Along
extrusion axis; 2) perpendicular to extrusion axis. A) ab' kg/mm ; B)
temperature, °C.

E varies only slightly as a function of deformation rate (Fig. 4).

On compression accompanied by a rise in temperature E varies in the

same manner as the modulus of elasticity on extension, but has a lower

value.

Table 7 shows the change in the modulus of elasticity of beryllium

under torsion. Table 8 shows the properties of fluoride and chloride

beryllium under tension. Table 9 shows the change in the properties of

hot-pressed beryllium blocks,

Figares 5 (a and b), 6, 7(a, b, and c), 8 (a, b, and c), and 9

(a, b, and c) show certain properties of beryllium as a function of

temperature and elongation.

There is a large discrepancy in the properties of different batches
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of extruded beryl']ut (more than 10% in c and 60% of the average value

of 6), as well as within a single bar, where it amounts to approximate-

ly 1/2 of the discrepancy between batches (Table 9).

Figure 10 shows the propertie8 o0 sheei,ý obtained from extruded

strips by transverse rolling at 9800 with various elongations. Sheets

with uniform properties (6 - 40%) are obtained at an elongation of 6-8.

Grain size is an important factor affecting the mechanical pro-

perties of beryllium. Figure 11 shows the properties of hot-pressed

blocks produced from powders of varying coarseries. The fvorable in-

fluence of fine grain size on the properties of hot-pressed and hot-ex-

truded beryllium (at temperatures of up to 5000) is shown in Figs. 12

and 13. The properties of beryllium produced from fine-grained powders

decrease at temperatures above 400-500', where fracture becomes trans-

crystalline. Coarse-grained material usually has better characteristics

than fine-grained metal at temperatures above this level.

The properties of beryllium under tension depend on the deformation

rate. A rise in temperature from 430 to 5400 has no material effect,

but an increase to more than 6500 causes a sharp decrease in propcrties

(xable 10).

Figure 14 presents data on the long-term strength of hot-pressed

beryllium, while Fig. 15 shows the influence of an increase in BeO con-

tent. Figure 16 and Table 11 show the change in yield strength under

compression as a function of deformatiorn rate at different temperatures.

The hardness of beryllium is no'c taken into account in evaluating

its quality, since it depends to a considerable extent on the aniso-

tropy of the material. The hardness of beryllium varies within the fol-

lowing limits: RB = 60-85 for hot-pressed beryllium and RB = 60-93 for

beryllium extruded from the hot-pressed metal, depending on the direc-

tion and prior annealing. Thu highest iriJness is observed parallel to

4 2t
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TABLE 7
Change in Modulus of Torsion of
Hot-Vacuum-Pressed Beryllium

C.HOp UT I.
'V'ef-p ,, J1OuI' i)•43lW 2 3 MoAyiil.

S, IIf , AM (aifnIse ANUN)/
XoN116THa .4 .. 0.01 I .57

650. 0.01 0.91
1R MHta T .F 0 .02 1 1.40

58 J . 0.02 I.10650,06 0.o84

1) Temperature (OC°; 2) deforma ion ra e at calculated length of 101.6
mm(radians/min); 33 modulus (10i kg/cm ); 4) room temperature.

TABLE 8

Properties of Cast and Cermet
Beryllium Under Tension

CoCTUHHHet SI Tl)HaJl T HHe IP 1 '.3 )1 I ~fl~TaFHH A.!M') %)

14 :T,?.pfjnAHjPi A11708 3 Ra-
HyyMe .... ........... . t4 0

SJIe lltHI-A It OTO14) (CHIIhIJ . . EIp4'ao-mboe 28 ,
(IXJIrpHiHb.j hi e.eT;I.J1wO'epBMn-

iece ift BA,08]BJ'eHHIlH A R
OT?)*leHHHN~ ... . ... ....... To )e 45 5.07 ¢'pT .pR iWei axioepamn-
qecUwR SB•L aI..II'HHUS UOTo- 42-57 2-16
mKeHIabil . .. .. .. .. .

1) Condition of material; 2) test direction; 3) kg/mm2 ; 4) vacuum-cast
fluoride beryllium; 5) extruded and annealed cast fluoride beryllium;
6) extruded and annealed chloride cermet beryllium; 7) extruded and an-
nealed cermet fluoride beryllium; 8) longitudinal; 9) the same.

TABLE 9

Properties of Hot-Pressed Fluor-
iHr1;Rrylllum Blocks as a Func-
tion of Processing

COCTO~ t S.altIvpK3.I L .~ '., ) (,NM,,') (W)

"• HcCXIHI• 6.0 ....... 3 23 2,34• Terin, AwAasneim fk c S;JT'I M-
T e0,5 .... 59--69 58-68 0-1

r) TeTrI.'M 8ajtdhi,41 C BhIlR,*
H(•I8 -5 H CTOd(WCt~IIH).hf [I•H

7O 50 ........ ........ . 2-- 32--39 2-7
6 r,-pRqeiwaaInemII1t C 814.

TFlOI4Ofl 12 ........ . . ... . 3 32 11,7
ropRqeOrRh aBj~ eHI.ift C Rc , •

T.'I4)40A 1 2 H OT,0 • eHNim e 8
np. 750- ........ .... . . 7 .8 1.,h8l1pnfaTa.IHIA (6%.-Hoe or-
MATHe npf 850-900') . •.9 3,5

1l pONt AFIenH VAJ '! •O0-I•
1IpOR"ftP npo l 85%0--9. 1

(B HHan1panI'CHImH. nepnewia-
H~yn"p1J.. OCH) . . . . . . . 25 1,8

1) Condition of material; 2) kg/mm2 ; 3) initial block; 4) warm-extruded
with an elongation of 5; 5) warm-extruded with an elongation of 5 and
annealed at 750"; 6) hot-extruded with an elongation of 12; 7) hot ex-
truded with an elonation of 12 and annealed at 750*; 8) rolled (60% re-

~430
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duction in area at 850-900'); 9) rolled with 60% reduction In area at
850-9000 (in direction perpendicular to axis).

TABLE 10

Properties cf Hot-pressed Beryllium Blocks as a
Function of Termperature and Deformation Rate
(initial grain size- 70 p)

TeMr -p1 Cm. I'CP, I ,
*crlIIal'l aH A R ct•Op~daUH~It -- -

(C) (NM MA MImm t - ~ N U*"

430 U•. U.112 9 II1811 020. 1 G; "48 2
650U 0,o: 01) 7 6 3

QU. v20 9 1 7
815 0.0012 13 1.3 0.1 0.5

0,020 6. U 6. 0 6.2 5.5

1) Test temperature (°C); 2) deformation rate
(mm/mm.min); 3) kg/mm2 .

TABLE 11

Properties Under Compression

I ( ?. - AlmQ~ 3" 'n" ½ MA')
C.OCTOflnIe IdA epl .lj. i 1 I - - I - .'! -- '~Iilpn_ [Ir" 111w1 lip np 12' ipz 4000

4JIIIT l BIJ,'IB.leilfm1f .... 41 1ý2 107

5 MeTa.'IOI;epaMi iqe l-( his,.itaBJaIIII • I; IA4 5 17 107

1) Condition of material; 2) kg/mmm2 ; 3) at; 4)
extruded cast beryllium; 5) extruded cermet
beryllium.

TABLE 12

Properties Under Shear and Torsion

I', TI CMPY41l.
Coclfiflie WI.Tt)Mkd~ O'Iii1 :14 ý;11

Sr"opaFIelI ,(J 1 fi............ ... 'WIf'. 12. 27.A -

otfljofl tidal -- 25.9 -

,r[oZpwvenp~erowmlll# bi TelIiaII~flAtivl-
n1eIIHIll (RI-IITHWVI(8 5) . . . . . . . ";) ý VBIP}'(ll( { , :7 4o1ie 2! , 3:1 163

JleHiift II ,TOM lHCIiMN 1lpa 750' hLblloe , 4 , 19

i) Condition of material; 2) type of test; 3) kg/mm2 ; 4) torsion angle
to fracture (in degrees); 5 hot-pressed; 6) hot-pressed and warm-ex-
truded (elongation - 5); 7) hot-pressed, warm-extruded, and annealed
at 7500; 8) torsion, double sheai 9) torsion.
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TABLE 13
Properties During Impact Testing

14"A 3 PoOle" yt.II pHoror I' a-ii y lar,1 li
I ) H lmu m it _HP Y 1 11p l,Coc~.s~e*aopu.I 1 o~g,.iaa 2 u',Orol M ew! w' pli'It4W.k

! i'loO~ ~mn• al .. . . Gas ua.•res=i 0,. I 0. ! I
Tenn OPq.OW"amm wl a raopme-

3,JASBMHH14# (aI1R)H•2la I?) - - o. 51; U.. 27 Ten.nnpeccosaNu•I n ropR4C-MATSHIeJA .. .. .. .. . .. Oes tia"gDmia 0. 2"7-0 , 41I-

8 [op-np Ol•f rope-
roAAMSHH61A .•laH l . . . . . 0 ,14 0.: .

Q 70 T . . ."1#IAIM80M 0 0 -- 0.1
WW.EOI ropN'lemIJ2&S~nlmHift . . . -0.02-

1) Condition of material; 2) type of specimen; 3) work of' impact frac-
ture on bending, in kg-in (cross-section - 2.54 oKi); 4) work of' impact
fracture on extension, in kg-m (d = 5.4 mm), 5) hot-pressed; 6) warm-
pressed and hot-extruded (elcrnation - 12)- 7) warm-pressed and hot-
rolled; 8) hot-pressed and hot-extruded; 9a the amep; 10) cast and hot-
extruded; 11) without notch; 12) with notch.

$0
S F , 0 -r -T- --l-0

,o I ! l/ - 'j''

0 •0 0060 30 -(0 400 60 8(

40

.1 0- • 20,,i

00 T7
0 POO 400 600 800 00 PO 00 600 800

Q r....Dd-YM,6; 2 * -d~'P.C

Fig. 9. Ultimate strength (a), elongation (b), and necking (c) of hot-
pressed and hot-extruded beryllium s a function of' temperature at dif-
ferent drawing dcpOhe. 1) ' b, kg/mm ; 2) temperature, •0.

i75

53

40

10 30

t 
_1 8~9 M, 2 0"

048 126 202?42 h 42

Fig. 10. Ultimate strength (a) and elongation (b) of' beryllium sheets
rolle~d from. extruded strips p~rpencdicular to uixis as a function of'
drawing depth. 1) a .2 kg/mm ;test fracture stress, kg/mm2; 2) draw-
ing depth; 3) longitudinal.: 4) transverse.
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Fig. 11. Properties of hot- ressed berllturn as a function of average
grain size under tension. 1) a b, kg/rnm; 2) average grain size GO.; 3)
room temperature.

- , IT7

$0- ....

FigerylPopetieuo hot-pressed frmerwer o va~ingoauees as a function o vrg
grai tmiztue under tension.:% 1g)n; )Average grain size- .6 (am; 3)

averoom te rat u e.
JoO

0011

LI

06 /W ?0

Fig. 12. Ultimate strength (a), elongation (b), and necking (c) of'
beryllium hot-pressed from powders of varying coarseness as a function
of temperature under tension: 1) Average grain size -.0.61 mm; 2)average grain size - 0.051 rmm; 3) average g~ain s ize - 0.CjJ. mm; 4
average grain size - 0.017 mm . A) ab kg/rmm B) temperature, OC*

40?
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grain size - 0.u49 mm; 3) average grain size - o.03'Y m•n; 4) a,)vr.raW
grain size - 0.020 mm; 5) average grain size - 0.013 mm. A) ob' <'IM
B) temperature, °C.

the extrusion axis.

Table 12 shows the ultimate strength (under torsion and double

shear) and yield strength (under torsion) of beryllium, as well as the

maximum torsion for metal obtained by various methods.

The surface preoaration of the specimen and the hammer speed have

a strong influence on the results of impact tests on beryllium (Tables

13 and 14).

Tensile testing of notched hot-pressed beryllium specimens has

shown that elongation decreases from 1.8 to 0% and ultimate strength

from 35 to 34 kg/mm2. Semicircular notching of hot-pressed beryllium

(;unLainiiig . and 2% .beO yields decreases in ultimate strength from 28

to 17 kg/mm2 and from 38 to 21 kg/mm2 respectively. The theoretical

stress-concentration factor is 1.8.

The fatigue strength of warm-extruded (with an elongation of 4)

beryllium (which has the following properties under tension: an = 40

2 2 142kg/mm2 a. = 37 kg/nm . ./) is 22 l-gIm.

When beryllium is subjected to thermal-shock testing in metallic

sodium at 350-5300 specimens obtained from cast beryllium by hot extru-

sion crack after 100 cycles, while those obtained from cold-pressed and

hot-pressed metal crack after 100-200 cycles. Specimens of hot-pressed

beryllium crack after 300-500 or more cycles.

Beryllium sheets withstand bending poorly; the minimum bending

radius is approximately 40 times the shee. thickness (Table 15). How-

ever, the permissible bending radius is sharply reduced in bending nar-

row specimens. A specimen 1.65 mm thick and 2.16 mm wide can be bent

around a core 3.17 mm in diameter. The degree of fracture becomes neg-

4334
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np_.. L_)

Fig. 14. Long-term strength of hot-pressed beryllium as a function of
time. 1) Stress, kg/mm2 ; 2) time to fracture, hr.

0 . . . .

50'
40

a 'O

02

4on 500 600 1 U0 NV 90(S

Fig. 15. Long-term strength (in 100-hr tests) of hot-pressed beryllium
as a function of BeO content: 1) 3% (by weight); 2) 1% (by weight). a)
Stress, kg/mm2 ; b) temperature, *C.

TABLE 14

Work of Impact Fracture of Bery]lium on Bending (in
kz-m) as a Function of Ternuperuture (Unnotched Charpy
Specimens)

O "leMIIlp|,a )I ;* ("' t

4r
,. • I 2"'* 3vf' 40u 5 , ' ;0, 1 ;, SO)

114 0 o ,.. . oi q 0 0 o. ..0 : U 43805 CIJiII,,, II ......... I l" • ;J"iu • , ' .O'•'I , 0 OS•t' I' o3.10 0 0t7 ' L'3t': I' .:Df U,, -iti2
;-j O. IR 10. 35i . 3ý3 1 ,, 7 ýý- - 131.o.',toR. It , 0J 0 U . 18 1

1) Condition of material; 2) temperature (*C); 3)
room tem:perature; 4) hUt-pressed; 5) hot-pressed
and extruded.

.......................................
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TABLE 15

Properties of Hot-Ples.3ed
BerylliLun Speclm.,ns During
Bending

2 3 £4

S;IIIIp.,w. ML-pa
IIttp~kJMHMC iei,uqqi Ili i -1 -

IMI I C) r

) JIUJINO aiaflpia

6 "O ...... .... lormpe0lia1 )04e 7 r,

............. po-n.noe +Y7 3I ¶,

O..............nonefpeqnoe o we 44
*OI- "" noJmI W 13

mo ep.i0w0 427o9

1) Rolling direction; 2) test direction; 3) test temperature (*C); 4)
least bending radius without fracture (mm); 5) in one direction; 6) the
same; 7) in two mutually perpendicular directions; 8) longitudinal; 9)
transverse; 10) room temperature.

42

2J2

Sandtes.rte..... c pr o. 1 a. . u c

I)/M 2;llin defrmation r)atest directon -m tetteprane.°

1_A.

2 )-

Fig. 17. Plasticity of beryllium sheet during bendi test as a feunc-
tion of elongation of extraded , trip durin, rolling(during 950'): 1)
Along rolling axis; 2) perpendicc_,ar to rollring axis. a) Rise of frac-
ture during bending; b) elongation.

tio ofelngaionofext~add tri drin rolig~drln 90°) 1



TABLE

Irl-ir e r t
Hot-Presstd Beryl 1i1

i flo.,,,,, - , • 5 %, A
m.0;, ,' (9 41 * (.'"') RIf .•. *° 1

n I) hen- ? , 2~

j.8847 71 5 M . 5 2 ,0 2

4 2

0. Ij B: 9,4 3*.S 0.2

fl1 Flux r neutrons/ M r.2 evg/cm ; 3) kg/mmr

ligible for strips more than 5 mm wide (Fig. 17).

When the surfaces and edges _f berylliuru: sheets are carefully 8In-

ished they can be bent through 375-5400 with a irAtn.r•.-. radius equal to

4 times their thl_,kness and through more than 5400 with a minimum rad-

ius equal to twice their thickness.

Effect of irradiation. No material charges in length, density,

hardness, modulus of elasticlt& , electrical resistance, or thezmal con-

ductivity are observed after irradiation --f beryililr with f'ast neti-

trons (energy - 0.5 mev) at a flux of 5ne0 relitrcns/cr< and a te:oer-

ature of 300. Raising the flux to .. l20 neltrons/cm2 ladr to a

slight increase In hard:-ess and a decrease V " ......... ;

there 13 no dffe'eence IV the behav.:- c--f -etals ,ruduced byT diffpc.:t

-'ethods. A prcno~u-.ced rise In Iar.dnss ls ots,.rved when the neutron

"f2Iux is f.urther 2r.... eased (Table

Berylz ...-... radtated at a fl'1x cf 7c.' OL i ast n n:It r-/c' 3

t_1Ins . . C.r 3  o6 ..--. as tý_Jbl#ts 1" o se e. d Cn;

be'gInnrIng at 6-,00 and ben,, cspc•!ally ;s......... .. ,- th" ;r V L - ;

aries, the -but-., Z C'ah . Q! In dam.eter at at,, a?-. cause the

v.;lu-.me of the 31".z. * t-

,.,•I. . t.- in~tea '.:--------;----
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BERYLLIUM ALLOYS - alloys based on beryllium or on more complex

combinations containing considerable quantities of beryllium (no le.:

than 10-20%), such as beryllium-aluminum alloys.

Beryllium-aluminum alloys. Be-Al alloys are of great interest as

structural materials for aircraft :iipment, since they have valuable

TABLE 1

Properties of Deformed Be-Al .Alloys (data furnished
by ALCOA, USA)

CozepaiB- I p1Oqy&a COCTOXHe - O, o 09a
.o e 2 , (xHe'M I) ( ------- M

9.8 5 Nc "AC %-Huc odwearue 560 23. 8 - 28
9.S n•3Me. 3 3 a SHl•J ipS62fi2

0  
15.5 7. 2

16 A0 o~walme 2765 2612 2.0 -
fl, Sa~jaRINpu 1 6U62* 1871 89 9 1.5

t 4 I6no enpc nPeCCNaHHnl 14,6 7.7 11-400 17 0 15t 5
494 * M•2u7BW;e fipH 31 C' 4 7 . 9 8 GuO 25.0 33,4

27 Honarnfui T -- ] 19.7 12.7 4 to00 4.5 10.5
33Y1TOK1

(d= 190,5 .AMu)
23 .1iiWT 1,0% .Ho oe anWR T 267, 24.6 - 4,0
23 To me rnioanr wmp 3w0 186 11.9 i - 1265
23 S aN0.11fa itpu 620* 212 13.1 212.
23 * 0.anua ,Pfp.2,* 23.5 t 7. 1 - 12. 011 Tajl~e-11,e . i ý .

25 * 75%-Hoe o63.aTlew 37.3 35 7 2,8 1.155
25 OT"r |'i' 40' 0 27.5 IS 8 9 70 a 14.3 -
25 W aaa.aa n2m 600"bi 27.3 14.2 I1 900 I,7
25 * oiHm;Ir qpst 600' 21 23.6 4 -- 8.3 -
32.51 * 50%-Hoe vt.wa ne 37.2 33.7 1 2.0
39 * 75%-Hoe o~.n,!-e . 1H 39.5 I3 7oo 0,5
39 * or ir lnpul 343' 26. 7 23.4 - 7
39 -.PH 410' 27.8 23.2 - 2 0
39 7 15%-Hoe o6wamle 44..2 41 i 12 900 1 -
39 OTa;ur 131411 2' 32.2 23. 1 20 4300 . 3
39 s ataana ,p,, 6001 31.4 19.0 1 2, s', 7
39 • •T1o1sir np1, ;1A0* 4. 29,1 ..3 - 14 4
40 1•':T TOWTVIR. lwae rnflpl8aT13 i - 'm 28. 2 N 25 O-

40 JICT TO Wit- nocse 0o3m1•,a 15,5 9 5, 0

67.5 Oir0ljRna OT.A1H133a n :ewi.,Io 1 19 7 I9 6 14 3,33 0.0
87,5 oTrnsra k C313,1alie 1M I j. 2.0° T 7. 4 - -- :0
70 OTJIUBIH3 OT',13|B(a I , _ _ _.4 211_ 3____.,j

Sg~heets 1.6 mm thick are produced in addition to
those mentioned.

1) Be content (%); 2) semifinished product; 3) condition; 4) kg/mm ; 5)
sheets; 6) the sane; 7) forged bars (d = 10.5 mm); 8) sheets 0.2 mm
thick; 9) sheets 4 mm thick: 10) castings; 11) 50% reduction in area"
12) quenching from 5620; 135 after pressing; 14) testing at 3150; 155
annealing at 3000; 16) quenching from 6200; 17) quenching from 6200,
aging; 18) 75% reduction in area; 19) annealing at 4000; 20) quenching
from 6000; 21) annealing at 6000; 22) annealing at 340'; 23) annealing
at 4100; 24) after rolling; 25) after annealing; 26) loam casting; 271
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testing at 2600; 28) chill casting.

properties: lightness (the specific gravity Be is 1.84 and that of Al

is 2.8), high rigidity (the modulus of elasticity of Be is -30,000 kg/

/rm and that of Al is 7000 kg/mm2 ), a higher technological plasticity

than Be, and the capacity to be pressed, forged, or rolled into thin

sheets at Be contents of up to 50-60%. The phase diagram of the Be-A!

system shows such alloys to be eutectic mixtures. The solubility of Be

in Al is extremely limited, not exceeding 0.1% at room temperature and

0.3% at the melting temperature of the eutectic. Al and Be 3an be mixed

in any proportions when molten. In the solid state the structure of al-

loys based on this system (at Be contents of no more than 1.1-1.4%) con-

sists of a beryllium phase and a eutectic containing predominantly Al.

According to the data of various researchers, the eutectic contains

from 98% to 99.5% Al.

A characteristic of Be-Al alloys containing more tiian 1.1-1.4% Be

is the fact that they are of the eu.tuctic type and have a structure

with a pronounced phase heterogenelty. The eutectic, which consists of

virtually pure Al, provides a plastic base in alloys ýuntaining up to

50% Be and, despite the presence cf hard, brittle Be, permits such al-

loys to flow and makes it possible to manufacture pressed and forged

products from them.

At the same time, the pronounced heterogeneity of the structural

constituents of Be-Al alloys give them a.tenduncy uo crack unrer the

tensile forces which act during pressure working, so that they ha-re a

lower technological plasticity than commercial aluninum alloys. Be-Pl

alloys should be pressed and rolled at 600-650°. Cold rolling with fre-

quent intermediate annealing at 6000 is also possible. Manufacture of

dense ingots entails considerable difficulties, since Be-Al alloys have
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a broad crystallization-temperature range and a tendency toward inten-

sive absorption of gases when molten, which produces considerable por-

osity in castings. Moreover, molten beryllium has a high chemical ac-

tivity, which makes it preferable to melt iL in a vacuum or inert med-

ium. It is in principle possible to obtain Be-Al casting alloys of any

composit 4 on, as well as to produce Be-Al alloys with a more complex ccm-

position and higher mechanical characteristics than ,inary Be-Al alloys

(Table 1). According to data obtained by the Aluminum Company of Amer-

ica, the strength of an annealed binary Be-Al alloy containing 25% Be

can be increased by a factor of 1½1-2 by alloying with additives of oth-

er elements (Table 2).

TABLE 2

Properties of Be-Al Alloys
Containing 25% Be and Addi-
tives (data furnished by
ALCOA, USA)*

11 2 .. it

I POH&4 Ta mu8 0T0ii1I0tH-

-' I ,i , I'

Own ... I-NeoO•malie 50 I. 6 '. 7 3 . 5
Ip .ll@eCC H(Jkaflh6f , Kaa l ll(m ,- . i} •.l'hl .+i .

, 7c % -,o q m "'ne OI .1:. .I 01. i ) .

1,1n01 H CII,1TpeHHIJ . , 8, I tl711 7.

-iTre additives and quanti-
ties employed are not indi-
cated.

1) Condition of material; 2) kg/mm2 ; 3) rolled and annealed; 4) the
same, 25% reduction in area; 5) 50% reduction in area; 6) 75% reduction
in area; 7) pressed, quenched, and aged.

Among the factors which limit the applicability of Be-Al alloys

are the high toxicity of processes in which Be vapor and dust are lib-

erated (melting, casting, welding, and cutting), which necessitates the

construction of specially equipped production rooms, and the high cost

of Be. For these reasons it is wise to use Be-Al alloys in aircraft
441
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TABIE 3
Typical Properties of Beryllides

- m-. -P KYRT -"4fIff

It" 101Tepzocn. 7 ti-p

70 148 1 %

(~) ti~ijI)~I(I~N~E 0MH~- 6 ip~t O(a II~PH iT

T l p2, 5 i lt ' H S MU,- p 1 5 1 0 1 . t , l 4i 8

nb.t: 1I8 500 IOM5 28 15 0.02 0.05 0.1
Ng I17'04' 10"00 22 41 2 h 0.01 0,08 0.1NbD....... .. ,,704 to0. 21 46 1 , t 0.1

?aNTiMI:
(18. ( ,1.49 720 22 30 Is 0.0H 0.02 0.1

T. " it o807 .0

TRDl.ose8 1120 ~ l39 25 u~0 ,2 0.1

Beplanmr,•mt 1

Z is,. . 27 1000 17 26 15 0.01 0,03 0,l0
Ze.........1982 1130 (7 23 j 10 0.01 0.02 0,1

Tr 1980 t:8 I 12 1i .9 21 0~ 002 0.1

1) Compound; 2) melting oint ( OC); ) Vickers hardness at room tem er-
ature (load - 2.5 kg); 4) kg/mm2 ); 5 at room temperature; 6) at. 7)
oxidation rate (mm over 100 hr); 8) 6 at room temperature (%); 95 nio-
bium beryllides; 10) tantalum beryllides; 11) zirconium beryllides.

equipment only when rigidity is a definite structural factor.

Alloys based on beryllium. Alloys based on Be are of exceptional

interest, since the melting temperature of Be is almost twice that of

Al of Mg, it is as light as magnesium, its modulus of elasticity is

more than 4 times that of Al, its heat capacity is more than twice that

of Al, and it has a number of valuable properties from the standpoint

of nuclear physics. It is theoretically possible to obtain alloys with

higher properties than the initial base metal from Be (as well as from

Al, Mg, Cu, and other metals). Addition of 0.5% Ni increases the long-

term strength of Be at 9000. It is also possible to improve considerab-

ly the mechanical and even the technological properties of Be by using

beryllium alloys based on complex systems containing 2-4% Si, 0.1-1%

Ag, and 2-4% Al. The best casting properties are obtained with a Be al-

loy containing 0.5% Ti and 0.1% Ag.

Broad prospects have been opened up in the design of beryllium-

based technological alloys by the use of the 0 modification of Be as
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the alloy base; this modification has a body-centered cubic lattice and

exists over a very narrow temperature range near the melting point of

Be (the hexagonal lattice of Be becomes cubic at approximately 12520).

The high-temperature 0 modification oiL Be h,& a higher plasticity than

the a modification with its hexagonal crystal lattice. Addition of cer-

tain 4lements, such as Ni, Co, Cu, Ag, Si, etc., to the Be permits con-

siderable expansion of the temperature range over which the s-phase,

with its cubic lattice, exists. Despite the presence of the high-tem-

perature P-phase in Be alloys containing a whole series of' elements,

attempts to obtain this phase at lower temperatures by quenching have

been unsuccessful.

An important achievement in the creation of materials capable of

functioning at exceptionally high temperatures has been the development

of a group of intermetallic compounds of Be with Ta, Nb, Zr, and other

high-melting elements, the beryllides. According to the data of the

Brach Beryllium Company (USA), the tantalum beryllide Ta 2 Be1 7 has a

melting temperature of 19880, while that of the zirconium beryllide

Zr2 Be1 7 is 19820. The specific gravity of beryllides varies from 2.72

to 5.05. The working temperatures of beryllides are 40-50% higher than

those of Cc, Ni, or niobium alloys; these compounds can function at

16500 fbr 10 hr. The ultimate bending strength of beryllides ranges from

58 to 70.0 kg/mm2 at 12600. Beryllides have an exceptionally high hard-

ness and oxidation resistance (Table 3).

These compounds have a greater high-temperature strength and oxi-

dation resistance than boron and silicon carbides, aluminum and beryl-

lium oxides, tungsten, or molybdenum. The coefficient of linear expan-

sion of a-beryllides is comparable to that of nickel.

According to the data of Brach Beryllium, beryllides are now em-

ployed in the manufacture of various small products and components,
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such as shapes, bars, tubes, cones, cylinders, blocks, strips, and

disks. Beryllide components are fabricated by hot pressing of powders,

cold pressing and sintering, Pnd precision casting in lost-metal molds.

The density of such products amounts to 98-100% of its theoretical val-.

ue. Until 1963 berylliumL alloys were used only for experimental purpos-

es. The prospects for creation and expansion of applications for beryl-

lium-based alloys depend primarily on advances in the development of

methods for producing plastic Be and pure, finely dispersed powders,

reduction of the cost of Be, and progress in research and development.

References: Mazing, G., and Dahl, 0., in book: Berilliy i yego

splavy [Beryllium and Its Alloys], translated from German, edited by

A.M. Bochvar and A.K. Trapeznikov, Moscow-Leningrad, 1931; Mikheyeva,

V.I., IAN SSSR, Otd. khim. nauk (Bulletin of the Academy of Sciences

USSR, Chemical Sciences Section], 1940, No. 5, page 775; Sloman, H.A.,

Metal :nd., 1934, Vol. 44, No. 6; The Aeroplane, 1956, Vol. 91, No.

2364, page 920; Hoffman, G., Aeronaut. Engng Rev., 1957, Vol. 16, No.

2; Oesterheld, G., Z. Anorgan. und allgem. Chem. [J. Inorg. Gen. Chem],

1916, Vol. 97, No. 1, page 9; Kroll, W., Metall und Erz. [Metal and

Ore], 1926, Vol. 23, page 613; Archer, R.S., Fink, W.L., Proc. Metals

Division, A.I.M.M.E., 1928, Vol. E28, page 616; Sawyer, C.B. Kjellgren,

B., Metals and Alloys, 1940, Vol. 11, page 163; Sloman, H.A., J. Inst.

Metals, 1932, Vol. 49, page 365; Losano, L., Alluminio [Aluminum], 1939,

Vol. 8, page 67; Kaufmann, A.R., Gordon, P., Lillie, D.W., Trans. Amer.

Soc. Metals., 1950, Vol. 42, page 785.

K.P. Yatsenko and I.A. Akopov
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BERYLLIUM BLOCK - compact metallic beryllium in the form of geo-

metrically uncomplicated cylinders, bars, etc., produced by powder me-

tallurgy. The Be powder used in the manufacture of such blocks is easi-

ly obtained in the following manner: remelted ingots of the reduced me-

tal are converted to chips and the latter, or electrolytic scale, are

pulverized in grinders. Chips obtained in the fabrication of products

from blocks are usually added to the initial chips, first thoroughly

removing all impurities. After pulverization the individual batches of

powder are thoroughly mixed and tested.

Beryllium block is produced in various sizes. Small blocks are

manufactured by pressing the powder into briquets (under a pressure of

4000-14,000 kg/cm 2) in steel pressforms at room temperature and then

sintering them at 1170-12250. Large beryllium blocks, such as cylinders

up to 2.0 m in diameter and weighing up to 5 t, are produced by hot va-

cuum pressing: the powder is poured into steel shell molds and vibra-

tion-compacted. The powder-containing molds are loaded into steel, car-

bon, or graphite pressformns and placed in vacuum furnaces installed in

hydraulic presses. Pressing is carried out at 1000-Ii00* and a pressure

of 14-50 kg/cm2 over a period of several days. Blocks 100 x 600 x 1300

mm are the standard product and are cut into 5maller blocks. Beryllium

blocks serve as blanks for fabrication of products by cutting and as

semifinished products for pressure working (see Pressure working of

beryllium).

Vacuum sintering of the powder without pressing permits production

of blocks for subsequent extrusion. The equipment used in this process
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is simpler. The powder must satisfy high requirements with respect to

chemical and granulometric composition.

Beryllium block is checked for chemical composition, density, uni-

form density both longitudinally and transversely, strength, and ab-

sence of cracks and internal defects.

The properties of beryllium block (electrical conductivity,

str.ength, etc.) deteriorate as its density decreases. They also depend

on the impurity content and the coarseness of the initial powder. Hot-

vacuum-pressed beryllium blocks have a density approximating the theo-

retical value and completely isotropic properties. Blocks produced by

this method from powders with a grain size of less than 0.071 mm have

a fine-grained, randomly oriented structure (ab - approximately 28 kg/

AM 2 , 6 - approximately 1.0%). Blocks obtained trb cold pressing and

subsequent sintering (cold or hot grooving when necessary) have con-

siderably lower characteristics and a lower average density (less uni-

formly distributed) ý.han hot-vacuum-press-;d blocks. For such blocks ab

ranges up to 22 kg/mm2 and 6 up to 0.1%.

Beryluin block ..s readily cut with hard-alloy tools (high-speed

steel in soxe cases).

Referencc.3 Atomnaya energiya (Atomic Energy], 1958, Vol. 5, No.

6, pages 624-630; Yadernyye reaktory [Nuclear Reactors], translated

from English, Vol. 3, Moscow, 1956 (materialy Komis. po atomnoy energii

SShA (Materials of the Atomic Energy Coimaission, USA)); Berillly [Ber-

yllium), edited by D). White a'xi J. Berk, translated from. English, Mos-

cow, 1960; J. Metals, 1961, Vol. 13, No. 8,pages 15-22.

N.F. Mironov
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BERYLLIUM BRONZE - an alloy of copper and beryllium. Small quan-

tities of nickel, cobalt, and titanium are incorporated as alloying

elements, but the properties of beryllium bronze are governed by its

beryllium content. Presence of only about 2% B& in copper incre.ases its

strength by a factor of 5-6. The maximum solubility of beryllium in

copper is 2.1% at a temperature of 8640; solubility drops with tempera-

ture, amounting to 0.2% at 30O*. Beryllium. bronzes are dispersion-hard-

ening alloys. They have a high plasticity and are quite soft when

quenched; annealing produces a high hardness, strength, and elastic

limit and a sharply reduced elongation. The structure of beryllium

bronze consists principally of crystals of an a-solid solid solution

and a small quantity of a P-solid solution. The strengthening which

occuvs during annealing results from precipitation of finely dispersed

solid crystals of a y-phase from the supersaturated a-solid solution,

which is usually not visible m croscopically. The y-phase becomes no-

ticeable (ps a dark border along the grain boundaries of the a-phase)

only when annealing is Imoroperly conducted (when overaging occurs).

The mechanical properties of the alloy are reduced In this case. The

number of V-phase crystals present in the structure depends cn the

beryllium content. Only a very small quantity of D-phase is found in

alloys containing 1.9-2.1% Be; substantial amounts of C-phase are usual-

ly present at Be contents of 2.3% or more. It is necessary to avoid

formnation of large 85-phase crystals, which often separate out in the

form. of scales, r•nce this sharply reduces the r.echanical properties

of beryllium bronze and causes cracking ar.d elastic fracture under op-
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erstional conditions. Beryllium bronzes containing from 1.7 to 2.5% Be

are of commercial importance (Table 1). A characteristic feature of

beryllium bronze is the extreme rapidity with which phase transforma-

tions take place. Small quantities of nickel or cobalt retard these

transformations, as well as recrystallization of the alloy. Nickel and

cobalt also promote more uniform distribution of the 0-phase. Addition

of 0.1-0.25% Ti ensures high mechanical charactfristics at low beryl-

lium contents. Impurities of iron, silicon, phosphorus, and magnesium

have a negative effect on the properties of beryllium bronze, while

lead, bismuth, and antimony are very detrimental, since they cause

brittleness and hamper pressure working. Beryllium bronze is distin-

guished by a rare combination of very high mechanical (Table 3), physi-

cal (Table 2), and anticorrosion properties. Thus, the corrosion rate

of copper in salt water at 200 is 0.05 mm per year, while that of

quenched and tempered BrB2 bronze is 0.01 mm per year; the corrosion

rate of BrB2 bronze in 10% aqueous hydrochloric acid at 200 is 1.42 mm

per year.

TABLE 1

Chemical Composition (according to GOST 493-54)

k I N ~ 7.At S.Pb
0 . A t 0 . S

1) Alloy; 2) content of elements 3 total I-•.
purities; 4) no more than; 5) BrB2,5; 6) BrB2; 7)
BrBNTl, 9; 8) BrENT1, 7; 9) remainder.

Beryllium bronze is nonrragnetic and does not produce sparks on im-

pact. All types of bronze quenched fro high temperatures have a high

plasticity and .old-workability (Fig. 1) and are strengthened both by

-4-
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TABLE 2

Physical Properties of BrB2 Bronze

1"..1, fl (( al" ""( -+
II: Ih" III ,1' 'I, A

W III i' II i 11

Ii' rI

I)5 I 6+4k 2 17.6 1 0' +J2+•. '1.lu90 . t- .

0.25 "'.',4

1) Critical points ('C); 21 upper; 3) lower'; 4) g/cm3; 5) X at 20
(cal/cm.sec.°); u) p at 20 (ohms.mm 2 /m); 7) c at 200 (cal/g. 0 C); 8)
electrical conductivity, in % of conductivity of copper; 9) hysteresis
(%); 10) quenched; 11) tempered.

TABLI 3

Mechanical Properties

I'al(l•RH e la
0

, A It

________(*a____ AW) AIL'

1 I2 -(E .- •s) 4,.W) i

(pr.:.s, Iawa+n 10 50 1 30 •3 . -.Sp G 2 i a~qnak1a IW 4, i2 I3 I~t 43" - 4
S& 1 13 I ..... "

^.BpI•IITI. 3a +'a1wtu.Mll i - IS lj Ho, - - i ,00,

.• l• t.7 31a SJW.U~hIS l - - 4') 5' t0 7,,I -- -- +

" O'ja.ropu w IS - - I ,1 l 5,) -- -- :Uu

i)All.:;; 2) state of material; 3') kg/r 2; 4) on
basis or lot cycles; •) kg-m/cM2 ;6) BrB2, 5; 7)
BrB2; 6) BrBNT1, 9; 9) frBNT1, 7; 10) quenched;
ii) dispersion-hardened.

irmediate postquenching annealing and by postquenching plastic deforma-

tion (Fig. 2). BWryllium bronzes subjected to postquenching coldworking

are strengthened more rapidly and effectively (Fig. 3) and undergo less

distortion and oxidation during tempering. Thus, quenched and tempered

BrB2 bron.ze has an ultiate strength or' 125 kg/m:s; when it is tempered

after quenchlng and deform.ation by -30% it3 ab = 140 k-:/rn2. The an-

nealed material is not subje-ct to dispersion hardcnrng and has a hLgh

hardness and brittleness. It -ust be held in the furnace fcr a rather

long time before quenching, Inr. creier to enrsure cce-plete dissciution of
the phases precl-,!tated during arnraling. Strips, sheets, wire, and
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bars shipped to consumer plants must be quenched or quenched and de-

formed by 30-50%. Components fabricated by stamping, bendirg, etc., are

tempered at elevated temperatures to permit dispersion hardening. The

principal process during prequenching heating is dissolution of the

precipitated y-phase, which requires a sufficiently high temperature

and prolonged holding. However, growth of the solid-solution grains may

also occur under these conditions. A large grain size causes a decrease

in the cyclic strength of beryillum bronze (Fig. 4). The optimum a-so-

lid-sclutlion grain size is 15-40 p and it is consequently necessary to

keep careful watch over prequenching heating, observing the optimum

temperature regime (Table 4) and holding time.

Ito

025 050 075 10 RS

2 %

Fig. 1. Eriksoh• extrusion depth of quenched and deformed sheets of BrB2
bronze. 1) Erikson number, mmn; 2) thickness, mm; 3) quenched; 4) cold-

worked.

I0 tl 40

Fig. 2. Change in mechanical properties of quenched and tempered BrB2
bronze as a function of degree of deformation. I) ab, kg,/mm2; 2) reduc-
tion in area, %; 3) after aging; 4) before aging.

Dispersion hardening at higher than optimum temperatures and lon-

ger than optimum holding times causes segregation of coarse particles

of the T-phase, which coagulates and thus reduce the elasticity of the

material and often increase its brittleness. Too low a tempering tem-

S450
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Fig. 3. Strength of BrB2 bronze as a function of tempering tem perature
and time. I) a , kg/mm2 ; 2) tempering time, hr; 3) quenched; 4)
quenched and ctld-worked; 5) cold-worked.

a

"D4

Fig. 4. Change in cyclic strength, hysteresis, and grain size of beryl-
lium bronze membranes as a function of prequenching-heating time with
tempering at 3000 for 1.5 hr: 1) Furnace temperature; 2) metal tempera-
ture; 3) cyclic strength; 4) grain size; 5) hysteresis. a) Hysteresis,
%; cycles to fracture (thousands); b) heating time, min; c) grain size,
mm.; d) temperature, 00.

I I "I I ,L .DL•l ll

606

040 88

Fig. 5. Mechanical Proper-
ties of BrB2 bronze at
high (a) and low (b) tem-
peratures. 1) ati b kg/mm2;
2) temperature, °C.

perature or too short a holding time makes it impossible to realize the

very high mechanical characteristics inherent in beryllium bronze. This

bronze is the best material for critical springs, spring-like compon-

ents, and elastic elements of the membrane and sylphon type used in the

construction of precision instruments. In addition to having high elas-
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TABLE 

4

Technological Properties and Processing Regimes

• i n

w Trwil~ars Jtk Tw po agep.n- Temim-psa~ ofl R.*.XMICIA i I 1
2II 4 5 Ir1'"

8p82,2.5 1030--1060 71--#0 770-71) 290-100 40--4,lp 10%-.I.u.1 Vrp.
JI~P 2 - 1113 -- O*0 l7I. -- noi) 7f't.?)-- 5 , 0 5 . i lg fl Irv.A80'1t Ii

§HTI,.IC 10 11ZIN0 78(1-400 760-7110 351t-120 4fl--l1) J.a%-ini~d I.u
f 7 1 0- _1060 71--800 1 -775 .-175 320-330 401-50 | crsop x1.10ov

lo I--_1 
61.

i) Alloy; 2) casting temperature ( 0C); 3) hot-rolling temperature (°C);
4) quenohing temperature (C); 5 tempering temperature (*C); 6) per-
missible cold deformation (%1; 7 mordant; 8) BrB2, 5; 9) BrB2; 10)
Br3ITI, 9; 11) Br3WTl, 7; 12 10 sulfuric acid + 5% potassium dichrom-ate.

ticity, strength, and hardness, the materials used for such components

must be stable during pr~olonged exploitation (e.g., the membranes of

critical instruments should have a hysteresis of no more than 0.5%).

The combination of properties obtained is governed by the mechanical-

and heat-treatment methods employed. Beryllium bronze retains sufficient

strength at high terLperatures, but its strength and plasticity are en-

hanced at low temperatures (Fig. 5).

References: Bochvar, A.A., Metallovedeniye [Metalworking], 5th Ed-

ition, Moscow, 1956; Smiryagin, A.P., Promyshlennyye tsvetnyye metally

i splavy [Commercial Nonferrous Metals and Alloys], 2nd Edition, Moscow,

1956; Svoystva metaLlov i splavov [Properties of Metals and Alloys],

Handbook translated from English, Moscow, 1949; Richards, T., Mater-

ials and Methods, 1950, Vol. 31, No. 4.

0.Ye. Kestner
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BERYLLIUM CARBIDE, Be 2 C - is the chemical compound or beryllium

with carbon. Beryllijm carbide has a cubic lattice of the fluorite

(CaF 2 ) type with a lattice constant of 4.344 A. The color of the cry.-

tals depends on the quantity and the degree of dispersity of the free

carbon and changes from a semitranslucent yellow to a metallic gray-b

black one. This compound is well able to moderate neutrons and is

characterized by a low capture cross section. It can be used as a

moderator in high-temperature nuclear reactions. Beryllium carbide is

obtained by the reaction of a mixture of finely powdered metallic

beryllium with finely powdered graphite, or of powder of beryllium ox-

ide with lamp black at 2100-22000. Pieces from beryllium carbide are

prepared by methods of powder, metallurgy. Pieces with a density of

75-90% of the theoretical one are prepared by pressing, using 5.0-7.5%

2of a wax-like binder under a pressure of not less than 2.5 tons/cm2 and

a subsequent sintering at 1800-1900 in an inert gas atmosphere. Blocks

with a density of 90-95% of the theoretical values are obtained by hot

pressing in graphite molds at 1800-20500 under a pressure of 70-350 kg/

/cm2 in argon or hydrogen atmosphere. The blocks can be machined by

grinding with diamond discs using a water-free coolant (carbon tetra-

chloride or kerosene).

The pooperties of beryllium carbide change considerably depending

on the method of preparation and the aensity of tne specimens. The main

physical and chemical properties of beryllium carbide are: the density

(6/cm3) determined by roentgenography is equal to 2.44, that of the hot-

pressed one (maximum) 2.26, and that of the sintered one (maximum) 2.10.

453
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Melting point (°C): when heated above 22000, a partlal melting

with simultaneous dissociation is observed. The free energy of forma-

tion 4o (21270) is 7.84 kcal/mole. c (98% Be2 C is euual to 0.334±0.013

cal/g. C at a temperature within 30-100o.

TABLE

1 3 .. Z t vomJ e narin (a-)
2 ep , Iivi 1627* .... 0,006

, 1927 .... 0.04
. * 21270 .... 0, 4

2 a 2327" .... 1.,

3 TouqutN149ROTJHP~INICl11")IN (OlM 'I I 6.100 O N )

4 OT 25 Ao 50" . . . . 5,6
4)? 25 AO 200" . ... 7.7
o" 25 AO 400" .... 9.5
oi 25 Ao600° . . .. 10,55 ) 6 o • 4 V l . I.e 'r .C nA-C @ X o*

0, 3 68S.O-'0t+0-20793.10 "P-

6 u"ae ion-p 300-950"; rpemUHPOC"onpeAenewnn ±2 '0%; npx 30°9X-0.O2tb

1) Vapor pressure (atm); ?) at a temperature of; 3) linear thermal ex-
pansion coefficient, a.100 (1/C)1 4) from ... to ... ; 5) heat conduc-
tion coefficient X (cal/cm.sec. C); 6) O.3585. IO5 t + 0.20793"106- in
the temperature range of 300-950°; error of determination ±20%; X is
equal to 0.0215 at 300.

The electrical resistance of sintered specimens from unpurified

beryllium carbide is 0.063 ohmncm at 300, 0.047 ohm'cm at 4250; in hot

pressed specimen 1.09 ohm.cm at 650, and 0.047 ohm.cm at 9750. The

values change with the change in the content of free carbon. The elec-

trical resistance of pure beryllium carbide is evidently very high.

The data for the mechanical properties of beryllium carbide, de-

pending on the technology of preparation, the chemical state and the

density are not standardized. The properties of hot-pressed blocks,

however, are usually considerably higher than the properties of sinter-

ed specimens. The Knoop microhardness of beryllium carbide crystals

lies between 2400-2700, which is higher than the hardness of boron car-

bide. The compression strength is: 50 kg/mm2 for pressed and sintered

specimens, and 75 kg/mm2 for hot-pressed. The bending strength at room

temperature lies within 5.5 and 7.0 kg/mm2 and changes insignificantly

when heated to 1310-13700. The normai modulus of elasticity changes, ac-
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cording to the data of diverse authors, within wide limits from 9100 kg/

2 2/rm to 21,000-28,000 kg/mm. The Poisson ratio is equal to 0.1. Beryl-

llum carbide is insignificantly stable against thermal shocks. Plates

of a spatial beryllium carbide - graphite composition bre&kdown within

1.5 hours when cooled from 10930 to room temperature. Beryllium carbide

is not resistant to moist air at low temperatures. Beryllium carbide

resists corrosion in moist air at temperatures of some hundred degrees

owing to the formation of a protective beryllium oxide film. Beryllium

carbide with a high density is well resistant to corrosion to 1.60o.

Beryllium carbide reacts with nitrogen above 1000, and with am-

* monia above 775% The reaction of beryllium carbide with diverse re-

agents is listed in the Table.

TABLE

Reaction of Beryllium Carbide with
Diverse Reagents

Tun-i-A I Ocnomme npoayuwu
COCO 2 ('C) 3 pelIIUIN 4

-- - + CTO MWf lfrCI'+C

3w. 7 87 W h.r, +C
*00 NP 3aa xmNI)FO vur,

k Warp"TW III. pzXo0Cr1Io 9 900=1-
6 CUaM

g uPU 1 1000 W.S
TIF wou50 W+.?
HCI * 7 600 CI1,.C+If,
HJ 750 oeJ+Cl

HO -- 9H(OII)'+CII. (q l.cw l) lI
K(peanuim RAe"• eaaeu-o)12

KOH ptY3op 13 - WOH)t+CH. (PganmmnPnlle, OCTllO) 1 30
H'SO. V 0mWWPWpo - p Oucpl n ") Is.

gamn 14 (MmncnO" scc"•Yamam-
HNO, wone - 16 rwAc .o 8O,) 1

HCI m T5 o MW?

HNO, ea - mmaqw" pecuoLe-"ul r ImWmanR qac I3
HCI p6e8a matM t -To M, 7
KOO pickup , pmaaMste . tapaus. oin-

EMOO, 9Ie?"P 0n , ew tNa .pe"
Pho a33* " I ow7
K•.I, pec"eop W - pPaMPepyr 2
KNO, peafp - m perup yr
Na Pecams to .5 -", a loveua

1 I loacn UWtI..*3 M
23 PsM p38yV0•7WXr

I C~ w rntu~maw 
o

1 Reagent; 2) state; 3) temperature; 4) main reaction products; 5) gas;
61rheated; 7) the same; 8) does not react; 9) surfacial effect; 10 va-
por; 11ý)pure; 12) slow reaction; 13) solution; 13a) very rapid rere-
tion; 1t concentrated; 15) reaction becomes retarded (the acid is re-
duced to S02); 16) the acid is slowly reduced; 17) diluted; 18) the dis-
solution is finished after some hours; 19) melted; 19a) the carbide is t
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decomposed and becomes white hot; 20) exidation of the carbide; 21)
smelt; 22) does not react; 23) the specimens swell after the test due
to hydration.

Beryllium carbide is protected from atmo6pherical effects at high

temperatures by means of special coatings. Platinum coatings and cera-

mic silicate glazes protect beryllium carbide efficiently from the re-

action with air upt to a temperature of above 13700 by formation of a

tightly adherent layer rich in beryllium oxide. The coating materials

are applied by smearing with suspensions in organic fluids or by im-

mersion, aid must be fired at 15000 in air or in inert atmosphere. The

toxicity of beryllium carbide is near to that of beryllium oxide, there-

fore, the working with it must be carried out under the same precau-

tions. Working with beryllium carbide must be carried out in absence of

water vapor. A storage of beryllium carbide in glass containers is not

allowed owing to the danger of hydrolysis accompanied by increase in

volume.

References: Reactor Handbook, edited by C.R. Tipton, 2nd ed., Vol.

1 - Materials, London, 1960; Yadernyye reaktory [Nuclear Reactors],

translated from English, Vol. 3, Moscow, 1956 (Materials of the Atomic

Energy Commission of U.S.).

N.F. Mironov
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BERYLLIUM OXIDE - the higher compound of beryllium and oxygen

(Boo). It crystallizes in the form ol colorless hexagonal crystals with

a wurtzite lattice. The polycrystalline mass Is white in color. The

lattice parameters of this compound at 180 are a = 2.693 A and c =

= 4.397 A, its Moos hardness is 9, Its crystallographic density is

3.025 g/cmi3 , and H = 1520 kg/mm2 . It exhibits no polymorphic transfor-

mations.

i i,/C-c Beryllium oxide is produced commercially by

S o calcination of beryllium hydroxide or sulfate. The
purest beryllium oxide is obtained by pyrolysis of

\M- basic beryllium acetate. It is used as a highly

1 W Orefractory material, as a thermal-neutron modera-

Comparison of tor and reflector in nuclear reactors, as the raw

the t of BeO material for production of copper-beryllium liga-with the X of

MgO and Al 2 03 . tures, and in the manufacture of high-quality

fl Cal/cm" see" °C;

Stemperature electrical insulators. It is distinguished from

other oxides by its high thermal conductivity,

which is comparable to that of metals, and thermostability. These char-

acteristics are conjoined with chemical inertness. The properties of

beryllium oxide depend on its nature and the conditions under which it

is subjected to high-temperature treatment. The characteristics of

beryllium-oxide products are closely related to their density.

Phyaical characteristics: t p = 2470 + 20, ti - 4120 + 1700,

latent heat of fusion - 17 + 1.4 kcal/mole, latent heat of vaporization

- 117 + 10.5 kcal/mole, latent heat of sublimation (at 600-30000) -
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TABLE 1 TABLE 2
Thermal Conductivity as a Mean Coefficient of Linear
Puno-ion of Specific Grav- Expansion as a Function of
ity (at 8000) Temperature

V(U.scw')l 1 .6 2. 1 2.1 1'- V.

I II m Iv
0I I I.i D 7

1) g/cm3 ; 2) cel/om.sec.°C. 1) Temperature (oC).

152 + 10 koal/mole; molar heat capacity Ct at 298-1200°, in kcal/mole.

0 C:
T 10"

.45 + 4 -3,17 T"

Beryllium oxide does not display any marked vaporization at tem-

peratures of up to 22000 in a vacuum of 10-4 mm Hg.

The figure shows the variation in thermal conductivity of a mate-

rial with an assumed porosity of zero.

The mechanical characteristics of beryllium oxide depend on its

density, specific gravity, grain size, and sintering temperature. The

TABLE 3
Mechanical Characteristics*

'r ln - 0-.' I .. O n ir

0', -91 11 I IS -

S - .•.. t - i! -

4'34

The minimum value corre-
sponds to a material with
- = 2.7, while the others
correspond tq one with y
= 2.9-3 g/cm-3.
i)Te•perature (°C); 2)

458



v1
I11-9,0-3

modulus of elasticity E is expressed as a function of density by the

formula E = 320y - 595, where E = 1.1010 dynes/cor 2 and -y is in g/cm3 .

The shear modulus G is 1.106 kg/cm2. Pronounced creep is detected from

9500 onward. The elongation of specimens with a porosity of 30% loaded

to 6.7 kg/cm2 amounts to (% per hr):
t I.* .. . . . .. . . .

It is known that addition of Al 2 03 , CaO, or ZrO2 reduces the creep

of beryllium oxide.

TABLE 4 TABLE 5
Thermostability of Certain Specific Electrical Resis-
Oxides in Heat-ExcharAge tance of Beryllium Oxide
Tests* (Number of Cycles (Sintered at 21000, Density
to Fracture) - 2.25 g/cm3 )

"" rq@n- p1 0.10-8e * IP-4

I ,M,

129 V 4 Owl, ISt

Heating to a predeter- 1400 :1se I,,--l ,
mined temperature and _"'_ _________"

cooling in a stream of air
to room temperature over a i) Temperature (00); 2)
period of I min. ohm-cm.

1) Material; 2) beryllium
oxide; 3) magnesium oxide;
4) aluminum oxide.

The dielectric constant of beryllium oxide (at a density of 2.79

g/ci3) amounts to 6.3.

The chemical composition of beryllium oxide depends on its grain

size and calcination temperature. Oxide calcilnated at 12000 is soluble

In mineral acids, while that calcinated at 18000 is 6oluble only in hy-

drofluoric acid. This compound is soluble in molten alkalis, carbon-

ates, and alkali-metal pyrosulfates. At 2000 it is reduced by carbon

to form beryllium carbide. Sintered beryllium oxide is .-:istant to the
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TABLE 6 TABLE 7
Loss or Weight in BeO as a Typical Chemical Composi-Result of Direct Rvapora- tion ()of Beryllium Ox-
tion and Reaction with ide
Water Vapor

'IIv r o a 1 2 qra flo II"rowf.. • Alm. o

Trnu- Pa..... vp7,. 59, C. .9N ,

1,00 I.10-* I ).G5.1O'O Meo * I * ..~ 1.1~. I'I-M)-
20*1 2.2. . 03. I.4JJ U,j4 Z -|1 "

* Saturated-vapor pressure 1) Compound; 2) oxide used
at 200 = 175 mm Hg. in metallurgy; 3) oxide

1) Temperature (°C); 2) for refractory raterials;
loss of weight over 2 h4 4) oxide outi' 1 ed from

(g/cm 2); 3) as a result of beryllium acetate.

evaporation; 4) as a result
of reaction with water vapor.

action of hydrogen, carbon dioxide, hydrogen sulfide, sulfur, bromine,

iodine, and ammonia and is not reduced by molten lithium, sodium, po-

tassium, magnesium, calcium, or aluminum; however, it reacts weakly

with niobium, silicon, titanium, and zirconium and strongly with fluor-

ine and fluorides at 18000 and is chlorinated by chlorine in the pres-

ence of carbon at temperatures above 6000 or by carbon tetrachloride.

At temperatures above 14000 it reacts with Be in accordance with the

reaction Be + BeO - Be20 to form the volatile compound beryllium sub-

oxide, which is stable at normal temperatures. The corrosion rate of

beryllium oxide in water vapor at 2500 is approximately 0.3.10'-
ma/cm2-hr for specimens with a y of 2.7-2.9 g/cm3 .

Beryllium oxide is the only refractory crucible material suitable

for melting beryllium. This compound reacts with water vapor in accor-

dance with the reaction:

The resultant volatile product decomposes on cooling to fort BeG.
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The volatility of Beo is greatly increased by the presence of water

vapor (Table 6).

In the manufacture of finished products the oxide is calcined and

ground to a grain size of no more than 25 g with a definite granulcmet-

ric composition. Fabrication of high-density products from beryllium

oxide presents considerable difficulties. Intensive grain growth is ob-

served during calcination. Finished products are produced by dross

casting, hot pressing, and pressing followed by annealing.

References: White, D. and Berk, J., Berilliy (Beryllium], trans-

lated from English, Moscow, 1960; Tresvyatskiy, S.G., Cherepanov, A.M.,

Vysokoogneupornyye materialy i izdeliya iz okislov [Highly Refractory

Materials and Oxide Products], Moscow, 1957; Belyayev, R.A., Okis'

berIlliya [Beryllium Oxide], Moscow, 1962.

L.A. Izhvanov
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BERYLLIUM TOXICITY. Soluble beryllium compounds (beryllium sul-

fate, fluoride, chloride, acetate) are the most toxic. However, unsolu-

ble compounds and metallic beryllium can also have an adverse effect

should then penetrate the organism in the form of high-disperse dust.

The falling of beryllium compounds as well as of metallic beryllium in-II
to a skin wound, cut or lesion can result in the development of sores

which heal with difficulty.

Compact beryllium and its alloys in the form of ingots, billets,

stampings, she ts, bar stock, elements of designs, etc., are not dan-

gerous to workers.

When beryllium is produced (extracted from ores) and in metallur-

gical processes it is possible that soluble beryllium compounds will

affect the workers, and also that they will be affected by beryllium

oxide dust, which is the most toxic from among unsoluble compounds.

Intensive, highly detrimental escape into the air of highly dis-

perse dust of beryllium and its oxides is possible in the production of

metal ceramics, in melting, welding and soldering of beryllium and its

alloys. An exception is low-temperature soldering (up to 3000) which is

not dangerous. All forms of machining of beryllium and its alloys are

also dangerous. Pressureworking of pure beryllium and its compounds at

to of up to 10000 in airtight shells is not dangerous, since beryllium

dust does not escape. An insignificant escape of dust is possible only

if the integrity of the airtight shell has been disturbed.

Heat treatment not above 600-7000 is also safe. Certain processes

for processing alloys with a 20-30% beryllium are not dangerous even
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without airtight shell protection. These processes include hot rolling,

stamping, pressing, upsetting, etc., heat treatment, cold rolling, cut-

ting with shears, etc.

The production and processing of alloys with a low (1-2%) berylli-

um content, with the exception of "welding, are not accompanied by air

contamination.

All the production processes which result in air contemination

should be performed in isolated premises; when these are equipped, pro-

vision should be made for the possibility of daily washing. Walls, prc-

tective hoods and the ceiling should be painted with oil paint, and the

floor should be paved with large-size ceramic tile or marble chips. The

communications should be concealed in the walls of the premises. All

the equipment should be provided with protective hoods equipped with

exhaust ventilation facilities. The air motion velocity in the working

holes of the protective hoods should be at least 1.5 m/sec. A vacuum of

at least 20 mm of water should be maintained in the isolated premises.

The premises are equipped with total-air-replacement suction exhaust

ventilation. All the air removed from these premises is subjected to

two-stage purification before being exhausted to the atmosphere.

The production sections should be provided with toilet and comfort

facilities modeled after a sanitary check point, with separate storage

of personal and work clothing.

All the premises are checked for the beryllium and beryllium com-

pound content in their atmosphere. The limiting permissible concentra-

tion of the above comprises 0.001 mg/m 3 . Continuous automatic recording

of the beryllium content by automatic recording devices is most ration-

al. Workers employed in the isolated premises should use ý,espirators,

which protect the respiratory system from penetration by beryllium and

its compounds. Hose or insulating gas masks are used for protection
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from beryllium compound vapor and gas penetration. When the dust con-

centration in the air is higher than 20-30 mg/mn3 the use of gas masks

is not effective, since they are rapidly stopped up and highly inter-

fere with breathing. The use of helmets or pressurized suits with a

pure air supply is recommended in these cases.

Each enterprise which is involved in the processing and produc-

tion of beryllium and its alloys should be provided with instructions

on preventing the contamination of the air of the production premises

and individual protection of workers.

All those who work with beryllium and its compounds should pass a

medical examination at least once in 6 months.

If all the above preventive measures are taken the danger of occu-

pational disease is eliminated.

D.M. Bobrishchev-Pushkin, K.P. Yatsenko
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BEFiYLLIZATION OF STEEL - superficial impregnation of steel with

beryllium in order to increase its high-temperature oxidation resis-

tance at 800-11000 or more. This process usually provides better oxida-

tion resistance than lithium plating and is used for many alloys and

metals other than steel. Beryllization is carried out with powdered

mixtures consisting of 99% Be (or ferroberyllium) and 1% NH4 CI1 or 75%

Be (or ferroberyllium), 24% A12 03, and 1% NH4 Cl. The process tempera-

ture is 950-10500 and the holding time 4-10 hr. Holding at 10500 for

4 hr produces a beryllized layer 0.2 mm thick with a hardness of from

1000 HV (StlO) to 1200 HV (St45). Ferric beryllide, FeBe2 (StIl), or

beryllium carbide, Be2 C (high-carbon steel), is formed in the outer

zone of the beryllized layer. Methods have also been developed for

beryllization of steel in a gaseous medium (HCI) and in vacuum furnaces.

The applications of this process are limited, since beryllium is costly

and also highly toxic.

A.N. Minkevich
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•ESHTAUNITE - see Natural acid-resistant materials.
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BETA-BRASS - brass containing from 45 to 49% Zn and, when annealed,

having the structure of a copper-zinc P-phase. This metal has low plas-

ticity when cold and high plasticity when hot. Manganese, aluminum, and

iron are added to beta-brass to improve Its mechanical properties.

Thus, for example, an alloy consisting of 52% Cu, 5% Mn, 2% Al, 1% Fe,

and the remainder zinc has an ultimate strength of 65 kg/mm2 and a rel-

ative elongation of 27%. Beta-brass has not been standardized.

Ye.S. Shpichinetskiy
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BEA-TITANIrM- see Alpha-titanium.
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BETATRON- a cyclic induction electron accelerator, whose action

is based on use of a vortical electric field set up by an alternating

magnetic flux. Structurally, the betatron takes the form of a "radial

transformer," where the role of the secondary winding is played by a

toroidal vacuum chamber in which the electrons are accelerated as they

move along a circular orbit. Stable electron movement is ensured by

magnetic focusing, which is accomplished by

- appropriate distribution of the magnetic

field in the orbital region. The primary

winding of the betatron is usually supplied

with commercial-frequenty alternating current;

acceleration takes place over 1/4 of each

period. At the end of each acceleration cycle

the beam of accelerated electrons can be

Betatron for irradia- withdrawn from the vacuum chamber through a
tion of thick objects

tee up to 400-500 window or directed at a metal target within

the chamber. Deceleration of the electrons in

the target produces x-radiation, which is used for transmissive defec-

toscopy of metal objects. For defectoscopic purposes the electrons are

accelerated to energies of 20-30 mev, so that the penetrating power of

betatron x-radiation, whose quanta have an energy of the same order of

magnitude, is substantially higher than that of the radiation produced

by ordinary x-ray tubes (whose quanta have an energy of the order of

several hundred key) or gamma-radioactive isotopes (whose quanta have

an energy of less than 1.5 mev). The betatron can be used for defectos-
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copy of very thick (up to 500-600 mm) steel and cast-iron objects,

which cannot be done with industrial x-ray equipment. The technique of

betatron defectoscopy is analogous to that of X-ray defectoscopy and

Gsmma-defectoscopy; fluorescent magnifying screens and lead foil 2-3 mm

thick are used to reduce the exposure time and increase sensitivity.

The relative sensitivity of the betatron in defectoscopy of objects

200-450 mm thick is 2-1.5% of the thickness of the object, so that de-

fects with diameters of 4-7 mm can be detected. Devices known as "ster-

eobetatrons," which have two radiation beams at an angle to one another,

have been designed. Defectoscopy with an apparatus of this type permits

both detection of defects and determination of their depth within the

object. Wide commercial use of the betatron is prevented by its com-

plexity and cost and the difficulty of providing biological radiation

shielding.

L.K. Tatochenko
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BICYCLE TIRE-THREPAD FABRIC - see Cord fabric.
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BIOLOGICAL REISTANCE - the resistance of materials, objects, and

assemblages to damage caused by various plants (principally fungi and

bacteria) and animals (insects, mollusks, crustaceans, and mammals).

Detrimental fungi and bacteria are lower plants lacking the green

pigment chlorophyll;in contrast to green plants, they do not assimilate

carbon from the atmosphere and feed on ready-synthesized organic sub-

stances of vegetable or animal origin. Bacteria damage materials of

both animal (e.g., albumin and casein glues) and vegetable (e.g., na-

tural rubber) origin. Fungi destroy materials of animal and vegetable

origin (paper, wood, textiles, and other materials); the products of

their vital activity (principally certain organic acids) are damaging

to some materials not containing organic compounds (metals, silicate

glasses, etc.). Materials are protected against fungal damage (given

mycological resistance) by preservation with antiseptics poisonous to

fungi, suth as fluorine, copper, mercury, tin, phenol, etc., compounds.

Depending on cperating conditiois, the materials are treated with anti-

septics by impregnation or by application of a superficial coating.

Rubber, lacquers, and paints are protected by introducing antiseptics

directly into the material itself.

Among animals great damage to various nonmetallic materials, es-

pecially wood and wood products, is caused by insects (various beetles,

termites, ants, ctz.). The best method for protecting wood against In-

sect darage is treatment with antiseptics (insecticides); in sone cases

the insects are killed by InJecting insecticides Into the holes which

they have made. Arsenic compounds, chlorinated phenols, DDT, etc., are
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used as antiseptics. Fumigation with poisonous gases io employed to

kill insects in furniture. Wool, felt, and rubber are damaged by moths,

prevention of which is basically a sanitary-prophylactic problem. Wool-

en materials can be made moth-resistant by application of naphthalene,

formulas based on DDT, etc. Rodents, especially rats and mice, cause a

great deal of damage to plant and animal materials; they are killed

with poisoned bait. In some cases free-living animals are killed by

fumigation of their burrows and tunnels with poison gases. Materials

and products used in water, especially salt water, are also damaged by

various organisms. In the oceans (principally in the south) these are

the so-called marine borers (mollusks and shipworms) and organisms

which cause overgrowth. Marine borers bore tunnels in wood, greatly

weakening it and making it completely unusable. The rate at which the

wood is weakened depends on the species of borer, the type of wood, the

extent of the infestation, the temperature and salinity of the water,

etc. The most radical method for protecting wood against borers is to

impregnate it with insoluble antiraptics; substances such as creosote

oil give good results. The organisms which cause overgrowth (these oc-

cur widely in both southern and northern seas) include a number of types

of animals (crustaceans, sponges, mollusks, etc.) and plants (algae)

that use metallic and nonnetallic surfaces as a substrate for attach-

ment. Ships and hydroplanes are subject to the greatest damage. Consid-

erable injury is caused by the crustacean known as the barnacle, which

covers the surface of the material to which it attaches with dense cal-

cereous formations difficult to remove. Overgrowth weighs down an ob-

ject, disrupts normal gliding, damages lacquers and paints, and inten-

sifies the corrosion of metals. The overgrowth rate depends un the hy-

drological condit ions of the body of water: the tem.perature and salin-

ity of the water and the species comiposltion of its population. The
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principal preventive meazare is t-J coat the material with an overgrowth-

resistant paint (see Overgrowth-resistant paintz). Techniques have been

developed for preventing overgrowth with ultrashort waves. Biological

resistance of materials and biological sterility of flight equipment is

impc.-tant in astronautics.

( B.K. Flerov
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BITUMINOUS MATERIAIS- mixtures of natural and petroleum bitumens

with various materials (asbestos-bitumen mixtures, rubber-bitumen mix-

tures, asphalt compositions, etc.). Bitumens vary in origin and in the

methods by which plastic solids or viscous liquids are produced; they

are complex mixtures of carbohydrates and their polymerization and oxi-

dation products. Bitumens are divided into two categories: 1) natural

(mineral) - aophaltites (the most pure), asphalts (with substantial

mineral impurities), and asphaltic rocks (asphaltic sandstones and

limestones containing 8-30% and 3-25% bitumen respectively); 2) artifi-

cial (petroleum) - heavy products of the distillation of petroleum and

its products, or pitches. At low temperatures bitumens are brittle and

lustrous and exhibit conchoidal fracture. They are highly soluble in

benzene, toluol, chloroform, carbon tetrachloride, carbon bieulfide,

etc., and insoluble in water and alcohol. They are sufficiently resis-

tant to acids and alkalies. Bitumens are distinguished by high hydro-

phobicity, have a negligible hygroscopicity, and are impermeable to wa-

ter in thick layers. Their resistance to oils is low; mineral oils li-

quefy them and reduce their solidification capacity, but improve their

solubility. They are miscible with vegetable oils, partially or com-

pletely dissolving when heated. Bitumens are weakly polar substances

with high dlelectric characteristics, a dielectric-loss-angle tangent

of 0.005, a specific electrical resistance of 1015-1016 ohms.cm, and an

electric strength of 100-300 kv/cm. They are easily ignited (thetr

kindling temperature is no leEs than 180-2000) and burn with a smoky

flame. Depending on the deposit and the method and degree of concentra-
475
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tion, the softening temperature of natural and artificial bitumens liez

between 15 and 1500. Natural bitumens are obtained by treating the rock

with boiling water or by extraction with organic solvents (e.g., di-

chloroethane). Petroleum wastes from which no final product can be ob-

tained are subjected to aeration at 260-2800 in a special apparatus for

several hours (oxidized bitumens). The residual bitumens have a lower

thermal resistance than oxidized bitunens, but combine high viscosity

with a higher plasticity.

Natural and artificial bitumens have a wide range of hardnesses.

Bitumens are a constituent of various bituminous materials (lacquers,

paints, electrical-insulating materials, etc.) fabricated from cloth,

cardboard, paper, powders, etc. Bitumens are employed as binders, as

insulating substances (to water, steam, gases, temperature, electric

currents, sound, and shock), to impart chemical resistance to salts,

alkalies, acids, and etching agents, and as stains or dyes. Addition of

mineral fillers to bitumens increases their hardness, softening temper-

ature, and resistance to atmospheric factors. Their low cost and valu-

able technological properties have resulted in the wide use of bitumin-

ous materials in many branches of industry. Bituminous Rubrax is used

in the rubber industry, as a softener in the leather-substitutes In-

dustry, and as a lubricant for the hot necks of rolling-mill rollers in

the metallurgical industry. A special petroleum bitumen is used as the

sealing mastic for storage batteries. The housings of the cells of acid

storage batteries used in radio receivers and as starter batteries are

hot-pressed from asphalt-lac materials.

Ruberoid (GOST 2165-51) - a material based on glass or fiberglass

cloth. As a result of its strong base, which does not rot and is not

damaged by microorganisms, this material has high operational charac-

teristics: a tearing resistance of from 20 to 100-150 kg/cm2 , a water
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absorption of no more than 0.3-5%, and a usable glass-cloth thickness

of 0.06-1.4 mm. It is used to protect metal subterranean piping from

water damage.

Gidroizol - a roll waterproofing material manufactured from asbes-

tos board impregnated with bitumen. It is fireproof and more •.xpensive

than asphalt board; it is used for multilayer waterproofing.

Borulin - a roll waterproofing material manufactured by mixing as-

bestos fiber and heated bitumen on rollers and then rolling the mixture.

It is a plastic waterproof material with a softening temperature of

1500, but has a low tensile strength. It is used for waterproofing

heating pipes.

Ground unreclaimable automobile tires and bitumens are used in

the manufacture of insulating materials, the mastic "Izol" and the roll

material "Brizol." Brizol does not crack on repeated 1800 bending. Thi

material is intended for corrosion protection of subterranean metal

piping. Oil-free bitumen blacks, which have considerable water resis-

tance, are used for underwater paints. Addition of vegetable oils, na-

tural and synthetic resins, and a filler (powdered aluminum) to bitumen

lace considerably improves the atmosphere- and light-resistance of

those used for protection of metal components (of automobiles and agri-

cultural machinery) from atmospheric corrosion. Bitumen lacs have been

used as a basis for dark-colored printing inks and artists' colors. Hot

molten bitumen is used for corrosion protection of gas-distribution

pipes. Bituminous materials are used as sealers, compounding agents,

cements, and dlectrically insulating impregnation lacquers in the elec-

tronics industry.

References: Kreytser, G.D., Asfal'ty, bitumy i peki [Asphalts, Bi-
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tumens, and Pitches], 3rd Edition, Moscow, 1952.

E.G. Gazhnikov
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BLUE BRITTLENESS OF STEEL - a decrease in the plasticity of steel

under static loading at temperatures which cause blue irridescence

(approximately 3000). Under dynamic loading the embrittlement tempera-

ture shifts to 500-5500.

References: Pogodina-Alekseyeva, K.M., Pogodin-Alekseyev, G.I.,

ZL [Indl. Lab.], 1958, Vol. 24, No. 2.

Ya.M. Potak
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BLUING OF STEEL (oxidizing, blackening, bluing) - obtaining on the

surface of steels, predominantly carbon and low-alloy, a chemical coat-

ing consisting of oxides such as Fe 3 04 , etc.

Bluing of steel practically does not change the dimensions and the

mechanical properties of components. It is used for decorative finishes

and corrosion protection of components with small dimensional tolerances

(instrument components, springs, tools, etc.); for increasing the cor-

rosion resistance of a surface after bluing it is covered by a grease

or lacquer.

The b..ued component is colored in various shades of black: lus-

trous on polishea and matted on rough surfaces. The coating thickness

is 1-5 microns. The coating structure is fine crystalline, microporous.

The coating has a high elasticity, abrasion resistance and electric

insulation properties.

Alkaline bluing is treatment of a component in alkaline solutions

with oxidizers, for example, NaOH (750g/liter), NaNO3 (150 g/liter),

NaNO2 (75 g/liter), NaCN (3 g/liter). The standard temperature is 137-

1420 and the process duration is 40-90 minutes. Bluing by oxidation is

performed in a solution of Ba(N03 )2 (40-50 g/liter), H3 PO4 (specific

weight 1.55, 3.5 g/liter) at 98-1000 for 20-30 minutes. Bluing can also

be performed by using solutions containing oxidizing substances; in

this case the solution is applied to the component's surface, is allow-

ed to react with the metal, and then the excess of the reaction products

("rust") is removed; this process is repeated several times. Heat treat-

ment methods of bluing consist in heating the components in muffles,
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retorts or inert media (coal, sand, chalk) with a limited air access at

250-350" for several minutes. It is also possible to perform this treat-

ment without air access in a superheated steam atmosphere at 55Oo for

30-60 minutes; this method is used to protect cutting tools from corro-

sion and to increase their serviceability.

References: Korrozia i zashita metallov [Corrosion and Protection

of Metals]. Part 4 - Layner, V.I. and Shvyryayev, G.K., Metallicheskiye

pokrytiya, elektrokhimicheskaya i khimicheskaya obtabotka metallov

[Metal Coatings, Electrochemical and Chemical Treatment of Metals].

Moscow, 1951; Badal'yan, G.M., Zashchita metallov fosfatnymi i okisnymi

plenkami. [Protecting Metals by Phosphate and Oxide Films]. (Leningrad],

1952; Spravochnik po zashchitno-dekorativenym pokrytiyam [Handbook of

Pirotective and Decorative Coatings]. Moscow-Leningrad, 1951.

M.I. Gamov
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BOILER STEEL is the steel for components of boiler installations

which operate at elevated temperatures in contact with water and steam

media. Boiler steel is required to satisfy the characteristics of heat

resistance, including resistance to creep and stress-rupture; plastici-

ty under conditions of long-term loading; stability to scale formation,

water and steam corrosion.; stability of the properties at a given tem-

perature (for fittings); stability under repeated loadings; low tenden-

cy to aging, graphitization and spheroidization. In the selection of

the grade of boiler steel, account is usually taken of the conditions

under which the corresponding components must operate: temperature,

stress, service life and permissible deformation during this life.

Depending on the operating conditions, use is made of carbon steel,

low-alloy steel, alloy steel of the perlitic and austenitic classes for

boiler steel. For the application of sheet boiler steel for elements of

steam boilers see GOST 5520-62, 380-60; for tubes in boiler construc-

tion see GOST 8731-58, 8738-58, ChMTU (Ferrous Metal Specs.) 2579-54,

2580-54, GOST 1753-53. For the characteristic of the sheet steels VSt2,

VSt3, St2, St3 see Construction Steel.

Widest use is made of the carbon steels 15K and 20K, and recently

the high-strength steels (low-alloy) 09G2S(M), lOG2Sl(MK) and 16GS(aq)

which are less prone to hot brittleness and loss Lf strength after

long-term heating; the chemical composition of the boiler steels of

these grades is shown in Table 1 and the mechanical prcperties in Ta-

bles 2 and 3.

The low-carbon and low-alloy steels are melted in open hearth fur-
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naces and delivered in the hot-rolled condition, heat treatment (nor-

mlization or normalization with tempering) is performed on request of

the user.

TABLE 1

Chemical Composition of Carbon and Low-Alloy Boiler Steel

is i2 0 2 F 1s ý:.i

• "it (# 4{ ,2. 9 1 21 .' ~w .w.w
CYA2 1 '1;

I I3 & '

* ~ ~ ~ ...: I "':. -"", I.I--"I.4 fl.'4

1) Steel; 2) content of elements (W); 3) not more than

TABLE 2
Mechanical Properties of Carbon Boiler Steel

lo i rer 6. i , .

IWT • (-W) ;")

24I 11 19IA-n

1) Steel; 2))T k&mM2 , no less than) with sheet thick-
ness (mm); 3) kg/nm) with sheet thickeness (mm).

TABLE 3
Mechanical Properties of Low-Alloy Boiler Steel (not
less than)

Ts1U... . ... . .. oC'mL.. 1 .•r.t- , .. ' % ," -.

r •-- ."~ 3l -. t • *•

i--41J i 45 3S + ,

) -- • " iilI ' II 6 J.I

S.r(:l l -: *I ) .: I - -
4-3 31

to 1 ) 4-- 3) 5V l = ll):-•

):0 .;I
44-. 34 45 *

1) Steel- 2) sheet thlckenss (nm); 3) kg/ m); 4) oH
(kg/cm2j.
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TABLE 4
Chemical Composition of Boiler Steel for Pipes

I ~ ~ C.,..ntJgm#.Iuc b se U Im' %

11 Mn life) * I

2i.i 71 .:I I .lSi

I !XMI 0::.

22
SCi,,1 4

ismN
0 _11 I

1) Steel; 2) content of elements (%); 3) continued; 4)
not more than.

TABLE 5
Mechanical Properties of Boiler Steel for Pipes (ChRu
2579-54 )*

121

":,.4..... '>3 "'" i " -24 +- • i " - + ' -

" For pipes with outside diameter 10-108 mm and wall
thickness of 2-18.- mm

1) Mechanical properties; 2) steel; 3) (k&/..2)

TABLE 6

Mechanic~l Properties of Boiler Steel for Pipes (ChMTU
2580-54)'

as (ts ,.,.-S,.S7 .. l .. :I ,\ 1 4

VI * * + • • %• .*4*'-:+ ,k* -> " .4 "

1. F;r pipes with outside diameter l1m-42 m and wall
thickness 7-60 r. 2a-.2. for steel of all grades i not
less than 0.5 Ob. 3 Values of ab for lon•itudtnal and
lateral specimens Cclnc!ie; Numrneratcr "- value fcr
longitudinal and dencminatcr If value for lateral spezl-
mens.
5) Mechniycal properties 2 ; 6) steel; 7) (k/m:I-)3; ) )(k~m/cir,+
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The 15K and 20K steels are delivered in sheets of thickness from

4 to 60 mm, the low-alloy steel is delivered in sheets from 4 to 160 mi

thick. On request of the user a determination is made of the yield

strength at elevated temperatures (3200); the yield strength for sheets

60 mm and more thick from the 09G2S(M) steel must be no less than 18

kg/mm2n, and for the 1002SI(MK) steel it must be no less than 23 kg/nmu2

Figure 1 shows the variation of the mechanical properties of the 15K

and 20K steels as a function of temperature. The stress-rupture limit

1 (after 100,000 hours) and creep limit 2 (1% after 100,000 hours) for

these same steels at various temperatures are shown in Fig. 2. Figure 3

shows the variation of the stress-rupture (after 100,000 hours) for

various temperatures of the low-alloy steel 16GS(ZN) (curve 1) and for

09G2S(M) (curve 2). The chemical composition and mechanical properties

of boiler steel for pipes used in boiler construction are shown in Ta-

bles 4, 5, 6. The varlaticn of the stress-rupture and creep limit for

certain grades of alloy boile. _t-els as a function of temperature are

shown in Figures 4-7.

* I

J-ý* **

Fig. 1. 1) oo.2, Fig. 2. Fig. 3. 2

0ri kgn/= 2 , 2)-j f ~k/m g
On kgmp.cm; 2) 2C tep. .C. 2, temp. C Itemp. "C.
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425 450.. 475 500 525 550 57:b 600
B Temn-pa. C

Fig. 4. Stress-rupture limit after 100,000 hours (1) and rreep limit
for 1% after 100,000 hours (2) for 16M steel. A) a, kg/mmZ; B) temp. °C.

J Fig. 5. Stress-rupture limit after 100,000 hours (1) and creep limit
for 1% after i00,00C hours (2) for 1216ch steel. A) a, kg/mm2 ; B) temp.

.C.

' 20 • I- . .... _ __

A 1 1

0-0 425 450 475 500 525 559

B le~-- "'

Fig. 6. Stress-rupture limit after 100,000 hours (1) and c5eep limit
for 1% after 100,000 hours (2) for 5KhM sleel. A) a, k/mi Bt.

16-

o 480 500 520 540 560 580
E Te~N-pC, *C

Fig. 7. Stress-rupture limit after 100,000 hours (1) and creep limit
for 1% after 100,000 hours (2) for 12KhMF steel. A) a, kg/mm2 ; B) temp.
0C.

References: Liberman L.Ya., Peysikhis M.I., Spravochnik po svoy-

stvam staley, primenyayemykh v kotloturbostroyenii [Handbook on Proper-

ties of Steels Used in Doiler and Turbine Construction], 2nd ed., M.-L.,

1958; Spravochnik po kotlonadzoru [Handbook on Boiler Inspection], ed.

by M.P. Morozov, 3rd ed., M.-L., 1961; Pridantsev M.V., Lanskaya K.A.,
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Stall dlya kotlostroyenlya [Steels for Boller Design), M., 1959; Larn-

chev V.A., Kachestvennyye stall dlya sovremennykh kotel'nykh ustanovok

[High-Quality Steels for Modei'n Boiler Installations], M.-L., 1951.

E. Sh. Violokhnyanskaya
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BORIDS - compounds of boron and metals fcrmed at high tempera-

tures.

The borides of high-melting metals (titanium, zirconium, hafnium,

vanadium, niobium, tantalum, chromium, molybdenum, tungsten) are metal-

line phases. The bonds between the metal and boron atoms are metallic

in character. This explains the fact that borides have approximately

the same electrical resistance as metals and, just as metals, have a

constant ratio of electrical conductivity to thermal conductivity.

These compounds are distinguished by high melting points, high hardness,

the ability of certain of them to become superconductive, etc.

Of the many boride phases based on high-melting transition metals

and the rare earths, Tables 1 and 2 show the properties of the dibor-

ides of the aforementioned metals (MeB 2 , and the hexaborides of the

rare-earth metals (MeB 6 ). These boride phases are the most stable and

the most widely used in engineering. Monoborides (MeB), tetraborides

(MeB4), etc., have a lower thermal resistance, are less strung, and are

rarely used in engineering.

High-melting borides of the alkaline-earth metals (calcium, stron-

tium, and barium) are also known. Zjinc, cadmium, gold, silver, mercury,

gallium, indium, thallium, lead, and tin do not form borides. Copper

forms borides with difficulty.

The borides of high-melting metals are stabie when heated to high

temperatures (2000-25000) in contact with graphite.

The borides of chromium, tungsten, and molybdenum are poorly wet-

ted by molten pig iron, while those of zirconium remain completely un-

488



1-27b1
wetted by molten pig iron or steel. The borides of tUtanium, chromium,
and zirconium are stable in contact with molten aluminum, while molten
silicon does not react with the borides of zirconium. Many metalline
borideB are highly refractory, are poorly wetted by molten salts and

alkalies, and are rather resistant to) weakly acid and certain aggres-

sive gaseous media.

All borides are distinguished by high stability in vacuo at high

temperatures. The borides of high-melting metals (titanium, zirconium,

etc.) have high electrical conductivities, sometimes exceeding those of

the corresponding metals, and rather high thermoelectric characteris-

tIcs; those of the rare-earth mnetals have high thermoemissive charcter-

TARTE 1
Properties of' Borides of High-Melting Metals

I51et 6oopuf avama 601.3, COPRA cgr.: I IIopua 34w.A 6oPRA

2 Ti V11303 4IE" 4 ua,D,,* 5 VD, b NIB, KTa, B. 8 41m, 9o~1h I_______

MOJNISKJRp S ae 3. .. . . 09.54 112.86 200.10 72-3 I .5 1 225 36 1t75 418
on anepffR p. 591

00mi . .. . . . 6.67 66.07 00.07 66.077 6. 71.43
t:().............452 0 .00 t .2 0.1 70 A.0 01 17.73

talV ) .......... 2980 3040 3250 2400 3000 00o 21 2m 2016 enhova ofpasonammat n,256'K 3- 3005,0(. 3 9
17 aAA& ~ . . . . . ..M - 70.,5 78,0 - - 60 5. 00 2A 2-51 npo o Odpammao~ nN .3 ae-

1 8  e Nef"*(RGA AOA#b*). 7.0 0.7 14.2 7,9 10. 4 13.0 9.4 t22 14.3

20 ~ flAMO~., 09:144 120. GN 0.137 0,(40 1 020 124"4 .7
204 1.01. 34.0 1 74 5 7,, p5.

21 lOCOUPOTinanKU.(41ad- o-'10) 4-2, 78 +1.70 +3.6 4-3.6 1,39 t14 ..~IMIexISx.t(fuK K ).
(300-2000') (3 00- t 0 0* (20-263v~) ( 100- 1 1oo- (01)-- I1I00'o) j100_ _~o'

22 0 (1 M .. ... . . . . A. t~: -2.' 5.3 7,5 7, 79-N.3 5, 1` 1,
TOHDC(w a) +1. +7.7 -2.8 -4,5 1.807Oa NFIxOAS (0) . 1. 7 . .030 3.95 3.00 2.00 a.1 3,38 2,6354000 35000, 27300 - 26200' 1 5m,"--

24.5 0.3 - 2j -

0. b (W " . .. .. .. .. . ........ 5 1509 - - 126 -
H u '.........j 31170 22V0 290 28200 2600 2900 2410 12010 2060

1) Property; 2) titanium boride; 3) zirconium boride; 4) hafnium bor-
ide; 5) vanadium boride; 6) niobium boride; 7) tantalum borkie' 8)
chromium boride; 9) molybdenum boride; 10) tungsten boride; 115 morlecu-
lar weight; 12) boron content; 13) atom-%; 14) % by weight; 15 'Y (g/
/cm3); 16) heat of formation at 2 8*K (kcal/mole); 17) entropy of for-
mation from elements (cal/mole.0C ; 18) c at 200 (cal/mole.0C); 19)
trical/ r-esistance0 (degreesl'~m; 22) Thermal eoefficientgofelse-23
tr(cal/cresisece0 ) 20) r(.ees/ m 21) thermal cefficiv/entes of 3lec
work function (ev); 24 kg/mmn
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The data on the strength characteristics of borides, especially at

high temperatures, are extremely limited. BW way of example, Table 3

shows the ultimate strength of certain borides on compression and bend-

ing.

Borides (MeB 2 ) have high chemical stability in various aggressive

media and resist oxidation in air at high temperatures somewhat better

than carbides or nitrides. The borides of titanium, zirconium, molybde-

num, and tungsten are resistant to cold acids, while those of tantalum

and niobium are more stable in cold or heated acids at any concentra-

tion.

The hexaborides of the rare earths are easily decomposed in oxi-

dizing media (Table 4). Alkalies and mixtures of sodium hydroxide and

perhydrol have no effect on hexaborides, even when heated, with the ex-

ception of cerium hexaboride.

Boride-based alloys can be subdivided into the following basic

groups: pure boride alloys (TiB2 -CrB2 , NbB2 -TiB2 ), boride-carbide al-

loys (TiB2-TiC, ZrB2-ZrC), boride-nitride alloys (TiB2-TIN), boride-

silicide alloys (TiB2 -TiSi 2 ), and boride-metal alloys, the so-called

boroalloys (TiB2-Fe, CrB2-Mo). Pure boride, boride-metal, and boride-

silicide alloys are now being used. Table 5 shows the approximate phy-

sical and mechanical properties of boride-based alloys with somewhat

elevated strength, durability, and high-temperature oxidation resis-

tance. An alloy of titanium boride and iron will serve as an example

of a boride-metal alloy; this alloy has a high resistance to thermal

shock, good cutting characteristics, and an elevated high-temperature

oxidation resistance (Table 6). The production of completely compacted,

nonporous products from borides presents great difficulties at the cur-

rent level of technology. However, it is possible to obtain alloys with

virtually no porosity by conbining titanium boride and iron and sinter-
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Ing the resultant alloy in an argon atmosphere at 1700-2000o. The high

strength of TiB2 -Fe alloys remains almost unchanged over the tempera-

ture range 20-1100° (Table 6), while their high hardness and durability

make them quite promising Tor use as structural and tool materials. A

titanium-boride-based alloy containing 15% iron has good cutting char-

acteristics and is more stable than the standard alloy Ti5K6.

TABLE 2

Properties of Hexaborides of Hare-Earth ElementsI F7411 ,pyu
cIi'(e PH, NuOl. •.,i | Jl. lid I ". , S 11, W.,7l1

B4 2.... .... -I,,, --a 2 ~ .2 . l . .t .. -

29,,, t ,, , .0 2 U 0 81,7 4 . ?1 .

,t .? al , . ... .1 [ 2!') : •7 27 2.717- 97.7 -- --- - .G

"7.'"?" .. * . .....illl71.1 I. ' I ..... I l' 2 .... . ...-- 7 ni,) 7. '"

,, .,ii,, I,i'r~ I, HT TO|ltS* l ,I''' -- 0,

,-4wz¢ .. . . .. 96•, -7.79 -- -- -4-- -4,8 -4.- -~ ,
AeI 7111 7777:4

7 3 0 5 P ..,,j. 9 .

' . .',, ....... i . .- , .... .,:o ., 49 2.•".9 U . 3 . .... .1; 7 1 0. 1J.74 1,

7. .1 .9 .7.. 4.. .- - 04 i 73.

7<.,,p.$.Illii-l¢lltl-7171i'ilI l 'I'1 71,5 I1 17<7 ~l Cild• + +l• [.lll 0.17 .- - li t- MI lll CI I

2a111 2al 20 , -1 .

1) Property; 2) lantihanum borlde; 3) cerium boride; 4) praseodymium
boride; 5) neodymium boride; 6) samarium boride; 75 europium boride;
8) gadolinium borlde; 9) terbium boride; lO) dysprosium boride; 11)
holmiur, boride; 12) erbiuin boridc; 13) thulium boride- 14) ytterbium
bortde; 15) lutetium boride 16) molecular weight; 17 boron content
(% by weight); 18) y (g/cm3); 19) X (cal/crr.sec.°C): 20) p 4 o ms.cm);
21) thermal coefficient of electrical resistance '6egrees -1.10.); 22)
thermcal emf (iLv/ 0C); 23) Hall's coefficient x I0 (om3 /cuulonb); 24)
cffl tic ;-oc-_c.t cf magnetic boron; 25) ,:ýak7 nctic permeability x
effective magnetic moment or magnetic boron; 25) magnetic permeability

x 106; 26) work function (ev); 27) Richards' constant (amps/cm 2de-

grees2); 28) coefficient of secondarj emission (maximum); 29) radiation

factor at x = 655 m4; 30) ,z 7 g (kg/mmn2 ); 31) H(kg/mm2 ); 32) color; 33)

purplish-violet; 34) blue-violet; 35) b.Lue; 36) black.
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TALE 3
Ultimate Strengths (kg/mm 2) of Borides on Compres-
sion and Bending* at Various Temperatures

2 Temnepaiypa (_C)

Bepa 20' 10000 1200. 1 00* 1M000

1 0. 1 ', I , 0-blIa r o 0 -b 003r 0-6 Car

TIB ,0 - 22.7 25 3 11.0 -

ziD 1, 9.3 I30.6 6. 1 25 , 44 - - 10
z,B. M 7 68 0 • 2, 4 2 ,, t• 24

Cri, 127,9 - 86.8 - 4•02 - 5.1. -2

*The bending values are for specimens with a por-

osity of 22-24%.

1) Boride; 2) temperature ("C).

TABLE 4

Solubility of Borides of Rare-Earth
Metals in Acids

HCI H,80 HNO, u pcsaR (c nAOrOA BI0:I

BOPRA (1:1)" (0 :1)" (0:1) ,o2aa HNO,)

RepBcTDOPNIMIJ1I ocaoK (%)

VID, 77-78 7t1-72 nonHoe pac- folIHOe nojiHoe pac-
LaB. 93-94 89-92 ?sope= ,e paCfBOpeHse TRopesite
CeB. 84-86 83-84 npu cna6oM Ha xono2C npm caa6om
PrB. 90-94 27-30 I arpeBa&uU a Teqemse Harpesalimit
NdBo 87-88 78 a 7eqeyine 5 MUM. 5 TeqemmeStuB. 79--80 77 5 9. 5 •MN.

0dB. 91-93 87

- gentle heating for 2 hr.

1) Boride; 2) aqua regia; 3) H2 S0 4 (1:1, with HNO3 added); 4) insolu-

ble precipitate (%); 5) complete dissolution on gentle heating for 5 hr;
6) complete dissolution in cold acid within 5 min; 7) complete dissolu-
tion on gentle heating for 5 min.

TABLE 5

Properties of Boride Alloy Based on
Solid Solution of Permium Boride in
Titanium Boride (Ti, Cr) B2 n

(SIC^,•' CeA ( ( t jC) Cox "C) • ,~

',-41l 250 5.t-, 0.056 3 32800 as

1) T (g/cm3 ); 2) X (cal/cm.sec.°C);

3) kg/nun9
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Borides are obtained chiefly by reduction of metal oxides with a

mixture of boron carbide and carbon (Table 7), in accordance with the

reaction

A

by reduction of a mixture of metal oxides and boron anhydride with car-

bon,

B

or by direct combination of metals with boron.

Products are manufactured from borides and their alloys by powder

metalurgy (pressing of blanks and subsequent sintering or iiot pressing).

Nonporous products cannot be obtained by pressing and sintering, but

hot pressing makes it possible to produce articles with a porosity of

1-3%.

Because of their high hardness, articles fabricated from borides

and their alloys cannot be dimensioned by the usual mechanical-machin-

ing methods. Anodomechanical, electric-discharge, and ultrasonic mach-

ining or treatment with abrasives are used for this purpose. The ultra-

sonic method has come into especially wide use. Certain data on the

machinability of borides are given in Table 8.

TABLE 6

Influence of Compoaition and
T-nperature on the Strength of
Alloys of Titanium Boride and
Iron

'"e..rlepalyp-a (C)

CaAepxande
,qiia a Ceiaile "00 800 1100

( sec. % )

8.22 45 5J 57 47
14.90 52 55 59 46
1S.:3 64 68 7"6 54
29,89 40 43 50 47
38.412 5 686 65 49
46.00 55 - 55 40

1) Iron content of alloy (%
by weight); 2) temperature

; 3) izg 9
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TABLE 7
Technological Regime,.; for Production
of Ccrtain Borideo by the Car-bide-Bor-
on Method

I ~ ~ ~ ~ ~ Al 1 -iii.i. ~ i4¶J I.-

-Mll. VC NI- __ i.

7rI1 . IU)- I 0tl, 511-611 K, 'U I ;,1O 7:1
(TI, C;r) B, t650 bO-SO j 0

1) Boride; 2) in vacuum furnaces; 3) temperature (*C); 4)procescs time,(
(min); 5) in tubular graphite furnace~s.

TABLE 8
Ultrasonic Machinability of
Certain Borides (frequency -
18 Icc)

OTID. oC11.TI~d
Te"!h~at "1TR (OT110-

1r1.10- . tsia

]) ~ ~ ~ ~ ~ ~~O~ Borde 2)ll reaiecopcnsso aerial (51 , ) 1tin"dpt
(nni). 4) ooffici~et of machiability (ateio f ateil ertoti

1.)Br the; 2relectodevo compatetneesaofmatheriocol M, 3) uting for trmz

1't,2, of molten metals, and crucible.- for prec'Lsion IMetallurgy, in h1 -h-

!-t~2t-r'ength and refractory alloys, ctc. Iloxaborldes -are. used 1- n the

ithoc~of electronic deviceZ and ionirc current sour-ces, In FnJleaý'

2r~nccingand electron~ics, in device(s for the conver-.;.Lc' of thcrmi.a

to e2cctrical cnergy, etc.

iLf erences: Sam-soncv, G. V. , Pc rtncy, iK. I. , plavy na osn(;,vet-

oplavklkh soyedinerly [Alloys Based on H Igh-MelIt In~g Compc-ounds ].
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1961; Samsonov, G.V., Tugoplavkiye soyedineniya. Spravochnik po svoyst-

vain i primeneniyu (High-Melting Compounds. Handbook of' Properties and

Applications], Moscow, 1963; Samsonov, G.V., Paderno, Yu.B., Boridy

redkozemel t nykh metallov [Borides of the Rare Earths], Kiev, 1961;

Funke, V.F., Yudkovskiy, S.I., and Samsonov, G.V., ZhPKh [J. Appl.

Chem.], 1961, Vol. 34, No. 5; Samsonov, G.V., et al., Bor, yego soyed-

ineniya i splavy [Boron and Its Compounds and Alloys], Kiev, 1960.

K.I. Portnoy
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BORIZATION OF STEEL - superficial saturation of steel with boron

in order to increase its hardness (up to 1400 HV), tzermostabillty,

durability (particularly with respect to abrasion), and corrosion re-

sistance. Structural and austenitic steels and various metals and al-

loys can be subjected to borization. The brittleness of the borization

layer prevents wide use of this process. Electrolysis in molten borax

is used for borization of steel (the component serves as the cathode

and graphite as the anode). A current density of 0.1-0.2 amp/cm2 is eu-

ployed. The working temperature is 9500 and the process tire 6-8 hr.

The resultant borization layer is 0.15-0.25 m, thick (the external zone

consists of the boride FeB and the internal zone of th2 boride Fe 2 B).

It is recommended that the workpiece be surface-quenched to provide a

strengthened cushion under the thin hard layer (the hardness of the

latter is unaffected in this case). Methods have also been 4eveleced

for borization of steel in molten borax conta,-_,,r boron carb'•de,

gaseous media (H2 B6 + H2 , BC1 + HF), in vacuw-. furnaces, and in :ocw-

dered mixtures. Borization Is imrcy'd Ir the m.anufacturo ,f caLir;.- a:r.

bushings for mud pumps, components of wlre mills, bush10:•s for cater-

pillar tracks, etc.

A. N. X I "K~ ev 1m
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BORIZATION OF TITANIUM ALLOYS - superficial saturation of' titanium-

alloy components with boron. This process can be carzried out by elec-

trolysis in molten borax. At a current density of 2.5-3.0 amp/cm2 and

a temperature of 10500 or more a layer of titanium boride with a hara-

ness of -2500 1W and a thickness of several microns is formed on the

surface of the workpieceY this is underlain by a solid solution of oxy-

gen in a-titanium. Only a thin oxygen-saturated layer is obtained at

lower current densities or temperatures. Bor'zation of titanium alloys

can also be conducted in powdered boron at temperatures above 10000 in

vacuc. No matter what borization method is used, the hardened layer is

very brittle and bonds poorly to the base metal.

References: Minkevich, A.N., Shul'ga, Yu.N., Metallcvedenlye 1

obraootka netallov [Phys. Metallurgy and Metalwcrking], 1--7, Nc. 12.

T.S. Anrtzv



BORULIN- see Bituminous materials.
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BRAKE STRIP is elastic friction material used to provide the re-

quired friction forces in band and disc brake devices for tractors,

various types of highway-construction, hoisting and transporting (exca-

vators, bulldozers, cranes and hoists) and other machinery•. idustry

produces both woven and rolled brake stripping. The woven brake strip-

ping (GOST 1198-55) is fabricated from woven, multilayer asbestos fab-

ric strips containing in the fibers brass wire of cross section 0.16-

0.19 mm. The woven brake stripping is produced in type "A" impregnated

with bitumen arid type "B" impregnated with oil in rolls of width 13-270

mm and thickness 4-12 mm. The rolled brake strip (TU MKhP 3027-51) is

made by rolling on a special machine of an asbestos-rubber mass with

subsequent vulcanization; it is produced in the form of rolls of

straight strip of length up to 20 meters or as individual brake discs

in accordance with drawings agreed on by the suppliers and consumers.

The width of the strips and discs linings is 20-160 mm, thickness 4-10

mm. The tensile strength of the woven brake strip is 500-600 kg/cm2 ,

2
that of the rolled strip is 100-140 kg/cm . The woven and rolled brake

stripping provide for operation of the brake unit up to 2700, after

which their frictional resistance is sharply reduced because of the cX-

composition of the binder. The physical and mechanical properties of

the brake strippings are shown in the Table.
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Physical and Mechanical Properties of Woven and Rolled 'Strip

cim~qwervl 7,5• At'rr', ii, I .S"

A;11!211 1 11 ' ,7 I- *" I II-

*IIIII•C ( l, . , II '{ rrII,/I, II ;7

'�I~II,*!*' 14: I M T III ' ;u I7 . Il (0111111 lIt jml;lty' (11 . 'l 1 t l

ii I' I', lluIi c AO 61 l IA

7 6, Ile" "%, :'; 6 rn(e):

"[II)l TOl,'llAHlle 0 AO ,4W' 5{ 11 r,

T- .; U .IIH I -8 JW . 1, 7 2..O

S• I )lJ Agl{l I tI II1 60 I I s I ILI ,0(1

1) Characteristics; 2) type "A" woven strip; 3) type "B" woven strip;
4 type 6KV-10 rolled strip; 5) friction coefficient on iron at a tem-
perature of 100-1200, velocity 7.5 m/sec and specific pressure 2.7 kg/

cm no less than; 6) wear in thickness after 2 hours (mm, no more
than5; 7) weight increase after water immersion (%, no more than); 8)
with thickness to 6 mm; 9) same 6-8 mm; 10) same 9 mm and more; 11)
weight increase after immersion in mineral oil (%, no more than); 12)
with thickness to 6 mrm.

Ye.S. Popova
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BRASS is a binary or multi-component alloy based on copper in

which the primary alloying elemetit is zinc. The binary copper-zinc al-

loys are termed simple brasses while the multi-component alloys are

termed special brasses (see Special Brasses). With regard to technolog-

ical principle, these alloys are divided into the wrought brasses and

the cast brasses. The brasses containing 88-97% Cu are termed tombac,

those with 79-86% Cu are termed seml-tombac.

The brasses have comparatively high mechanical properties and good

corrosion resistance in atmospheric conditions, while the special

brasses have these properties in sea water as well. Being the cheapest

of the copper alloys, the brasses are widely used in various branches

of the national economy. The simple brasses are used for all sorts of

products fabricated by stamping and other forms of plastic deformation,

for heat exchange equipment, furniture, signs, bellows, flexible hoses,

sieves for paper finishing machines, cartridgas and other specialized

products. The special brasses, having higher corrosion resistance and

strength, are used for details of sea-going vessels and aircraft, in-

struments and chemical apparatus. From the brasses containing lead and

which are therefore easily machined, we make watch parts and parts for

other precision mechanisms, and Rlso antifriction parts. Cast products

are made from the casting brasses. Sheets, strips, plates, tubes, rods

and wire, forgings are madc from the brasses which can be pressured

worked.

Copper forms six phases with zinc: a$ 3, e, 6, £ and q (the cop-

per-zinc state diagram is shown in Fig. 1). Of these only the a- and 1-
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phases belong to the region occupied by the bra,;-e:;. Tho coipfpr-rich

a-phase has a face-centered cubic lattice with period a : 3.-608-3.69"A.0

The limiting solubility of zinc in copper at a temperature of 4530 1.;

38-39% and diminishes with further increase of the temperature. The ri-

phase alloys (see Alpha-Brass) are very plastic in the cold condition.

The s-phase is a solid solution based on the chemical compound CuZn
0

with a body-centered cubic lattice with period a = 2.94A. At the sol!_

dus temperature the P-phase occupies the region from 37 to 57% Zn, nar-

rowing at room temperature to 45-49% Zn. With reduction of the tempera-

ture the alloys lying in the left portion of the 0-phase region decom-

pose with the release of a-phase crystals. Structural alteration of the

P-phase takes place at a temperature of 450-4700, above these tempera-
tures the alloys are plastic, and below they are brittle, therefore the

p-brasses containing 45-47% Zn are pressure worked in the hot condition

(see Beta-Brass). Consequently, depending on the zinc content the brass-

es may consist of a-, a + f-, and P-crystals (Figs. 2-4).

4 20 4 The properties of the brass-
PO 20 3o 4o 50 60 70 o 90 g

"1 -100 .A l es depend on the zinc content and

POOOM

S OO 9 I their structure. Figure 5 shows

82.-"I I the variation of the ultimate

S00i PI 598.Q strength and the relative elonga-

Soo. 55 tion of the brasses as a function
(J9.0) 48 A 91-M 3',891 U I of the zinc content. The grain

300- 93~

o•, size and the mechanical proper-

- L _ties of the brasses are determin-0 to to so 40 so so ,0 6O 90 O00

ed by the temperature and dura-
Fig. 1. State diagram of the cop-
?er-zinc system. 1) Temperature, tion of the anneal, and also by
C; 2) at. %; 3) or; 4) weight.

the degree of deformation. The

most frequently encountered harmful impurities in the brasses are bis-
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muth, lead, antimony, arsenic and phosphorus, which have an influence

on their properties and structure (see Table).

In all the grades other than L70 and L68, up

to 0.5% Ni (with relation to the copper) is permit-

ted. In the antimagnetic brasses there must be noSM more than 0.03% Fe. Oxygen may be present in the

Fig. 2. Typical form of zinc oxide which easily comes to the sur-
microstructure face of the molten brass and is usually not present
of wrought an-
nealed a-brass. in the ingots if the casting temperature is suffi-
Magnified 75
times. ciently high. Lead impurity in the amount of more

than 0.03% leads to cracking of ingots during hot rolling of the a-

brasses; the presence of the P-phase facilitates hot working of the

brasses containing lead. Bismuth reduces the plas-

ticity of Lhe brasses in the cold condition. Anti-

mony reduces the capability of the brasses for cold

deformation since it concentrates along the grain

boundaries in the form of a brittle phase. The sol-

Fig. 3. Microstruc-
ture of wrought ubility of this phase in the copper solid solution
a + 0-brass (62%
Cu). Enlarged 100 is significantly reduced with an increase of the
t ime s.

zinc content and a temperature reduction, therefore

to facilitate cold working of the antimony brasses it is advisable to

Fig. 4. Microstructure of wrought annealed P-brass (47% Zn, remainder
copper). Enlarged 100 times.

make use of quenching. Up to 0.1% arsenic is soluble in brass in the

solid state. With increase of the arsenic the plasticity of the brasses
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diminishes as a result of the formation of intercr-y.tali1Ire larlsr; 'J '

the brittle compound Cu3 As. Arsenic improveb the resistance of the

'+ P'A iX
- -so

14 - 20

0 10 20 30 40 50 6070

Fig. 5. Variation of mechancal properties of cast copper-zinc alloys
with zinc content. 1) kg/mmd.

Maximal Permissible Impurity Content in Brasses (from
GOST 1019-47)

S• ~ I~Il I..,I'" (0.)

Fria S b fi ) 311plmi. 4 (.1UNIKC
S,. , I ipI' l I I~(C f

(1.03 0, t, 0,005 0 "02 u,') -o '2

(.3 0.:; 0 'oo ~ "
:s..uu ............... 0,03+ 1,lt t0u .,lt. •ql-
J170II•................ 0.0 0,O? I,.0O• ,,u Il) 0.)lt*| --l A 5 v+,

.. . .... ......... 0,03 o . 0 0 ,015 I1 41 , luI -) 0,3J170 .. .. .. . .. 0.03 0.07 11. (W " 1)o -O U2 0.1)1)5 M1 ,I5 AS 0 ."2

J6. . .. ......... 0.03 A. 10 0 ,005 0).11 0 .01 - 0,3
J68 ... . ........... .1.03 0, 07 0 .02 0. 02 o .i105 0. ,•05 As 0."

(). 0 0U. S
J162 . .. .. .. . 0. 1).t 8 0.15 0.005 1 0. ,+ 00 0 ( -- 0.5

* For details in critical applications.

1) Alloy; 2) impurity; 3) other impurities; i4) total im-
purities; 5) L.

brasses to dezincification. The solubility of phosphorus in the solid

state in the brasses is slight, therefore, it may separate out aiong

the grain boundaries in the form of the brittle copper phosphide Cu3 P

and thereby reduce the plasticity of the brasses. Iron restrains the

recrystallization of the brasses and refines the grain. Sulfur dimin3h-

es the plasticity of the brasses. The presence of tin is not harmful.

Impurity purification is accomplished by refining the brasses. The al-

loying ccrmponents - aluminum, silicon, manganese, tin and iron - im-

prove the corrosion resistance, strength, hardness and other properties
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of the brasses.

References: Smiryagin A.P., Promyshlennyye tsvetnyye metalli i

splavy [Industrial Nonferrous Metals and Alloys], 2nd ed., M., 1956;

Hansen M, Anderko K., Structures of the Binary Alloys, transI. from Eng,

2nd ed., Vols. 1-2, M., 1962.

A.V. Bobylev, Ye.S. Shpichinetskiy

I

!q
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BRASS BARS- round, square, and hexagonal :emifini:'ned rproduct.;

(GOST 2060-6o). They are manufactu;ed from various types of brass, in-

cluding L62, LS59-l, LS63-3, L062-1, LZhSSP-1-l, LMts58-2, LZhJ4ts5§j-I-1,

and LAZh6C-1-1. Brass bars can be pressed or drawn. Drawn bars are fab-

ricated in diameters of 5.0-40 mm to precision classes 3a, L, and 5,

while pressed bars are produced in diameters of 10-162 mm. Bar lengtk.

is not standardized and ranges from 0.8 to - m, depending on bar bar

diameter. Brass bars of otner sizes are produced in accordance witn

special TU. Drawn bars are supplied in the hard and sernhard statec.

Ye.S. shsitsinetskiy
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BRASS PIPES - are made from various brass brands. Tne assortmenr.

and properties of round drawn tubes for heat exchangers from L68 brass

for potable water operation and from L070-1 brass for sea water opera-

Mechanical Properties of
Brass Pipes (GOST 494-52)4

. 1 . . . .

[' iTpy6,- ?NeeyTbI u~rNuC

.J .. . . . .. .. . .

,6i, l . . . . . . . 31, 3•o ot .. .. .. 766 T• a iy a r iyra

'-TpYOU npeccoua',ti e

1) Brass; 2) (kg/nmn 2 ); 3) not less than; 4) soft drawn pipes; 5) L; 6)
L070-1; 7) semuthard drawn pipes; 8) extruded-ipes. 9) LS59-I; 10) LZh-
Mts9-1 -1.

tion as well as of general purpose drawn pipes from L62 brazs and ex-

truded pipe3 from L62, L59-1 and LZhMts 59-1-1 brass are proscribed by

GOST 494-52. Heat exchang,-r t ubes arc made with an external dJameter

from 10 to 38 mm a'.d with a wall thickness of 0.75-1, 1.5, C.0 and 3.0

mnm. Drawn pipes from L62 brass are with diameters from 3 : m, and

wall thickness of 0.5, 0.75, 1.0, 1.5, 2.0, 2.5 and 3.0 mmn. •-.Jwied

pipes from 1,62, 1S59-1 and LZhMts59-1-1 brass are supplied W 4 Ialn -

ters from 21 to 195 nm anrv wa11 thickness frrom 1.5 42c '.5 '5 . •1-

drawn ;x.ound capilla... tubes from .• 96 brass with an Inside . ..r.et- r frcm

0.35 to 0.50 nmn and an out'i" e Jlameter from 1.20 tc, . • are sup-



III-96tl
plied according to GOST 2624-44.

Round and shaped tubes for radiator of different sizes are made

fror. L96 brass according to GOST 529-41 and GOST 2644-44 with an ulti-

mate strength of 35-60 kg/mM 2. Tubes for bellows from L80 brass are

supplied according to GOST 5685-51. Pipes with other dimensions are

s'ipplied in accordance with s: .cial technical specifications. The me-

chanical properties of brass pipes are given in the table.

Ye. S. Shpichinetskiy

Manu-
script [Transliterated Symbols]
Page
No.

508 FOCT = GOST = Gosudarstvennyy obshchesoyuznyy standart = All-
Union State Standard
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BRASS PLATING OF THE TITANIUM ALLOYS is the creation of a brass

layer on the surface of details. Brass plating of the titanium alloys

can be accomplished after preliminary copper plating by deposition of

the brass from a galvanic bath or as a result of diffusion annealing of

copper plated details without air access in a mixture of powders of

composition: 30% zinc, 60% chamotte, 8% ferrosilicon, and 2% ammonium

chloride. With a coppe: i'er thickness of 1.0 mm the annealing temper-

ature is 730-740°, duration 6-7 hours. After this processing, on the

surface of the detail there is formed two-phase brass and under this

layer there ;s a layer of single-phase brass. Brass plating is one of

the methods for improving the antifriction properties of titanium and

its alloys.

References: Anitov I.S., Maksimova A.G., ZhPkh, 1960, Vol. 33,

No. 12.

I.S. Anitov
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BRASS SHEET AND STRIP are produced by cold and hot rolling. The

dimensions of the hot- and cold-rolled sheet and strip which are most

widely used are established by specifications. The hot-rolled sheet

made from the L62, L062-1 and LS59-1 brasses and the cold-rolled sheet

and strip from the L68, L62, LMts58-2, L062-l and LS59-l brasses are

delivered In accordance with GOST 931-52. The hot-rolled sheets are

produced in thickness from 5 tc 22 mm, width and length 600x1500, 710x

x1410 and 1000 x 2000 mm. The cold-rolled sheets are oroauced in thick-

nese from 0.4 to 10 mm and the same widths and lengths as the hot-roll-

ed sheet. The cold-rolled strip is delivered ýn thickness from 0.4 to

10 mm, width from 40 to 500 mm and length Pr-om 300 to 2000 mm. Sheet

and strip of other dimensions are produced in accordance with special

Specifications.

The cold-rolled sheet and stiip in the soft (M) condition are pro-

duced from the L68, L62, LMts58-2 and LS59-! brasses; the half-hard

(PT) sheet and strip are made from the L58, L62 and LMts58-2 brasses;

the hard (T) are made from tie L60, L62, LMts58-2, L062-I and LS59-1

brasses; and the extra hard ar, e made from the L62 brass. Cold-rolled

strip made from the LS63-3 watchmaker's brass is delivered in accord-

ance with GOST 4442-48 in the soft, half-hard and extra hard conditions.

Rectangular strips from the L62, LZhMts59-1-1, LMts58-2, L062-1 a

and LS59-! brasses in the pressed form of thickness from 5 to 25 imm and

width from 10 to 60 mm, and drawn strip of thickness from 3 to 10 m-,

and width from 6 to 30 mn are produced in accordance wi'h GOST 6688-53.

Soft tombac strips for cladding of thickness 1.1 to 1.6 mm, width 247-
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390 mm and length 415-1030 mm are produced in accordance with GOST

2205-53. The mechanical properties of the brass sheet and strip are

TABLE 1
Mechanical Properties of
Brass Sheet and Strip i
(GOST 931-52 and GOST
4442-48)

11

-. 2
5• 1162 . -i~q r,,pq)" ,.Aa t.,.w 31) 10

J1062-1I 7 " " r.T, )"C 35 20

AC5o-t . . ý . 35 25
16 ........... 'IT It I, xr

Sj,. '.WINII h~TRIIC MFIH-

31) 40

1 .162 . . 1 Ti: we 3( 40
31M.I58-2 . 45 30JIC 59-1 . . 1 2 3.:1 s 35
T1C63-3 . ..,a? - 30 4-
I68. .... flon/f*

1162 .... 13 20.TM,.58-2 . . & •,e "5
JIC63-3 . •nonoca iony'sepun 35-- -
J1 618 . . T 1 KC T N Mo A MA T W• P ,- 4 0 I 1 5

16Mu58-2 . To me 42 t0

31062-1 • 1 ']5 4 0 5
JiC59-I . . 4 45 5
,/C63-3 . . . IIo0nnca ?n'rI)Ma~i 60 6
TJ62 . . cT n noaoc 3 oc ,-

. T..". T ] 60 2.5
,TIC63-3 . . olooCa oCOo 0 Tep-

""l 17 64 58
.1162 . 8 . I o nc Opeccosam-

Ha" nponoyroa fHaR 30 30

311*(MM159- I-1 To we 44 31
3lM,8-2 1 U'lon.ca npecconaN-

maR npFimoyro.'b~an 43 25
,fO62-1 . . . To me 35 25
JIC59-1 . . 38 21

1) Alloy; 2) semn.manufacture;
3) (kg/mm2 ); 4) iot less than;
5) L; 6) hot-rolled sheet; 7)
LO; 8) same; 9) LS; 10) cold-
rolled soft sheet and strip;
11) LMts; 12) half-hard sheet
and strip; 13) half-hard strip;
14) hard sheet and strip; 15)
hard strip; 16) extra-hard
sheet and strip; 17) extra-hard
strip; 18) pressed rectangular
strip; 19) LZhMts.

shown in Table 1 and the Erichsen penetration depth for the L62 and L68

brasses are presented in Table 2.
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TABLE 2

Erlchsen Penetration Depth (in nmn) of Brass Sheet and
Strip*

(~,1|6• I J j •~ llil ') II''.iy. Imif, Isg , , llt ) .. r -) ,- I,,

I I

* Punch diameter i0 mm.

1 Alloy; 2) semimanufacture; 3) thickness (mm); 4) L;
5 cold-rolled soft strip and sheet (not less than);

half-hard sheet and strip; 7) hard sheet and strip.

Ye.S. Shpichinetskiy
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BRASS STRIP is produced from the brass types L68, L62, LS59-1 and

LMts58-2 with thickness from 0.05 to 2 mm and width from 300 to 600 mm.

The brass strips are delivered in accordance with GOST 2208-49 in

the soft, half-hard and hard conditions. Strips of other dimensions are

produced in accordance with special technical specifications. The brass

strip is used for various details and products in machine construction

and other branches of industry. Tombac strip intended for elements of

special cartridges are produced in accordance with GOST 8036-56. The

L90 tombac is used to made soft strip of dimensions 0.56 x 82 and 1.08

x 138 mm. Strip made from watchmaker's leaded brass is delivered in ac-

cordance with GOST 4442-48 in the soft, half-hard and extra hard condi-

tions. The mechanical properties of the brass strip are presented in

Tables 1 and 2.

TABLE 1

Mechanical Properties of Brass
Stri (GOST 2208-49, 8036-56
and 4442-48)

'nari l'ro"Inie 1043 )

,H mee ,,Het

. .. *.. Mpirpn.8 30 ) 0
C1 To, me 31 35

9 39 30
JICSB-i . 25J190 V. 7 28 38
JM1C6 3-2. 0 40

Ji16 ..... . r.loj n YTFapA(X 3b 25
AS12 3. 6,

ace" . . . a,3--4 --

Teepflfl 40 1 I
e'1 . To me 42 I0

.IMns.2 s. . .0 ;

.1C63-3 4. .- 5 6
.I, . . . 0o6 TWA(". ' l 13 _4

.16. :OCO&4te~O 58.162 Tme o 2.b
'IC63.3 12 64 He &•W 5

1) Alloy; 2) material condition;
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3 (kg/mm2); 4) no less than;

L; 6) LMts; 7) LS; 8) soft;
9 same; 10) half-hard; ii)
hard; 12) extra hard; 13) no
less than.

TABLE 2

Erichsen Penetration Depth (GOST 2208-49, 8036-56 and
4442-48)

-helIw1cJ 0 7-9 7, 5-!-. a -
l. If'..........Too meC ... -5 5.5-7.5 6-M..

i Alloy; 2) material condition; 3) strip thickness (mm);4 up to; 5) penetration depth ('im) or 10 mm diameter
punch, no less than; 6) L; 7) so'Lt; 8) same; 9) halr-
hard; 10) hard.

Ye. S. Shpichinetskiy
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BRASS WIRE- Anufactured from brass of various types, including

L68, L62, and LS59-1 (GOST 1066-58). This wire can be round (from 0.1

to La (LA i' ilameter), 6quare, or hexagonal (with a.n L•;cribed-circle

diameter of from 3 to 12 mm). Brass wire of other sizes is produced in

accordance with special TVI. Wire of this type is produced in soft,

semihard, and hard varieties. It is used in instrument building and in

light industry, for the manufacture of furniture, nails, etc.

Ye.S. Shpichinetskiy
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BREAKDOWN - a process preceding fractu'e under stress and termin-

ating in disruption of the structure of the material and formation of

nuclei (foci) from which cracks propagate ".',n the load (or -4--7 action

time) is increased. Breakdown is also referred to as degradation. It

is difficult to distinguish breakdown from pilur (2.aztic, higholy o]-

tic, and plastic deformation) and subsequent true fracture) processez,

since they all take place simultaneously. In order elucidate this phen-

omenon it is necessary to study the structure of the material under

high magnification (by electron microscopy and x-ray- and electron-

defraction techniques) and the changes in its physical and chemical

properties (magnetin, electrical, electrochemical) and certain of its

mechanical characteristics (damping, etc.).

Ya.B. Fridman
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BRIDGE STEEL is open-hearth, carbon, hot-rolled steel for wvelded

and riveted bridge structures. Bridge steel is produced in accordance

;2.L GQZ 4~- iiis the form of rods, profiels, sheets and wide strip.

It issued without heat treatment. Welding of all forms is used in fa-

brication of the welded structures.

TABLE 1

Chemical Composition and Application of Bridge Steel

-. ~~~~3 o-~pawa.-t %)uuw.~.

C~JJ 2 He AV) 1n

CJA 3 NMaI Kiwi, low" Na1swe NomcipluU-.- - I Ot07 01-.5 U bQ6
I.402 I .406 I"-.. a I

1) Steel; 2) application; 3) content of elements
(in %); 14) not more than; 5) Ml6S; 6) welded bridge
structures; 7) bridge steel 3; 8) riveted bridge
structures.

TABLE 2
Mechanical Properties of Bridge
steel (No Less Than)

6is

1)S Steel; 2 k 2

1) tel;2%)mm2 3) for long specimen; 4) for short specimen; 5)
V(Optional ) );6~ rods, profiles; 7) sheet, strip; 8) M16S 9) bridge
steel 3.



The M16S steel is deoxidized by additional introduction of tjlwr,-

inum into the ladle. With the agreement of the user, bridge steel 3

may also be delivered in rimming form. Standards for relative elonga-

tion are applicable to sheet and strip of thickness 8-20 mm, and pro-

files of thickness 8-40 mm.

The bridge steels are tested in the cold condition for 180-degree

bending until tne edges touch for thicknesses to 25 mm, with greater

thickness they are bent around a mandrel with diameter equal to the

sheet or strip thickness.

For the M16S steel the impact strength is determined after aging

in accordance with the method for testing the sensitivity to mechanical

aging following GOST 7268-54 (10% strain hardening and aging at 2500

for I hour).

TABLE 3
Impact Strength of Bridge Steel
(No Less Than)

!2

S.- n: :•I :'eWl~lTW HCUMP.1,-1.0 ',i8 n mu,. v rM-: UP

6 14W ~ ~~'
7 I-OrP4 oft*

1) Form of rolled stock; 2) an (k-./cr ); 3) at 20°; 4) at 20° after

mechanical aging; 5) sheet and vide strip steel; 6) longitudinal spezi-
mens; 7) transverse specimens; 8) rods and profiles (longitudinal.
specimens).
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TABLE 4

Average Statistical Indices of Mechanical Propertiesof M16S

f.- W WpIN WOW* A

2 1 .. 2

3, S, "

j.. I||II ~pA'a lll~l C I+q , I I

|I n110,,i.lV ' l~ %.1 I 26t.? 5S.. ,-.

1) Thickness (mm); 2) number of tests; 3) an (kgm/cm2 ); 4) as de- 2
livered, 20°; 5) after strain hardening and aging, 20ý, 6) (kg/r.,)
7) ir, rolling direction; 8) across rolling direction; 9) sheets; 105
wide strip steel; 11) 33 and more.

a. .oi 0' i 0 r 0 z 01

Fatigue strenght of M16S steel.
1) lg a (W/mn- 2 ); 2) lg N (mil-
lion cycles).

Table 4 presents the average values of the mechanical properties

of the M16S steel obtained by statistical rr-ocessing of the results of

acceptance tests of sheets at the Magnitogorsk Metallurgical Combine

(1959) and tests of wide strips at the Dzerzhinsk Metallurgical Plant

(1959).

The figure shows the fatigue strength of M16S steel determined

with asymmetric loading cycle on flat specimens 660-c- lon-, 2-mm thick

and 80-m wide in the working sect!on. The 15KhSIC !,--alloy high-

strenrgth steel is used in bridge structures with long spans to reduce

the weight (0.6-O.9% Cr: 0.3-0.6% NI; C.2-0.4% Cu. It Is recommended
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that this steel be substituted by the cheaper lOG2SD (MK) steel de-

fined in GOST 5058-57 which contains less of the scarce'alloying ele-

ments. The tensile strength of the 15KhSND steel is no less than 52

kg/mm2, the yield strength is 35 kg/mm 2; the corresponding figures for

the lOG28D (MK) Eeel are respectiviely no less than 50 kg/mm2 and 35

kg/mm

Ref,3rences: Paton Ye.O., Shevernitskiy V.V., Stal'dlya svarnykh

mostov (Steel for Welded Bridges), in book: Trudy po avtomaticheskoy

svarke pod flyusom (Papers on Automatic Welding Under Flux), collection

No. 6, Kiev, 1949; Kasatkin B.S., 0 stali dlya svarnykh mostov (On

"steel for Welded Bridges), ibid, collection No. 2-3, Kiev, 1948; Shev-

ernitskiy V.V., et al., Staticheskaya prochnost' svarnykh soyedineniy

iz malouglerodistoy stali (Static Strength of Weld Joints Made From

Low Carbon Steel), Kiev, 1951, Bol'shakov K.P., et al., Vibratsionnaya

prochnost' svarnykh mostov (Vibrational Strength of Welded Bridges),

M., 1952; Navrotskiy D.I., Prochnost' svarnykh soyedineniy (Strength

of Weld Joints), M.-L., 1961; Tsel'nosvarnyye proletnyye stroyeniya

zheleznodorozhnykh mostov (All-Welded Spans of Railway Bridges), M.,

1955 (Trudy NII mostov, v. 4) (Transactions of the Scientific Research

Institute for Bridges, Vol. 4); Povysheniye mekhanicheskikh svoystv

mostovoy stali (Improving the mechanical properties of bridge steel),

Stal' (Steel), 1955, No. 10.

E.Sh. Volokhvyanskaya
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I
BRINELL METHOD - a method of determining the hardness of' materials.

by pressing a quenched steel sphere (indentor) against the surface of

the specimen or article. The Brinell hardness (HB) is the mean specific

pressure exerted on the surface of the indentation (kg/mm2). The dia-

S..

4

TSh hardness gauge: 1) Spherical tip; 2) test specimen: 3) Interchange-
able weights; 4) electric motor.

Conditions for Brinell Tests

To.nUa~uu n ~ IBN.4epw~f4
He a a3.e.nn h Harpyasxa non Ha-

MaTepnaI (we Am o6pasia mapMNa (KC) rpy col#
(A0) (4) ((ceC.)

MepHue meTanai ia. .... ........ 140-450 OT 6 AO 3 10.0 3001)
oT A4 o 2 5.0 75o 10

mHeCe 2 2.5 t87.5
To we ..... ............... Menee 140 6ojeo 6 0.4,0 10o0

OT 6 AO 3 5.0 254) 20
Menee 3 2.5 62.5

luemT e MxRau u ........ .... .. . lonee 130 or 6 no 3 10.0 311"
oT 4 ao 2 5.' , 75 ,0 3o

""enee 2 2,5 t87.5
Umer'm e MeTraXIjN (Menh, la- 3b-130 O1 9 So 3 20.1, 10 01)

Tyxh, Oponsa, cnnasaui martn) OT 6 no 3 5.0 250 30
MeHee 3 2.5 62,

UReSTae MeTWIAI H cnaaa= 8-35 6oaiee 6 10.0 2541
(an ,,U.NA, OaNUTM) OT 6 Ao 3 5.0 62,6 60

Melee 3 2.5 6, 6

1) Material; 2) HB (kg/mm2 ); 3) thickness of article or specimen (rm);
4 sphere diameter (mm); 5) load (kg); 6) loading time (sec); 7) fer-
rous metals; 8) the same; 9) nonferrous metals; 10) nonfe'rrous metals
(copper, brass, bronze, magnesium alloys); 11) 'onferr-as metals and
alloys (aluminum, babbit); 12) less than; 13) more L.aan; 14) from; 15)
to.
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meter of the Indentation is measured with a magnifying gla3z (to within

0.05 mm) or gauges after the load has been removed and the radiuO of

curvature is assumed to be equal to the radius of the sphere. In prac-

tice, the diameter of the indentation is often used for evaluating

hardness by the Brinell method. The conditions for Brinell hardness

tests have been established by GOST 9012-59. Devices known as hardnezz

gauges can be used to make indentations under standard conditions. The

figure shows the setup of the TSh semiautomatic hardness gauge. The

spherical tip is pressed into the test specimen under the action of

the force set up by the interchangeable weights when the electric motcr

is switched on. Observance of a predetermined loading time is ensured

by a device which reverses the motor (in order to remove the load) and

switches it off after the loading system has returned to its initial

position. This method was proposed in 1900 by the Swedish engineer I.A.

Brinell.

References: Shaposhnikov, N.A., Mekhanicheskiye ispytaniya metal-

lov [Mechanical Testing of Metals], 2nd Edition, Moscow-Leningrad, 1954;

O'Neill, G., Tverdost' metallov i yeye izmereniye [Hardness of Metals

and Its Measurement], translated from English, Moscow-Leningrad, 1940.

I.V. Kudryavtsev arid D.M. Shur
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BRINELL HARDNESS - standard physicomechanical characteristic of a

material, which determines its ability to resist local plastic deforma-

tion which is produced by statically forcing into the product or speci-

men surface a hardened steel ball 2.5, 5 or 10 mm in diameter. The

methods for determining the Brinell hardness are presented in GOST

9012-59.

The Brinell hardness (or hardness number) HB is determined as the

ratio of the lead P when making the impression to the area f of the sur-

face of the spherical indentation, whose diameter d is measured after

the load is removed;

JIB p 2P
I nD(D-&'D'-1'

By its physical meaning the hardness number (kg/m2) is the mean

specific pressure at the surface of contact between the ball and the

product when the indentation is made. The Brinell hardness depends on

the relationship between the load and the ball diameter. Hence the

Brinell hardness numbers for the same material obtained when impressing

balls of different diameters (D1 and D2 ) are found to be equal only

upon satisfying the similarity condition, consisting in the equality

of impression angles. Here the loads are selected by the ratio

-t' = P'.
D2 D:

I S

Brinell hardness is determired on special hardness testers. The

Brinell hardness of many materials is satisfactorily related to other

major mechanical properties, in particular to the ultimate strength;

ob k -HB.
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For carbon steel, for example, k 0.36 (see Hardness).
References: Shaposhnikov, N.A., Mekhanicheskiye ispytaniya metal-

lov [Mechanical Testing of Metals], 2nd edition, Moscow-Leningrad,

1954.

I.V. Kudryatsev and D.M. Shur

Mawu-
script (Transliterated Symbols]
Page
No.

523 rOCT = GOST = Gosudarstvennyy obshesoyuznyy standart = All-
Union State Standard
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BRITTLENESS OF BERYLLIUM. The insufficient plasticity of beryllium

limits its application.

There exists two points of view concerning the nature of the brit-

tleness of beryllium. According to the one, the brittleness is an in-

trinsic property of beryllium, and, therefore, the soiution of the

problem of plasticity by establishing a preferable orientation (by

working under pressure, for exawple) may result in a sufficient plas-

ticity in two directions, but, probably at the expense of an almost to-

tal loss of the plasticity in the third direction. According to the

other opinion, the brittleness of beryllium is caused by impurities

which distort the crystal lattice; therefore, the problem of plasticity

must be solved by an improved refining of the metal.

Sliding occurs in beryllium only along the basis plane (0001) and

the prism plane (1610), the twinning, however, on the pyramide plane

(1012) and, in a lower degree along the planes (1011) and (0713). Slid-

ing along the basis plane predominates in polycrystalline beryllium be-

cause the cleaving stress along the basis plane amounts to one-fourth

of the stress along the prism plane. Sliding along the basis causes a

curvature which results in the destruction along the basis plane or

the plane of the prism of second type (ll10). The formation of the cur-

vature and the destruction along the (iI70) plane is caused also by

twinning. A considerable sliding without destruction is only possible

along the prism planes (10'10). A rise in the temperature to 5000 in-

volves a considerable decrease of the cleaving stress along the prism

planes and an insignificant increase of the sliding stress along the
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basis. The high increase in plasticity is connected with the decrease

of the tendency to slide along the basis, a favored Sliding along the

prism plane, and an hhibited twinning. Sliding along the planes (lOTX)

of the pyramide occurs at high temperatures also.

An intense distortion of the lattice and, therefore, brittlenecs

caused by the presence of dissolved oxygen, nitrogen, hydrogen or car-

bon must occur due to the small size of the beryllium atom (2.22 A).

Sliding deformation proceeds most readily along the planes with

the highest atom density and the greatest interplanar spacings. The

ratio c/a of the crystal axes of beryllium is equal to 1.568, i.e.,

it is considerably lower than that of an ideal crystal (1.663). Com-

pression along the c axis reduces the interplanar spacing and the pack-

ing density on the basis planes, which, therefore, must not be sliding

planes. Interstitial atoms especially oxygen atoms, are concentrated

close to the prism plane and oppose the sliding along this plane. Slid-

ing along the prism plane (110), therefore, only becomes prevalent

when the purity of the system is increased. An increased purity'of

beryllium reduces the cleaving stress for sliding along a prism plane

to a value lower than that needed for sliding along a basis, resulting

in an increased plasticity of the beryllium.

Due to the fact that only a limited number of deformation mechan-

isms are possible in beryllium, any prevalent orientation will strong-

ly effect the mechanical properties. The methods to increase the plas-

ticity of beryllium by forming a texture are based on this fact. Be-

Cause of the fact that the sliding occurs predominantly along the

basis plane, it is necessary that the latter is situated parallel to

the direction of the dilation when a highly plastic material is desired.

A high plasticity is realizable also in the case when the (10'10) planes

are perpendicular to the axis of the force because a double shift takes
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place. If, however, the (1170) planes are perpendicular to the axis of

the force, only the (i010) planes will take part in the eliding mechan-

ism, and a poorer plasticity occurs.

Reducing the grain size is one of the methods used to increase the

plasticity of beryllium. The use of a finer ground powder is almost the

only method of obtaining a flne grain; an increase in the content of

o.ide occurs in this case, which limits the application of this method.

Attempts to improve the plasticity of. beryllium by alloying in or-

der to realize a deoxidation, to stabilize the 0 phase, to reduce the

grain size in the ingot, to obtain solid soltitions, and tc increaze Lizt

interplanar spacing have not been successful.

A certain amount of success in increasing the plasticity of beryl-

lium was attained in special cases. One method succeeded, for example,

in attaining an elongation up to 140% (under a certain slope of the

basis plane to the axis of dilation) by refining a beryllium singly-

crystal by zone melting; the total sliding deformation was 220% in

this case.

Long annealing of beryllium (at 600-8500) has a favorable effect

on the plasticity of beryllium at higher temperatures, especially on

t~L't of the extruded cast metal. A peak of plasticity is not observable

in this case, and an elongation of about 70% is attainable instead of

the normal 10-12%.

For information on the plasticity of commercial beryllium produced

by various technological methods see Beryllium.

References: Berilliy (Beryllium], edited by D. White and J. Berk,

translated from Englis., Moscow, 1960, pages 326-446; Darwin, G.E.,

Buddery, J.H., Beryllium, London, 10,6G; Conference on the Metallurgy of

Beryllium, London, 19b1.

S.B. Kostogarov
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BRITTLENESS OF STEEL on wetting by low-melting metals - is a

strong reduction of the plasticity and, in many cases, also of the

strength at the moment when the surface of a stresfed steel is wet with

molten low-melting metals. The contact of the steel with a molten metal

coating may cause the strength to drop below the value of the external

and internal stresses (taking into account the stress concentration)

and result in a brittle failure; this effect is observable not only

with steel but also with many other metals. It was found that thi- tyr.e

of brittleness occurs in those cases where the basic and the surface

metal are either mutually insoluble or possess only a very small region

of solubility. Metals forming a solid solution with the basic metal

do not cause brittleness. The physical nature of the brittleness of

steel is explained by an adsorptional penetration of the molten metal

coating into the zone of a pre-existing defect, by a lowering of the

surface energy, and by a decrease of the tensile strength (see Rebind-

er's effect). Brittleness of steel at relatively low temperatures oc-

curs In practice most frequently when molten low-melting solders and

also when tin or cadmium come into contact with the steel. The low-

melting metals usually penetrate into the cracks which are formed on

the surface as the steel object is insured by wetting. This character-

istic may be utilized to distinguish thir type of destruction from

other types. When the molten coating fills only a part of the crack,

the other part not being protected by the coating, acqires the temper

color which corresponds to the given temperature. The oxidized sec-

tion of the crack (or the failure) is very cften mistaken for an inter-
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nal flaw of the part and for the cause of the fracture.

A contact between steel and a solid or solidified metal coating

is almost harmless (when ignoring the hydrogenation during electropla-

ting); therefore, if no cracking or failure occurs during soldering or

other cases of contact of stressed steel with molten coatings, a brit-

tleness will not take after the solidification of the coating. The ef-

fect of molten coatings or the strength of steel becomes more signifi-

cant at higher temperatures, and the effect of the molten coating also

becomes more significant when the tensile strength of the steel is in-

creased. The presence of notches, changes in the cross section with a

small radius, and other stress concentrators strongly affect the ter.-

dency of steel to yield to this type of brittle failure. Thus, for ex-

ample, the destructiv- bending load of a specimen of 30KhGSA steel

(6b = 120 kg/mm2 ) with a diameter of 19 mm and a 2 mm deep circular

notch with an angle of 90* and an apex radius of 0.1 mm was equal to

12,000 4g at 300e, but only 1500 kg when coated with tin.

The thickness of the molten coating does not affect the brittle-

ness of the steel, therefore, the brittleness appearr in practice in

the case of electroplatings freq..ently with a thickness of only a few

4 when the steel part works at a temperature whi-'h is higher than ",he

melting point of the coating; a brittle failure of bolts and other

threaded parts electroplated with cadmium occurs after heating them

above 321" (the melting pcint of cadmium). These failures occur under

the action of 'both the working stress and Atresses generated by the

previous tightening of the bolts during the assembly. Internal stresses

generated by dressing the parts after the heat treatment, or by making

local hollows, nicks and marks are frequently sufficient to cause the

destruction of steel parts by molten coatings. Application of ar, elec-

troplated underlayer with a higher melting point, of copper, for exam-
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pie, may somewhat decrease the brittleness of steel.

Although the brittle fracture caused by a molten metal coating

occurs along the grain boundaries, a diffusion of the low-melting coat-

ings into the steel does not, as a rule, take place. The brittleness

is caused in some cases by the diffusion of the surface metal along

the grain boundaries. This type of brittleness occurs at relatively

high temperatures in contrast to the brittleness connected with the

"Rebinder effect," and it does not disappear after the zolidification

of the coating. This type of brittleness appears in practice when

using molten zinc, either as the res"lt of the hardening heating of

zinc-plated parts (frequently after the second heating) or of the hard-

ening heating of parts of stainless steel stamped in dies made fi-om a

zinc-containing alloy.

References: Potak, Ya.M., Khrupkiye razrusheniya stali i ztal'nykh

detaley [Brittle Failures of Steel and of Steel Parts], Moscow, 195.

Ya.M,. Pctaf
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BRITTLE TEMPERATURE- is the temperature below which the material

undergoes a brittle failure while not displaying any appreciable rerid-

ual deformation. Cold-short metals survive a plastic deformation, the

plastics, however, a forced-elastic deformation above the brittle tem-

perature. This may be explained by the fact that the yield stre:s (of

metals) or the limit of the forced elasticity (of polymers) decreasez

at rising temperature and becomes smaller above the brittle tempera-

ture than the tensile strength. The brittle temperature is a conditicn-

al term because it depends on the test conditions: on the strain condi-

tions, on the type of the stressed state, on the size of the specimen,

and on other factors. A comparison of different materials, therefore,

must be carried out under similar test conditions. The brittle temper-

ature depends not only on the type of the material but also on its

structure, especially in the case of metal alloys and zolid uolynierz.

The brittle temperature of polymers lowers when the crientation of the

molecules is increased.

References: Kargin, V.A., Slonimskiy, G.L., Kratkiye ccherki po

fiziko-khimli polimerov (Short Essays on the Physical Chemistry of

Pclymers', Moscow, i2?.

G.M. Br.rtenev
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BRIZOL - see Bituminous materials.
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BRONZE - an alloy based on copper alloyed with various elements;

copper-zinc alloys are called brasses. Other exceptions are copper-man-

ganese alloys containing -85% Cu, which are called manganins, and cop-

per-nickel alloys containing -80% Cu, which are called cupronickels.

Bronze readily undergoes pressure working and many types are produced

in strips, sheets, bars, and wire. It is also an excellent casting ma-

terial and is used in engineering and the 2ine arts. Bronze is corro-

sion-resistant under atmospheric conditions, in aqueous solutions of

salts and organic compounds, in salt water, and in superheated steam.

Beryllium bronzes and Aluminum bronzes have an especially high corro-

sion resistance. The properties of bronze exhibit little change at tem-

peratures of up to 300Q and special bronzes are suitable for working at

500-6000. Aluminum and tin bronzes are the most widely used in practice.

Aluminum bronzes are distinguished by high strength and plasticity

and are consequently used for structural components in machine building

(fasteners, brackets, flanges, eto.). They have good casting properties,

permit pressure working (eapecially when hot), and are readily cut. The

properties of aluminum bronzes include: ab = 40-65 kg/mm2 ; a0.2 = 20-35

kg/mm2; = 10,000-12,000 kg/rm•2 ;6 = 5-15%; 0_, = 20-30 kg/mm2; HB =

= 140-220 kg/mm2.

Tin bronzes have a rather high strength and good antifriction

characteristics and durability. They are very useful technologically

and are produced as bars, tubes, strips, bands 0. 1 mm thick, sheets,

and wire. They are used for critical components vtich must function un-

der friction, wear-resistant screening, etc. Special casting tin bron-
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zes are used in the manufacture of bearings. The properties of tin

bronzes include: ab = 30-45 kg/mm ; aO. 2 = 15-25 kg/mm ; E = 10,000-

11,000 kg/mm2 ; 6 = 10-20%; a_1 = 18-22 kg/mm2 ; HB = 80-150 kg/mm2 .

Principal Types of Bronze, According to GOST

IUIlfOiI3i onluonIO I ncI ve ,_2 S N--31 0.1 1011li ne 11,1I0J(

SPOjiMl~p)eMwe II JInTefhie I
(OCT, 493--54 . ie•tio;MInpycM:,c .illelliii4e .11THHIOIje C ,TO|I),1111J6
rOCI' 1789--60) j (roC' 5017--40) (l'OCTI 613-,,) 4, (rocTr 624-56)

6 BpA5 22 1pO 16,5.-0, 15 27 IUpOIlCIl3-7-,--I l,1 I;polICI13-8-4-1
7 BpA7 23 1;j1 0q4-0.25 25 U;pOI1C3-I '34 I;p( lC3-13.4
i PpAHi{C7-1,5-1,5 (An I

""INTLH) I24 Dpo114.3 ,9 pOt,:C5.' 15 is i,,"ptC--+5
9 BpA)2(9-4 25 BpOIRC4-4-2. 5 30 36pOll:',t--3 14 ;I0)11t:6-7-3

10 rpAMu9-2 126 pOliC4-4-4 321 Up011(4-'-I 7 37 IpOIp C4-.-5
11 BpA2I{MWIIO-3-1,52 3 1;11() 1 (:3.5-5
12 BpA)M1I I 0-4-4
13 BpA)*Cll -6-6 (TOjubl6O ,nllt

JIM Th)

14 Bpfl2
is EpBllT! .9
16 BpGHT, .7
17 BpIlt1-318 Bpl{Mut3-
19 BPMUS
20 BpC30 (AARA 8aJIanMB no

21 rpCH60-2,5 (TOXIbKO AXIi

1) Tin-free shaping and casting bronzes (GOST 493-54 and 1789-60); 2)
tin bronzes; 3) shaping (GOST 5017-49); 4) casting (GOST 613-50); 5)
secondary castin (GOST 614-50);6) BrA5; 7) BrA7; 8) BrAZhS7-1.5-1.(for casting); 9)BrAZh9-4; 10) BrAMts9-2; 11) BrAZhMtslO-3-1.5; 2

BrAZhNI0-4-4- 13) BrAZhNI1-6-6 (for casting only); a4) BrB2; 15)
BrBNTI.9; 161 BrBNT1.7; 1') BrKNI-3; 18)IBr1]4ts3-1; 19) BrMts5; 20.)
BrS30 (for plating steel); 21) BrSN60-2.5 (for casting only); 22)
BrOF6.5-0.15; 23) BrOF4-0.25; 24) BrOTs4-3; 25) BrOTsS4-4-2.5; 26)
BrOTsS4-4-4; 27) BrOTsSN3-7-5-1; 28) BrOTsS3-12-5; 29)BrOTsS5-5-5; 30)
BrOTsS6-6-3; 31) BrOTsS4-4-17; 32) BrOTsS3.5-6-5; 33) BrOTsSN3-8-4-1;
34) BrOTsS3-13-4; 35) BrOTsS5-6-5; 36) BrOTsS6-7-3; 37) BrOTsS4-8-5.

The new technology has found applications for high-elasticity

beryllium bronzes, thermally- and electrically-conductive chrorrmiuxm

bronzes, etc. The ultirriate strength of heat-treated beryllium bronzes

reaches 130-140 kg/mm2, while their yield strength reaches 110-120 kg/

/mm2. These bronzes are distinguished by high plasticity when quenched,

which means that thc, art, a formed during the manufacture of

stampings from thii. sheets. Tempering gives such components strength

and elasticity. Berylliun bronzes are employed for elastic elements

in the manufacture of precision instrumnento (flat and helical springs,

membranes, silfons, spring contacts, etc.); theiir thernal and electri-
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cal conductivity is quite low (X = 0.25 cal/cm.sec.°C, p 0.08 ohm.mm2/
/m).

Bronzes with a high thermal and electrical conductivity contain

no less than 98.5% Cu and small quantities of alloying elements with a

low solubility in solid copper. Such alloys as the chloride bronze

BrKhO.5 and cadmium-copper have a X = 0.8 cal/cm.sec.°C at 6000 and a

p = 0.02 ohm.mm2/m at 200. Special high-hot-strength thermally conduc-

tive bronzes (X = 0.5-0.6 cal/cmesec.°C) have high strength at elevated

temperatures. On loading for 30 min at 6000 the hardness of cadmium-

copper is 8 kg/mm 2, that of BrKh0.5 is 20 kg/mm2, that of VBrl is 40

2 2kg/mm , and that of MTs3 is 45 kg/mm

Lead bronzes and Antimony bronzes, which have high antifriction

characteristics, are excellent bearing materials for friction units.

They can withstand high specific pressures and sliding speeds without

grabbing and are suitable for operation in low-viscosity media and at

elevated temperatures (200-300°).

These metals can be divided into Shaping bronzes and Casting bron-

zes. Casting bronzes also include tin Secondary bronzes, which are man-

ufactured from remelted worn-out components and other scrap.

The trademark of every bronze begins with the letters Br, followed

by the initial letters of the alloying elements and figures correspond-

ing to their percentage content in the alloy. The letters and figures

are usually arranged in order of descending alloying-element content.

For example, the aluminum-iron-manganese bronze containing 10% Al, 3%

Fe, and 1.5% Mn has the trademark BrAZhMtslO-3-1.5, while the tin-phos-

phorus bronze containing 6.5% Sn and 0.15% P has the trademark BrOF6.5-

0.15. The table shows the principal types of bronze established by the

0OST.

During the production of bronzes they may be contaminated with
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various impurities from the charge and the atmoo here: these are both

metallic, principally from the scrap and casting wastes, and organic,

from production wastes (the various lubricants employed in pressure

working and cutting). The most detrimental impurities are those which

promote formation of gas bubbles in castings or make the alloy brittle

and give it a tendency to crack during pressure working. Prime among

these are bismuth, lead, antimony, arsenic, oxygen, iron, and silicon.

Oxygen, which is found in copper as cupric oxide, causes formation of

oxides of readily oxidized metals, such as aluminum and zinc. The pre-

sence of these metals in bronze reduces its quality. The oxygen content

of copper is consequently strictly regulated (GOST 859-41); moreover,

in making the melt the copper must be reduced before the remainder of

the charge is added. Impurities of low-melting bismuth and lead, which

are insoluble in solid copper, take the form of independent inclusions,

often lying along the grain boundaries. These inclusions melt when the

ingot is heated before pressure working and make the bronze hot-short.

Impurities of antimony, arsenic, and sulfur, which form intermetallic

compounds, lead to brittleness during pressure working.

Chemical Composition of Secondary Tin Bronzes (GOST
614-50)

~Au~~na 1 OCH09H~t 31:emelI'M (%.)j ll' 11,1W,1(%. tie_ 06,,we
" • "• " S 1 Z11 P. b jCu I.Sk- Fe Al 61 ,L" .1-

61ipO11013-8-84.1 2 - 7-- 3-6 u 0,4 ,.l ' a(no rs ep.l oro e t 4 5 0.5- 0 I h
eta) I .$NBp' '.CIIJ-7-5-I N

7 bpO1 lC3-13-4 (w- --- 4 , -IS 3-6 0.$ 0.4 0.02 1. z 1 t ,.Iia)! •kel1v.;Aoll MH•oro -ile- , .•6u+
Ta) • lpOI()l |.I.2.. 13

4 -pOIIC.--.3 (no.l- 4-6 4. 5- 4-6 F 0.O5 0.4 0 .05, I. I . ui U otmon marepuj..Ca ,pacakrO I•ti) 7. u - "tl Opola
r6pOIKS".1-5 .i 14

7-3 (n.o- - 6--9 2--4 .SpOIC4-4-I7
9 01C6OI.O 6-9ta 2- 0.5 0.4 0.03' 0.03 1 UhiN I aT080 1"eJ*.9 C A O e ao ro I I , I " I. O il NA M

3 0 i 04 0 sp otic"-a-3
. 3ipt 11C4-8-5 (tluo- ,- -46-0 t-6 0.1 .4 • ').0 ieroo Ifle 8 1) 1 M ~ .1

caO col r ¢II••Uas ) i.U Ja a..1 po"864

____ ____ ____ ___ ____ ____ __ p0Ilc3. -6-5 I

"--rihe total Si and Al should not exceed 0.02%. A
Ni content of 1.5% (with respect to the copper con-
tent) is permissible in all bronzes.
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1) Alloy and marking; 2) principal elements (%); 3) impurities (%,
no more than); 4) total impurities; 5) application; 6) BrOTsSN3-8-4-l
(black band); 7) BrOTsS3-13-4 (green band 8) BrOTsS5-6-5 (red band);
9) BrOTsS6-7-3 (white band); 10) BrOTsS4-8-5 (blue band); Ii) remainder;
12) charge material for BrOTsSN3-7-5-1 bronze; 13) charge material for
BrOTsS-3-12-5 bronze; 14) charge materl .il for BrOTsS5-5-5 and BrOTsS4-
4-17 bronzes; 15) charge material for BrOTsS6-6-3 bronze; 16) charge
material for BrOTsS3.5-6-5 bronze.

Chemical Composition of Tin Bronzes for Artistic
Casting (GOST 4116-48)

'2. oiiio,.ne SaC f%) r 1p;.wc. (%.me • o• e) 5

Sn Z1 Z b CU Sb Pge Al Pfn
I I I I I

6 sxt. 4-7 5:8 1-4 8. 1.0 t.0 0.11 3.0 0TJIWm eaC~YAMMY7p
13 1 ~~1 ,10 0.1 3. U meAKL&N

HO Noe 4
BX3 .. 0.5-3.0 -5-35 0-3 . 5 O 1.0 0.5 3.0 UeARMe nopa18au3

7 0 ".le 1.0

13 Alloy; 2) principal elerments (%); 3) impurities (%, no more than);
4total impurities; 5) applioation; 6) BKh; 7) remainder; 8) statuary

casting; 9) large decoratIve cat-tIngs; 10) small decorative castings.

Impurities of iron exceedinAg 0. 02-0. 05% are detrimental to pres-

sure-worked tin bronzes, since they reduce their technological charac-

teristics and corroston resistance. The presence of more than~ 0.3% iron

in silicon bronzes reduces their corrosion resistance. Iron is a comn-

ponent of aluminum bronzes. Other detrimental impurities in tin bronzes

include aluminum,magnesium, and silicon, which are vigorously oxidized

to formn oxide films that often lie along the grain boundaries and re-

duce the density and sometimes the strength of castings. Strict re-

strictions have been established on the contents of a number of Impuri-

ties for tin and tin-free bronzes. The total Impurity content for cast-

ing bronzes is substantially higher (see Structural shaping bronze).

References: Smiryagin, A. P., Promyshilennyye tsvetnyye metally i

splavy [Commercial Nonferrous Metals and Alloys), 2nd Edition, Moscow,

1956; Oorshkov, I.Ye., Lit'ye slitkov tsvetnykh metallov I splavov
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[Casting of Nonferrous Metals and Alloys], 2nd Edition, Moscow, 1952.

O.Ye. Kestner
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BRONZE BARS- semifinished products manufactured from various

types of bronze (tin, tin-free, aluminum, silicon, cadmium, chromium-

zinc and berylliunL bronzes). Such bars can be classified according to

cross-section (as round, rectangular, or hexagonal) and according to

production method (as drawn, pressed, or rolled). Bronze bars are pro-

duced to the following machining-precision classes: round drawn bars -

3a (OST NKM 1027), 4 (OST1024) and 5 (OST1025); round pressed bars -

7, 8, 9 (OST 1010), and precision group 10; round rolled bars - 9 (OST

1010) and precision group 10; square and hexagonal drawn bars - 4 (OST

1024) and 5 (OST 1025); pressed bars - 7 and 8 (OST 1010).

Round pressed bars with diameters of from 16 to 160 mm are fabri-

cated from tin-free bronzes of type BrAMts 9-2, BrAZh9-4, BrAZhMtslO-I-

1.5, BrAZhNlO-4-4, BrKMts3-1, BrKNI-3 in accordance with GOST 1628-62

(to precision classes 8 and 9); pressed square bars no less than 500 mm

long are produced from BrAZh9-4 (160 ± 3 mm cn each side) in accordance

with TTsMOl319-54; round drawn bars ranging from 5 to 40 mm in diameter

are fabricated from BrAMts9-2 and BrKMts3-1 bronzes (to precision

classes 4 and 5); square and hexagonal drawn bars with nominal inscrib-

ed-circle diameters of from 5 to 36 mm are produced from BrKMts3-l

bronze (to precision classes _' and 5). Bars are manufactured from

BrNAl3-3 nickel-aluminum bronze in accordance wltgl TsMTU -44;-53 and

are intended for components with increased strength and heat-resistance

to be employed in various areas of machine building. Round, square,

and hexagonal drawn bars ranging from 6 to 32 =m in diameter and from

1 to .- mm in length are produced from BrB2 beryllium bronze in accord-
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ance with TsMTU 274-41; round drawn bars with diameters of from 5 to

40 mm (precision classes 4 and 5) and pressed bars with diameters of

from 20 to 120 mm are fabricated from tin-zinc bronze in accordance

with GOST 6511-6o, Bars of chromium-zinc and cadmium bronzes are u,;ed

in the manufacture of welder electrodes.

O.Ye. Keztner
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BRONZE PIPES. Extruded thin-walled bronze pipes are made from the

BrAZhMts 10-3-1.5 and BrAZhNlO-4-4 aluminum bronzes (OOST 1208-54). The

TABLE 1

Dimensions of Special Pur-
pose Extruded Bronze Pipes

cao .. TY 2 al?,,,J,

5 DPAEMS TV U.MO
10.4-t, 153-$S s0-RIt 12.5-30.0

7 5aio TY UNO
o10-..4 1513.65 200-240 20-IS

UVPAWNM TV UNO
5 10 .,15 1327-54 401 A .

oa% 5 1 TYUMO
9 (us I,.) 1S,3-S5 27 2.1

1) Alloy; 2) TU; 3) outside diameter (,m); 4) wall thickness (ram); 5)
BrAZhIts 10-3-1.5; 6) TU TsMO; 7) BrAZhnlO-4-4; 8) inside diameter; 9)
bronze with 5% Ni (MN 95-5).

TABLE 2
Mechanical Properties of Bronze Pipes

Ca*112TP70m smOT ma=TY j 1--4 
___

g0 0'W 1" 9 ... Uo-

6 iIOCT24-,-44 ScMpf I. so f 26 u. • oT 2 - ,x.40 . • .t .-- ,.20 I •
i OlAbawle• To as.I 10 X-..$;- vonow" CT1IF so 2 -

12 , Ku T. ,0)2. S. "NUN=& J, 33 -

1;•T b p•pyrale LLUTYl3,.41 CIA Xo7.0s. ' me 00 1.s --

N.w• nne vpwas L1T SZ uNr~ I- I X. 7, 1. ,oma cmaCe-, 33 tO -

"twea 0. I0..T~ol.. 1 UWTY 31" 1 14 0. 0.5)"cew .2 0 .

. , iV 304 ?T g ,o mar .. I17TVWOn-TINOUCIIW.S 1 ISX4. vwmw eeme so.~5 3

on o Iame U TY 331"3 -- $ X . 0ýlVDAw ggq,,,Cl W to-• I :-- i
9iMTV 1 3 as i 1 .0 ' •,,,I -

114WN ________ruo ws.2110

bTAllrn ID&W mp, -ISO
2T1l Ius- 54, AftImeiu me,-Si. ,,to.,,o 12 t:

TY M 1110 ,24S2 -,, mm d 6- Iso'4

"5AWN flp~eavemmo rFoC 12*9 - .S4" 4 ~mpm0 O

5 Y LLUO 151731- -s pýa

1) Alloy; 2) pipes; 3) OGMT or 7u; 4) diamt er or thickness; 5) (kg/
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/=2); 6) BrOF4-0.25; 7) cold-drawn; 8) rigid flat oval; 9) OOST; 10)
wall thickness; same as above; 12) soft oval; 13) hard round; 145 TsMT-
U; 15) soft round; 16) hard; 17) hard oval manometer; 18) TU TsMO 1507-
41; 19) hard oval; 20) BrAZhMts 10-3-1.5; 21) pressed; 22) diameter:
outside 408, inside 250; 23) outside diameter 50-200, wall thickness 5-
0n; 214 outside diameter 60-250, wall thickness 12.5-30; 25) BrAZhN 10-

r-4; 26) outside diameter 50-220, wall thickness 5-50; 27) outside di-
ameter 200-240, wall thickness 20-15.

dimensions of special purpose extruded pipes are given in Table 1.

Thin-walled drawn tubes are made from the BrOF4-0.25 tin-phosphorus

bronze with round and oval cross sections (Table 2). Bronze pipes of

other dimensions are made on the basis of special technical specifica-

tions (see Instrument Shaping Bronze, Beryllium Bronze).

O.E. Kestner

Manu-
script [Transliterated Symbols]
Page
No.

541 FOCT G COST Gosudarstvennyy obshchesoyuznyy standart - All-
Union State Standard

541 TY - TU - tekhnicheskiye usloviya - technical specifications

541 WITY TsMTU = tsvetnykh metallov tekhnicheskiye usloviya -
Stechnical specifications for nonferrous metals
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BRONZE SHEET AND STRIP are produced by cold and hot rolling. Sheet

is made from all grades of bronze, strip is made from tin bronze, alu-

minum bronze, beryllium bronze and silicon-manganese bronze. The di-

mensions of the cold-rolled and hot-rolled sheets, and also the permis-

sible deviations irn thickness as a function of the width are establish-

ed by GOST 4124-48. The minimal thickness of the cold-rolled sheets is

0.5 mm (with permissible deviations of 0.07 mm for sheet width to 500

m, and 0.09 mm for sheet width to 710 mm). The greatest thickness of

the sheet is 10 mm, the greatest width is 1000 mm, length varies from

1400 to 2000 mm. The hot-rolled sheets have thickness from 2 to 25 mm

and width from 600 to 3000 mm (with thickness from 8 mm). The sheet

length varies from 1000 to 6000 mm.

Strip made from the tin, aluminum and silicon-manganese bronzes

are produced in the soft (annealed) condition, and those from berylliur.

bronze are produced in the solution treated, hard (strain hardened) and

extra-hard (with greatest percentage of strain hardening) conditions.

The strip differs from the sheet primarily in thickness, Its uses are

the same as for the sheet (see Bronze Strip). The GOST and specifica-

tIons used in the production of the strip, and the dimensions as well,

are shown in the Table. For the mechanical properties of the strips see

article, Wrought Spring Bronze.

5 3-
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Dimensions of Bronze Strip (limits)

IrOC'r mnu TexuH.. TwJitumme h4Iun. 5 Jn~t

FIPAMu 9-2~ . . . . .. J 'roc'r 1505 47 1 1-12.5 50-300 1_114- wiee 11101

Repujumuenemme Op'wRnd:
B4R PFl2, 5; pBEHT 1.9; 01-

PBHT t.7 9ý - roCT 1789-60 0.5- 0--300 J 14-51

BPM -. .. . . ........ roc' 748-49 11,8-10 40-500 j 400-2000

'ucu~bopuecTal flpona .i1 1OCT 176' -50 1-10 100-i70 40000

Opaouucnsa B O nUC.4- os¶5 2 13l KT 3444-53 0.9-,95i 33-50 -He meulee 1000

j 1) Alloy- 2) GOST or specification; 3) thickness; 4)
width; 5S length; 6) aluminum bronze, BRAMts9-2; 7)
GOST; 8) not less than; 9) berylilium bronzes: BrB2,

IBrB2.5, BrBNTl.9, BrBNTl.7; 10) tin-zinc and tin-
hshorus bronze; 12) tin-lead-zinc bronze BrOYIsS4-

-2 .5; 13) T MTU0.Ye. 
Kestner
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BRONZE STRIP is produced from aluminum, beryllium, tin-phosphor,

tin-zinc, silicon, and manganese bronzes. It is delivered in the soft,

Thickness of Bronze Strip
(limits)

Cnaam 1 INCT man TV ,rngINua (AM)~

1Depwtw.~emue

6pop s,-, TSlpB2; BpBHT

0,9; UpBHT
1,7. ua ap- OCT 1789 -60 0.05-1.5

ralmob.c.aft 136ponm n

SpRMMU s-1 rOC.T 4748 49 0.05-2

IT010s0Cl 13au O monm- e~c

FPoo 0,5-

-0.15 . . .. OCT 1761--50 0,1--2
SpOO 4-0.25• ,rTY 4213-531 0o.-2

9 B-o0,4 M . TV 3383-53 0. 1- 2spout:L0 1
4.4-2

4
5 . • MTY #l2-41 0.5-2

ape w: ".
pA ,pA7 04-4 0.0-4.-

BpA 9-'12 r OCT 1505-47 0.4-1

1) Alloy; 2) GOST or TU); 3)
thickness (mm); 14) beryllium
bronzes; 5) BrB2, BrBNTO.9,
BrBNT1.7; 6) silicon-mangan-
ese bronze BrKMts3-1; 7) tin-
phosphorus and tin-zinc
bronzes: BrOF6.5-0.15; 8)
BrOF4-0. 25. 9) BroF0. 5-0. 4;
10) BrOTsS 4 -4-2.5; ii) alumi-
num bronzes: BrA5, BrA7; 12)
BrAMts9-12; 13) GOST; i4)
MTsTY; 15) TsMTU.

hard and half-hard conditions. Bronze strip is used for springs, flexi-

ble contacts of the sensitive elements of instruments and apparatus,

and also for details which must have corrosion resistance and wear re-

sistance which are intended for precision instrument construction and

machine construction, electrotechnical and other branch,3s of industry.

545



r .II-82kl

Bronze strips are produced with width from 10 to 600 mm, the strip of

thickness frcm 0.05 to 0.09 mm having a width up to 175 mm and the

strip of thickness 0.5 mm and more having widths starting at 20 mm.

Most of the strip has a length of no less than 2000 mm. The government

standards and the technical specifications under which the bronze strip

is produced and the limiting thicknesses are presented in the Table.

O.Ye. Kestner
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BRONZE STRIPS - manufactured from tin, aluminum, and silicon-man-

ganese bronze in the soft (annealed) condition, and from beryllium

bronzes in the tempered (hard, cold-worked), and in the partbalarly

hard state (with maximum percent of cold working). Bronze strip differs

from bronze ribbon in dimensions, chiefly the thickness, although strip

is designed for roughly the same purpose as ribbon (see Bronze ribbon).

The GOST and TU governing bronze strip, as well as the dimensions, are

given in the article Bronze sheet and strip. The mechanical properties

of bronze strip are given in the article Deformable spring bronze.

O.Ye. Kestner
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BRONZE WIRE. This wire is produced from various types of bronze

and with round, rectangular, and square cross-sections. Round bronze

wire is manufactured from beryllium bronze and is used for springs,

electrical components, and metallic screening; wire produced from

BrKMts3-1 silicon-manganese bronze is used for springs and elastic com-

ponents with high corrosion resistance (GOST 5222-50); wire produced

from BrOF6.5-0.4, BrOF6.5-0.15, and BrOTs4-3 tin bronzes are employed

for springs and coverings for flexible hose. Rectangular and square

wire for special springs is manufactured from these bronzes in accord-

ance with GOST 5221-50, MPTU 2632-50, TU GTsMO 325-46 and 330-46. Beryl-

lium-bronze wire is produced in accordance with TsMTU 673-41. For the

mechanical characteristics of bronze wire see the articles entitled

Spring shaping bronze and Beryllium bronze.

0.Ye. Kestner
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BRONZOGRAPHITE - a porous cermet consisting of bronze and graphite

particles uniformly distributed between the metallic crystals; the

pores of the material are oil-filled. It is produced in the form of

bushings, which are used as sliding bearings. In many cases the pre-

sence of oil in the pores of the material permits the use of bearings

without forced lubrication. The unusual structure of bronzographite

(the presence of graphite and oil-filled pores) ensures a very low co-

efficient of friction, high durability, and the ability to function at

high sliding speeds. The chemical composition of bronzographite is as

follows: copper - base, tin - 8.5-9.0%, and graphite - 1.5-3.0%. The

porosity of this material ranges from 20 to 25%, while its oil absorp-

tion varies from 2 to 3%. The table shows the properties of the bronzo-

graphite produced in the USSR.

EANJ2 K[ ]a -flom:awem

4 n T . .... iOh .C, 06.0-6.2

Hn .... ... . MM' .8-20
a.. . 28-32

: . 12 18-2ý
-b 60-70

' ........ CA,' 0.8--0.70

5 OTHiOCST. MCa.I" 13
11[P C4:ITHN • •

6 B inepsa• e6 100-600" . . . Ka'rM raw 'C 0.08-0.07
-7 o 2 - 8•10 ' s a fn 're p ~ a ne 1 4. l i ,'c i , - 7 .

20 -90 0"a * .5 14- 12.2-17.2

8 ornasle 0 npn-Hy am ?" . C¢ d a a t l N 0 . 0 4-- 0 . 0 6

9 1(oaf,. Trp"Hm 1""
cram11 C rlSlhI,-
,IeNu'i fll)NHY-
ANT?. CM430HN 0. 00)4-0. 006

1) Property; 2) unit of measurement; 3) index; 4) density; 5) gelative
shrinkage on compresion; 6) X over the range 100-600"; 7) a-lO over
the range 20-800o; 8) coefficient of friction over steel without forced
lubrication; 9) coefficient of friction over steel with forced lubri-

cation; 10) g/cm3; 11) kg/mm2; 12) the same; 13) kg-m/cm ; 14) cal/cm.
*sec. 0C.
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The working temperature of bronzographite is 75-800, while the

maximum permissible stress is 60-80 kg/cm2 at a sliding speed of 20
m/sec. This material is used in the friction units of machine tools,
automobiles, tractors, aircraft, instruments, etc. See Antifriction

cermets.

References: Bal'shin, M. Yu., Poroshkovaya metallurgiya [Powder
Metallurgy], Moscow, 1948; Rakovskiy, V.S. and Saklinskiy, V.V., Metal-
lokeramika v mashinostroyenii [Cermets in Machine Building], Moscow,
1956. V.S. Rakovskiy
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BRUCITE - a mineral, the natural hydroxide of magnesium (Mg[OH] 2 );

it is white, brown, greenish, or colorless and has a specific gravity

of 2.3-2.4, a Mohs hardness of 2.5, a heat capacity (at 350) of 0.311

cal/g, and a coefficient of thermal expansion which varies in differ-

ent crystallographic directions: 4.47 ± 0.02 x 105 ± (0001] and 1.10 +

+ 0.15 x 10 5 ± (i-010). Brucite becomes lighter in color when heated;

when cooled after heating it has piezoelectric properties, the ends of

the crystals lying in the (0001) direction being charged negatively and

the sides of the crystals positively. There are two polymorphous varie-

ties of brucite, laminar and fibrous (namalite). Nemalite can be polar-

ized by electric waves. Brucite is found naturally in monomineral de-

posits or in bru.ite marbles in conjunction with Calcite (CaCO 3 ) and

dolomite (CaMg [CO312 ). It is used in the production of magnesia com-

pounds and metallic Mg. In Canada brucite marbles are used in the man-

ufacture of slate lime and granulated magnesia in both the chemically

active and dead-burned forms. Chemically active magnesia is used in the

production of magnesia cements, in the extraction of uranium, and in

the electrolytic production of metallic Mg. Dead-burned granulated mag-

nesia is used as a metallurgical powder for chemically stable hearth-

lining mixtures, especially for electric furnaces, as a substitute trb

molten periclase, as insulation for the electric-arc furnaces used for

firing ceramics in reducing atmospheres, as firebrick in especially

critical areas (the crowns of reverberatory furnaces, converters, etc.),

and in the manufacture of special types of paper. In addition, brucite

magnesia can be used in place of Mg oxide (Magnesite) and as a substi-
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tute for talc. Laboratory experiments have established that it is pos-

sible to produce autoclaved structural components from brucite marble

mixed with active alumosilicates.

References: Smolin, P.P., Brusitovyye mramory - novoye magnezial'

noye syr'ye (Brucite Marbles - A New Magnesia Raw Material], Ogneupory

(Refractory Materials], 1957, No. 5; Goudge, M.F., Phillips, J.G., Can-

adian Brucite as a Material for the Production of Basic Refractories,

Amer. Ceram. Soc. Bull., 1946, Vol. 25, No. 3, Goudge, M.F., Brucite

magnesia, J. Amer. Ceram. Soc., 1944, Vol. 27, No. 1.

P.P. Smolin
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BURNING OF STEEL - oxidation of the grain boundaries of steel as a

result of heating to high temperatures; this is an uncorrectible de-

fect.

Ya.M. Potak
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BUTYLACRYIATE RUBBER - is the product of the polymerization of a

copolymer from butylacrylate and srylonitrile in emulsion; it is char-

acterized by heat resistance up to 180-200 in air and in oils, resist-

ance to oxidation, to the action of ozone and sunlight, a good resist-

ance tc cracking, and gas tightness. Disadvantages cf the butylacrylate

rubber are: plasticity (high residual deformation after compression),

insufficiLnt waterproofness, and a relatively low frostproofness (up to

-300). The specific gravity is 1.2-1.3, the vitrification point is -35@•

In the U.S., it has the commercial name Lactoprene BN. The copolymer

of ethylacrylate and chlorovinyl acrylate is also delivered, it is

termed Lactroprene EV. The vulcanization of the butylacrylate rubber is

narieed out by polyamines, sulfur, or ben-oyl pero>-Ide; oxides and hy-

droxides of certain bivalent metals are also used. The combination of

sulfur and polyamines gives vulcanizates with the highest heat resist-

ance. The vulcanization proceeds somewhat slower than that of the most

synthetic rubbArs, 30-60 min at 1500. The vulcanization process depends

strcngly on the pH of the compound, a fact which must be taken into ac-

ccunt when making the formula for rubber stocks. I, is not recommended

to use clays, acid plasticizers or other ingredients which adsorb bases

or react with them. The use of neutral or weakly alkaline "illers is

the best. Piasticizers are applied to Increase the frostproofness. !!he

properties of the vulcanized butylacrylate rubber compcunds (with 50

parts by weight of chimney soot) are: tensile strength 9ý0-122 k,/-m•

relative elongation 2`-3-350%; residual elongatlon 1K-16%; swellng in

gasoline (2. hrs) 20%; point of brittleness -45o; hardness acccrjing
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to TM-255 70; resilience 10% at 200, and 35% at 1000. The aging coeffi-

cient after 5 days aging in air at 1759 is: with regard to the strength

0.65-1.0; with regard to the relative elongation 0.2-0.3; after 10 days

aging, the aging coefficient is equa- to 0.7-0.8 for the strength, and

0.2-0.25 for the relative elongation. No cracks occur after ozonization

for 13 hrs in an ozone concentration of 0.0015%. Butylacrylate rubber

may be used for making packing rings, gaskets, membranes, packings,

valve seats, connecting pieces, hoses, belts, and other technical rub-

ber products for working in oils or in air at high temperatures (up to

150-180). The combination of the heat resistance and resistance to

ozone with high dielectric properties permits the application of the

butylacrylate rubber for the insulation of wires for special purposes,

and of feeder cables for distributing transformers. Printing rollers,

coating rollers for hIgh-melting materials, protective coatings of

fabrics (glass or asbestos fabrics), protective coatings of rubber pro-

ductb, stable to sunlgiht and nonfading, are made from butylacrylate

rubber. Butylacrylate rubber is used in combination with a number of

synthetic resins for the preparation of oil- and heat-resistont rubber

cements and pastes.

I. V. Borodlina
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BUTYL RUBBER- a copolymer of isobubylene and isoprene (0.6-3%).

It is produced in the USSR, as well as in the USA under the trade name

Enjay butyl, in Canada as polysarbutyl, and in France a- Socabutyl. The

principal chemical peculiarity of butyl rubber is its low unsaturation,

0.6-2.5 mol-%. The individual types of butyl -.bber are distinguished

by their degree of unsaturation and molecular weight. In appearance

this material is a clear elastic mass, white or llght-brown in color,

with no taste or odor. It has a specific gravity of 0.91 and a vitrifi-

cation temperature of from -67 to -690. In contrast to natural rubber,

butyl rubber is highly distensable and dissolves more readily in ali-

phatic than aromatic hydrocarbons; like natural rubber, it is insoluble

in alcohols, acetone, ketones, ethers, and glycols. This type of rubber

does not require rr ing. Mixtures based on butyl rubber are prepared

at higher temperatures than ic tbe case for natural rubber and otner

types of synthetic rubber (120-1500). Because of its low unsaturation,

vulcanization of this material requires more active accelerators and

higher temperatures than are needed for natural rubber or ocher types

of synthetic rubber. The rate at which butyl rubber is vulcanized In-

creases with its unsaturstion. The quantity of sulfur used amounts to

1-2.5 parts by weight. Thiurain disuJfides (tetron A, etc.) and dithio-

carbamates (selenak, tellurak, etc.) are good accelerators. Benzothia-

zoles, guanidines, sulfonamides, aldehydamines, etc., nre used as se-

condary accelerators. Butyl rubber can be vulcanized without sulfur,

using alkyl phenol-formaldehyde resins (amberol ST, resin 101). The

best fiJlers are flue and chimney soot, which raise the tearing resis-
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tance, modulus of elasticity, and durability of butyl-based rubbers.

Saturated compounds with low polarity (oils, waxes, and aliphatic and

aromatic esters) are used as softeners. Unsaturated softeners are not

employed, since they do not combine with butyl rubber. Plasticizers

(dioctylphthalate, dioctylsebacinate, etc.) are used to increase the

frost resistance of this material. Rubbers containing plasticizers re-

tain their elasticity down to -600, while those without plasticizers

lose it at a temperature of from -45 to -50'. Butyl rubber does not

combine with unsaturated rubbers (natural, butadienestyrol, butadiene-

nitrile), but does combine in small quantities with chloroprene rubber.
The peculiarities of the chemical and molecular structure of butyl rub-

ber explain a number of the valuable technical properties of rubber

mixtures based on it: low gas-permeability and exceptional resistance

to oxygen, ozone, and atmospheric factors. The gas-permeability of bu-

tyl rubber is less than that of natural rubber by a factor of 20 for

air, 3.5 for helium, 7 for hydrogen, and 60 for carbon dioxide. Butyl

rubbers also have a very high resist?1,ce to acids, alkalies, salt solu-

tions, acetone, alcohols, ethers, animal and vegetable oils, nitrogen-

containing organic compounds, and water. Just as other crystallized

rubbers, butyl rubber is characterized by high tensile strength in un-

adultrated mixtures. These rubbers also have a high resistance to tear-

ing, thermal aging, and repeated bending, as well as good dielectric

properties. The drawbacks of butyl rubbers include high residual defor-

ination after compression, poor resistance to petroleum oils and fuels,

low resistance to light, and low elasticity at normal temperatures.

Their elasticity increases rapidly as the temperature rises; at 70* or

more the elasticity of butyl rubbers is virtually the same as that of

natural rubber.

Tables 1, 2, and 3 show the principal mechanical and electrical
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properties of butyl rubbers and present data on their chemical stability.

TABLE 1

Principal Mechanical Proper-
ties of Butyl Rubbers

Ileviatioi e1111aia C

7ona3manl Hera ,1
1  

50 Ie'e. 4.
1 p 3 i2a1 a i MIIa li

4 p -e p p oq( o.t) 180--220 16U--200
500% (m, CAn-) ..... 12-15 106- 120

OTKoCNR. y•flai.HCne (%) 850-950 85'--n~ o( Ocraoqnoe yoaumetnce

(%) ........... ... .6-9 25-358 ConPOTuMmee panu pye
(we cm,) .. ...... . i 10-IS 70-959 TiepAocTib no TM-2 . . . 32-34 50-60

10 )AACTqHocTb no OTlHO-

10 ny rinpu 20" (%) .... 11-14 8-12
11 COnPOTMHene Ne oro-xpmvomy n,-rnOy (.O-

augecemo UHKAO9 AOpa3py eCHN,) ..... . (6-9) 10'

1) Characteristic; 2) unadultrated rubber; 3) rubber containing 50

parts by weight chimney soot; 4) ultimate tensile strength (kg/cm 2); 5)
modulus of elasticity after elongation by 500% (kg/cm2 ); 6) relative
elongation (%); 7) residual elongation (%); 8) tearing resistance (kg/
/cm); 9) hardness, determined with TM-2 apparatus; 10) recoil elasti-
city at 200 (%); l1) resistance to repeated bending (number of cycles
to breakage).

TABLE 2

Dielectric Properties of Un-
adultrated Butyl Rubbers

Hola3aTe.1u HOPM| 4

3 nlpo•nnaioe HanpRwet0ue (, mm) . . 24
L4 Analn4 I)Hm4. rlOCTORHIIIa V 8,1000 IIHHJoB)

,- evir y-,<yv<i.. . .2•re 88 '.ac. n nose :2.1I0

7 "alrllHec yr~ta • HaJ1CKr pl'4. nol~epk
to (o t ,. 1000 un11j<os)
eyxoro yTu.'1xayqya.......... .. 0.

noc.1e 88 q('o B nBone .......... O...
8 Y. O0be.MHOC conpOTHOAeIIe (O.M'CA) • 10.

1) Characteristic; 2) normal; 3) breakdown voltage (v/mm), 4) dielec-
tric constant (10 v, 1000 cycles); 5) dry butyl rubber; 6, after 88 hr
in water; 7) tangent of dielectric-loss angle, tg6 (10 v, 1000 cycles);
8) specific deep resistance (ohm.cm).

It is possible to improve the valuable technical properties of

butyl rubber and to alter them to conform to the assumed operational

conditions by proper formulation of the rubber mixtures and correct

selection of the type of butyl rubber to be used. For example, produc-
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TABLE 3
Chemical Resistance of Butyl
Rubbers

C( ,jtia C )C:IaNH I1OC.16
I•JJLCP)I4HR;IIIHH i T04C*

SIfNe 14 CY'roi

Cpei p•. HCm .l-ps

Hi a Pa- U-J1i.IIUC

. Hcxoa.,we noicasarean • 175 880

70% IIISO, nh" 38° . .. 134 920
70% 1.SO, npw 601 . . . 137 940
37% HlO npH 26' . . . . 200 850
70% IINO, nrl, 2l;V . 117 910
85% If PO. npu 26* . . . 173 850
30% 1a4011 riph 260. . . 221 850

1) Medium and test temperature; 2) properties of rubber after soaking
for 14 days; 3) tensile strength (kg/cm2 ); 4) relative elongation (%M;
5) initial values; 6) at.

tion of ultrathermostable rubbers (which will function for prolonged

periods at 1500 or even 1700 and have a reduced residual deformation

after compression) requires butyl rubber with a high unsaturation, which

is vulcanized without sulfur, using phenol-formaldehyde resins. Sulfur-

vulcanized butyl rubber with low unsaturation must be used in producing

mixtures with high chemical stability. The mechanical properties of

butyl rubber can be substantially improved by heat treatment of soot-

containing mixtures. The best results are obtained by treatment of mix-

tures containing flue soot at 2000 (or more) in a rubber mixer. Addi-

tion of activators (n-quinone dioxime, N-methyl-N1 4-dinitr.osoaniline,

etc.) makes it possible to use other types of soot and to reduce the

processing temperature to 1700 or less. Heat treatment produces an in-

crease in modulus of elasticity, tensile strength, durability, dielec-

tric characteristics, and chemical stability. Modified butyl rubber,

which contains 3.5% bromine by weight, is characterized by a higher

vulcanization rate, the ability to combine with natural and synthetic

rubbers, and good adhesion to other polymers and metals. Most of the

properties of brominated butyl rubber are similar to those of' pure bu-
559 ' -
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tyl rubber, although the former has a somewhat lower water resistance,

tensile strength, and relative elongation. Chlorinated butyl rubber has

the advantages of brominated butyl rubber, as well as a better resis-

tance to thermal aging. As a result of its valuable properties, butyl

rubber is widely used in the manufacture of water-, acid-, and alkali-

resistant fabrics, acid-resistant gloves, the linings of chemical appa-

ratus, all types of gaskets, and flexible tubing for transferring var-

ious chemical products. It is also employed in the production of pack-

irng and sealing components, intended to function at elevated tempera-

tures. Other important uses of this material are in inner tubes, brew-

ing chambers, tires, and diaphragms for vulcanizing-forming machines.

Butyl-rubber tires are seamless, exhibit less slippage, and have good

resistance to puncturing and sidewall cracking. As a result of its good

dielectric properties, moisture iesistance, and ozone resistance, this

rubber is one of the principal insulating rubbers. It is also used in

the manufacture of clear and colored rubber products.

References: Sinteticheskiy kauchuk [Synthetic Rubber], edited by

G.S. Whitby, translated from English, Leningrad, 1957; Novyye kauchuki.

Svoystva i primeneniye [New Rubbers. Properties and Uses], collection

of translations, Moscow, 1958; Borodina, I.V., Nikitin, A.K., Tekhnich-

eskiye svoystva sovetskikh sinteticheskikh kauchukov [Technical Charac-

teristics of Soviet Synthetic Rubbers], Leningrad-Moscow, 1952; Rubber

Age, 1956, Vol. 79, No. 4; Rubber World, 1959, Vol. 140, No. 3.

I.V. Borodina
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CABLE PAPER - paper manufactured from sulfated wood cellulose

(GOST 645-59). It has high electrical-insulation characteristics and

mechanical strength and is used for insulating power cables; it is pro-

duced in types K (low-voltage, up to 35 kv), KV (high-voltage), and KVU

(heavy high-voltage).

TABLE 1

Technical Characteristics
of Low-Voltage Cable Paper

nRAFI~JM~r H-080 I H- 20 1 H-1 70

"'ojlllHS ( V.) . ... . 0.080 0.120 0.170
Pa3pijlen, e yci|vule (

lie Meijee)4 B n pOnOr.'I, mHo alpa

aJcSm ......... ... 8.5 03.0 17,55 a nonepeqRom iaripa,-
ne H e H........ . .. 4.0 8.0 8,.

6 Conpo'saaec~e x3JIOMY
('CcITO AnioMsHuX nepe-
ru6on a cpaAmeM no
ADYM Ha lpIawJeI41nm. u8
Mekee) ..... ......... 2000 2400 2500

'7•onpo'nvi m•.,e e paxiurpa-

7 HHfio a nOmepeqioM ha-"lpa leHlilla (p lie mje-
mee) ...... .......... 70 120 200

1) Characteristic; 2) thickness (mm); 3) tearing force (kg, no less
than); 4) longitudinal; 5) transverse; 6) breaking resistance (average
number of double bends in two directions, no less than); 7) tearing
resistance in transverse direction (g, no less than).

The technical characteristics of cable paper are shown in Tables

1, 2, and 3.

Type K cable paper has the following general properties: bulk

weight - 0.76 + 0.06 g/cm3; elongation - 22% longitudinally and 6.5%

transversely; air-permeability - 25 ml/min; ash content - no more than

1%; specific electrical conductivity of aqueous extract at 253 - no

more than 6.5.10- 5 ohmn-l.cm-1; ph of aqueous extract - 7.0-9.5.

The bulk weights of types KV and KVU cable paper are 0.85 and
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TABLE 2

Technical Characteristics of High-Voltage Cable Pa-
per

IIwalaueJII I L j. 1M1t-030 M11.-045 lilt-080 M 1t-120 MWl1-170 I1(11-2.

8 Toa•.a .. .. ........... . 0. 0 03 0.,045- 0,080j 0, 1 + ,17?0+- 0.241)+
9 PiapliA toc y•lIatI r (a,,', le Mt.eP . 1. 003 +0.004 A 0,0 .1 10.1107 j.0.O -0 ,0' .

P POl.AflIIA. Iiin IAIlpanqel '11 [ 3. 4 5.3 9A 14. 18,5 22.0
1 1 1 1011.'4momilO.•'l iiai aa•Jeilull . • ,. :1 4.2 ;, 5. 0 io,

12 flAfntplflC:l M%, lie mom"C)
P nPOlto.'lI.IIo* II tIpOF'icii • " . 2.M 2.3 q.3 .3 2.3 2.3
13 AUO1CPCU•OllOM II;,:IJIIIJ ull 7.0 7. 7, 7.0 7A013 onTMlXIlulul 10l mi',Iy (ql1 c.ao

AJOARWX iiepcrii lleun i •|'CUICM 110
A1Y4 uanp s. ,. 1 6 500 3000 200oo .oo0 3000 300414 Canponiaenue pawimaitmw a ue-
nepeil IOmi "411all ira eI'Illlll (a, Ile?

melee) ... ............... . .. .. . .. 20 60 150o 240 3001 .axamnie iliie me.,eeja B inpec-,e.re fiia15 (%. iie onee) ......... 6.0070 0.0065 o.1)050 0.0050 0,0050 0.0050

16 130FIsonpoinuueiocm (.i.i,.Au.#,
ft Oot) ............. 15 26 25 20 20 2S

1) Characteristic- 2) KV-030; 3) KA-045; 4) KV-080; 5) KV-120; 6) KV-
170; 7) KV-240; 8) thickness (mm); 9) tearing force (kg, no less than)'
10) longitudinal; ii) transverse; 12) elongation (%, no less than); 135
breaking resistance (average number of double bends in two directions,
no less than); 14) tearing resistance in transverse direction (g, no
less than); 15) iron content, calculated for Fe (%, no more than5; 16)
air-permeability (ml/min, no more than).

TABLE 3

Technical Characteristics of Heavy High-Voltage Ca-
ble Paper

nllO.zui&elu 1 17 -015 H.-02 -,1 i R10 )30 BY "1 -045 hBY-080 XBY.120

8T ii ( ... . ... ........... 0.016 0.020: 0. 631i1i 0. 0465 0,080± 0.120.

, I(l e. i .01. ' 1), i 1 2 0 , 00 0 0 5 3P .o) '7

" U. O AMnor ,loI- R ll liPOWNH~III . 2.. 1 2 9 4,,, F,8 12.0 t .

lonepeqmoim wnpa jen ou 2. i ..1.0 , 5,3 S.
KUY-8 7 m)e-ie 8) te (aemee)

th an) po10oioM l it inpali;l)l ta 2 sver; 1 2e 3 (.,3 2n lI
-l I • ni'lepeqHux iapiM I ullll~e~ u S. ll0 •.l 7,1) 7.0 7.0 7. o

th an); 13)r akxiing re IstnOM e ( a abe f l edn0
ABlOANN,• nlePeIlNF(WR n CPeAlHOM 110

directis, noles petha, n; llee) tearing resistancein tras00 verse direc"14COlDllA'rilnellle paisiall fllUio a lin'-.

tion-lROM ( n e thlpan.);elllgi 1e, ( me

3.

Id ne ) .. .. .. .. .. & ; " :10 70 1 60

1) Characteristic; 2) KVU-OI5; 3) KVU-020; 4.) KVU-030; 5) KVU-045; 6) i
KVU-080; 7)KVU-120; 8) thickness (mm); 9) tearing force (kg, no less
than); 10) longitudinal; 11) transverse; 12) elongation M% no less
than); 13) breaking resistance (average number of double bends in two

tion (g, no less than); 15) alr-pe.rineabillty (ml/min).

1.09-1.1 g/cm3 respectively; they have better electrical-insulation

characteristics than type K. For dry paper the tangent of the dielec-

tric-loss angle at 1000 is 0.0025 (KV) and 0.0027 (KVU), while for oil-
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impregnated paper it is 0.0037. The specific electrical conductivity of

an aqueous extract of KV or KVU is 2.5.10- 5 ohm-l.cm-I. The ash content

of these papers does not exceed 0.3%, while the pH of aqueous extracts

of both types is 6. 5-8. 0.

Z.I. Gruzdeva
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CABLE POLYETHYLENE- see Polyethylene.
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CABLE STEEL - is a hot-rolled, round shaped carbon steel, melted

in Martin or electric furnaces. It is destined for the production of

cable wire. The classes KK (fine) and VK (high-grade)(GOST 1457-60) are

produced, depending on the purpose. It is delivered either cooled in

air (group I) or sorbitized (group II). The diameters of cable steel

are from 5 to 10 mm. The grades are: steel 35, 40, 45, 50, 55, 60, 65,

and 70 (according to GOST 1050-52 with a manganese content of 0.3-0.6%),

and steel 75, 80, and 85 (according to GOST 1052-53 with a manganese

content of 0.5-0.8%). Cable steel of the h'Y. class contains: not more

than 0. 03% sulfur and phosphorus each, not more than 0. 12% chromium and

nickel each, and not more than 0.15% copper. Cable steel of the VK

class contains not more than 0.03% sulfur, not more than 0.025% phos-

phorus (the sum of the sulfur and phosphorus content must not exceed

0.05%), not more than 0.1% chromium, not more than 0.12% nickel and

copper. The ovality of the cable steel rods must not exceed 0.5-0.6 mc.

The standards of the mechanical properties are given in the Table.

TABLE

rpyIarla I . I4 - I3').hl 41" t i ne "A "wja %r (¢A) T13-

24 111 4 "' J , .341"

, . "S .

it % 10

1) Steel; 2) group I (cooled
in air after rolling); 3)
group II (sorbitization); 4)
kg/mm.
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Cable steel is delivered in bundles (of a single piece) with a

weight of 60-180 kg.

M.L. Bernshteyn
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II

CALCITE (calc spar), CaCO - is a mineral. Iceland spar is a vari-3
ation of calcite. The specific gravity of the chemically pure crystals

is 2.72. The mineral is brittle, completely cleavable; the Mohs hard-

ness is 3; calcite is optically monoaxial, negative with a very high

birefringence. It crystallizes in the trigonal system. It occurs in the

form of crystals wdith various shapes (some hundred). The various form

of the crystals is explained by the various conditions of crystalliza-

tion, and, especially, by the different crystallization tempe-rature.

Crystalline calcite formations of hydrothermal origin are widespread.

Calcite is observable in cracks arnd holes of the oxidation zones of

mineral deposits and rocks as a result of weatheringg processes. Calcite

Is the relativcly low resistant but main rock-forming material of the

carbonate rocks. An Irim.ence quantity of C aC¢C is frme.d by precipita-

t.ion (..ak, lm.est one, marbIe). -Cal.Ž.te contaiins :•, Fe, Mn ,p to

and also Z-n, , S, Bt as impurities. I: is :clored Iark-g -reeny

rose, brown, aj other colors tŽy ..e 1.pur 'le. t;.,, . e . n-, .low,
rose, or viletclr.ros, r.ioet, colo.reJ :ai-!te :rvstals b-.-ocme :c - :•.:'a~n degree

ccloless under aton f ulraoz rays cr wr.c :eate1 slowly Ug

to+-C•. . 7•csit. s of t ransparent 2ýal,` ry,-als are known In tr.e

UZ"SR 'rn the N...•...yaya 7u uzka .3n -r, , . ra" A 1a, ,t'. Ch-alk ir.

the "c-= cr'k i• .-_it. r t- :"•h-e'a a-- n:'l ins-÷try near

tne -cwn B -. . -..arý',e a: ln'1r., pates .. :'cr :re:-itio of statuar-

l s .. .. nl,, Ina • a k i a f i e .,:



imeters). More than 200 devices are known in which calcite crystals are

used. The minimum dimensions of a conditioned crystal are 20 × 20 x 14

(ram).

References: Betekhtin A.G., Kurs mineralogii LCourse of Mineralogy]

3rd edition, Moscow, 1961; Suderkin A.I., Nifontov R.V., Chernova V.N.,

Opredeleniye kachestva p'yezoopticheskogo syr'ya pri oprobovanii mesto-

rozhdeniy [Determination of the Quality of Piezooptical Raw Material in

the Sampling of Deposits], Moscow, 1957.

f V.P. Butuzov
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CALENDAR PAPER - a paper manufactured from cotton (no more than

65%) and silk (no less than 35%) fiber. It is used for lining the cal-

endar rolls of supercalendars. Depending on the purpose for which the

paper is intended, the cotton fiber can be replaced by other plant (un-

bleached cellulose), artificial, or mineral (asbestos) fibers. The

weight if 1 m2 is 80, 100, 120, or 140 g. Calendar paper has a bulk

weight of no less than 0.38 g/cm3, an average tearing length in two di-

rections of no less than 1100 m, a 10-min moisture absorption of no

less than 50 ml, and a moisture content of no more than 8%. This paper

is uniformly laid and should have no folds, wrinkles, tears, or holes.

The principal drawback of calendar paper is the presence of poorly pro-

cessed fibeLo bundbles. This material is produced in sheets of various

formats. The properties of the calendar paper and the lining regime are

of great importance in determining the quality of calendar rolls, whost

hardness should reach 35-50 units on the Shore scleroscoric scale. In-

creasing the silk content of the onoer reduces the )-r-ress of thp 2o-

endar roll and increases its elasticity. The paper used for calendaring

technical grades of paper consists of up to 75% asbestos and 25% pulped

linen rags or unbleached sulfated cellulose.

References: Ivanov, S.N., Tekhnologtya bumagi [Paper Technology],

Moscow-Leningrad, 1960; Eydlin, I.Ya., Bumagodelatel'nyye i otaeloch-

nyye mashiny [Paper-Making and Finishing Machines], Moscow-Leningrad,

1955; Sbornik tekhnicheskikh usloviy na produktsiyu, vyrabatyvayemuyu

predpriyatiyami tsellyulozno-bunazhnoy promyshlennosti [Handbook of

)69
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Technical Specificatioiia for P'oductB Manufactured by the Cllulose-

Paper Industry], Leningrad, 1956.

Z.I. Gruzdeva
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CALMALLOY - see Thermomagnetic Alloys.
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CANEBIAN - is a synthetic fiber produced in Japan, see Polyvinyl

Alcohol Fibers.

Z.A. Zozulina
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CANTAL - is an alloy with a high specific electric resistance (p =

- 1.2-1.45 ohm'mm2 /m), used for the production of heating elements of

electric furnaces. The chemical canposition of the Al alloy is: 30%

chromium, 5% aluminum, 3% cobalt, the rest is iron. The alloys of the

cantal type may be used: Al up to 13500, A up to 1300%, B up to 11500.

The properties of the above-mentioned alloys are similar to those of

the Soviet iron-chromium-aluminum alloys OKh23Yu5 and OKh25Yu5A (GOST

9_o32-59~ (see Alloys for Heating Elements). The durability of cantal

Ap to the burning out of the wire) as E. function of the heating temper-

ature is compared with that of the Soviet alloys In the Fig.

cJ

4s00

200

1200

Fig. Effect of the temperature on the durability of the alloys: a), b),
and c) Cantal Al, cantal A, and cantal B, respectively (according to
the data of the catalog of the firm "Cantal"); d) alloy with 80% Ni ar,
20% Cr; e) alloy with b5% N!, 20% Fe, and 15% Cr; f) alloy E1595; g)
alloy E1626. 1) Durability, hours; 2) test temperature.

References: Kornilov, I.I., Splavy zhelezo-khrom-alyuminiy (Iron-

Chromium-Aluminum Alloys], Moscow-Leningrad, 1945 (Zheleznyye splavy

[Iron Alloys], Vol. 1); Khimushin F.F., Nerzhaveyushchiye, kislotoupro-

nyye i zharoupornyye stali [Stainless, Acidproof, and Heatproof Steels],

"2nd edition, Moscow, 1945; Semenova N.V., Zhukov L.L., "Stal'" (Steel],

1959, No. 7. F.F. Khimushin
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CAPACITOR C iRiANlC." - re cuvwnil' matuto t. c hta r~wLu i 'rIZ( by a M41h

dielectr-ic c-onstwuit ().TubacL 1m'rntc-rial LW thu p cudwct.iorn )t'

citor ceramics is titanta, 91"10., with addItioru, (A' haU, MVO, /1O,,, (:lay,

etc. The basic propertleo of capacitor curiwnhic. are 11.Vtud in thu LTubu.i

TA 31, E~

7 - I 'dI9-j Fy;9*IIt'll to'-

(riml ) w ,'9 I t,9Il I t I' , 1 49] ~i tibiM 14

41 14911 iI l .I ), h

Y111111 I -- h uet4 K '_'0 I 9 9 ' . . -7o)

SYr1 kH11 r IS ~ .4d i .it ItIIH

10flpv6'ha I IJH W111K-TI
NW1111111) 1ir"H 11 #C11 ) Ill)CT

I I u
1  

. I 1919-- .119 999

I~~ ~ ~ ~ I___~l I am

1) Characteristics; 2)e'ramics; 3) Tikonid (T-1190, T-,ýO, Illo0? 4) 'Pr-
mokond (TK-R, TK-M)z tI)) ! , oxidu ce-uml(tý, (T, b a r- I)) d 1-
eiectric constant; ()tm~~ ±ueLof the (iielectrit. constant
(TKYe); 5) tangent of' the lo~ss atnde at 1- Maps and 10O; 9) L;pecific
volume resistance at 100' (ohm .CZ; 10) breakdown dtc-voltu.-e (ky/cm);
]1) ultimate stati.c bending -,trum th (k,:/2-m2 ); 12) coufficiunt o1' line
expansioni; 13) from ... to .. ;l4) variable.

For details of' the olassi_,filation and properties, ot.- capacitor cera-

mics, see Ceramic Materlals for Radio EhL.;ineerin-g.

V. L,. Nilkevich
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CAPACITOR PAPER - a paper manufactured from unbleached sulfated

cellulose, without sizing oiý filler (GOST 1908-57). It has an ash con-

tent of no more than 0.45% (of the weight of completely dry paper) and

a total iron and copper content of no more than 0.02%; the alkalinity

of an aqueous extract of this paper (calculated in terms of NaOH) is no

more than 0.01% and no acidity is present. The specific electrical con-

TABLE I
Technical Characteristics of KON-I Paper

n o1agg i 1 '" P12 a o , us.A u M O H . l '

HOH-1.1 HOOVI.2 14ý43jH 14 114 HW011 5 IK2Z1 7
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KON-I-3- 6) KON-I-4; 7) K0-I-5; 8) KON-I-o; 9) KON-I-7; 10) thickness
(IA); f11 uUlk weight (g/cmg-); 12) tearing length in longitudinal di-
rection (m, no less than); 13) air-permeability in VP-2 apparatus (ml/
min, no more than); 14) breakdown voltage for 50 cps alternating cur-
rent (v, no less than); 15) number of current-carrying inclusions per
m 2 (no more than); 16) tangent of angle ol" dielectric loss, tg6, at 600
(no more than); 17) moisture oontent (%).

ductivitv of an aqueous extract at 250 is no more than 4.10-5 ohm- 1 .

* cm 1 . Capacitor paper has a high electrical strength and Is quite re-

sistant to aging. It U ;:bed in the Manufacture of capacitors. Two

types, KON-I anC KON-II, arz rro6uced, differing in puz'pose and propezr-
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Technical Characteristlis of KON-TI I Iav,•

11 t• ,.. l),i. . .. . .. " .. . .. . .. 3*** I° - -.. .. .
l4

"C. i . . . .. .

mP O rI, . MON , , . ... .. A ) ...
?7 P11.2l•,l* g ( ,M#'. A . N , 6J ,rq) . . . 3*iI ',,, Jh, , i • , ,'T ,..

1l u. 1- .amopen, .eo•r n n p -

nL m1ow n o• N o ";~e• nue me lw pmu

?bff€nPS ", : Te 50 is (., "e Ut .5*. .7. '3

i6 ~ ~ ; (0@ j6Ot U~ l~ .3 V 5 -w e I) 200

T."PS derlttv "' I'm% (me 
IC IO

AVlO • l (me 60 l.1 e) . . .. . 0.00-,7 l•~ t0 u "U2 . !•,

18 .3.o. .......

d) Characteristic; 2) KON-!I-I; J) KON-_II-2; 4) KO -I!-T [) KON-II-4;
6) KON-II-5; 7) KON-II-6; 8) KON-II-7; 10) KOP-I- !) KDN-II-)

thickness (u.); 12) uIuk weig t (g/cI): 1j) tE,.- htr--t Ur 1(r -t",

inal direction (m, no less than); ]4) air-p rcnaaL, t L 1 Vt-2 ar_ r:ra-
tus (ml/min, no more than); i.•) breakdown vcýltao'e for C9 c altcrr.t-
Ing current (v, no less than); 16) nu,.ter of oarr'rz-'a'r,-Ir
per mi (no riore than); 17) tangent of an•;h of j k<tr½ U:;:, t ,t
60W (nc more than); 18) moisture ccnter.t (Z).

ties. Using thickness as a basis we can dlt.,,.:. varlet.. : Kil-

I and 9 varieties of KON- II. The tcchr I_ al c4ra'a t t. . • e

pers are shown In Tables I and 2.

Measciring electrcde o;th u!a t'r .'

are used to deterrirxn t . Caac:tr ad .

I'! b r b und l, A, sg t , f'o re l>r t,-•' r.i :r , t a -' , :' 1 . , :-11-r, l s " m •

tures. or holes. It Is prodl.ced In I '. 1

In width shoJ-i not ex-Cee + 7. L. "- .

±Q.3 13r- 5,"6r, wlci It-~..2

a+'&.\-• r. . .. ..... .1..... . ...

3 e..'- ,I- t . '-. . .[ : ,, . ' ..- ' . .



I-57b2

eskikh; poter'I tsellyulozy a (a ,(.ndrorr.sat .rr. I 't, c;v kabel '-

noy bumagi [Reducing the Dielectric Looses cf Cellulose for Capacitor

and High-Voltage Cable Paper], Bumrazhnaya promyshlennust' [Paper Indus-

try], 1959, No. 5.

Z.I. Gruzdeva
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CAPILLARY FLAW DETECTION. It is based on filling the hollows of the

flaws by means of capillary forces with compositions contrasting in

light or color and following development of the flaws by substances

with high absorbability. The kerosene-chalk, luminescence, dye and soap

methods are the principal methods of the capillary flaw detection. In

the kerosene-chalk, luminescence, and dye methods of the capillary flaw

detection, the preliminarily cleaned surface of the object is covered

with a fluid having a great penetrability. Thereupon, the excess of the

fluid is removed, and a layer of the developing dye, a suspension of

white hygroscopic powder is laid on. These substances absorb the fluid

flowing out from the hollows of the flaw and make visitle the contours

of surface defects. In the soap test, a small quantity of soap solution

is placed on the surface sections to be checked, the solution penetrates

into the hollow of the crack. The defect becomes visible by a line of

soap bubbles. In the luminescence method, the penetration fluid con-

tains a substance which luminesces when irradiated by ultraviolet rays.

in the dye method, thc punetratingj fluid is colored bright-red by ani-

line dyestuffs soluble in oil or alcohol. The cracks of diverse origin

are visible as luminescent or red lines, the pores of pitting corrosion

as isolated points or spots. The intercrystallite corrosion becomes

visible in most of the cases as in intergranular fine network (in mater-

ial with -oarse-,rained structure) or as diffuse bands (in material

with fine-trairied structure). The inter.ýranular cracking of heat-p.,off

alloys appears as a flne nut. In Fig. 1, a rational scheme for control-

ling pieces by 2ar:• ry methods is shown. The "insurance operations"
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consist in heating, electrolytic polishing, ultrasonic cleaning, etc.,

in order to increase the sensibility of the capillar methods. In the

luminescence method, the examination of the pieces is carried out by

irradiation with ultraviolet light sources, such as the ultraviolet

lamps LYuM-l of the Geologorazvedka Plant; LA-I of the Plant for Com-

mercial Equipment (Leningrad); UI-l, KP-lIML, KP-IN of the Physicome-

chanical Technical School (Leningrad) are used. Principal compositions

of penetrating fluids and developing paints and powders used in the lum-

inescence and dye methods are: Shubekol or one of the following camposi-

tions are used in the luminescence method: 65% kerosene + 25% Noriol +

10% gasoline; 84.5% kerosene + 15% e ition oil + 0.5% emulsifier OP-lO,

or OP-7; 55% kerosene + 25% aviation oi7 + 25% gasoline + 24.97 light

mineral oil (transformer or vaceline oil) + 0.3% gold-yellow defectol.

Magnesia (pure for analysis), silica gal MSM (fine-grained fine porous

silica gel), or taiucum are used as developing powders. The powder must

be dried at lO0-1500 and screened through a sieve with 300-1000 meshs

per 1 cm2 before being used. Kerosene (80%) + benzene (20%) + oil-solu-

ble dark-red aniline dyestuff (sudan IV) (10 per liter); benzene

(95%) + transformer oil (5%) + oil-soluble dark-red aniline dyestuff

(10 & per 1 liter); kerosene (80%) + turpentine (20%) + oil-soluble

dark-red aniline dyestuff (10 E per 1 liter); kerosene (40%) + benzene

(40%) + turpentine (20%) + oil soluble aniline dyestuff (10 per 1

liter) are used as penetrating fluids in the dye method.

The developing paints and suspensions are: 70% collodion on the

basis •f ether-alcohol ('commercial) 10% RDV diluent + 20% benzene + 50

g per 1 liter zinc white pigment paste; 60% collodion on the basis of

Z.ý solution of 4 g linters colloxylin VV in 100 ml RDV diluent) + 40%

benzene + 50 Z per 1 liter zinc white pigment paste; 50% water + 50%

ethanol + 300 E chalk per 1 liter; 100% water + 300-400 g chalk per 1
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liter. The duration of the checking of objects by lumincscence and dye

methods depends mainly on the time the defects are filled with the pene-

a q'an, Oe"W I 8 r,6

Fig. 1. Scheme of the control process of capillary flaw detection me-
thods. 1) Pieces to be checked; 2) pieces recognized as suitable; 3)washing in B-70 gasoil; 4 application of the developing paint; 5) ex-
amination of the pieces;6) suitable pieces; 7) removal of the varnish

snd paint coating or dispreservation; 8) visual examination; 9) blowing
with dry compressed air; 10) removal of the penetrating fluid; i2)

pieces with defects; 12) removal of the developing paint; 13) irrepar'a-
ble flaws; 14) insuring operations; 15) application of the penetrating
fluid; 16) repair; 17) restoring of the varnish arid paint coating, 18)
to assembling, preservation and storage; 19) collector for rejected

pieces.

trating fluids and on the time of the development of the defects. The

duration of the penetration depends on the ~iscosity of th• fluid) on

the temperature, on the material of the object, and on the origin of

the flaw, and lies within 3 to 50 minutes. Tha time of the development

of flaws depends on the quality of the developing composition and on

the temperature of the object, and lies within 5 to 60 ri. The sensi-

bieity of the capillary flaw detecttos 12ethods io determined by the di-

mensions of the flaws to be detected, and depends in maon on the cor-

rectly selected pair of prnetrating fluid and developing composition.

The evaluation of the sensibility is carried out on objects with sur-

face defectlueswhos sie are knof. The dtandards tFig., a, b, dfs are

usually prepared from UiO and U12 grades of carbon steel.

Cylindrical specimens with a diafeter of 25-26 m and a length of

200-220 mm are hfrdened and then grounu to a diameter of 22-23 mm. A

0. 3-0.4 mm thick qlr tf hard porous chromium is applied d the suo-
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Fig. 2. Complex of standards to check sensitivity of capillary flaw-
detection methods: a) Specimen with grinding cracks; I-) specimen with
cracking of chrome coating; c) films with fixed flaws (magnification
1.3X.

f3ce of the specimens. The specimens are ground at diverse conditions
which permits one to obtain cracks with a gap width from 0.0005 mm and
a depth from 0.01 mm upward. The finished specimens are cut longitudi-
nally. Small pieces are cut off from the specimens for the metallograph-
ic analysis to determine the depth and gap width of the cracks obtained
on the standard specimens. The results of the metallographic analysis
are compared with the results of the check of the same specimens by
capillary methods. The design of the cracks developed by capillary
methods is photographed or fixed (when the dye method is used) on the
film with a developing white dye. The further control of the sensibili-
ty of the applied penetrating fluids and developing dyes and powders
results in the comparison of the designs of the cracks, fixed on the
photograph or the dye film, with the designs of cracks developed on
the standard specimens. The luminescence powder method permits one to
make apparent defects with a minimum gap width of 0.01 mm and a depth
0.02-0.04 mm; the luminescence-vacuum and ultrasonic variations, O.OC
mm and 0.02-0.04 mm, respectively; the kerosene-chalk method with use
of white developing suspensions 0.01 and 0.03-0.04 mm, respectively;
the dye method with use of white developing nitro-dyestuffs 0.004-
0.0006 mm and 0.01 mm, respectively. The methods of capillary flaw de-
tection permit to make apparent cracks of any origin (fatigue, grindinr.

hardening, straightening, welding cracks, and others), the porosity

locse structure and forging flaws reaching to the surface of the piece,

internrystalline and pickling corrosion (by the dye method only), and

leakings of diverse kind in joints. Graduation lines do not appear be-

cause the ratio of the depth of the crack to the gap width, which must

be always greater than unit, is one of the conditions for making the

defects appear. The ratio of the depth of a graduation line to the

width, which must he always greater than unit, is one of the conolitions
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for making the defects appear. The ratio of the depth of' a graudation

line to the width, however, is usually smaller than unit, and the pene-

trating fluid is removed too easily from the hollow owing to this fact.

The rules of the accident prevention must be kept when the methods oi

capillary detection of flaws are used, the operation must be c:arried

out in a room with good ventilation by local exhaustion or in the

open, because the compositions of some penetrating fluids and develop-

ing paints contain toxics.

References: Defektoskopiya metallov [Flaw Detection in Metals],

Collection of papers edited by D.S. Shrayber, Moscow, 1959; Borovikov

A.S.., Opyt primeneniya lyuminestsen+noy i tsvetnoy defektoskopii [Ex-

periences in the Application of the Luminescence and Dye Detection of

Flaws], Moscow, 1951 (Peredovoy nauchno-tekhnicheskiy i proizvodstver.nyy

opyt [Advanced Technical-S ientific and Industrial Experiences], 10th

theme, No. M-61-196/15); Kalashnikov C.I., Kichin N.P., Obnaruzheniye

mezhkristallitnoy korrozii alyuminiyevykh splavov metodom tsvetnoy de-

fektoskopii [Uncovering of the Intercrystallite Corrosion by the Method

of Dye Flaw Detection] in the book: Mezhkristallitnaya korroziya i

korroziva metallov v napryazhennom sostoyanii [Intercrystallite Corro-

sion and Corrosion of Metals in Stressed State], Moscow, 1960; the same

authors in "Zavodskaya laboratoriya," 1957, Vol. 23, No. 7; Shrayber

DrS., Fizicheskiye metody kontrolya (defektoskopiya) metallov [Physical

Methods of the Control (Flaw Detection) of Metals] in the book Letallov-

edeniye i termicheskaya obrabotka stali i chuguna [Metal Science and

Heat Treatment of Steel and Ctst Iron], a reference book, Mos-vow, 1956;

Yermolov I.N., Ivanov 0.V., Krakovyak M.F., Lywainestýcntno-ul'trazvu-

kovoy metod defectoskopii [The Luminescence and Ultrasonic Method of

Flaw Detection], "Zavodskaya laboratoriya," 1960, Vol. 20, No. 11;

Vrednyye veshchestva v promyshlennosti [Harmful Substances in Industry],
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a handbook for chemists, engineers, and physicians, edited by N.V.

Lazarev, 3rd edition, Leningrad, 1954.

S.I. Kalashnikov
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CAPRON - is a synthetical heterochained polycaprolactam fiber,

widely used for technical and general purposes. It is delivered in the

USSR in the form of common and high-proof filament, staple fiber, mono-

filament, and bristles; fibers of the capron type are known in other

countries under diverse terms: Nylon-6 (U.S.), Silon (Czechoslovakia),

Perlon (GDR and FRG), SLilon (Poland), Encalon (Netherland). Capron is

produced in the form of a lustrous mat, and diverse fiber. The physico-

mechanical properties of capron are: specific gravity 1.14; moisture

absorption at standard conditions 3.5-3.9%; at 200 and 95% relative

humidity 7-8%; swelling degree 13%; to = 2250; softening point = 1700;

zero-strength temperature = 193-1950; temperature of the beginning of

plastic flow = 1600; resistance to frost up to -700; optimum tempera-

ture of fixation: 1900 in dry steam, 1270 in saturated steam, 1050 in

water; maximum ironing temperature 1500; permissible temperature for

washing the fiber stabilized in hot air or saturated steam 720; heat

conductivity 5.4-8.7-10-4 cal/cm'sec'degree; specific heat 0.4-0.5 cal/

/g.degree; linear expansion coefI -ent (per 1 0 C) 11-14.l1O-; 10-11%

shrinkage in boiling water; capron does not burn in a flame, it melts,

however; the thermal stability is insufficiently high: it loses 3C-40%

of the initial strength at 130-1500; it is inforior to nylon-66 and

enanth in hevt resistancc and otability to ther-mal aging (loss ýf 36 3V

of strength after heating 1 min. at 1400, change of ti;. elongation by

29.7%). Copper or chromium salts, certain organic adtrixtures, phenyl-

beta-naphthylamine, di-beta-naphthyl-p-phenylenediamine, for example,

are added to the fiber in order to increase the stability to heat ef-
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fects. Addition of manganese salts (especially of manganere chloride)

increase the ligh-proofness which is lower in the mat fiber than in the

lustrous one. Capron is considerably destroyed when irradiated with ul-

traviolet rays; the dielectric constant is 3-4 (at 1000 cps). The spe-

cific volume resistance is 4.5-1013 ohm. cm; the breakdown strength (in

short-time test) is 16.8 kv/mm. Capron is stable to concentrated alka-

line solutions, it is insoluble in carbon tetrachloride, dichloroethane,

acetone and other organic solvents; it dissolves in concentrated hydro-

chloric, sulfuric, formic and acetic acids, and in m-cresol: it is de-

composed in concentrated nitric and phosphoric acids, it is damaged by

hypochlorite and peroxides, and is bleached by sodium chlorite. It is

not attacked by microorganisms and insects and does not show a physio-

logical affect on human skin. It is well colorable by certain direct

and vat dyestuffs. The breaking length of the thread is: 41-50 km for

the common, and 60-76 for the strengthened thread, 32-46 for the staple

fiber. (The following figures in parentheses refer to filament - common

and strengthened - and to staple fiber, respectively.) Temporary break-

ing strength 47-57 kg/mm2 (69-86; 36-53). Loss in strength: in wet

state 12.0-16.0% (11.0-15.0, 3.7-15), in a loop 2.9-6.0% (8. C-12.5;

12.0-13.0). Breaking elongation at standard conditions 20-32% (15-16;

45-60), in we- state 24-33% (17-18; 50-65). Modulus of elasticity 210-

270 kg/rm2 (320-260); initial modulus of elasticity (at elongation by

1%) 2-3 kg/mm 2, modulus of shear in torsion 4500-4800 kg/cm2 6400-6800,

-); elasticity at stretching by 4%-100% (100, -), by 10% 97.2 (100, -);

elasticity of the fibrous body (degree of resto-'ation after the compress-

ing load is removed) after 1 min: -, (-, 88.1%), after 30 min: -,

(-, 94.8%) stability to ultraviolet irradiation (loss of strcngth after

20 hrs irradiation) 24.4-42.1% (25.5-31.2); the stability to repeated

bending is 2 times higher (for the common filament) than that of Nylon-
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66. and Anid, but the heat resistance and resistance to wear are low(r.

Capron has a smooth surface and a round cross section. The assortment

of produced capron filament is: Nm and N 64, 150, 200, 300 (comon

thread); 300, 450, 600 (single fiber); 34.5, 10.4 (;trengthened thread);

1500-3000 (staple fiber).

Technical purposes are: filament for tire cord, driving belts,

filter fabrics (not for acids), cables, strings, parachute yarn, lining

fabrics for sails and shoes, working and protective clothes, lining

fabrics for railway cars, aircraft, automobiles, insulating materials,

etc.; monofilament: for fishing tackle and nets, mats, brushes, paint

brushes, mill sieves, etc.; staple fiber for filter materials and for

the production of diverse technical fabrics with a high wearing resist-

ance. For general purposes are used: filament for hosiery, underwear

for men and women, etc.; monofilament for hosiery, gloves, gripsacks,

brushes, etc.; staple fiber for the manufacture of dresses for men and

women, linen, rugs, etc. Staple fiber is added to yarns from wool,

cotton and viscose staple fiber in order to imirove the physicomechani-

cal properties. Elastic thread for haberdashery is manufactured from

caprone filament tnreal.

References: Klare '., Khimiya i tekhnologiya poliamidnykh volokon

[Chemistry anu >cmo2h-,ol of Polyarnide Fibersj, translated from German,

Moscow, 1956; Hopff G., Mflller A., and Wenger F.. Poliamidy [Polyamnidesi,

transfeted from German, .Mos3cow, i)5c; Natanson I.A., Fizicheskiye i

Khimicheskiye svoystva novykh sinteti'he:zkikh volokon ITh11 Physical and

Chemical Properties of the Modern Synthetic Fibors', Voscow, lX),C;

Derdina N.V. ret al. j, "Khimicheskiye volokna," i-.O, 'I. .

E."... Ayzenshtayn
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CARBAMIDE ADHESIVE - is the resin-like product of the condensation

of urea with formaldehyde, which becomes cured by addition of acid sub-

stances (change of the pH of the medium) at room temperature or by heat.

ing. Fillers (wood powder, starch, dextrin, mineral substances) and

plasticizers are added during the production of carbamide adhesives in

order to avoid a shrinking and cracking of the hardened adhesive layer.

The low stability of the carbamide adhesive against water, especially

hot water, may be partially reduced by addition of melamine-formaldehyde

reasns to the compoun d. The carbamine adhesives are used for the bond-

ing of wood (the adhesive grades K-17, and MKh-4), of plywood (adhe-

sives of the grades M-], NIIF-M-3, MFS-l, and M-60) and for the pro-

duction of woodpulp-resin plates (adhesive grade M-48). Foamed carba-

mide resins obtained by mechanical mixing of the liquid resin with air

are P' ,o used for bonding wood. The amount of the adhesive used is re-

duced by 3-4 times in this case owing to the in_ýreased volume of the

foamed resins. Foaming agents .'i•rface-active substances) are added to

improve the stability of the foamed carbamide resins. Powdered resins

obtained by spraying the liquid resin (by means of centrifugal, mechani-

cal or pneumatic devices) and subsequently drying the fine particles in

hot air, superheated steam or in a gas at a fixed temperature are also

used for the prcdu,,tion of adhesives instead of the liquid carbamide

resins. The use of powdered cart-mri e resins facilitates the transport

of the basic raw material and simplifies the produ\'tion of adhesives.

Higher water- and heat-resistant adhesives obtained by condensation of

melamine and formaldehyde, curing in a neutral medium at 14o, are used
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as well as carbamide adhesives; the curing temperaturu drop- whcn acid

substances are introduced into the compound. In Atldition to the liquid

melamine adhesives, powdered adhesives are also used. The composition

and the properties of certain carbamide adhe: ives are quoted in the

Tables 1 and 2 on page 390.

TABLE 1

Composition adProperties of Certain Carbarnide Adhesivez

n 3 iin. I* r' E|p•~ •it -, .+,f~- )•W' C) ,q-- -- -- b-C- -- , •.

-- 17 cua*."uW m -- 15.i ii I SO-•__,_ _

3,, 4 cu,,,, i,, a•WP'W= - - *F td 1

17 130 1___
22 ,iiNO Tý•11

-- ~ 7 __

23 . ..*J. ..:...MOC-) 2( + •~~ ,4,ww - ' - ~ *- t~

27 28

30 1

1) Adtieisive grade; 2) purpose. -) arbanmide resin; .) zon,:ntration
(%;5) Ford-Engler viscosity; u) shelf life (m~onths); 7) hardiener;-~

filler; 9) quantity in parts by wegtper 1-DC. partsz by weight of tht-
resin; 10) working life (in hrs); 11) note- 12) K-17; 13) boli~ng of
wood; 14) oxalic acid; 15-) wood powd!er; lt' resin M!F-171; 17) M -1; l-)
bonding of plywood; 19? Am.=onium -hI or 1-Ae ; -22ý') tie :,.an e;1 up. to; Z2
NIIF-M-3; 23) MQi--; 24) buAndin and veneering c'f wood; >)renir. M-.;
26) -S-1; 27) M-48; 281 production of woodpulp-reIlr plate:;; 2") se-
conds according to 3-) M-t0; 31) * lacti. a-il i: used ten
bonding is performee without heating.
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CARBIDE - is a carbon copoune of a metal (metal-liKe carbides) or

uf a metalloid (normetallic carbides), which is formed at a hieh temper-

turme. The metal-like carbides are e'ivided Lnto two groups accordiag

to their structure. Carbides with simple structure, forming a lattice

of metal atoms and hollowd in which the carbon atoms are placed (titan-

i=, circonium, hafrium carbides, qtc. ) belong to thft first group. Car-

bides with a complex structure (chromium. manganese, tungcten carbides)

belong to th3 seco.rd group. The principal ;hysicochemictl and mrechani-

cal properties c" metal-like and norimetallic carbides are given in Ta-

ble 1.

TULE 1

Properties of *he Carbides of High-Meltini Metals

4.',~~~I 7..4 7 ,a 4,.0 9 2 1'g* 176.4 Kapt *g4

"77~~7 6.,__ _ __ _

2 .. .. es 40,0 0 '

'4. . . .. . 7@O ,,l 77 3• 7I•U ; ; i i ' ... t l . .• I 4.... 487 £17! 2

277,00 474 4

48. 0 r0r0 ) r7abe . fi

3 .. 4.......0,

•-•bfs;5)vanadium carbide; !niot lur 'arli~e; 7)tantalur t•arbile;
ý3) -hrmr.,um carbide; 4) !roly!ý r~m .ar•eL= _l•,"_,,t.n 'a!.... 11)
urknSnn .arblde; 12) )oron "a4tl0e;."

4e7,; 1-) :&rbon :onent; 1. ) at,m -" 1 ), by ! .
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gen); 19) melting point; 20) heat of formation at 298:K (kcal/mole); 21)
entropy of the formation from the elements (cal/mole- C); 22) c at 200
(cal/mole-*C); 23) at; 24) X (cal/cm-sec-OC; 25) p (micro-ohm- m)- 26)
thermal coefficient of the electric resistance (degree7l-10); 27ý ther-
mo-emf (microvolt/degrel 28 work function (ev); 2ý) E (kg/MM2); 30)
bending strength (k M porosity; 32) (k

Carbides belong to the highest melting compounds. Hafnium carbide,

for example, has a to of 38900, and the alloy from 80 mole-% TaC and
Pi

20 mole-% HfC a melting point of about 40000. The microhardness of car-

bides is high, it is equal to 1-300-5000 kg/mm 2 for nonmetallic carbides%

Metal-like carbides have a high electric and thermal conductivity,

near to the analogous properties of metals. They are metallic conductors

with a positive temperature coefficient of the electric resistance.

Some carbides (HfC, ThC2) and alloys of uranium and zirconium carbides

are characterized by high thermoemission properties under both normal

and conversion conditions. Carbides of tantalum, niobiwn and molybdenum

pass at relatively high temperatures into a superconducting state. The

thermal expansion of the metal-like carbides is equal to 60-70% of that

of the corresponding metals. Their moduli of elasticity have high

values. The metal-like carbides are brittle and become plastic at hiE

temperatures only (1400-19000).

Nonmetallic carbides (B4C, SiC) have a high specific electric re-

sistance at normal temperature and are semiconductors with great values

for the width of the forbidden zone. They possess a higb hardness, brit-

tleness and wear resistance. Their melting point is lower than that of

metal-like carbides, moreover, they melt under decomposition or decom-

pose before the melting point is reached. The specific heat of boron

and silicon carbide increases with rising temperature, the values of

the specific heat at 21-1,0* and 131"Do being 0.13 and 0.40 cal/g-OC for

B4C, and 0. 30 and 0.'66 cal/g OC for SIC, respectively.

Carbides prove a high chemical Stability to cola and heated acids
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and their mixtures. Thus, titanium carbide is stable in cold and hot

hydrochloric, sulfuric, phosphoric, and oxalic acid, in cold perchloric

acid, and also in mixtures of certain acids. Chromium carbide is charac-

terized by a particulaily high chemical stability: is stable to almost

all acids and their mixtures. The nonmetallic carbides of boron and

silicon prove a still higher chemical stability. Concentrated and di-

luted acids and their mixtures do not affect boron carbide for a long

time both in cold and at the boiling point, excluded mixtures of sul-

furic and nitric, and also hydrofluoric and nitric acids. Boron car-

bide is also resistant to the action of diluted and concentrated alka-

lis (Table 2).

TABLE 2
Acidproofness of Carbides

Teun-pa 9C~m 3 TiC Zr C If NbC I TaG. ClrC. M.l,C WCKIRCAWN 6 , . . HU.C' AM

(VC acM) I me 14 oaNqecmso HepRacT-opKMnro ocaT0Ma (%) nocae o0pa6OTami

20 24 HCI , 99 - 100 10 90 00 80 97) Kunnaa 2 11 ) 1100 -- 100 96 98 n. p. 89 450 20 .* ' (115") (120-) -/
20 24 HNO,(t,43)J Up. n 60 t100 oo -o 6 n. p. 63H-nu 2 P. 0).P4 usI - 99. p. °

20 24 HSO, (1,84) H. p. 97 t0O H 100 - 89 91
:K....m 2 • 8n Up. Up. ,.P.p 0 Ip. p. .

20 24 H.JPO, (1,21) 99 98 97 100 98 100 93 91Munn.a~ 2 8 'P 0. q. np. p H.p. P.6.,. 76 93Hnnnutan I I a I5O ) (I12V•) 61 7

• P.r. = total dissolution; P.b.ch. = dl-olution of
the greater part of the carbide; N.r. = insoluble;
Ch.r. = partially soluble.

1) Temperature of the acid; 2) treatment time
(hours); 3) acid (concentration); 4) quantity of
the insoluble residue (in %) after treatment; 5)
boiling; 6) P.r.; 7) R.b. ch.; 8) N.r.; 9) Ch.r.

Many of the carbides possess high refractory properties. Crucibles

from titanium carbide or an alloy from titanium and chromium carbides,

for example, do not become wet and do not react during 10 hours with

molten tin, bismuth, lead, cadmium and zinc. Molten ropper at llO0-

13000, and silver at 9800 in vacuum, aluminum at 7000 in argon atmos-

phere do not wet titaniium carbide. An alloy of 80% TiC, 5% WC, or TaC,
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and 15% Co is for more than 150 hrs stable to the action of molten so-

dium and bismuth at 900-10000. The carbides of zirconium, chromium,

molybdenum, tantalum, tungsten, and titanium do not react in contact

with the analogous metals when heated to 1800-20000.

Carbides are prepared by reduction of metal oxides with carbon ac-

cording to the schematical reaction MeO + C -- MeC + CO or by direct

combination of metals with carbon. The preparation of pure carbides is

carried out by reduction of metal oxides with carbon in vacuum, and con-

tinuous exhaustion of the carbon monoxide generated during the reaction.

The production of carbides with commercial qualities is usually carried

out in electric resistance furnaces with graphite tube.

Objects were produced from carbides by the methods of powder metal-

lurgy: molding of powder-blanks in metallic dies with following heat

treatment (sinterirg) at high temperatures (2000-25000) in protecting

gas media or in vacuum; by hot pressing of the powder in graphite molds,

the processes of pressing and sintering occur simultaneously in this

case.

Interalloys of carbides which have a face-centered cubic lattice

i.e., of monocarbideo of the IV and V group of thc Periodic System: ti

tanium, zirconium, hafnium, vanadium, niobi'm and tantalum, form con-

tinuous series of solid solutions. These alloys are characterized by

resistance to wear and a minimum of mechanical strength. The highest

absolute values of microhardness have been foLnd in the systems TiC -

ZrC (3100 kg/mm2 at 75 mole-% TiC) and TiC - TaC (3000 kg/mm2 at 75

mole-% TiC).

Viscous metals (nickel, iron, cobalt, etc.) are frequently added

to carbides in order to accelerate and facilitate the process of pro-

duction of compact rarbide products, which otherwide proceeds with dif-

ficulty owing to the high brittleness of carbides; at the same time,
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additions raise the structural stability of these materials termed

ceomets. A series of technical alloys was developed on the basis of the

carbides of titanium and chromium with metallic binders, having a den-

sity from 5 to 8 g/cm3 , and relatively high strength properties (Table

3). The loss in strength at high temperatures is in these alloys very

much smaller than in metallic alloys.

TABLE 3
Properties of Alloys on Basis
of Titanium and Chromium Car-
bides with Nickel and Cobalt

•n~ l- - . ,

COAegSmna~ne COAe1 C.•H.. 4
1 ,,ap."a ((%) ( % RA a3r

-• (v MAI)

76.0 4.0 20.o - 5.8 89,0 7073
43.0 7.0 30.0 -- 6.9 81.0 91.4
48.0 12.0 40.0 6- .2 84.0 128.5
47, 2.b 50.0 - 6.4 a!..5 161.7
22.0 6.0 60.0 - 6.8 77.8 154.8
80.0 - - 20 5.4 89,0 57.6
63.0 7.0 - 30 5.9 67,5 50.8
48.0 12.0 - 40 6.• 37.0 95.4
45.0 5,0 - 80 4.54.0 160.7
33.0 8.0 - 60 6.6 81.0 161.7

1) Carbide content (%); 2) me-
tal content 2%); 3) g/cm3 ; 4)
Gizg (kg/rmm S.

The strength of carbide-metal alloys is maintained up to higher

temperatures than is observed in heatproof alloys on metallic basis

(Table 4).

TABLE 4
Dependence of the Strength of Carbides on the Tempera-
ture

2OC I.Map C 00 200 :480
Uouc _im 2 0 1500 11000 1 300 i 150 80 1200 2

TIC 2-2 3 ". -. (,400.l *' j 7 3 1.3

1 26'3,,,9.0

VO~C j 4- 22 3 ] 0 96 910.0011WI t_ I_

1) Carbide; 2) porosity (%); 3) temperature (*C); 4)
Gaz (kg/mm2).i zg

The usual methods of machining are unsuitable for products from

carbides. Ultrasonic *reatment providing a roughness of the machined
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surface of the 8-9 class is applied in this case. The working canditions

of the ultrasonic treatment of certain carbides are given in Table 5.

Electrolytic polishing of carbide products is also possible.

TABLE 5
Relative Workability of
Carbides (Frequency
18,000 cps)

2 13
Tie 9 1, I

TIr to 6 , U I I

Zr( ', 92 7.5 30
NbC 61 12.5 90Ma N((: A~ 2. l i,

96 IC i

1) Carbide; 2) relative
density of the material
(%); 3) depth of cutting;
4) workability coefficient
(ratio between the wear of
the material and that of
the tool).

Carbides of high-melting metals have found a wide utilization in

cermet alloys for cutting tools, for example; in special refractories,

and for protection tubes of thermocouples for the measurement in fur-

naces with reducing and inert gaseous media and in vacuum up to 2500";

in nuclear technology; as a composite of welding hard alloys and of

acidproof materials.

References: Samsonov G. V., Portnoy K. I., Splavy na osnove tugoplav-

kikh soyedineniy (Alloys on Basis of High-melting Compounds], Moscow,

1961; Umanskiy Ya.S., Karbidy tverdykh splavov [Carbides of Hard Alloys!.

Moscow, 1947; Samsonov G.V., Tugoplavkiye .oyedineniya (High-Melting

Compounds], a handbook on their properties and application, Moscow,

1963; inarchenko V. K., and Struk L. I., "Poroshkovaya metallurgiya" ( Pow-

der Metallurgy], 1962, No. 2: Tekhnika vysokikh temperatur (High Temper-

ature Engineering], edited by I.E. Campbell, translated from English,

595 ..



I. 11K5

Moscows 1959; Kratkiy spravochnik inzhenerafizika [&Zhort Handbook for

Physics and Engineers]., Moscow,, 1961.

K.I. Portnoy
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CARBINOL ADHESIVE - is a compound containing stabilized "carbinol

cyrup" (100 parts by weight), benzoyl peroxide (3 parts by weight),

Portland cement grade 400 (50 parts by weight) and pure commercial ace-'

tone (15 parts by weight). The initial product (the "carbinol syrup")

is obtained by heating dimethyl vinyl ethinyl carbinol in a vacuum at
60-65%. Carbinol adhesive is used to bond ceramics, plastics, metals
and other materials which have working temperatures of up to 60* in an
atmosphere of low humidity. Other proportions of the components and
other hardeners, fillers and solvents are also possible. The syrup with-
out hardener can be stored for 6 months.

The lst method of the preparation of carbinol adhesive is: the

carbinol syrup, previously dissolved in acetone, is mixed with benzoyl

peroxide. The mixture is heated at 50-530 for 2.5-3 hours until a vis-

cosity of 3000-5000 centipoises is attained. Thereupon, the mixture is

cooled to 20-25*. The working life of carbinol adhesives is 2-2.5 hrs

when stored in a cool and dark place. 2nd method: the carbinol syrup

and the benzoyl peroxide (with or without cement) are mixed at 18-25*

for 30-40 minutes and then stored for 3-4 hours. The bonding with carba-

mide adhesive is carried out at 15-300 with a holding time of 24-30

hours, and, when heated up to 60-700, in 6-8 hours. The pressure during

the bonding must be not lower than 0. 5 kg/cm2. The shearing strength

of Duralumin joints bonded with carbamide adhesive is (fn Wk/cm2): 50

at -60°; 120 at 200, and 130 at 60*; it is equal to 80 at 20, a humi-

dity of 98%, and 30 days after the bonding was carried out. The adhe-

sive consumption is 100-200 g/m2 . Joints bonded by carbamide adhesive

are only limitedly shakeproof and limitedly resistant to the effects of

fungi, fuel and oils.
D.A. Kardashev
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CARBON CHAIN FIBER - synthetic fibers from polymers whose macro-

molecules contain only carbon atoms in the base of the chain. Proper- *

ties of the polymers (and of fibers made from them) can be varied by

changing the character of functional groups in the macromolecule or the

regularity of the polymer's structure. The carbon chain fibers are pro-

duced on an extensive raw materials base (ethylene and acetylene) and

are obtained by spinning from softened polymer (almost all the carbon

chain polymers or thermoplastic) by extrustion through spinnerets, from

the melt or solution of the polymer (Teflon is spun from the dispersion

of the polymer). The melting temperature of almost all the carbon chain

polymers is higher than their decomposition temperature. The majority

of carbon-chain polymers is highly resistant to acids and alkalis. To

increase the strength, carbon-chain fibers are stretched by a factor of

10-20; to reduce shrinkage they are heat treated at 140-1800. They are

produced in the form of filament thread, staple- or monofiber of the

following types: fibers from acrylonitrile polymers and copolymers (Or-

lon, nitron, Acrilan, Vlnyon N, Verel, etc); fibers from the copolyrer

of vinylidenecyanide and vinyl acetate (Darvan): fibers from polymers

and copolymers of vinyl chloride (Rhovyl, Pe-Ce, chlorin, Saran, Vinyon

HH, etc.); fibers from polyvinyl alcohol (Vinylon, Kuralon, Mewlon),

etc.; fibers from pclystyrene (Styroflex, Shalon); fibers from polyol-

efins, that i, from polyethylene (Polythene, Reevon), fa-am polypropy-

lene (prolen, Mc-ler, etc.'; fibers from fluori le--ontaining polymers

(Teflon, polifen, ftorlon, et.z.).

ReferenCes: Rogovin, Z.A. Osnovy khimii i tekhnologiV rc-lzvclstva
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kh'mlchesklikh volokon [Fundamentals of the Chemistry and Technology of

Chemical Fibers Production]. 2nd edition, Moscow, 1957; Koch, P.A., "Z.

ges. Textilind." [Textile Industry Journal], Vol. 60, No. 1, page 17,

1958; Vol. 61, No. 3, page 87, 1959; Vol. 62, No. 1, page 3, 1960.
Z.A. Zazulina
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CARBON STRUCTURAL CASTING STEEL- ordinary uria1l1o./r 8;rcel for

cast machirc components. Carbon casting steels differ frrm shaping

steels of similar composition in their lower plasticity in impact

strength; these two types of steel differ only slightly in physical,

chemical, and technical characteristics (specific gravity, thermal ((jT,-

ductivity, corrosion resistance, weldability, etc.). AccordIng to GOST

977-58, carbon structural casting steels are used for three groups 6f

shaped castings (ordinary-quality, high-quality, and especially hi:,A

quality), which differ in the requirements imposed on their chemical

composition and mechanical characteristics. Tables 1 and 2 show the

chemical ýom.csition of steels of this type.

TABLE 1

Cherical Composition of Carbon Structural Casting
Steeis (GOST 977-58)

:1 0. I;u.iu 3$4'W1 AS4SI i n.Io t u . s-'e , - . . .

, t%.'1' 0 0@'. 0 5.-0. v-0.37 0. 0.
:o.'*-t ' .i :--0,35 j.•-- ,O * tO.3?- 7 o.3 0.3

37 0 4 0 50-G.:003 I 3 3
30.1 O. 1 0.1 0.3 a

-, 03 -o k ! O .A--Si O. S-v - i@ .

0.1 - t *.O-0.I00 0. T . 1 O.) 0.1

4:-P? $0 $0~-0. 17- 37 44).0.

i) Ste e: c) nctet nt e Ire:t7 , (e); 3) no more
tha, 4) iL" ; 20L; 6) 2f•1-; -7)'3OL; ") 35L; I)4 .ý ; i C, ; L - i) 11 0. : 12Z) 5-5 L .

Table 3 ":f mecar.icaal -haracteris' >'s of annealed or nor-

nalized carbr. strict-urai -3sting steel. accordlng to GOST 777-58. The

annealj 4 or ,'cr-.alIzat'--•c, e.-eratir c s a.-i-ed tc bc 3--50* above

th-e ;p;er -t'aI rpLnt Ac. It z not necessary to chEzk the mechani-the ap•er ...
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TABLE 2
Permli'Looble Su0J',ir wid llho:_-

phoruo Cwrt(11rt; 01, C(>-bUII
Structural Castirg iJt(..8.;

• ~ II, I ,

1) Group of castings; 2) content of eleme'nt• n), ro more ti; 3

) 3I~ ! 'lq'l'l lllII1| 1 'II rf

sulfur; 4 phosphorous; 5) method of smelting steel; 6) basic ; 7
acidic; 8) Converter; 9) group I; 10) group II; II) groun III.

f TABLE 3
Minimam Mechanical Charac-
teristics of Carbon Struc-
tural Castlni: Steel Iin an-
nealed or normalized state.

4 I
!. 2I.." ".

I "

I. 2-,. '_ , I ,. i ,

.%.].4 •.K, . .K. I.
I~I

1) Steel; 2) k 2•kg-m/cri 2 4) 15L; 5) 20L; 6) 25L; 7) 301; 8)
3_'L 9) 40L; 0) 45',; 11) 50L: 12) 55L;

a, -0

"4"
• - I•€•r•€v

Fig. i. Mechar'lcal characteristcs of castings as a function of carbon
con en a d t'[, j, '" "icat tl-eatrient: -.. annealing; nor-

con en and- -4--~ :. i 0

mallzation; ------- N. trralizatlon and Tempering at 6500. 1) kg/mm-; 2)
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carboni contet., 3) kil-rri/cr.

cal charactei-.1tlc of group I castinro, the yk.,Jd zctr'rith !i•,• r~l4-

tive elongation of group II castingO mus't bc checked, whiiC th,: yl.]d

strength, relatlve elongation, and impact strecrgth o1 fr',ur) III cat-

ings must be checked.

The mechanical charactcrlstics of castings of typcs 25L-D-L

steel with walls up to 15 mm thick can be increased quenching and tc'-

pering. The quenching temperature is selected so as to be 20-30O above

the upper critical point Ac while the tempering temperature is se-

lected in accordance with th~e mechanical characteristic: •equired.

fi'igurc 1 shows the mechanical characteristics of carbon structural

casting steel as a function of carbon content and type of heat treat-

ment. The Influence of tempering temperature on the mechanical c?.ar-

acteristics of ater-quenched 30L steel is shown in Fig. 2. Quenching

of sections of 45L steel (0.44% C, 0.37% Si, and 0.8% Mn) up to 15 rr.

thick from 85CO in oil makes it possible to obtain an ultimate

strength of more than 80 kg/rmm2 and satisfactory plasticity and impact

strength (6 > 10%, V1 > 30kg, and 3C and a > 3 2:g-:/cm ) after

tempci'lng at 6000. Increasing thc casting thickness reduces all the

mechanical characteristics and the density of the raw and annealed

steel.

Figures 3 and 4 show the influence of elevated and low tempera-

tures on the mechanical characteristics of carbon structural casting

steels. The creep strength of 30L steel has a function of temperature

and loading time is shown in Fig. 5.

The physical characteristics of these steels include: a specific

gravity that depends on carbon content and the state of the steel (an-

nea]ed, qucnched). ranging from 7.o6 to 7.82 for the types mentioned
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'I,, - jI

?N 4:'

1 Il I*1i ,, ,,, ht , *

Fig. 2. Mechanical characteristics of 30L steel (0.30% C, 0.35% Li,
0.75% Mn, 0.03% P, and 0.026% S) as a runction of temperinr: ter:tpcraturo
after quenchin§ in water from 9000. 1) kg/rrm2 ; 0) •cuperl:.; 1.s;::r rature
OC; 3) kg-m/cm

010

SJo-

2,"'2 'e.PepomvL4. 41)C0

Fig. 3. Mechanical characteristics of 20L steel (0.18% C, 0.19% Si, 2
0.77% Mn, Q.0624% P, and 0.043% S) at elevated temperatures. I) kg/mu.;2) kg-rn/cm; 3) temperature, WC.

70 -40 •Q

Fig. 4. Mechanical characteristics of 45L steel at low teoperatures:
tempering at 5-0.043.....tempervng at 650°. 1) k ;2) tenm-

perature, 0C; 3) tem/rte,'

above: a•.lc 6 (1*) 11(20-i0°),2. (20-200°),1.8(03°)
13.4 (2o-4oo°), 13.9 (20-500°), 14.5 (a.-Cuoo), x 0 .185-0o. 12 (1000),
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IN,

ItI

14

2 ,

Fig. 5. Creep strength2 of 30L steel as a function of temperature and
loading time. 1) kg/mm ; 2) temperature, 'C; 3) hr.

: 1 f
JO() -

E 'o4 '50 1550 1600 '650

Fig. 6. Flowability of 15L and 35L steels as a function of quenching
temperature: 1) 15L steel; 2) 35L steel. a) flowability, mm; b) quench-
ing temperature, 0C.

/.cm.sec*C, and c = 0.113 (0-1000), 0.115 (0-200o), 0.124 (0-400*), and

0.136 (0-6000) cal/g. 0 C.

The critical points of 15L steel are Ac1 = 7350, Ac3 = 860*, Ar3 3

= 8400, and Ar1 = 6850, while those of 55L steel are Ac1 = 7270 Ac3

= 7740, Ar3 = 7550, and Ar1 = 6900.

As for the technical characteristics of these steels, their flow-

ability increases with quenching temperatuie, as shown in Fig. 6. When

the quenching temperature is kept constant flowablity increases with

carbon content. The linear shrinkage of carbon structural casting

steels ranges from 1.8 to 2.2% for free shrinkage and from 1.4 to 1.8%

for impeded shrinkage. The cracking resistance of steels of this type

depends on their carbon content and the quenching temperature. Cracking

resistance is detcxrmined in a special apparatus, using a cast specimen.

It is characterized by the force in kg required to cause cracking of
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the solidifying, cooling mctal durir•g shrinkale. 8t(c'l with ,j ;::jrborj

content of 0.2% has the highest crackitig r•sl,;tancc durrin, Dif,(:ded

shrinkage (1.2-1.3%). Type 15L steel hao a high wcldabilit,/, whil]P:

types 45L-55L have a low weldability. Figure 7 ohowc the hardcriabilit.

of carbon structural casting steels. The machinability of thc:;c Ateelz

is satisfactory.

b, -

Fig. 7. Hardenability of carbon structural casting steel as a furtictL on
of carbon content: 1) 0.2% C; 2) 0.3% C; 3) 0.4% C (deterrnincd by cnd
quenching). a) Rockwell hardness, RC; b) distance from qurnched eno,
Mm.

Carbon structural casting steels are emaployed for various cast

machine components in shipbuilding, locomotive building, boiler and

pipe fabrication, the production of road-buildinE m.achinery, the petro-

leum, metallurgical, automobile, and tractor industries, etc. These

steels can be used to cast componcnts weighing fror. several • to 200 t

or more. Types 15L and 20L are used principally for cc-:poncrnts subject-

ed to impact loads, sharp changes in terperaturc, or operation at tE•.-

peratures of up to 4000, as well as for coa,,ponents to be cc,-(.nted.

Types 25L, 30L, and 35L steel are intended for ordinary components of

assemblies and machinery. Types 45L, 50L, and 55L steel are used for

components subject to wear and for thin-walled and heat-treatable corm-

ponents.

References: Metallovedeniye i terrAichzkaya obrabotka stall I

chuguna [MetalwouvKing and Heat Treatment of Steel and Pig Ir-on], Hand-
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book, Moscow, 1956; SpravochniK pO stalyam I ric.todarIkh k ;rIpytanIly

(Handbook of Steels and Steel-Tcnting Mthodc 1, trar,';]atcd *r,,Jrri Gnirrfar,

Moscow, 1958; Liberman, L. Ya. and Peylkhli, M1.I., &pravocrinik fo

svoystvam staley, primenyayemykh v ku,,lotrubootroy..rill [Harndbook (i'

Characteristics of Steels Used In Boiler and Pipe Fabricatlon], 2nd

Edition, Moscow-Leningrad, 1958; Akimov, G.V. and Akoirova, K.I., Yedi-

naya spetsifikatsiya metallicheskikh materialov mashinostroy~niya

Soyuza SSR [Composite Specificati.ons for Metallic Machine-Building

Materials in the USSR], Pts. 1-2: Moscow-Leningrad, 1945, Pt. 3, Moscow,

1948; Steel Castings Handbook, 1950, Cleieland, 1950; Nekhendzi, Yu.A.,

Stal'noye lit'ye [Steel Casting], Mloscow, 1943; Trubitsyn, N.A., Pribor

dlya opredeleniya lineynoy usadki i treshinoustoychivosti splava [An

Instrument for Determining the Linear Shrink;.ge and Cracking Resistancc

of Alloys], Moscow, 1957 (Pereuovoy nauchn.-tekhn. I proizv. opyt [Ad-

vanced Scientific, Technical, and Production Experience], Report 32,

No. P-57-90-10).

N.M. Tukevich
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CARBON STRUCTURAL SHAPING STEEL- unalloyed steel uLcd in the mal-

ufacture of machine components. The element responrsible fr all the

properties of such steel is carbon. Steels of this type u:uuilly contain

impurities of Si, Mn, and detrimental elements (S and P); alloying

elements (Cr, Ni, Mo and Cu) are sometimes present, passing into the

metal from the scrap or melt. The various types of carbon "st ictural

shaping steel are distinguished by their C and S-P contents.

TABLE 1

Carbon Content of Carbon Structural Shaping Steel
(GOST 380-60)

_-7-76 C.1 QTr.C%)

2 MaPT~nosexan. CTA.II. recccCeDuseman CtaAb

- UC?.Inme .. 23 '4ICq

O'd " Crwn

5MCT.3 el4Oul- 1NC?.t K"6 tO.Ul--. t2 1 ItT' IKn •0, i1

CT.1 6 041-0.22 MCT 3 <0. ii
*CT. u 01,--0.2LI 1;bCt 4MU 0,12--0.209 IMew.I | III-I'I.2"/ CC]'" O•.Tt2--0.2i)N cr. " 80,14 •-0.27

11 I• . I 0 0, 4 0CT. 0.17--0.
UCT.'1 12 6.5-- .- : 0.2.. 406-o.

1) Steel; 2) open-hearth steel; 3) MSt. 1 kp; 4) MSt.l kp; 5) !-St.2 kc;
6) MSt.3 kp; 7) MSt.3; 8) MSt.4 kp; )) vSt. 4  10• .St.5; 11) MSt
12) MSt.7; 13) Bessemer steel; 14) Bst.O; 15) Lt.3kp; 16) Bt.3; 17)
BSt.4 kp; 18) BSt.4; 19) BSt.5; 20) BSt.6.

TABLE 2

Mcchar.1-.2al Charactcristicz
of Carbon Structural Shaping
Steels (GOST 380-6O\)

c ,,, I C Jots. '34-4"'

lr l 1li 4

66

Ct.

lif- " e.m...

I'' • i• . : .I ." I t I't-

• e vaiues of >'0. •"c •,iven as a fjncti',n of the thic:nt'ss and share
of the semifinished p: .... t; 6 is giver as a functiorn cf "



1) Steel; 2) IqgAau 2 3) St.o0; 4) St.JI ~t. 1 kp; 5) b i t.P&.2 kp;9

St.3 kp; 7) St.3; 8) St.4, St. kp; 9. St:5; 10) -t.6; i]) Zt.7; 1"'I
or wiore.

TABLEj.

Carbon Content of High-Quality
Carb-,i Structural Shaping
Steels, (lOST 1050-60)

% : 5-

* toU;) .. g3 Gs u.4:- e.10
!M I.I1e. *-4. " To 7-0.- .$

0.11 -. ,24 1S 0,71-6.80
*) l.x S.It---. lS ' .4 =-.•

1 O 4. Z O " 0 S o~ .0.7 -4.
1..2 7 - . 3s5 5s -

1 Steel; 2) 05kp; 3)08kp;

41 lOkp; 5) 15kp; 6) 20kp.

TABLE 4

Mechanical COiarecteristic3
of High-Quality ýarbon
Structuas" l Shaping Steels
in the Normalized State*
According to OW 1050-60)
(no less than)

5 1

:0

so 13•

I-

-Wf chlr~et&-4-zZ lea oftIl•s 75, &, and 85 steel

aer determined after quench.Inr from 8* in oil and

tnestinglJ at 480"; of••. do-
ternined on specUlti quenched
In water and tempered at 6000.

/m. 4)o0 kp; 5) 10 3p; 6)

15 2 ; 7) 20 kpp.
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Ordinary-quality carbon structural ,hapin, stvr.]s, whosc charac-

teristics are basically set by GOST 380-60, cari bu dlvldui Into two

groups (A, B) and one saberoup (C), dependir•g on thc 'equlrerments I-a!

posed on them. Group A must satisfy .rvquizcrficnts for t:!, :hanical charac-

teristics, group B must satisfy require.ments for chcritlal composltion,

and subgroup C must satisfy requiremients for iricchanlrcjl characteristicS

and also for chemical composition. The C content of _,rdinary-quality

steels of this type is shown in Tables 1 and 3.

Tabies 2 and 4 show the mechanical characteristIcs of ordinary-

quality steels of group A and subgroup C.

Quenching and subsequent tempering atateriallly irrTIrov( the rmechani-

cal characteristics of carbon structural shaping steels. In some cased

it is expedient to utilize the high plasticity of low-carbon steel for

manufacturing components by deep drawing, upsetting, etc., giving them

the requisite mechanical characteristics by subsequent quenching and

tempering. It is recommended that 08 and 10 steels be quenched in an

aqueous alkali solution (which is best cooled to 00). Quenching and

tempering give low-carbon steel good viscosity and plasticity in addi-

tion to high strength; in its combination of characteristics in this

state such steel is ecuivalent to certain heat-treatable alloy steels.

Low-carbon steel has a low hardenability, so that only cocvponents with

a small cross-sectional area are sub'ected tc quenching. Types 08, 10,

and 20 low-carbon steel are often employed in the m.anufacture of cement-

ed or cyanided components, which are hardened by quenching in water and

low tempering; in this case it is principally the cerented surface lay-

er that is quenched. Components cf medium-carbon steel are zor-etimes

cyanided.

Components with a C content of 0.3c0 cr mzre arc often heat-treat-

ed t - harden theIr entire cross-zectlon. Figures 1 and 2 sh•'w the rech-
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anical character'istic.- of certain types of 3tecl af~t r v ructichring anid

tempering at various temperature~s. In order tu ubtaln tht cc-Ozir'y

viscosity on through hardening the oteel is SubJect~d tor puztqueAC~jhlrag

2tempering to a a b of no more than 110-120 kg/mmi

TABLE 5
Mechanical Characteristics of Carbon Structural
Shaping Steel after Quenching in Water and Temper-
Ing as a Function of Cross-Sectional Area of Corr.-
ponent or Blank

I.IrI1.A j

k7.

1 -17

t' I

1) Tempering temperature (0 C); 2)t hickn~ss of comn-
pjonent or blank (Mm); 3) steel; 4)kg/mmr-; 5) kg-r./

The cross-sectional area of the quenched comp.ronernt or blank has a

material Influence or, the strength of heat-treatable steel. The strength

of a component decreas•.ýs suLjtantially as Its thickness increases, even

on quenctdng In water; Its Impact strength may also drop at the same

time. Table 5 shows th'r r~echanlcal characteristics of the principal

types of carbon structural shapiing 3Leel as a function of cooiyonent
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TABLE 6
Ultimate Strength and Yield Strcrlwth (kr:/rrf) orJ

Carbon Structuh(/l Shapir), otCl ,tt ESructu.r Th,,-
peraturc

Steel at Elevated Tempera tu.re-,.

21.
use as as ls o th i type ',O

var 'ntik- s It is neesar to take int "~ "i act that "

the ~ ,,19 suc p li l * tcq ec i.- of a flt-rpn n l- -a e o

I'" I" 7; .:• ' 1i" 'D ,. 4 " IL

sheet t p or ,,9 w i be ei to .. • , , .

4 :1 1. ', ! !

1) Steel, 2) tetperature (wc).

usedlas a 7ai o showtr selso thes type for ofs ,-cnrnt1s!oe

the su creepl: 4 Strengenth (gnm of C fatrbonStructural' the:atp o

carbon steel at elEetated Temperat:ere

e tIf these steel)tp at low tu.to
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Figý. 1. Mechanical characteristics Df' q~uenched carbon. structural shap-
ing steel as a functlon. of' temrpering ter.p erature (quench~r4C in water,
specimens wish d = 10 mmn): a) type 20; b) typc 25; C) ýYpc 30; d) type
35. 1) k/m: 2) tempering temperature, C; 3) -/c.

a s-Astantial extent on thE g~rain sizc and the r.,.ethod by which the

steel Is sr.elted; as the gýrain sizc- increases the cold-shornress tEr-

pcratlure Is :xanterlaliy ralstud and the dant~ev o-)f brittle :Yractare during

operation at low terireratares Is In-Creassed.

DurabillIt:. depen-do principally on ultir~ate strength, as well as on

the strcssed State dur'ne txsting:. Fgure 3 oshows the durability of

carbon structural ZhavpInt7 stluelz (bendtr ig. 'tai~seies

with diffclrent -ilti-ate str'cn.-ths and It-nA 1I'tercIt surface cýonditiofle.

T'he p'salcharactc.-Is* ics ~f' tlhcso steels in1clade: cr-IbIcal

poInt A, 7 251O fer 11". 25, 35, 4-). and 11C stuelo, critical point Ac 3

- 6c ~4, 50. bC.and.~j re:;pect !velv !or tht..-e same steels,

ai=1.>0 (2G0 ) l/*C, and X 0.1`6, 0.1-21, arnd 0.109 cal/cr.-sec.*C
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Fig. 2. Me .hanical characteristics of quenched carbon structural shap-
inig stee~l as a funcbion of tempering temperature (quenching wa water,
specimens w~th d (10 mm): a) type 40; b) type 45; c) t yp• 50; d) type
65.1) kg/mm , 2, temper'ing a temper~ature, 0C; 3) kg-rn/crrs.

for 15, 25, and 50 st4eos respectively.

Table 8 shows ccrtain hf the technical characteristics of these

steels; for purposes of comparison, the cuttabilicy of low-carbon

coold-worked free-cutting steel Is taken as 100%.

Carbon structural shaping steels are generally used after quench-

ing or normalization and less frequently after quienching and ter.pering.

Water serves as the quenching medium for low-carbon steel, including

components intended for cementation or cyan'd1ng, and for ::.edi,.w.-

carbor, steel. Quenching cracks often develop during the qu.'nchlng of

medium-carbon and hig:h- carbon steel, especially when dealIng with

components, i avi-, ,.;,,lex shapes or sharp notches; this is the chief

drawback of' carbon structura2 sha.i. steels. These steels have a re-

614
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TABLE 8
TIchnical Carbon oti-uctural

Shaping stool

j o t2(5o) " 0 h p(it X(.af•Te1Mon.l (:MMMIIN-

' :i IIN•C C M JIpCTI,

Ill 125) 10 81i ) N|• (hii s,.jI.,:lirHl- (OTJIiqI~gI~lI

20 1270 •00 65% ( 111M 11"T17- Xop 44591
17 4 K'! A(M 1) PhY4) IZO O 765 (n".CJt, )T)(H) lNiii.;Jl4o) 1260 800 6 5"j/ (i"(•ae T(aw ran) If,1(41

j 5 1260 lo0 6u . (wc mmr)ai 1wIr ~l l:IlI
Le IUI=179-- 142:i0 MM/') • i •

50 1250 BOO 50% (fl•ic o~mr") Iu:,HANi

1) Stee; 9) forging temperature ( 0°); 3) initial; 4) final; 5) cut-
tability; 6) welda~ility; 7) 80% (in cold-drawn state); 8) 65% (at
HB = 137-174 kg/mm ); 9) ý5% (after annealing); 10) 60% (after anneal-
ing to HB = 179-e30 kg/mm ; ii) 50% (after annealing); 12) excellent;
'3) good; 14) low.

a e a
601

20

40 50 60 70 80 0 o00n01020

Fig. 3. Variati.on in the durability of carbon structural shaping steel
as a function of ultimate strength aný of spechmen: 1) polshed speci-
mens; 2) rough-turned specimens. a) Kg/mm2.

duced -ardness on quenching in oil and in many cases are not susceptible

to quenching. Quenching cracks may appear some time after quenching but

before tempering; cracking can be prevented by quenching in water and

subsequent transfer to oil, quenching and inconplete cooling intended

to produce self-tempering, or slow tempering immediately after quench-

ing. It is also necessary to limit stress concentrators, which may

serve as foci of crack formation. The danger of quenching cracking is

substantially reduced by surface quenching with high-frequency elec-

tric heating. Thin-walled components of medium-carbon and high-carbon

steel, particularly those with complex shapes, are occasionally quenched
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TABLE£ 9

Heat Treaterint ol' Vaxirou.;
Machli•n Compol(,ntL; FabrlVIca-
ted Frow DiFV'crent Typ(fi of1
Carbon Structural 1. h
Steel

4 Ve4 aIit 111.41 I

1; 2• 0 11 ;w-o rattm' n,I" r

7 8 | w•m;m1 w,)l, oI| ul, i

lIPi p H $-- 2111 $'
15 3.u4.U p a - .2I -M4u

B1 I)l'l (. *TIlM)l$ 11.4i11

8 Cf ' 1l)!Ir IIIIAt Ie4ell-

'to|), OW i(l.I; Ax 7t1-

1
-IL) 611 .MM) - ;

To Hwe, .1.'I1 ;T:iT;I1A1l C

*4a .111t ill . " h 3 1- -8 5 o.

B M;Cil). ,T[I' IC ",I'I l o5(1 I-[I I (.'1.1111 \lenJtill ,,4 -I x

10 u•r•n)rf'

11 vtcoti)) w IT Y1-2)0

re lwe, nliycM hnlit 21'0)-

8- 2

1) Steel; 2) heat-treatment regime; 3) kg/mm 2 4) 0&kp, 5) cyanidinE

at 850-9000 with hardened layer O._-0)-.4O mmthick, quenchinLg irn water,
tempering at 180-200 0; 6) cementation at 20-9500, quenching from 790
8100 in water, temperi1ng at 180-2000; 7) quenching fron,. 820-8240o in
water, tempering at 500 -6oOO (for componet up to 60 mr. tlb*jclc );)
the same, for components up to 20 ml thick; 9) quenching from 53 -50o
in oil, tempering at 500-550' (for small components); 10) surface
quenching with high-frequency electric heating, temperinFg at 180-2000;
11) the same, tempei-ing at 200-2J400.

in oil. Carbon structural shaping steels have a low hardenability,

which increases with their carbon content. Cemented, cyanided, and

surface-quenched components and many components of high-carbon steel

are subjected to low tempering at 160-l80' or 180-2000, depending on

the hardness required. The high surface hardness obtained by low tem-

pering promotes high wear resistance. In this case the mechanical

strength of the component on bending, extension, or torsion is reduced,

especially in the presence of stress concentrators. When the tempering

temperature is raised to 250-3000 the stre.ncth of quenched high-carbon-

616
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steel components or cemented components increases and their hardness

decreases. It is necessary to take this decrease in hardness into ac-

count in selecting a low-tempering temperature or high-carbon steel.

In order to improve the plasticity and viscosity of components of car-

bon structural shaping steelthey are tempered at temperatures of no

less than 450-500 0 after quenching. Table 9 presents examples of the

heat treatment of machine components fabricated from steels of this

type.

Carbon structural shaping steels are widely used in machine build-

ing for comparatively low-stress components, as well as when it is in-

expedient to harden a component by heat treatment. It is also wise to

use non-heat-treated steel when a component must have a definite rigid-

ity; in this case the decrease in rigidity may make the use of stron-

ger alloy steel in order to reduce the cross section of the component

unjustified. Carbon structural shaping steels are more easily cut in

the annealed state than alloy steels. Low-carbon steel is used for

welded components, as well as for components fabrica ed by cold defor-

mation (upsetting, beating, deep stamping, etc.). Medium-carbon steel

is employed chiefly for components to be machined. In connection with

the need to produce the weight of machine components, carbon structural

shaping steels are in many cases being used as substitutes for alloy

steels.

References: Spravochnik po mashinostroitel'nym materialam (Hand-

book of MachineBuilding Materials], Vol. 1, Moscow, 1959; Liberman,

L. Ya., Peysikhis, M.I., Spravochnik po svoystvam staley, primenyayemykh

v kotlotrubostroyenii [Handbook of Characteristics of Steels Used in

Boiler and Pipe Fabrication], 2nd Edition, Moscow-Leningrad, 1958.

Ya.M. Potak'
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CARBOTHERMIC NIOBIUM is niobium which is obtained by reduction

from a mixture of the pentoxide and carbide according to the reaction:

iNb205 + 5NbCn = (5 + 2n)Nb + 5nCO, where n < 1 (direct reduction is

al.so possible: Nb20 5 + 5C = Nb + 5C0). The reduction process is accom-

plished by heating bars or briquets which have been pressed from the

'forementioned mixture in a vacuum (0.1-1. 10-4 mm Hg) at a temperature

of 1600-19006. The reduced metal compact retains the original form; the

bars, for example, may have dimensions of ~(16-25) X (16-50) x (450-

850) mm3 . After reduction and partial sintering at 1800-190U0, carbo-

thermic niobium contains (weight %): 99.5-99.8 Nb (including Ta), and

0.02-0.150 02, N2 , C, 0.01 Fe, <l.l0-3 Si. For additional purification

this metal is remelted in electron beam furnaces, vacuum sintered di-

rectly or after hydrogenation, grinding, dehydrogenation, charging the

metal powder with niobium oxide or carbide to the stoichiometric quan-

tity for forming CO, and pressing. Plastic carbothermic niobium, sin-

tered at 2300-23500, contains up to 99.99 Nb (including Ta), (3-10)"

• 10-3 C, (2.5-10).l0-3 02, I.5l10- 2 N2 , less than (1-3).l0-3 Ti, Fe, Si,

S, P, As, Cu, Ca, Mg, less than 1"10-4 H2 , Pb, Sn, Sb, Bi, Cd. After

forging without preheating with a thickness reduction of 50% and brief

resintering, the bars may be rolled without annealing into strip and

foil of 20-micron thickness and less or may be subjected to other forms

of pressure working.

The carbothermic method is one of the primary methods for indus-

trial production of niobium (see Sintered Niobium, Niobium).

References: Sazhin, N.P., Kolchin, O.P., and Sumarokova, N.V.,
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"IAN SSSR OTN. Metallurglya i toplivo" (News of the Academy of Scirnc-,;s

USSR, Division of Technical Sciences, Metallurgy and Fuel], 1961, No.

6, pages 8-24; Kolchin, 0.P., Sumarokova, N.B., and Chuveleva, N.P.,

"Atomnaya energiya" [Atomic Energy], 1957, Vol. 3, No. 12, pages 515-

24; Shveykin, 0G.P., "Tr. In-ta Khimii AN SSSR UralJ'aaya filial (Transi.

actions of the Institute of Chemistry of the Academy of Sciences USSR,

Ural Branch], 1958, No. 2, pages 45-62; Gel'd, P.V. and Shveyklin, G.P.,

"IAN SSSR OTN. Metallurgiya i toplivo," 1959, No. I, page 44; Klopp,

Sims, Jaffee, in collection: Niobiy i tantal (Niobium and Tantalum],

collection 3, Moscow, 1960; 1960, pages 306-27; Samsonov, G.V., Kon-

stantinov, V.I., Tantal i niobiy [Tantalum and Niobium], Moscow, 1959;

Rare Metals Handbook, 2nd Edition, London, 1961; Miller, G.L., Tantalum

and Niobium, London, 1959; ibid., "Ind. Chemist," 1962, Vol. 38, No.

451, pages 455-60.

O.P. Kolchin
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CARBOXYLATE LATICES are latices of rubber-like polymer.; contalninrý

the carboxyl groups. The amount of dry material in the various carboxy-

late latices varies from 20 to 45 weight %. These latices. These lat-

ices are resistant to mechanical effects but coagulate with freezing.

Those synthesized with the use of anionic emulsifiers, including the

salts of the sulfo acids, can be used in the ion deposition and gela-

tinization processes (see Latices) with the formation of a strong gel.

Among the other technological properties of the carboxylate latices, of

great importance is their high impregnation capability with respect to

the fibrous materials. The stiffness, strength and oil-resistance of

products made from these latices improve with increase of the amount of

polar carboxyl groups in the polymer. The presence of these groups,

even in very small quantities (of the order of hundredths of parts gram-

equivalent per 100 grams of rubber) sharply increases the adhesion of

the polymers to the polar surfaces, particularly metallic ones. The

physical properties of unvulcanized films made from these latices con-

taining less than 0.1 g-eqv of carboxyl groups per 100 grams of polymer

are almost analogous with the properties of films made from the corre-

sponding latices which do not contain these groups. The primary charac-

teristic of the carboxylate latices is that the carboxyl groups of the

polymer easily enter into reaction with the ions of the pclyvalent me-

tals, which leads to unique vulcanization of the rubber as a result of

the formation of salt bonds between its molecules. The vulcanizates

thus obtained have very good physico-chemical properties, ever in the

absence of fortifying fillers.
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The vulcanized products made from these laticc8, arc. ,:cry wear re-

sistant. The SKD-l divinyl-carboxylate latex 1: used In combinattorn

with resorcin-fozrmaldehyde resin for the Impregnatlun of cord u:;ed in

the production of tires based on divinyl-styrene oil-fllled, natural

and other rubbers. The divinyl-styrene and divinyl-nitrile carboxylatc

latices can be used for the production of industrial gloves, etc. Film,-*

made from the divinyl-nitrile carboxylate latices have particularly

2high strength (up to 300-500 kg/cm with a relative elongation of 400-

800%); both the vulcanized and unvulcanized films made from the carbo-

xylate latices with a high content of acrylonitrile in the polymer have

limited (to 15-20%) swelling in fuel containing up to 30% aromatic com-

pounds, retaining adequate strength in this case. The high impregnation

capability of the divinyl-nitrile carboxylate latices and the good pro-

perties of coatings made on their base are utilized in the paper indus-

try in the preparation of high-strength, water- and oil-resistant

grades of paper and cardboard. In mixtures with the melamino-formald',-

hyde and other thermoreactive resins, the divinyl-nitrile carboxylate

latices are used for the production of gas- and oil-resistant nonwoven

materials. Mixtures based on these latices are used, moreover, as bond-

ing agents, sizings, binders for pigments, for the dressing of leathers

and their substitutes, etc.

References: Brown H.P. and Duke N .. , "Rubber World", 1954, v. 130,

Sept., p. 784-88; Brown H.P., "dubber Chem. and Technol. ", 1957, v. 30,

No. 5, P. 1347-86; Sintez lateksov I ikh primenenlye [Synthesis of

Latices and Their Use), coll. of articles, L., 1961.

A.I. Yezriyelev, A.V. Lebedev

6



CARBOXYLATE RUBBER - i.; thu produut uL' the piymurl'i', i fI ,ii-

*inyl or isoprene, and also of divinyl with :,tyruriu ur' :,, rylritril,

in emulsion, with addition of small quantitie: (l-J/") of r.,eth±r:ryli,:

acid. Carboxylate rubbers containin, 1-j% methacrylic f,':i'I h.hw the

highest values in the complex of their propErties.-;xr. ..r... 1  lot.: of

carboxylate rubbers with a content of i-3/Z methacrylic a-fri are pro-

duced in the USSR: divinyl rubbers (SKD-i), isoprene ru'._- (.k.I-;-l);

divinyl styrene rubbers with a propor-tion of 10 and "•O tyroen.= (ZKZ-

10-1 and SKS-30-I), and divinylnitrile rubbers SK11-l. The 'iivinyl ni-

trile carboxylate rubber Hycar 1072 is produced abroad. Carboxylate,

rubbers contain Neozone D or a non-staining antioxidant. hne wokhi-

ty and the physical properties of carboxylate rubbor2 wi' h r•r-. >,-•on

of 1-3% methacrylic acid do not significantly differ from thou of the

corresponding rubbers which do not contain carboxyli; 6ou aud. .d-

tion of a greater quantity of carboxylic croups increases th-, -tiffnes

of the carboxylic rubbers, decreases the resistance to water ani le-

teriorates the workability. Hard or modified carboxylic rubbcc-e, .;:hih

do riot require a mastic-ation, are deliveraole. The vulcani.-aticn c"

carboxylic rubbers is carried out by metal oxides (M?0. CaO, etcý. . The

usual sulfur vulcanization is possible owing to the C'eene J-" "iuble

bonds in the molecular chains. Carboxylate rubbers, nonfille- ani

filled with a low quantity of carbon black (1-0 part. by weoc. b oO-

tained with metal oxides, are characterized by hic;h me-hanicz-l ancI

elastic properties.

Carboxylate rubbers vulcanized with metal oxAdes; ar• vt : : uc a*
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t.ion:7 Th. 'fd:Ii.;adivantage'. may be remnovud by ;L((Ji 1.1on of, UU1t rt

01- Other '1CCelk AnTt.; (A' the vulcanization to 1kUi la.(j.d.-~t 1 i:

rosulto in the- formation of' a Small quantity of' bon;d:; r:;iaito Qs'..j~

effuct of -ai.-,ed temp.:ratures. Thoý mechanical propurtic:,; arfc(., d'rfoaL.I.c']

in this wa~t, but they remain s~ufficiently hiGh. Carboxylate rubbo.r:.

vulcanized by means of metal oxides, sculfur or acceicrant.. :.urpa.,;.; the

corresponding rubbers, which do not contain carboxylic: group~s, with rý-.

garu to the tensile strength, elasticity, re~i.:tance to thermal aigin.r

and to the Growth of cuts (see Tables 1-2).

TABLE 1

Properties of Nonfilled Carboxylate Rubbers Containing
3ZS Methaorylic Acid

9I* 111,.
20 Ej 1 1- 27 CIC-i 66 CI54-3O 0 401 I-6v *I iI-.:.,-

1) Characterist Ics; 2) polymers; 3) isoprene; 14) dimethyl
styrene; ~)divinyl nitril.5 6) SKI; -) SKS-_40A;_.,) SKIN:

9) n~ ~ trength (kg/cm ); 10) modu'lus at 30( i eloniga-

TA 2LE,

Propert-its olf SKOS-30ýA and 0 1- 3A-i
Rub'bers With 30 Parts by Weight of1
Channel Carbon Black, Obtained U.; ine
Yetal Oxides and Th iu r ar

13 ~ ~ CIMparOA me eo.-).A.Ili 2

M .I~~nTA& Ups 39 e% IS, I _ S 8
Not7* )1 .iO h. SO I

KSS fl j

* A'r 4" PesaPK ~~asa&wS

'a ~ ~ ~ I Ip I6 Uw.W I,~

tensilt'~ ~~ *:r... t (k / m -)) m oduluos at
elongation (keg/cm'.); 6) tear refsistance

(k./);7) resilience () )ten-i'le



10) at 1w r or I VI hr:; ( toE
thiura~m rubbo r-ý) ; 11) oi
to thu -r-owth of' tut:, ; r1:
12) thou.:ando.

The main disadvantac~c of all cartioxyl.Ot. ruhtjur,'m~r'; ; I(

increased tendency to t.corching. TlIi:; di.,a(IMarktL 'U :"tay tbf- ~u:~I but

not completely removed, by addition ()I anlA.-or(ýhIri,.' (P.'*.fh.L~i, unly-

dride and otlher substances), and a.l:., Ly re±no-vinj, Q,,- .:urplu. (if rnoci.A-

ure from the stock. Tho, hi<ý,her adhu.-;ion to mtl,1Oro ±an-I t~ti'

is an advantage of tht carboxyli:-, rubb--rz;. Th.-, c '-lI f ar)-

plication are: tire treads, convt.oyor ot; and tuý-.hri ~u'tj.;r~ pro-

due ts.

References: Novyye kau'--huki. -Svoyst va i pri,-e(n-ri.Ly.

P. ',,nerties and Application. A C-.-,:,jutiofl of Tran.;latbiun.-,:i.;*'

l1,-38, page 2-41-; "Khimiya i tektinolo,;iya polime rcv," 'I* p o ar."

";"Kauchuk i rezina," %,N.~ a, 11; ibi :7 ;,. ~ a>



CARBURIZING OF STEEL- is the ::aturation of the ,:urface of low-

carbon steel (including alloy :.-tee]) by carbon in order to increa.e tie

hardneý-ss, tVe abrasion resistance, and the fatigue strength. The opti-

mum carbon content in the carburized zone is 0.8-0.9 %.

After heat treatment, the carburized zone has a hardness of >-."RC

and has either the structure of martensite or of martensite with car-

bides and a small quantity of residual austenite; the core of the :teel

retains a s-ufficient ductility. Figure 1 shows the distribution of the

carbon and of the hardness along the depth of the carburized zone, anI

Fig. ' Thows the effcct of the thickness of the carburized zone on the

endurance limit of the steel. The carburizing of steel is carried out

at 0t, CO usually up to a depth of 0.5-2.0 mm. Steel carburizinR i-

used in the manufacture of pinions, piston pins, camshaft: and cran,-

shafts, bolts, nuts, and many other parts.

-4 4r **

Fig. 1. Dlistributicn of carbon and hardness (after hardening and tem-
pering at .. ) In the carburized zone of :steel grade2, carburized
in a .oLlr! carburizing agent at " for I1. hours. 1 Content of C, %"

deptn ,f the zone, mm.
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Fig. j . Effect of the thickness of the carbirized zorne. orn tjte erldurarkr:.,
limit at alternating bending -Df the :teel -- ade:" ' K A, a",,il
I8KhL2N4M1A, hardened, and tempered at j,<'. 1) o_, k)/mm ; 3) thiArknem,
of the zone, mm.
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Fig. 3. The thickness of the carburized zone as a function of tie hard-
ening time at 9300: 1) Gas carburizing of large obhjects: in continuous:
furnaces; 2) solid carburizing in large containerz, a) Thickniess of the
zone, mm; 'b) duration of the process, hours.

When carburizing is carried out in a solid carburizin7 agent in

containers, the fresh mixt,- s composed of 15-25% BaCOC' or Na 2 Co0,

3-5% CaCO-, 2•-4% black cil, the rest b--.rý wood charcoal or -:emicoke.

The working agent consists of 25% of the fresh anid 7•% of a waste mix-

ture. The formation of the carburized zone is carried out at 930-9500,

within 5-10 hours, and at a rate of about m,.0-0.13 mm/hr (Fig. 3).

After the carbur1zing has been completed the containers wits the parts

are cooled in air, and then the parts are hardened and tempered at a

low temperature (180-200°). Carburizirig in a solid agent is always su-

perseded by the gas carburizing which allows the process to be more

easily controlled, the duration of the latter being red'ced by 15--'ý;

a total mechanization and automation Is possible. Natural, commercial,

genex'ator or petroleum gas, propane, butane, and also synthol, kero-

sene, benzene, ,,pindle oil, etc., are used as carburizing agents. It
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ill- •t..,

i;; recommended that rich gra.se3 be previou:;ly burned in r•ndothermic (Je-

vices in order to obtain a ras ,having approximately the fo.lliiowilg ,tore

poLrtion: 40% CO, 10% H ,, 0. 1-1% CHII, the rest L N. Thi: r~a:; is u:ed

as a diluting agent or, with a higher CH4 and CO content, directly for

carburizing. The quality of the parts improves Signific'antl.y when the

carbon content in the carburized zone reaches the optimum and i:: con-

trolled automatically. The composition and activity of the carburizinv

gas is tested either by means of the dew point or by means of the elec-

trical resistance of an iron wire placed in the furnace. The cupply of

the gas (or the liquid) into the furnace and the working condition:. Gf

the endothermic arrangement are controlled on the basis of the result:,

of this continuous and automatic test. After gas carburizing, the part.

are cooled to 820-8500, and then hardened and tempered at low tempera-

tures. Parts from high-alloy steel are sometimes annealed at high tem-

peratures, at 650-760o before hardening (in order to improve the cut-

tability, and to increase the hardness after tempering), and, after

hardening, they are submitted to a cold treatment at -60 to -800 (in

order to increase the hardness by decreasing the residual austenite

content in the carburized zone).

Areas which are not to be carburized are insulated by electrocop-

pering (thickness of the layer 0.01-0.05 mm) or coating with pastes.

Coarse-grained steel er a carbon supersaturation of the zone (frac-

tures, splitting-off of the tone), a high content in residual austenite

in the zone (a reduced endurance limit, formation of pittings), or a

low hardness (reduced abrasiorn resistance) are, in the most cases, the

causes for r.n untimely failure of cemented parts.

References: Metallovedeniye i termicheskaya obrabotka stali [Metal

Science and Heat Treatment of Steel], a handbook, 2nd Edition, Vol. 2,

Moscow, 1962. A.N. Minkevich -
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CARBURIZING OF TITANIUM ALLOYS- io carried out iri a :,l>l carbur-

iLng agent, in air, or argon by forming a very brittle, ui) to Ž(i mi-

crons thick carbide-oxide crust (TiC, TiOr,) and a 0.15-C.18 mm thick

layer of a solid solution of oxygen in a titanium havinmr a lar'nessz of

about HV 1000 on the metal surface. A brittle TiC layer witf. a thick-

ness of some micronF, poorly adherent to the basic metal, i:: formed

when carburizing of the titanium alloy is carried out in a vacui-m fur-

nace and in coal or graphite at temperatures of 950 0 and mo!,e. Hiig,-hy

hardened layers of TiC. 5 with a thickness of up to 8 microns suffi-

ciently adherent to the metal and with a good resistance to abrasion

are obtainable by gas carburizing of titanium alloys in argon with an

addition of 0.5-5% CO. A considerable (10 fold) increase of the hydro-

gen content in the alloy occurs in this case. None of the methods for

carburizing titanium alloys has attained a practical significance owing

to the considerable brittleness of the formed surface layers and their

poor adhesion to the metal.

References: Smirnov, A.V. and Nachinkov, A.D., "Metallovedeniye i

tErmicheskaya obrabotka metallov" [Metal Science and Heat Treatsment of

Metals], 1960, No. 3, pages 22-29.

I.S. Anitov and Ye.N. Ncvikova
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CAST BRASS Is brass intended for the fabrication of' mmruw

tures and shaped parts by the casting method. The castingf bra;., con-

tains 50-81% Cu. As 'the alloying elements use Is made of' aluminum, man-

ganese, Iron, silicon, tin and lead. These brasses have excellent caot-

Ing properties and corrosion-resistance. The majority have good anti-

friction properties and in many cases are fully adequate replacements

for the tin bronzes. 10 grades of the casting brasses are produced in

accordance with GOST 1019-47 (Table 1). Pigs meeting GOST 1020-60 of

the chemical composition shown in Table 2 are used for the production

of brass castings. The basic physical properties of the casting brasses

are presented in Table 3.

TABLE 1

Chemical Composition and Mechanical Properties of the
Cast Brasses (GOST 101.9-471.

-~ i.u I'b I A
C. U Mn1 Zn 0 e~ " "' . r I

I A 13-C

3AAW1 1-1 Ib6 I6 . . . . . . . . . 4-fl 0. -, 5 1 0 61 7 -1 5A M

JJA~flh-I*1.1 1.,

cJ 8 .7A . .. ... . ... .. ...... 79-8I 1

,?IHC80,73 3.. .. .. ... . ...... 79-81 -~*1'

A. M L...... . ,- ; .5--2. VI

J!Mr14C6.3- I..:1- 4 01.5-1. 1. I

13 I.-8
I~u{524-I............ b~55 4 - 5 01, 5- 1 .

C1C50-ji . ... 1.5......... 0I. 8--! .1 S11 (

*Chill casting. **Sand casting. Centrifugal casting.

1) Alloy; 2) content of basic elements W%; 3) mechanical
properties; )IN other elements; 5) ab (kg/min2, no less
than); 6) IA67-2.5; ) Aht6-6-3.2 8)L~6--lL;
9) L.K8Q-3L; 10) LKS80-3-3; 11) LMtSS58-2-2; 12) LMtsOS58-



II-5k12-2-2; 13) LMtsMh55-3-l; 14) LU4Ui152-4-l; 15) LL59-l;
16) remainder.

The cast brasses are used Por the production of' corr-ton(.r-re;,-I.'t-

ant cast details for ocean vessels (propellers, blades, fittint~o, e.tc. ),

aircraft, various machines and equipment, all sort-- of' boll..8, arnd ce,

TABLE 2

Chemical Composition of Casting Brasses in Pigs (GOST
1020-60)

1 CU 'Mih l lil*'l

I I S I, Igr

JIX2'(Mil' C5 A. 7 1~1

AA (Y 56-611" 7: , -1 . '

*II1 .. 7r,-9l

.TIMU.C 9 . 55-61) 1.5-1 1 . I. 11b
MIWOC9 55-60 13 . 5,- 2 I 1 d

.IIMUMI( 53-58 3-4 1).
.mum* SI 5 - I -I Fe

51 5 1.2 _1.~b 11b
ý12 ~ ~ - I X '1JII-IM ...C .1 5 6~-6~1 .-. I5 S i

*Remainder zinc.

1) Alloy; 2) content of basic elements ();3) other
elements; 4) LA; 5) LAZhMts; 6) LAZh; 7)L;8 LK63;
9ý)MUtsS;110) LMts0S; 11) LMtsZhl; 12) LMtsZh2; 13) LS;
14 LOS; 15) LNIltsZhA

gears, bearings and other antifriction details operating under severe

conditions.
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TABLE 3

Physical Properties of Ca.,ting Brazsjru (of Pvr;r;r
chemical composition)

S}

a .10,(l O (" ) 13 - 1 2L ... 17 17 "d$ -- -- I
I t 1 . 7 l ,. 2 7 0- - _1 , , .i " I i , . ;

. I 4 It. - - 44 - to.
:40|) 4il -- 4/ | -- 2

(T 1o 2

210: . C 1 1 . 6

24 1 .. ..- - . "+ - - -- 44

30(0 -07 7' -

440 17 :t-o7.4T(0I° )#•;+]+.$t:•) I- - fl(; ; 24•3' - '
0,'2 16, ,,. C.,,<) - - " ,2. . -,

/ ibl ($0,/MA
2

f•l) 944 - +l ll' r I• 4 3 l+• II',', •

L l i elu; iu C flhI, d v ( a (% ) lS - - , .7 I .,7 4 1 7 ' ; '_ ;
., " 4'.1,; T pe HH I I f ll H 14 410'In,, 44,4 --t" 7 ) 'C$* ('MflIt'I' - - lit II ,Ili I - -

t~iVr3e: I .a: 20 19v - _- •1 .[ p2, - •l

+. l I<(P II T IT :
C" ' , MO~pCH.,g I,•ll4' - _ _ O,015' _ ,

4
iji -- I.,+ , ,7 +.,,

I ~~~ • -

i) Properties; 2) 1A67-2.5; 3) IAZhMts66-6-3-2; 4)
LAZh60-l-1L; 5) LK'80-3L; 6) LKS80-3-3; 7) LMtsS58-2-2;
8) U~ts0S58.2--2-.2, 9) U~tsZh52-4•-l; i0) LMtsZh55-3-1;
113 LS59-1L, 12) (g/cm2); 13) 1 ~iusternperature;i (lm cC 1 b / )a 1 at; 175

(kg/mmn2 ). 18) linear shrinkage (%); .19) coefficient of
friction in pair with axle steel; 20) with lubrication;
21) without lubrication; 22) weight loss (g/mrn-hr) in
contact with; 23) sea water; 24) steam.

References : Metals Handbook 1948 edition, Cleveland, [195"] ; Smiry-

agin A.P.., Promyshlennyye tsvetnyye metally i splavy [Industrial Non-

ferrous Metals and Alloys], 2nid ed., M., 1956; Spravochnik po mashino-

stroitel'nym materialam [Handbook on Machine Construction Materials],

Vol. 2, M. , 1959.

Ye. S. Shpichinetskiy
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CAST ELECTRIC INSULATION (or monolithic insulation) - ,:ee Electric

insulation compounds.
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CAST HIGH-TEMPERATURE NICKEL ALLOYS arc nickel-basc alloys whrlh

have special advantages in comparison with the alloys bascd on thc

other elements of group VIII of the Mendeleyev Periodic System - ab-

sence of polymorphism, relatively high acid resistance and heat resis-

tance, and also the formation of compounds of the Ni 3 (Al, Ti) type with

a crystal structure which is similar to the solid solution structure.

TABLE 1

Chemical Composition of Cast High-Temperature Nickel
Alloys with Carbide Strengthening

__ __. _ _ __ _ _ 2 .- w(.i l,,ii ll1 ...... "ll . ( *',,
t ii, M1l re r \V r,

4 Hl, MOA., T 75 ,4.,,7 0.'22 .... ,, ..- .
11, 1, 7 .. -

Xae ae:lot II t .12 ,-5 XaeTe.'on1k .. 15 I I 7- -
B.T7-45Y 6' t I. ,,.,5 i.7 .A 1; 1 .' , 7 -
BXHJ 0,5--. 5.--2 9,5 "S"-+i, - - --

lj Alloy; 2) element content (%); 3) other elements;
Nimocast 75; 5) Hastelloy; 6 VL7-45U; 7) VKhN1.

The cast alloys have higher stress-rupture strength Vhan the zsmc

alloys in the wrought condition. This is associated with the dendritic

structure of the cast alloys and the possibillty, cf forming carbide and

boride phases during the ciystallization process along the erain bound-

aries in the form of pseudoeutectics which Inhibit the development of

cracks along these boundaries. The retardation of the small plastic do-

formation, corresponding to the creep limit of the cast high-tempera-

ture alloys, is practically the same or somewhat higher than for the

wrought alloys. The casting alloys have good alloying capabilities,

while In the wrought alloys this capability is limited by the need for

the use of hot plastic deformation, which is very difficult. with marked
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alloying. In this connection, the temperature ]P:vfel of' th,: hi gh-t(,TrIoYr-

ature strength of the cast alloys is 50-100' hipher than 1'or TQ),,

wrought alloys.

TABLE 2
Mechanical Properties of Cast High-Temperature Nickel
Alloys with Carbide Hardening

,,,,.,,,1'"" " 1 ' " i ,,,,, I , i ,
4 I, dI 4"41*g°-; 1"1 4 ,3 q I) '4

S7I .1- -' -I
V w w i It• ;i p..

V~l - -I; •

Xi,Tc'll'(l~l '1I I ; I-- ! i, I l;-5I I761

17. 17 5 ,yV IIgrlIp . A' ý1°" 7 I- •
I1 1iii .Ii;.I 711n -1 I ' ,
14I'I 44"., 41U1.l)lIl I ?IIil .:II II I_-; .

IIII*:4I '• %1'

1) Alloy; 2) heat treatment; 3) temperature (°C); 4)
(kg/mm2 ); 5) Hastelloy; 6) VL7-45U; 7) heat to 9500,
hold 5 hours, air cool.

TABLE 3
Chemical Composition and Heat Treatment of Some Sovi-
et Cast High-Temperature Nickel Alloys with Interme-
tallide Strengthening*

Co-" i~q l'P .1 title 3l. 1i• 'li, (110

LII. 1. I 1

C•r A .I TO % M J ! ; iý 3I l

6 ~ ~ 0 -- 2I, '
I * .4t,

"L''e we II IS' \I I

U 1 7 1 ,

1 2I i '. 4I' l4 I,2

4A ,4., '4

*About 0.01% Ce and about 0.1% Zr Is Introduced into
the alloys.

1) Alloy; 2) element content W; 3) heat treatment; 4) ZhS3; 5) hea
to 11500, hold 7 hours, air cool; 6) A.NV-300; 7) heat to 11200, hold 10
hours, air cool; 8) VZh36-L2; 9) heat to 115C0 hold 4 hours, aiv cool.
Heat to 10800, hold 4 hours, air cool; 10) ZhSt; 11) hetit to 12000,
hold 4 hours, air cool; 12) Z1S6-K; 13) heat to 1200 + 200, hold 4
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II -54112 r
houtr,, air cool; 14) VZhL8; 15) heat to 1150', hold 4 ho'ur:;, .i.r e,,oJ.
Heat to 10800, hold 4 hours, air cool.

TABLE 4

Mechanical CharacteristicZ of Some Soviet Cast
High-Temperature Nickel Alloys with Intermetal-
lide Strengthening

a . . 2 :I .I

1 1,
2 Ill'C 9: 1'''•. I : 2 r-- --

•11t91. I ? 'I•l .7I

6,5

Itll hi.16 | -
I,',. , S 1

14 "

IC : I ulI I -- ;I

9.,11,' I' 7 2 2 '
I l~IHI , I., 5.5 I" -- ;J

'- 11 1{+6 III '9 , l --

.11L3 2 I. ,

1) Alloy; 2) temperature (.C); 3) (kg/mm2); 4) on

basis of 2.107 cycles; 5) ZhS3- 6) ZhS3-DK; 7) Zh-
S6; 8) ZhS6-K; 9) VZh36-L2; 101 E1857; 11) ANV-
300; 12) EP23.

In compariscn with the wrought alloys, the cast high-temperatur2--

nickel alloys have greater fabricability, particularly in the produc-

tion of parts of complex shape. Among the deficiencies of the existing

cast alloys Is their lower impact strength In comparison with the

wrought alloys.

With regard to the method of structural strengthening, the cast

high -temperature nickel alloys may be divided Into the alloys with ar-

bide hardening (Tables 1, 2) and thI alloys with intermetallide harden-

ing (Tables 3, 4). The fir.t- type of alloys Is small In number and not

promisino with relation to Improvement of the highg-temperature strength

characteris tis. The second Is at present the basic type of cast nickel

hightemeratre icke aloys ay e dvide ino th aloys ithcar
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alloys.

The Nimocast 75 alloy does not have g:ood hlgh-tempe:ratur.

strength, it is used to fabricate heat-resistant parts. The Hastelloy B

and C alloys have high corrosion resistance in acids. Ha't,:lloy C haz

higher strength at high temperature than Hastelloy B andv is used for

TABLE 5
Coefficient of Thermal Conductivity cf Some Cast
High-Temperature Nickel Alloys

jl::,; 3 .,,, ,.,,,. ., . :

0 5

i) Alloy; 2) X (callcm-see-°C) at temp.ratures (0C);
3) ZhS3; 4) ZhSb; 5) ZhS6-K; 6) ZhS3- rK; 7) VZh36-
12; 8) ANV-300.

TABLE 6

Coefficient of Linear Expansion (2. !06) of Som..; CLzt
High-Temperature Alloys

.•III ,I" I u *.. st *. WI ;. I L .St . .. .

1) Allo, 2) 1. 100 in the tempura-ure range (°C) 3)
ZhS3; 40 ZhSt; 5) ZhS6-K; 6) ZhS3-DK; 7) EI8 5 7 ; -)
VZh36-L2; 9) ANV-300.

TABLE 7

Ch•,r•cal Ccmpeoition ef
Wear-ResLzta.nt and High-
ltmperaturt, Nickel Castln:
Alloys

1) Allcy; ?, ] ,. 2".:. (}); 3) V-56; 4) v4hL-1.
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TABLE 8

Stress-Rupture Strngth
Limits of the ZhS6-K Al-
loy

2i 2

l) Temperature (°C); 2)

(kg/n2n)

TABLE 9

Mechanical Properties of the ZhS6-KP Alloy
I0b 6 . i I L - ; ,

I:... i ' 2 '.. .. 3 : '5 ...... , .35

.Isl -- •j,-- ,4 -: i 4I, -'-f£~ . ;

A o.--l '.-- I - --

k,.. .. $I&lI,,+:: } 3 - • i l, -I S I .--" 2 ' I

5 1

1) Alloy; 2) temperature C(C); 3) (kg/rmn 2 ); 4) ZhS6-
KP cast; 5) Zhs6-KP wrought.

the fabrication (;' heat-resistant parts (Jet engine nozzle bad.es,

etc. ). Thp VL7-45U alloy is used for "'abrlcatInt nozzii vanes. Th, Ž.. -

NI alloy is used fer aircraft engine exhaust valve facings.

The primary strengtherini phase in the Nime-cast 75 arnd VL7-45U al-

loys is the Me2 3 C6 carbide type, in the VKhNl alloy It Is the Me7C3

carbide typ2, in the Hastelloy B and C alloys i" is the double catrbhat

N3 (MC, 1Cr) 3 C.

Excllont hi;h-te-prature strcrýth :harac",,rIstics or bc'h *hs

..'ast n.a w'-ht nlck.'l alloys ar. cLt'an*-A .rrharIly Uy creating ir.

thv.-. "h*' "has,.sreruening (ofen ,.I.n.r.acJ as the -' phase) cf

the .. pe N, 3 (A!, T!), by Its "uan ttv, t......e " lIsp,'rslon, distribu-

tilenP, ani fc-rm ef precip.Itattc"1. Tho strri+'h.nc ... . he:n~liv stab -:

scM•i -¢;LA-n in these alleys 1s ,-- by at.lcyvrv. '.heir with t'..e f-
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ements Co, Cil, W, Mo, NI which inhibit the diffui;lonal pr',:s In tQ,

solid solution, and also by the processes of dif'fuslonal ,.xchanige.• be--

tween these elements and the precipitation phases.

Depending on the alloying, the parameters of the (le.mentary cell

of the type Ni 3 (Al, Ti) phase may differ from the solid solution, which

is a source for the formation of dislocations in the boundary regions

between them. The best binding between the Ni3(Al, Ti) phase and the

solid solution, and also the highest thermal stability o: the alloys

a-"e achieved with identical or slightly differing parameters of the

crystal lattices. There are nickel alloys with strengthening by other

intermetallide phases. In the low-carbon nickel alloys containing nic)-

bium, at 650-800o the strengthening metastable NI3 Nb phase is formed

with a structure similar to the solid solution, and also the Ni3 (Al,

Ti) phase. At higher temperatures the stable Ni.,Nb phase with ortho-

rhombic structure is formed. There are several cast alloys of this type

EPEIO, GPMJ, etc.) containing up to 0.05% C, 20% Cr, 5-6% W and Mo and

6.5% Nb. These alloys have good casting properties when cast in air.

Their 100-hour stress-rupture strength at 8700 is equal to 11-12 kg/

/mm2. Several low-carbon cast high-temperature nickel alloys containing

iron are strengthened by phases of the AB2 type (Laves phases), where B

is primarily iron and A-W, Mo. Nb, Ti. There are cast high-temperature

nickel alloys with combined strengthening by the Ni 3Me phases and the

Fe 2 Me phases (VZhL9 alloy and others).

The amount of the a' phase is determined not only by the content

of the mutually equivalent titanium and aluminum, but also by the con-

tent of the elements which enter into the solid solution and affect the

solubility of aluminum and titanium in the alloy. Cobalt partially re-

places nickel in the a' phase (with the presence of a sufficient amount

of aluminum, molybdenum, and tungsten in the alloy). Cobalt does not
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tI •' Into th Ilk ph I It I.L tv, ujlly,,y W Ih(, NI-C,-Cr.-TI -A I . m. IT,

thw cxistinýw; cast hiph-tcmprature nick,'l alloy:; Q.i, unojrnit o( Qh, PJ

phaso varies in the ranljc of 6-55% depcndinfr or) the alloylrnf. T.,,: hlv;h-

tc-.rmerature-strength temperature level increases from 700 to 11000 'ith

increase of the amount of the a' phase. Many cast high-temperature

nickel alloys are additionally strengthened by the carbide phas;es, POr

which carbon (< 0.25%) is introduced. The carbon also contributes to

the refining in the melting process thanks to its strong reducing ac-

tion. The titanium carbides which are formed in these alloys in thre

crystallization process between the dendrite axes facilitate the dizin-

tegration of the grains, which is of great importance in increasing the

resistance to temperature stresses and repeated loading. Among the

smaller additives, a favorable influence is shown by cerium, which sig-

nificantly reduces the sulfur content and has a favorable effect on the

condition of the grain boundaries, and also boron (0.01-0.03%) and

about 1% Zr, which strengthen the grain boundaries. Depending on the

chromium, tungsten, and molybdenum content, carbides of the type Me2 3 -

C6' Me 1CMe2C," where Me = Ni, Fe, Co, Si, and Me2 = Cr, W, Mo, Nb, are

formed in the alloys. These carbides are preferentially precipitated

along the grain boundaries. The temperature range for stability of

Me2 3 C6 is up to -10500, for the double carbides it is 1000-13000.

Strengthening of the grain boundaries is also achieved by microalloy-

ing, particularly by allowing with boron, which has low solubility in

nickel and its alloys. The introduction of boron and carbon also aids

in improving the casting properties of the alloys.

In connection with the reduction of the melting point of nickel by

many of the alloying elements which enter into the cast alloys, their

melting point is in the 1270-1380° range. The interaxial portions of

the alloys are enriched with the elements which reduce the melting
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S ,oint of nick,] - carbon, aluminum, anLthim, (•,,) rnluri, rwnl:l'J, nrri. Th,:

dendrite axes are enriched with tunj%',n, which incr:a;;.:; th, rn Itirw

point of the nicke.

On the surface of the liquid nickel alloy2 containirn, aluminum arid

titanium, a hard elastic film is formed in air above th(! liquiduo ternm-

perature and up to 16500 which then shows up in the part be:ing caslt in

the forn of blisters which cause a reduction of the mecnanical charac-

teristics. The oxide film is completely eliminated when the parts are

vacuum cast. The oxide film which forms on the surface of the molten

oxidized alloy is reduced in the vacuum, particularly as a rcs.olt of

interaction with carbon, forming carbon monoxide.

The quality of the cast alloy depends on the primary dendritic

structure: 1) the grain size (macrograins) and their distribution; 2)

the size and distribution of the dendrite offshoots (..ilcrograins); 3)

the intradendritic liquation; 4) the distribution and form of the mi-

crostructural components; 5) the defects of the crystalline structure

(vacancies, dislocations, and packing defects) which are formed in the

casting process and during heat treatmfient.

The formation of the cast structure depends basically on the pour-

2 ing temperature and the rate of crystallization, which is to a consid-

erable degree determined by the mold temperature. Large macro- and mi-

crograins are formed when casting parts from high temperatures and also

with low crystallization rates. The liquational phenomena are very

strongly developed. The primary microstructural components are coarsely

dispersed. The titanium carbides, normally having a polyhedral form,

are precipitated out between the dendrite axes in the form of elongated

particles and may even form a closed or semiclosed rigid network. Al-

loys with such a structure have reduced mechanical characteristics.

Casting parts with the metal temperature somewhat higher than the

64o
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tributed strsuctural compon(-nts (micro- and macr'offr'al.,2 ýLrj pr, L.rrvy rm, -

cipitation phases). In this case the liquatlon phenomrenaf are rot

strongly developed; the alloy has high density and hlghr,.' propertie.

Pouring of alloys from low temperatures (60-150' above the llquidu2

temperature) is performed using vacuum melting. The cast high-tempera-

ture nickel alloys have a quite wide crystallization range, whPch fa-

cilitates the formation of intercrystalline porosity during pouring of

parts without adequate feed and with slow crystallization. Relatively

rapid dendritic crystallization provides for dense structure of the

casting without intercrystalline porosity.

Heat treatment of the cast high-temperature nickel alloys may be

used to redistribute the alloying elements in the solid solution of thi

dendrites and between the phases, and also to create new structural

components.

With increase of the aluminum content in the alloys, the solution

temperature of the basic strengthening phase is increased and is equal

to ~i0000 with a content of 1% Al; 11000 with 2% Al; 11500 with 4-4.5%

Al; 12000 and above with > 5% Al.

The addition of titanium to the alloys somewhat increases the

quenching temperature. A characteristic feature of the cast high-tem-

perature nickel alloys containing more than 4% Al is the impossibility

of performing a solid solution quency even with high cooling rates.

There will inevitably be precipitation of the a' phase in the cooling

process; the amount, degree of dispersion and distribution of the a'

phase after quenching such alloys depend on the cooling rate. Therefore

certain of the highly alloyed casting alloys are subjected to only a

single heat treatment: air cooling above the solution temperature of
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the x' phasc. When using thL hcat tr,.atm(nt Lhe( agriu, pro(;,

place during1 the air coollng,. Certalin caot nickel alloy,; ar, ;,ubjet::,

to double or triple heat treatment (quench froM, two t mp,;ratur,:e, i'ro-

thermal quency, or quench with subsequent gning au a te:mperature equal

to or higher than the operational temperature of the alloy). In alloys

containing carbon there is a redistribution of the carbon between the

carbide phases during the heat treatment process. In the titanium-bear-

ing alloys of the Ni-Cr-Al-Ti-W-Mo system there is partial solution of

the metastable titanium carbide and binding of the dissolvwd carbon in

other carbides during heating for quench and during aging: up to 10000,

binding takes place in carbides of the Me2 3 C6 type (with possible for-

mation of the Me C carbides also); above I0000 there is binding prt-

1 2
manily in carbides of the Me Me C type which are more stable at these

temperatures than chromium carbide. In alloys which do not contain

tungsten and molybdenum, the carbides of the Me2 3 C6 and Me7e3 type are

stable to -1250o.

Coagulation of the a' phase takes place during the process of

long-term operation of the alloys at high temperatures; plastic defor-

mation (creep) of the highly alloyed alloys at high temperatures caus-

es, along with the coagulation of the a' phase, consolidation of its

particles. The higher the level of stresses acting, the greater the

creep and diffusional mobility of the atoms, and consequently the high-

er the rate of the process of coagulation of the strengthening phases,

interinetallides and carbides. Series of cast high-temperature nickel

alloys with intermetallide strengthening with varying ratio of the al-

loying elements are used in various countries. The presence of' carbon

is characteristic for most of the alloys. The NimocasL ^u and 90 cast-

ing alloys, which are analogous in chemical composition to the Nimonic

80 and 90 wrought alloys, also contain carbon. Aluminum and titanium
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The majority of th(. alloys eoki)ilun a (-on;'id, rable., amo,,itr, 1A' ,-

balt. Ircn is rtupresentld in the form of an impurity, ;;In(C, 1trU-,

rho nigh-tcmperature strength. A.3 we noted above, the [grain bourndari';

are strengthened by small amounts of boron or boron together with zir-

conium, which affect the retardation of the diffusional processes alongf

the grain boundaries.

The harmful impurities, particularly impurities of the low-rrif.1tlrni

metals (Bi, Pb, Sb and others) which have low solubility in nickel,

form a low-melting phase along the grain boundaries which leads to

their premature failure. Bismuth and lead markedly reduce the high-tem-

perature strength even with their presence in the alloys in thousandth:

of a percent by weight. A limiting lead content of no more than 0.0055,

is permitted for alloys of the Nimocas., type. The bismuth content in

the cast high-temperature nickel alloys must not exceed 0.001%.

The characteristics of certain Soviet cast high-temperature nickel

alloys are shown in Tables 5, 6.

The high-temperature alloys which have high resistance to wear at

high temperatures (Table 7) constitute a special class of cast high-

temperature nickel alloys. These alloys must have not only high stress-

rupture strength but also high resistance to wear, which is increased

with creation in the alloys of boride and carbide phases, and also

other hard phases included in the alloy base which is strong at high

temperature.

The wear resistance of the V-56 alloy Is increased by formation of

borides, while that of the VZhL-l alloy is achieved by the presence of

boride6 and carbides. The high wear resistance of these alloys is re-
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tained to 6000.

The high-strength hlfrh-tempe.rai-iir,, alloy.; or Orh. Zh;6 typ, w'tjh

additional alloyinig with boron and silicon, which Form hard partiele2,;

of borides and double carbides in the, alloy, are used Vor fabrica1,trjj

dies for hot pressing of the high-temperature alloys.

Mechanical working causes surface strain hardeninrý of the high-

temperature alloys and the formation of residual stresses, which may

lead to premature failure of parts at high temperatures during opera-

tion. Relief of the residual stresses in the casting alloys of the ZhS

type is performed by annealing in a neutral atmosphere at 9500 for 2

hours.

The cast high-temperature nickel alloys are not notch sensitive in

static short-term and stress-rupture tensile testing at 8000 and above.

• ,.,•l'ab•li,, • •,"•.e•ist•e fc• t• VhLS 91aoy (analog of the

GRM235 alloy) which is recommended for welded nozzle vanes. With re-

spect to strength at high temperature, the VZhL8 alloy surpasses the

cobalt casging alloys of the LK4 type.

Interacting with an oxidizing medium, the surfaces of the cast and

wrought alloys are oxidized and depleted of the alloying elements to a

definite depth. As a result, the surface layer of the alloy loses its

strength. A marked depletion of the alloying elements from the surface

of vanes made from the ZhS6-K alloys after operation for 200-600 hours

takes place to a depth of 50-10C microns. A similar phenomenon takes

place to a depth of 0.15-0.35 irm during heat treatment of the ZhS6-K

alloT,. This layer must be removed in order to avoid reductien of the

resistance of the part during operation under conditions of high tem-

perature. Various methods of thermochemical surface treatment have been

developed to improve the heat resistance of the alloys. Most promising

in this regard are the following methods for protecting the surface of
S~644
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In the hlr.h-tcmperature hlrh--trernijth ca;tlnr, a 1l,;/:, ,j; r0j1i re- it,

oxldlzirf media without surface protection, full utllizatiLon I:; rn,, f,,-

tained of the service life capability which has been create:d by th,. al -

loying, casting, and heat treatment.

As a result of accelerated development of methods of obt-ainnif

high quality ingots of t1" high-temperature high-strength alloyo and

the use of advanced methods of hot mechanical working, th(e diocrr.parje.y

between the possible temperature levels of operational use of the al-

loys in the cast and wrought conditions has been reduced from 100 to

30-500. Characteristic in this respect is the ZhS6-KP alloy which iris

used in both the cast and wrought conditions (Table 9).

The operational service life of the high-temperature alloys d'•-

pends significantly on the stress state and the temperature. Increase:

of the stress redup' 'he cervilc life of the alloy more st:ongly at

high than at low temperatures. This shows up p,'ti'1ilarly strongly when

vibratory stresses are superimposed on the static stresses.

Under the influence of neutron irradiation the cast hirh-tempe,--

ture nickel alloys unle~•gc, rcversible changes chtaracteristic for the

low-alloyed alloys, which can be eliminated by annealing, and also un-

dergo irreversible chanc-Ps characteristic for the highly-alloyed multi-

phase alloys.

S.T. Kishkin, N.G. Lashkc
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CAST IIIGH-TkVPERATURE STAINLESS STEEL is conp 2:- 1iry•d ;,ustri;-

tic chrome-nickel steel with carbide and interm etallidrI :,trrIrvrnterrin:;.

The chemical composition of the cast high-temperature :tainless steel

is shown in Table 1, and the mechanical properties rind herat treatrnsent

regimes are shown in Table 2 (the mechanical propert-I ere deter-

mined on specimens cut from bars and cloverleaf castiris pouring; into

sand forms). The physical properties of the ca±st hi:h-terrture

stainless steels are shown in Table 3. The figure shows the variation

of the mechanical properties of the cast hign-tex.perature -tainles.:

steels with temperature increase. The V7h36-L3 and V'h-LIO steels with

intermetallide strengthening cast by Lhe vacuum meti.od !.ave the L. :hes-

strength properties at high temperatures. The 22-11-3w, 7L7-2C anr '"fT-

45U steels are melted in open induction and electric-arc furnaces.

.60

40

I 4 ,-,,•N "

Variation of !rech~nical properties of cast high-ter-pereture stainless
steel; with temperature increase: x - o2-1i-3W; o -- EI4-V: , - Vt.7-,

S- VL"-5U; - V'Zh36-L3; &- Vh-Ll ) teprature,
0C.
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9 -A 1, -1 . .'. .

I~~I . 2

1) Steel; 2) element content, %; 3) other elements; 4) E1481V; 5)
E1481L; 6) 22-11-3w; 7) VL7-20; 8) to; 9) VL7-45U; 10) VZh-LlO; 11)
VZh36-L3.

The 22-11-3W steel is used to fabricate by the centrifupal cast-

ing method ring-shaped structural parts and nozzle cases for gas tur-

bine engines. The steel is temperature resistant in air up to 950-

100O0. Casting temper,-ture is 1520-15500, linear shrinkage is 2-2.5.

Weldability is good, weld repair of defects may be accomplished using

weld wire of the same steel.

The VL7-20 steel is used for turblne blades which are welded to

a disc made from the EI395 steel. It is a scale resistant to 1000'.

"The E1481V steel is used to fabricat: structural r4ng parts, gas

turbine cases, compressor guide vanes opcratirn !t - The 5te.cý

welds wellby resistance welding using E14.& filler wireý. It is te'..-

.rature resistant to750--00*. Casting t•..r;!•erature is 1590-1610*.

The E14811 steel Is used to fabricate various high-strength and

hi.;h-tem.perature detail partc and has propertles clzse to- those of

the wrought steel E1481, but has somewhat 1eis plastk sty.

The %VL7-45U ateal belongs to thp austenitic ('lajs and is used to

fabric~te ncý:z:lh guide vanes as a r *ac,,t. for the cobalt all,-.

LK-.4. V-is rsteel h~as goo~d -rc r pr p-.'r'ec, ,wel using z snf
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TA13LE 2

Mechanical Propertiesof01 Cast 1LiGh-'1cmper;rrtureý 'tujiri-
Lss Steeýl

C.U . e. e l l.3 Teu III Me w Arl 'IiI , l

Mia elle 1111 [O 2l' It T

91cMlellmle lit 'etc

IM11402 11 1, we

ANapnrY 20) 42S - -t 6 - I5u 8
52~mi 1oc "a6-2 - I.

Rill I 780-S2 1
23AIlll 111t 1,03 43 5 0

19II1A Stel 2211.3W, 2_o~~~ 500 - 12 14 .3- fo51

**o t wa casti2n5g.to 104.-

E1481V*;81piia 10 hooeiza Ition at 110 oIor, unhdadae
follows: heat~e~ingw for qenha110fo3hur;istangt

quenced fom 1400 100 tnI wate or air agntor -4.hous- a

nurma 7.e 0 andlleil~ aged AMt 200 50 17 catnsu5glotwxpoes
nor'malizedin a12 4~511- 1805 307 '-** 19

18 4c., ,uvK~e~e H 0 j 2



ouiur , air cool; 10) v,(-41)q* '1) .'l ,d at 9000 For 5 hoi~rr; with ,;ub-
5oquent air cool; 2) kulmnin' ; 23) Vih-Lio**; ;'4) qur(ch,.d Promr .I>50 0

in oil, double aging,: first at (.to0 for 16 hours with ',ir r-rioo, .onfl
at 6300 for 16 hours with air cool; 25) VZh36-I.3**; ;,6) quf:inhed InI
agqed as follows: heating for quench at 11500, hold rr 3 hour.:, air

cool; aging at 7500 for 32 hours, air cool; "'7) by aigre,:ment.

precision casting method at 1600-1620, and has linear ,;hrinkage ,of the

order of 2-2.5%. This steel has low tendency to aging as.; a re.sult of

the formation of chromium carbides and tungsten carbides, which af-

fects the increase of the stress rupture strength: after aging for 15

hours the time to failure at 8000 and a stress of 15 kg/rmm2 increases

by 10-20 hours for an over-all test duLration of 150-200 hours. To

stabilize dimensions, castings are c Jected to aging for 5 hours at

9000 and subsequent air cooling.

The VZh36-L3 steel is used to fabricate gas turbine nozzle vanes

operating up to 800-8500. In cast form this steel has comparatively

high strength properties ul to 8000, casts well using precision cast-

ing methods, has a linear shrinkage of about 1.5%, and volumetric

shrinkage of about 5.5%.

With respect to high-temperature strength properties, the VZh-LlO

steel surpasses most of the cast steels in use at the present time; it

is a chrome-nickel steel of the austenitic class, alloyed with tungsten,

molybdenum, titanium, aluminum, with additions of boron and cerium.

Melting and pouring of the steel are performed in vacuum induc-

tion furnaces at a pressure from 1.10-2 to 5.10"2 mm Hg. The steel is

strengthened by heat treatment consisting of oil quench from 11200 and

double aging at 740 and 6300 with soak at each aging temperature for

16 hours (air cool); the time at the prequench temperature is 3 hours.

With respect to mechanical properties up to 8000, this steel sur-

passes in many cases even the nickel- and cobalt-base high strength

cast alloys and at the same time is considerably more economical than

649



II-3;"NlI

the l1itter, since it contains much less nickel and no cobilt it all.

Var!ous defects of" the castint, are satisfactorily repaird by

manual electric-arc welding using electrodes made from the Vih9;8 ,lloy

with a NZh-4 coating or using IMET-4P electrodes (rod made from the

E1435 alloy). This steel has good resistance to gaveou: corrosion. At

8003 after 100 hours the weight increase in 0.053 g0/m-hr, and at C0000

after 100 hours it is 0.389 9/m -hr.

TABLE 3

Physical Properties of Cast High-Temperature Stain-
less Steel

C lb 1 2 Ceool~mia IFII;;d3;iTe.l!"111 (nOITII 1lpil p';1:ý11u04 Te't4lI114%
|,.I ,1 C IS •11# - " 1

M)1481B I (I,'C) 1B.3 (1l- 21. ;(',,1--50010j; 22.1 (700--•0A)4 = 7.8 5 , cm) •(Pist.4 r~m ep IC) 11.031;(251). O. mw%,•uJ* i0, wlj (6o ,), .0 •; (:,

2."-11-3%' ai I °C) 14.49, (101..........,i(400--.,o)• 20,01 (700- (1i(--j

(y=7.95 z,cM') ). (,lA c.4i.cr.C) .1 l ..52(1 ) . 5 (3,()0) 1)7, (11)1,0); 1'u,' 0,02 . '
Q (aM ..... I'.,) 0, 85 (20'); 1 .13 (500l'): I,24 (tiUu-)

11.217-20 a'10"(1 1C) 12, 52 20-1110-; 15. 1 (20--5900'). 11,77 (Z -- W01, j; 17, (21
(y=•i ic') X (wani .. ,ce,:.'C) 0.027 (20-I DO-)

Q (Owl 0M'.') .119 (20--I 0U)

B. 7 V o(
8 = .1 CA,) X(,,. ".4 ef.¢,h C) 0 . 02.6 j-'u • . 1 4U 8 (5 001)ý 0 ,06 8(9 00-) '

SI a l .I '( : ,' C ) [ 1 3 .8 ( 2 0 -- l 0 P ' ) ; Il , .2 ( 2 1 -- 5 0 0 ' ) I1 % . " ( • -- 8 0 u ' ) " ; I; ( :) --j- ) l •l , ) -

lIG .180 8 .6(401-50');). 24 . '(700-80,,')
( •8, 08 .,'') A(h .. rm el•.-C) 0.1131 (25s); O.tJ48(5010): 11.05f;(9110o)

---- ___ - 0 Ious (I,, , 0,' 0o. :26, ,,,, : ., (.,1,oo)

Wt)6.J-3 i 10'(1,TC) 14 8 (20-I (()";I P.4 (28II--,,') 28,4t 70V080 ) .3 ,.

(V= 8.' , .. ' 15.3 (211-200'): 163.6 (2 O '.18.7 (26--8o 0
1), ll'2~,l

c " .rc e .'C) 0022 (2 5-- 0)l(,; 1, 04"1' 00 ) .0 2 7(, 00')

1) Steel; 2) properties; 3) property indices at vartoui3 temperatures
4 E1481V ('Y = 7.85 g/cmý3 ); (cal/cm-sec-°C): 6) 'y = 7.95 g/cmr);
7 X(cal/cm-sec- 0 C) p(ohln-mm); 8) VL7-20 (y = • g/cm3); 9) VL7-45U

( =8.3 g/cm3 ); 10) VZh-LlO (•8. 8.08 g~cm3; 11) X(cai/cm-sec-°C),
SVZh36-L3 (,y = 8.04 g/cm-).

The VZh-LIO steel is intended for fabricating extremely vari d

cast parts operating up to 8000, including parts of very compr.ex form.

At several plants this steel is being tested as a material for fabri-

cating integrally cast rotors for gas turbines (discs cast together

with the blades), which will accelerate and reduce the costs of the

entire production cycle many fold.
F.F. Khimushin
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CASTING BRONZE- a bronze intended for castinig ;hapcd rrprcrt',

blocks, and tube blanks. The castings are produced in sand muld";." arid

chill molds, by both the centrifugal and lost-metal methods. Aluminurf

TABLE 1

Mechanical Properties of Tin-Bronze Castings

CnCT. MAWII

4 1J) I~ .'.111 1041,11,119J fi _1Ii. 9(9, .[tigre of a g
Im:,•,,,. I I A Its '4

±8
Iii l(13 7[ 5 I ;l, j I'*i|' JIIJ .('lhilr'.ii I w 'IIII' I ,I 1i II

.- I f I ,B99I$I (i[;-! "-5 .b6 'ruxi, 19 ,, ilg.ll ii'4 _.i .99i.
a I I llilI99. Il

pG C ; II-I . •8 . . I II~l i ,l ."'I iI.4 9I99 4 lli

BpOlCS4-4- 17 . . . , II , 11gM.i994 I 0;,
SPORC3,6-5 I ; (m I9II4, f:ile

Bpoo ,II-I 1 . . . .. . 3 P0
Ii l II, I,1I, -....

BpOIIH o2 . .. 12 . i L'i,

13poc. 9-In . 13 l II , g;a9.I h'l iT

ipoC'-,- ••15 .... . . .i 2' ' ) '
t~e g iIn~c 19U 4,i Is ::ilW;ll. •: 2 ) ., i.,

EpOc 16-5 • . 2 . .. 2 " ilt9'1 turn1i'-- , .. i I

EpO19 . .g..g IL'. 1;P I TV i M 11- 1 II t .I g 1-e
7O 0)gMig ' lllIII llI g1111 -- 1:0 1 INI TI9'(M .liIlII b- I e 9-I ',

i aca

1) Al~oy; 2) conditions of control specimens; 3) casting method; 4)
kg/mm - 5) BrOTsSN3-7-5-1; 6) BrOTsS3-12-5; 7) BrOTsS5-5-5; 8) BrOTsSC-
6--; 95 BroTss4-4-17; 10) Br0TsS3.5-6-5; 11) BrOF10-1; 12) Br0TslO-2;
13) BroS1o-1o; 14) BrOS5-25; 15) BrOS8-12; 16) BrOS16-5; 17) BrO19;
18) without heat treatment; 19) the same; 20) annealed at 4500 for 2 hr;
21) in loam mold; 22) in chill mold; 23) in centrifugal chill mold.

bronzes, Tin bronzes, and a number of the new alloys used as substitutes

for tin bronzes have good casting properties (flowability, mold-filling

ability) and are widely employed in casting. Aluminum casting bronzes,

which are high-melting alloys with a small crystallization range, are

distinguished by high shrinkage (2.2%) and consequently require large

loFt heads in casting; however, they are virtually free from liquation
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TABLE 2

Mechanical Properties or Tin-Free Bronze CaBtings

BpAM9-4J, I IU .5p M ;, JIf,5 , ' .. , 11) 1 ....

pAN19-42 .... 7 it 1......111. 4

0pASlCll10-44 •'f I . et . 611 5 17,1

Vteit npu 650* 2Rackm
BpA)HIII .--4 • • .9. lD.a TYIMWIn. o•I9;Os•O6 ,H It li*1.iI" * 11i

1AHYC7-2*I 5"!.5 1 0 • - To ,e II :W9L,.. , I -
11 ILfl .2II II -i, I Iou.'' , 'J; I ;

1 2 3BCy06(-i............ , II 19,11. b.I ll 11 SI'4 111411 , '• i

l3 BITCC06- 0,O • . • 1,,,.l)
1I Ir. .,.CIniit | IIl~ II II |.2+ 9;0

14BpC! .2 . .$.,-a .. s. •. . ItoIITJ'601, 0II,. l 17 2

) ýllo; 2) condition of control specimens; 3) casting method; 4) kg/
Am ; 5)BrAZh9-4L; 6) BrAZhitslO-3-1.5; 7) BrAMts9-2; 8) BrAZhN10-4-4;
9) BrAzhNIl-6-6; 10) BrAZhS7-1.5-1.5; 11) BrSuN6-2; 12) BrSuF6-1; 13)
BrGuSP6-12-0.3; 14) BrSuNTsSF3.5-3.5-3.5-20-0.2; 15) without heat
treatment; 16) the same; 17) quenching from 9000 over 2 hr, annealing
at 6500 for 2 hr; 18) in loam mold; 19) in chill mold; 20) in centri-
fugal chill mold.

TABLE 3
Physical and Technological Properties of Tin Casting Bronzes

n laIe* I ty- lISI. Te0man.p Te~fn-pa Ti l-3

Cna 1 - I Ir (I -C) (,,., ,...ref. _F (...1 .. ) ( M') llr oCIRYr "ACnT

c V U8() Me (%) (*)

BPOItC, -7?-5- . . . 8. -7 1 8 50 022-
13BpOlIC3-I2-......I S.7 -- -- ' ~ JT ' I0 9 - -- :;

%01 - - .'75 5 400 goll
13 Bp011-C5-5. I...... . 1,l 19.1 -- ¾08 9450 97u -o -- II.,'
14 SpOICO.6-3. ....... ... 0.S. , ' 22. Of. 9000 967 - 4• I.l

ISpOUC4-i 7l ... . . 5-.... ..

P1 RpO 0IC3,5-9.• .. . . -..... ... -t%
t7 RpO 10-i . 8,7 7:1 '117 - :111 - -- .,. l19,
It IpOuj02L. 8,5 131 0'.332 . 0 11 1 I.• - 1
to POCI0" 1- 1.. ..... 0.. to,:!.. I .iAI• -- -- - -- 114

20 BPOC-25 ......... 9... 1,.12 o. - 75"*) I '9(, -o 24 1.% t! Il
22B1pOC l-6 .... . 8.3 IS. '- ...- 5 -' qC -

23. , - - 0 - )-2 a - -- - I --

. ... . . .. 0: o 2.1r

I order to fix the joints of oil packing rings.
1) Alloy; 21 I/c; 3) cal/cm'gec.°C; 4) ohmemin2/m; 5) k/mm 2; 6) melt-
ing point ( C); 7) annealing temperature ("C); 8) flowability (cm); 9)
linear shrinkage %) 10) casting temperature (°C); ii) BrOTsSN3-7-5-1;
12) BrOTsS3-12-5; 135 BrOTsS5-5-5; 14) BrOTsS6-6-3 1 BroTss94-4-17;
16) BrOTsS3. 56-5; 17) BrOFlO-l; 18) Br'~sl0-2;;195 BrOS10-10; 20)
BrOS5-25; 21)BrOS8-12; 22) BrOSi6-5; 23) BrOl9; 24) hr.
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TABLE 4
Physical and Technological Properties of Tin-Free Casting Bronzes

-l'-,- -o.a )f - ~- .la1 1 ,s.~

n( ,) ( I. ;) (AM ON , '- () (Iu,' AN CoxN'C) In' AL , (NoA, i(n)

II BpANl(9-431.............. 7.5 MUI I 0,24 IIIr qO lOl ! Tn0--040 71'..i IS. 2J.. II 100--ll6',
1 FAK n 0--, .. . . 7.b lII;.I , .,I7 III (IU lIlj4" -- 70j 3P.4 . II. --II'.O11 61A~l(lll0*4-4....... ... 7.5 1, 0.14 1.12493 14 500 10p40 7111-75'1 S0 I1'!4--Il'0

124 pAM l0-2 3 ................... 7, 1 I?,0 0.17 I 11 0| 1060 If fi-7l.Il 4 -"

13 BpA)HI I tII-6-6 . . . . 7. 6 -.- - -- 0111 700-750 i 2101-2(46'
16 BpA)KIC7-I,5-1.I ...... 7.5. --- 10410 700-7460 II.--II4I)

17 pCylil.-2 ......... .. .... 17. 0.15 -" 95u0 910 - - - I 1%-I- Ii'J

I EBp~yO ....- ............... . 8,15 17.3 0.1 1" 0500 ll - 35 1 l I',

19 BpCyCV6-12-0,3 ...... ... 8.0 0.17 0.11 I -- 000 540 - 1.3 II00--II6U

20 B ,2.[•...3,..5-3..5".3....." .1 t7.1 0.8 t 7100 950 - 30 1.25 590-1030

1) Alloy; ) g/c .; 3) cal/cm-sec.,C; o 2  5 6) melt-

ing temperature (0C); 7) annealing temperature (C; ;8) flowability
(cm); 9) linear shrinkage (%); 10) casting temperature (0C); 11) BrAZh9-
4L; 12) BrAZhMtslO-3-1.5; 13) BrAZhNIO-1 -4; 14) BrAMts9-2; 15) BrAZhNll-
6-6; 16) BrAZhS7-1.5-1.5; 17) BrSuN6-2; 18i BrSuF6-1; 19) BrSuSF6-12-
0.3; 20) BrSuNTsSF3.5-3.5-3.5-20-0.2.

and do not have dispersed porosities, which ensures production of com-

pact castings. These bronzes tend to have a columnar structure. Their

drawbacks include formation of aluminum-oxide films in the liquid metal,

which causes discontinuities in the castings; it is consequently ne-

cessary to avoid interrupting the metal flow when filling the mold.

Tin casting bronzes and others of this type with a broad crystal-

lization range exhibit little shrinkage (1.4%) and consequently do not

require large lost heads and permit production of very complex castings

(with sharp transitions from thick to thin sections) without shrinkage

flaws. Such castings, however, do not have high hermeticity, since the

interdendritic pores admit water at high pressures. The lead and zinc

present in the alloy reduce the crystallization range. Casting bronzes

have sufficiently high mechanical (Tables I and 2) and physical (Tables

3 and 4) properties and corrosion resistance and good antifriction

characteristics. Tin-zinc bronzes, which contain small quantities of Sn

(from 0.5 to 7%) and Pb (from 1 to 6%) and a considerable amount of Zn
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(fro", 5 to 35%), a-e di.-tiinp:tilched by high .'lowabIlIty, a j,.',d rr,],ode-

filling ability, and good cuttability; thie.y are concquertl.y (,rIrJJIy(;,j

in artistic casting (see DecoratLvv bronze). Tin bronzes (GO8',i 6]3-50)

are produced with secondary tin bronzes (GOST 614-50) az ttj(. chur'gt.;

the latter are obtained by reprocessirg of scrap and othr-r wa;tc, ,;

Secondary bronze, Antimonybr.onze).

References: Bochvar, A.A., Metalloveneniye [Metalworking], 5th

Edition, Moscow, 1956; Smiryagin, A.P., Promyshlerlnyye tsvetnyye metal-

ly i splavy [Commercial Nonferrous Metals and Alloys], 2nd Edition,

Moscow, 1956; Turkin, V.D. and Ruinyantsev, M.V., Struktura I svoystva

tsvetnykh metallov i splavov [Structure and Properties of Nonferrous

Metals and Alloys], Moscow, 1947; Mashinostroyeniye. Entsiklopediches-

kiy spravochnik [Machine Building. An Encyclopedic Handbook], Vol. 4,

Moscow. 1947.

O.Ye. Kestner
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I

CAST IRON - is zn iron-carbon alloy, the percentage of the latter

surpassing its solubility in gamma-iron (more than 2%, usually), and

with a certain content of permanent impurities, as Si, Mn, 1, and S

(non-alloyed cast iron), and also an alloy which contains specially

added alloying ingredients (Cr, Ni, Mo, Cu, Al, more than 2% Mn, more

than 4% Si) in addition to the above-mentioned permanent impurities -

see Alloyed cast iron. Cast iron containing a great quantity of elements

which narrow the region of gamma-iron (Si, Al) may contain less than 2%

carbon, even 1% only.

In contrast to steel, where carbon is separated in the form of

iron carbide (cementite, Fe3C) or of carbides of the alloying ingred-

ients, the carbon in the case iron structure may be separated either

totally in bound state or totally in free state as graphite (lamellar

or spheroidal graphite) or as temper carbon, or in a partially bound

and partially free state. The form in which the carbon is precipitated

in the cast-iron structure depends on the chemical composition of the

cast iron, the cooling rate of the castings and the conditions of the

heat treatment.

Cast iron is classified with regard to its chemical composition,

its microstructure, the technology of production, and thi purpose.

With regard to the chemical composition, nonalloyed and alloyed cast

iron are distinguished the latter being subdivided into low-alloy cast

iron with a total content of up to 3-4%, medium-alloy (from 3-4 to 10%),

and high-alloy with more than 10% of alloying ingredients.

With regard to the microstructure, one distinguishes: gray iron, 4
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in which structure the carbon is coagulated in the form of lamellar or

spheroidal. graphite; white iron, in which the carbon is separated in

boviad state; chilled cast iron, whose castings have a surface zone with

the, structure of white iron, and a core with the structure of gray iron;

mottled iron, in which the carbon is separated partially in bound state,

and partially as a graphite (lamellar or spheroidal); malleable iron,

obtained by tempering white iron resulting in a decomposition of the

ccentite and separation of flocular graphite, the temper carbon; and

cast iron with special structure: austenitic, martenritlc, bainit4%

and ferritic cast iron.

With regard to the technology of production one distinguishes:

common (nonmodified) cast iron; cast iron modified by graphitizing or

%..arbide-forming additions (see Modified cast iron); and heat treated

cast iron (see Heat treatment of cast iron).

With regard to the purpoge, +he cast iron grades are distinguished

according to the requirements made of the castings and the service:

gray iron for general and special castings in machine building; cast

iron for casttngs with increased ductility, and cast iron with special

physicochem!i.al and meenanical properties-

Th.e widespread Utilization of cast iron as a machine-building ma-

terial is bas-d ou its nigh casting properties (a good flowability, a

sm'tll shrinkage, and a relatively low melting point), and - in the case

of the nonalloyed cast iron - also on its cheapness. In comparison

with steel, cast iron has a lower strength, plasticity and impact re-

sistance, a higher toughness under cyclic loads, a lower sensitivity

to notches and to the quality of the machined surface, a greater wear

resistance, aid significantly h -r casting properties. The strength

of the best pearlite cast-iro(, . with spherical graphite is com-

parable to the strength of steel. The high wear resistance and cyclic
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toughness of cast iron and its good workability favor its wide:pread

application in machine building. Cast iron is used for a large number

of castings both for common purposes and for such with special proper-

ties.

A.A. Simkin
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CAST IRON FOR PISTON RINGS - is a variety of the Antifriction car.

iro; it is characterized by a combination of wear-resistance with high

elasticity, which gives the required working properties to the piston

rings of internal-combusticn engines, compressors, steam engines, etc.

There are two types of cast iron for pi•ton rings: the type used in

casting individual rings, and the type for casting blank hoops. Non-al-

loyed and low-alloy gray phosphorous .-.on with a pearlite base is uZed

as cast iron for piston rings (see the Table). The grade. for individ-

ual castings are characterized by an increased content of C and Si and

Chemical Composition of Cast Iron for Piston Rings

*Ir I C M, - -P N. :...,.

'- 2 C S. I- W. . .

;6 2.-3.2 t-;.,I7 .,-2 ., - *., .,, * - - - ,4- 3.7- ". i I.--2 2$-c ' *g. -. ...

_______ 9__ lr 6 5..': ." j,.-.,, . ,-l'.,~ ,.0',-,,' ,.,-+., -0 .4-., - +,. 0.... _____

im10
3.2--3 S -1.1 0.* -1,3 0.3-o.6 0.3

Se-t.,40 2. s-3.3 1* -.2 . I.$ I .-- I.S 0.3--. .12 1*I--.D#.of 1.0-1-,+ : .- 1-1,• :13-01~ 0.3 -

13 0.4,6. 0nm m6.:
s,. .00 a 06 16 ,.,-. .1 0. 1-, . .,. ., _ - _ _S-IO * 1-3*1 3|.6--3.1 e -+0.5-0.8 ---.3 t-30. , -,

15-40 .12.0 .- 3? S.-4.0 6.1-9.4 -I <0.2I01--40 * 1,4--3,I0 I.'}--2| 0.1-.41.0 0.i.--+I ".0l < +---
s loe 400 8,'-,.,, 1.2-I.? 01--.I 0.--.1 .,, - --

1) Branch of machine building; 2) type of the part; ,) percentage of the
elements; 4) aircraft building; 5) blank hoops; 6) the same; 7) Indi-
vidual ringsi 8) automobile and tractor building; 9) diesel engine
building; 10) blank hoops with a diameter of; 11' up to; 12) more than;
13) individual rings witn a cross section of; 14) steam lccomotive and
internal combustion locomotive building; 15) compressor building.
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a reduced content of Mn in comparison with the grades for bJrai1-hoop

casting. Rings of high-strength cant iron with the following compo:;i-

tl.ons: 3.0-3.4% Cobshch (total); 0.7-1.0% Csvyazi 3.0-3.1% Si; 1.4-1.6%

Mn; •0.1% P; <0.1% Cr; 1.8.-2.2% N¶, and 0.03-0.08% Mg are used experi-

mentally in high-power diesel engines.

The individual rings are Last inl raw-sand molds, tne blan2K hoops

in sand molds or by the centrifiagal method in hot metal molds (400-5000)

lined with refractory clay. Cast iron for piston rings is melted in

cupola furnaces, by a duplex process (cupola furnace and electric fur-

nace), or in electric furnaces. Iron for the casting ring- in metal

molds is modified by graphite powder from waste electrodes or black

casting graphl.te (0.1-0.3%). After a raw grinding, the blank hoops are

tempered at 500-550* to remove internal stresses (see Heat treatment of

cast iron).

The wear resistance of the piston rings is obtained by a metal

base of fine-lamellar pearlite with uniformly distributed inclusions of

a double and partially triple phosphide eutectic, and by the presence

of isolated precipitations of lamellar graphite. The upper rings are

coated with porous chromium (0.12-0.18 mm) to increase wear resist-

ance. The run in is provided by a conical working surface, application

of soft coatings, porous pickling and other special measures. The

chrome-coating of the rings is treated to electrolytic iron-plating to

improve the run In of chrome-plated rings.

References: Grec?ýin, V.P., Porstnavyye kol'tsa [Piston Rings,, in

the Book: Spravochnik po mashinostroitel'nym materialam [Handbook on

M4achine-Building Materials!, Vol. 3, Moscow, 1959; Girshovich, N.G.,

Sostav I svoystva chuguna [Com- ositlan and Properties of Cast Iron],

in the Book: Spravochnik pc chugun.nomu lit'yu [Handbook on Iron Cast-

ing*, 2nd Edition, Moscow-Leningrad, 1960. A.A. SIskin

659

L



III-9ch2

Manu-
script [Transliterated Symbols]
Page
No.

= obshch = obshchiy = total

= svyaz = svyazvnnyy = bound
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CAST MAGNESIUM ALLOYS are magnesium alloys intended for the produc-

tion of details by the methods of mold casting. With respect to mech-

anical properties, the cast magnesium alloys are arbitrarily divided in-

to three groups: 1) medium-strength alloys (ultimate strength ab at 200

2no less than 16 kg/mm ); 2) high-strength Gb at 200 not less than 21 kg/

/mm ) 3) high-temperature, suitable for operation at elevated tempera-

tures (to 250-4000 depending on the chemical composition). For chemical

composition and properties of the cast magnesium alloys in comparison

with other metallic materials see Magnesium Alloys.

The medium-strength alloys ML3 and ML7-1 of the Mg-Al-Zn system

are not stregthened by heat treatment. The alloy ML3 (ab = 16-18 kg/mm2

00.2 = 5 - 6 kg/mm2 ; 6 = 6 - 8%) has outstanding hermeticity. The ML7-1

alloy(ob =16- 18 kg/mm2 ; . 2 = 6- 8 kg/mm2 ; 6 = 4- 8%) is charac-

terized by high creep resistance in comparison with the ML5 alloy and

is used for details operating for long times at temperatures of 150 -

- 2000. This alloy has satisfactory casting properties and weldability.

Castings are obtain by casting into sand forms. The high strE -h cast

magnesium alloys include the ML4, ML5, ML6 alloys of the Mg Al - Zn

system and the ML12 and ML15 alloys of the Mg - Zn - Zr s• ,em. For

highly loaded details wide use is made of the ML5 allo•.)ob = 23 - 26

kg/mm2 , 0.2 = 8.5 - 10 kg/mm2 , 6 = 5 - 10%) which has good processing

properties.
The ML4 alloy (ab = 22 - 25 kg/mm2 ; a0.2 8-il kg/mm2 ;6 = 5 -

- 10%), which is used little by Soviet industry, somewhat exceeds the

ML5 and ML6 ýlloys in corrosion resistance, but is considerably inferior

661



II-IOtl

to them in processing properties, particularly with respect to tendency

to formation of hot cracks in castings and microporosities.

The ML6 alloy (ob = 23- 26 kg/mm2 ; a0.2 = 13 - 16 kg/mm2; 6 = 1 -

- 2%) exceeds the ML5 alloy in yield strength, but has found limited

use because of its low plasticity.

The ML4, ML5, ML6 alloys lose strength rapidly with increase of

the temperature and therefore are used for details operating for long

periods to temperatures no higher than 1500 and for short times to 2500.

The ML12 alloy ( ab = 22- 25 kg/mm2; o0.2 = 12 - 14 kg/mnm 2 ; 6 = 5

- 8%) of the Mg-Zn-Zr system differs from the ML5 and ML6 alloys in the

combination of high yield point and elongation, more uniform mechanical

properties in castings, higher casting density, as a result of which

castings produced from it exceed castings from the ML5 alloy in strength

particularly when cast in heavy sections. A deficiency of this alloy is

poor weldabiltiy and a tendency to the formation of hot cracks.

The ML15 alloy (ab = 21 - 23 kg/nm2 ; 00.2 = 13 - 15 kg/mm2 ; 6 = 3

- 5%), containing lanthanum in addition to zinc and zirconium, is in-

ferior to the ML12 alloy in plasticity and ultimate strength at 200,

but exceeds the latter in high temperature strength and processing pro-

perties - the alloy can be argon-arc welded, has low tendency to forma-

tion of microporosity and hot cracks in castings. The ML12 and ML15 al-

loys exceed the ML5 alloy in creep resistance and are used for details

operating for long periods at temperatures to 2000 and for short times

to 2500 (ML15 alloy details can be used at temperatures to 3500 with

leading up to 5 minutes). Both alloys have somewhat higher corrosion

resistance in comparison with the ML5 alloy. The ML12, ML15 alloys are

recommended for casting into sand forms and chill molds; ML5 and ML6

are recommended for casting in sand forms, into chill molds and for pre-

ssure casting. The cast magnesium alloys are used primarily in the heat
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treated condition: the ML5 alloy after solution treatment, the ML12 and

ML15 alloys after aging.

The high-temperature alloys include the ML9, ML10, MLl1 alloy.-

which dre alloyed with the rare-earth metals, the ML14 and VML1 alloys

with additions of thorium and the VML2 alloy. The ML9 alloys (ab = 20 -

- 24 kg/mm2 ; "002 = 14- 15 kg9/,m 2 ; 6 = 2- 4%) and ML1O alloys (ab =

= 22 - 25 kg/mm 2; 00.2 = 12 - 14 kg/mm 2; 6 = 4 - 6%), developed on the

basis of the Mg - Nd - Zr system, are used for highly loaded details

operating for long periods at temperatures to 2500 and for short periods

to 3500. With regard to strength properties at room temperature, these

alloys are not inferior to the higher strength ML12 and ML15 magnesium

alloys, and at elevated temperatures exceed them considerably in both
short-time and long-time creep tests (a 2000 = g.0 for ML10

(0.2/100=9.fo

and 4.5 kg/mm2 for the ML15 alloy). At temperatures to 3000 the ML9 al-

loy exceeds all the cast magnesium alloys with respect to yield strength,

including the alloys with thorium, and also exceeds the aluminum alloys

with respect to specific values of the ultimate and yield strengths at

2500, and beginning at 3000 it exceeds them in absolute value.

The ML11 alloy (ab = 14- 16 kg/mm2 ; 002 = 8 - 10 kg/m 2 ; 5 = 3

- 6%) containing cerium mischemetal is close to the ML9 and ML1O alloys

with respect to creep resistance under conditions of 100-hour tests at

2500, but is inferior to them with respect to properties in short-time

tension, particularly at room temperature.

The VML2 alloy (b - 22- 26 kg/mm2n; 00.2 = 11- 12 kg/mm2 ; 6 = 4

- 8%), which does not contain radioactive nor toxic additives is used

for long term operation at temperatures of 250-300* and short term use

to 4W00. At 300-4o00 its yield point is higher than that of the VMLl

magnesium-thorium alloy.

The ML14 alloy (b = 19 - 21 kg/m 2 ; 002 = 9- I0 iK/mm2; 6 = 6 -
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- 10%), of the Mg-Th-Zr system is recommenurlcr for long term operation

at 300-3500 and for short term operation to 4000.

This alloy has low mechanical properties in short-time tension at

300-3500, but has high creep resistance under conditions of long-term

testing. The magnesium-thorium alloy VML1 (ab = 19 - 21 kg/mm2 ; a0 2 =

2
= 9 - 10 kg/mm ; 6 = 4 - 10%) is intended for details operating for

short periods at temperatures of 300-4000. It has high ultimate at these

temperatures, but is inferior to the ML14 alloy with respect to creep

s &r'gZt .

The high-temperature cast magnesium alloys have somewhat higher

corrosion resistance in comparison with the ML5 alloy, the best of them

being the VML12 alloy. These alloys have low tendency to microporosity

formation in castings. Cast details made from them are characterized by

high hermeticity. The castings have uniform mechanical properties,

which vary little as a function of section thickness. The mechanical

properties of the alloys measured on specimens cut from details are

close to the properties of individually cast specimens. The alloys are

easily argon-arc welded. In the majority of cases they are used after

heat treatment - solution treatment and aging, with the exception of

the MLll alloy which is often used without heat treatment. The alloys

with high hermeticity include the high strength ML15 alloy, the high

temperature ML9, MLIO, MLll, ML14, VML1, VML2 alloys and the medium

strength ML3 all oy.

The high corrosion resistant alloys include the ML4 pch (pch indi-

cates high purity) and ML5 pch alloys, all the alloys based on the Mlg-

-Zr system and the ML2 alloy based on the Mg-Mn system (ob = 8 - 10 kg/

/mm2 ; 6 = 3 - 6%). The cast magnesium alloys are resistant to inter-

crystalline corrosion and to stress corrosion cracking.

fDetails made from the cast magnesium alloys are protected from
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corrosion by inorganic films and paint/lacquer coatings. Detaill: inten-

ded for operation in particularly difficult condition., are :;ubjected to

anodizing (or parkerizing), priming and painting. Particular attention

is devoted to protection of locations of contact of magnesium details

with other alloys (see Corrosion of the Magnesium Alloy:•).

For the production of the cast magnesium alloys use is made of cru-

cible induction furnaces of capacity to 500 kg, crucible furnaces with

oil, gas or electric heating of capacity to 1.5-2 metric ton=. To pre-

vent combustion during smelting, the surface of the molten metal Is'

protected by fluxes consisting of a mixture of chloride and flucride

salts of the alkali and alkaline-earth metals. Widest use is made of

the V12 chloride universal flux (95% flu% No 2 following AVTU 109-48

and 5% calcium fluoride following GOST 7167-54) and the FLU chloride-

-free flux which is used in place of the chloride fluxes in the final

operation of theproduction of the ML4 pch and ML5 pch alloys. In the

production of alloys containing the rare-earth metals and thorium, a

special flux is recommended which reduces the loss of these metals. Pro-

tective additives are used to prevent combustion of the metal during

casting: to the casting mixture there are added the VM additive (urea,

a coagulant and boric acid) or a fluoride addtive (85% ammonium fluor-

ide acid and 15% boric acid; this additive is ver toxic), sulfur and

boric acid are added to the core mixture, boric acid is added to the

paint for chill molds. Castings from the magnesium alloys are obtained

by casting Jnto sand and shell molds, into chill molds, by pressure

casting, by the lost wax process, and by casting into gypsum molds.

As a rule, the mechanical properties of the alloys on specimens

out from castings are lower than those of individually cast specimens.

According to the accepted standards, the average values of the ultimate

strength on specimens cut from castings must be no less than 75 and 85%
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of the ultimate strength of individually cast specimenS of the alloys

of the Mg - Al - Zn and Mg-Zr systems, and the elongation must be no

16e5 than 50 and 60% respectively. The yield strength of the alloys in

castings and individually cast specimens is practically the same.

In the design of sprue and header systems for mold casting, account

is taken of the easy oxidizability of the magnesium alloys in the liqu-

id condition, the considerable shrinkage (1.1-1.3 for the ML5 alloy

and 1.3-1.5 for alloys based on the Mg-Zr system), the low thermal cap-

acity and latent heat of fusion in comparison with the aluminum alloys,

the low specific weight (1.76-1.84 g/cm3 depending on the composition)

and, consequently, the low metallostatic pressure, high hot brittleness,

tendency to formation of microporosity, lower fluidity (length of fluid-

ity test rod is 290-300 mm for the ML5 alloy and 250-320 mm for the al-

loys of the Mg-Zr system). The header system is designed on the basis

of the principle of an expanding metal flow, i.e., gradual increase of

the section areas of the basic elements of the system from the stand-

pipe to the casting. The best combination of total sections of the sta-

ndpipes, skimmers and feeders is 1:2:4.

Castings made from the cast magnesium alloys may be delivered with-

out heat treatment and as-heat-treated in various conditions. The de-

signation for the forms of heat treatment are: TI - aging after casting;

T2 - annealing after casting; T4 - solution treatment; T6 - solution

treatment and artificial aging.

In melting, casting, thermal treatment and mechanical working of

the cast magnesium alloys it is necessary to observe the rules for fire

prevention safety (see Magnesium Alloys). These alloys are used for the

fabrication of various details for flight vehicles - aircraft wheel com-

ponents, control details and wing details for airplanes, jet engine

parts (compressor castings, accesory drive housings, oil pump6), ct=.
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In the auto industry they are used for engine crankcases, transmission

housings, wheel components, pump housings, clutches, etc.; in machine

design they are used for machine tool beds, planer guides, milling cut-

ter heads, making it possible to reduce not only the machine weight but

also the inertia forces in the moving parts of the machines; in the tex-

tile industry they are used for warping machine shafts, bobbins, spools

and reels for textile machines; in the electric and electronic indust-

ries they are used for electric motor parts, magnetic tape recorder

cases, dictaphones, recorder, etc., particularly in those cases when a

nonmagnetic material is required. They are used to fabricate supports

for television cameras, movie cameras, mobile x-ray equipment, various

vibration-resistant panels for instruments and damper parts. They are

used to fabricate parts for portable instruments and tools, in particu-

lar power saws for felling timber, pneumatic drilling machines, vacuum

cleaners, tampers, etc; in the tractor industry they are used for cast-

ing transmission housing, in shipbuilding for the production of bumpers,

and also in many other branches of engineering.

References: Portnoy K.I., Lebedev A.A., Magniyevyye splavy (Mag-

nesium Alloys), Handbook, M., 1952; Bochvar A.A., Metallovedeniy (Met-

al Science), 5t ed., M., 1956; Al'tman M.B., Lebedav A.A., Chukhrov M.

V., Plavka I lit'ye splavov tsvetnykh metallov (Me2 ng and Casting of

Nonferrous Metal Alloys), M., 1963; Magnesium and its Alloys, collect-

ion of articles, ed. by A. Beek, translated from German, M., 1941; Kry-

mov V.V., Magniy I ego splavy (Magnesium and Its Alloys), in collection

Spravochnik metallista (Metal Wroker's Handbook), Vol. 3, Book 1, M.,

1959; -- Liteynyye magniyevyye splavy I ix primeneniye v tekhnike (Cast

Magnesium Alloys and Their Use in Engineering), in collection: Magniye-

vyye splavy, M., 1960; -- Lit'ye magnivyevykh splavov (Casting of Mag-

nesium Alloys), M., 1948; Krymov V.V., Vyshkvarko S.G., Fasonnoye lit'e I
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magniyevykh splavov (Permanent Mold Casting of Mag,nuzium Alloys), M.,

1952; Tikhova N.M., Blokhina V.A., Afanas'yeva L.A., Liteynyye magniyev-

yye splavy s redkozemel'nymi metallami (Aotinj, Marnesium Alloy.; with

th Rare-Earth Metals), in collection: Rare Metals and Alloyz, M., 1960;

Tikhova N.M., Afanas'yeva L.A., Metallovedeniye I obrabotka metallov

(Metal Science and Metal Working), 1958, No 3; Anikina A.D., Lebedev A.

A., Makhova A.V., Tekhnologiya vvedeniya tsirkoniya v magniyevyye_ cpla-

vy (Technology for Introduction of Zirconium into Magnesium Alloys), M.,

1961; Goskhshteyn M.B., Bashanova N. Ya., Astaulov V.S., Plavka magniya

I. yego splavov , primcnc.4yeem khloristykh i beskhloridnykh flyusov

(Melting of Magnesium andits Alloys with the Use of Chloride and Chlor-

ide-Free Fluxes), M., 1958; Astaulov V.S., Zheglova Ye.I., Komissarova

V.S., Magniyevyye splavy s povyshennoy korrozionnoy stoykost'yu (Mag-

nesium Alloys with High Corrosion Resistance),M., 1958; Tikhova N.M.,

Blokhina V.A., Vilyaniye nadreza na mekhanicheskiye svoystva spava ML5

(Notch Effect on Mechanical Properties of the ML5 Alloy), Metalloveden-

iye i obrabotka metallov, 1957, No 8; Astaulov V.S., Zheglova Ye.I.,

Plavka magniyevykh splavov v induktsionnykh tigel'nykh pechakh promys-

hlennoy chastoty (Melting magnesium alloys in induction crucible furn-

aces at industrial frequency), MsM, 1956, No. 7; Astaulov V.S., Litey-

noye proizvodstov (Casting Production), 1957, No. 12; Astaulov V.S.,

Kitari-Oglu (.G., Astaulova A.S., Byul. Tsvetnoy metallurgii (Bulletin

of Nonferrous Metallurgy), 1960, No. 4; Raynor G. V., The physical me-

tallurgy of magnesium and its alloys, L., 1959; B ulian W., Fahrenhorst

E., Metallographie des Magnesiums und seiner technischen Legierungen,

2 Aufl., B. - (u.a.), 1949.

N.M. Tikhova
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CAST MAGNETS - see Alni Alloys. $
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CAST ]OCUN is niobium which is produced by the method of elec-

trio arc and electron beam remelting in a vacuum (10-4 to 1O-5 m Hg).

During vacuum remelting the harmful impurities (0, N and others) are

evaporated, since their vapor pressure is considerably higher than that

of the niobium vapor. Deoxidation may take place as a result of evapor-

ation of the lower niobium oxides and flotation of the nonmetallic in-

clusions, and 10-20% of the oxygen may be removed in the form of carbon

monoxide. The time that the metal remains In the liquid condition under

the vacuum and also the metal superheat have considerable influence on

the refining of niobium during arc and electron beam melting. After

electric arc remelting with a rate of 720 grams per minute, niobium

containing 0.25% 0 and 0.05% C has a hardness (iB) of 138 kg/=n2 , and

after electron beam remelting at the same rate It is 80-100 kg/mnm2 . Ni-

obium is cast into ingots weighing 1000 kg and more. Hot deformation is

used to form bars, rods, tubing blanks and other mill products from the

ingots. The electric arc and electron beam remelting methods using slag

may be used tc obtain shaped castings which can be poured into graphite

forms or chill molds (see Pressure Working of Niobium).

References: Kolchin, O.P., Niobiy I tantal [Niobium and Tantalum],

Moscow, 1959; Kieffer, R., Kieffer B., "Metal," 1961, Vol. 15, No. 5,

pages 394-402; Ogiermanm, G., Scheibe, W., idem., No. 1, pages 3-8;

"Aviation Week," 1961, Vol. 74, No. 2, page 73.

B.V. Pedin
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CAST PHENOL PLASTIC- are nonfilled resins of the resol type ob-

tained by condensation of phenol and formaldehyde with addition of

basic or acid catalysts, and cured in open molds. The cast phenol-alde-

hyde plastics have different properties depending on the phenol - for-

maldehyde ratio, the cordensation conditions and the catalysts used.

The cast phenol plastic Neoleucorite is obtained by condensation

of phenol with formaldehyde and an alkaline catalyst (sodium hydroxide),

and a subsequent neutralization of the alkaline medium by lactic acid.

The curing of the Neoleucorite is carried out in open plaster or lead

molds, raising the temperature gradually -and keeping it at 80-I0^o for

80 hours. Neoleucorite is available as 50-100 mm thick cut-sheet- or

as rods. The properties of Neoleucorite are given in the article Neoleu-

corite.

Cast resistes are prepared by condensation of phenol and formalde-

hyde in presence of a catalyst (potash); they are modified by glyptal

resin. They are available as 50-100 mm thick cut-sheets and cylindrical

rods with a diameter of 15-20 mm.

Necleucorite and cast resites are raw materials used for the manu-

facture of commodities; they may be ground, cut, drillrd. turned, ano

polished.

Carbolite is prepared by condesnation of phenol or cresol and fcr-

maldehyde using zinc acetate (as a catalyst). The curing of the carbo-

lite is carried out in open molds in the presence of petroleum sulfo-

acid, (Pe.roff's contact) at 30-10C*. Carbolite is used for the produc-

tion of electric insulating objects. The conditions for the machining
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of cast carbolite are similar to those of the neoleucorite.

Physicomechanical Properties of Neo-
leucorite, Cast Resite, and Carbolite
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7 1) Characteristics; 2) neoleucorite; 3) cast resites; 4) carbolite; 5)
specific gravity; 6) specific resilience (kg'cm/cmr2 ); 7) temporary com-
pression strength (kg/cm2 ); 8) tegiporary static bending strength (kg!
/cm 2 ); 9) Brinell hardness (kg/mm;ý); lO) tensile strength; ll) heat
resistance according to Martens (not less than, °C); 12) free phenol
content (not more than, %); 13) water adsorption (not more than, %);
14) mean breakdown voltage (kv/mm); 15) coefficient of linear expan-
sion; 16) heat conductivity (kcal/m.hr.OC); 17) specific heat (call/
/g.oc).

Cast phenol plastics are bonded by joiner's glue, by cold-curing

phenol adhesives, and by a solution of polyvinyl chloride in dichlor-

oethane.

The resin 30 is a phenol-formaldehyde resin modified by a polya-

mide which is added in oi-er to improve the elasticity of the product;

it is used for the production of dies and of master patterns. The war-

ranted shelf life ot the resin in closed glass or iron-plate packing is

1 year. The casting composition contains the resin 30 (100 parts by

weight), comwmercial formalin (4 parts by weight), a curing agent (Pe-

troff's contact, 7 parts by weight), and a plasticizer (oleic acid,

1-3%). The composition is prepared by a careful mixing of the compon-

ents. The finiihed composition is poured into plaster or wood molds
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covered with a separating agent. The molds are ,;et under a vacuum of

not less than 150 mm mercury column for 2-5 minutes: in order to remove

the air bubbles enclosed during mixing and pouring. The filled molds

are kept at room temperature until the resin is thickened. In contrast

to the neoleucorite, the cast resites, and the carbolite, only a small

quantity of heat is liberated during the exothermic curing reaction of

the resin 30; the temperature of the resin rises only to 36-380 after

the curing agent is added, and drops subsequently to the normal level.

The resin compound becomes rubber-like or solid within 16-24 hours and

is then exposed to a heat treatment under one of the following condi:

tions: 1) 8 hrs at 300, 24 hrs at 5C,0, 24 hrs at 600, and 12 hrs at

4o0, or 2) 8 hrs at 300, 24 hrs at 500, and 12 hrs at 400. The hat

treatment is continued for 24-68 hours, depending on the shape and the

weight of the object. The curing and cooling must be carried out grad-

ually to improve the quality of the products. The cured resin 30 has a

compression strength of 1100-1200 kg/cm,2, a static bending strength of

800-900 kg/cm?, a resilience of 9-12 kg.cm/cm2 , a Brinell hardness of

20-22 kg/mma, a shrinkage of 0.25-0.3%, and it may be used at tempera-

tures up to 2000. The resin 3D is recommended for the production of

dies for the cold-pressing of metals and for the production of dies for

the cold-pressing of metals and for the production of casting equipment.

Fillers (crushed waste plastics or wood shavings) are added when large-

sized (tall) models are manufactured. Rods, metalliz one-piece casings

or casings made from thin wire are used for the manufacture of such

kind of models, and also for thin-walled objects and objects with a

compleK shape. The metal surface is previously covered with a thin lay-

er of an epoxy resin to avoiH the effect of the acid contained in the

resin. The cast models require ao machining. The models made from re-

sin 30 have a wear-resistance whi'h is comparable to that of models
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made from aluminum. The resistance to abrasion i.. higher- than, that of

models made fron, epoxy resins. The models made from re:;ir, '0 are up to

70% cheaper than such ones made from aluminum.

References: Petrov, G.S., Isku.;stvennyye smoly i p~laotma.r2y [.,yn-

thetic Resins and Plastics], Moscow, 1937; Kozlovskiy, A.L., Proizvod-

stvo litykh phenol-al'degidnykh smol (litykh rezitov) [Production of

Cast Phenol-Aldehyde Resins (Cast Resites)1, Moscow-Leningrad, 1940;

Tsygankova, N.Ya., Marasanova, V.A., Primeneniye fenoloformal'degidnykh

smol dlya izgotovleniya liteynoy osnastki [Utilization of Phenol-For-

maldehyde Resins for the Production of Casting Equipment], in the book:

Primeneniye plastmass dlya izgotovleniya liteynoy osnastki [Utilization

of Plastics for the Production of Casting Equipment], Moscow, 1961;

Tsygankova, N.Ya., Kadushina, V.A., Primeneniye fenol'nykh smol dlya

izgotovleniya modeley i shtampov [Utilization of Phenol Resins for the

Production of Models and Stamps], "Plasticheskiye massy," 1960, No. o

pages 49-51.

M.S. Krol'
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CAST POLYACRYLATES - products of polymerization of arrethacrylic

acid and copolymerization of acrylic and methacrylic acids with styrene

or acrylonitrile. Cast polyacrylates are produced in tfne followingfr

grades: PT, MS, and MSN. They are produced as granules 3.5-4.0 mn in

diameter. For the characteristics of cast polyacrylates, see the tabl'e

(page

Characteristics of Cast Polyacrylates
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1) Characteristic; 2) grade; 3) specific gravity; 4) ultimate strength
(kg/cm ) in; 5) compression; 6) bending' 7) specific impact resistance
kg.cm/cm2 ); 8) Brinell hardness (kg/mm2 ); 9) Martens thermal stability
(C); 10) water absorption in 24 hours (%); llý dielectric loss tan-

gent at 106 cps; 12) dielectric constant at 10 cps; 13) specific sur-
face resistance (ohms); 14) bulk resistivity (ohm.cm); 15) electrical
strength (kv/mm).

Cast polyacrylates have high transparency, are resistant to oil,

gasoline, light, and weather and can take on various colors and tints,

from very light to very dark; MSN cast polyacrylate dissolves in dichlo-

roethane, methylene chloride, and benzene, and may be used in varnishes

of 5-10 concentration to varnish products. Cast polyacrylates are eas-

ily injection-molded into products; grades MS and MSN are also manu-

factured into products by extrusion and molding. Cast polyacrylates are
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widely used 1n the manufacture of Inductrial. produ(At;: piL for th.ý

aircraft and automotive indu.-tri(Ž;, "ivct-ronlcý; and radio p;±,.rt.,;, in-

strument housings, and similar prodlur-t.-,) v±8 wr(i lr for hou,',hold to~2

N.P. G,..,hrnik(c)va
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CAST RESITE- see Cast phenolic plastics.
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CAST SCALE-RESISTANT STAINLESS STEEL is highly alloyed steel for

fabricating cast detail parts operating at high temperatures and having

high scale resistance.

'•: lI I _ F

1.01)o 300 51V 7N0

Fig. 1. Variation of mechanical properties of Khl8N9TL steel with tem-

perature increase. I) an, kgm/cm2 , 6 and *, %, ab and 00.2, kg/mm2 ; 2)

an; 3) temperature, *C.

TABIE 1

Chemical Composition of Cast Scale-Resistant Stain-
less Steels

2 rnI.pp.aNile ."Cu,.?I'WOB (%)

Cm .. j' - st Mn i .• o T."V• l , , -
62 st M" Cr 8.e4.pyru

6 OC2.1 1 .35- 2-3 <0. 7 ;8-10 ,0.6~ - (.l1.0Y o

-3 XC2vl. t 5 1. ;0. 7 5-6. o,0.6 0.4- 0.03 0.O035 To oe

""t I 0 2 1 7-2) 9Il - o.03 0.035 Tl <0.It .
-2 11I 2 3T.1 %0 , I ,I - I; 1-1- , - -13 3- 4 i . J ).035.o 3o - ,.6 I T.,.12 iTs m( -. tI-.!2 2 -- I '3 0"035

X28H412C:I .0.- 0 5-- 0.3- s2-20 11-13

X18H24C.1.1 0.3- 2-34 1,I5 1I7-2) 23- n t.o.; .035 -14 XI H C 0. 1 o .s 1 , o o.s 4 w 1o l
X2HD215 C.2 - ý1 Ii 3-~ii 8-10 L 10.03 0.02~I.5o SW. -

15,2.!1--3.2 ,

1) Steel; 2) element content (%); 3) not more than; 4) other elements;
5) GOST or TI); 6) Kh9S2L; 7) GOST; 8) Kh6S2ML; 9) same.; 10) Khl8N9TL;
ii) Khl8Nl2M3TL 12) Kh24Nl2SL; 13) Kvhl8N24S2L; 14) Kh25Nl9S2L; 15) LA-
1; 16) PMTU; 17M LA-6.

On the basis of structure, thp cast scale-resistant stainless

steels are divided Into several groups: hardenable martensitic (see
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Cast High-Temperature Con5Lructional Steel), Lorritic, "emiferritic and

martensitic (see Cast Stainless Steel), austenitic.

TABLE 2

Mechanical Properties of Cast Scale-Resistant Stain-
less Steels (no less than)

"l ? "..,I a W I " - ,

4.?H.Omb 100 ifg ~si uf Wo"um 70 54 5
U XIC211 I k e 74 1 x prom se- - - |0 -oTo n1 #:2. XMIOJ 3*,N.JSNA e tO,". •, s 40 ' 9xcui (l aia70 16 - - - 2,76--478

i XNIIt9TJ1 .3aocimaJli e It 00" aI ailm 45 20', 21o .12 to,•

ItIIII2STJ 3a :twaAw c 1150 :u m o 22 31." 30 t0
X244H12CJI9 3a:aAAa e t$0* Dmc 10 2S 21 21 -

3iN.H2511C2.I .U1,4am.a e 1100" a Doxle 5O 30 24) 2-45 l.T1
Moo` 8I9 DU 0 s 21 2S 213 -1 `2 CZI' 91c 2 a') 2" m- 3ja= 'a ýc 11600 ma wo- 40 20 IS - 3.5 IlI1Y]

S.s , 16 1 ,•1 50 moo Dion 26-0
19 JIA*6 2d 1 too"A C 107 0 e gias I- _0 20 to 35___19 •A-, 2 f 75. 00•" ""

1) Steel; 2) heat treatment; 3) (kg/mm2 ); 4) an (kgm/cm2); 5) GOST or
TU; 6) Kh9S2L- 7) quench from - in water; 8) GOST; 9) Kh6S2NL; 10)
same; 11) KhlAN9TL; 12) Khl8Nl2M3TL; 13) Kh24Nl2SL; 14) Khl8N24S2L; 15)
Kh25Nl9S2L; 16) LA-1; 17) quench from - in air and aging at 18) PMT--
U; 19) LA-6; 20) quench from - in air and aging at - and-.

TABLE 3
Physical Properties of Cast
Scale-Resistant Stainless Steels

CTA 1 100 (lIM) (MACA C" .csuC

XISFi9T.1 14.1 0.03. (0 ) 4 - 2
17 7?6 (2•-500*) 0O55(•SOU)
18.3 (J 5- 700) O

044 (700~

U&I0 I l9CM 5.i$.(2O-- 0.) O043120") 1340-I37"O

2' I, 31 S5--i000)

AA t5,Z(*G'l I o,o0iI(oo-)

it,6 2 _ 406e) a, I O ')6 '0 .I (11.0") 0 . t 0. 1147 )

lA 6 1 5. 1 II t 0. 41115. 106 :2 3260-1=02) 0.0 -4~1 (176WV t

1) Steel; 2)- (cal/cm-sec-C); 3) topl; 4) Khl8N9TL; 5) Kh25NlgS2L; 6)
1A.

The chemical composition of some typical grades of cast scale-re.

sistant stainless steels is shown In Table 1.

The mechanical properties of the cast scale-resistant stainless

steels are determined on specimens cut from blanks cast from the same
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"fi" l I I II
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Fig. 2. Stress-rupture strength of the Khl8N9TL steel. 1) a, kg/nun2 ; 2)
computed values; 3) time to failure, hours.

DO) "A (A I•f~DtE,

2 &pro& o,,. ..

Fig. 3. Stress-rupture strength of the Kh25Nl9S2L steel (quench from

1160, aging at 300-750°). 1) 0, kg/nu 2 ; 2) time to failure, hours.

2 C..Oc.. ist f % -

Fig. 4. Creep strength of the Kh25N19S2L steel. 1) a, kg/n 2; 2) creep
rate, %/hr.

so
2

Fig. 5. Variation of hardness and impact strength of the LA-1 ýteel af-
ter aging (quench from 11600, aging at 770-8006). 1) HB, kg/mmn ; 2) an,

kgm/cm2; 3) time, hours.
i

Fig. 6. Stress-rupture strength of the LA-I steel. 1) a, kg/mm2 2)
time to failure, hours.
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meta] melt az the parts, and hecat treat'.d together with the-em.

The Kh9S2L and Kh6S2ML steels belong to the zllchrowm group of thep

pearlitic class which harden into martensite and which have not only

high oxidation resistance, but also goro wear resiztanc,.. Introduction

of molybdenum into the composition of the silchromes reduces the temper

brittleness of this steel.

The variation with temperature of the mechanical properties of thr

KhIl8N9TL steel of the austenrtic class after air quench from 1100* and

aging at 800 is shown in Fig. 1, and the stress-rupture strength is

shown in Fig. 2. The creep strength (residual deformation 1% after

100,000 hours) of the Khl8N9TL stee. at 600* is 12 kg/mM2 , and the

stress rupture strength after 100,000 hours dt 6000 is 13 kg/mm2 .

The stress-rupture strength and the creep resistance of the Kh25-

Nl9S2L austenitic steel are shown in Figs. 3 and 4. The creep limit at

650° after 100,000 hours is 8 kg/nm2 , the stress-rupture strength at

these same conditions is 9.7 kg/m 2 , and at 6000 is 16 kg/MM2 . The var-

iation of the hardness and the impact strength of the LA-l austenitic

class steel after aging is given in Fig. 5, the stress-rupture strength

is shown in Fig. 6.

A drawback o' the Kh24Nl2SL and Kh25NI9S2L steels is the tendency

to embrittlement under the influence of extended time at 80O, associ-

ated with the formation of the c-phase.

The temperature of beginning of intensive oxidation is 9006 for

the Kh9S2L steel, and from 700 to 800 for the Kh6S2ML steel. The lKh-

18NgTL steel is not prone to Intercrystalline corrosion, with respect

to scale formation it permits long-term use at tenperatures to 750;

the beginning of intensive oxidation in air occurs at a temperature cf

850". The Kh24NI2SL steel has high resistance to gaseous corrosion, and

with respect to scale formation permits use to 900". The Kh25N19S2L
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steel in an air medium has a weight increase after 3.00 h., urz, (I/m2-hr):

0.14 (800-), 0.25 (900'), 0.42 (10000), 0.77 (11000); be;innintv of In-

tensive oxidation ls at a temperature of 11000. Th( LA-6 ztsl iz n-,*,

prone to intercrystalline corrosion, thanks to the pr,-..nc,- of th' : -

bilizirn element niobium; in this respect this steel has an advantarre:

over the IA-1 steel.

Processing properties. Casting of the cast scale-resistant t'.'13

is performed using the lost wax method, in ceramic and -h,:11 formz;

ring-shaped parts are centrifugally cast Inte a Shell mrld. The flui-

ty is high. Casting free shrinkage Is 2-2.5%. W,-dability is z'cod.

Welding and corrective welding of casting dcfects i1 p-:rformel uzsr.,

arc welding. Machinability is satisfactory.

The Kh9S2L steel is used for parts operating: with lf-w loa': a*

temperatures to 7000; the Kh6S2ML steel is used for parts op..ratir.-.a

temperatures to 7500 (parts for crackinc plants, pump parts, -. ...

Kh18N9TL steel is used fcr parts opt-ratlng at t-.,s.*:ra:~r . 6CC (;•: ¶

pipeline outlet headers, equipment fC.r p,.t: ..!cure "fr..in,- .rctaa--

tions, cementation boxes); the: Kh!81N!2M3TL 1t,:-! . .. :- ra'a -:

erating at temperaturzs to 80•'; -J,- Kh25N1922L - 1: fc: .

of steam and -;as turtlnz.n and ii':' L 1-- .. n.: , . ..

atures to 6500; th&' 21.24112SL StC1z ispi:, C, .. :- r a tL........-

tendeJ times a, hitRh cads with t.mp......- ._ V. (.

and nc-zzl,* rInt~s '" r .aacý r ins); :,i. ....

par?-: uptratir, with low Iua i.; .. -( . .

veyors, tc-l .r , izn' nt, ...-- , :.., .

operatln,- wlth hlgh lk,.ais an,. :'I-. -a.:,

ustJ.. fcr Far': ,f turbIne an-!i ,.:" .I-,:• ' l-.-r' r : ". -

dium wltn h.4 <..:-aaln; st:' s-• ". ......... ; " LA-

1 stec" Is k;*ei ftXr larFe turtine part: , F In.- f x .'r
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periods in the stressed condition at temperatures to 650".

References: Khimushin, F.F., Zharoupornyye stall i splavy [Heat-

Resistant Steels and Alloys], Moscow, 1949; Liberman, L.Ya. and Peysi-

khis, M.I., Spravochnik po svoystvam staley, primenyayemykh v kotlotur-

bostroyenil (Handbook on Properties of Steels Used in Boiler and Tur-

bine Construction], 2nd edition, Moscow-Leningrad, 1958; Stalnoye lit'-

ye [Steel Casting], Handbook edited by N.P. Dubinin, Moscow, 1961;

Mikhaylov-Mikheyev, P.B., Metall gazovykh turbin (Gas Turbine Metal],

Moscow-Leningrad, 1958; Metallovedeniye i termicheskaya obrabotka stali

I chuguna [Metal Science and Heat Treatment of Steel and Iron], Hand-

book, Moscow, 1956.

N.M. Tuchkevich
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CAST STAINLESS STEEL is steel which is used for fabricating cast

parts which have resistance to atmospheric corrosion. The cast stain-

less steel, just as the stainless steel used in the wrought condition,

is highly alloyed, and depending on the structure and alloying may be-

long to the ferritic, semiferritiý, martensitic. and austenitic class-

es. The corrosion resistance of the cast stainless steel is provided by

the chrome content (more than 12%). Further increase of the chrome con-

tent to 17% and more makes the steel acid resistant and scale resis-

tant. The corrosion resistance of the cast stainless steel also depends

on the carbon content and the heat treatment. In castings made from the

ferritic chrome steel (more than 15-18% chromium), after slow cooling

or long-term heating at 450-500' there develops a brittleness - the so-

called "14750 brittleness" which practicaJly eliminates the use of this

steel for highly loaded parts. Most widely used in machine design fcr

shaped castings is the cast stainless 3teel of the semiferritic class

of the lKhI3L type, the Khl7N3SL, 2Khl3L and Khl3N3VFL steels of the

martensitic class, and the Kil,8rJ9TL steel of the austenrtic class (for

composition and properties of the }Il8NgTL steel, see Cast Scale-Resis-

tant Stainless Steel).

The mechanical properties are determined on specimens cut from

bars cast from the same metal melt as the parts, and heat treated alonEg

with them. To determine the mechanical properties of castings made us-

ing the lost wax process, use is made of prepared specimens made from

lost wa;. models or special blanks. When cast using the lost wax proc-

ess, the 2Khl3L steel after heat treatment using various regimes has

6b4
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TABLE 1

Chemical Composition of Cast Stainl1,;s Steel

I x :. F .

|fi.III •l 0I •. A,

A 17 1 13C:1,

I,,

._.2 I -- (,.0s~ '1#• 't li 11

*In addition, 0.003-0.006% V; T content up to 0.05%
is also permitted.

1) Steel; 2) element content W%); 3) GOST or TU; 4) no more than; 5)
!Khl3L; 6) GOST; 7) 2KhI3L; 8) same; 9) KhI3N3VFL; 10) AMTU; 11) nlITN-
3SL.

TABLE 2

Mechanical Properties of Cast Stainless Steel

S+" il 1II + '5.', + '... .. "* i ('+, I ..

X 13 rOCT .iT
176 7 -, II fIU , 1,T~I%1:I:

.10 xI 1j:1 7 ", ." .... . .. ..a..,j .1 NI T - *'.,- I2' ,. Ill 1 -:, - n5,

S1 ] -- �3' -�I�'1 11 101 I. 11.l I t:?. "L% Til, I'. ,

1 5 , ,.fl. , F .' I:
X6 7113CA .,i.. ,: . b ,i, ;0"6 rTrl "II I I ,I: I'., 75 I 2 , 3. --,5 ,2

17 Steel; 2) GOST or specification; 3) heat treatment; 4) an, kgm/cm2 ;

5) Hm3 (d otp,, mm); 6) (kg/mm2 ); 7) IKhl3L; 8) GOST; 9) anneal at 9500,

water quency from 10500. temper at 7500; 10) 2Khl3L; 11) same; 12) Kh-
13N3VFL; 13) AMTU; 14) oil or air quency from 10500, temper at-; 15)
KbI3N3VFL; 16) lKI7N3SL; 17) temper at

TABLE 3

Mechanical Properties of 2KiI3L Steel After Various
Heat Treatment (cast by lost wax process)

"b 6•, :

TCjF 'i3. O•p •. .1 . .

iCa'a.t: i B Bi,5J ' l ,,l, "•Tf&I}' l.lpIF 55-''........... 1.... .t.t,, t2--t • '+--•: • '-i

.4- 3ma~ll4, 1 N (15. B C8.1e. 1,TfIlVK II11 "'1 . . . . . . . .'2-- 1 ,-s, -"

3 IRlC.lha C l50JJ B Boe, 'TfllveF -1! t;., .1.......... . .. .7i--3 2-! 4 7.2' . -- ,
3avj.liav C I NJO B 8-.1e, ,tll'l't Ill 7 ..' . . . . ..-

1) Heat treatment; 2) (kg/mm2); 3) anneal at 8500; 4) water quench from
temper at-.

685)
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TABLE 

4

Creep and Endurance Strengths of KhI3N3VFL and Khl7-
N3SL Steels (in rotating bending)

'[CWI I, l 4; 4;oP

j gllI E C L2*I, ui Il , ,l .l' *l,|,., I I',.,l ,I ll

X 17 13 : 'L#,,i .. .1W 11 i-f . . . .

*Semicircular notch of radius 0.75 mm on specimens
with diameter at base of notch 7.5 mm, and for spe-
cimen tested at 200 this diameter was 8 mm.

1) Steel; 2) heat treatment; 3) test temperature (0c); 4) on basis of
residual deformation; 5) on basis of over-all deformation; 6) on basis
of 107 cycles; 7) (jkg/mm2 ); 8) Khl3N3VFL; 9) oil quench from 10500,
temier at 6500; 10 Khl7N3SL; 11) oil quench from 10500, temper at
550.-

TABLE 5
Mechanical Properties of Eh-l3N3VFL and Khl7N3SL
Steels at High Temperatures

CTa.lb Tep~mni~. (6PI514TI~a -- 4- ~ b .

1 2 '4 *,o

X 17 H3C.3I 3 IT,' ii %Ia:ie. nw, 1: -7

7 I;I OTI IyH• l np II 86 -. . .- -.1

i s!-, u' 5 IS 7 -

8/

i) Steel- 2) heat treatment; 3t temperature ('C); 4) (kg/mmo2  5) of13-
NokVFL; 6) oil quench from 1050 , temper at -; 7) °,l7N3SL; 8) temper at

the mechanical properties shown in Table 3. The creep and endurance

limits of the Khl3N3VFL and Khl7N3SL steels at various temperatures are

shown in Table 4, The mechanical properties of the Khl3N3VFL and Khl7N-

3SL steels at high temperatures are shown in Table 5. The physical

properties are given in Table 6.

Cast stainless steel has high resistance to atmospheric corrosion,
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in river and reservoir water after heat treatment and polishing, satic-
factory resistance in contact with food products and in Jolutiono of
nitric acid. The Khl7N3SL steel has high resistance to atmospheric cor-
rosion at temperatures to 5000 and scale resistance at temperatures to

TABLE 6
Physical Properties of lKh-13L, Khl3N3VPL, Khl7N3SL
Steels

Cr•e~, - (e ,'.MAt) (Ir() r:.4, .. :"f 60 3

1X 13.1 7.74 II (20-10 -2 2 .0--50.

X i3H 3 I11r T 7.8 -- (2i f )

54611', (4(0*)
_ _ _ _ O,.O (0 16O')5 ~0,.6G 7 (9 W'*)

XI 7H3C.1 7,8 I1 (27-2,j) , 1,* T (lf,)
13 1 fio)

15.1( 0- , 9(0 )
500.) , , !

1 1 0,071 (,qfi'i)

6) Steel; 2) y (g/cm3 ); 3) X (cal/cm-sec-.C); 4) lEhl3L; 5) Khl3N3VFL;6 hlTN3SL.

8000; intensive oxidation begins at 850o. The 2Khl3L steel has scale
resistance at temperatures to 7500. The Khl3N3VFL steel is oxidation
resistant at temperatures to 7000.

Technological properties. With high chromium and iron content, the
fluidity of cast stainless steel increases as a result of lowering of
the melting point and the thermal conductivity. Ferritic steel with low
carbon content requires greater superheating in pouring into forms as a
result of its high viscosity. The fluidity of the Khl7N3SL steel is
good. The linear free shrinkage of this steel is 2.5%. A coarse grained
structure is obtained in castings with slow cooling of the metal in the
process of crystallization of the chrome ferritic steel. Casting of
parts from the cast stainless steels is performed into sand and shell
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forms. Casting of small thin-wall parts (compressor Llad,.s and othe.r

detail parts and components) is performed into ceramic formr and using

the lost wax process.

The 1Khl3L steel is used for parts with high plasticity which are

subject to impact loads (turbine blades, hydraulic press valves, crack-

ing plant fittings, household articles), and also for parts subject to

the action of relatively mild aggressive media (atmosphieric precipi-

tates, aqueous solutions of salts, organic acids at room tamperature),

and for parts of water turbines, marine propellers. The 2K1Q,3L steel is

used for the same parts, but with higher hardness (HB 220-250); the Kh-

17N3SL steel is used for turbine and compressor blades with greater

strength and plasticity than those made from the lKhl3L and 2Khl3L

steels, and for parts operating in a moist air medium with temperatures

to 5000; the KhIl3N3VPL steel is used for the same parts but operating

at temperatures up to 5500.

References: Nekhendze, Yu.A., Stal'noye lit'ye (Steel Casting),

Moscow, 1948; Stal'noye lit'ye (Steel Casting), Handbook for Casting

Production Foremen, edited by N.P. Dubinin, Moscow, 1961.

N.M. Tuchkevich
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CAST TUNGSTEN - see Tungsten Alloys.
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CELLULSXE ACETATE AND CELLULOSE ACETOBUTYRATE PLASTICS - see Plak-

ties based on cellulose esters.

690
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CELLULOSE ESTER ADHESIVE - is a solution of cellulose eater., j
mainly nitrocellulose, in organic solvents. Cellulose ester adhecivez

are used to join fabrics and certain grades of leather substitutes. The

adhesive grade AK-20 ( a mixture of nitrocellulose and colophony ester

in the RDV solvent ) dries within 8 hours at normal temperature. The

strength of a joint of fabric with wood (in the peel test) is not less

than 60 kg/m. The shelf life of the glue is 1 year.

D.A. Kardashev
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CELLUOSE HYDRATE ARTIFICIAL FIBER - fibers from wood or cotton

cellulose: viscose, cuprammonium (from regenerated cellulose). They are

produced in the form of filament thread or infinite length, z-taple fi-

ber and also as strips, bristles, sponges and straws. More than 90% of

the entire output of cellulose hydrate fibers is compris;ed of viscoze

fibers.

G.G. Fingr
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CE4ENTING OF GLASS, CERAMICS, PORLELAIN, AND ASBESTOS. Inorganic

materials are usually bonded with glues and cements of inorganic ori-

gin, which ensure heat-resistant Joints. Liquid glass containing vari-

ous mineral fillers, mixtures of magnesium chloride and magnesium ox-

ide, litharge-glycerin amalgums, iron and sulfur cements, etc. are

most frequently employed as cements. Epoxy, type BF, polyurethane,

and certain other polymer glues can also be employed for bonding glass,

ceramics. porcelain, asbestos, asbestos-cement materials, etc. Phenol-

caoutchouc glues and compositions containing silicoorganic compounds

are used for cementing fiberglas heat-insulating materials. Silicate

glass is Joined with liquid and film adhesives. Polyvinylbutyrl films

and films consisting of polymerized methacrylic and acrylic esters,

polyvinylacetate, polyisobutylene, and unsaturated polyesteric copoly-

mers based on maleic or fumaric acid and styrene, etc. are used when

the cemented Joints (seams) must be transparent, as in the manufacture

of triplex automobile safety glass. In most cases liquid and film

glues contain plasticizers (phthalates, sebacinates, etc.). If seam

transparency is not obligatory silicate-glass products can be bonded

to nonmetallic and metallic materials with epoxy and polyurethane

glues. Joint strength is increased by roughening the surfaces to be

cemented.

D.A. Kardashev
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CENITIO OF METALS. Use of cemented Joints in metal acenmbla•ag=

permits reliable, strong, simple bonding of different metalc of vary-

ing thickness; it eliminates the need to drill hole- and the danger -if

concentration of stresses around rivets, bolts, cr spot wclds, zince

a cemented Joint distributes the load uniformly over the entire Jclnt

area; individual portions of the assembly do not "bulge" (a character-

istic of welded Joints resulting from the change in the propertles '.f

the metal in the vicincity of t' :_ld). Cemented Joints prevernt corl'o-

sion phenomena, create hermeticity, do not require additional sealing,

reduce the weight of the assembly, and permit use of rather thin m~etals.

Cementing is effective when it is necessary to provide t:.rmai and

sometimes electrical insulation. Cemented Joints are stronger than ri-

vited nr welded Joints at moderate temperatures, under vibration loads.

and when the metal is thin. The drawbacks of cementing include the cc,.-

paratively low heat resistance of Joints made with organic glues, a

tendency to age with time, the lack of a simple, reliable method r

checking Joint quality, and the necessity of heating the components to

be Joined in most cases; moreover, cemented Joints have lw ztrer,.th

under nonunifoin tension. Before application of the glue the surface

of the metals is cleaned of various contaminants, especially oil and

grease. The strength of a cemented Joint is increased by formring an

oxide film on the surface of the metal. It Is recor~endeo thzt starn-

less-steel components be subjected to cher.1cal pickling.

Liquid glues are most frequently ised for "olnlng metals, being

9pplied to the surfaces to be cemnented with a bru-sh, by spraying (weher
b~
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cementing large flat or curved surfaces), with glue roll'rUr, or by Im-

mersing the components In the flue. Film glues are widely used for ce-

menting flat or slightly curved surfaces, first applying an underlayer

of the same glue. The thickness of the glued layer, 0.05-0.25 mm, can

in practice vary from 0.01 to n.75 mmn. The solvent, whose presence

leads to formation of a low-strength porous Deam, is removed by so-

called open holding without heating or at elevated temperatures. Vari-

ous methods are used for heating and for creating pressure during set-

ting In cementing metal assemblages. The choice of a mechod Is dicta-

ted by the size and shape of the com~ponents and the technological char-

acteristics of the glue. Pressure Is exerted on the cemented joint with

screw clamps, spring clamps, bolts, vacuum devices, or special presses.

Rubber bags and various types of autoclaves are used for cementing by

the vacuum method. Flat-bed presses with various press forms are uzed

In thE mass production of flat components or components with a slight

curvature. The temperature of the metal surfaces to be joined, the

press plates, the press formrs, etc. Is determined with pyrometcr3, ther-

mometers, paints sensitive to changes in temperature, etc.

Glues are becoming more and more important in the manufacture of

three-layer assemblages of the "Sandwich" type, which consist of two

and a cor,-. Plastic foam, cellular materials of thin metal (foil),

paper, plastlzs (e.g., Class textolite), wood, etc. are used for the

core. Aluminum sheets froLm 0.3 to 1.6 mn thick serve as the facing ma-

terial. Steel IS enp.poyed If nigh -,echanlcal strength, heat resistance,

and abrasion resistance are required. The ci.,bInation of a light-filler

core and facinrgs creates a stro;•.g, 1.ght asem(blage L:Jltable for use

In the manufactur of automobile and railroad-car bodies, In reslden-

tial const;ruct !on, In the fIuzrnturc- Industry, and 'An other areas of the

rational econory. Panels with a honeycomb f'Ller consisting of glued
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six-s~ded cellk are mcst widely usced.

D.A. Kardac1hev
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CEIMENTING OF PLASTICS. The zclection of a glue for plaztics de-

pends to a cortsidc'rable extent on tLc. cherr-ical charactcr of the r::ater-

ial to be cemented, the conditions under which the joint must function,

and the technological characteristics of the cementing process. Vir-

tually all plastics can be cemented with polyurethane (PU-2), pslyep/iy,

or dimethylvinylethinylcarbinol glues. Cold-set glued joints are not

sufficiently strong under operational conditions, especially at eleva-

ted temperatures or when exposed to the weather. Heat setting makes it

possible to extend the range of glues to phenol-polyvinylacetate corn-

positions (BF, VS-10T, VS-350, etc.) and to produce reliable joints.

In addition to pure solvents, it is possible to utilize solutions of

adhesive polymers in such solvents, which ensures uniform. joints. The

surfaces to be cemented should be clean and dry and should fit tightly

against one another. The glue is applied with a brush, by Imnersion of

the component, and by other methods. After the glue has been applied

the components are held under pressure until the joint has set and

then machined and finished.

Plastics based on thermoplastic resins, particularly polymers of

polyvinylchloride, styrene, acrylic and methacrylic esters, etc. are

readily cemented without heating, using appropriate solvents or glues,

which are solutions of linear polar polymers in solvents or in mono-

mers. Polyisobutylene is bonded to metals with glue No. 8 (a solution

of thermoprene in monomeric styrene). Polyethylene, which is among the

so-called inert materials and is difficult to cement, is joined with

special glues having high adhesive characteristics; these glues are
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solutions of polymers in solvents which cause dlstenslion of polyc'thyl-

ene. The surface of the polyethylene is treated with a solution of

synthetic rubber or a thernoplastic resin in carbontetrachloride, tri-

chloroethylene, benzene, or toluol at 600. After such treatrrment the

polyethylene can be bonded with phenol-caoutchouc, resorcin-formaldc-

hyde, and other glues whose setting temperature is below the softening

t iperature of the plastic. When epoxy, polyurethane, or rmethacrylic

glues are used the polyethylene is treated with chromric acid at 1200

for 1-2 sec before cementing. Polypropylene (as well as polyethylene)

can be bonded with epoxy-polysulphLde glues. Fluoroorganic polymers

(like polyethylene) are cemented with special- or general-purpose glues,

but active functional groups must first be generated at the surface of

the polymer. Inert polymers (polytetrafluoroethylene and polytrifluoro-

chloroethylene and its copolymers) are bonded with glues consisting of

fluoroorganic polymers dissolved in organic solvents and containing

activating additives. Glued Joints in fluoroorganic polymers are of

low strength. The simplest and most effective method is that based on

exposure of the surface of fluoropolymer to a solution of metallic so-

dium in a mixture of napththylene and tetrahydrofurane. A teflon Joint

bonded by this method with an epoxy glue has a tensile strength of 10-

2 2120 kg/cm and a sheer strength of 110 kg/cm . Cemented seams made in

fluoroplasts by the aforementioned methods have a lower chemical sta-

b4.lity than the plastics themselves, which considerable reduces joint

quality. Fluroorganic plastics are made adhesive by irradiation, usual-

ly with cobalt 60. The surface thus becomes adhesive without any change

in color. On plasticized polyvinylchloride is bonded with solutions of

polyvinylchloride or additionally chlorinated poly';inylchloride in or-

ganic solvents (dichloroethane, trichloroethylene, methylene chloride,

etc.). Adhesives based on caoutchouc or polyvinylchloride and solutions
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of caoutchouc and certain vinyl polymers in organic oolvents arc used

for cementing plasticized polyvinylchloride, particularly various decor-,

ative and facing materials of this type. In this case It is Important

to select a glue which will not permit the plasticizer from the poly-

mer to be joined to penetrate into the glue layer. The principal diffi-

culty in cementing organic glass lies in its sensitivity to organic

solvents, which cause formation of microcracks in the so-called silver-

ing on its surface. There is a process for bonding organic glass with

a 2-5% solution of this material in dichloroethane.

Organic glass can also be cemented with solutions of polymethyl-

methacrolate in monomeric methylmethacrolate, glacial acetic acid, for-

mic acid, chloroform, dichloroethylene, etc. Bonding organic glass

with heat-set methylolpolyamide glue (PFE-2/lO) or VK-32-70 glue pro-

duces a high-strength joint.

Polyurethane, polyepoxy, phenol-polyvinylacetate, and carbonol

glues and phenolic, polyetheric, and other adhesives are used for bond-

ing thermoreactive plastics. The usual technique is employed for cement-

ing these materials. The surfaces to be joined should be roughened for

phenol-formaldehyde and other resin-based laminated materials.

If the glue contains a solvent the glue-coated components are sub-

jected to open holding before joining in order to permit rapid evapor-

ation of the solvent from the joint.

BF-2 glue is suitable for bonding textolite, glass textolite,

laminated ligneous plastics, and combinations of these materials, two

coats being applied to the materials to be Joined. The glue-coated com-

ponents are approximated and placed under pressure in a vice (or press)

equipped with a contact or other heater. The pressing pressure amounts

to 5-20 kg/cm . The maximum pressure is used for joining components

with complex shapes. The time for which the workpiece is kept under
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pressure varies with temperatuire, usually belrig 50-60 nlrn at 120-125°,

25-30 min at 130-1350, and 20-25 r;In at 136-i4o0.

Textolite. ligneous plastics, and combinations of these materials

are Joined to one another and to various foam plastlcu (Ps-l, PKhV-l,

FK-20, etc.), wood, and plywood with VIAM B-3, KB-3, and other phenol-

formaldehyde glues that are set with acid hardeners (Pctrov contact).

D.A. Kardazhcv
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CEMENTING OF RUBBER AND RUBBER PRODUCTS. Unvulcanized nitrile-

based rubbers and rubberized fabrics are Joined to unvu.Lcanized and

vulcanized nitrile rubbers with NS-30 rubber cement. The surfaces to

be Joined are wiped with a clean cloth, wetted with*"Kalosh" gasoline,

and given two coats of glue. Each coat is dried for 5-15 min at 20-300

or 5-10 min at 30-450. The cementing temperature should not be below

230. After cementing the components are held at room temperature for

8 hr and then vulcanized. The relative humidity of the room in which

cementing is carried out should be 65-75%. The process by which unvul-

canized nitrile-based rubbers and rubberized fabrics are joined to un-

vulcanized chloroprene-based rubbers and rubberized fabrics is similar

to that described above; however, each coat of cement is dried for 5-

10 min at 23-300 and 3-7 min at 30-450. Before use the cement is thin-

ned with appropriate solvents to the required viscosity. Vulcanized

rubbers and rubberized fabrics based on natural, chloroprene, nitrile,

and sodium-butadiene gums are bonded with 4N cement by cold setting,

without vulcanization. Before use the cement is diluted with benzene

to a viscosity of 30 sec, as determined with the VZ-1 apparatus. The

surfaces to be Joined are cleaned and given two coats of cement. Each

coat is dried for 15-30 min at 18-300 or 10-15 min at 30-45* The sur-

faces are then approximated and rolled with a metal roller. The work-

piece is then held for 16 hr at a temperature of not less than 180. Un-

vulcanized materials can also be bonded with 4N cement when subsequent

vulcanization is employed.

D.A. Kardashev
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CHUNTING OF WOOD AND PAPER MATERIALS. Various types of wood and

ligneous plastics are cemented with synthetic glues (based chiefly on

phenolic and carbonized resins), which produce joints resistant to wa-

ter and microorganisms and considerably stronger than those made with

gelatin and casein glues. Wood materials to be cemented with synthetic

glues should have a moist i-e content of no more than 14-16%, since

greater moisture causes the wood to be deformed and reduces the adhe-

sive power of synthetic resins applied to it. The wood is dried before

cementing. The surfaces of the components to be glued should fit tight-

ly together (a deviation of no more than 0.5 mm from true parallelness

is permissible). Components fabricated from laminated ligneous plas-

tics should have a uniformly roughened surface for cementing. The

glossy, lustrous surface of plywood and those areas to which the glue

will penetrate are cleaned with a scraper or polished with emery paper

and the sawdust is removed. The glue-ready workpieces are stored at the

appropriate air temperature and humidity in a dust-free room. The glue

is applied to one or both of the surfaces to be joined, depending on

the cementing conditions. Both surfaces are usually coated when phenol-

formaldehyde glues, which are intensively absorbed by wood, are employ-

ed; hardwoods are an exception. A total of 180-250 g/m2 of glue is re-

quired to coat one surface and 250-340 g/m2 to coat two surfaces.

After the glue has been applied the components should be permit-

ted to stand before assembly; the holding time (open impregnation) for

KB-3 and VIAM B-3 phenolic glues is 4-15 min. The impregnation time de-

pends on the air temperature in the room: the higher the temperature,
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the shorter the holding time. The surfaces to be cemented are approxima-

ted under pressure. When cementing components of conifer'ouo and light

2
deciduous woods with phenolic glues the pressure should be 2-3 kg/err,

while that for hard deciduous woods (ash, oak, etc.) should be 3-4 kg/

22
/rMM2; when gluing birch veneer to wood components tbs:. pressure should

be 2-3 kg/cm 2, while when gluing it to components of laminated ligneous

2
plastics a pressure of 4-5 kg/cm is used. A high pressure is necessary

2
for cementing ligneous plastics (up to 4-5 kg/cm ) or when cementing

and bending are carried out simultaneously (5-6 kg/cm2 ). Cementing and

2
veneering of curved articles at pressures of up to 1 kg/cm can be con-

ducted by the vacuum method, which permits precise regulation of the

pressure and ensures rapid pressing. Clamps of various types are also

used to create pressure on the glued Joint. The time for which the ce-

mented components are kept under pressure depends on the rate at which

the glue sets, the air temperature, the temperature of the componprtS

to be cemented, and the nature of the materials to be Joined.

Cementing is accelerated by heating. Electric contact or reflec-

tor heaters, drying chambers, warm air, high-frequency currenta, and

infrared radiation are used for this purpose.

When using synthetic glues, particularly those of the phenol-for-

maldehyde type, the cementing temperature should be 50-600 and must

be raised gradually.

Cementing of wood with synthetic glues is employed in the marnufac-

ture of furniture, plywood, and ligneous plastics, in the production of

glued wood assemblages for various branches of the construction indus-

try, and in everyday life. Wood is usually cemented to other nonmetal-

lic materials with phenol-formaldehyde, carbamide, and mixed urea-mela-

mine-formaldehyde glues, as well as with compositions of resorcin and

phenol-resorcin resins. Polyurethane and polyepoxy glues are employed
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considerably less frequently, primarily for Joining wood material; to

metals. Phenol-formaldehyde and resorcin glues are the strongest and

most water-resistant; they are used chiefly in the manufacture of crit-

ical components for various branches of the national economy and in

the production of laminated ligneous plastics. Carbamide glues, the

most common of which is MF-17, are used principally in the furniture

industry and the manufacture of plywood. Glues of vegetable and animal

origin and various adhesives based on sodium silicate are suitable for

cementing paper, cardboard, and other sheet cellulose materials. Syn-

thetic glues are employed primarily in the production of cellular pa-

per materials and in the polygraphic industry.

D.A. Kardashev
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CEMENTITE - is a structural component of the iron-carbide alloys

an iron carbide with the chemical formula Fe3C. Cementite i one of

the metastable phases in the FE-C system, it possesses a high hardness

(HB = higher than 700 kg/mm2 ) and brittleness. The melting point ic

16000, the crystal lattice is orthorhombic, each carbon ion being cur-

rounded by six iron ions which are almost equidistant from the carbon

ion.

M.L. Bernshteyn
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CERACEOUS DIELECTRICS- solid, low-melting-temperature crystalline

substances which are white or light-yellow in color, and have low mech-

anlcal strength, electrical properties and low hygroscopicity. Cera-

ceous dielectrics are used as impregnating of pour-on electric insula-

tion compounds. They have a substantial solidification shrinkage, as a

result of which air inclusions appear in the article being impregna-

ted, which sharply reduces the breakdown voltages of the insujation.

By the degree of polarization ceraceous dielectrics are divided into

three groups: I) nonpolar (paraffin, ceresin, synthetic paraffin and

ceresin, petroleum Jelly); 2) weakly polar (ozocerite, beeswax, carnau-

ba wax, montan wax, Japan wax, etc.); 3) polar (halide wax, oleowax).

Paraffin (GOST 784-53) is a mixture of solid saturated hydrocar-

bons, contained in petroleum. Paraffin is soluble in benzol, mineral

oils, gasoline, carbon sulfide, ethyl ether, and when heated also in

vegetable oils; it is not soluble in alcohol or water. Paraffin is

practically not hygroscopic. Paraffin grades are differentiated by the

melting temperature. Paraffin used in electric insulation equipment with

Tl Pof 51-55* is used for impregnation of telephone-type low-voltage

capacitors, the operating temperature of which does not exceed 450, in

cable production paraffin is used in a mixture with ozocerite, poly-

ethylene, rosin, etc., for impregnation of insulation components made

from wood, electric cardboard, etc. The main pdysiccchemicai properties

of z'raLIin are: specific gravity 0.85-0.90; Zhukov tp 1 49-5!4; thermal

expansion coefficient 0.0011-0-.0035 degree-I, specific volume resistivi-

ty (pv) 1015_1017 r;un-cm, specific surface resistivity (is) 1015-1016
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ohms, dielectric permittivity (E) 1.9-2.2, tangent of die2lectric losses

-'4angle (arctan 6 (3-7)"10 , electric strength (E ) 20-30 kv/nh.pr

Ceresin (GOST 2488-47) is a mixbire of solid hydrocarbons which are

obtained from ozocerite. tpl 65-700. Ceresin has a better resistance

to oxidation than paraffin; it is used for impregnation of nonhermet.-

zed radio and metal-paper capacitors, in the production of mica capa-

citors, in cable production as a softener of rubber mixtures, for im-

pregantion of fibreous insulation of telephone cables.

Synthetic paraffin and ceresin are high-molecular hydrocarbons

which are obtained as byproducts in the production of synthetle F.aso-

line and oils; by their electrical properties they are close to natural

paraffin and ceresin, tpl 100-130o.

Petroleum jelly (GOST 5774-51) is a semi-liquid mass, a mixture of

liquid and solid hydrocarbons which Is obtained from petroleum and is

Main Physicochemical and
Electrical Properties of
Ceresin

ro Ki It , v

1 Tewn-pa t+ m.rawu.I ('1' ) Iv 61I: l

4 (A- ,ml & . -+ .. . . (I !l . J* 3

and a load of 100 g (m,,. no more than) 4) conten ofecanialad

-I B• o ).. .. . . ")

v"+-w.-pll. .<a •.- -a .A -

i) Brand; 2) dr,,p point temperature; 3) Richardson penetra-•ion at 25°

mixtures for all brand3 (%, not more than); 5) ash content (%, not more
than); 6) acid number (mill1 KOH/g, n,.t more than); 7) specific vol-
ume resistivity (ohm-cm); 8) dielectric permittivity; 9) tangent of di-
electric losses angle at 3000 kcps and 40'; 10) arc resistance (sec);
11) electric strength (kvy/mm).

used for impregnaticCn of radli capacl'.-rs. The main physlochemical anJ

electrical properties cf :apacltor 'rcleum jelly are: kinerratic vi5-
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cosity at 60" not less than 28 centistokes, drop point temperature not

lower than 370, acid number not higher than 0.004 milligrams KOH/g,

ash content not above 0.004%, pv not less than 5.1014 ohm-cm at 200 and

5.1011 at 1000; E at 50 cps and 200 not less than 20 kv/mm, arctan 6
pr

0. 0002 at 200, 0.002 at 1000.

Waxes are a group of substances which is composed of various com-

plex esters, hydrocarbons, and other organic compounds. The character-

istic smell of wax is due primarily to the presence of esters of acetic,

butyric and valeric acids, as well as liquid unsaturated acids and al-

cchols of the cholesterol groups. Waxes are divided into mineral, ani-

mal, vegetable, synthetic and artificial. Mineral waxes include: ozocer-

ite, montan wax, peat wax, sapropelic wax, baykerit, balkhashite. Ani-

mal origin waxes are divided into liquid and solid. The main component

of vegetable waxes are conplex esters of high-molecular acids and of

Physicochemical and Electrical Properties
of Certain Waxes

n nea.m,,,fjn a Hap,,ayýI(Hn -IC

XapawmrfpHCTitia fl oe' 2 I I.C Mouralf-r•OCH
2UC lC 3 ______

5, ' •..HNN ne . 0.96. -- 0.570 0.030-0,999 0,g80--.00
6 Fewel-pa~ iulm. ]I;;el|

V°; .. ... . 6 --70 83--90 73--90
7 TeQ'IPR-pAaaC-TUM""I'a

CC) * '. . *.... 60,5-64 80-81 -

naxaK,3a-tlh npenIOM-
neilti! tipsi 75' . .11 . , 398-- t44654 1 .463

9 EnH'.aOT1l0e 4HC.T]O (.At",

K 0 11,) ....... ... 12-22 i-D 26-30
10 Hoainoc 4Hcao no rho6-

1.10 ......... 8-11 10,4-13.5 17-21
I I ,•D JIC.eKTpVq. IlpoIn-

iae1 ocr.t ........ ... .2,8--2.9 2.3-2.86 2,6-2,7
12 TaSwdnc yrHua :H3.'iy,-,

Ip iq. iRT P . 0,02
16' O 100 • . . 0.02-0.03 - 0,02

13 DneiTpiq. nppOqHOCV.
npu 20" (xu,.m) • ' 25-30 - 20

1) Characteristic; 2) beeswax; 3) carnauba wax; 4) ontan wax; 5) speci-
fic gravity; 6) melting temperature ('C); 7) solidification temperature
(0C); 8) refraction index at 750; 9) acid number (millig KOH/g); 10)
HUbl iodine number; 11) dielectric permittivity; 12) tangent of dielec-
tric losses angle at 150 and 100 cps; 13) electric strength at 200 (kv/
mm).
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monatomic alcohols. The most extensively prevailing vegetable waxes are:

carnauba, gondang, candelilla, flax and palm [waxes].

Halite wax is the product of chlorination of naphthalene, by its

chemical composition it is a mixture of tri- and tetrachloronaphthalenes.

It dissolves well in aromatic hydrocarbcns and in gasoline, it is not

soluble in water and alcohol. The properties of halite wax are substan-

tially affected by the refining. The main advantages of halite wax over

paraffin and ceresin are Its high melting temperature, high dielectric

permittivity and incombustibility. A shortcoming of halite wax is its

toxicity; its vapor acts on the mucous membrane for which reason the

use of halite wax in the industry is limited. The main physical, chemi-

cal and electrical properties of halite wax are: specific gravity at

200 1.55-1.7, tpl in a capillary llO-130, volatility at 135' not above

2.5%, acid number not higher than 0.01 millig KOH/g, iron content not

higher than 0.01%, shrinkage when cooled from 1000 to 150 1.4-2.5%, ash

content not above 0.02%, specific heat at 180 0.202 cal/g-degree, la-

tent melting heat 19.6 cal/g, specific volume resistivity (Pv) l013_

1014 ohm-cm, dielectric permittivity (E) 4.5-5.5, tangent of dielectric

losses are. . ,e. a G ._- more t 1 t. r-4

strength (E pr) at 200 8-10 kv/mm.

Oleowax (opal wax) - is a product of hydrogenation of castor oil,

is insoluble in ordinary organic solents, combines poorly with paraffin,

better with ceresin, ozocerite, montan wax, carnauba wax and other re-

sins. Due to its high dielectric permi-tivity (in comparison with non-

polar and weakly polar ceraceous dielectrics) impregnation by oleowax

yields a greater increase in the capacitor capacities, however, the ca-

pacity of such capacitors is highly dependent on the temperature and

frequency. Oleowax has not come into extensive use in electrical insula-

tion equipment. S.Ya. Yamanov
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CERAMIC COATING OF MOLYBDENUM- see Protective Coatings of

Molybdenum.
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CERAMIC COATINGS - are thin ceramic films put on metallic or

other surfaces in order to improve their chemical, thermal and mechani-

cal stability. The ceramic coatings are subdivided into high- and low-

temperature coatings. The former are used in those fields of engineer-

ing where the temperatures of the processes surpass the fireprootness

of special steels and allcyz (600-8000); the latter serve to protect

aluminum and magiesium parts. The (,atinrg protects the metal from oxi-

dation and, beirg less heat conductant, it acts partially as a heat

insulator of the metal, whose properties depend not only orn the thick-

ness and heat conductivity of the protective coating but also on the

presence of components with a low radiation emissivity in them.

Ceramic coatings are usually obtained by enameling, fire-spraying,

and also sometimes by means of binders, avoiding a foregoing firing.

F Anorganic and organic glues are used in the latter case. AL first, the

grease is removed from the metal surface, the latter is then pickled,

treated by sandblastiin.3 , nd plated with n.ckel1. The coating is put on

by spraying of a 7suspension (slip) or by dipping into it; the object is

then dried and fired. The firing temperature is 820-8700 for fireproof

steels. The thickness of the coating is 0.1-0.05 mm; a thickener layer

has a lower heat endurance and is readily scaled off. A refractory

coating containing about 18% altunina gives good results. Enamels of the

following compositions (in % by weight): 49.2 Si0 2 ; 17.4 B2 0 3 ; 7.7 AI20.;

2.9 CaO; 4.5 K2 0; 15.2 Na20; 1.4 Mno2; 0.7 NiO; 0.6 CoO; and 0.4 P2 ,

are used as a binder. Ti0 2 , Zr0 2 , Cr 20 3, Fe 2 03, SiC, SiO2 , mullite,

feldspar and chromium ore are added as refractories. Application of

p 712
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clectrolytically produced ('orunr1du, or of alumina fire,] at a high tem-

perature rusult-n in, an effervescing lustreou5 protertive layer. E.namel

,lip contains (in partz + " w1 iht,)-, 100 frit uf ti above-mentioned

composition; 25 alumina; 10 clay; 1.0 CoO; 0.05 crystalline citric

acid; and 50 water. Heat endurance tests by immersion into water of

heated specimens of usual commercial enamels with a thickness of 0.12-

0.18 mm, and of enamels containing alumina with a thickness of 0.05 mm,

have shown that the former are destroyed when heated to 550-600o, the

latter, however, are not destroyed even at 8700. An alumina containing

enamel coating with a doubled thickness is destroyed at 6500.

The vitreous phase, which plays the part of a temporary binder,

runs out at elevated temperature, and the more fireproof component re-

main,- in the coating. It is recommended to compose for these purposes

-; nmiscible phases of three-component of four-comrrnnent q-+ters, aq,

for example: Na2 O-B2 0 3 with ZrO,, TiO2, Cr 2 03 or AI 2 03 . A composition

containing 30-40% Na 2 0, 40-45% B2 0 3, and 30-40% TiO2 has given positive

results. The radiation enission of the heated metal can be reduced by

ceramic coatings. The visible radiation of exhausts, for example, which

are usually red hot, can be reduced by 90% when a selection of appro-

priate components (especially zirconia spinels) is put on them by means

of water glass. Ceramic coatings containing boronsilicate glass and a

fireproof filler (Al 2 0 3, Zr0 2, etc.) are used to protect molybdenum

from oxidat.lon. Thb rnating is put on the surface of the molybdenum and

fired at 11800 in an inert atmosphere.

The application of ceramic coatings from cermets is very efficient.

The metal component melts cut in some cases, and the ceramic coating

remains unchanged. Coatings of this type are put in the cold using a 25'

solution of sodium silicate or any organic glue. The metal coated on

both sides with a 0.12 mm thick Ni-Mg0 cermet stands a long-time heat-
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irz at 15400 and a short-time (3 min) one at. ro'e.

the above-mentioned manner, stands a heating to 275°00 f1,r 15 sec. A

smelt of the appropriate oxide or ceramic material is put on the metal

surface by fire-spraying. This method of coating is s"imple and permits

the use of the most diverse materials (oxides, minerals, cermets, glass-

es, etc.). It is necessary in the case of fire-spraying that the materi-

al melts without decomposition, is sprayed into drops, and does not

form threads. Ceramic coatings from A12 03 , Zro 2 , an- ZrSiO4 are obtain-

ed by means of an acetylene-oxygene burner mtltiri6 and -praying ceramic

rods with a diameter of about 3 mm and at a rate of 125-?50 mm/min. A

pistol of special design with an air pressure of about 5.6 kg/cm2 is

used for the spraying. The molten rs"pherical particles arc projected on

the surface to be coated at a distance of 5-15 cm. Colliding with the

surface, the spherical drops become flattened and solidified, and forma

a uniform layer. Alumina with a content of 98.6% AI 2 03 is used for

A12 03 coatings. During the spraying processes, the initial a alumina is

transformed into y alumina. The formation of the low-temperature modi-

fication of Al203 is caused by the quenching of the smelt, this fact

was proved by x-ray ax,, L.. L.; •ramic coating has a laminar struc-

ture and a thickness of about 12 microns. The density of the coating is

3.60 g/cm3 . The total porosity is 7.6-9.7%, th'e closed porosity is 0.3-

2.8%. The weight by volume is in the range from 3.25 to 3.35 g/cm3 and

depends on the distance between the nozzle of the burner and the surface

to be coated, on the angle of spraying, the air pressure and the flame

temperature. A transformation of the V Al 2 03 into a Al occurs when

the specimens are heated; this was proved by the coefficient of linear

expansion (a. 107): 30-3C0°-53; 30-6 0n°-66; 30-1200-71.; 30-1480o-y3.

Heating of specimens to 15000 changed the density and porosity; before

heating, the weight by volume was 3.33 g/cm3, the specific gravity was
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,:: ,;., , thu total poro.;ity wao; ,. %; after h,:atin,;, l Jata of the

-7amc characteristics were 3.40 /cmn 3 3.98, and 14.6f, r.:-pectively.

The modulus of elasticity of spec:imens of the coatinc• wa:. (0.43-O.46)-

•l0' kg/cm2 ; the bending strength was 385-364 kg/cm . Rods of melted

and stabilized ZrO2 are used for ceramic coatings from ZrO2. The struc-

ture of ceramic coatings from ZrO2 is similarly laminated as the Al O2C

coating. The density of the coating is 5.71 g/cm3 . The weight by volume

is 5.6 g/cm3, the open porosity is 7%, and the closed 1.9%. The heat

expansion of a ZrO2 coating depends on the heating conditions. The

ceramic coating from ZrSi04 becomes dissociated in the process of spray-

ing the rod in the flame. A vitreous and a crystalline phase are present

in the coating. The lamination of the coating is less expressed as in

the case of ZrO2 coatings. The density is 3.95 g/cm3, the weight by

volume is 3.79 g/cm3 , the open porosity is 4.1%, and the closed 4.7%.

The ceramic coating cracks when heated, but it maintains its shape;

ZrO2 and ZrSiO4 are found in it by x-ray analysis. During the fire-

spraying of a ceramic coating on metal, the temperature of the latter

does not surpass 2000. Coatings from A12 03, ZrO2 , and ZrSiO4 stand for

a short time a temperat.re of 1650-2402" and have a heat conductivity

of 1.0-2.36 kca]/mhr. C. Ceramic coating from cermets are obtainable

by fire-spraying: molybdenum disilicide (MoSi 2 ), chromium carbide with

nickel or without it, chromium-nickel boride (Cr 2 NiBO), tungsten car-

oides, tungsten borides, etc. Molybdenum disilicide, in particular, is

readily sprayabie on graphite, and stable to oxidation up to 16000.

Molybdenum coated with such a cermet stands a heating to 1500* in an

oxidative medium for several hours. Chromium carbide coatings with

nickel or without it are very resistant to abrasion and do not oxidize.

Chrcmiunm carbide is used for coating of valves, turbine bladeo, etc.

Ceramic coating from chromium-nickel boride protects steel and iron
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from corrosion In an aluminuw. melt; It has a very high. r,,at unrluranre

and is therefore use, to protect the combustion r:wnamber- of' rockets.

Ceramic coating from oxides of rare earth elements may perform a cata-

lytic function in the process of combustion. The content of carbn

monoxide and unburned hydrocarbons in the exhaust gase.*; of internal-

combustion motors is considerably reduced when the pis;tons and cylinder

heads are coated with such a ceramic coating.

. M. Pavluzhkin



CERAMIC FIBER - thin threads which are obtained from milten m4ner-

als or synthetic oxides and their mixtures. A distinction is mn '. be-

tween long (continuous) and short (staple) cerami'2 fihbrs. Yarnn and

fabrics (textile .'fibers) as well as felt and wool (tnermoin:ulating

fiber2) can be obtained from ceramic fibers. The thickness of an ele-

mentary fiber is 3-20 microns and less. Methods of obtaining -eramic

fibers are the same as those used in obtaining glass fibers. The dif-

ference consists in the fact that ceramic fibers are made from refrac-

tory mixtures and compounds at high temperatures. Ce. ami: firers are

o A 3, 2 Sic 2 , mullite, Kaolin and various mixturer.

Ceramic fibers are most extensively obtained of Kaolin compositior. A

-.ixture of alumina with mullite with moderate additionn of -L rc c and

zirconiu•m oxide is melted in an ulect-ic furnace and then, by using

steam it is drawn into a staple cerani.- fiber with a diameter of about

one micron and length of about 75 mm. with a speý'iflc weli-ht of ....

which can be irci-Qased to 200 kg/m-ý by c-ýnpac n)" the fib..ou. mater'a

under a pressure of about U. 1 k&/-m'-, Te z-aple ccramic fibers have a

low thermal conductivity, high elast-, ity, and rusi6t %P1"rations; -hey

retain their properties in oxidiziry and reuringr mnedia up to , Up

t. a temperature of 1100-0 such a fiber loes not melt "!•nd d,'ces not sin-

ter, but gradually passes from %the vltr._uto t* -he -rv•;:'1/ine state.

I-, i ued aS Shock-absort Ine liner.- botw.,-n mctal.; and cerWmndc, for

nr.sulat~on of temperatu"re .:)ints, :-ond u lat • cn, filtration of hot

.pazie. for h.' " •.-:Ic'ant part1'irs, pro'e•'tl',e ,othing. corvevor

.el*..., - i .:P. are o t. aiz,•d by cermentln4g ceramic
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threads by an organic binder withstand, heating up to 11000. A Iabri,

consisting of 80-85% of ceramic fibers and 20-15% of' ovianir- artifP:ial

fibers does not deform at 11000, but loses its ten.;ile :;trungth. A fab-

ric with ceramic fibers as a base reinforced by stainl-,; :;eel wir-. r,-

tains about 50% of the original tensile strength after being heir] for

'24 hours at 8500, and if it is reinforced by chromium-nickel wire it

retains 50% of the strength after being held 24 hours at 11000. Cerwriic

fibers are also used for the production of fireproof paper-. The cerarnic

base of such paper, containing about 10% of cellulose is :;table up to

15000.

N.M. Pavlurhkin
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CERAMIC MATERIALS FOR RADIO ENGINEERING -is a group of materials

which serve as electrical insulators in radio engineering equipment,

mainly for the operation at feeble high-frequency currents. Ceramic ma-

terials for radio engineering are different in chemical and mir~eralogi-

cal composition (low or very high dielectric constant, positive or

negative sign of the temperature coe-" ,.cient of the dielectric constant).

A peculiarity of the ceramic irrtýerials f~jr radio engineering is the

long service without aging pheromena, and the applicability at elevated

temperature. Ceramic materials for radilo engineering may be soldered

by soft or brazing solders in order to obtain a rigid contact with the

m-1etal.

The ceramic materials for radio engineering are deliverable in8

classes according to GOST 5458-57. High-frequency materials with a di-

elect.,-c constant higher than 12: 1st class, for circuit- and separat-

ing capcitors which do not stabilize the frequency; for heat compensat-

ing and separating circuit capacitors; I~nd class, for high-stability

capacitors; IlIrd class, for small installation units. Hi'gh-frequency

materials with a dielectric constant lower tha 9 IVth class, for

large installation units and high-stable induction coils, for high-f re-

quency capacitors; V~th class, for small and medium size parts with a

high mechanical strength and heat endurance; VIth class, for insulators

.Lsed inside of vacuum devices; VTIth class for installation parts which

does not stabilize the device. Low-frequency materials with a dielectric

constant higher than 1000: VIlIth class, for piezoelectric converters

and for low-frequency d.c. capacitors. The ceramic materials for radio
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engineering may be subdivided also on basis of the used raw material or

the main crystalline phase (mineral) of the given matertal. The basic

types of raw materials for the production of ceramic materials for

radio engineering are: white-fired refractory clays, kaolin,, feldsparz,

talcum, marble, etc., and also commercial alumina, electrolytically

produced white corundum, barium carbonate, titania, tin dioxide, mag-

nesia, etc.

The most important types of ceramic materials for radio engineer-

ing and their properties are quoted in the Tables 1-h.

TABLE 1

Basic Properties of Corundum-Mullite and Corundum
Ceramics

1 2 Hj. ai.m m'pa.mmI
|N~~ 3 YMTP-N.bIO, YJ TPvna.-'0

Paincoapiop Y 0-46 Yq)-53 all

4 
4

6 91.3'3pCHTPI. nPOKUWU8na CTb -
iwu 'aCToT•' 0,5-5 MZ11 6-6.5 8 .0--•,2 8.0--8.5 6,8-7 4

7 T'7.e`irpaTyp'lft H03 . Allt-ajjlt'KTpH-j. nPO11lll1114 MACTHI

Snh't pReaae 20-80' i1vit
qacTOV 0. 5-5 M01.pnf1- 1 (150130)l0-1 + (110±::30) 10' + (110 ± 30) + (1 10± '0)'TaHre'lf yrila •itiIaorwi.ITl .

T Taqeic'~aal~~,p~
nlo1wpt r3pit Rtac;ole I NOW:

Wpi 20 15* ........ .... (30-40) 10t- (8-to) 10-1 (3-5) 10-' (11.--; ) 10 -

npu 80±5' ....... . (50--60) 0-1 (12-1-S) 10-1 cM) 10-' ( -20- 4)0-'
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8) tangent of the loss angle at a frequency of 1 Mcps, at; 9) break-
down voltage (kv/mm); 10) specific volume resistance at 100-±50(ohm. cm)
12) temperature coefficient of the linear expansion within 20-100"; )
specific gravity; 14) class according to GOST; 13) grcap W0"1.
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TABLE 2

Basic Properties of Magnesia Ceramics
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1) Properties; 2) designation of the ceramics; 3) B-17; 4) S-..; 5)
spinel; 6) dielectric constant at a frequency of 0.5-5 Mcps; 7) temper-
ature coefficient of the dielectric constant with 20-80" at a frequency
of 0.5-5 Mcps; 8) tangent of the loss angle at a frequency of 1 Mcps at;
9)) breakdown voltage (k/mm); 10) specific electric resistance at
100±50 (ohm-cm); 11) static bending strength (kg/cm2); 12) temperature
coefficient of the linear expansion within 20-100*; 13) specific gravi-
ty; 14) class according to GOST; 15) group 11.1

TABLE 3
Basic Properties of Ceramic Materials With Nonlinear
Polarization
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1) Designation of the nmterial; 2) seignettoelectric ceramics; 3) name
of the material; 4) SM-l; 5) T-0.009 61SVT; 7) seignettoelectric ceram-
ic VK; 8) dielectric constant at 20 - 9) change off the dielectric con-
stant in relation to its value at 209; 10 ) tp~nge nt of the loss angle at
103 cps; 11) tangent of the loss angle at 100 cpsa; 12) specific voliL-e
resistance at 1000 (ohzn'cm); 13) breakdown vol1tage (ky/mm); 14) static
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bending strength (kg/cm , not less than); 15) specific gravity; 16)
class according to GOST; 17) up to ... from ... to ... ; 18) not less
than 20% of the rated value, at -. 400; not less than 70% of the rated
value, at +60° (at 30 v); 19) before moistening ... , after moistening
.g.; 20 group a"; 21) group "b"; 22) Varicond.

* I
4

jil -- _ - = -o
4- C 4-1 > b+) "ýO

I~~ rý CI ~ a)5-4-) 0 $4 =J H"O
r 4-) .. 00 'U +3 CC 0

I r-, I b. H '

S i. >1 Or Or-I• .. '
Sg • , S z . 4• 0 c:• r--I

N +) - > -".-HG D.

-HU)- -o iC+ ') H

Sr--I 0: I 0

r-4 z C) -H 0)Eý O

a) IH +' C -H'-

I I H W b 4- 4-) I 4l
4.) 0-4 .o 0 :

F i -.I ii

a) Q.-
1 -iO 5.4Q)

S . •. - - . - ) aSto

9 . 0 C\J )CI]

0 4-) 4-1 U .- I• •t C •

aH 10.~ H). "U CO

4-). 2a TM4 0- a)

0 C.O==• 0 0 ) U)r

H5 0 0' d--

.0 -' , . ,- .-H W° i 0

' ,--3 '0 E • r- -"u

o .722 )+

tr~ *

- +1 a)O~'-

4-) -- 4-) ) 4-)L CC

a) rq Ell Q) t

a) C) 44 a C) -P C

W C .i~ 4 u C)0 -

-- ~C - -- 'a) +)
-IiH .4 0 H -0 C) Lrr



I- L)9}(4

References: Bogoroditskiy, N.P., Pazynkov V.V.,, Maturialy v radio-

elektronike [Materials in Radio Electrons], Moscow-Leningrad, 1961.

V.L. Ba±1kevich
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CERlAMIC PAINTS- are colored compounds of silicates, aluminates,

borates, etc., are formed on the surface of the material and used for

decoration of stoneware, for setting up a brand or conditioned colors

or signs. Colored metal oxides; sometimes colored complex compounds,

are the base of ceramic paints. The firing temperature and the gas

medium are determinant for the formation of certain colored compounds,

under-glaze and upper-glaze paints are discenred. The upper-glaze paints

I are applied on glazed and fired objects, and then a secondary firing is

ii carried out in muffle furnaces at 600-8500. The under-glaze paints are

resistant to the dissolving action of the glazes.

V.L. Balkevich
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CERAMICS- are stonel1ke inorganic materials obtained by sintering

of plastic bodies of plasticized powders. Raw, fine and refractory

ceramics are distinguished. The ceramic materials are subdivided in pro-

ducts with a porous fracture and in products with a compact fracture,

according to the degree of compactness (degree of sintering), and in

structural, general, and technical ceramics according to their applica-

tion.

Raw ceramics (bricks, roof tiles, and Dutch tiles) are generally

prepared from diverse clays (low-melting, high-melting, sometimes re-

fractory clays also), diatomites, tripoli earths, and aggregates (quartz

sand, fireclay, slag). They are porous (wall materials, roof tiles,

etc.) or compact (stony ceramics), depending on the degree of compact-

ness. Acidproof raw ceramics are used in the chemical industry (reac-

tion towers and absorbers, tourills, suction filters, condensers, pipes,

coil pipes, exhausters, pumps, etc.), in the paper, food, and textile

industry and in other industrial branches (see Acidproof Ceramics).

To the fine ceramics belong: porcelain, technical ceramics (Fire-

proof Ceramics, Vacuum Ceramics), special ceramics (titania-, cordier-

ite-, spodumen-, corundum- and other ceramics, and products from pure

oxides), semiporcelain, and faience. White-fired clays, kaolin, quartz

sand, feldspar, pegmatites, nepheline syenite, spodumene, chalk, sag-

esite, and dolomite are used for the production of these materials.

Talcum, andalusite, kyanite, comnercial alumina, magnesia, titania,

beryllia, etc., are used for special ceramics. According to the degree

of compactness, the fine ceramics are subdivided into: sintered, com-
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pact, and very hard, such as porcelain, for example; partially sintered,

porous, and lower hard, such as faience, for example. As a rule, the

fine ceramics are covered with a layer of vitreous glaze; the main part

of the products is white, sometimes the fracture is colored (decorative

ceramics, etc.). The products from special bodies may have diverse

tints depending on the nature of the raw material. See Capacitor Ceram-

ics for the properties of titania ceramics used for capacitors, and

Oxide Ceramics for those from pure oxides. Cordierite and spodumene

ceramics are used for the production of heatproof objects. The cordief-

ite products have a high mechanical strength and a low thermal expan-

sion; the ultimate bending strenth is 950 kg/cm 2, the linear expansion

coefficient lies within l0-12"lc- 7 in the temperature range from 20 to

1000. Spodumene or lithium ceramics are characteri •d by a very high

thermal stability; they are used, therefore, for the lining of induc-

tion and other furnaces, for protective tubes Gf thermocouples, for

parts of thermostats, for laboratory vessel:*, tuyeres, nozzles, etc.

Corundum ceramn.cs Fre used In machine building, they provide, in many

cases, a 3-4 times higher stability of pieces and devices. Springs

formed from s-ntered 'ox'undum retain a good elasticity up to lO00-1100°.

Helices wi-L, a d'artettr of 2.5-11.5 cm and a cross section of the

"wire" of 1.6-6.5 mnm may be prepared by boring a helical groove into an

alumina cylinder. Films with a thickness of 250 A, used electronics, are

prepared by anodic treatment of corundum; the films are transparent and

colorless, they do not delay eltztronr and can be used as a support in

the investigation of diverse substances. The tensile strenzth of the

films is almost similar to that of comon steel with the same dimensions.

The films are fixed in rings •ar with a diamter of -0 m•.. A film

with a thickness of 500 microns is sufficiently stable to stand up to

the sublimation of diverse metals on its surface, it passes a tempera-
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turo of 500° with a small change of the transmiesivity in the infrared

spectral range. Films from other oxides may be prepared in the same way.

Refractor ceramicn include a large group uf material;, us:'ed in

industrial furnaces, burners and units working at temperatures higher

than 10000. Depending on the chemical composition, the refractories are

subdivided into: silica, aluminosilicate, magnesia, chrome, zirconia,

oxide, carbide, and nitride refractories. Fire-resistant (from 1580*

to 17700), highly refractory (from 17700 to 2000*) and materials of

highest refractoriness (mo.'e than 20000) are distinguished with respect

to the fireproofness.

Ceramics are characterized by a high refractoriess, hardness,

chemical stability, and long-life. The high brittleness Is a negative

property of ceramics. The thermal endurance is very important for prac-

tice because the possibility of using a material at conditions of al-

ternating heat and cooling depends on it; the thermal endurance is

basically determined by the mechanical strength, the coefficient of

thermal expansion, and the heat conductivity. Data characterizing the

effect of the above-mentioned factors are listed in the Table. The

values for the bending strength, the heat conductivity, and the thermal

endurance are given in relativa. units (the corresponding characteristics

for porcelain are taken as a unit).

Ceramic materials are becoming more and more and mainfoldly ap-

plied in different fields of machine building and modern engineering.

Jet propulsion fuels (nitric acid with aniline, xylidine or gasoline)

do not destroy ceramic linings. A homogeneous filling poured Into a

ring gap between the previously fired lining and the case if the cham-

ber has proved to be the best for combustion chambers. Such a filling

is made from light-weight concretes or plaster bodies. Lining of LU-

bustion chambers made from ceramic segments has proved to be effective.
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Metal coatings are put on ceramic lining in order to increase its heat

endurance. Ceramic materials are alzo used for the produc-tion of rocket

TABLE

Thermal Endurance of Ceramic Materials

!nP.r.n r rm Inp "a- "r T., -.-
Ma pouaA I p , IW'•SiIH-, cr"d. vtb
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' ' .. . . . .. . ..I ..
s40=p ruvypAuw*I g. - I, I

WrxasypD#41utN~i . 4 1.6 Y

loc a.ai1•w i B . *. - I.E-2.0 -.5--. 7 -.-

" .m . . I . .py ,•-.1 1 , I. -2.0 2-3 I, --I.,5
CawWSuim6,p. .2 ! J-3 to 4- 1.-~

.oUa ... . .. . 2' J 3-5 4-5 0.@--.2
34 rwolo 'KUC6 SrPa.'l- 0nUN . .. .. . 3.4--3.$ SO 4--• I1.0

IS l• louwla I•Ie I-

0.I
(frmll U..................0.7 •

(9I.JS LpETM•T).......... A). 3 I -- 2.0O

1) Material; 2) bending strength; 3) heat
conductivlty; 6 4) coefficient of linear ex-
pansion, a-lO ; 4) thermal endurance; 6)
nonglazed porcelain; 7) glazed porcelain;
8) nonglazed high-ctreng;th porcelain; 9)
glazed high-strernth porcelain; 10) stea-
tite ýzerami s; 1i) cordierite cer&-Icc;
12) sintered corundum; 13) zintered zir-
conia; 14) sintered beryllia; 15) wollaz-
tonite r-eramics; 16) sillimanite -:eramics;
17) lithiurm aluminosilicate (f-spodumene);
18 lithium aluminosilicate (5-eucrypt!te).

shields. A12 03, ZrO2 , ZiO1 , etc., are used as raw materials. Sintered

A1201 is used for the parts of the . yros!ope uced in rockets for an

exact guiding into the target. The gyrostat, theL- motor zhaft, the bal-

ancing rings, the Cardan joint, and the bell jar are male from Zinterei

A1l,. Cerami,-s are useJ as carrier: of catalysts in the for: of a

finely porous coattre, from A or Zr-2 put by fir.e--prayinýr on the

ceramic body (rings, balls, ..mall *:ylinders, et-.). V!ry vthinly corra-

gated or otjects shaped in another marner with a high. pecific surfac'e

for operation a high. temperatures (parts for heat -zhangers, equip-

ment for cata] tic processes, etc.) may be ootained from zertain ceramic
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materials by rolling. The corrugated surface has 8 grooves per 1 cm and

a wall-thickness of 0.05 mm in objects nade froir magnesium aluminosili-

cate. The honeycombed zirconia product has 3 channels on a length of

2.5 cm and a wall-thickness of 0.5 mm. Ceramic bands are produced from

alumina, porcelain or steatite, and used for printed electric circuits.

The width of the band is up to 200 mm, the thickness 0.8-3.0 m, the

length of the pieces depends on the firing conditions.

References: Tekhnologiya keramiki i ogneuporov [Technology of

Ceramics and Refractories], edited by P.P. Budnikov, 2nd edition, Mos-

cow, 1954, Avgustinik A.I. Keramika (Ceramics], Moscow, 1957.

N.M. Pavlushkin
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CERMET COTTACTS are interrupting contacts, used for periodic mak-

ing and breaking of electric circuits, which are produced by the powder

metallurgy method. The powder metallurgy technology makes it possible

to produce3 cermet contacts from varied materials, including those whose

production by the melting method is not possible (for example, The W-

Cu composition). In this case significant saving of metal is achieved

as a result of the high wear resistance of the cermet contacts and the

reduction of production waste. Cermet contacts are made from the pure

metals ( W, Mo, Re, Cu, Ag and others), alloys with solid solution

structure ( W - Re, Cu - Cd, Ag - Cd and others), compositions of non-

alloying metals or metals and nonmetals ( W - Cu, Ag - Ni, Cu - C, Ag -

- CdO and oth:,rs). Widest application is made of the cermet contacts

made from compositions which in structure are a mechanical mixture of

particles which differ sharply in their physiccl properties. As a re-

sult of the high resistance to wear, welding and burninb, the composi-

tion cermet contacts are used successfully in many cases under severe

operating conditions. The composition cermet contacts are charaterized

by high strength at high temperatures, high resistance to mechanical

abrasion, high thermal stability (i.e., ability to retain their form

and composition with heating), which leads to their excellent wear re-

sistance in operation. In order to obtain the required combination of

properties or to economize scarce metals, certain cermet contacts are

fabricated in several layers from materials with differing chemical

composition. In the two-layer contacts the ratio of the thicknesses of

the working and nonworking layers varies from 10:1 to 1:4. The cermet
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contacts made from compositions having particularly high resistance to

welding (Ag-CdO and others) are produced with a working layer made from

TABLE 1

Composition Cermet Contacts (GOST 3884-61)

un 3 o 4 ,i, 5 Y 4
Rom m~u X wUecWuflN Cenya (O.*.xAtX)e (KSi AO) WsCm') 6

.a (%n 6 naov,. f •olies, e
1 2 fi- -te i 'e

i CBS0 5OAg;2,SNI: 47.,WO 0,027 1 |00 |3.13 MMM.C aWaMymnlea ,IMARM'teJINaRnOlne
RCB71 30Ag:3.SNI;6d.SWO 0,035 140 14.5! ARfNJT ". MOUlile perympyoENe Tpanc- 9

IliM.tiYpIJ0"1 Maj.0-14a p nI. . T- 9
lime~ IIjllOq•~JlN, N lMafHIIMe II7CIIBTeJIM,
RlJNilxOq mTqnC npmIaXuuh pNzE prvS., capnepMl
ABarBemneI amyTp. crapINNm, BoCI•ponnmde
PCJIC, TeCIIJOlhlC PCae

10 .r3 97Ag: XC 0,024 27 A.1 YCTHHuOWMCe N yNKM :aJ'hbHMe i4'OMATM
10 Cr5 95A : 5C 0.03 22 7.9 (a nape C MONT&Ka•aMP MN MOMnAOnMU CCe-

12 cH29r_3 0 A; 2 NI; ItC 0.03 45 8.71 peOlN--nfxenh), sAymIImue BKJn1aneaul. ll
pene eHrnajn1aaauNN enEeJIIe x iopor. an-
nepaTbi yrlpanljeHsn JIKII.TOM, nepeCM1.4ouTO-

E P&AN pNoeMiiNHmo

13 CH22111 7 6.Ag;22Cd:fN!; 0.06 60 9.5 Perya.TopU manpH MeBnnN,p_.Ie 14
15 CMO6o 40Ag; O0Mo 0.027 120 10 Hoagymuvaa..,nomate.in aerxoro m 1- 6

:g••oro pemennOs, xnH~ax~opwl, amllmoa- 16'*
TWIN Ob6IT)BUX DJcHTpOUpN•HOpOa, pene.

NflponpeCo6oApOUTejnz

17CH30 70Ag; 3ON!: 0.025 55 9 5 YCTSHOBO~N~lC N YHNBecpaaJbN;e aefouarm
1 7CH40 GOAg: 40NI: 0.032 0 9 :. (a Cnape •O arTaaU cepeGpo-rpafMT MAN 18ce=ep -- mmicefib -- rpafpxT), HonraToNpW. -'8

MruHMsue nyc~aTeRN, pele oco6omcaiotrO
pem4NMa, peae uenefl enrNBJaK I•e n n aSTO-
MwaBNN, ak0ponpeopaaoaaleOAA, laCoxo-

*OnbTHMe aBlm oqalTe•lu HeOoaImol KOIq-
NOCN

19 COI(15 85Ag: 15CdO 0.03 50 9.2 CTappU ASuraBen•lj BnyTp. CrOpBnnE.
20 COMIO 9OAg; t0CuO 0.025 50 9 ,21 HXMtpounee npep-naTeJn, pane peANero 21A T~weorn peMUMON, 8STO~aTNq. TOpMo-

peryARTnopu

22 MBS0 5OCu2,NI;7,W 0 4 12 Me~annypru. mOmtBKTOppI, NoKfalTop-l 23
M170 30Cu; 3Nl; 67WO annapaTo. CYMHOBO3 CBePap .- Montam M-

cam me 6.81 . x ymTme A pyn we auD 2
24 ms 97Cu: 3C 0.05Cee anue a2To4STU, p1'ffe DUNM- 25

mri 05Cu; 5c 0.047 15 6! Ta

*Nickel not mandatory

1) Contact type; 2) chemical composition (%); 3) (ohm-mm2 /m); 4) (kg/
/mm2 ); 5) .g/cm3 ); 6) area of application; 6') no more than; 7) no
less than; ) SV ; 9) high power air breakers, anode controls, high-
power control transformers, small high-voltage switches, magnetic star-
ters, houshold appliance breakers, internal combustion engine starters,
electronic relays, themal relays; 10) SG ; 11) assembly and universal
automatic machines (paried with silver-nickel composition contacts),
air breakers, railway signaling relays, elevator control apparatus, ra-
dio receiver switches- 32) SN29G3; 13) SK22NJ.; 14) voltage regulators,
relays; 15) SM060; 16) light and heavy-duty air breakers, contactors,
household electric appliance breakers, relays, electromagnetic rectif-
iers; 17) SN ; 18) assembly and universal automatic machines (paired
with silver-graphite or silver-nickel-graphite contacts), contactors,
magnetic starters, extra-heavy duty relays, signaling and automation
circuit relays,, electromagnetic rectifiers, low-power high-voltage
breakers; 19) SOKl5; 20) SOMIO; 21) internal combustion engine starters
ignitron interrupters, medium and heavy duty relays, automatic thermo-
centrollers; P2) MV ; 23) metallurgical contactors, butt welding ap-
paratus contactors, high-power oil and air breakers; 24) MG ; 25) sel-
ective automatic machines, manual breakers.
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TABLE 2

Two-Layer Cermet Contacts -
GOST 3884-61

3 PaGD-INS rJ10o OCmomXAne, 3
Tma

O, M4Te a1 aII .".IH ae-vomr NaO n~aj I [ uii I1 ,I;!3I

4 P. 4

6C-M25 7cepoe6i 75 MeIDAI 25
OCH40-H75 FI)MN(IimmIMuA 25 119- 75

10 60%Ag HI Hen.
1 

I
40%NI

12 CO1{I5- iomrtuaN-Hr:I 75 WKene. 25
A2-5 85%AL, 13 Boo 14

1 5%CdO I

*Relative to contact thickness

1) Contact type; 2) working layer; 3) base; 4) material; 5) thickness
(%)*; 6) S-M25; 7) silver; 8) copper; 9) SN40-N75; 10) composition:
O6% Ag and 40% Ni; 11) nickel; 12) SOK15-Zh25; 13) composition: 85% Ag,

15% CdO; 14) iron.

the composition and a base made from silver or copper to facilitate

brazing or welding to the contact holder. The methods of producing the

cermet contacts are: pressing and sintering of finished products in a

mold from metallic powder or a mixture of powders of specified composi-

tion, stamping from cermet rolled stock (for wrought materials such as

W, Ag-Ni composition, and others), pressing in the form of porous blanks

from a powder of a high-melting component and subsequent impregnation

of the blanks with a lower-melting metal (or composition). The multilay-

er cermet contacts are produced by sintering blanks prepared from metal-

lic powders of differing chemical composition which are poured sequent-

ially, in the form of several layers, into the press form. The cermet

• b

Fig. 1. Cylindrical cermet
contacts with flat working
surface: a) without conical
point; b) with conical point.
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contacts usually have a cylindrical (with flat or spherical working

surface) or rectangular (with flat or cylindrical working surface) form.

a b C

Fig. 2. Cylindrical cermet
contacts with spherical work-
ing surface: a) without coni-
cal point; b) with conical
point; c) with collar (collar
width up to 0.2 mm allowed).

On the lower (nonworking) side of the contacts there is sometimes form-

ed one or more conical protuberances for welding to the contact holder

b

A. 2.0. a... ..yc Ac to Gas eu.

Fig. 3. Rectangular cermet contacts with flat working surface: a) with-
out conical point; b) with conical point; c) with collar 1) one cone
only for contacts of length to 10 mm.

(Figs. 1-4). Brazing of the cermet contacts to the contact holders is

performed using conventional silver or copper solders Tables 3, 4 pre-

sent the basic dimensions of the cermet contacts.
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Ja

P, .u,, I Son,..,,. , dog on m, 0m
n I aWN, do D0 No

Fig. 4. Rectangular cermet contacts with cylindrical working surface:
-, '7Ithout conical point; b) with conical point; c) with collar. 1) One

cone only for contacts to length 10 mm.

TABLE 4

Basic Dimension (mm) of Cy-
lindrical Cermet Contacts
(GOST 3884-61)

D (Alwa- 8 S TOA- do ) d;i- ~( o-I
UeCp) WNW M.4Tpl W,,l )

I 2 1 2

0,6 6 1,6
0,6 - - 1,2;

I's I ,6J :

2,5 0.0: 1,2 12 2.2

3 1 6 1. :
__- ___ ___ 2),2

211I ,P; ___ ___

~~1,6] 1,6 I-,q '

5 5 2.2

*d- cone base diameter

1) D (diameter); 2) S (thick-
ness)

References: Usov V.V. and Zaymovskiy A.S., Provodnikovyye, reos-

tatnyye i knotaktnyye materialy (Conductor rheostat, and contact mater-

ials), 3rd edition, M.-L., 1957, in: (Metally i splavy v elektrotekh-

nike, t. 2) (Metals and Alloyc in Electrical Engineering, Vol. 2); Al'

tman A.B., Melashenko I.P., Bystrova E.S., Sovremennyye metallokeramic-
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TABLE 3

Basic Dimensions* (mm) of
Rectangular Cermet Contacts
(GOST 3884-61)

3

4 1.2 I.?

6

to

8
-- -- - 1.2; t.G

12 - _ _
to 2.1

12
2.2

l0

14
•-- 2,2; 3

16

10
- 2.2
14

20 -
16
- 2.2. 3
20

16

5 -

|0 ] 25

to 2.2

16
32

32

1~14
2 040

4 0

*1 - length, b- width, S-
thickness.
**d- cone base diameter.
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heskiye elektricheskiye knntakty, v kn.: El1ektricheokiye kontakty (Mod-

ern Cermet Electrical Contacts, in book: Electrical Contact-c), M.-L.,

1958; Melashenko I.P.., Metallokeraxnicheokiye clektriche-kiye knntakty,

v kn.: Spravochnik po elektrotekhnicheskim materialam, t. 2 (Cermet

Electrical C.ontacts, in book: Handbook on Materials for Electrical Fhiwr-

ineering, Vol. 2), M.-L., 1960; A1'tman A.B., Metallokerarnkia v elek-

troproiyshlennosti (Cerinets in the Ilectrical Ind sry), M., 1961.

A. B. Al trnan

7 3f,
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CERMET ELECTRICAL BRUSHES are components which are used as the

fixed portion of a sliding contact for the current input and output on

collectors and contact rings of electrical machines and which are pro-

duced using the powder metallurgy method. The cermet electrical brushes

are pressed from mixtures of copper and graphite powders, frequently

with the addition of lead, tin and certain other materials. In the

classification of the electrical brush materials, the cermet electrical

brushes are termed metallographitic. Depending on the chemical composi-

tion and the production technology, the cermet electrical brushes are

divided into copper-graphite *rnd bronze-graphite (Table 1).

TABLE 1
Characteristics of Cermet Elec-
trical Brushes

rpa 2KP * -OSOea -eomeNI
usj "CUna MYMin 14

MA---• Mr. wr,. s ,op ki COO-,,
rpa- mr2, "oaumuuJItM o IsiT- eoMAN o.I
"a8J mr'3. n m w .w1

mr&. mrs co€o ia u.
mal it I at

MI. MS. flowm""u0• Nou
MS6 M20. eoneponw.s

St IM ma.ISlGP. MtC(. 14 C aemprryJl 0o.wwuhi

MA?. MIC, mr
mu M•tS,

*Recommended.

l) Group; 2) type; 3 characteristic; 4) commutation conditions*;
5) Copper-graphite-b) MG; 7) high copper content; 8) light; 9) higher
copper content; 105 same; 11) low copper content; 12) normal; 13)
bronze-graphite; 14) MGS; 15) with alloying additions.

Addition of copper improves the electrical conductivity of the

electrical contact material, while the addition of lead and tin make

this mater.'al less rigid and more resistant to vibration and erosion.

Figure 1 gives an idea of the chemical composition of the cermet elec-
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r|NoyIEIUII4IWP4E' UIJI9T| - yrjIEN.|jI4Ei•1IJ* 'asfI'|N*JIIJII
60 0$ (A) -JecrmIy:s1s I(I".IJtM4 (I G1: *g I*) M; A

A A R 03 M21,;1;-- Mo. -Nt; ,- MI'4. - MN'E.
_w - Mr3; , - Ml•. h - M0I. x Mr. A

0 V O d0 " Q 4 0 W 9 0 W WS M':. --M ",O; to - Ml'o4. 11--M111.
CI----ii - MrI""+)

Fig. 1. Location of some cermet electrical contacts on the copper-car-
bonaceous materials (A)-alloying additive (B) concentration triangle:
a) 611 M; b) 1M3 and 120; c) M6; d) Ml; e) MG4; f) MG6; g) MG3; h) MG2;

MGl; J) MG; k) MGS; I) MGSO; m) MG64; n) MGS6; o) MGS5.

trical brushes. The technological process of the production of the cer-

met electrical brushes usually consists of two portionz: preparation of

the semimanufactures (blocks, plates) by pressing and sintering (fir-

ing) from a mixture of the initial matErials in powder form; production

of the electrical contacts of specified shape and dimensions from the

semi-manufactures )y machining. Along with this technology, use is

made of the method of individual form pressing (with heating or with

additional sintering) of the electrical contacts from a mixture of the

initial powders into a finished product with the required dimensionz.

The shape of electrical brushes used in various operating conditions is

shown in Fig. 2. The cermet electrical contacts are usually integrated

with the current conductors. For t*:!chnical characteristics of the cer-

met electrical contacts see GOST 2332-43, for dimensions see GOST 3611-

57. The fields of application of the cermet electrical contacts are

shown in Table 2.

Fig. 2. Shapes of cermet electrical contacts: a) general purpose (GOST
8611-57); b) Aor motor vehicle motor electrical equipment.
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TABLE 
2

Fields of Application of Cermet Electrical Contacts

2 Vrmsuw pa&nw

1 6414 rpu1.. *KU111A (fall, low.swo.u.) 4 IWO,=4~U

u~n~~xw~ueu I'. *

l~~TW ( I CA-&)TP •

., .n o o w• U 1 . . . . . . . . . . . . . . . . . . . . . . - sT ., Z -

Ic lopf m m KaN ,RII5 w " 14 -2 0 . .. . . . . . . .. ..
lO(.T'J4 ., . wn upo o m .HieaI-- I M p........... . J,1". 2smi. M . M

I31T- no. z- 12--2' • k MI •

12 ,~a wn An IV 2
ISA Nluxpnwmmue umlr•sa We Mwwwctu C W1 r.€NMoacT,. C "nowI"W aorwrTn: bla 'Tima ....... An 2U An$ 15 rt. JOI'*!
161-*.. we cilem~m emumm o~py oIr -A WK .. . .. A,, 15 1b 2b 1 ar,*,. lNT'.

17Aamwnmut~u imrawuns emwUmn t w~tiw mraa m4NHrrp"A.Wnlownao UpeMo • e "Mm ukfw" mnaItmmp

",.64 ............. . ....... .. A 0 Is rc
IPT,, iar. C ansm cmaedooMYMON Con-L~om. . . 15 It 21 M'E..I14.mwCMI
I rT MP., C oflOnab" anoIxPnW wo ......... ,1--12 AU IS ir. u'. mi*
20MMURAG W80WA7U(*IH U~iPOWNMZ I0MWI464P U Am-

re t am% 9WI W1SCWI 9 isnpOMM1*e I CO ¢P*Aea
4e1t.y"aso C ,OcOu e ....................... . I0-I2 ae 25 Mr4. W.' MlI.

*Recommended as second choice.

1) Electrical machine (type, purpose)- 2) operating condition' 3) reo-
ommended type of electrical contact; 4) current density (a/cmW);
5) peripheral velocity (m/sec); 6) low voltage dc traction motors;
7) to; 8) starters, 18-24 volt; 9) MG-; 10) starters, 6-12 volt; 11)
MGS; 12) low voltage charging generators to 40 volts; 13) same, to
12-24 v; 14) same, to 12 v; 15) asynchronous motors of all capacities
with brush lift, with high current density; 16) same, with high peri-
pheral velocity; 17) asynchronous motors of all capacities with con-
tinuous brush contact, and aliso rings of single-armature converters
with high current density; 18) same, with high peripheral speed; 19)
same, with normal current density; 20) exciting rings of synchronous
generators and motors of all capacities and voltages with medium peri-
pheral velocity.

References: Belkin M.D. and Shtykhnov G.S., Shchetki dlya elek-

tricheskikh mashin, ikh proizvodstvo i primeneniye (Brushes for Elec-

trical Machines, Their Production and Application), M.-L., 1952; Fial-

kov A.S., Tekhnologiya I oborudovaniye elektrougol'nogo proizvodstva

(Technology and Equipment for Electro-carbon Production). M.-L., 1958;

Zhestyanikov V.M., Elektrotekhnicheskiy ugol' and elektrougcl'nrye

izdeliya (Electrotechnical Carbon and Electro-Carbon Products), in book

Spravochnik po elektrotekhnicheskim materialam (HandbooK on Electro-

technical Materials), Vol. 2, M.-L., 1960; Livshits P.S., Shchetki dlya

elektricheskikh mashin (Brushes for Electrical Machines), M.L., 1961.
73-9. Al I ta~n
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CU•WT FILTERS are porous products for filtering mechanical im-

purities from liquids and gases which are produced by the powder metal-

lurg method. Powders of any metals may be used for producing cermet

filtprs, but at present powders made from bronze, stainless steel, iron,

nickel, titanium and low-carbon steel are used (Table 1). The advantages

of the cermet filters in comparison with other filters are: simplicity

of productions, higher mechanical strength and permeability, possibil-

ity of filtering to particle size 3-5 4, uniformity of filtering prop-

erties over entire filter area, possibility of producing corrosion re-

sistant and refractory filters, comparative simplicity of regenerating

contaminated filters.

Cermet filters are produced by pressing in forms, by free pour-

ing into graphite forms or by rolling powder into strip with subsequent

sintering. Table 2 presents the characteristics of bronze filters. Fig-

ures 1, 2, 3 show the variation of the permeability of Iron cermet fil-

ters as a function of wall thickness, pore size and pressure drop

across the filter.

TABLE I

Basic Properties of Cernet Filter Materials

4 t ? - -I t %t N1

A % T.

1) Filtering material; 2) chemical compos'tlon; 3) 4 (k/-); 4) ope-rating temperature (C); 5) bronze; 6) Low-carbon 5teeA'; 7) •talnless
steel.
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TABLE 2
Characteristics of Bronze Cermet Filters

I fllPU ,q"Un hImaRNo ww 2 li. IPM iM pamoN wmA yA
4 "Onoa ceTe#n (m•a) • 4 1"amum rwpoM (aM)enoptm• .,________________ rmaap~CTh

"auaapo. 1.iI 2.251 31 3.75 3 #AbTPO- 1. IS 2.21 3 13.7bSaNuN .L_____________ ei

(.,5awe.¢,o) *W sp a Nne" C', ) (Almam-CM') 6 mw f-& . ft I

i I 0 . 3 1 0. 4 0 . 1 0 . 7 6 0 . 0 4 1 0 . 0 2 0 .0 3 O n. 0 I 4

4S I 1 . 2.1 2.8 6 1 g 214 0 o

IS I 20 22 s0 Iito
451 20 ISO 20 Ila

1) Filtering water; 2) filtering air; 3) filtratign rate (liters/min-
cWm); 4) wall thickness (mm); 5) head loss (kg/'cmd); 6) head loss
(mm Hg).

'30

S3 '0 '3,
2 ,f

Fig. 1. Variation of iron cermet fi~ters with wall thickness for Ap =

=600 mm H2 0. 1) Air flow, m3 /min-m ; 2) wall thickness, mm.

It

Fig. 2. Variation of permeability of iron cermet filters with pore size
for Lp = 0.5 atm: 1) TS-I fuel with viscosity 1.29 centistokes; 2) di -
sel oil with viscosity 3.5 centistokes; a) Permeability, liters/minm•;
b) pore size, microns

0 as to ts t

Fig. 3. Variation of permeability of iron cermet filters with filtra-
tion pressure (TS-I fuel). 1) Flow, liters/min-m2; 2) filtration pres-
sure, k&/c;.r5.
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The cermet filters are produced in the form of discs and plates,

cylinders, sleeves, cones with wall thickness > 0.5 mm. In relectinr;

the construction of a cermet filter it is necessary to keep in mind that

the discs have uniformity of the properties over the entire surface,

while filters in the form of cylinders have differing properties alonE

the length, and that the nonuniformity incrases with the cylinder

length; therefore the cylinder length must not exceed 2-3 d. Cylindrical

filters of greater length may be obtained by welding, brazing or bond-

ing of cylindrical filters of shorter length. Figure 4 shows the gener-

al form of several typical cermet filters.

law

Fig. 4. Form of cermet filters.

The cermet filters are easily machined (facing, drilling, thread-

ing). However, maching of the filtering surface is not recommended.

The most important fields of application of the cermet filters are

given in Table 3.
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TABLE 3
Fields of Application of
Cermet Filters

-. ... I ,2 06iaCTI. .3 Me?"smNn

4 luuM o-W O RiCla HointelfTpR- CcP0o•of, 1op.PIiR Jons"Mul 140AO)O- I nA HJelmna

I anX PSaCmoopo 6 milaJ-.. Mean-UicntR . PiJAeaOeKUe yrneepo.mec-
30AUl N MACMS 3 ?ATA CMsJ1 C
WY'•y C XNfI. wr- J nfr.'JeAYW-

PORSOanie A|IICITII- IIW1M XPOWN-
ICA.MIORhNt•I ac- PUMADeOM

TInOB1Ro DOJ OHNR ý

6DNJlTpobtp03ie CMoa, Hepwsmeoeuiua
OCrHOD J•'j' JlalAH O M I CAJIb
rniac c'c, O•nbTpO- t
mJaflnge np. flpoN.'-e
KRayqyM&, *HRlhTPO-
Oalne cycnehaut x
quyal'CHi

O)CTKA sI•NJIHoro m 1PORSS 10
rmoofpaamoro KNc-

no o0A*oT rpa~iuir>
D,•OEo nwcaxoweo•
W11AMHO MNKC4OPOJAR
OT TUep•IO• AlYIOf-
cm yrnepoiA_ 13

11 Heo~uav'uman 0ab~poeanxe Pjq" HN8HaoYraepo-
MDS OT f• oAr , BNCTASIOCT6iJb

122pP KaTaniT~ir. IaPe-MM H<re .me" _.A614 MeranA yp,- I ORUcTMA RO1 eHHO. M yrepo-

rnqecsan 1 5 ra338, OsqwbTposs•ne ANCT759 Cahib
AOmmsq~a c iiocaeAYsO-

poSRnuem
17 8meprve- OL0?sTa MIT&L DOA, 4, HepwasemoiaN

9I0CKan AfiN MOTlOO, nbinC- C'?AJf S
x .oza.ynamnalamm e,
cenapaquus nhpa a
nUPOnPOlOnA8I

19 Asla•auoX- OffJ1b?pOHU8Ce *sN;- Mamayrnepo-16
HRafN X y- 20 mori,) rop•overo n A•HUC CTaJb
zOoTpOi- c amOMi! macen c nocneAyM-
Te6bHai iIURM XIpOMIn-

21 An'omo- O .Jma AlHSfBJbHOO BpOHs3l,
ONanbHeA ToiunlflRa. 41M.lIbTOp- HIqseaib 23"SHwle smia1nhifx

18305
24 ATomHan OqXCmIa Cnennahbnw., HepsmaneMaeun

wsHo mto•q sole rason 1 C'.tb, 26
25 HNMeSJb

lj Industry; 2) field of application; 3) filter material; 4) chemical;
5 purification of concentrated alkaline solutions and acids. Separa-
tion of water and oil in emulsions. Filtration of cellulose acetate so-
lutions in production of artificial fibers; 6) silver, stainless steel.
Low-carbon steel with subsequent chromium plating; 7) filtration of
resins, bases for lacquers and plastics, filtration in rubber, produc-
tion filtration of suspensions and emulsions; 8) stainless steel;
9) removal of graphite dust from liquid and gaseous oxygen, removal of
solid carbon dioxide from liquid oxygen; 10) bronze; ll) oil; 12) fil-
tering sand from oil and gases; in catalytic cracking of petroleum;
13) low-carbon steel; 14) metall6r ical; 15) purification of blast
furnace gas; filtering ammonia; 16) low-carbon steel with subsequent
chrome plating; 17) power; 18) purification of boiler feedwater, dust
and ash collection, separation of steam in steam pipes; 19) aviation
and shipbuilding; 20) filtering liquid fuel and lubricating oils;
21) mnotor vehicle; 22) filtering diesel fuel. Filtering exhaust gases;
23 bronze, nickel; 24) Atomic; 25) purification of special liquids and
gases; 26) stainless steel, nickel.
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References: Rakovskiy V.S., Saklinskiy V.V., Poroohkovaya metal-

lurgiya v mashinostroyenii (Powder Metallurgy in Machine De.ign), 2nd

edition, M., 1963; Bal'shin M.Yu., Poroshkovaya metal1 lurgiya (Powder

Metallurgy), M., 1948; Agte K. and Otsetek K., Cermet Filters, Their

Production, Properties and Application, translated from German, L.,

1959.

Ye.I. Pavlovokaya
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CERMET HARD ALLOYS are alloys of high-melting compound (primarily

carbides of tungsten and titanium) with metals of the iron group which

are prepared using the powder metallurgy method. The structure of the

cermet hard alloys consists of grains of carbide or a solid solution of

carbides and a cementing phase which is a solid solution based on a

metal of the iron group. With an increase of the carbide phase content,

there is an increase of the hardness and the wear-resistance of the

cermet hard alloys and also an increase of the brittleness. In addi-

tion to the chemical composition, the properties of the cermet hard al-

loys are strongly affected by the grain size of the carbide and cement-

ing components. The chemical composition and properties of the cermet

hard alloys are presented in Table 1, 2, 3; the fields of application

are shown in Table 4.

TABLE 1 TABLE 2
Chemical Composition of Chemical Composition of Cer-
Cermet Hard Alloys (tung- met Hard Alloys (Titanium-
sten-cobalt group) tungsten-Cobalt Group)

2 Co0Aepmfhle - CoP*ep9apee

CISD& DOMUOINOr (%) I Cnaram 'I(OnnOHNImOI (%)

WVC. Co WC 'TIC 'Co

3111H-2 .... ....... 9 2 TbHtb 9
7.. .......... ,7 3,g

________9___ I TMOHS............ 4 160
4 . T1.........I T01(6 ....... . 5

BH 
q-8 . . .. .. . .. 

} 9 2.I 

TSOM 
B3

R -I 10 . .. .. .. . I 90 to 0
JIM- 5 .. . .. 5 

t 5

1) Alloy; 2) component con-
1) Alloy; 2) component tent (%).
content (%), 3) VK.
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TABLE 3
Propertieb of Cerment Hard
Alloys

2 l',Pr~imi

1;1(: 4" 9 :5, K '!)

t ,4~ If. -145.h %)' 1(

14 2- 14 M7.5 1:1

__r _ 14111 S 7

TFied ofI Apliato of Cer-14

me1 Hr Alloy s )poetis )r

met Har pAlloysI

1 Cnjaus 2 rlpmueofemn~e Co.2 1'J)JIMPHelIte

3814.2 J4
HHC?PyNSNtT ann utcv)BOA it n(..iv'w- BH10-l 9 HncTpymeHwr ýZ.,n n1.:04II,'ieij PI)YTIK,

evisoSft 6palkitmn qyryna, ilneT. H i'py6
"Nhil Ne"aJIJIOB Hi C11,141011, Taviie BI{- I t IH~cT,,yIIIT XMIHiplnr.n'r
.exenajumlq. maTepH*J1I". 111011 fle- 10 6yIveftinl ropitwv 'inpn7! 2ýi- t,
f14epMUNOM PC1I3HNN. It MCTII YME'IT epcemneft mpernlwji,, X(1H l,6P3ll;IM

BX1-3 S To m~e, qrM is AJIR 8-2. m. mpnm.e BH-15 HFIurrp)MeHT .:1111 l~jI'llLA~,Ilp~nr.- q-
TOM, Ulc1"PY~e"T AWIN 3O(llqeHINq 11 IiCHIIN mpCIImit% rolpmwhx rlp.1, 3,1

fl)90oIJOI N I reojinrnpa3Re~loqHllrr turtfl'uioici it Fi1".1le'WltII 1,
Oypenisn 141111 iinoi1.1izi itaja 3.

1114-6 6 To w~e, q"o iAng 11-2 it 04-3. it. T514tO 11"CTP)MCHT 111 'ii 4jvi1ir0 TOWqHIJN

1(1 DIJ1INV1MJlbHM.X isPYrIl Mepa~ntimepHo eeqeHItIg c;Wed 1
BI' ? :T~mH n IWIi f 1Nlloil~ O W, ?I~HMI~ 7nerMNktrT)M' I311114111

nAP. B142()b eaHNCIIIIII qyryna, TI 41(8 1 3 llnCTPYueIIT ;.1.11 IMOROIHJ~ it .-.

U~eHI.I MeT&.11.oB Ns HMe111 AlJIM4. '11111M oII 061a(Glmv, CTR.III

DUN 303 amlposuIRii3 UNCTPYMSNT rMrOti 11 41IC110"A ' Orllila'r.,I1 rim

T60ECI 1 5 C~ cTaIl C Ma.IIJN CP.WNIICII CTS')4Iil9

1) Alloy; 2) application; 3) VK-; 4) tools for finishing and semi-
finishing working of iron, nonferrous metals and alloys, and also non-
metallic materials using continuous cutting. Tools for cutting glass;
5) same as for VK-2, and also tools for wiredrawing and geological ex-
ploration drilling; 6) same as for VK-2 and VK-3 and also tools for
dressing grinding wheels; 7) Tools for rough turning and other forms of
cutting of iron, non'ferrous metals and nonmetallic materials; drawing,
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boring, sizing tools; 8) continuation; 9) tooling for rod and tube
drawing; 10) tools for drilling rock of low and medium hardness, for
stoneworking; 11) tools for drilling hard rock, for stamping and draw-
ing under conditions of high loading; 12) tools for rough turning and
other forms of steel working with nonuniform cutoff section and inter-
mittent cutting; 13) tools for rough and semi-finishing working of
steel; 14) tools for rough, semifinishing and finishing steel warking
with continuous cutting; 15) tools for finish turning of steel with
small chip section.

For the cermet hard alloys in the range Ž0-5000 a is 6.10"6 -

- 10.106 1/ 0 C, coercive force is 124-136 cersteds.

In addition to the alloys listed, in several countries cermet hard

alloys are produced with different composition, containing carbides of

tantalum, niobium, vanadium.

References: Kieffer R. and Schwartskopf P., Hard Alloys, trans-

lated from German, M., 1957; Rakovsily V.S., Samsonov G.V., 0l'khov

I.I., Osnovy proizvodstva tvedykh splavov (Fundamentals of Hard Alloy

Production), M., 1960; Tret'jakov V.I., Metallokeramich. tverdyye

splavy (Cermet Hard Alloys), M., 1962.

V.S. Rakovskiy
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CERMET HEAVY ALLOYS are alloys having a density of more than 16.5

&'cm 3 which are prepared by the powder metallurgy method. The basis of

the cermet heavy alloys consists of tungsten, their composition also

includes cobalt, nickel, copper, chromium and other components. Sin-

terng of the pressed mixture is accomplished at a temperature of 1400-

17000. Sometimes the tungsten powder alone is compacted and the pressed

products are subjected to low-termperature sintering with subsequent

impregnation with molten metals (cobalt, nickel).

Table 1 presents the chemical composition of the most widely used

cermet heavy alloys, and Table 2 shows the properties of these alloys.

TABLE 1 TABLE 2

Chemical Composition of Properties o~f Cermet Heavy
Cermet Heavy Alloys Alloy

2

.3 O ............ .. . . ... O a .Y CCM'-!

6 Homelb.I .. . . . .......... 4 ao s MAI i)

7 N*Ab 40 J-MI

ý%;3) tungsten; 4) base;
cobalt; 6) nickel; 1) Property; 2) property in-

7) 7) copper; 8) chromium. dex; 3) (g/cm3) 4) (k&'mrn,2);

5) (kgx/nm= ); 6) permissible
operating temperature (0C).

The figure shows the typical microstructure of the cerm~et heavy

alloys. The material is used for balancing weights in instruments, as-

semnblies, on airplanes, rockets and numerous other devices, anid may be

used for the fabrication of products of varied shape, including ex-

tremely complex forms. The heavy alloy cermets are easily machined us-.
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ing tools with hard alloy facing, but are difficult to braze, weld

and plastically deform.

7

References: Rakovsklty V.S. and Saklinskly V.V., Poroshkovaya

metallurgiya v mashinostroyenii (Powder Metallurgy in Machine Design),

2nd edition, M., 1963; Bal'shin M.Yu., Poroshkovaya metallurgiya (Pow-

der Metallurgy), M., 1948.

V.S. Rakovskiy
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CERMET HIGH TEMPERATURE ALLOYS are alloys prepared by the powder

metallurgy method which withstand high loadings at high temperatures

(on the order of 1000-15000) for an extended time period. For the cha•r-

acteristics and properties of the cermet high temperature alloy-, zee

Tables 1,2.

TABLE 1

Characteristics of Modern Cer-
met High Tempera.ure Alloys

-
TuWPaia CnAam sap6mw3. N~AN o0puOa0

came J imavrl)mvt UraAA08 l UirWi1-
I Csaaam ,.emanol rpyvmu man

I . T•rOMMSONNION NIM~AJOHN

Sen ie CBJI&s we xoSAN1O l rAB NlX

OPUMcuf CiAW~Uruu C Tyrruuumuuuu

Ill Mema . I CDaaaU me ei nose tyriwsselt m.s
£ UB camma meiilvs. now e ~rm Wnjm6A4r-

me C. .. GSKaU neýAbstW"

weawoo (TI. Zr. Cu a ap.)

tO

IV II

1) Type of alloy; 2) basic nature; 3) composition; 4) hard alloy; 5)
alloy of carbides or borides of refractory metals with metals of the
iron group or refactory metals; 6) metal oxide alloy; 7) alloy of met-
als or hard compounds with refractory oxides; 8) metallic alloy; 9) al-
loys based on refractory metals, most frequently molybdenum with addit-
ions of a small quantity of alloying elements (Ti, Zr, Cu and other);
In) carbon-silicon alloy; 11) composition consisting of graphite and
silicon carbide, sometimes with additions of boron -arbide, silicon
nitride and the presence of a small quantity of free carbon.

The first three types of alloys begin to oxidize actively even at

temperatures of 7O0-10O°0, therefore, their use at high temperatures

for long times is possible only under the condition of application of

7 0
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TABLE 2
Properties of Cermet High Temperature Alloys

I lipe I I I on IfI i[if I I

Oka' 441-7.1 - 1-120 2.l-
aeaa 210-400O~o 140-110 2lt--Ioo 00

0 0 To me H-40 16-4- 10-o t--

* 7 S 70-110 80-70 140-160 16-4*

6- 20"0-0 M0-200 100-210 80-40

V*.100 4"-0 20-86 60-10 10-12

0 7 tor 12 26-SS 16-20 - s-10
DA 126r $ -Is 4-- 16-2- I.1-4

ft Is $I. amins)' 20-30 11-28 4010 0-
a i .8-4.0 U.3-0.6 10-12 0.2-4.8

* 4 0 20-21 0
. (200 -) 0.1--.2 01--0.1 to--I I

1) Properties; 2) unit of measurement; 3) type alloys; 4) g/cI ; 5)
kg/iwn2 - 6) same; 7i) aiz 8) at; 9) (on the basis of lo7cycles); 10)
kgm/cm-; 11) in range.

protective coatings in the form of metallic alloys or ceramics. Alloys

of type IV may be used for long time periods at temperatures aaove 10000

wi.thout protective coatings.

The thermal stability criteria (Table 3) are of great Importance

f"or the cermet high temperature alloys and are usually defined by the

number of thermal cycles which the alloy withstands without failure

when it is heated rapidly (in 20-30 seconds) to 1200-1500* and cooled

rapidly to 130-2000.

So far the high temperature cemets have not found wide Industrial

application; they are utilized only In certain branches of engineering

(see Table 4).

References: Kieffer R. and Schwartzkopf P. , Hard Alloys (ttranclat-

ion tprm German), M. , 1957; High-Temperature and Corrosion-Resistant

Cermet Materials, collection of repoets at 2nd Seminar at Planzee (Aus-

"tria), translatel from German, h., 1959; High Temperature llegineerIng,

ed. by I.E. Campbell, translated from English, M., 1959.

V. S. Rakovskiy
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TABLE3

Thermal St.ability of High
Temperature Cermet AlloyS

I Turn I 'rePrn T.4II#'LII. 1141

IV ICmumc 1000

1) Alloy type; 2) thermal
stability from number of
temperature cycles ; 3)
more than.

TABLE 4

Principal Areas of Applic-
ation of Cermet High Tem-
perature Alloys

I Dvtsa. an.i&aYPw.p&4,m ~ YCAhNSI I ae~r~ qww~ mae-

AFOAR-l %iv%~. n= 4al-'

Ufln Y IVIOMOT. Ir 1 ad

;IWM10si PtANTMON.&x CA- 11POu"Mui'a
UMCODT'. Pag" 0 MR JIMS- Nk -41.4TH N 10-
rmaees icon-o~ur4 K-iA- PMNx*
OCR. .244UThUM j*APKTM*Mb8

1 WJeT.'. poec M 1% Abun- 11 liN" l-

raw p~'w ~ r a*j~ Pa npm a

rn-Mya "na6a
tl 1h-I4.11 PPSKNflSIOWN CA- 11PM WMANrnT' 1

WU' lt'5. P.1U? a Ua 1* 2.0 a4hU"
III ra"".Wo t'J-1hrhU Iuair 1.41"

?,we' C 4Lwame ?Sr0HM4,

114 a P f

1) Alloy type; 2) application are~a; ?) egree of uz:e; *)part2 for a-,ID
paratus operating in ~-orrosive c-nd~t~cn::, (bla-!e:: and rotors of marine
pumps, chemic-al cquipment, '-ealý:, etc.); ~)uSel induý_-trially; ui) part.-
for Jet airplanes, rockets and their en~ines (nozzle inzser*t:, iet -,n!;ine
blaces, etc. ; 7) used experlunnentally; -) parts7 for 4et airplanesý, roc-
kets and their er.-ines; C) use d experimentally; 1 ) wafer.- for equlppin,6
cutting tools; 11) used industrially; 12) pa'rtz3 ~or ',uet: airplanes' roc-
kets arid their engine5 (engine baldes, nozzle In.serts, atz. ). 13) u.ýei
experimentally; 1_4) rocket parts; l;1) used on seml-inlustlrlal ecale.
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CEPMET MAGNETS are permanent magnets produced by the powder metal-

lurgy method. They are used to create a permanent magnetic flux in mag-

netic flux in magnetic circuits. In comparison with the magnets produced

by the method of conventional metallurgy,

the cermet magnets ahve the following ad-

vantages: precise chemical composition iz

ensured, which improves th iniformity cf

the magnet properties; production of m&g-
Fig. 1. Cermet magnets
made from alloys of the nets with hardware is facilitated (pole
Fe-Ni,Al system (on the
right - magnetic systems, terminals, pivots, sleeves); machining
magnets indicated by
arrow). volume is reduced; production costs art-

reduced. The cermet magnets are preducel

in varied shapes, varying sizes, we!Zhts to several kilograms. Cermet

mangnetic systems are also produced consisting of permanent magnetz

connected to pole terminals, magnetic screens, etc. (Fig. 1). The grouP-

ings and basic properties of the cermet magnets are given in the table.

The cermet magnets have a structure typical of the cast allcys of ana-

logous chemical composition, sometimes differing in higher porosity and

finer grain. The cermet magnets with hig porosity (above 2-31%) are in-

ferior to cast magnets in magnetic properties. The variation of the mag-

netic :haracteristics of the cermet magnets as a function of porosity

(P, %) is described by the empirical equations:

t1ea. W. s-.•.- -T• -L'J)P.
W..,. &VP
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where Wmax (ergs/cm3 ) and Br (gausses) are respectively the maximal

magnetic energy and the residual induction of the cermet mangets, WmaxO

and B are the same characteristics for magnets without porosity.

S' 6 B 0 2 (0 010! 4O00
60) '00 6uUJ

b Bo.' ctm.u

Fig. 2. Variation of magnetic flux of cermet magnets with time (at 200)
1) Alni 13-25-4P 2) Alnico 10-17-12.5; 3) magnico 8-]5-4 (all aged by
5%); 14) Alni; 5) Alnico; 6) magrnico; 7) Co-Pt alloy; 8) Cunico 48-23-29
alloy (all unaged). a) Mangetic flux, %; b) time, days.

Usually there are 3-5% pores in the cermet magnets; when the por-

osity is reauced to about ~1% the cermnet magnets are equivalent to the

cast varieties in magnetic properties. Cermet magnets with properties

of the cast magnets may be obtained by additional alloying of the cer-

met alloys with special additives (cobalt, zirconium, etc. ). Aging by

3-5% provides high tirnewise stability of the magnetic flux (Fig. 2).

Thanks to the fine-grain structure, the cermet magnets made from alloys

of the system Fe - Ni - Al exceed the cast magnets in mechanical stren-

gth by several fold. The cermet magnets of this system have the follow-

ing ultimate strengths; in tension 10-15 kg/mm , in compression 120-150

2o 2

kg/mm2, in. bending 30-40 kg,/mm2. Cermet magnets made from the wrought

alloys (Ounife and others) are approximately equivalent to the magnets

in mechanical strength. The cermet magnets made from alloys of the

system Fe - Ni -- Al are easily ground with abrasives, also permit

i".achining after preparatory sintering.

The second group includes the metalloplastic magnets which are

S~pressed from prepared hard magnetic alloy powder mixed with resin.

S~These magnets consist of fine hard magnetic particles bound by inter-

754
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Composition and Properties of Cermet Permanent Magnets*
S- I .~ m.6,. 1, 2, 3, o6nacir npn~onenwn lions- ..

rpy1n1 2 Tfaa i. 4.
Ta46a. I.- XNmM. 1ermf um sramamweouq. B(-U 1 fNwrty'fklM Ul* mJSS@o . 11,y

_ _.._(Wabolpt a fo o oofrf.TO P rpywi.) BR-1 I uCncTI,)

'AiWm 12 12AI; 23NI, ;S~ e COR(:O INC|lH
Anti: 13.5 Al; 25NI; 4cu; " ilnuselffnon %) Hman"$
AJI' "o13 13Ai; LIM; 30p; 4cu Cnfaam _M-_5 H___
An. i(o 1OA1; 17Ni; 12.5C,,; WC , pPetof

54.y 5?, _________

AjmuacO 9AI; 117NI; f5Q); ACu ' --- I
NO. MSMM 4 $Al; 13.5NI; 23C0,; 4 111-2 ........ 98 2.TSaIo hUNK

, 1.. r' e DR-3 ......... 17 3 a Al.
KepfUIq. 1 MSrAno' 8At I-INI: 20,-: .Cu ajiý-e ......... 94 6 "rpm#
m8rsI10 Cnnai Fe- Co -NM 12'0; 17M-; 71'e 0-8 ....... ......... 9: 8 lp

*),ll.h4,e 17 6OCu: !,DN ; 4 IIH-0 ........ 0 T14'{8 H iTrp)
Hyfulmie I 60CU; 20N:; 2"Fe U|(-I t ........ It1 q M,"
Hyoulco Is 4q(u; 23741 'C,, I;29IS . ....... 81 t5 TISKHO NHucrp
Hy14Y Io 3(:Si.: '-4N . 4 IC41 rJrdu,,

16 Crjaalk Co-- Pt 231U.,; 77Pt 1110 I
16 C.'ia a Ag -M -A| ig.NAa: 8.SMn, 4.4. TOA. 2.- XUmmq. Corwi,,n m.ia O Wl . T30114 11N'Tf,4

1 9 3I3eTSA - Amu i2 IUAI; 24NI: 4Cu; 57F ?roepjwK lriamo. 1trlTI'oio-R1Ja41jpaw T6JCOHO CM

flJ1ACT1.4. AJIuxtot3 9AI; 2ON ;I 15C0 ; WCu ',uorni.n-,,'ro rlynlna) I

Nsr% W Bapneabih Weppu? 20 t14110 86Fe'),, C1,AcpwofMne ipome yKa3. ciI'

21 MaPrmKT Fe--Co Fe. C..F,O0 Cnnaa imauvoiet-i, (%) c.Cai•oc M. T. c.

Fel- W .~11C,,. X14.e8Q T4 .
UP KO n A 2 3 M ny. BL.......................TIC J141. RKnI~ iMPth$1Op1e

2 Be"Wau 23 30Ve,O,; 44Fc 0. 26C( "... ".ep~lie C1.388N.
NaMRITI M Sapmesu-' 1epp 24 f411a0; 86FeC1O, TSWO I(f"C"H It.fia•l~b Bpmesbil 00gppnT 24 14haO; SG~eO, T514I H785: .X0 1Z .

_ '1 K8678 14 . . .. . . .. . 4...

*Limiting or average property values shown.
**At point of magnetization curve corresponding to

.(B*-H)max* i= Bc
***In field, H = 4BHc.

****Anisotropic material.

1) Group; 2) material; 3) chemical composition (%); 4) residual induc-
tion B r(gausses); 5) coercive force Hc (oetsteds); 6) maximal magnetic

ersc 3); 7)mgei2
energy Wmax 7) magnetic induction Bd(gausses); 8) magnetic

field intensity2 H, (oersteds); 9) reversible pprmeability coefficient
•. (gauss/oemsted), 10) magnetization intensity2 .47I (gausses); 11) den-
sIty ' (g/cn.); 12) Alni, 13) alnico; 14) magnico1 ; 15) cermet magnets;
16) alloy; 17) cuni fe; 1) cunico, 19) metalloplastic magnets; 20) bar-
ium ferrite; 21) fine powder magnets; 22) oxide magnets; 23) vectolite;
24) barium ferrite.

layers of resin or other bonding material. Becuase of the high binder

content (25-30 percent by weight) they have low magnetic properties,

but they surpass magnets of the other groups in simplicity of the

production process. The third group includes the magnets pressed from

high coercivity powders, whose particles approach the ferromagnetic

domain in magnitude. The fourth group includes magnets made from pow-

ders of the metal oxides. As a result of the high coercive force, the

oxide magnets made from barium ferrite have outstandingly high resis-
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tance to demagnetization under the influence of heating, impact and ex-

ternal magnetic fields. They also have exceptionally high specific
electrical resistance (about 1010 ohm-mm/m). Their disadvantage is the

high thermal coefficient of induction (-0.2 percent per 10C). The ulti-

mate bending strength of the magnets made from barium ferrite is 7-11

kg/mm2 (isotropic magnets) and 3-4 kg/mm2 (anisotropic magnets). After

complete sintering these magnets can only be worked by grinding, but

after pressing or preliminary sintering at moderate temperature ttey

can be machined easily. The cermet magnets are used in instruments,

radio telephone apparatus, electrical machines and other devices. Wid-

est usage is made of the cermet magnets made from alloys of the system
Fe - Ni - Al and the oxide magnets made from barium ferrite.

References: Zaymovskiy A.S. and Chudnovskaya L.A., Magnitnyye

materialy (Magnetic Materials), M.L., 1957 (Metally i splavy v elek-

trotekhnike, t. 1) (Metals and Alloys in Electrical Engineering, Vol.

1); Al'tman A.B., Metallokeramicheskiye postoyannyye magnity (Cermet

Permanent Magnets), in book: Poroshkovaya metallurgiya (Powder Metal-

lurgy), Yaroslavl', 1956; Al'tman A.B., Gladyshev P.A. and Lasis G.I.,

Magnitnyye svoystva postoyannykh magnitov iz poroshkov (Magnetic Prop-

erties of Permanent Magnets Made from Powders). Vestin. elektropromy-

shlennosti (News of the Electrical Industry), 1961, No 2; Gershov

I.Yu. Cheryskiy I.A., Oksidnyye postoyannyye magnity iz bariyevogo fer-

rita (Oxide Permanent Magnets of Barium Ferrite), in book: Electro-

tekhnicheskiye metallokeramicheskiye izdeliya (Electrical Cermet Prod-

ucts), M., 1959; Shol'ts N.N., Shchepkina L.Ya., Metod izgotovleniya

i svoystva oksidnykh bariyevykh magnitov (Method of Production and

Properties of Oxide Barium Magnets), in book: Ferrity. Fizicheskiye i

fiziko-khimicheskiye svoystva (Ferrites. Physical and Physico-Chemical
Properties), Minsk, 1960.

A.B. Al'tman
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CERMET SLIP - is a concentrated suspension of high-disperse pow-

ders of various metals, oxides or high-melting compounds. It is used

to cast cermet objects which have a complex configuration. Depending

on the composition of the fluid (the dispersing medium), there are

aqueous or organic cermet slips. In the first case, the slip is a sus-

pension of the above-mentioned powders in water. In the latter case,

high-molecular thermoplastic organic substances, mainly hydrocarbons of

the paraffin series (commercial paraffin or paraffin-based melts) are

the dispersing medium with a to higher than 500.pl

Depending on the chemical nature of the dispersing medium, 2 prin-

cipal methcds are used for slip casting. The method of casting ob-

jects by means of aqueous slips is based on the fact that the suspen-

sion is desiccated when it contacts a water-absorbing porous body, i.

e., the water is sucked off by this body, and the separated disperse

(solid) phase is tightened and forms a solid body (the casting). The

slip casting consists, in the case, of sucking off the water of the
slip mold due to capillary effects by a dry porous (usually, plaster),

the disperse phase becoming gradually tightened and forming the cast-

ing. The obtained casting is dried and further sintered in the same

manner as that of pressed objects.

The method of casting organic slips is based on the fact that the

dispersing medium (molten paraffin in the given example) solidifies at

a temperature lower than 500, and, therefore, the whole body becomes

solid. Hence, the cermet slip poured into the mold and cooled below the

temperature mentioned above, forms a solid body (the object). The sin-
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tering is carried out under a covering powder (alumina, for example)

or in solid profiled absorbers (dryers) in order to remove the organic

components and to prevent a deformation of the objects. The removal of

the organic substances is carried out at 300-700 in an oxidizing med-

ium, after which the objects are sintered under the conditions u::ual

for pressed objects.

The suspensions tend to sedimentate, i.e., the solid phase precip-

itates due to gravity, and this occurs the quicker the height of the

specific gravity and the coarser the particles. The particles of the

solid phase must not be greater than 5-8 microns, in order to achieve

a sufficient stability of the suspension. The suspensions are charac-

terized also by a tendency to aggregate, i.e., the particles of the

solid phase precipitate not separately but in the form of aggregates

composed from a great number of particles. The sedimentation of suspen-

sions which tend to aggregate occurs quickly; such suspensions are not

suitable for slip casting, and therefore suspensions used for slip

casting are prepared by the addition of stabilizing substances. Alka-

lis, acids, soaps, protective colloids and some other substances are

used as stabilizers of aqueous slips.

The pH of the medium, i.e., the concentration of the hydrogen ions,

has an immediate effect on the casting properties of aqueous slips. The

viscosity and, therefore, also the fluidity of the slip may be control-

led by changing this factor, for example, by adding microquantities of

NaOH. Curves of viscosity as a function of the pH are shown in Figs.

1 and 2 for aqueous suspensions of nickel and iron. The stabilization

of organic cermet slips is achieved by the addition of high-viscous

organic compounds, with polyethylene, for example, by lowering the tem-

perature, or by the addition of surface-active substances. The casting

of organic cermet slips is carried out under pressure or in open molds,
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depending on the size of the objects and their purpose.

A ,

Fig. 1. Viscosity of an aqueous nickel suspension as a function of the
pH of: the medium. Quantity of solid phase in the suspension (in weight-

1) 82.7; 2) 80.6; 3) 78.7; 4) 76.9. A) Viscosity, rI, in poises.

A -

Fig. 2. Viscosity of an aqueous iron suspension as a function of the
pH of the medium. Qutit of solid phase in the suspension (in weight-

: 1) 87.7; 2) 85.5; 3) 833.3. A) Viscosity, n, in poises.

References: Abramson, I.D., Vovaya tekhnologiya izgotovleniya ker-

amicheskikh sterzhney dlya tochnogo lit'ya pustotelykh detaley po vy-

plavlyavemym modelyam [New Technology of Preparation of Ceramic Rods

for the Precise Casting of Hollow Objects Using Cast Patterns], Moscow,

1958; Avgustinik, A.I., Keramika [Ceramics], Moscow, 1957.

I.D. Abramson
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CHAFER - is a nonfinished technical cotton fabric with plain weave.

It is manufactured in both warp and weft from a yarn No. 17/4.

Chafer is manufactured in the following widths: article 2081 with

a width of 146; 150, 160, and 167 ± 2-3 cm; article 2086 with 286 -

± 3 cm; article 2090, impregnated, with 112 ± 3 cm.

The raw fabric is manufactured according to GOST 642-41, the im-

pregnated fabric according to VTU 2223-53.

The weight of 1 m2 chafer is 500 ± 25 g. The breaking load of a

50 x 200 m strip is at least 730 kg along both the warp and the weft.

The thickness of the fabric is 1.1 ± 0.08 mm. When the standard

strength is maintained, the elongation amounts to 26 ± 3% along the

warp, and 14 ± 2% along the weft. The length of one piece is at least

42 m.

Great quantities of chafer are used in the tire industry to rein-

force the borders of the tire treads, and in the manufacture of fen-

ders, and - in the industry of technical rubberware - in the manufac-

ture of rubberized piptes and hose-.

Chafer in raw state or also impregnated with diverse compositions

inhibiting the adhesion to rubber is used in the manufacture of rubber-

ware as a packing material. Raw chafer is used for ligatures.

S.Ye. Strusevichi

7
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CHAIN'STEEL - is a Martin steel of the St.3Ts grade used in the

manufacture of chain-cables and other chains by forge welding. The

chemical composition Is: _0.18% carbon, 0.3-0.6% manganese, traces of

silicon, •0.04% sulfur, •0.04% phosphorus, •0.03% nickel, and •0.1%

chromium. The chain steel is manufactured according to GOST 924-51,

and is used mainly in ship building. ob = 37-45 kg/mm 2 ; 610 Ž24%. The

tensile strength of the welded joints must be not less than 80% of the

initial strength of the metal. Chain steel must possess a fair degree

of plasticity which is tested by bending a cold specimen 1800 around a

mandrel, the diameter of which is equal to the half diameter (or thick-

ness) of the specimen.

M.L. Bernshteyn
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CHALK is an earthy, pasty white mineral consisting almost exclus-

ively of calcium carbonate (often up to 99%). Many engineering proper-

ties of chalk are determined by its structure. Chalk consists of spher-

ical and irregular particles of diameter less than 10 microns (on the

average three microns), very weakly cemented together. Specific weight

is 2.65-2.70. Heat capacity is 0.204 cal/g-deg. Thermal conductivity is

0.00065 cal/sec-cm-deg. Dissociation temperature is 9250. Mohs hardness

is less than 1. In addition to completely white chalk (Ostwald white-

ness 75-90%), yellowish (Fe oxide impurities) or grayish (clayey impur-

ities) chalks are encountered less frequently. After removal of the

natural moisture, chalk absorbs no more than 0.3% of the moisture from

the air. In an aqueous medium chalk is easily dispersed to complete

passage through a sieve with 10,000 openings per square centimeter. For

use in the paint and lacquer industry ther is great importance in the

high covering power (average chalk consumption 0.25 kr.m2) and the high

oil absorption (oil consumption to obtain pastes with chalk is 20-25%

of the weight of the dry chalk). Commercial chalk may be in liup form,

more convenient for transport, and in powder form. Depending on the

method of pulverization chalk in powder form is divided into ground

(dry disintegratio-n) and technical (wet disintegration). Grourtd chalk

is obtained by grinding on crusher mills and screening on grading scre-

ens or in more advanced grinding equipment with impazt action - disin-

tegrators; technical chalk is obtained by elutriation or flotation. It

is used in 1) the paint end lacquer industry (white pigment), 2) the

rubber, paper industries and in the production of plastics, etc. (inert
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white filler). The high covering power and the white color of chalk is

used in water-soluble paints (gelatine, casein, etc. ); in these paints

chalk is a tasic white pigment or a bleaching agent for Rny colored

pigments, and also is used as a filler for the ground coats. Softness

and wearability lead to the use of chalk as a writing material. In the

rubber industry use is made of activated floated chalk to strengthen

the rubber; used as a paper filler, chalk imparts greater density, whi-

teness, smoothness, receptivity to printing, lower transparency. As a

chemical and structural raw material chalk may be replaced by other

calciferous minerals. Chalk is used in the sugar industry to purify

sugarbeet Jui.e, as a binding agent (lime andportland cement), in glans:

manufacture, in th+e production of zilicate brick, as a polishing com-

pound material and for the prodziction of electrode ccatings (electric

arc welding).

Reference: Trebovaniya proryshlennosti k kaehestvtv mineral'nogo

syr'ya (Industry Requirements for Quality of MtLneral Raw Wate-rials),

edition 6 - Ivanov A.I., Mel (Chalk), M. -L... 1946.

P.P. 2=o.in
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CHEMICAL FIBER - fiber obtained by chemical processing of natural

or synthetic high-molecular compounds. Depending on the composition of

the polymer used for their production, chemical fibers are divided into

2 groups: artificial, that is, from natural high-molecular compounds

(cellulose and its esters, proteins, etc.) and synthetic, that is those

made from synthetic polymers. The extensive development of the chemical

fiber industry is due to the high economic efficiency of production,

accessibility of the starting raw materials, possibility to obtain pro-

ducts with previously specified properties and substantial expansion of

the assortment of products which can be obtained from this raw material.

Chemical fibers are produced in the form of filament thread or cord

thread (twisted elementary strands of infinite length), staple fiber

(nontwisted elementary strands from 30 to 150 mm long) and monofiber

(thread consisting of a single fiber of infinite length).

References: Rogovin, Z.A., Osnovy khimii i tekhnologii proizvodstva

khimicheskikh volokon [Fundamentals of the Chemistry and Technology of

Chemical Fiber Productionj. 2nd edition, Moscow, 1957; "KhV," [Chemical

Fibersi, No. 1, page 1, 1961.

Z.A. Zazulina
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CHEMICAL FIBER - fiber obtained by chemical processing of natural

or synthetic high-molecular compounds. Depending on the composition of

the polymer used for their production, chemical fibers are divided into

2 groups: artificial, that is, from natural high-molecular compound3

(cellulose and its esters, proteins, etc.) and synthetic, that is, thoL.t

made from synthetic polymers. The extensive levelopment of the chemicalJ.

fiber industry is due to the high economic efficiency of production,

accessibility of the starting raw materials, possibility to obtain pri-

ducts with previously speci:'ied properties and substantial expansion ,:

the assortment of products which can be obtained from this raw material.

Chemical fibers are produced in the form of filament thread or cord

thread (twisted elementery strands of infinite length), staple fiber

(nontwisted elementary strands from 30 to Ir0 rn long) and monofiber

(thread consisting of a single fiber of infinr.1 length).

References: Rogvin, Z.A. O.novy khimii i tekhnologii proizvo5;_;.

.khimicheklkh volokon fi-kundamentals of the CherMtStry and Technology "

Chemi-a! Fiber Produ;tion,'. 2nd_ ."K!,ton .ocw,-i i_," " 'V," [Cheml :

Fibers!* N:. 1, page 1_,

-. A. . ,azu.Ilu
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CH•4ICAL-LABORATORY GLASS - glass which has a high chemical and

thermal stability and does not become cloudy when treated in a glass-

blowing-burner flame.

The following reqirements are imposed on this type of glass: a

low tendency towa.rd crystallization over a broad temperature range,

lack of rougnness during manufacture and subsequent glass-blowing-

burner treatment in gaseous reducing and oxidizing media, high chemical

resistance to various ieagents and aggressive media, a low coefficient

of linear expansion, and workable vitreous-mass characteristics at low

temperatures. Chemical-laboratory products should not be subject to

destructive surface cracking on severe heating and cooling. The chief

components of chemical-: ,ratory glass are SiO2 , B2 03 , A120 3 , ZrO2 ,

ZnO, CaO, MgO, BaO, Na2 0, and K2 0. :Css with a definite composition

and a given set of characteristics is used, depending on the purpose

of the product. Chemical-laboratory glass is intended for the manufac-

ture cf articles of varying shape and capacity and for a number of in-

struments widely employed in the laboratory. Chemical-laboratory pro-

ducts include beakers, flasks, cylinders, pyknometers, desiccators,

crystallizers, covers, condensers, boxes, glass filters, and funnels.

A number of glass formulations are utilized in the manufacture of Klin-

ger glasses, high-hot-strength household articles, vacuum meters, vis-

cosity meters, gas analyzers, equipment for distilling various liquids,

etc. Chemical-laboratory glass is also used to produce glass filters

(porous disks or plates fused into glass cylinders or funnels) and wa-

ter glasses in the form of thick-walled tubes and flat Klinger glasses,
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which are intended for measuring the water levcl in low- and high-pres-

sure steam boilers. Borosilicate glass with a low alkali-oxide content

is used for water-measuring tubes meant to withstand pressures of up to

35 atm, while high-aluminoborosilicate and borosilicate glasses with

minimal alkali-oxide contents are used for high-pressure boilers.

References: Tekhnologiya stekla [Glass Technology], edited by I.I.

Kitaygorodskiy, 3rd Edition, Moscow, 1961; Izdellya steklyannyye khim-

iko-laboratornyye [Glass Chemical-Laboratory Products), Official Edi-

tion, Moscow, 1960 (SSSR, Gos. standarty [USSR, State Standards]).

G.G. Sentyurin
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CHEMICALLY RESISTANT LACQUER AND PAINT COATINGS, coatings based on

the perchlorvinyl, epoxy, organo-fluorine and phenolic resins, and also

polyethylene, the copolymer of vinyl chloride and vinylidene chloride,

chlorinated rubber, and others, are resistant to the action of chemi-

cally aggressive media. Almost all the chemically resistant coatings

have time-limited resistance to the highly concentrated acids (particu-

larly to HNO3 ) and to the alkalis. The chemically resistant coatings

are used primarily for protection from the long-term or periodic action

of the unconcentrated acids, alkalis, solutions of salts and industrial

gases (s02, HCl, CO2 and others), and only in certain cases are they

used for short-term protection from the action of the highly concen-

trated acids. The chemical resistance of the chemically resistant coat-

ings does not in itself determine their suitability for the protection

of particular metals. The most important factors which characterize the

protective effect of the chemically resistant coatings are their adhe-

sion with the surface being protected and their permeability for the

aggressive media. With increase of the temperature of the chemical me-

1ium, the protective properties of the chemically resistant coatings

are reduced considerably. These coatings are applied in several layers

in order to obtain a continuous (pore-free) coating. In order to create

good bonding with the coatings, the surfaces of the ferrous metals are

subjected to hydro sandblasting or shot blasting and are then phospha-

tized, while the nonferrous metals are chemically or electrochemically

oxidized. In the case of the application of multi-layer coatings, the

continuity of the coating is verified periodically. The drying tempera-
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ture is of essential importance; with increase of the temperature there

is improvement of the stability of the coatings in the aggressive media. .

The surface being painted is smoothed off with the PKhVSh-23

spackle (for weakly acid media) or with the epoxy primer-spackles

E-4021 and E-4022 (for an alkaline medium).

As a rule, after preparation the chemically resistant coatings are

applied by a paint sprayer in several coats on the corresponding pri-

mers. To increase the protective effect, several layers of the KhSL or

VKhL-4000 lacquer are applied on the KhSE and VKhE chemically resistant

coatings. Prior to use of the painted articles they are air-dried for

5-7 days.

The highest resistance to many aggressive media, in particular to

highly concentrated nitric acid, is shown by the coatings based on

polychlortrifluorethylene which withstands without change the attack of

98% nitric acid at 500 for 30 days. Polychlortrifluorethylene is used

as a coating in the form of a suspension consisting of a suspension of

the fine-ground product in organic liquids. The suspension is applied

by dipping, brushing or by a paint sprayer. After volatilization of thE

solvent, there remains on the surface the dry polymer. In order to ob-

tain a continuous layer of the polymer the dried layer is fused. Prior

to fusing the polymer is heated for 10 minutes at 260-2750. In order to

obtain Qomplete continuity, 8-10 coats are applied with a total thick-

ness of 80-120 microns. After application and fusion of the last coat,

the coating is subjected to water quench. The coating quality depends

to a considerable degree on the surface preparation. In addition to

polychlortrifluorethylene use is made of the copolymers of chlortri-

fluorethylene with vinylidene fluor'ide, which dissolves well in many

solvents. On the basis of these copolymers we obtain lacquer/paint ma-

terials which h-ive high resistance to many aggressive media.
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References: Lyubimov B.V., Spetsial'nyye lakokrasochnyye pokrytiya

v mashinostroyenti [Special Lacquer and Paint Coatings in Machine Con-

struction], M.-L., 1959; Kazin A.D., Korzin N.V., Okraska oborudovaniya

I metallokonstruktsiy na khimicheskikh zavodakh (Painting Equipment and

Metal Structures in Chemical Plants], M.-L., 1949; Chegodayev D.D.,

Ftoroplasty [Fluorine Plastics], L., 1956.

I.I. Denker
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CHILLED IRON - is an iron casting with a zonal structure; its

structure zone consists of white iron or mottled iron up to a certain

depth (given by the technical specifications), and the core consists

of gray iron; the surface zone and the core are joined by a transition

zone (cementite + graphite). Chilled-iron castings are subdivided into:

hard castings in which almost the whole carbon content of' the surface

zone is bound as carbides, forming white iron; medium hard castings,

the surface zone of which contains the carbon partially as graphite,

and partially as carbides, forming mottled iron.

Chilled iron is used in the manufacture of parts which are exposed

to wear, mainly for the production of rollers for various purposes,

and for similar parts (mill rollers, rollers for the equipment of the

paint-and-varnish industry and paper industry, etc.). The chilled roll-

ers are casted from medium-alloy, low-alloy, and non-alloyed cast iron

which may be both nonmodified or modified, with lamellar or spheroidal

graphite (see Modifying of cast iron).

The chilled zone of chilled-iron castings is obtained by an accel-

erated cooling of those surfaces which must be chilled. Thus, for exan,-

ple, the chilled zone on the body of the rollers is obtained by cast-

iron chill molds placed in the middle part of the mold; the chill molds

may be grooved and detachable along a vertical plane for grooved roll-

ers, and smooth for rollers with a smooth body. The journals of the

rollers are cast in dry-sand molds. The melting of the cast iron is us-

ually carried out in flame furnaces in the case of large rollers, and

in cupola furnaces in that of small rollers. The molds for casting
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double-layer rollers (chilled iron-steel) are provided with vents on

the level of the upper Journal end to pour off the liquid chilled iron

which is pressed out when the steel is rinsed by cast iron.

Double-layer rollers are used for the hot-rolling of steel; the

outer layer of these rollers consists of low-alloy chilled iron (about

1 8% Mn and 0.8% Cr) and the core consists of steel with 0.4%C.

Modifying improves the distribution of the lamellar graphite in

the core and reduces the depth of the chilled and the transition zones.

Addition of 0.0002-0.0006% tellurium into the ladle increases the depth

of the chilled zone and reduces at the same time that of the transition

zone. The internal stresses caused by the different cooling rate of the

various zones of chilled-iron castings may be avoided by cooling the

castings (rollers, for example) in the mold up to 50-1000 and subse-

quent storage for 6-12 months, or by heating up to 500-5500 and subse-

quent slow cooling.

Rollers of chilled iron with spheroidal graphite came in use at

the beginning of the 50's of the 20th Century. The chemical composition

of this chilled iron is characterized primarily by an increased sili-

con content, and its structure is characterized by small coagulations

of spheroidal graphite in the outer zone; the outer and the transition

zones have a great depth.

Rollers of chilled iron containing spheroidal graphite may be manu-

factured with various structures in the metal base of the central zone,

depending on the purpose of the rollers: those with a pearlite-ferritic

structure may be used in place of steel rollers; those with a pearlitic

structure in place of steel rollers or rollers of medium-hard cast iron;

those with a pearlite-cementitic structure in place of rollers of med-

ium-hard cast iron. Rollers of cast iron with spheroidal graphite and

an acicular structure of the metal base, obtained by alloying, are also
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manufactured. The chemical composition of chilled iron i:3 quoted in the

Tables 1-3.

TABLE I

Chemical Composition of Chilled Iron with Lamellar
Graphite Smelted in Flame Furnaces (for metallurgi-
cal rollers)

I Me fie~ I-a, r

J - - -
JIN(10 ue 6 2,7-1, 3 A,. ,-n, 2-Al, I *~ f.-f. 41 8A

8 lisp I )NH I8~ o Ia~~~u 2,8--3,8 (P'-- 7 •t, -- U 05 0,1 ,;.--, ,15-4, • .:I--i,4 10)--10 7(,-Ri

9 cepaineenHli 3.2-3.4 0.5- -o . ,/ 7 ,5 0.14 1.,2-0),4 I.,--2,% 0,1-0.2
, oaT•InrnepAwe.

pnPa"fimbe no 3.4 0,7-1.3 .'sn 0,5 A.---,1 ,l--l.2 - - 35-50

11 ,Oe Prnfep,- 12
lie no 3:.1 , .1 olN , - 30-40

*•Smooth rollers obtained by cubstitution of low-alloy
iron for medium-alloy iron in the non-solidified core;
the outer zone has a carbide-martensitic structure.

1) Rollers; 2) percentage of elements; 3) not more than; 4) depth of
the chilled zone (mm); 5) shore hardness; 6) for sheet rolling; 7)
7) double-layerK rollern; 8) outer layer; 9) core; 10) medium-hard low-
alloy; 11) meium-hard non-alloyed; 12) up to.

TABLE 2

Chemical Composition of Chilled Iron with Lamellar
Graphite for Rollers Used for Rolling of Non-Metal-
lic Materials

2 CompwiRmne mmeiNCrTO 5-) _____

kIR.1l.MI j I ~i r~ 1G a Taepnocri

1 MIN no .. opy

yo W •4i•ye;I 3., fl 1•--A, • n It ) ".2 'I'1 -t -- 32--5w W., 10
toi,1 f ,R--A I,-- 2 9 0--.

1) Rollers; 2) percentage uf elements; 3) maks; 4) not more thaný 5)
depth of the chilled layer (mm); 6) shore hardness; 7) chilled; 8) med-
ium-hard; 9) the same of alloyed cast iron; 10) up to.
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TABLE 3
Chemical Composition of Chilled Iron with Spheroidal

Graphite (for section-mill rollers acci.rding to ChMTU

12 rep ne mouerrsa (%)

Raimn P I Hit]. C ,9l X • Ile 0oaee N I Cr (OWAf ll)

In two 3. 2-3,5 1.2-2.2 05-,•0 *),J , - -- - 2400 no as ,,,9 m
2800M . Iero yrm IN 3 .512-:, 0.8--1,4 0,5--1,0 0.1' 4.') , .12 -1.6 0,4,-0.9• 21AI)--S

Sqyrna..........tO 3.6 0,6-2,0 0.5-1.0 0.2 ,.2 0.A--1.2 O,4--).N :"iu0--34;

IamnKO minoe .... 3.6 U0. -2,0 1.5-1.0 0.2 1),412 -- - 250-320

f) Rollers; 2) percentage of elements; 3) not more than; 4) (kg/mm2 );
5) for large-size profiles; 6) the same, of chrome-nickel iron; 7) for
medium-size profiles, of chrome-nickel iron; 8) for small-size profiles;
9) up to.

References: Zjtnov'yev, N.V., Otlivki is otbelennogo chuguna [Chill-

[Chilled-Iron Castings], in the book: Spravochnik po mashinos-troitel

nym materialam [Handbook on Machine-Building Materials], Vol. 3, Mos-

cow, 1959; Girshovich, N G., Sostav i svoystva chuguna [Composition

and Properties of Cast Iron], in the book: Spravochnik po chugunnomu

lit'yu [Handbook on Iron Casting], 2nd Edition, Moscow-Leningrad, 1960;

Gol'dshteyn, Ya.Ye., Mikrolegirovaniye stali i chuguna [Micro-Alloying

of Steel and Iron], Moscow-Sverdlovsk, 1959; "Giesserei" [Foundry],

1959, Vol. 46, No. 22, pages 665-676.

A.A. Simkin

Manu-
script [Transliterated Symbols]
Page
No.

774 4MTY = ChMTU = Chernometallurgicheskoye teK~hnicheskoye uslo-
viye = Technical Specification of the Ferrous
Metallurgy
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CHLORAIN -see Polyvinylidenechloride ffiber.
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CHLORIN - is a synthetic carbochain fiber made from supplementarly

chlorinated polyvinylchloride (perchlorovinyl) containing 64% bound

chlorine; it is manufactured in the USSR, in the GDR (termed PC), and

in France (Chlorin). The breaking ztrength of Chlorin Is poor, it is

20-25 km for silk filament and 13.5-15 km for staple f1ber; the break-

Ing elongation is 25-20% and 40-35%, respectively. The strength in wet

state does almost not differ from that in the dry state. Chlorin is

easily deformable under small loads within an elongation range of 5-10%.

The resistance of Chlorin to alternating strains, especially to double

bending, is about 10 times higher than that of viscose rayon and 20

times higher than that of acetate fiber.

The heat resistance of Chlorin does not surpass ý00- Chlorin has

a low resistance to aging by heat. Heating at 9C* for 1 hcur causes the

loss of 25% of the initial strength; a long heating at 1C3 causes the

degradation of the Chlorir., the fiber becomes rigid Lnd brittle. A

shrinkage of the Chlorin oeto in at 55-E•7 Chlorin i: noncombustible.

The low lightproofness and the gradual deccmposition under the ac-

tion of ultraviolet rays,', accompanied ty liberatiOn of HC'-, I:- a ma'cr

sh.ortcoming of' the Chlorin. The e-ific electrtial vc-.'ime resi.stance

of Chlorin is not less than 10 ohm.cm at .-- 0 the urface reslIztance

of the film is not ess than IK" ohms; the dielectric con,',-.t a in

3. • t a voltage of 7< v and a frequency of 5- os•; the tangent of the

loss aLngle is -. !Il. T:.e low value of i-, the vi;h hater-rerellence

(Chlcrin absorb- C.-% moisture at a relative moi-týre conteI;t of -(,

and the high friction coefficient (i.-2 times higher that. trAt of cot-



ton) promote a ready electrization of the Chlorin under friction, and

the accumulation of static electrical charges on it. This property

which makes the normal manufacturing of ChIorin iifficult and which is

eliminated by applyinr antistatic agents to the Chlorin, which increase

temporarily the electrical conductivity of the fiber, proves to be val-

uable in some cases and is utilized for the imanufacture of medical un-

derwear, which become statically-charged by wearing, for patients suf-

fering from sciatica, rheumatism and radiculitis. The heat conductivity

of Chlorin ic poor. The water-repellence of Chlorin and the absence of

chemical groups with chemical affinity to dyestuffs make coioring it

difficult, and the low heat resistance hinderz tr.e applk-ation of more

efficient ,rhih-temperature cclcrinti methods. Coloring of' Chlorin may

be realized by adding a coloring pigment during the 2reparation of the

sninning , _--1l:Aticn.

Chlcri :.rva'e:• all natural and :ynthetic fibers exclding Ftcs-

Ion and Teflo-. witn regard :c tte r-zi:tarce to chemical reawent

Chlorin re -,:t: H SO V•ecifc 7,ravlt- l.-:.), HCl -pecific gravity

(.17), :a.! (4ci.Ic a-it:, .1) ani a - • KOH :clutlon at tcmz-er-

ature- u:ý te 0- . ha: a , .,-. .. esetance- t .t.e rea;ent_ up to

o &;i a:.:c tx a.a re;Ia, ; :.ca ri.c sud h:drcf>cr~c all.; awid
:,-or; cxii-" es Lrc. n,. x:..., hv clrt: erm a~n•te) at 0 t

. . :.c ' .c n•.a,., :' a e . e÷re' ' e: 'C "r .ea . a-

Ic a ; a, r!: L e y- I J1''.

1 >...: e r:. a. a,-.r t,~tr~~1c;fra;~

I• c x e ., a -.: C ' " "• : • " r " • - ' ' ' • " ' ' * i

".etn~e a 11 .. . 0,•-'% :-



fabrics. Medical underwear and mixed fabrics, drape, for example (GDR),

are manufactured from Chlorin. The thermoplasticity of Chlorin make it

possible to manufacture decorated fabrics by pressing on hot printing

cylinders, and the shrinkability by heat treatment enables one to manu-

facture compressed and goffered fabrics from a mixture of Chlorin and

other fibers.

The low lightproofness and heat resistance hinder widespread ap-

plication of the Chlorin.

References: Geller, B.E., Khimiya i tekhnologiya khlorinovogo vol-

okna [Chemistry and Technology of the Chlorin Fiber], Moscow, 1958.

Yu.Vs. Vasil]yev
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CHLORINATION OF ALUMINUM ALLOYS - is the treatment of aluminum al-

loys in molten state by gaseous chlorine (refining by chlorine) in or-

der to eliminate gaseous and solid nonmetallic inclusions. The equip-

ment for the chlorination consists of a cylinder with chlorine, Ti.sch-

enko's desiccator bottles containing sulfuric acid, a mercury manometer,

and a quartz pipe. All these parts of the equipment are joined together

by a steel pipe, and in the place which requires a flexible junction,

by a rubber tubing. The cylinder with chlorine and the bottles must be

placed in a separate room. The chlorination process is carried out in

a bucket while removing the waste gases by exhaustion. The treatment by

cn7±lorine is carried out at a pressure of about 100 mm mercury column.

The refining period depends on the quality of the charge. It is longer

in the case of a strongly contaminated charge but must not surpass 10-

12 min in order to prevent the growth of the grains in the cast mater-

ial. The chlorine refining period for AL4 and AL5 alloys, for example,

amounts to 10 minutes, that for ALl and AL8 alloys - 7 min, and for al-

loys of the Duralumin type up to 7 minutes. Aluminum chloride is the re-

sult of the reaction of the'chlorine with aluminum, and hydrogen chlor-

ide is formed by interaction of c&lorine with the hydrogen dissolved in

the metal Aluminum chloride is present in the melt in a vaporized

state. The gaseous and nonmetallic inclusions become adsorbed on the

bubbles of aluminum chloride and hydrogen chloride and are removed with

them by escaping on the surface. Chlorination is one of the most effi-

cient adsorntion methods of refining aluminum alloys; the corresponding

measures of accidnrit pravention ndst oe taken, however, due to the tox-
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icity of the chlorine. Chlorides (zinc chloride, manganese chloride,

etc.) are also used instead of chlorine for the adsorption refining of

aluminum alloys. Added to the molten metal, the chlorides react with

aluminum according to the scheme: 3 MeCl + Al = AIC1 2 + Me. The gas

bubbles and the solid inclusions become adsorbed in the escaping bub-

bles of aluminum chloride. The efficiency of the treatment by chlorides

is considerably lower than that of the refining by gaseous chlorine.

References: Al'tman, M.B. [et al.], Plavka i lit'ye splavov tsvet-

nykh metallov [Melting and Casting of Nonferrous Metals], Moscow, 1963;

Gorshkov, I.Ye., Lit'ye slitkov tsvetnykh metallov i splavov [Casting

of the Ingots of Nonferrous Metals and Alloys], 2nd Edition, Moscow,

1952.

M.B. AI'tman
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CHLOROPRENE LATICES (Neoprene latices, Nairit L) are latices ob-

tained by emulsion polymerization of chloroprene or its mixtures with

small quantities of other monomers. From the chloroprene latices ob-

tained by the polymerization of a single chloroprene there can be pre-

pared high-strength and elastic rubber products (tensile strength of

200 kg/cm" and over, relative elongation about 1000%) without reinforc-

ing fillers. Just as the natural latex, the chloroprene latices give

with ion deposition and gelatinization a strong and elastic gel which

is widely used for the preparation of various rubber products using

these methods. The products made from these latices exceed the corre-

sponding products made from natural latex in ozone resistance, oil re-

sistance, gas impermeability and flame resistance, but are inferior to

them in cold resistance.

An important characteristic of the chloroprene latices is the ca-

pability of products made from them to vulcanize without the introduc-

tion of special vulcaniLing agents with siLple heating. The usual vuJ-

canizing agents - sulfur, thiuram, Captax - not only are ineffective in

the vulcanization of the chloroprene !atices, but eve>i retard the pro-

cess; more complete vulcanization is achieved in the presence of zinc

oxide, litharge, red lead or organic substance- - paradinitrobenzene

and the dithiocarbamates. In contrast with the other types of latices,

large quantities of fillers cannot be introduced into the chloroprene

latices without deterioration uf the physico-mechanical properties of

the products. Small quantities of carbon black or silic acid (5-10% by

weight of the polymer) increase the strength and modulus of the vulcan-

781



izates, which is utilized in the preparation of sponge products made

from these latices.

In connection with the presence in polychloroprene of active

chlorine atoms, in the chloroprene latices there takes place a gradual

splitting off of the hydrogen chloride, which leads to deterioration of

the technological properties of the latices and finally to coagulation.

Splitting off of the hydrogen chloride from the polychloroprenes must

be kept in mind in the usage of the chloroprene latices in combination

with materials containing cellulose; in these cases we must introduce

into the latex mixtures neutralizing substances - borax, soda, etc. As

a rule, the chloroprene latices have a strongly alkaline reaction. They

are widely used for the preparation of thin-wall rubber products by the

method of ion deposition - pilot balloon and radiosonde envelopes, in-

dustrial gloves, etc.; products with improved oil resistance are pre-

pared from the copolymer chloropr-na-nitrile latex, during the synthe-

sis of which acrylonitrile is added to the chloroprene. Other areas of

application of the chloroprene latices are rubberizing of fabrics, im-

pregnation and bonding of paper, preparation of leather substitutes and

sponge products, mine fire extinguishing, etc. These latices form an

excellent base for glues, in particular the latices which can be syn-

thesized at low temperatures; the latter, in particular, are used in

the leather-footwear industry.

References: Synthetic Rubber, ed. by G.S. Whitby, transl. from Eng.

L., 1957; Litvin O.B., Sinteticheskiye lateksy [Synthetic Latices],

M.-L., 1953; Hartsfield E.P., "Rubber and Plast. Age", 1957, v. 38, No.

11, p. 970; Proizvodstvo i primeneniye sinteticheskikh lateksov [Pro-

duction and Use of Synthetic Latices], L.-M., 1953; Sintez lateksov i

ikh primeneniye [Synthesis of Latices and Their Use], coll. of articles,

ed. by A.V. Lebedev et al., M., 1961. A.I. ezriyelev, A.V. Lebedev
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CHLOROPRENE RUBBER- is the product of the polymerization of

chloroprene in emulsion or of the copolymerization of chloroprene with

a small amount of other monomers, such as styrene, isoprene or acrylon-

itrile. It is delivered under the trademark Nairit (JSSR), Neopren

(U.S.) and Perbunan C (German Federal Republic). Chloroprene rubber ic

worked on the usual equipment of the rubber industry, similar to natur-

al rubber. Chloroprene rubber can be masticated by mechanical treatment,

at the best, in a rubber mixer in presence of chemical plasticiirs, a

combination of diphenyl guanidine and Captax, for example. Introduction

of 1-2% nickel dibutyl dithiocarbamate increases somewhat the stability
of ýhe *2-.loronren .r ..bb.r and th. ros-..tai*ca to thermal aging, it d.-

creases also the scorching tendency and increases the resistance of ttu,

vulcanized product to ozone. Chloroprene rubber an,' compounds on its

basis are very adhesive, this fact facilitates the assembling of mult-*

layer piiducts. Nonfilled and black-carbon filled chloroprene rubbu-'s

are characterized by a high strength and elasticity, a good tear reszit-

aa.ce, resltance to alternating deformations, to the growth of cuts and

an adequately sufficien t resistance to abrasion. The strength and

elasticity of chloroprene rubbers are near to that of NK rubbers.

Chloroprene rubbers are fire-resistant, they do not maintain combustion

aid extinguish themselves when ignited, they are light- and ozone-proof.

oil-, benzene- and heat-proof, they have a low permeability for gases

and are resistant to acids, alkalis and salts. The electric insulating

prnperties of the chloroprene rubber are inferior to that of the butyl,

nT4atural, d>'Inyl, ard silicon rubbers. The somewhat increased water ad-
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sorption deteriorates the dielectric properties of the inioroprene rub-

ber. Fillers, such as carbon blacks, kaolin, c'halk, baryt;, and metal

oxides, do not increase the strength of chloroprene rubber compounds,

but they improve their resistance to abrasion and promote the mainten-

ance of the strength at elevated temperatures. Chloroprene rubbers for

general and special purposes are produced in industrial scale. Nairit

(N) grade A, wii.h a plasticity according to Karrer of 0.65-0.72, and

grade B, with a plasticity of 0.58 and 0.60, belong to the chloroprene

r, bbers for general purposes. The physicomechanical properties of non-

filled compounds of N are listed in Table 1, those of carbon-black fill-

ed in Table 2.

TABLE 1
Properties of Nonfilled
Nairit Compounds

llo~ajaTeaw I

Mrd -Y • fHim 3f•lO4-.- ''-i .,"
k eAx ) ............. 2 t9-23

CIp~raOmMeHU paapsp, (N. C.', 3. 3A• )-330
OTHoCRIN',lbHOe YIAJIHHMIHNQ () 4. 9,0--000
OcTaTU;;uM VAWIflH.H#Ie (%) 3 , s - 2(
COnPOTMNaehtfHe pasaspy (Ka CA) 6. 37-45
TmepAocTb no TM-2 .......... 7 . 46-48
;)•jtrT'qpocTh no nrv'wny (%) . 1 48-50
TeMwwparypa IpypiHcTH (°CV . 9. 343.t;
K&Oeb, ,opoloc'ootociig npn 100%-

HOm YA"INIHeRWH H -35 -. . o . 0.t9-0. 21
R63-.1,9. clapenuq (nocne 5 CytMK

up. 100°): 10
nO CofnpOThBJtCIHHO n.8tpb3y 1 0.8P--0903

13 DO oTrut'BTel•qhoy ynlnumes4Ho 0. 73-0, IT

1) Characteristics; 2) modulus at 300% elongation (kg/cm2); 3) tensile
strength (kg/cm2 ); 4) ro.lative elongation (M); 5) residual elongation
(%); 6) tear resistance (kg/cm); 7) TM-2 hardness; 8) resilience (%);
9) brittleness point (*C); 10) coefficient of frostproofness at !00g
elongation and -350; 11) aging coefficient (after 5 days at 1CO); 12)
for tensile strength; 13) for relative elongation.

N rubbers are resistant to swelling in gasoline, being inferior in

this respect to diviny! nitrile rubbers and thiokols, but superior to

the other types of synthetic rubbers; they show almost no change under

the action of acids, alkalis and salt solutions; they are resistant to

light and atmospheric effects ana withstand for 3 hrs a concentration

of ozone a', which natural rubbers are degradated within 3 min. This
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:-emb.na±t iPn uf valuabl,: te(:.lrni.:a1 prop,:rtic8 provide ;i wide field of

application ror N rubbers. to ±-ts. ( dnri hi,,h ela.ti-

city and resistance to alternating deformations, N is used for the

production of flat belts, V-bolts, and conveyor belts, including non-

combustible belts for coal mining. The lifetime of V-belts and venti-

lator belts from N is 2-3 times longer than the lifetime of the same

belts made from natural rubber. Delivering and sucking hoses for the

petroleum industry, diverse packings for motorcars and aircraft, pro-

tecting coating for ship-, mining- and technical cables are made from

N. N is surressfully used in the production of high-quality substitute:.

of leather, for lining o4' chemical apparates, especially of such for

concentrated hydrochloric acid.

TABLE 2

Properties of Nairit -
Carbon-Black Compounds

ol ~aoa 'f.' q PY" a- 3 ?n 0o- 4

HaI ANe HNfl.

3 Mo~ay, fllf. N So'. - IN

y_____. ___ _ , 62 , 9

6 Gu.•npoTwnelin.qH ' p481,Wlly

7OViiCVN.nzbHO4- Yzia.1HH"
.cy .) .. .. .... 600 450 350

1 16 Is

9 C s o ' a C a a u l I,'.

7 •TOipcuTjia,iiOc YL•IH H, -

"ON, A? - • 3S0 320 360

CTIpePHNR N F 1 P-
HNPe l20 eR ipl• F1P"O

6Conpotwa.I. )I""N ~, IS JPYI( 0* , up) . . . . . . 113 7 i 131

7 0HO•h•.jIa.H•. |;c .'- '

i 1 .i ... . ....... .. o.. T. .

#4 r% ~ "-f no ra•,l••m ,! oil
T~- 4 7 ý 7

T24 ?aII N I t4' Ill 2 M4' 1,11,

*• 2 - 3 . .- 1 PtA 3

S40 parts by weightl- of li.', L r by welgjt of dibu-

dibut"', r• ithalate, 7 part'." I~y ,,-,.,o a ellne oili;
* 405 parts y weight of dua U,",2 partr by weight of vi.;-u

line port"; *y wei:ht Q1' diuuii.
line o!-;



* 20 parts by weight of burner carbon blark, It parts by wei,,fht of an-
thracene carbon black, 2 parts by weight of dibutyl phthalate, 5 parts
by weight uf vaseline oil.

1) Characteristics; 2) friction ,ompound*; 3) calico oompound**; 4) pro-
tecting compound***; 5) moaulus at 300% elongation (Kg/cm2 ); 6) tensile
strength (kg/cm2 ); 7) relative elongation (%); 8) residual elongatior.
(%); 9) properties at 1000; 10) properties after aging at 1000 for 100
hrs; 11) tear resistance (kg/cm); 12) TM-2 hardness; 13) res-lience (%);
14) at; 15) heat building during multiple compression by 40% (00); 16)
brittleness point (SC); 17) coefficient of frostproofness at 100% elong-
ation and -350

The copolymer of chloroprene with styrene is nairit S (NS) (USSR),

or Neopren RT (U.S.), a ,ubber for general purposes near, with regard to

its properties, to N, but with better workability, a lower tendency to

scorch an4 a somewhat highei, frostproofness. The brittleness point )f

NS rubbers is 3-50 lower than that of N compounds. NS rubbers are in-

ferior to N rubbers with regard to their physicomechanical characteris-

tics. The tensile strength of nonfilled rubbers is 250-280 kg/cm2 at a

relative elongation of 700-800%. They are also somewhat inftrooi to N

rubbers in the chemical stability, especially in tne resistance to

ozone. With regard to the other characteristics, NS rubbers do not dif-

fer to a great extent from N rubberL;. NS is practicatle for the same

purposes as N. The better workab-!ity permits the use cf it in the prc-

duction of autocar tires for trying roads; ti-es for .:tony roads, es-

pecially in countries wi-h a torrii 2iimat, are alsc; rrepared from it.

'Zhe copolymer of chioroprene with acrylonI rile is delivered under the

trademarks Nairit N (NN) (USSR) and Neoprene Q (U.S.). NM'1 is chharactcr-

ized by a very good resistance to gasoline and oil. The swelling of Nit

kept for 24 hrs at room, temperature in mineral oil a-ounts to by

volume, and is equal tc 12- 15% by volume in tht case of ;asoline. NN rub-

bers prove an elevated thermal and chemica., resistance, .heir physicome-

chanical properties do not differ essentially from those for N rubbers.

The low frostproofness is an essential disadvantage of ZNro. T7he brittle-
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th s w-llInc o(f NN rubL. r:- n L i , - :2- . , . .

of the plasticizer. Divertr'_ uil- an-i -asclin: rý.s., I. rJ.f Iu a r'ý

made from NN. The liquid chloroprenc rubber J½+ a new type of :hloroprern,

rubbers, it is ielivered under the commercial term liquid Nairit (ZhN,

(USSR) and Neoprene KNR (U.S. ). ZhN is easily Thasticable on rolls, form-

ing a readily soluble polymer which gives high-concentrated solution.;

(70-75%). Chemical plasticizers, usually 0.15-0.25) parts by weight of

mercaptobenzothiazole (Captax) and diphenyl guanidine (DFG) per 100

parts by weight ZhN, are used to promote the mastication. 1-2 parts by

weicht of tetramethyl thiuram aisulfide (Thiuram D) or tetraethyl thiur-

am disulfile (Thiuram E) are auditionally introduced in order to in-

crease the a-tivity.

The physicomechanical properties of vulcanized ZhN arc quoted in

Table 3.

TABLE

Physicomechanical Characteristics
of ZhN

loI4Lt 8l '.l lVIB'- II rat)l.F * )

S 4 -.6,n~ Plk'•klWD_ _

xw . , % -0 --•,,U 1
I~~~~~ ~~ 'A!•!IIMIt•IpI

• s (}m+I,+ll( I•--

O.K .... . . . . .. A -- 2 f3 - A-

10 OYU1 TM 9~ ~ ~

) Chara-erltics; 2) n.n..llec on, m ,~ur .' ',.puun
al bl:k; )parts by weil%" ; m) uIuu. nit-. . "nga ( 1

h re at I'qI.; ve c;or ori u a I



elongation (%); 9) tear resistance (kg/cm); 10) TM-2 hardness; 11) re-

silience (%); 12) at; 13) brittleness point (°C); 14) aging coefficient
(1100, 126 hrs); 15) for tensile strength; 16) for relative elongation.

A solution of ZhN in a composition of 76% solvent, 19% turpentine,

and 5% n-butanol is used for rubberizing diverse equipments. 90% solu-

ions are used to apply coatings with a palette-knife, 65-70% solutions

for painting, 50-60% for dipping or spraying. The vulcanization of the

films is carried out with hot air (at 1OO-1420), live steam, hot water,

or irradiation with an infrared lamp. A previous priming with chloro-

nairit glue or epoxy-primer is used owing to the insufficient adhesion

J• of ZhN to metals. ZhN coatings reliably protect metals from corrosion by

-the aqueous solutions of many acids, alkalis and salts, but they are

not resistant to oxidizing agents, aromatic and halogen-containing sol-

verts. The upper limit of the working temperature of the coatings is 700

a short working at 90-1000 is permissible.

The chemical stability of coatings on basis of ZhN is character-

ized by the following data:

TABLE
/{om- 3
n"II- IeM6II- CToh- 4

Cpexia I Tpa- patypR iHOCTI.
%itli ("C)I (%)2

Benmii. .......... .. 20 lopomsat 19
6 e•e aoti .......... 20 niffOXag 20

r TpaHlJib ,ITOpIIe MA"'.1W 20 xopoInlaR 19
8 OT•OI CIIIIDT ..... A 20 TO HIP 2!
9 Mopc~aR Bol)a. . ....... 20 21

10 AThYXp0MOBOr tClItc., H'l t ,-
..... . ........... 2 85 nJtr~ao i 20

uIICn`.w CCj)FHlHCUII IMI -
, a .. . . ....... 10 6 0 %npOl1Iof 19

12 Xh.Joplfte n Ha lIIUI 10 0 10 To 21
23 41HK PaTp ....... . ..... 10 6i0 xopomaH 19
14 AOTHWIR HHC.JIITa . 20 fJlaoXifl 20
-5 CepIInaF XIICoI.T. ....... 4o. 60 xnpowa" 19

4 .5 2 0 TI Hie 2 1

,) 65 85 IInox'aai 20
16 CiO.innasal IC ,1V , .1 ... 11) 20 xI,)I)op alit9"17 Yi =iaiH 60 II'1JiTXRI 20
Is TOn 100l.l0 I ll I.fr1"I , 2 '.1 o1 XO o lo mafI I

1) Medium; 2) concentration (%); 3) temperature (°C'; 4) resistance; 5)
gasoline; 6) benZene; 7) transformer oil; 8) ethanol; 9) sea water; 10)
potassium bichromate; 11) potassium monosulfate; 12) sodium chloride;
13) sodium hydroxide; 14) nitric acid; 15) sulfuric acid; 16) hydroch:•or-
ic acid; 17) acetic acid; 18) phosphori- acid; 19) good; 20) poor; 21)
the same.
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ZhN surpasses varnish and plastic coatings wtth respect to the

wear by abrasion. ZhN solutions are practicable to rubberize pieces and

products with a complicates shape (nets, bellows, springs, etc.) which

cannot be protected by sheet rubb,.r. Owing to the absence of seams, the

ioatings are practicable in vacuum. ZhN is used to rubberize propellers

of trawlers, steel Jackets of refrigeratcrs and condensers made from

nonferrous metals, the inner hol]ows of diaphragm valves, and of tools

to prevent sparks casued by impacts, etc. ZhN is also practicable for

hermetic sealing of the vacuum-condensor pipes of steam turbines.

Chloroprene rubber polyTierized at low temperature [Nairit NIT (NNT)

(USSR), Neopren AC and Neopren AD (U.S.)] is used for the production of

adhesives. Nonfilled rubber on NNT hasis have the following physicome-

chanical characteristics: modulu.. at 300% elongation 50-60 kg/cm 2; ten-

sile strength ?40-180 kg/cm2; relative elongation 910-960%; residual

elongation i0-12•-; Shore hardness 82-89; resilience (%): 38-40 at 200

b3-65 at 1000; aging coefficient at 1000 and 120 hrs: for the tensile

strength O.96-1.08, for the relative elong-aion 0.87-0.90; brittleness

point -380. The compounds for the preparat .. n of adhesives contain 15-

20 parts by weight zinc oxide, 4 parts by weight colophony, 1.5 parts

by weight thiuram, and 1. 5 parts by weight iron chloride per 100 parts

by weight of NNT. Iron chloride serves as an accelerator of the vulcani-

zation. 10-15 parts by weight of magnesium silicate or resorcine may be

introduced in order to increase the adhesion of the adhesive at elevat-

ed temperature. The heat resistance of the adhesive film may also be in-

creased by introduction of phenolformaldehyde resins or of divinylni-

trile rubbers; armatic and chlorinated hydrocarbons are used as solvents.

A mixture of ethyl acetate and gasoline in 1:1 ratio has the lowest tox-

icity. Adhesives on NNT basis prove a high stability of the joints

which is not inferior to that obtained by means of natural guttapercha.
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References: Sintaticheskiy kauchuk [Synthetic Rubber] edited by G.

Whitby, translated from English, Leningrad, 1957; Kleban~kiy A.L. let

al.], Vliyaniye raznykh tipov stabilizatorov na izmeneniye svoystv

nairita pro starenii [Effect of Diverse Type of Stabilizers on the

Change of the Aging Properties of Nairit], "Kauchuk i rezina," 1960, No.

8; Klebanskiy A.L. [Et al.], Novyy tip khloroprenovogo kauchuka - zhid-

kiy nairit [Liquid Nairit, a New Type of Chloroprene Rubber], ibid.,,

1961, No. 5; Catton N.L., Neopreny [The Neoprens], translated from Eng-

lish, Leningrad, 1958.

I.V. Borodina
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CHLOROSULFONATED POLYETHYLENE - is a polyethylene derivative with

a mean molecular weight of 20,000. It contains 27% chlorine and 1.5%

sulfur. Chlorosulfonated polyethylene is produced in the USSR under the

name KhSPE, and abroad under the name Hypalon. The chlorosulfonated

polyethylene is obtained in the form of white rubberlike crumbs. Its

specific gravity is 1.1; it is completely soluble in aromatic and chlor-

inated hydrocarbons; it swells, but does not dissolve in ketones and

ethers; it is insoluble in aliphatic hydrocarbons, alcohols and gly-

cols.

The viscosity of the chlorosulfonated polyethylene is 28-31 accord-

ing to Mooney (it is equal to 30-50 for neoprene and natural rubber).

The low viscosity of the chlorosulfonated polyethylene involves a rapid

formation of a sheet and a good distribution of the ingredients during

rolling. Chlorosulfonated polyethylene is manufactured on the usual

equipment; a previous plasticization is not necessary; the temperature

for the preparation of compounds is about 400. It is desirable to carry

out the calendering at a temperature not higher than 600, although an

increase in the temperature up to 1000 is permissible (chlorosulfonated

polyethylene possesses the highest plasticity at this temperature).

Chlorosulfonated polyethylene is miscible with all rubbers; it imparts

to them an improved resistance to ozone.

Metal oxides (PbO, MgO, ZnO) and their hydrates, stearates, naph-

thenates, aliphatic and aromatic diamines, urea and thiourea, amides

and thioamides, carbamates and thiocarbamates, guanidine, ethanolamines,

etc., serve as vulcanizers for chlorosulfonated polyethylene. The organ-

791
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ic vulcanizers are applied together with an acceptor. Vulcanization oc-

curs by interaction of the vulcanizers with the chlorosulfonic groups

of the polymer or with the chlorine atoms. Zinc dibutyl dithtocarbam-

ate, tetramethyl thiuramdisulfide, mercaptobenzothiazole, and diphenyl

guanidine are used as rubber accelerators. Vulcanizates with good mech-

canical properties are obtainable without addition of fillers to the

compound. An increased dosage of carbon black increases insignificant-

ly the tensile and tearing strength, and causes a rise of the brittle-

ness point from -400 to -170 (the brittleness point of rubbers contain-

ing 10-12% filler is -570, -620, that of rubbers with 25% filler is

-20", -300). Ar addition of 30-50 parts by weight of carbon black for

100 parts by weight of the rubber reduces, however, the shrinkage of

the compounds and enables it to obtain a smooth surface by calendering.

Addition of powdered silica gel is recommended for the manufacture of

heat resistant vulcanizates. Naphthene oils combined with factice are

the best plasticizers.

Rubbers based on 95 parts by weight chlorosulfonated polyethylene

and 5% natural rubber and containing 25 parts by weight lamp black pos-

sess a tensile s'rength of 146 kg/cr2 and a relative elongation of

230%; t'Ye tensile strength of rubbers made from 100% chlorosulfonated

polyethylene without black is equal to 80 kg/cm2 .

The vulcanizates of chlorosulfonated polyethylene excellently re-

sist the growth of cracks and alternating stresses; they are also high-

ly resistant to aging by ozone, they do not crack at any ozone concen-

tration and surpass, in this respect, the vulcanizates of nairite and

butyl rubber by 10 times. Chlorosulfonated polyethylene surpasses all

other polymers including neoprene in respect to the resistance to at-

mospheric effects. The chlorosulfonated polyethylene vulcanizates pos-

sess a sufficient stability to the action of oils, swelling only by
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1/3 more than the filled vulcanizates of neoprene.

Fabrics coated by chlorosulfonated polyethylene are resistant to

chemical reagents and atmospheric effects; they are colorable, the col-

or is permanent, and they possess a high gastightness. Fine, flexible,

many-colored and lustrous coatings on molded and extruded rubber pro-

ducts may be prepared from chlorosulfonated polyethylene. The dye fast-

ness and chemical stability of chlorosulfonated polyethylene make pos-

sible its application for the production of dyestuffs for metals, wood,

brickworks and stoneworks. The resistance of the chlorosulfonated poly-

ethylene to scratches, wearing and notches enables one to use it for

the production of floor tiles. Chlorosulfonated polyethylene can also

be used for the production of the white sides of tires due to its dye

fastness, the excellent resistance to natural aging, and the high re-

sistance to ozone.

References: Andrianov, Yu.F., Burova, I.K. and Budlevskaya, S.Ye.,

"Kauchuk i rezina" [Caoutchouc and Rubber ], 1961, No. 8; Koshelev, f.

F. and Klimov, N.S., Obshchaya tekhnologiya reziny [General Technology

of Rubberi, 2nd Edition, Moscow, 1958.

Z.M. Krutova

Manu-
script [Transliterated Symbols]
Page
No.

791 XCrI3 KhSPE khlorsul'firovannyy polietilen = chlorosulfon-
ated polyethylene
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CHROMAL- ia an alloy with a high electrical resi3tance (p = 1.4

ohmomm2/m) used for the manufacture of heating 3lemernts of electric fur-
,,4ceb. The chemical IjmoS2XlOn :s as foiiowz: I,% Fe, 3 j ( nd At

Al. The alloy is scale-resistant up to 12500. Chromal is produced as

the grade OKh27Yu5A according to GOST 9232-59. See Alloys for heating

elements.

References: Semenova, N.V. and Zhukov, L.L., "Stal" [Steel], 1959,

No. 7, page 652.

F.F. Kh7mushin
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CHROME BRONZE - is a bronze which contains a small quantity (up to

15) ,f chromium and a number of other additives. Chrome bronze is char-

acterized by a high electrical and thermal conductivity and also by

heat resistance and a higher recrystallization temperature. Chromium

is slightly soluble in copper; the solubility attains 0.65% at the tem-

perature of the eutectic (10720), it drops rapidly at lower tempera-

tures and amounts to only 0.02% at 4000. Chrome bronze is easily work-

able by pressing in hot and cold state. The strength, hardness and also

the electrical and thermal conductivity of the alloys are considerably

increased after heat treatment (quenching in water at a temperature of

980.10000 and tempering at 4800 for 4 hrs).

Additions of small quantities of other metals, especially of zir-

conium, which forms with chromium a high-melting chemical compount

(Cr2 Zr) insoluble in copper, also improve the properties of chrome

bronze. Heat-resistant bronzes (MTs5, MTs5A) are developed by additive

chromium and zirconium. When small quantities of zinc and cadmium are

added to the cnrome bronze grades EV and MTs5B, the heat-resistance

is increased while the high electrical and thermal conductivities are

unchanged; the heat-resistance of these bronzes, however, is lower than

that of chrome bronzes with zirconium. Impurities of lead, bismuth and

antimony are harmful because they seriously impair the technological

properties of chrome bronze.

Binary chrome bronzes and ones with a more complex composition are

used for the production of parts which must possess heat-resistance and

high electrical and thermal conductivities, especially for the design

795



III-23khl

of the electrodes in spot and contact-roller welding devices, for com-

mutators of electric motors, etc. See Malleable heat-resistant bronze.

References: Zakharov, A.V., "Metallovedeniye i obrabotka metallov"

[Metal Science and Metal Working], 1956, No. 5; Smiryagin, A.P., Promy-

shlennyye tsvetnyye metally i splavy [Commercial Nonferrous Metals and

Alloys), 2nd Edition, Moscow, 1956.

O.Ye. Kestner
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CHROME COATINGS- are layers of pure chromium deposited electroly-

tically from aqueous solutions on the surface of diverse metal objects.

Electrolytic chrome-plating is widely used in machine building due to

the special properties of the electrolytic chromium. Electrolytically

dý,cz.ted ctrc~mi M %oo'°o a very low -opfficiený -.0 f'riction, this

fact causes a high wear-resistance (resistance to abrasion) of the

chromium surface in the case of sliding friction. The coefficient of

friction of the chrome-plated surface amounts only to a fraction of

that of hardened steel. The coefficient of friction on gray iron,

bronze and babiit, for example, has the following values:

Chrome-plated surface: 0.06; 0.05, and 0.08.

Hardened steel: 0.22; 0.11, and 0.19.

The friction coefficient (with lubrication) of a chrome-plated

surface on the AK-4 aluminum alloy is:

0.021 for a chrome-plated ground roll.

The chromium coating hardly tarnish-.s. It maintains its luster and

reflectance even in a moist medium; it is resistant to the effects of

higher temperatures, and an observable oxidation, accompanied by temper

colors, sets in only at .-¶.0. Chromium coatings are not solderable,

a d paint and varnish coatings do not ztick on them due to the low ad-

hesion. Chromium is not significantly wettable by fluids and molten me-

tals.

For •.peclal purposes, the chromium may be parsivated by boiling

in oxidizLig agents such at nitric acid cr a s,.olution of potassium per-

manganate. flydrochloric Acid and even hct sulfuric acid do not affect

7ý7 
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chromium for a long time after such a treatment.

The uses of chrome-plating may be subdivided into four groups:

Decorative coating, a lustrous coating applied in the form of sev-

eral layers or, the surface of steel or other metals.

Heatproof coating is applied mainly to prevent the formation of

cinder on the surface of steel parts working at high temperature (the

chromium layer is thicker than 50 IL). Depending on the heat-resistance

of the metal, such a coating may work at 850-900* for a long time (up

to 100 hrs).

Hard wear-resistant coating is applied to prolong the service life

of parts working under sliding or rolling friction (cylinders of diesel

and other internal combustion engines) and also to prolong the service

I life of steel tools.

Hard porous chrome-plating is used for parts submitted to sliding

friction on places with insufficient lubrication, for piston rings and

engine cylinders, for example. The porous chromium coating retains the

lubricant on its surface and becomes broken in rapidly.

The dense and porous chromium coatings are used to restore tre

dimensions of worn parts (repair variant), and also those of new parts

whose dimension., were reduced below the standard during machining.

The chrome-.lated parts are heated at 1S0-200 in a neutral or

oily medium (or in a case) to remove the brittleness. The chromium

coating is polished by a medium-hard precision SM-? grindstone (with a

grain size of 6C-Sc) under a flood of the coolant at a disc-speed of

15-20 m/sec. Polishing removes a significant chromium layer (C<-100 4)

In the case of hard dense coating as well as in that cf a porous coat-

ing. Porous chromium. (after the formation of the pores' is freiuently

honed in the presence of a coolant (emulsoles or, better, kerosene).

The honing (polishing of the porous chromium) is sometimes carried out
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before the pores are formed.

All commercial iron-base alloys, and also cast iron grades, alum-

inum and titanium alloys may be chrome-plated. Chrome-plated parts

working under sliding friction and under significant loads must have a

finished surface of the 7-9th class of quality. Practical experience

proves that chrome-plated parts with a surface quality of the 10th

class and higher frequently seize up.

References: Bilfinger, R., Tverdoye khromirovaniye [Hard Chrome-

Plating], translated from German, Moscow, 1947; Tupitsyn, G.I., Svoy-

stva poristykh khromovykh pokrytiy [The Properties of Porous Chromium

Coatings], Moscow, 1945 (Dissertation); Levitskiy, G.S., Khromirovan-

iye detaley mashin i instrwmenta (Chrome-Rattng of Machine Parts and

Tools], 2nd Edition, Kiev-Moscow, 1956; Pertsovskiy, M.L., Poristoye

khromirovaniye 'Porous Chrome-Plating], Moscow-Sverdlovsk, 1949; Akim-

ov, G.V., Teoriya i metody Issledovaniya korrozii metallov [Theory and

Methods of the Investigation of Metal Corrosion], Moscow-Leningrad,

1945.

G.I. Tupitsyn
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CHR0MYIL- is an alloy of the NKh9.5 grade used in pyrometry as the

positive thermoelectrode in chromel - alumel (KhA) and Chromel - Copel

(KhK) thermocouples, ana also the alloy of the NKh9 grade for compen-

satory leads. The chemical composition of chromel is listed in Table 1;

the temperature dependence of the physical properties of the NKh9.5

chromel is listed in Table 2.

TABLE 1

Chemical Composition of the Chromel (GOST 492-52)

1 . O 3 (n,. (%. HC 6onee) 4
C IIa I'lpI Inro

Cr'. N J+, Fe Si MR Mn Cu Pb S C P Bi As Sb I -Be

HX9.5 9.0- OCT~a.,b- 0,1 0.2 0,05 0,3 0,2 0,002 0,02 0,3 0,003 0,002 0,002 0,002 1.40 flposonoma
10,0 moe nI TeP-

Tpmoa~oae`-5 TPOBJIK-

"repuo-.aap

HX9 9.5- To wse 0.4 0,2 0,05 0.3 0.2 0.002 0,02 0.3 0,001 0,002 0,002 0,002 1.40 flpouonoHa
9.5 fJIR KOW-nlescang,.t. ,,,

*Co is added as a trace element to the nickel in order
to secure the required value of the thermo-emf. A Co
content within 0.6-1.0% is specified in the new edi-
tion of the GOST.

1) Alloy; 2) main components (%); 3) impurities (%, not more than); 4)
application; 5) NKh9.5; 6) the rest; 7) wire for the thermoelectrodes
of thermocouples; 8) NKh9; 9) the same; 10) wire for compensatory leads.

Chromel wire, just like wire from alumel and copel alloys, is

available in four grades, according to GOST 1790-63, based on the value

of the thermo-emf when coupled with pure platinum at a 00 temperature

of the free ends and the corresponding standard temperatures of the

free ends and the corresponding standard temperatures of the working

ends.
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TAHJE 2

Temperature Dependence of
the Physical Properties
of the NKh9.5 Chromel Grade

- -12

: 3

0 0,612 1.00 } 0,000490 0.00

100 0.642 1,05 0 .000467 3,00

200 0,672 1.09 } 0,001141 6.20

300 0,703 1.15 0.OOO:5 B.55

400 0,725 1.19 } 0,000276 12.,

500 0.,745 1.22 0,000228 t,0,30
600 0.762 1.24 19.70

700 0,780 1.2 . 2 1.05

KO0 0.790 1,30 1),000210 26,25
900 0.8 t..1.3 0.00112038 ý9.4

1000 0,835 . 16 - 0,000220 3 2.55

1) Temperature (0C); 2),p, (ohm mm 2/m); 3) temperature coefficient of
the electrical resistance, 4) thermo-emf when coupled with pure platin-
um at a 00 temperature of the free ends (mv).

TABLE 3

Dependence of the Physico-
mechanical and Electric
Properties of the Chromel
Grade NKh9.5 on the Degree
of Cold Deformation

0 206 g0 36.0 0,66±0.05 2.47 ?4.71
10 225 82 18,0 0,674 2,4;? -
20 244 84 11.o 0,674 2,47 8,71
30 263 92 5.0 0.666 2,50 -
40 286 100 5,0 0.652 2,'5 8,72
50 300 M04 4.0 0,642 2,51 -
60 305 108 3,0 0,636 2.62 8,70
70 311 2 3,0 0,632 2.63
8 0 320 M1 2,0 0,628 2,65 8.63

*A 100 mm long rod.

1) Percentage of deformation; 2) HB (kg/mm2 ); 3) 5 (kg/mm2 ); 4)

( (/c.nm;. 5) electrical conductivity in compari on to copper (r);
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The effect of cold deformation on the change of the 1. ysicomechan-

ical and electric properties of the NKh9.5 chromel grade are quoted in

Table 3 (Tables 1, 2, and 3 see [original] page 421).

References: Berkovskiy, I.Ya. and Kolokolova, A.G., Nikelevyye

splavy [Nickel Alloys], Moscow-Leningrad, 1941; Slavinskiy, M.P.,

Fizikokhimicheskiye svoystva elementov [Physicochemical Properties of

Elements], Moscow, 1952; Smiryagin, A.P., Promyshlennyye tsvetnyye met-

ally i splavy [Commercial Nonferrous Metals and Alloys], 2nd Edition,

Moscow, 1956; Hessenbruch, W., Metalle und Legierungen fUr hohe Temper-

aturen [Metals and Alloys for High Temperatures], Berlin, 1940.

A.L. Shpitsberg
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CHROME-PLATING OF ALUMINUM ALLOYS - is the electroplating of parts

made from aluminum alloys by a chromium layer in order to protect them

from mechanical wearing (hard or wear-resistant chrome-plating) or for

decorative purposes (decorative and protective chrome-plating). The

nard, 50 p thick chromium layer provides a high wear and corrosion re-

sistance for parts made from aluminum alloys working under friction.

The chrome-plating is recommended for simple-shaped parts which are not

submitted to impact loads in service. Impacts cause hollows, and the

chromium may splinter off. The possibility of the coating cracking, due

to the great difference in the linear expansion coefficients of chrom-
ium (a 2 0 = 8.24l-.10 6 ) and aluminum (a 224.1o-6), must be taken in-

to account in the case of parts working at high temperatures. A separa-

tion of the chromium layer does not take place in this case. The decor-

ative and protective chrome-plating of aluminum alloys is carried out

on a nickel underlayer (see Nickel-plating of aluminum alloys).

References: Layner, V.I., Gal'vanicheskiye pokrytiya legkikh

splavov [Electro-Plating of Light Alloys], Moscow, 1959.

N.V. Garshina
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CHROME-PLATING OF STEEL - is the saturation of the surface of low-

carbon steel with chromium in order to improve the corrosion resistance

and acidproofness. Chrome-plating of medium-carbon and high-carbon

steel also greatly improves its hardness and wear-resistance. The

chrome-plating is carried out with a powdered mixture composed of 50%

ferrochrome, 45% A12 03 , and 5% NH4 C1. The process is also performed

in vacuum furnaces at a vacuum of 1.102_-1.10-3 mm mercury column, in

a gaseous medium (H2 + HCl or HCl), or in a ceramic body (previously

impregnated with chromium chlorides). A 0.10-0.12 mm thick chrome-

plated layer (a solid solution of chromium in a iron with a microhard-

ness of about 160 kg/mm2 ) is formed on 08 steel at 10000 within 8-10

hours; a 0.02-0.03 •m thick layer (chromium carbide, Cr 2 3 C6 , with a

microhardness higher than 1300 kg/mm2 ) is formed on U10 steel. Chrome-

plating of steel is used in the manufacture of chains for wood-cutting

motor-saws, of steel-punches for knocking bolts out, of nozzles, of

barette and smooth-cut files, and of parts working in the atmosphere

and in aggressive media.

References: Dubinin, G.N., Diffuzionnoye khromirovaniye splavov

[Diffusion Chrome-Plating of Alloys], Moscow, 1964; Gorbunov, N.S.,

Vakumnyy metod termokhromirovaniya [Vacuum Method of Thermal Chrome-

Plating], Moscow, 1955.

A.N. Minkevich
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CHROME-PLATING OF TITANIUM ALLOYS- is the application of a chrom-

ium layer on the surface of titanium alloys by means of electrodeposi-

tion; it is used to improve the antifriction properties and to obtain

an underlayer for other metals.

A difficulty of electroplating is the method with which to acti-

vate the surface of titanium and its alloys: it must replace the natur-

al oxide film by a film which protects the metal from oxidation and

which has a higher chemical activity. Of all the methods of preparing

the surface of titanium and its alloys for plating with chromium and

for copper-plating (see Copper-plating of titanium alloys), the elec-

tropolating methods are the most thoroughly investigated ones. Chemical

pickling in a solution of sulfuric acid at a raised temperature, in

concentrated hydrochloric acid, in a mixture of hydrochloric or nitric

acids with hydrofluoric acid, in a mixture of solutions of sulfuric

and phosphoric acids, in a solution of hydrofluoric acid in ethylene

glycol, etc., are recommended for this purpose. A film cf titanium hy-

dride, with a higher electrical conductivity than the oxtde film, is

formed on the surface of titanium and its alloys during the pickling

in acids, and the electroplating is applied subsequently on this film.

The other principal method for activating the surface is treatment with

a solution of zinc salts and hydrofluoric acid in ethylene glycol, re-

sulting in an electrochemical or contact deposition of a thin zinc lay-

er (with a thickness of a few ii) which does not adhere to the basic

metal but maintains the active state of the surface and becomes dissol-

ved in the chromium electrolyte when the chrome-plating begins. This
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method, however, is less reliable and is more rarely applied. Pickling

at a-c in solutions of acetic and hydrofluoric acids, electrochemical

treatment in a melt of salts, treatment with surface-active agents,

etc. are also recommended.

The chrome-plating of titanium alloys is carried out, after activa-

tion of the surface, in the same manner as the chrome-plating of steel

(see Chrome-plating of steel). Tempering at 750-850° in air takes be-

tween 30 min and 2 hours and is carried out immediately after the

chrome-plating in order to improve the cohesion between the chromium

and the basic metal. The tempering results in a destruction of the hy-

dride film (when it is present) and a diffusion of the chromium into

the titanium, forming interlayers which secure a good adhesion of the

chromium coating on the basic metAl. The plating of titanium and its

alloys with chromium or other metals by means of electrodeposition may

cause a considerable brittleness in any layer of the basic metal due

to its hydrogenation during the pretreatment of the surface by pickling

and also during the chrome-plating process itself due to the formation

of intermetallic compounds in the intermediate diffusion zone during

the tempering. The chrome-plating is carried out in one stage when the

chromium serves as an underlayer for other metals. The tempering may

be carried out immediately after the chrome-plating cr after the other

metal layer is applied.

Chrome-plating of titanium alloys to improve the antifriction pro-

perties is carried out in two stages. First, a dull 15-20 4 thick

chromium layer is applied, the diffusion tempering follows, and then a

second chrome-plating with a lustrous chromium layer of the required

thickness is carried out after the chromium oxide has been removed from

the surface (by grinding or electrochemical pickling).

References: Layner, V.I., Gal'vanicheskiye pokrytiya legkikh Oplav-
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ov [Electroplating of Light Alloys], Moscow, 1959; Burdina, S.M. and

Samartsev, A.G., "Zhurnal prikladnoy khimii," 1960, Vol. 33, No. 5,

page 1141; Batashev, K.P., Osazhdeniye gal'vanicheskikh pokrytiy na

titan i yego splavy [Deposition of Electrocoatings on Titanium and Its

Alloys], Leningrad, 1959; Missel, L., "Metal Finish," 1958, Vol. 56,

No. 9, pages 49-51; Levy, C., ibid., 1960, Vol. 58, No. 5, pages 49-55.

I.S. Anitov -,
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CHROME STEEL FOR PERMANENT MAGNETS - see Alloyed steel for perman-

ent magnets.
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CHROMIUM, Cr, is a chemical element of the VIth group of Mendel-

eyev's Periodic System, the atomic number is 24, the atomic weight is

51.996. The natural chromium is composed of 4 stable isotopes: Cr5 0

(4.31%), Cr5 2 (83.76%), Cr5 3 (9.55%), and Cr54 (2.38%); various arti-

ficial radioactive isotopes of Cr had been prepared using nuclear reac-

tion-, the most significant cf them are: Cr49 (T 2 = 41.7 min), and

Cr5 1 (TI/ 2 = 27.8 days). Chromium is similar to Mo and W with respect

to a number of physicochemical properties.

The chromium resources in the crust are large and surpass the to-

tal of all other high-melting metals. Crhome-iron ores, widespread in

the USSR, are the basic natural chromium ores. Metallic chromium is pre-

pared malnly by aluminothermal and silicothermal methods. High-grade

chromium is obta!-.ed by electrolysis and subsequent refining in dry

hydrogen at 1500-16000. Other methods for the preparation of metallic

chromium are not significant for the industry. Refined chromium is re-

melted in electrical induction or arc vacuum furnaces in an atmosphere

of a purified inert gas (argon or helium or a mixture of them).

Machine parts of chromium are obtained by precise casting or by

deformation. Depending on the purpose and the conditions the deforma-

tion is carried out between 700 and 550'. The heating of the metal at

high temperatures is carried out in an atmosphere of purified hydrogen

or inert gas; the deformation is done in air. Chromium sustains a reduc-

tion of more than 90% during one passage of the tool. The pressing of

a billet of 100 mm diameter Into a rod is carried out (at 1500) under

the following specific pressures: reduction by 80% at 75 kg/m-; by
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85% at 90 kg/mm2; by 90% at 120 K/mm2 , and by 95% at 150 kg/mm2 . The

specific pressure is reduced and the life of the tool is increased when

a lubricant is used.

Rods, strips, sheet-bars and sheets with a thickness up to 0.8 mm

are made from chromium by deformation. Chromium sheets with a thick-

ness up to 0.3 am plated with stainless steels and alloys, are also

manufactured.

Chromium is satisfactorily machinable by all cutting methods;

machining with abrasive tools, however, may cause cracks on the surface

of the parts. The finished objects are pickled in order to detect 3 ur-

face flaws (see Corrosion of Chromium). The cutting of the she,?ts by

means of shears, and the beading are carried out at 600-7000.

Chromium is weldable with chromium, stainless steels and alloys by

means of electron-beam, argon-arc, and resistance welding after pre-

heating of the metal.

The physical properties of chromium depend on the nature and quan-

tity of impurities. The stable chromium lattice is a body-centered cube

with a lattice constant of 2.8787 A. Chromium with other lattice types

may be obtainee by electrolysis. With time, however, especially after

heating of the metal, a polymorphous transformation of the nonequili-

brium into the eouilibrium lattice takes place.
Refined chromium has a to of 1910, and a t 0 ip of 2o Impuri-

kip .mpri

ties lower the tp The t1 becomes lowered by heating in hydrogen at-pl " P l

moophere and, especially, in nitr.*en. Chromium possesses a high vapor

pressure (in atm): 10-'• (at 100 0-); 10-7 (at I150); 0 (at 1270);

10- (at 1520*); 10-- (at 1520*), and 10-c (at 1810c). The solid li-

quid and gaseous phases of chromium are in equlibrium at the tp; when

the gaseous phase has a pressure of 63.5 m= mercury column. At a higher

rre- '-:re, a transition of chromium frc.: the sclid Into the limid phase



III-13kh2

occurs, and at a lower pressure it transforms directly from the -3olid

into the gaseous phase, avoiding the liquid phase. The sublimation heat

is 84-95 kcal/g-atom. The evaporation rate of the chromium at a pres-

sure of 10-6 mm mercury column is equal to (in g/cm2 . sec): 9.86.10-7

-6 5s(at 13550); 7.3"10 (at 14550), and 1.92.10- (at 15610). The tempera-

ture dependence of the evaporation of chromium in an absolute vacuum is

(in cm/year): 10"5 (at 7504); 10-3 (at 870'). and 10"1 (at 10000). The

boiling point depend? on the pressure as follows: 24690 (at 760 mm mer-
cury column); 17870 (at 10"i); 1637* (at 10-2); 15110 (at 10-3 (at

10-4); 13110 (at 10-5) 12200 (at 10-6), and 9860 (at 10-10). The evap-

oration rate of the solid chromium may be greatly reduced by alloying.

The density of chromium is 7.2 g/cm3.

The free energy is (in cal/°C.mole): 2.33 (at 250); 4.32 (at 2270);

5.89 (at 4270); 7.81 (at 7270); 9.39 (at 10270); 11.52 (at 15270);

12.53 (at 17270); and 15.71 (at 2500'). The enthalpy of chromium Is (in

cal/mole): 0.62 (at 1270); 3.38 (at 527?); 7.52 (at 10270), and 12.47

(at 1550°). The entropy is (in cal/mole.'C): 1.78 (at 1270); 6.53 (at

527?); 11.52 (at 10 0), and 13.71 (at 15500). The characteristic tem-

perature change. ,,It in the range of 490-580', depending on the state

of the metal. The '-1u. constant is 1.455.15- v.cm/amp.oersted. Optical

properties: refl-ctanrp of chromium (in %) depending on the wavelength

of the incident L!,-r t ýilver taken as 100%): 14 (at 1300 A); 37 (at

20-0 A); 67 (a, K A); 70 (at 7000 A); 63 (at 10,M00 A), and 88 (at

4o,000 A). The -.icrr " irn'ion for the emission of thermal electrons is

4.6 ev; the phctcpect,"c work function is 4.37 ev. The recrystalliza-

tion tempe-' :- ' Qf irnfcmium depends, Just as that of other metals, on

many fact, Tt.e recr.* -tallizatIon temperature of chromium prepared

accorlin-, " - ind.;:trial tec~hnology lies within 800-890. X (in kcal/

/cm.sec.-) •a : . 't 100*); 0.18 (at 500'), and 0.16 (at 900'). of

o11
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interest is the increase of the heat conductive of chromium with rising

temperature: a.lO6 (per 1*C) is: 7.5 (within 20-100°); 8.8 (within 20-

600o) and 10.0 (within 20-1000°). c (in cal/mole.°C) is 5.52 (at 20°);

5.75 (at 5000); 5.85 (at 9000); 9.40 for the liquid metal, and 5.04 for

chromium vapor. r (in ohmecm2/m) is: 0.128 (128 (at 200); 0.42 (at

6000); 0.86 (at 12000), and 1.46 (at 16000). Chromium is not transform-

ed into a superconducting state when the temperature is reduced to 0.7 0 K.

The electrochemical equivalent of chromium (in mg/coulomb) is 0.08983

for the trivalent, and 0.17965 for the hexavalent metal. The normal

electrode potential of the trivalent chromium is 0.5 v; the hydrogen

overvoltage is 0.38 v. The radiation factor lies within 0.39 and 1.27

Kcal/cm2.hr.k4 (at lO0-10000); the blackbody factor is 0.08-0.26 for

the nonoxiuized, and 0.7-0.8 for the oxidized metal. (The values change

depending on the external conditions and the state of the metal). The

cross section for the thermal neutron absorption is equal to 2.9 ± 0.1

barn/atom.

Chromium is paramagnetic. The susceptibility is equal to 1.65.106

cm• at 20*. Chromium has an antiferromagnetic structure up to 44-2000,

depending on the state of the metal and the percentage of impurities.

An anomalous change of certain physical properties of chromium

takes place at 370; a sudden decrease of E, and increase of the inter-

nal friction coefficiepit, etc. Impurities and alloying reduce the temper-

ature of the anomalous change of certain physical properties. The self-

diffusion of chromium occurs both frontally and along the grain bound-

aries at a temperature of 1000-13500. The rate of the self-diffusion

along the boumdaries Is considerably higher than that of the frontal

seifdiffuzion. The activation energy of the selfdiffusion process of

chromiutm is 7t, kcal/g-atom in the grains, and 46 kcal/g-atom along the

grain Loundaries. The mean value of the surface tension of chromium in
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an atmosphere of purified inert gas or hydrogen is equal to 1590 ± 50

erg/cm2 at 19500.

Commercial-grade chromium is used as a component for the alloying

of steels and alloys. Chromium and its chemical compounds are applied

in diverse engineering branches: in ceramics, chemistry, glass-melting,

powdermetallurgy, etc. The solution of the problem of the plasticity

of chromium has made it possible to begin using it as a structural ma-

terial. Chromium-base heat-resisting alloys were developed which work

for a short time or under alternating conditions up to 1500-16oo0.

Parts made from chromium withstand a temperature of ll00-1200* for a

long time permitting a short-time overheating up to 1500-16000. A semi-

commercial manufacture of semifinished products from chromium (rods,

strips, and other profiles obtained by pressing) is in existence at

present.

Chromium vapor, dust, and compounds are toxic for the human organ-

ism. The skin and the mucous membranes of the respiratory tract are

mainly affected involving invlammatory processes. 0.1 mg/m 3 is the per-

missible limit of dust concentration in the air of the working section

of a shop. Ventilation, overalls, careful washing of the skin with warm

water, washing of the nose and gargling of the throad with a solution

of common salt, inhalation, systematic medical examination, regular wet

wiping of the room including walls and ceiling, are the precautionary

measures applied.

The mechanical properties of chromium (see Table) were determined

with a metal produced by means of the industrial technology. Electro-

lytically refined chromium was used as a charge. The specimens were

prepared from a deformated and heat-treated metal.

The 6b depends at 10000 on the loading rate as follows: 10 (at

1 sec); 9.5 (at 10 sec); 8 (at 30 sec); 7.5 (at 100 sec); and 6.0 (at
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i ec); 9.5 (at 10 sec); 8 (at 30 sec); 7.5 (at 100 sec); and 6.0 (at

300 eec); K (the modulus of hydrostatic-type compression) is 17.1.103

kg/mm2 ; ýj is equal to 0.24. 00.2 for 100 hrs at 11500 is equal to 0.3-

0.5 kg•/m2; 0_1 based on 107 cycles is equal to 24 kg/mm2 (at 200) and

2 kg/n (at 1150").

Chromium has a high thermal endurance: cylindrical specimens (with

a diameter of 5 mm) withstand 500 thermal shocks (heating by electric

current at 11500 for 15 sec., cooling in air up to 1000 within 30 sec)

without failure when not loaded or under a bending load of 2 kg/cm2;

the mechanical properties at 200 and 10000 show virtually no change

after 500 thermal shocks. Alternating heating up to 11000 with cooling

does not involve irreversible changes of the shape of cylindrical spe-

cimens. At temperatures up to 150-2000, chromium (especially its plas-

ticity) is sensitive to cuts and to the state of the surface; its pro-

perties become independent on the state of the surface at higher temper-

atures. Pickled and electropolished chromium specimens possess increas-

ed plasticity properties at 200 and lower temperatures. The industrial
1 C2o0crea 2 Teamn-pa (C)

1 200 1 800 I 1150 1,500

35 17--19 5-7 2-30 b3 (uuuM•,)... ........... " '- ....4 u~o' (,•,1,.')....................1t4-Il-7
(%) .......... ............. 5-20 25 70-85 70--90 20-'0

S(%). .... 2--3 20 70--90 00-95 65-705 .(I.I..')S .. ..... 0,1-0,2 1,5-2 4-5 2-3 -

6 ANH MuqxcswI ......... .. 28 20 20 16 -v t~rN•MetCH#A 1 ej . . . . 9 ...
G-0-1 ••• . . . ..7 73-- ,1 -- ---

HD ..',',tu'). ............. 100-1i0 - 70 -
0, ..... .................. - - t0,5 2.5 -

..-..... 9,0 1.3 -

1) Properties; 2) temperature (*C); 3) kg/mm2 ; 4) opts; 5 kgm/cm2 ; 6)
dynamic; 7) static.

techmology of today permits one to produce a chromium which is plastic

up to -500 on bending, and up to 00 on drawing; a metal with a higher

plasticitý was prepared under laboratory conditions. The problem of the

cold-shortness, i.e., a low resistance to impact loads, is still not
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dissolved. The cold-shortness of chromium up to 100-150 is, therefore,

its main shortcoming.

The brittle state is determined by the dependence of the plasti-

city characteristics on the nature of the stressed state, the loading

rate, and other factors. The temperature of the transition of chromium

from the cold-short into the nonbrittle state is not constant because

besides the above-mentioned factors, the content of impurities, the

state of the metal, etc., play a role also. The transition from the

cold-short state into the nonbrittle state proceeds in a small temper-

ature range without hysteresis. The other physicochemical properties

experience no anomalous changes in the mentioned temperature range. The

failure of chromium occurs at both low and high temperatures mainly

along the grains (on drawing or on bending). On torsion, a mixed fail-

ure along the boundaries and across the grains may take place. Experi-

mental data prove the hypothesis that the shortness of chromium at nor-

mal temperature is not one of its basic properties.

In a first approximation, the cold-shortness of chromium may be

explained by the relation between the tensile strength and the resist-

ance to the initial plastic deformation. The tensile strength must

remain almost constant within a wide temperature range, lowering only

at sufficiently high temperatures. The surface energy of solids, in a

physical sense connected with the tensile strength, follows this law.

Th! metal is in a plastic state within the temperature range in which

the tensile strength is higher than the resistance to the primary plas-

tic deformation. The metal is transformed into a brittle state when the

resistance to the primary plartic deformation becomes higher or equal

to the tensile strength due to the effect of certain factors (tempera-

ture, impurities, nature of the stressed state, loading rate, etc.).

The resistance to the primary ')lastic deformation drops at rising tern-
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peratures more rapidly than the tensile strength. Therefore, chromium

passes from the cold-short into the nonbrittle state when the tempera-

ture rises to a certain level (this temperature is frequently termed

temperature of the shortness threshold), independently on the nature of

the stressed state and the loading rate. A chromium, plastic and non-

cold-short not only at positive but also at negative temperatures, can

be prepared. For this purpose, aH at 200 must be increased to 1.0-2.0

kgm/cm2 .

References: Sully, A., Khrom [Chromium], translated from English,

Moscow, 1958; Marvin, J., Chromium, Vol. 2, N.Y., 1956.

1.0. Panasyuk and A.I. Kozlov

Manu-
scriptPage [Transliterated Symbols]

No.

814 nu = pts = proportsional'nost' = proportionality
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CHROMIUM ALLOYS - are heat-resistant alloys whose strength charac-

teristics at temperatures of 1100-1200 have intermediate values be-

tween those of heat-resistant alloys based on Fe and Ni, and those of

the higher-melting metals (Nb, Mo, W).

The alloys VKh-2 and VKh-21 are plastic at 200 and possess the fol-

lowing mechanical properties: 6b (kg/mm2 ) = 35-45 (at 200); 20-25 (at

8000), 15-18 (at 11500), and 4-5 (at 15000). 60.2 (kg/mm2 ) = 20-25 (at

200), 16-18 (at 8000), and 10-14 (at 10000). HB = 120-130 kg/mm2 (at

200). E (kg/mm2 ) = 28.lo-3 (cu 200), and 23o10-3 (at 1000). At a tem-

perature of 11500, the alloys withstand stresses of 8-10 kg/mm2 for

10 hours, 4-5 kg/mm2 for 10 hours, 4-5 kg/mm2 for 100 hours, and 2 kg/

/mm2 for 100 hours. 6 is about 30% for both alloys after fracture. ' =

= 7.2 g/cm3 . The alloys are sufficiently heat-resistant in the whole

range of working temperatures.

Rods, strips, sheets and blanks of parts are made from the alloys

of this type by methods of deformation and precision molding. Sheets

plated with stainless steel and alloys are also produced. The plated

surface may be removed by pickling when necessary. Plated sheets have

a better technological efficiency. In both cases, the cutting and bend-

ing of parts is carried out at 500- 6 00y. The alloys VKh-2 and VKh-21

are characterized by a high resistance to corrosion in the atmosphere

of industrial districts, under tropical conditions, in sea water, ni-

tric acid, oxidants based on nitric acid, and other aggressive media.

Blanks obtained 'y the methods of deformation and molding are sub-

mitted to heat. treatment before the machining.
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The alloys are sufficiently machinable by all cutting methods. A

low resilience and a seasitivity to notches up to a temperature of

150-200,y are the main disadvantages of these alloys. Parts made from

the VKh-2 alloy require protection from brittleing caused by the chem-

ical reaction of the surface layers of the metal with the nitrogen of

the gaseous phase when working in air at high temperatures for a long

time. Parts made from the VKh-21 alloy do not require surface protec-

tion up to 13000 (the increase in weight amounts to 0.25 g/m2 per hour

after heating for 100 hours).

High-chromium alloys of the VKh-3 type are sufficiently stable un-

der stresses up to 20 kg/mm2 for more than 100 hours at 10300, and at

11500 under stresses up to 15 kg/mm 2. 6-1 based on 107 cycles of asym-

metrical bending has the following values (in kg/mm2 ): 20 (at 200),

and 15 (at 1150*). 60.2 = 6 kg/mm2 at 11500 for 100 hrs. X (cal/m.sec x

x °C) is 0.21 (at 1000) and 0.13 (at 900-1000o). a.106 (1/0c) is: 8.1

(at 20-1000) and 10.5 (at 20-10000). c (cal/g.°C) is 0.098 (at 1000),

0.12 (at 5000), and 0.19 (at 12000). Y = 7.6 g/cm3 . Alloys of this type

are of interest for stationary equipment working under stable condi-

tions, especially under compressing loads. The alloys do not oxidize

and ao not become brittle even after a long time working at lO0-12000

in an oxidizing atmosphere, in air, and in steam. The high-chromium al-

loys are not malleable. The objects are manufactured by precision mold-

ing and, further, undergo heat treatment and a subsequent machining. In

this case there exists a danger of surface cracks.

The plastic chromium alloys of the VKh-4 type, which are not cold-

brittle at 200, possess a HB up to 300 kg/mm'.

The VKh-4 alloy is characterized by the following properties: Ob

(kg/mm2) is 110-115 (at 200), 20-22 (at 10000), and 10 (at 1200*),

a0.2- 85-90 kg/mm2 (at ) aH =-5 kgmcm2 (at 200). -y 7.9 g/cm3 .
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The me::hanical properties of both the cast and the deformed alloy are

almost the same after heat treatment. Parts obtained by casting or bydeformation are submitted to heat treatment before the machining. The

alloy possesses good casting properties (the casting shrinkage during

crystallization is 2.1%); it is heat resistant up to 12000 in air (the

increase in weight amounts to 0.7 g/m2 .hr after 100 hours heating); it I
is sufficiently weldable, it resists corrosion in atmosphere, sea wa-

ter and a number of other aggressive media, and does not require sur-

face protection from brittleness. The VKh-4 alloy is almost equivalent

to the malleable nickel-base alloys with respect to its strength pro-

perties; it surpasses them, however, by its higher melting temperature.

Rods, strips, shaped blanks, and sheets are made from the VKh-4

alloy. The alloy is easily machinable by cutting.

Certain chromium alloys and chromium compounds are of interest for

instrument manufacture. Two chemical compounds, CrSb and CrSb 2 , for

example, originate in the chromium - antimony system. The CrSb compound

is an antiferromagnetic with a Neel point of 420 ± 100. This compound

has maximum electrical resistance at 4200; the resistance increases up

to 4200 and drops at higier temperatures in the same manner as in semi-

conductors: 4.2.10"4 (at 200); 7.8.10-4 (at 'I20c), and 5.5.10-4 (at

55o0) ohm.cm.

Some alloys of chromium with tellurium and platium are ferromag-

netic. The chromium alloy containing 48.5% tellurium is ferromagnetic

up to 60*. The magnetic intensity of the alloy attains the saturation

(about 300 gauss) at 20* in an external magnetic field of 8000 oersted.

The magnetic intensity increases linearly to about 175 gauss when the

force of the external magnetic field rises to 5CO0 oersted. A number

of chromium-germanium alloys are ferromagnetic in the temperatilre range

of 77-110*K and have a Curie point about 100-110*K. The ferromagnetism
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of the alloys is probably caused by the ferromagnetism of the formed

CrGe 2 phase. Alloys with 66.6 and 70 atom-% germanium possess the highi-

est ferromagnetic properties.

The chromium alloys are melted in arc and induction vacuum furna-

ces in an atmosphere of purified inert gas (argon, or helium) or in a

mixture of the gases. The arc is strongly dispersed in argon; in helium,

however, it is ignitable only with difficulty and then does not burn

stably.

Objects made from chromium alloys withsta.ad a single or cyclic

overheating up to 1500-16000 for a short time, i.e., to a temperature

which is considerably higher than the melting point of the heat-resist-

ant iron and nickel-base alloys. A certain chromium alloy may prove it-

self to be the sole suitable structural material for objects working

at high temperatures (higher than 1000') in an oxidizing atmosphere

where alloys requiring a surface protection from gas corrosimn (ero-

sion effect of the working medium) are not applicable. Parts made from

chromium alloys work most efficiently under stationary heating condi-

tions and in the absence of impact loads.

Chromium and its alloys are of great interest for chemical and

power machinery due to their high corrosion resistance and their reli-

ability under the stationary conditions.

References: Sully, A. Khrom [Chronium], translated from English,

Moscow, 1958; Marvin, J., Chromium. Vol. CD., N.Y., 19r6; "Prod. Eigng.,"

1961, Vol. 2No. 38; "J. Inst. Metals'" 196 -i61, Vol.. 89, Part 3-

page 101.

1.O. Panasyuk
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CHRYSJBERYL - is a mineral with the composition AI 2 BeO4 , beryllium

aluminate, in which the oxygen ions are placed according to the princi-

ple of the most simple hexagonal packing: the beryllium ions are sur-

rounded by four, and the aluminum ions by six oxygen ions.

Varietiei: alexandrite, chromium-containing, bright-green; cymo-

phane, with a wavy opalescence in sunlight. The crystal system is

rliombic. The crystals have a tabular shape, they are sometimes short-

or long-prismatic. Tabular concretions with a hexagonal shape are form-

ed frequently. The specific gravity is 3.50-3.84. The cleavability

along the (001), (010), and (100) planes is uneven. The fracture is con-

choidal. The Mohs hardness is 8.5. The mineral is yellow, different

tints of green or brown; it is rarely colorless. The streak is color-

less. Refraction indices: hg 1.733-1.758; Nm 1.747-1.749 Np 1.744-1.747;

Ng- Np = 0.009. Polished microsections are colorless. Chrysoberyl

does nut decompose in acids, but it becomes decomposed by melting in

powdered state with KOH and KHSO 4 .

The green color of the chrysoberyl in daylight changes into violet-

red at artificial illumination. This property is based on the fact that

the mineral passes the bluish-green rays (in the 460-500 w± range) and

the red rays from 620 m• up to the boundary of the visible spectrum),

and the artificial light source is poor in green rays. Chrysoberyl and

its variety, alexandrite, are synthesized by melting BeO and AI 2 03 to-

tether in the presence of B,0., AlF3 , etc., as mineralizers. The miner-

al is luite rare. It. may be used as a source for the production of

beryllium. M.D. Dorfman
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CLARIFICATION OF OPTICS - application of thin transparent films to

the surfaces of optical glass in order to reduce (or eliminate) reflec-

tion of light from them. In order to completely eliminate reflection

it is necessary that the index of refraction of the film npl =v/nstekla

and that the optlical thickness of the film equal 1/4 of the wavelength

of that portion of the spectrum in which maximum passage Is desired.

Clarifying films can be produced by treating the surfaces of the glass

with aqueous acid solutions or by applying special substances to its

external surface. Two- and three-layer films are also employed. The

latter reduce reflection over a broad spectral region. Clarifi&cation

permits a substantial increase in the light-gathering power of optical

instruments, in some of which (periscopes) the losses due to reflection

amcunt to 60-80% as a result of the large number of reflective surfaces.

References: Grebenshchikov, I.V. et al., Prosvetleniye optiki.

Umen'sheniye otrfzheniya sveta poverkhrost'yu stekla [Clarification of

Optics. Reducing Reflection from Glass Surfacesl, Moscow-Leningrad,

1946.

L..I] Priss
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CLEAR FILMS FOR SAFETY GLASS - elastic binder films based on poly-

vinylbutyral and a plasticizer (dibutylphthalate, dibutylsebacinate,

triethylene glycol butyrate, butylrinolate, etc.). The elasticity of

these materials depends on the amount of plasticizer.

904

80 -- -

7 0

'20--

300 400 500 600 700 800 900 10W) 1100
JuO O'11-0 00 Aý ,---

Figure. Spectral transmissivity of polyvinylbutyral films: - o - plas-
ticized, -•- unplasticized. 1) Transmissivity, %; 2) wavelength, m4.

Clear films for safety glass are produced by: 1) spraying a col-

loidal solution of polyxinylbutyral with plasticizer; 2) slitting a

polyvinylbutyral-plasticizer mixture in an extrusion machine; 3) roll-

ing a mixture of polyvinylbutyral and a calculated quantity of plasti-

cizer on frictionless rollers and ther calendering the plasticized mass

to obtain a film of the requisite thickness. The physicomechanica'

characteristics of such films include: specific gravity - 1.05, modulus

of elasticity - 18,000 kg/cm2 at 200 and 28,000 kg/cm2 at -60°, ulti-

mate tensile strength - 200-300 kg/cm 2, relative tensile elongation -

150-250%, adhesion - 60-100 kg/cm2 to silicate glass and 100-150 kg/cm2

to organic glass (in the presence of special underlayers), thermal co-
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efficient of linear expansion - 6.10-r' water absorption from air - up

to 18%. depending on the amount of plasticizer and the degree of acet-

ylation. The figure shows the spectral transmissivity of a polyvinylbu-

tyral film for the visible portion of the spectrum. These materials are

used in the manufacture of shatter-proof glass for vehicle windows (au-

tomobiles, aircraft, etc.).

Z.I. Mikheyeva
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COATING LACQUER is a colloidal solution of synthetic or natural

resins in organic solvents or monomers with the addition in certain

cases of plasticizers, stabilizers and accelerators, which in thin

layers is capable of forming hard continuous films. In the pure form or

in combination with other paint and varnish coatings they are intended

for the protection of products from the action of the surrounding medi-

um and for decorative purposes. Two groups of coating lacquers are dif-

ferentiated on the basis of the composition of the film-forming agent:

1) those which form nonconverting films as a result of the evaporation

of solvents contained in the lacquer composition, i.e., those which

form coatings without chemical transformations; 2) those which form

conversion films as a result of complex physico-chemical processes of

oxidation, condensation and polymerization or as a result of the simul-

taneous processes of polymerization and condensation (see Lacquer and

Paint CoatingN).

On the basis of operating conditions the coating lacquers are di-

vided into the atmospheric-resistant, capable of withstanding direct

solar radiati-:± and the entire complex of atmospheric conditions (for

example, the 9-32, AS-82, AS-16 acrylic lacquers, the No. 170A alkyd

lacquer, the melamine-alkyd, nitrocellulosic, polyurethane and certain

other lacquers), and the non-atmospheric resistant whose films deteri-

orate, darken, crack, etc., from the action of direct solar radiation

but withstand well the action of other atmospheric factors: No. E-4100

epoxy, BS-I phenolic, KhSL vinyl perchloride, No. 177 bituminous, ChS,

7S glyptal lacquers.
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The coating lacquers for external coatings), must have a good lus-

ter, must be hard, elastic, moisture resistant, wear resistant, must

have good adhesion and special properties such as: oil, kerosene and

gasoline resistance, resistance to the action of chemical reagents. The

majority of the films are not resistant to the action of mould and fun-

gi, the introduction of antiseptics is difficult because of the change

of color of the lacquer. In order to improve the resistance to sunlight,

additions are made to the lacquer of 20-30 percent of paint, enamel

with provision for good mixing. The need for hot drying is determined

by the nature of the film-forming agent of the coating lacquer, and the

drying possibilities are determined by the dimensions and the material

of the product. The alkyd, melamine-alkyd, polyurethane, epoxy lacquers

require drying at 100-1500, and with increase of drying temperature the

quality of the coating film improves.

V.V. Chebotarevskiy
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COBALT, Co - is a chemical element of the VIIIth group of

Mendeleyev's Periodic System; number of element 27; atomic weight

58.9332. The natural cobal consists of one stable isotope with the mass

number 59. The cobalt content in the earth's crust is about 0.004% by

weight. It is used as a basis for the production of highly heat-resist-

ant alloys, and also as an alloying component in the production of

steels and special alloys.

Apart from the data quoted in Table 1, up to 0. 001% of magnesium,

silicon, phosphorus, aluminum or zinc, and up to 0. 003% of cadmium, tin,

antimony, lead or bismuth is permissible in the KO cobalt grade. Cobalt

exists in two allotropic modifications: a (E) at low temperatures, with

"a hexagonal crystalline structure, and 0 (y) at high temperatures with

"a face-centered cubic lattice. The transformation from a into P cobalt

begins at 4770, it progresses slowly and is completed at 6000; the

inverse transformation sets in at 4030.

TABLE 1
Chemical Composition of Cobalt (GOST 123-57)

jI ,T 2 , 1' i I IeT a.:I 'HI, (,j ,)

Sn Mn Fe N1 Cii

HO . . . . !19.98 0.4105 '.00 , 0,00 ... ,, 0. 005,0, .0005
9I9 . . . 9 0.007 1).2 0.3 .0: I,)0.

1( n 98,0 '). 1 0.0 015 0, 1 0 5pi97 .0 0.11 D 10)'1, V2 0-. 7- t ! 00

1) Cobalt; 2) not less than; 3) percent-
age of elements; 4) impurities (not more
than).

The physical properties of cobalt are: atom diameter (according to

Goldschmidt) 2.507 A; lattice constant (K12) 3.54 A; to 14930; to
2p kip
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= 31000; E 20,750 kg/mm2 ; a'l0 6 (at 20-1000) 12.08.

The hardness of cobalt as a functio, of the temperature after two

different heat treatments is shown in Fig. 1. The creeping character-

istics at 5000 and a = 8.4; 3.5; 7.0, and 11.5 kg/mm2 is given in Fig.

2. The quoted data show that at room temperature cobalt possesse about

the same strength as iron has a very low degree of plasticity. Cobalt

has a very low resistance to high temperatures; at 8000 and a = 7 kg/

/=a2, for example, the breaking time (after tempering at 8000 for 1 hr)

amounts to 1 hour.

A,-

001

Fig. 1. Variations in the strength of cobalt due to the tem perature: 1)
Hardening at 8000, 1 hr holding time, quenching in water; •) hardening
at 12000, holdting time 1 hr, quenching in water. A) kg/mm•.

8%

j.6 • - ---.

42 0 80 '2060 200 240 280

2 Boe..i•O

F.ig. 2. Creeping of co-
balt at 500° under dif-
feren• stresses. 1)
kg/mm ; 2) time, hr.

References: Mayants A. D., Kobalt [Cobalt], Moscow-Leningrad-

-Sverdlovsk, 1934; Burkhard A., Mekhanicheskiye i technvlogicheskiye

svoystva chistykh metallov [The Mechanical and Technological Properties

of Pure Metals], translated from German, Moscow-Leningrad, 194±; Mechan-

ical Properties of Metals and Alloys, "Nat. Bur. Standards Circ. ," 1943,

829
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C447; Morral F.R., "J. Metals," 1958, Vol. 10, No. 10, page 662; Chubb

W., ibid., 1955, Vol. 7, No. 1, page 189.

TABLE 2
Mechanical Properties of Cobalt (chemi-
cal composition in %, not less than:
99.4 Co; 0.22 Ni; 0. 15 Fe; 0. 01 Cu;
0.03 C; 0.06 Mn; 0.029 S, and 0.10 Si)

1''", o,,.+,,.. 2p. 1

1I1opU IANaaUIR nPn 800" ?n 37 33j *,•J 2 ,2.95

SO qac., oxawNtArHle CO
- ,Ol• 'PCM 60" -q-lp 20 47 30 .. 5 4,6 154

:lalaqaua l 2 I2006° l ow 20 28 21 3,9 8.1 148
rnsof 4........... 400 21 - 4.2 II -

450 19 - 4.5 2.0 -
................. 500 19 -- 7.2 2.4"800 8.7 - 0.65 2,8 54

3iI0O1 "ta 6"epumq. op11-

8 6orpn ...... .. .20 24 - - 124

fl Heat treatment; 2) temperature J(C)
3) W=g/m 2 ; 4) normalization at 800 ; 5)
tempering at 8000, 50 hrs holding time,
cooling at a rate of 600 per hour; 6)
hardening from 12000 in water; 7) the same;
8) cast without heat treatment.

F.F. Khimushin
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COBALT CASTING ALLOYS- are heat-resistant alloys for the produc-

tion of parts working at high temperatures, blades of Jet-turbine en-

gines, for example, produced by a precise-casting method. They are used

as heat and wear-resistant materials for the building up of exhaust

valves of internal-combustion engines, and of other parts (see Stellite

and Valve Steel).

Cobalt casting alloys are hardened mainly by carbide phases. 0.20-

0.60% carbon, and also chromium, molybdenum or tungsten are introduced

in order to provide a sufficient quantity of carbides. Niobium is also

introduced into certain alloys. The carbides (Cr, Me)7C3 or (Cr.

Me) 2 3 C6, where Me is molybdenum or tungsten, are formed depending upon

the content of these elements. Boron is added to certain alloys in order

to harden the grain boundaries during working at high temperatures

(Table 1). Binary carbides of the type (Co, Ni) 3 (W, Mo, Nb) 3C may be

formed if the tungsten or molybdenum content attains the upper limit.

The carbide of the NbC type is formed singularly or in combination with

others in phases containing niobium. The carbides are distributed be-

tween the axes of the dendrites. Their degree of dispersity and their

shape depend on the casting temperature and the crystallization rate;

the carbide becomes coarse-disperse and the axes of the dendrites and

the grains inrrease when the casting temperature is raised and the

crystallization rate is reduced. Reduced casting temperature and accel-

erated crystallization rate favor the formation of more disperse car-

bides. In this case the axes of the dendrites and the macro-grains dis-

integrate and the alloys become more compact. The solid solution of
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these alloys is hardened by chromium, tungsten or molybdenum; it has

mainly a face-centered structure which corresponds to the high poly-

morphous y modification of cobalt, stable above 5000. Chromium, molyb-

denum and tungsten raise the temperature of the polymorphous transforma-

tion. Aside from the solid y solution, a solid solution which corre-

sponds to the low-temperature E modification of the cobalt with a hexa-

gonal structure may also be present in the alloy (in the LK-4, HS-21,

HS-23, and HS-151 alloys). Only the solid v solution is present in al-

loys which contain 10% and more nickel. Iron is an undesirable impurity.

TABLE 1
Chemical Composition of Cobalt Casting Alloys

+2 Cnwpc~rB4INt 3A.3M,. IOt t•#

I CMa C cr fuo w Ni

. ...................... 0. t5--.. S "s.0-29.0 i 5 -- 3.0-3.7
AIMj R .. 4 ............ .2'-'.3U 25.0-28.0 t.u-- 0 - 4.3.0

S 4K66......... 0.......u.35--o.5 21,u-24.0 , 1-it .0 - '2.'
00'"A.H7N (HS-21) ........ 0-035 25.0-;30.) 5-.I .-5-3.5
H-31 (X-40) .... .......... 0.45--11.0 23o ' --28.o ! -) ,0-9.,0 9,0-12-0

S-3 ( -( . 9.0-t- ")

2 Cn pHI3WN.', ~),•ntf.Hvo (%)
$ I .F. N. I) It Mn 0 4

4JHI. ..................... .4. 0 -,) - , 3 5,

4 S-3t (.............. i .'2." - o2' - . ,5S15 .(........ . .. . .4 . . t,1. ,.0

lS-3ISI.....................' -2..- --- ' ii . to .-.. ', .f S 1',

I-5 ................ ... .. ,

1).Alloy• 2) percentage of elements; 3) LK'-; 4)
LK4Ya; 5~) 4K66Ya; 6) Vitallium; 7) continuation.

Cobalt casting alloys have ood casting qualities: the crystalli-

zation range is relatively small, the proportion of the low-melting

structure and the action of the carbides in the crystallization process

is high (these alloys, therefore, may be satisfactorily welded). Addi-

tion of boron improves the casting properties of the alloys, but it may,

however, deteriorate their weldability. The weldabi!ity of the alloys

832
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deteriorate when the carbon content is increased. The (-obalt casting

alloys are somewhat better than the malleable alloys of the same com-

position in regards to heatproofness. The temperature level of the heat

resistance of cobalt casting alloys is significantly lower than that of

nickel casting alloys owing to the fact tha hardening of the former is

caused mainly by carbide phases, that of the latter, however, by inter-

metallic phases.

Cobalt casting alloys are aged in the temperature range of 735-8150

in order to increase the static and long-life strengths, the plasticity

decreases in this case due to the segregation of carbides, sometimes,

the alloys undergo a double heat treatment (hardening and aging).

The development of cobalt casting alloys abroad shows a definite

trend. The first variant of the Vitallium alloy (HS-21) with a relative-

ly low carbon content (0.27%) was replaced by harder and more heat-

resistant alloys with a higher carbon content (HS-34 with 0.35% C), and

also by the alloys (HS-31 and HS-36. Thereupon 7.5% to 15% tungsten was

substituted for the mclybdenum In the alloys. The hardening based on

Me7C3, Me23C6 and Me6C carbides was replaced in the casting variant of

4he S-816 alloy by a hardening by means of niobium carbides as the sin-

gle phase of segregation. The carbides Co3 (W, Nb),C and (Cr, W)2 3 C6

are present together with NbC in the WI-52 alloy. Alloys hardened by

boron, with a reduced chromium content, containing not less than 0.40%

carbon, have been recently developed. The mechanical properties of cer-

tain cobalt casting alloys are quoted in the Tables _ and 3.

The lprge content of thermally stable carbides in the cobalt cast-

ing alloys determines their relatively low heat resistance at low tem-

peratures but with regard to heat resistance at high temperatures of

them are nearly equal to some of the nizkel alloys hardened by an inter-

metallic phase (a). The coefficients of the linear thermal expansion
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are approximately the same as those of alloy ferrite and martensite

stools (Table 4); the coefficient of the heat conductivity is quoted in

Table 5.

TABLE 2

Mechanical Properties of Cobalt Casting Alloys

Came e P" is.. so I l 0 N1OI,-MM,1OAM

t 4 (WOl m) (%) j (Ma8J.ml) 4 {L •.l) 4

I 70 24-21 1 T
600 - 12 12a4' Ial i '- I' Nwel0u - 41 10.0 ,&., lu 2- -

1100 I -* 4.a I - •f--21 .
300 21 9.0 51.0 -7

910 -- -- -I- i- -6- ,°ok-M 20 - ° 90 1 , ':".1 6,1 ,, - -+ ' -+- I- , a4N aa". • u ? taa
I& . 11- - 111,"

1 00 - 75 11 1, - -T • M
:00 - 7i 1 .. 5 :3S ~

9 00 5,- 31 -I 9 -- -

91It 70 -t 7. Til ii'jW.W % 1

Soo 5I ti n
900 7 25 2 S I s I

111-21) N 20 46 77 2• , .yal&6 ncWs :1
7J5 -, + 7+ ": ' .'""153 - , •,m' . .. T+

4 4 SS 9 f '4 ,u wm. ri 31'. , , " 1' I

Rio -k, - - A . -950 . - 3. 7,-t, ... . tti~iu a.6. aa6' S

!%V o #U+ + + ,2 .+ 0 a 41Taense+,,

i l s0 5," al II 4 -- faa3Wl)Uuq a 2" V N '. i,
-al- -- -.- .'.61,05"':

10 2 .* 2,., la, . t-....I 4ai .£a3 I 'a
-- A-.!IP I . ''.•- , S , I 4 1 3

20 al s : J .1 * .~' a "o a iaN Ij .

""4 I - ; a TOO.. e 4" 35%

W 4 I N. (7- 1 1'; -1- a
ItS I - a - a-' TI " -5+

+* I - . ... *- .a t-

1) Alloy; 2) e.pe raure (0C); 3) short-ilrme strength;

4) b/zJ-,; ) bt:;i on I. cyzles; ,-) hu'it trcatment; 7)

LK:.; z) wlthcut Lcat treatmTent; ') -r,- :ane; 1Ci) TK.-Ya;
'l) agin! at Yo for 13) hrin" 12 7"K0.Ya" 3) .~in, (-

The spec!f' • r K :Ur "'" :c r t' 1c " .&7 for L<.Y':

8.61 for EC-, " %- g/cm. for -- 'IYa.



I-95K4

TABLE 3
Ultimate Long-Life Strength of Some Cobalt Casting
Alloys

650, 93 1 711" 940*Cams 61,- 01 V,- al- I.- o,- I - also 61"s a"'-
_ _ _ _ _ _ _ II

3 S Ii 14.7 6 7.
..................... ". t - - ' . ".? 21.9 14.? 10.l2 1.5

Z45-,51 . . . .j-- 19I6, 5 14.5 wo *:1:)A . . . 21.3 is.1 15.4 --WI-5 2 .. . .. .. . .0 MIS) -

1) Alloy.

TABLE 4

The Coefficients of the Linear Thermal Expansion of the
Cobalt Casting Alloys LK4, HS-21, HS-31, HS-36, LK4Ya,
and 4K66Ya

Tewn-ps (*C) I .-3152 20-SIC 20-450 211--I' 2t I -S7

131P 1 0.. .. .. ....... 3,6-14.2 1 i. 0-I 4.a 14. $- 1. iJ 14. 5- t5. 4 15.2-16.6 15.0-16.5" /I I I.

1) Temperature ("C).

TABLE 5
The Coefficients of the Heat Conductivity of Some Co-
balt Casting Alloys (oal/2m. sec. C)

3;~~ ,•2 ___________o_ a ,t"
100 24) 3' I~~ v 00 via53

0'U.036 0.04,u w4 0.4 i3 09 1 as*

1) Alloy; 2) temperaturt (°C); 3) U(4ya; 4Y 4K66Ya.

N.F. Lash)'o
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COBALT STEEL FRO PERMANENT MAGNETS - see Alloy Steel for Permarvnt

Magnets.
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COEFFICIENT OF LIGHT ABSORPTION - the ratio of the relative de-

crease in the intensity of light passing through an infinitely thin

layer of a material to the thickness of this layer:

I ,IJ

The intensity J of light passing through a layer of finite thickness x

is expressed by the Lambert-Baer equation:

J -joe-x

The dimension of the coefficient of light absorption is cm- 1 . This in-

dex varies widely frcm material to material (2.10-2 for water, 4.10-2

for glass, and 2.10-5 for graphl"'e). The coefficient of light absorp-

tion of a given material depends on the wavelength of the light, in-

creasing sharply in certain portions of the spectrum, which are some-

times very narrow (selective absorption).

L.S. Priss
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COEFFICIENT OF PHOTOREFLECTION - the ratio of the intensity of re-

flected light to the intensity of incident light. For normal reflection

from the boundary of two isotropic transparent media the coefficient of

photoreflect ion equals:
2 g, ((V - +* h •-,l,)

R ý = --L " l (t++ + 311.1. (W+ " '

where T is the angle of incidence and * is the angle of refraction. If

the light prop gates from a medium with an index of refraction n1 to a

medium with an index of refraction n2 and n1 < n 2 the coefficient of

photoreflection is low, remaining virtually constant for values of qP of

from 0 to 600 but then rising sharply. When n1 > n2 and (P > arcsin

knl/n2), R = 1, i.e., complete internal reflection takes place. For

normal incidence (q) = 0), R = ((nI - n2)/(nI + n 2 )). For reflection

from a metallic surface the photoreflection coefficient is determined

from two parameters, the index of refraction in and the constant K,

which is proportional to the light-absorption coefficient of the metal.

For normal incidence R = ((n - 1)2 + n 2c2)/((n + 1)c + n2K2). The pho-

toreflection coefficient of metals rises as the wavelength of the light

increases, approximating one in the infrared region of the spectrum.

References: Landsberg, G.S., Optika [Optics], 4th Edition, Moscow,

1957 (Obshchiy kurs fiziki [General Course in Physics], Vol. 3).

L.S. Priss
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COEFFICIENT OF REFLECTION - the ratio of the radiant energy re-

flected by a body to the radiant energy incident on it: r = EotIEpad.

The reflection coefficient of an Absolutely black body is zero, while

that of an absolutely white body is 1; for real bodies I > r > 0. The

coefficient of reflection is sometimes called the albedo.

G.A. Zhorov

839



III-ich

COEFFICIENT OF SENSITIVITY TO CONCENTRATION - see Stress concen-

tration.
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COEFFICIENT OF TRANSPARENCY - the ratio of the intensity of the

light passing through a layer of a material 1 cm thick with no change

in direction to the intensity of the incident light. In this case the

light is regarded as passing through the substance itself, not being

affected by the surfaces bounding the layer. The concept of transpar-

ency shouki not be confused with that of transmissivity. Thus, the co-

efficient of transparency for white paper is zero, even though it

transmits a great deal of light. The coefficient of transparency of

fused quarts is 0.999, while that of optical glass is 0.990-0.995.

L.S. Priss
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COHESION- is the attraction between the molecules (atoms, ions)

within the volume of a given body. Ihe cohesion of solid bodies is con-

siderably greater than the cohesion of fluids which, in turn, is higher

than the cohesion of gases. The degree of the cohesion is characterized

by the so-called theoretical strength of the materials, calculated on

the basis of the laws valid for the intermolecular forces. The expres-

sion "cohesive strength" is sometimes used in engineering in place of

the expression "rupture strength.

G.M. Bartenev

Bit'
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COLD RESISTANCE is the capability of the polymers and materials

based on them to retain high elasticity and other value properties, for

example hermeticity, flexibility and nonbrittleness, at low tempera-

tures. The cold resistance of the highly elastic materials (rubbers)

is determined by the loss of high elasticity at low temperatures and

is characterized by the cold resistance coefficient K at a specified

temperature or by the corresponding temperature TK for a specified cold

resistance coefficient (usually K = 0.1). The cold resistance coeffi-

cient is determined by defined by the ratio K = e/E201 where E is the

amplitude or magnitude of deformation at the given low temperature, and

E20 is the same at 200. The deformation may be measured by static or

dynamic methods. Beginning at low temperatures at which processed or

raw rubber is in the blassy state and up to 20-250, K varies from about

0.001 to 1. To each given value of K there corresponds a temperature

TK. Usually, for rubber use is made of the temperature T0 .1 as the in-

dex of cold resistance, this being the temperature at which the rubber

loses 90% of its high elasticity. This temperature is preactically in-

dependent of the specimen size, of the sliding conditions on the speci-

men ends, on the form of deformation (tension, compression, or shear),

and on the degree of deformation. TK depends on the mechanical testing

condition (dynamic tests are made on a frequency instrument, and static

tests are made on dynamnometric scales). This relationship is expressed

by the formula l/TK = A-Blgv, where A and B are constants of the mate-

rial, v is the frequency of the periodic deformation, TK is expressed

in OK. The process of mechanical (but not 3tructural) vitrification is

843
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associated directly with the cold resistance of raw and processed rub-

bers. The essence of mechanical vitrification consists in the loss of

the high elastic properties with increase of the deformation frequency

or with temperature reduction at a given frequency of the applied force.

The material transitions from the highly elastic state into the state

with high modulus of elasticity which is customary for solid bodies.

The cold resistance of articles made from the plastics is determined

by cracking and transition to the brittle state (loss of induced

elasticity), i.e., it is characterized by the brittleness temperature

Tkhr (see Brittleness Temperature). This temperature depends on the

rate of mechanical and thermal loading. Therefore the cold resistance

of the polymer materials and articles must be determined under condi-

tions which are very close to service conditions.

Low-molecular plasticizers are introduced into the polymers to

improve the cold resistance.

References: Bartenev G.M., Novikova N.M., Tr. N.-i. in-ta rezin.

prom-sti (Transactions of the Scientific Research Institute of the Rub-

ber Industry), 1958, collection 5, page 96; Kir, 1960, No. 7, page 28;

Bartenev G.M., DAN SSSR, 1956, Vol. 110, No. 5, page 805; PM, 1960, No.

9.

G.M. Bartenev
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COLD-SHORTNESS - is the brittle destruction of metals at lowered

temperatures without appreciable plastic deformation. The temperature

dependence of the tensile strength of metals is different that the tem-

perature dependence of the shearing strength. The Soviet Scientist A.

F. Ioffe was the first who had noticed this fact. The scheme of Ioffe

(see Fig. 1 in the article Coldshortedness of steel) explains well the

transition from the ductile to the brittle destruction as a function

of the test temperature. The Soviet Scientist N.N. Davidenkov had be-

gun his extensive and fruitful investigations on the cold-shortness in

1930.

The tendency of metals to cold-shortness is usually characterized

by the critical brittle tEiperature, at wh.ch the plasticity and the

energy absorbed in deformation rapidly decrease (loss of ductility),

and also the nature of the fracture is changed: a crystalline structure

replaces the fibrous macrostructure of the metal; a destruction along

the grain boundaries occurs in a number of cold-short metals.

The phenomenon of the cold-shortness may not be connected with the

action of any single factor; the lowering of the temperature, the in-

crease of the deformation rate and the type of the stressed state (the

degree of rigidness) belong to the decisive external factors; the type

of the crystal lattice (more precisely, the interatomic distance char-

acterizing the "crazm of the housing conditions" of impurity atoms or

cc'pounds), the contamination of the metal by foreign atoms or impur-

itieý:, the structure and size of the grains (the greater the grain the

lower the tensile strength), the chemical composition and some techno-
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logical factors affecting not only the structure but also the state of

the surface (cinder, residual stresses, for example), belong to the in-

trinsic factors. The scale factor plays a peculiar role: the tendency

to brittle fracture rises with an increasing size of the part, which

may be related to both an increase of the margin of elar-tic energy and

an increase of the probability that a dangerous crack-type flaw is pre-

sent.

r'1n7 metals with a body-centered or hexagonal lattice are especial-

ly susceptible to brittle fracture at low temperatures. This peculiar-

ity, however, must not be connected with the type of the l.attice it-

self but with the fact that the spacing of the crystal lattice of :uch

metals is small (the "atom housing" is relatively cramped), which, in-

volves an intense deformation of the crystal lattice by foreign atoms,

especially by interstitial atoms and impurities. Hence, a compression

of the lattice by cooling of those metals involves a significant in-

crease in the yield strength, and according to Icffe, the cold-zhort-

ness phenomenon is the more expressed the steeper the curve of the

yield strength rises at lowering temperature2.

It was experimentally proved that nickel decrealsez t!.e tendency of

steel to brittle fracture by lowerLrn. the threshold of the cod-short-

ness. The Soviet Scientist R.I. Entin and ether:- explain thi.- phenome-

non by the fact that tne alic,,Ini- oi" iroe- b" nic -eaken., tý.e fa.-ten-

ing of the di"fccator.: ly thfe Inter::titiai atom7: (-cartcr and nit-ogen)

and accelerate: -d faclate: ir. thi the, + Kat't :ieformatlon,

The fact tha" rkAcke' n " a !nkt t cf the

:arbon in tV e -o a.' -

The the: r cf ''" .!n: e ...... .... ..., " ", t fru tf,, Cne

for the exa'. -cc-;'.c:.,' . ta: .. t tJ.e th;eor,

of impuritle. --. tc t" reýaratI <:. " .. - a ..

t
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in a plastic state.

The problem of cold-shortness is of great national importance econ-

omically. Not attacking sufficient important to this problem has al-

ready contributed to the wreck of a considerable number of large ships

of the "Liberty" type (1943-1945, U.S.). The highest number of wrecks

occurred during the winter months and during voyages in northern lati-

tudes in heavy sea, and the main cause was the fact that the "Liberty"

ships were constructed from a rimming steel of the st.4 type which had

a high tendency to cold-shortness.

The significance of the investigations becomes evident when one

considers the increasing role of the Ncrthern and Eactern regions Jii

the national economy of the USSR. This problem has a peculiar signifi-

cance also in the work of mastering the cosmos (see Cosmos materiolo.).

S.T. Ki!hKin
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COLD-SHORTNESS OF CHROMIUM- see Chromium.

I%



COLD-SHORTNESS OF MOLYBDENUM - see Molybdenum.
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COLD-SHORTNESS OF STEEL - is the tendency of steel to brittle

fracture at low temperatures. Just as the cold-shortness of certain

other metals may be explained by the well-known scheme of A F. Ioffe

(Fig. 1) the cold-shortness of steel also. The resistance of steel to

brittle fracture (breaking) remains either invariable or increases

slightly; the yiela strength, however, increases considerably at lower-

ed temperatures. The destruction of metals occurs under a more or less

significant plastic deformation at temperatures higher than the Tkr

(the critical brittle temperature or the temperature of cold-shortness),

whereas a brittle destruction without plastic deformation takes place

at temperatures below the Tkr* All the factors which chanige the resis-

tance to brittle destruction and the yield strength affect the tempera-

ture of cold shortness. An increased rate of the testing of steel

(passing over from static to dynamic load) promotes an essential in-

crease of the yield strength at a relatively small increase of the re-

sistance to brittle destruction involving a rise of the temperature of

cold-shortness (Fig. 2). A notch in the specimen acts in much the same

manner iue to the strongly hindered plastic deformation. The temperature

of cold-shortness depends to a considerable extent on the heat treat-

ment. Hardening with a subsequent tempering promotes, as a rule, the

drop of the temperature of cold-shortness of structural steel because

the resistance to briLtle destruction increases by hardening more than

the yield strength increases (Fig. 3). Aging of the steel causes the

temperature of cold-shortness to rise due to the increase in the yield

strength together with an only small change of the resistance to brit-

850



tle destruction. This applies to both the aging of low-carbon -,teel

and that of alloyed steel. An increase of the ferrite, pearlite or mar-

tensite grain (the former austenite grain) involves a d,_ rease in the

resistance to brittle destruction at a relatively small change of the

yield strength, and the temperature of cold-shortness is increased

(Fig. 4).

1
2 gy...

81910

Fig. l. Scheme of A.F. Ioffe explaining the possibility of a brittle
and a ductile destruction of the same material depending on the test
temperature (T r and T ,i,:,are the temperatures of the
upper and lower tYS4Ids of 61-! -_ tness, respectively).
1) Breaking strength; 2) stress; 3) yield strength; 4) spread zone; 5)
brittle destructions; 6) ductile destructions; 7) temperature, *C; 8)
stress; ) Tkr.nizhn; 10) Tkr.verkhn .

Ex 2

• o-6.f,.tO /C.

12 3 .,

I~~~ 1 "1

2I I

/-W-040 -20 20 60

4 rei,&;YPc.'c

Fig. 2. Effect of the testing rate (v) on the threshold of cold-short-
ness of carbon steel (0.2% C). (Notched -decimens in bending test).

1) Characteristic of deformation; 2) mm; 3) m/sec; 4) temperature, 0C.

851
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P0

*11

q-200 lo0) 0 IMX 2001300

Fig. 3. The impact resilience of chrome-molybdenum steel (0.31% C;
0.34% Mo; 1.059 Cr) in relation to the heat treatment and the test tem-
perature. 1) Hardening at 8500, tempering at 6500; 2) hardening at 8500,
tempering at 5500; 3) annealing at 850*. A) aH, kgm/cm2; B) temperature,
0C.

A| ! H I IT-I

Fig. 4. Effect of thp grain size of carbon steel (0.22-0.25% C) on 'he
thresholc of cold-shortness. 1) 9n-rqe-grained steel (grain diameter

89 4; 2) fine-grained 3teel (grain diameter 41 4). A) Stress, kgm; B)
temperature, *C.

The tempering shortness of steel caused by changes on the boundar-

ies of the former austenite grains promotes the decrease in the resist-

ance to brittle failure and, therefore, a rise of the temperature of

the cold-shortness. Steel of the same chemical composition but produced

by different m-tallirgical methods or even deoxidized by different sub-

stances amy have a different temperature of cold-, hortness. The size o-

the specimen and the type of stress during the test affect to a consid-

erable degree the temperature of cold-shortness. The recistance to brit-

tle failure decreases and the temperature ctf cold-.:hortness rises when

the dimensions of the specimen are increased (due to the effect of the

scale factor). A drop of the temperature of cold-shortness takes place

at a "softer" stressed state, i.e., when relatively strong tangential

stresses act in presence of the same normal stresses. Hence, the temper-

ature of cold-shortness is very low when the material is compressed, It

852
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becomes higher under torsion and ic the highe.•t on drawinr or bending.

Specimens with a coarse zurfa, pu~oo a higher temperature of cold-

shortness.

The temperature of cold-shortness is usually determined by the im-

pact test of a. series of notched specimens at different temperatures.

A relatively sharp transition from ductile to brittle failure occurs in

iron and annealed steel when the test temperature is lowered. This

transition is smooth and spread over a re]itively broad temperature

range in the case of hardened and tempered steel. The test of steel at

low temperatures and the determination of the temperature of cold-

shortness make it possible to ascertain such peculiarities of the metal

state which are not detectable by the standard tests at room tempera-

ture. It is not possible to determine an absolute tempe±icure of cold-

shortness because the latter depends on the shape and tne dimensions of

the specimen and on the type of the st-essed state. The permissible

working temperature of any steel parts may be gathered only indirectly

from temperature of cold-shortness deteruined on specimens: the lower

the temperature of cold-shortness the more reliable the parts manufac-

tured from the given steel will be at low temperatures. It must be em-

phasized, however, that the temperature of cold-shortness characterizing

the relative capability of steel to work at low temperatures does not

determine the tendency tc brittle failure at normal temperatures caused

by cuts and other factors promoting the brittleness. Thus, for example,

high-strength structural steel, which has a considerably lower temper-

ature of cold-shortness characterizing the relative capability of steel

to work at low temperatures does not determine the tendency to brittle

failure at normal temperatures caused by cuts and other factors promo-

ting the brittleness. Thus, for example, high-strength structural steel,

which has a considerably lower temperature of cold-shortness than iron

853
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aid tempered soft, steel, proves to hav'e a 2ignificantly fluhrer terdpr.cy

to brittle failure at room temperature under the effect of cuts, hydro-

gen, corrosion, etc. (see High-strength structural steel).

Cold-shortness occurs in iron, carbon and alloyed steel including

stainless steel with ferrite, pearlite, sorbite and martensite struc-

tures, i.e., steel based on the a-Fe and y-Fe crystal lattice. Austen-

itic steel and iron-base alloys, both rusting and stainless ones, hav-

ing a y-Fe crystal lattice, are not liable to cold-shortness. A drop of

the test temperature does not involve a strong decrease of the plasti-

city and ductility of these materials. The austenitic steel is an excep-

tion, because a conversion of austenite into martensite takes place at

low test temperatures and, therefore, this steel may also become cold-

short.

References: Davidenkov, N.N., Dinamicheskiye ispytaniya metallov

[Dynamic Metal Tests], 2nd Edition, Leningrad-Moscow, 1936; Fridman, Ya.

B., Mekhanicheskiye svoystva metallov [Mechanical Properties of Metals],

2nd Edition, Moscow, 1952; Shevandin, Ye.M., Sklonnost' k khrupkosti

nizkolegiroiannykh staley [The Tendency of Low-Alloyed Steels to Brit-

tleness]. Moscow. 19,3; P ,' ,., Khrupkive razrusheniva stali i

stal'nykh detaley [Brittle Failures of Steel and of Steel Parts], Mos-

cow, 1955.

Ya.M. Patak
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lower critical (temperature)
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COLD-WORKED ALUMINUM ALLOYS - semifinished products fabricated

from aluminum alloys subjected to cold deformation (cold working). Cold

working greatly increases the hardness, yield strength, and ultimate

strength of the material and reduces its relative elongation. The ex-

tent of the changes in these properties during cold working depends on

the nature of the alloy and the degree of deformation. The hardening

produced by cold working decreases as the deformation temperature in-

creases. The hardening due to cold working can be reduced or completely

eliminated by heating, which ensures regression (relaxation) and re-

crystallization. Sheets of thermally unhardenable alloys (AD, ADI, AMg,

AMg3, and AMts) are produced in three states (annealed, semicold-worked,

and cold-worked) with varying properties. The cold-worked state Is ob-

tained by cold rolling, while the semi-cold-worked state is achieved by

iess intensive cold working or incomplete annealing of intensively

cold-worked material.

In fabricating semifinished products from thermally hardenable al-

loys cold working takes the form of straightening (degree of deform..a-

tion - 0.5-1.5%) or is carried out to increase the yield and ultimate

strengths (degree of deformation - 5-15%). Straightening is conducted

with freshly quenched material and promotes both croduction of the re-

quisite geometric shape and a material decrease In the internal stres-

ses which develop during quenching. Tension-straightening is conse-

quently obligatory for extruded articles. Quenched and aged sheets

must be smoothed and tension-straightened. Straightening of the freshly

quenc d material increases the riecnanical properties of semnfinished



products fa rLcatcd fc'r, al 1 ( ;" r., :.:, I " .i1; .hen

they are quenched frnm the anncaled state. Cold wr;rkV',.v *,! thv fr'eshfj

quenched alloy may raise the strerivth character!ýAt.cz; (.f -Lat.ing!:. For'

this purpose the component Is understamped by 10-15,%, quencticd, and

brought to the desired shape by cold deformation in the flial ule. Cold

rolling to a deformation of 5-6% is employed after quenching to 1>-

crease the strength chara-.teristics of sheet material (D1601). In Sor',e

cases a material increase is obtained in the yield strength aJ ulti-

mate strength of quenched and naturally aged sheets by intensive cold

working (cold rolling to a deformation of 15-20%) followed by artifi-

cial aging (Dl6T!Nl). When functioning at elevated terpeo'atures cold-

worked material may begin to soften earlier than non-cold-worked allry.

It is consequently unwise to use cold-worked semifinished prodicts for

prolonged operation at elevated temperatures (at or above the artifl-

cial-aging temperature). The decrease in plasticity caused by cold-

working to a deformation of 5% or more reduces the technolo-ical chai'-

acteristics of the alloy and may liý,rer3e its susceptibility to stress

concentrators (scratches, notches. shar, transitions, curve,;). The ex-

tent of this reduction in plasticity depends on the cold-wor•Inc--•:.

(it is less for rollin6 and greater for ixte:..in). In

notch sensittvity under the influence of colu working depends on the

character of the alloy. It Is pref.!`-.-r. le to usc co •-wc. czfJ ::=ateruaz

with an elevated serzIt'IIvt tc st-c. , nr'celltratorr In the co..esi '"

zone of the assemblage.

a :.akhart v
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COLD-WORKED SPRING STEEL - steel hardenable by cold plastic defor-

mation and having high elasticity and durability. Steel of this type i2

used in the form of patented cold-drawn wire and cold-rolled strips for

manufacturing various uinquenched springs. Cold-drawn wire of classes I,

II, IIA, and III is produced in accordance with GOST 9389-60 from car-

bon steel, principally of types 65, 70, 75 and 85 (GOST 1050-60), for

whose chemical composition see the article entitled Heat-treatable

spring steel. Type of steel used is selected in accordance with the

class of wire and its production technology and is generally not speci-

fied by TU. Wire of class I can also be produced to the customer's spe-

cifications from carbon tool steel of group A (GOST 1435-45) with lim-

ited chromium, nickel and copper contents. Cold-worked cold-rolled

strips are produced in accordance with GOST 2283-57 from carbon tool

steel, whose chemical composition is given by GOST 1435-54, and from

65G, 60G, 50G, U8G, U8GA, 60S2, 60S2A, 65S2BA, 50KhFA, and 70S2KhA al-

loy steels, for whose chemical composition and mechanical characteris-

tics see the article entitled Heat-treatable spring steel. Wire is manu-

factured in diameters of from 0.14 to 6 mm (classes I and IIA) and up

to 8 mm (classes II and III), while strips are fabricated in thickness-

es of from 0.10 to 3 mm. Figure 1 shows the mechanical characteristics

of cold-drawn wire as a function of its diameter.

858
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Fig. 1. VariLation in ul•tima~te strength, number" of' bending cycles, and
number of twists for cold-worked carbon sprirng steel as a function of'
diameter of' cold-drawn wire (according to GOST 9389-60). i) Number o•
bending cycles, nl, number of torsior cycles, n2(.e = l00d); 2) kg/mind;
3) wire diameter, mum; 4) class.
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Fig. 3. Variatiorn in the mechanical characteristics of type 70 cold-
worked spring steel as a function of temperin temperature (- hr). Spei-
mans: a) 0.5 mm; b) 1 mm; c) 2 mm; d) 3 mam; e 4 ram. 1) kg/mm2; c•) tem-
pering temperature, *C; 3) number of bending cycles, n1 , number of tor-
sion cycles, n 2 ,

t• II I ! I1 I I 1 ]f 1ill1

"LO I i iti

2 ~~
Fig. 4. Ultimate strength of cold-drawn wir-e as a function o.&' hardness.
1) kg/mm2; 2) hardness, RC.

According to G0ST9389-60, wire of classes I, II., A and III re-

place all other types of spring wire prev'..ou~ly min~faetured. Wire of

class IIA corresponds 1in physicomecnanical characteristics to type

OVS wire., which was formerely produced in accordance with GOST 1546-53.

The high mechanical characteristics of spring wire are achieved by

patenting (see Patenting of steel) and subsequent cold deformation with

a total reduction in area of more than 70%. Figure 2 shows the influ-

e;ace of reduction in area during cold deformation on the ultimate

strength, plasticity, and technological characteristics of patentedi

high-carbon U8A steel; Figure 3 shows the Influence of temperin tem-

perature on the mechanical and technical characteristics of hoad-woik-

ed wire of type 70 steel.

L.6o
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Cold-worked spring steels of the same hardness have approximately

the same tensile strength (Fig. 4).

The tensile elastic limit of cold-drawn wire is approximately 40-

50% of its Ob"

After winding the finished spring.- are usually tempered at 260-

3200, a holding time of 1 hr being recommended. Tempering is employed

to re]lieve internal stresses and raise the elastic limit and relaxa-

tion resistance of the steel.

Low-temperature tempering of the finished springc substantially

increases the elastic limit of cold-worked spring steel (to 70-75% of

its 65).

The permissible stresses for helical compression springs fabrica-

ted from cold-worked spring steel can for practical purposes be taken

as 0.3-0.6 6b" depending on the character of the load and the diameter

of the wire.

Cold-worked strips of spring steel are produced with ultimate

strengths of 75-120 kg/mm2 (carbon steel) and 80-120 kg/mm2 (allcy

steel).

Springs fabricated from steel of this type are protected against

corrosion in the same manner as springs manufactured from heat-treat-

able steel.

References: Spravochnik pc mashinostroitel'nym materialam (Hand-

book of Machine-Fuilding Materials], Vol. ., Moscow, 1959; Yukhvets, I.

A., Stal'naya provoloka [Steel Wire', in book: Mashinostro.eniye. En-

tsiklopedicheskiy spravochnilr [Machine Building. An Encyclopedic Hand-

book), Vol. 3, Part 2, Moscow, 1947.

A.L Selyavo
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COLLAPSE TESTING - determination of the ability of tubes to under-

go deformation in the transverse direction and detection of surface de-

fects; collapse tests are conducted in accordance with GOST 8695-58 and

consist in flattening a tube between parallel plates until they are a

predetermined distance apart. A piece of tube 20-50 mm long serves as

the specimen. The test can be conducted directly on the tube, first

cutting a piece from one end with a cut perpendicular to the longitu-

dinal axis and to a depth af no less than 0.8 of the outside diameter.

In testing welded tubes tne seam is located so as to be an equal dis-

tance from each of the flattening plates. Collapse tests are carried

out at the ambient temperature, but at no less than -l0*. The flatten-

ing rate is 20-50 mm per min (see Technological testing).

N.V. Kadobnova
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COLOR - is the capacity of bodies to cause a definite visual per-

ception corresponding to the spectral composition of reflected or emit-

ted radiation. The human eye reacts to electromagnetical waves having

a length of from 3800 to 7500 A (the visual part of the spectrum). The

mixture of luminous fluxes in a proportion which corresponds to the

different sections of the visible part of the spectrum gives a light

which is perceived as white. The predominance of light waves of a cer-

tain wavelength in this mixture gives a colored light; the wavelength

determines the tint or the chromaticity, the degree of the predominance

of waves of a certain length determines the saturation of the color,

and the total radiation intensity determines the brightness. The color $
of objects which do not emit light results mainly from the absorption

of a certain spectral part of the incident light, and depends, there-

fore, on the spectral composition of the illumination.

References: Ashkenazi, G.I., Tsvet v priorode i tekhunike [Color

in Nature and in Engineering], Moscow-Leningrad, 1955.

L.S. Priss
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COLORIMETRY - is a method by which a color is measured ai;J its

quantity determined. This determination may be absolute or relative.

The simplest form of a relative determination is to compare the color

to be determined with a set of standardized colors which have been com-

piled into a special chart (a c~l:zr handbook). For more exact measure-

ments, colorimeters are used, special devices based on the method of

reproducing a color identical to that which is to be measured. This is

achieved in colorimeters for relative measurements by passing white

light through a column of a colored liquid with a variable height; in

colorimeters for absolute measurements, the wnite light is mixed with

light of a definite wavelength or three colors (red, green and blue-

violet) are mixed. In the latter case, each color is determinable by a

set of three numbers, the color coordinates. Both systems of absolute

measurements are equally good, and a simple change from one to the

other is possible. The concentrations of solutions are determinable on

the basis of their color intensity (method of colorimetric analysis).

References: Peshkova V.M., Gromova M.I., Prakticheskoye rukovodstvo

po spcktrofotometrii i kolorimetrii (A Practical Manual on Spectropho-

tometry and Colorimetry], Moscow, 1961.

L.S. Priss
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COLOR METHOD OF FLAW DETECTION - is a nondestructive method for

testing the surface quality of materials and objects by means of color.

A brightly red-colored liquid of the D or E grade (VTU 2-60 of the L'-

Vov SNKh) is applied on the previously degreased surface and, through

the action of the capillary forces, penetrates into the hollow of the

flaw (a cavity, pore, or crack). A white paint of the NTs 523 or NTs

524 grade (VTU 3-60 of the L'vov SNKh) is applied to the surface, after

the surplus of the fluid has been removed. The flaws become apparent

as clear red lines or spots. The color method of flaw detection is ex-

tremely sensitive; it is expedient, therefore, that it be used in the

local testing of the most important parts. See Capillary flaw detec-

tion.

S.I. Kalashnikov

Manu-
script [Transliterated Symbols]
Page
No.

865 BTY = VTU = Vremennoye tekhnicheskoye usloviye = Provisional
Technical Specification

865 Ch7 = SNKh = Soviet narodnogo khozyaystva = Council of Na-
tional Economy

865 1
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COLORIZATION OF STEEL - is a heat treatment consisting in heating

ground or polished steel up to 200-3000, resulting in the formation

of an orange- or bluish-coilored oxide film on its surface. The coloriza-

tion of steel is usually carried out as a finishing operation in the

production of high~-strength steel band after its grinding. Apart from

its decorative effect, the colorization of steel gives the surface an

incrase corosin rsisanc, especially after greasing (the grease

penetrates into the pores of the oxide film).

M. L. Bernshteyn,, I. N. Kidin
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COLUMBIUM - see Niobium.
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COMBUSTION OF TITANIUM - burning of titanium and its alloys in

pure oxygen or in oxygen-containing media. The conditions necez ary for

ignition of titanium are: critical prsssure, which depends on the state

of the medium (temperature and t;.; velocity at which it moves), its

oxygen concentration and the alloy brand; the presence of surface de-

prived of a passive protective film (for example, on failure, substan-

tial deformation or damage of the surface). The nature of titanium com-

bustion has not as yet been sufficiently studied. A major role in this

process belongs to physio-chemical features of titanium alloys, that is,

high oxide-formation heat; low thermal conductivity (the thermal con-

ductivity of titanium iodide comprises 0.036 cal/cmseco.C, that is, it

is by a factor of almost 15 lower than that of copper); the solubility

of oxides in the molten metal (in the IV zubgroup, in addition to titan-

ium only zirconium, which is also inflammable in an oxygen medium, has

this property). Alongside with the physio-chemical properties of titan-

ium a certain role in the combustion process is plaed by mechanical

factors, that is, the character of the stressed state (tension, flexure,

shear, etc.), the kind of fracture (fine- or coarse-crystalline), the

degree of shaping deformation, and also the surface finish. All other

conditions remaining equal, specimens with a smooth, sterile-clean sur-

face have the highest critical pressure. Increasing the temperature of

the medium and the rate of oxygen flow results in a substantial reduc-

tion in the critical Ignition pressure. Alloying has a relatively minor

effect on reducing the in! w'.ability of titanium alloys. Titanium

iodide has the highest critical ignition pressure (50-70 atm); the VTI

868
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comuiercial-:rade titaniumn inites at a pressure of120-' atm; infduZ-

trial alloys, dependin- on the brand, initu at prue:;u,.- ,u 7-1o aum.

Az the alloy compasition is made morr complex, the critical L-:nition

pressure is, as a rule, reduced. Titanium alloys uý;ed for thu manufac-

ture of components and artic!Ls which operate in oxygun containing

media should be produced with a substantial safuty factor to avoid the

formation of surface cracks in service. The most radi'al m thod for pro-

tectinS metals from contact with the oxygen medium is the creation on

their surface of a protective zhell which does not ignite in the pr•s-

enze of oxygen and which is more plastic than the titanium or itz alloy.

Such shells are created either by cladding (for example, by aluminum,

copper, niobium), or by producing neutral films by other methods.

References: "Light Metal Age," v. 17, No. 3-4, pages 6-7, 1959;

A4iamson [et a.. ', in the book: Transactions of the Second International

Conference on Peaceful Uses of Atomic Energy, Geneva, 1958; Izbrannyye

doklady inostrannyk!h uchenykh [Selected Reports of Foreign Szientists].

[Vol. 60, page 17-4, Moscow, 1959.

Ye.A. Borisova
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COMMERCIAL CHROMIUM - is a metallic chromium containing usually

97-99.5% of the main element and produced by an industrial method.

Depending on the production method, thermite, electrosilicothermic,

vacuum, electrolytic and other varieties of commercial chromium are

distinguished.

Commerclal chromium melted from chromium oxide by the furnace-less

thermite method is produced as blocks weighing up to 10 kg and is sub-

div'ded into three grades (GOST 5905-51) according to its chemical com-

position-

1OI I c p),,aH,.•_j•,...ro_ _ _ .)

C I S S P I A I I U

(iIle Me-

2 4e ' He OwaCe

ýX2 99 i .0) 00,O~ 00 6 , 5 1 o, o 5 0 ,05 .8 11 2 10. 1

1) Percentage of' elemernts; 2) grade; 3) Cr (not less than); 4) not
more than; 5) Kh.

The electrosilicothermic method produces commercial chromium by

reduction of chromium oxide or chromium ore whose ircn-content was re-

moved with silicon (crystalline silicon, or, more reasonable, ironless

chromium-silicon) in an arc-furnace. The chemical composition of the

electrosilicothermic commercial chromium is as follows: 97-98.5% Cr;

0.05-0.1% C; 0.5-1.5%; 0.2-1.5% Si; traces of Al and less than 0.01% S.

With regard to the quality, the electrosilicothermic chromium is equiv-

alent to the thermite chromium. The electrosilicothermic method, how-

ever., has significant economic advantages (a cheaper reducing agent,

870
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the possibility to use a cheaper raw material, etc.).

The vacuum method yields commercial chromium by reduction of chrom-

tium oxide with carbon in a vacuum (0.1-1 mm mercury column) in solid

state (the temperature of the process is 1400*). The two-stage method

is more efficient: a carbon-containing semiproduct is obtained by reduc-

tion of chromium oxide or of Ironless chromium ore with carbon, and the

semiproduct is decarbonized in a vacuum. The metal (in the form of bri-

quets) contains about 99% Cr, 0.02-0.03% C, and 0.4-1% 0. The total au-

tomation and mechanization of the technological process is easily reali-

zable.

There exist a number of technological methods for the production

of commercial chromium by electrolysis (electrolysis of aqueous solu-

tions and melts of chromium chloride, etc.).

Commercial chromium obtained by electrolysis contains usually 99%

Cr. The content of metallic impurities is low; the gaseous impurities

(mainly oxygen) may attain 1%.

Commercial chromium is also obtainable by reduction of chromium

oxide and chromium chloride with magnesium, and also of chromium chlor-

ides with hydrogen and by other methods. The reduction of chromium

chloride by hydrogen is of a great interest because chromium chloride

may be relatively easily purified, a fact which permits one to obtain

commercial chromium with a higher degree of purity (in tne form of a

sponge) by the subsequent reduction.

Commercial chromium is used as a basic alloying component in the

production of special alloys; e.g., Ni-base and Co-base alloys, etc.

(see Malleable fireproof nickel alloys, Castable fireproof nickel al-

loys, Malleable cobalt alloys, Castable cobalt alloys, Heat resistant

malleable nickel alloys, Alloys with special physical properties).

High-grade chromium is prepared by the intense refining of commer-
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cial chromium.

References: Yelyutin, V.P. [et al.], Proizvodstvo ferrooplavov

[Production of Ferroalloys], 2nd Edition, Moscow, 1957; "Tsentr. in-t

informatsii chernoy metallurgii" [Central Information Institute for Fer-

rous Metallurgy], Information No. 40 (562), Moscow, 1959; Sully, A.H.,

Khrom [Chromium], translated from English, Moscow, 1958; Karsanov, G.V.

[et al.], Polucheniye metallicheskogo khroma elektrosilikotermicheskim

sposobom [Preparation of Metallic Chromium by the Electrosilicothermic

Method], "Stall" [Steel], 1962, No. 2.

G.V. Karsanov
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COMPENSATOR -see Thermomagnetic Alloys.
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COMPLEX DYNAMIC MODULUS is characteristic of the elastic hystere-

sis properties of the ploymer materials, representing the ratio of the

stress amplitude (fo) to the deformation amplitude (e0) with cyclic

sinusoidal stress. With a phase shift between the stresses and deforma-

tion, h complex dynamic modulus is expressed by a complex number:

E* E' + iE" and is the vector sum of the real (E') and imaginary (E")

components:

Ee-*f, V,/E" +E" = E'Vi/ + tg' ,

where * is the phase shift angle between the stresses and the deforma-

tions.

The physical basis of the description of the behavior of mechani-

cal systems under forced vibrations with the aid of complex parameters

is the expansion of the periodic function describing the variation of

the stress in time into two components: one coincides in phase with the

deformation function and the other is shifted relative to it by the

angle -r/2. E' and E" are coefficients of proportionality between the

amplitude values of the stress and deformation respectively for com-

ponents which do and do not coincide in phase. E' and E" depend on the

frequency (cu) of the dynamic loading and the temperature T. Increase of

w affects E' and E" similarly to a reduction of T. The characteristic

form of variation of E' and E" with z and T is shown on the figure.

The region of high w and low T corresponds to the hard vitrified state.

Low a and high T lead to a rubber-like highly elastic state. The in-

flection point on the E' curve and the maximum of E" correspond to the

transition from one state to another. D-epend.ng on the polymer struc-
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ture, the values of the transition parameters may varj over wide limits.
)t

T1•

References: Strelkov S.P., Vvedeniye v teoriya kolebaniy (Intro-

duction to the Theory of Vibrations), M.-L., 1950: Gehman S.D., "Rub-

ber Chem. and Technol." 1957, v. 30, No. 5, 1,. 1202; Renikovskiy M.M.,

KhNiP, 1959, Vol. 4, No. 1, page 79.

M.M. Reznikovskiy
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COMPRESSION TEST. This test is most frequently used for materials

which are brittle under stretching (cast iron, silicate glass, ceramics,

wood, for example) and for materials applied in constructions which are

working under compression. The tests are carried out on universal ma-

chines or presses with specimens of cylindrical or prismatic shape; the

butts of the specimens must be strictly perpendicular to the longitu-

dinal axis and must have a surface machined with a roughness of the V7

"degree. The longitudinal stability of the specimen during the test un-

til destruction is secured by selecting a ratio h/d = 1.5-2, where h

and d are the height and the diameter of the specimen, respectively.

When the test is carried out by a stress-gauge, the dimensions of the

specimen depend on the possibility of placing the stress-gauge (usually

with a base of 25-50 mm) on it. Sheet specimens are tested in devices

which ensure the stability (Fig.). The modulus of elasticity, the pro-

portional and yield limits can be determined with a sufficient exact-

ness in the compression t.est. Compression characteristics as the com-

pression strength and the relative contraction depend on tha intensity

of the friction on the butts; the friction may be decreased by lubrica-

tion, conical cups, specimens with conical butts and by increasing the

h/d ratio within the permissible limits. The majority of brittle ma-

terials becomes der.-royed under compression by shearing, sometimes by

breaking; some ple stic materials (copper, aluminum, for example) are

not destroyed when compressed; the compression strength of sandwich

plastics (glass-'extolite, etc. ) is considerably lower when compression

is carried out a-long the layers, than when stretching is applied. Com-

876
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pression tests of materials (mainly sheet materials) at high tempera-

tures become more and more adopted in order to determine the basic cal-

culation characteristics: Eszh, 0_pts, and "-0.2" The test is carried

out in a device placed in a heating furnace which is set into a common

testing machine.

t

Fig. Scheme of the device for the compression test of ,heet materials.
1) Stand; 2) specimen; 3) strain-gauge; 4) indicator.

References! Fridman Ya. B., Mekhanicheskiye svoystva metallov (The

Mechanical Properties of Metals), 2nd edition, Moscow, 1952; Danilov Yu.

S., Kadobnova N.V., and Mironov L.G., Pribor dlya ispytaniya ploskikh

obraztscv na szhatiye (Device for the Compression Test of Flat Specl-

mens), "Zavodskaya laboratoriya," 1958, No. 10, page 1271.

N.V. Kadobnova
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COMPUTATIONAL LENGTH - basis for measuring the elongation of a

specimen in a tensile test, is laid off at a section with a constant

cross section. The computational length is denoted by 10 and is usually

chosen as equal to 5.65 "FP or 11.34?F, (where F is the cross sectional

area of the specimen at the computational length), which corresponds

to 5d and 1Od for round specimens (where d is the specimen's diameter).

N.V. Kadobnova
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CONCENTRATED NECKING - the ratio of the reduction In specimen

cross-sectional area after fracture to the cross-sectional area of the

uniformly deformed region of the specimen. This quantity is expressed

as a ratio for percentage: *sosr = (Fb- Fk)/Fb0OO%' where Fk is the

cross-sectional area of the specimen after fracture and Fbis Its

cross-sectional area in the region of uniform deformation (see Uniform

necking). Concentrated necking characterizes thc local plasticity and

is determined only for materials that neck.

N.V. Kadobnova
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CONDITIONING OF SPECIMENS - is the conforming of specimens to the

conditions which are prescribed by specifications and standards. The

conditioning of specimens is generally carried out before the testing

of fibers. fabrics, leather, and other hygroscopic materials, whose

properties change under the effect of the surrounding air and tempera-

ture. An air temperature of 20±50, and a relative humidity of 65±5% is

prescribed according to GOST 3811-47 for the determination of the me-

chanical properties of textile materials. The specimens must be kept

under standard conditions for at least 24 hours before the test is car-

ried out. Conditioning dryers are used to determine the amount of the

moisture in fibers: the moisture content is determined in the apparatus

itself at the drying temperature.

S.A. Reytlinger
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CONDUCTIVE LACQUER AND PAINT COATINGS are used for screening or

removal of the electrostatic charges whose accumulation can lead to the

formation of spark discharges, and also in the preparation of conduc-

tors In certain types of printed circuits. In addition, the conductive

coatings are used for corrosion protection of metallic surfaces sub-

Jected to spot welding. The conductive coatings are obtained by various

methods, for example, by means of mixing conductive binders with non-

conductive pigments or else binders of the usual type in combination

with conductive pigments. To obtain the conductive coatings using the

first method, there are added to the lacquer which has been selected as

the binder strong electrolytes, for example, the acids or salts of the

metals which are soluble in the binder. As pigments, use can be made of

any pigments, but in practtce use is made of the aluminum, bronze and

copper powders whict. give the surface being painted a metallic appear-

ance. The electrica.. conductivity of such conductive coatings changes

with time, and also under the influence of elevated temperatures. The

presence of electrolytes in the paint film can be the cause of corro-

sion. In the preparation of the conductive coatings by the second me-

thod, the electrical conducti-vity is achieved as the result of the use

of pigments which possess electrical conductivity (silver powder,

graphite and prepared copper powder). The aluminum, bronze, zinc and

iron powders give coatings which are not conductive. The ecnductive

coatings prepared with the use of the conductive pigments have better

stability thatn those obtained with the aid of the electrolytes. Indus-

try produces in accordance with TU WKhP 1821-48 the composition No. 119
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(fonductive enamel) - a paint consisting of a mixture of pigments in a

binder of pentaphthalic lacquer with the addition of a dessicant and

solvent. This composition is used for the coating of metallic surfaces

being welded to protect them from corrosion and is applied by brush or

by an atomizer. Prior to use, the enamel is thinned to working consist-

ency with the RS-2 solvent. The paint is a dark-gray color; the viscos-

ity measured on the VZ-4 is no less than 60 seconds. The drying dura-

tiin at 18-23* is no longer than 24 hours, at l000 it is no more than 1

hour. The film of the dried enamel must not be sticky; in external ap-

pearance it must be matte and must not contain granules or unground

particles, must have good adhesion. A metallic plate painted with the
enamel and dried for 5 days at 18-230 or after hot drying must not cor-

rode with exposure to water vapors at room temperature for 24 hours.

The metallic surfaces covered with the enamel must be weldable, both

with the fresh enamel layer and in che course of 48 hours after appli-

cation.

Prior to use the enamel is stirred, thinned to the working con-

sistency and filtered through a sieve having 2400 openings per square

centimeter.

References: Printed Circuit Techniques, transl. from Eng. ed. by

K.N. Trofimov, M., 1948; DRP 643193-30.03., 1937; DRP 715530-23.12.,

1941.

B.I. Ivanov
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CONSTANTAN - is an alloy which belongs to the group of resistor-

alloys, characterized by a high thermoelectromotive force, a low temper-

ature coefficient, and a constant electric resistivity. The alloy has

the trademark MNMts-40-1.5. It is used mainly iii tne producti.on of

rheostats, thermocouples, and heating devices having working tempera-

tures of up to 5000.

TABLE 1

Chemical Composition (GOST 492-52)

1 OcHOamue XOn0eCHtW (%) 2 i"pHMecu (%. "t' 015:ce)
un I N[4+C0 CU I Fe 1 I j1 1 g IPb 1S 8 c G I P B1I A4

1.0-201 39.0-41.0 a , I 0.5 0.A 1 0.05 O.0005 0,02 0.,1 0.00 10.0021 0.002

* Cobalt is present as an impurity of nickel.

1) Main components; 2) impurities (%, not more than);
3) the rest.

TABLE 2

Physicomechanical Proper-
ties

2 "Rlm pN A •ja 3

4 tna.....)........... 12.l0

6$y 0 /* ) .. .. .. . .. 81),-1 -

'(IS'" ) .................. U . -

Y ': .( M z i ,' .*C ) . . . . . . . . . 0 . 0 9 7 7
X (KcaO , "CAUC )OX ... ..... 0.04J9 (OA (o - u*M At) . . .. . 0.48

9Teunepavy pw.i xo.#$$.

a NWNlephaou 20-100" 2,10- -

(g,/- ') 10 . . 166000
0 .60--50 OVI•HIle-. I1

"Nus
70-85 IlHamneJo - 12

Ao 60%
. .. . ....... 30 0TO•4aew . II

2-4 Hasamaltn. 12

Him A
H'B (wa m u') . . . .. . . . ., .0S Ja l

1 ?7--00 O1rxomw I In,

155 Haxaentn- 12

n~o kO%

1) Properties; 2) characteristics; 3) state of the material; 4) tpl ( 0 C);
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5) Y (g/cr3); 6) c (cal/g 0C); 7) x (cal/cm.sec.°C); 8) p (ohm.mm2/m);

9) temperature coefficient of the electric resistance in the temperature

range 20-1000; 10) kg/mm2 ; 11) tempered; 12) cold-hardened up to 80%;

13) cast.

TABLE 3
The ITysicomechanical Pro-
perties as a Function of
the Tempering Temperature

Ifawne..a- 83 1 0.505 3.30 8.38
SL *

76-f 85 1 0.51 32
f 0HJ! O7N2200 83 1,5 0.505 3.30 0.92

300 83 2 0,4•9 3.36 -
400 73 4 0,4t5 3,48 .$194
bOO 76 1 0.474 3.41 -
600 60 20 0.46? 3,45 8.1114
700 49 21 0,4.5 3.45 -

900 6 3 .44 340 48 25 0.466 3.47 8.930900 48 30 0.464 3,47 -

1) Tempering temperature

(°C); 2) kg/mm2 ; 3) o 'mm2/

/m; 4) electrical conducti-
vity in comparison with cop-

per (%); 5) g/cmr3 ; 6) cold-

hardened.

References: Berkovskiy I.Ya., and Kolokolova A.G., Nikelevyye

splavy [Nickel Alloys], Moscow-Leningrad, 1941; Smiryagin A.P., Promy-

shlennyye tsvetnyye metally i splavy (Commercial Nonferrous Metals and

Alloys], 2nd edition, Moscow, 1956; Usov V.V., and Zaymovskiy A.S.,

Provodnikovyye reostatnyye i kontaktnyye materialy (Conducting, Rheo-

stat, and Contact Materials], (3rd edition], Moscow-Leningrad, 1957

(Metally i splavy v elektrotekhnike [Metals and Alloys in Electrical

Eigineering], Vol. 2); Pogodin S.A., Provodnikovyye i reostatnyye spla-

vy (Conducting and Rheostat Alloys], Leningrad-Moscow, 1936; Schulze A.,

Metallische Werkstoffe fdr Terhmoelemente [Metallic Materials for

Thermocouples], Berlin, 1940.

A.L. Shpitsberg
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CONSTRUCTIONAL CERMET MATERIALS are powder metallic materials for

general structural application, primarily those using an iron base. The

classification and rcoperties of the basic forms of cermet materials

are given in Tables 1 and 2.

Sheet, strip and other products are also prepared by means of roll-

ing sintered blanks. In recent years the iron-copper material obtained

by impregnating porous blanks made from sintered iron with liquid cop-

per have taken on great importance; this material has hipgh strength

properties.

tABLE 1
Classification of Iron-Base Constructional Cermet Materials

I Dmt marepajia r 2 XM,. co'ran 3 lpft,.C,,HNe

4 OMionaKTHoe CneqlHH(.e enello Fe - OCH,,a, S PH3.1NiH&, Armin MaUllill lq 6
(i -- 0.0C010 2'-11 . a IMpN( Iiio .D, It T. R. ITWil,

ell - n 0.5% KyJI'4Kn, IiT?.1F1H
7 l(orNffIRTHRa CndfleHH.0 yrMepn- Fe - 3, , Too me

A11teCaR CT1111b C -- 0,3-0.)8%,
7np)MueeH -- A#) 0. 5!'

9 HounINTHaR efle4eHHnanl HePpa- Fe ,- *)CIio#R
belouII Cum.I• Ni 12-18%,

Cr G-80%,
C - .. 2--. .%.

7
I1plipweci - a., I%

tM enesorMeANliH enian F-- ICHOHIk MerTCPHII H ,p. eATenvl 'lalIIm 11
c"-0 I -(I%..%, It npl6ou'k

6u--5- IS%12 Boxyy'mmull nrnpOsHHiil en~ila Fe -- (Wtl. 11a,, AM-11a~l f) Y-1a~t)~ ,11 anlalaTY'lIA 13
Ni - "_'%,.ma

MW,- 20%

1) Material form; 2) chemical composition; 3) application; 4) sintered
iron compact; 5) base; 6) various components of machines and instru-
ments, including rods, cams, bushings; 7) sintered carbon steel comnact;
8) same; 9) sintered stainless steel compact; 10) iron-copper alloy,
1l) gears and other components of machtnes and instruments; 12) vacuum
melted alloy; 13) components for vacuum apparatus.

Components and products made from these materials, with the excep-

tion of the vacuum melted alloy, may also be prepared by the convention-

hl methods of casting with subsequent mechanical working. The advantage

of producing fully dense components and products by the powder metal-
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TABLE 2

Properties of Basic Forms of Iron-Base Construc-
tional Cermet Materials

2 I
DNA• aellflnl amr~n ( 1s~l) a•.,l) •,,• ) 8(%.-

j J•imn al(Ti~ce ciiIoqellig"O N~e, IC.'! ... .; 0--1 0 |•--2| 'I?.-:Iq * , •--

4 j(j141niTHIIeC CiIC| 011Hi10 )HOJIC;Ii', nI.nAuepr.
J I yT o ,e A tr 'po p m| mll; l . . ( :;0 - 7 U % ) . . . . 1 5t - -8 4) .1- " : 10 - - ff I- 7

S J'{i,~itmoIsT'f| CI1C~oHa6fll yr.1lcIH~N~ l;.l:
c~•,(" i- C,) () .. .. .. . .. V5--1011 ;10--32 52-5:8 4--6

6 H"MiloRnaT1eaii CII'IC1alh /1ICI i Ull•01'e l
MTRa1b T11111 IP-84, ol(4A. olp )tIIl.o JIV-

d pu ...IuIM (610-70%) ................. 161--1p ',:--;oI ".--7; I 2 7--t77 D PAyyiillaP ncr mII I CIIn . .W7 "'I--'SU I2,1p--.I)•, 411II P--1t IN

1) Material form; 2) HB (kg/mm2); 3) sintered iron compact; 4) sintered
iron compact subjected to deformation (6o-71%)- 5) sintered carbon
steel compact (0.5-1.0% C); 6) sintered type 16-8 stainless steel sub-
jected to deformation (60-70%); 7) vacuum meltei alloy.

lurgy method lies in the great savings cf metal, electric power, man-

power as a result of obtaining parts in finished form, avoiding the use

of mechanical working.

References: Rakovskiy V.S. and Saklinskiy V.V., Metallokeramika v

mashinostroyenii (Cermets in Machine Design), M., 1956; Samsonov G.V.

and Plotkin S.Ya., Proizvodstvo zheleznogo poroshka (Production of Iron

Powder), M., 1957.

V.V. Saklinskiy
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CONVENTIONAL DEFORMATION - magnitude of the deformation of a spe-

cimen referred to its initial dimension (length, cross-sectional area,

angle); is expressed by the relative value of in percents. The conven-

tional deformation in mechanical tests is characterized: 1) in tension

by elongation = or 8.1-1 ioo% , where 1 is the initial computa-

tional length, and Ik is the final length (or the length at the given

experiment time), or by reduction in area ,where F is the in-

itial cross sectional area of the working part of the specimen, and Fk
is the final cross-sectional area (or the area at the given experiment

time). The elongation 6 and reduction in area * are related by the re-
lationship $T8 ; 2) in compression it is expressed by contraction

, where H is the initial height of the specimen, and hk
is the height of the specimen after compression (or at the experiment

time under consideration), less frequently by the transverse area ex-

pansionszh = ; 3) in torsion it is expressed by the relative
shear Y=q -1, where (q,-w.) is the relative angle of twist (in rad-

ians) for two cross sections in the working part of the specimen (with

a diamter do) located at a distance 10.

N.V. Kadobnova

888

%5



I-111K

COPM - is an alloy used in pyrometry as a negative thermoelec-

trode in the thermocouples: chromel - copel (KhK) and iron - copel

(ZhK), and also for compensation conductors. The alloy has the trade-

mark MNMts43-0.5.

In comparison to copper-nickel alloys utilized for similar pur-

poses, cope! is characterized by a maximum thermoelectromotive force

and a temperature coefficient of the electric resistance which is al-

TABLE 1
Chemical Composition

Ioco.,E, ,Ou•,,,,,,, (%)- 2 ni-,,u (%. we 6aw,)

Nm A NID CO. CU F NS I I me Pb 1 1C I P I Di IAsISb lawn

0.1-100 -.,÷.@ c 0. 16.I10,0.O01o.002 10.11 0.002 0.0210.30210.0021 0.6

*Cobalt is present as an impurity of the nickel.

1) Main components; 2) impurities (%, not more than);
3) the rest.

TABLE 2

The Physical Properties of Copel as a
Function of the Temperature

I 1 3 ITu a &sm

- 21 IIm0"

0 0.104 t.000 -0o00014 (0- V0) 0.00
1o0 0.14:7 0.981 -O.0I2 (100-.00o) -- ,o
200 0.&St 0 014 -0 o00010 (2o-1e) -a 8.171O00 . ,6 0..6) 0. 00006 ( -- 130.5
400 0.413 0.06O -- S1.62
0oo 0.e83 o.6&8 .0.0040o (b0-600o -231.04
60o 0.461 0.0461 .0.000o: ((0-I o-) -20.29
T00 0.410 0.98# +0.0000 6 _?0.-4S0' -414.7
$0o 0.492 0.AT t-emper

1) Temperature; 2) ohi'- /M; 31 temper-
ature coefficient of the electric re-
sistance; 4) thermo-emf in a couple with
platinum at 0s temperature of the free
ends (microvolts).
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most equal to zero. These properties permit copel to be uso.d in :.D,.":ia1

electric devices. Copel is also a good material for thu de,iin of

TABLE 3
The Physicomechanical Properties as a
Function of the Degree of Cold Deformation

III111111+P
-A U - - % Wi NO -

map*~' (OIIW Ab 6(%) ( Cal )uaa-.u (mu •snt) (am.,-. ) A () (o. "M'•M) fWIflU (e, ')

2 (243 )

S I0O1 40 36.0 0.490 3.40 4.909

2U 127 S. 11.0 ).910 3.34,10 7l: 1b.0 u.$O6 3.30 240 174 6l t.0 o.5ol 3."28 V9

60 1111 so J.5 0.513 3 .ii

IGo 17) 118 3.0 U.Sts 3,23 91.•000
70 1112 70 2's O.bls 3 .23

so toi 72 2.0 0.511 3.23 9.080
90 - 72 .0 0.513 1 3.24 -

1) % of deformation; 2) kg/mm2 ; 3) ohm'mm2 /m;
4) electrical conductivity in comparison with
copper; 5) g/cm3 .

rheostats and heaters having working temperatures of up to 6000. The

changes in the electrical and thermoelectrical characteristics of the

copel due to temperature are quoted in Table 2.

References: Berkovskiy I. Ya. and Stepanov F. N., Termoelektrodnyyeý

i kompensatsionyye splavy [Alloys for Thermoelectrodes and Compensa-

tors], "Proizvodstvenno-tekhnicheskiy byulleten' zavoda im. Sergo Ord-

zhonikidze v g. kol'chugino" [Working and Technical Bulletin of the

Sergo Ordzhonikidze Plant in Kol'chugino], 1936, No. 3-•4; Berkovskiy

I. Ya., and Kolokolova A.G., Nikelevyye splavy [Nickel Alloys], Moscow-

Leningrad, 1941; Smiryagin A.P., Promyshlennyye tsvetnyye metally i

splavy [Commercial Nonferrous Metals and Alloys), 2nd edition, Moscow,

1956; Schulze A., Metallische Werkstoffe fir Thermoelemente [Metallic

Materials for Thermocouples], Berlin, 1940.

A.L. Shp.tsberg
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COPPER. Cu is a chemical element of the lst Group of the Mendele-

yev periodic system, atomic number 29, atomic wieght 63.54. As a result

of the fact that Copper is rncountered in thenative state, it has been

used by man from the acient days (Bronze Age). The copper content in

the earth's crust amounts to only 0.01 weight %. The dominant portion

of the copper (about 80%) exists in the earth's curst in the form of

compounds with sulfur. About 15% of the copper is found in the form of

oxygen compounds (carbonates, oxides, silicates, etc.). Copper forms up

to 240 minerals, but only about 40% of them are of industrial import-

ance.

Copper is a red metal with a rose color in the fracture, having a

greenish-blue color when illuminated in thin sections. Copper has a

face-centered cubic lattice (a = 3.6074A). Native copper consists of a

mixture of two stable isotopes: CuO , present in tLe amount of 69.04%,

and Cu 65- 30.96%. Among the artificial radioactive isotopes, Cu61 and

Cu6 4 are used as tracer atoms. Density is 8.96 (20*), tp1 is 10830,

tkip is 26000, heat of fusion is 3.11 kcal/gram-atom, heat of vaporiza-

tion is 72.8 kcal/gram-atom, specific heat is 0.092 cal/g-°C (20*).

Distincitive features of copper are the high electrical and thermal

conductivities (as a current conductor it occupies 2nd place following

silver). The thermal conductivity is 0.941 cal/cm-sec-*C at 20, elec-

trical resistivity is 0.178 ohm-mm2 /m; temperature coefficient of elec-

trical resistance is 4.3.10- (0-100*); thermal coefficient of linear

expansion is 17.0.10-6 (20-100'). Modulus of elasticity is 13.200 kg/
2 2 ,

/Am , shear modulus is 4240 kg/mm . Copper is diamagnetic.

891



II-63mi

Copper is corrosion resitant and plastic, as a re.:ult of which It

is easily pressure worked in the hot and cold condition:;.

Mechanical Properties of
Copper

ii• . e m.(kp.e'' •'Ts''l

Ca sump.I .... y II.t?~,-r

74 Mat.18..
i .M.s. * (. *.* ): 20-24

40-50
4 Mangan .......... (/.j

4 T'm/.. 35Tivoll . . .. a 'CUf1 lUanN, .. . I (KaM•"a'• I

4MariaO 3S-40
STnpxm • • .I t 0-120

l4 TMapJmax a " .7..o I

6 Tasp~sa waMP' nift I

1) Condition; 2) properties;
3 properýy index; 4) soft;
S)(kg/mznm); • hard; 7) cast

a (kgmn/Sm ; 9) on the
basiR of 100 cycles.

The ultimate strength of copper increases with work hardening

while the elongation decreses. In this case the polyhedral or dendritic

structure transforms into a fibrous structure. After annealing, copper

regains its normal plasticity, since recrystallization takes place and

the structure again becomes equized, polyhedral, with a large quantity

of twinned crystals. Annealing at a temperature of 900Q and above :e-

teriorates the strength and plasticity of copper. Temperature for full

anneal is 600-7000.

In compounds copper is mono- and di-valent. The electrc?-2hemi•al

equivalent of di-valent copper is i.i6K #/a-°C, the standard electrode

potential is -0.34 v. At normal temperature copper has low cher.L.al.

activity, in moist air it is gradually covered with a thin and dense

film of basic sulfate and carbonate salts which protect agan•-;* further

oxidation. Ccppeq dissolves easily in nitric acid with the release of

-'C2_



II-63M2

nitrogen oxides and the formation o2 ripper nitrate. When heated in hot

sulfuric acid, copper dissolves with the release of sulfur dioxide and

the formation of copper sulfate. In the absence of other oxidizers,

dilute sulfuric a'd hydrochloric acids do not attack copper. Copper is

stable in solutions of nonoxidizing salts, but its corrosion increases

sharply in the presence of the higher oxide salts of iron, tin and other

elements (mine waters). Organic acidF attack copper only zlightly. The

corrosion rate in sea water is only 0.05 mm/year. Copper has poor re-

sistance to ammonia, ammonia salts and alkaline cyanide compounds. The

interaction of copper with oxygen begins even at room temperature. At

high temperatures the rate cf oxidation increases strongly and a red-

dish colored cuprous oxide film is formed. The rate of penetration of

oxygen into copper to a depth of 0.5 mm as a .unction of temperature

(with total oxygen content of 0.24%) is:

ITons-pa (c) 600 j700 n00

3 (Marlh . .

l)Temperature; 2) rate of pen-
tration (hourz).

The diffusion coefficient (with total oxygen content in the copper

of 0.41%) is:

, I..,. , [ 60 ' t oo 700 0oo

l)Temperature; •) diffusion
ccefficient (cm'/sec).

Normal copper contains up to 0.45% Cu 0, which corresponds to 0.05%

oxygen. This content prevents saturation of copper by hydrogen, which

causes "growth" of copper pigs in the conventional methods of Casting.

Copper containing oxygen must. not be heated in a reducing atmosphere,
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since as a result of the penetration of' these gases into the metal there

takes place the reaction of formation of water vapor, which cau.:e5 the

appearance of cracks in the metal ("hydrogen disease").

Both the properties of copper and its behavior during working de-

pend on its purity. Slight amounts of many elements appearing in copper

in the form of admixtures or additives lead to sharp decreases of the

electrical and thermal conductivities of copper, hinder pressure work-

ing. Sources of impurities in copper are the ores which contain various

foreign inetals, impurities which enter during smelting and deoxidation

of the metal, and those which enter with the use of secondary metals.

With respect to the nature of the interaction with copper, the impuri-

ties may be divided into the folluwing three groups: i) impurities of

the metals which form solid solutions with copper ( Ni, Zn, Sb, Sn, Al,

As, Fe, P and others); 2) the metals which are practically insoluble in

copper and form low-melting eutectics with it (Pb, Bi and others); 3)

the metals which form brittle chemical compoumds iwth copper (S, 02 and

others). As a rule, the elements which are soluble in copper do not

deteriorate the capability of copper for plastic deformation but do re-

duce the electrical and thermal conductivities if their content in the

metal is low.

The majority of the metals and impurities of the first group do

not impair the mechanical properties of copper and are widely used in

the production of variuos alloys. Thus, iron, which is only slightly

soluble in copper (at 6350 only 0.15% Fe enters into the solid solution)

refines the grain structure, retards recrystallization, improves the

strength and reduces the plasticity of copper decreases in the presence

of iron. The solubility of antimony in copper diminishes sharply with

temperature reduction. The appearance of intermetallic compounds red-

uces the plastic properties of the copper, moreover antimony reduces

894



II-63M4

the electrical and thermal conductivities, therefoe, copper containing

no more than 0.002% Sb is used for current conductors. Aresenic reduces

the electrical and thermal conductivities of copper Just as strongly.

However, sresenic significantly improves the refractoriness of copper

and neutralizes the harmful effect of oxygen, bismuth and antimony,

therefore, copper with 0.3-0.5% As content is used for the fabrication

of parts operating at high temperatures and in conditions of a reducing

atmosphere (for example, steam locomotive boilers).

With only trace amounts of insoluble Pb and Bi impuirites in the

lloy (0.002 Bi, 0.06% PB), they form low-melting eutectics which,

lying along the grain boundaries, are the cause of the formation of

cracks during pressure working. In the presence of 0.005% Bi, copper

fractures easily during hot working, and with increase of the concen-

tration it becomes brittle in the cold condition as well. Copper also

fractures easily during hot working with the presence of lead. Lead im-

proves the machinability of copper considerable. Impurities of both

metals (Bi, Pb) have little effect on the electro- and thermoconductiv-

ity of copper. S, 0 and other impurities which form intermetallic com-

pounds with copper have little effect on the electro- and thermoconduc-

tivity of copper, but they degrade its mechanical properties and the

capacity for pressure working.

Sulfur, which forms the chemical compound Cu2 S with copper, is

practically insoluble in solid copper. Sulfur impurity reduces the pre-

ssure workability of copper in both the hot and cold conditions, has

little offeft on tht; electro- and thermoconductivity, and sharply im-

proves the machinability of copper; small quantities of selenium and

tellurium have a similar effect. Oxygen has low solubility ir copper in

the solid state, and during solidification separates in the form of the

copper- cuprous oxide (Cu2 0) eutectic. A small amount of cuprous oxide
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has no effect on the properties, but an increased content mades copper

brittle in the cold condition. With the presence of more than 0.1% ox-

ygen, copper fractures easily with hot pressure working. The recry2tal-

lization temperature of copper is increased in the presence of oxygen

(pure oxygen-free copper recrystallizes at 1000). Hydrogen has conAid-

erable solubility in solid and liquid copper, but has little effect on

the properties. Hydrogen has a harmful effect on copper containing ox-

ygen, causing "hydrogen sickness" - cracking under the influence of

water vapors which are formed. Phosphorous entering the copper during

deoxidation is found in the form of a solid solution. It has a favor-

able effect on the mechanical properties and weldability of copper, im-

proves its fluidity, but markedly reduces the electro- and thermocond-

uctivity.

More than 50% of the copper extracted is used in the electrical

industry. Since impurities reduce the electrical conductivity of copper,

in electrical applications use is made of metal of the highest grades,

containing no less than 98.9% Cu. As a result of its high thermoconduc-

tivity and corrosion resistance, copper is used for the most critical

products (heat exchangers, refrigerators, vacuum equipments, etc.).

About 30-40% of the copper is used in industry in the form of various

alloys (heavy industry, electrical industry, communications, transport).

The most important of these alloys are the brasses and various bronzes.

Moreover, in the form of salts, copper is used for the production of

mineral pigments, to combat plant blights and diseases, as microfertil-

izers, catalyzers for oxidation processes, in the leather and fur in-

dustries.

See Red Copper, Technical Copper, Pure Copper, Copper Alloys.

References: Bochvar A.A., Metallovedeniye (Metal Science) 5th edi-

tion, M., 1956; Spravochnik po mashinostroitel'nym materialam (Hand-
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book on Machine Design Materials), Vol. 2, M., 1959; Smiryagin A. P.,

Pormyshlennyye tsvetnyye metally i splavy (Industrial Nonferrous Metals

and Alloys), 2nd edition, M., 1956.

O.Ye. Kestner
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COPPER ALLOYS are copper-base alloys in which the alloying elem-

ents are tin, zinc, lead, nickel, aluminum, manganese, iron, silver,

gold, phosphorus, silicon and others.

Depending on the alloying components, the copper alloys may bo

highly electro- and thermoconductive, plastic and quite strong at high

temperatures, wear and chemically resistant, highly elastic, antifric-

tion and ocrrosion resistant. The copper alloys have a beautiful exter-

nal appearance similar to the alloys of gold and silver. These alloys

are divided into two groups: brasses and bronzes.

The most widely used of the copper alloys are the brasses - the

copper-nickel alloys containing up to 50% zinc. Additions to the binary

copper-nickel alloys of small quantities of tin, aluminum, nickel, sil-

icon, manganese, iron, lead and other elements increase the strength,

hardness, machinability, give good casting properties, etc. The complex

copper-nickel alloys are termed special brasses.

The alloys of copper with tin were previously termed simply bron-

zes. With the appearance of alloys of copper with other alloying metals

(other than zinc), which are also termed bronzes, the copper-tin alloys

acquired the name of tin bronzes, and the alloys of copper with other

metals began to be called by the name of the primary (other than copper)

component of the alloy, for example, aluminum, beryllium, silicon bron-

zes, etc.

The tin bronzes are the firot alloys which ,,anking learned to uti-

lize. From the ancient cultures of Egypt, Greece, Rome, China and more

recent times there remain many artisitic products made from bronze. The
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copper alloys are preduced by smelting copper with other elements or

their alloys - ligatures - in flame furnaces, or more frequently elec-

tric (arc, induction, high-frequency, resistance) furnaces. To prevent

oxidation during smelting, use is made of charcoal, a flux or vacuum

melting. At present, certain copper alloys are produced by means of

electrolysis of complex aqueous solutions or by diffusion into the sur-

face layers of metallic products. The single-phase low-alloy alloys are

more easily deformed at room temperature than the highly alloyed alloys

with a two-phase structure. However, at high temperatures the two-phase

alloys deform more easily and the single-phase alloys resist deformat-

ion more strongly.

The copper alloys are used in the cast and wrought conditions. The

alloys have higher strength and density in the wrougth condition.

In several cases heat treatment (solution treatment and aging) im-

proves the plasticity (solution treatment) and reduces the internal

stresses (annealing).

The alloys of copper with the other metals ususally contain no

more than 10% of the primary alloying element, and contain even smaller

quantities of the other components (in the more complex compositions).

Only the brasses, which contain considerably more than 10% zinc, are an

exception. Addition to copper of tin, aluminum, silicon, beryllium and

other elements considerably increases the strength while retaining the

plasticity. In the presence of large quantities of an alloying element

the alloys becom brittle.

Among the strongest and adequately plastic copper alloys are the

aluminum bronzes containing small quantities of iron, nickel, manganese.

Their ultimate strength is 50-65 kg/mm2 with an elongation of 8-12%.

These alloys have good casting properties and are easily pressure work-

ed, have high •orrosion resistance. As a result of the good mechanical
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and technological properties they are widely used for tht, production of'

structural parts for various purposes, and also for part,; operating at

high temperatures. The beryllium bonzes ifn the heat treated condition

have still higher strength, high elastic limit and hardncs;; they are

corrosion resistant and are easily pressure worked in thu solution

treated condition. The ultimate strength of the beryllium bronzes rea-

ches 150 kg/mm 2, the elastic limit reaches 110 kg/mm2 , the hardness

400 kg/mm2, but in this case the elongation does not exceed 1%.

The brasses, particularly the special brasses containing a small

amount of aluminum, iron, manganese and other metals, also are included

among the alloys having good mechanical properties, high deformability,

and good casting qualities. Their ultimate varies from 30 to 50 kg/mm2

with elongation to 25%. The ultimate reaches 90 kg/mm2 in the work-

hardened condition. As a result of the considerable quantity of zinc,

these alloys are the most economical. The good mechanical and excellent

processing properties have led to wide use of the brasses for the fab-

rication of various articles.

The tin, antimony and lead bronzes are excellent antifriction mat-

erials. The alloys of copper with a small amount (total no more than

0.5-1.5%) of chromium, zirconium, cadmium, nickel, cobalt, beryllium

and otherelements represent a group of alloys with special physical

properties: high thermal and electrical conductivity with good thermal

resistance (ultimate at 500-6000 is 15-20 kg/mm2).

The copper alloy designation, which indicates its composition, be-

gins with Br for the bronzes and with the letter L for the brasses.

Following this for the bronzes and the initial letters of the names of

the alloying components and numerals corresponding to their average con-

tent in the alloy. For example, aluminum-iron bronze with ]0% Al and 24;

Fe has the designation BrAZhlO-4, which denotes the presence in the al-
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loy of 10% Al and 4% Fe.

In the brass designations the letter L is followed by the initialf letters of the alloying components, then there follows a numeral indic-

ating the percentage copper content in the alloy, and then (in the samei

order as the letters) there follow the numerals for the percentage con-

tent of thealloying components in the alloy. Thus, for example, brass

containing 70% Cu and 1% Sn is designated as L070-1.

References: Bochvar A.A., Metallovedeniye (Metal Science), 5th ed-

ition, M., 1956; Smiryagin A.P., Promyshlennyye tsvetnyye metally i

splavy (Industrial Nonferrous Metals and Alloys), 2nd edition, M., 1956;

Bauer 0, Hansen M., Structure of Copper-Zinc Alloys, translated from

German, M., 1934; TurKin V.D., Rumyantsev M.V., Struktura i svoystva

tsvetnykh metallov i splavov (Structure and Properties of Nonferrous

Metals and Alloys), 14., 1947; Mal'tsev M.V., Barsukova T.A., Borin F.A.,

Metallografiya tsvetnykh metallov i splavov (Metallography of Nonferr-

ous Metals and Alloys), M., 1960.

O.Ye. Kestner
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COPPER-NICKEL ALLOYS are copper-base alloys in which the primary

alloying element is nickel. The state diagram for the copper-nickel zy-

stem is shown in the figure. Copper forms with nickel a continuous ser-

ies of solutions in the liquid and solid states. Alloys with predomin-

antly copper content are nonmagnetic. Additions of nickel to copper im-

prove the corrosion resistance in aggressive media (sea water, organic

acids, etc.), the strength, hardness, electrical resistance and elect-

romotive force (emf). Additional alloying of the copper-nickel alloys

with aluminum, zinc or iron improves their corrosion resistance and

strength. The copper-nickel alloys in production are by convention div-

ided into dtructural and electric.

The first group include the corrosion resistant bin-

ary alloys of copper with nickel of the melchior

type, the ternary alloys of the Cu - Ni - Zn system

of the argentan type, and the corrosion resistant

:", W a hardenable alloys of the Cunial type. The second
4

State diagram group includes the alloys of copper with nickel of
of the copper- the TP and TB type for compensation conductors, the
nickel system.
1) Temperature, Copel type high-nickel thermoelectrode alloy, the
OC; 2) weight;3 ) magnetic

transformation constantan type rheostat alloy, and the type MN5 lowtr)s aormaic.
4) atomic. alloy nickel copper. The TP (MNO.6) alloy is recom-

mended for production of compensation conductors for

platinum/platinum-rhodium thermocouples. In a pair with *:opper the TP

alloy develops, up to a temperature of 1000, the same thermo electro-

motive force (temf) as does the platinum/platinum-rhodium thermocouple.
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The TB (MN16) alloy is used for compensation wires for platinum/gold

and palladium/platinum-rhodium thermocouples. In a pair with copper the

TB alloy has the same temf to 1000 as do these thermocouples. In com-

parison with copper, the MN5 alloy has better corrosion resistance,

greater strength and a higher recrystallization temperature. It is used

to produce rod, tubing and sheet. Table 1 presents the chemical compos-

ition and forms of mill products of certain copper-nickel alloys, and

Table 2 presents the technological properties. The temf characteristics

of the copper-nickel alloys are presenteC in Tables 3 and 4.

TABLE 1
Chemical Composition and
Forms of Mill Products of
Certain Copper-Nickel alloys
(GOST 492-52)

CU N1 Doxals

*Tfl xHO.0 OC43&mJ(. s7-'o. o3 jj msT "f W It- -t w a
6 R | e t•,..I-!.3 1  pr=i wagAmer"

13 Alloy; 2) grade; 3) cozatent (%); 4) forms of mill products; 5) TP;
6 MN ; 7) remainder; 8) wire; 9) TB; 10) nickel copper; 11) rod, tub-
ing, sheet.

TABLE 2

Physical, Mechanical and Technological Properties of Certain Copper-
Nickel Alloys

m' I l , i i i a I

u"KI 0. 1 .I3 ,2133 0 0:1 -m 0010 10-p0IO~?V.-?10"Rh' 0." l"i.:. 0:0 0.041 OS°I - hi i4-0*0 U'0b

1) Alloy; 2) (g/cm3 ); 3) (oh'-rm2 /m); 4) temeerature coefficient of
electrical resistance at 20"; 5) cal/cm-sec- C- 6) (kg/•mm); 7) in soft
condition; 8) temperature (OC); 9) melting; i0 hot working; 11) anneal-
ing; 12) 93
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TABLE 3

TWI of Copper-Nickel Alloys in Pair with Co~per as a Function of Temp-
erature of the Hot Junction (cold juncticn 0 C)

can" I - ______ _ 2__ ---p -asm' CIM (
100aIj go 260 1j 300 1 404, 500. 1 100 1 11M

3 TCPW*AVrrPWNW*(UMyWR COAM 1.me)

4 3 U ......... 0.1 -. 66 -1.54 -2.41 -36
SU11146......-2.21 -4,6 -7.03 -11.41 -14.21 - -

(n uIS-Obft . -I -2.03 -3.1.7 -4.51 -- -

1) Alloy; 2) temperature of hot junction)(*C ~;3) thermoelectrornotive
force (mv); 4) MN ; 5) Copel (MlIMts4 3_05); 6ý constantan (MN?4ts40_2.5);
7) German silver (mNmtsl'5m2O).

TABLE 4

TEMIF of Iron-Copel, Copper-
Copel and Chromel-Copel
Thermornouples with.Tempera-
ture of Free End 00 C (GOST

3044-61 and 6071-51)

~~'~~' 3 IUli4tb k*'41rUb
1Cumi ( I ___I_-__ - --

ST:QC ims;

""..
300) 1-' t6.40

400 45 *39 14

41) Tepeatr of htjL~sIt

3)y irncipl 4'1' t.-ope

copel 5'ý choe c .;6

ly ~ ~ ~ ~ 3 irpay Idstj on-eroues Meal an per-,2d diinX
copel 5) hrom. opl; .0
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COPPER PLATING THE TITANIUM ALLOYS is the deposition of copper on

the surfaces of parts made of the titanium alloys by the galvanic meth-

of or by means of contact deposition. Copper plating of the titanium

alloys is performed to obtain a sublayer before coating with other met-

als for brazing or in order to improve their electrical conductivity

and thermal conductivity. The preparation of the surface prior to cop-

per plating is accomplished primarily by the same method as in chrome

plating the titanium alloys - etching in acid solutions or by the ap-

plication of a zinc layer. Deposition of copper on the prepared surface

may be performed in sulfate, cyanide and pyrosulfate baths. To obtain

good bonding of the applied layer with the basic metal the parts are

subjected to vacuum annealing after copper plating (or annelaing in an

inert gas) at 650-7000 for one hour, which leads to the formation of

comparatively nonbrittle diffusional layers of copper in thu titanium.

With the application of a copper layer of more than 10-15 microns, RL a

result of the vacuum annealing the formation of bubbles and delamina-

tion of the coating, frequently takes place therefore, it is recommend-

ed that the copper plating operation be performed in two steps - first

apply a layer 8-10 microns thick, then perform a vacuum anneal, and,

finally, after pickling the surface, increase the basic copper layer to

the required thickness.

Reference: UfJova V.V., Layner V.I., Izv. Vysshikh uchebnykth zav.

Tsvetnyye metally (News o" Higher Educational 1Institutions. Nonferrous

Metals), 1963, No. 4.

I.S. Anitov
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CORDAGE are products fabricated by the twisting or plaiting of

fibers, strands, strings, yar'nJ. Cordage includes cables: ropes, cords,

twines, threads. The schemes for the construction cf the basic formz of

coL.dage are shown in Fig. 1. Each form of cordage differs in construc-

tion (number and sequence of twisting of tie individual elements), the

yarn material and the method of fabricating it, the direction of twist

of the product Itself and of its elements, and the method of finishing.

The weight charactersitic of the cordage is expressed by the weight per

1 or 100 meters of the pr(cuct, by a metric namber designating the n~um-

ber of kilotex, i.e., the weight per kilometer of product. The cordage

construction is designated by a fraction: the namerator is the metric

number of the yarn and the denominator is the number of strands twisted

together. Eacl twisting pr.. s and the directions of twist (right Z,

left S) are indicated separately (Fig. ;. For example, the construc-

tion of a cord made from right-lay No. 12 yarn by twisting in 10

strands to the left and then three strands to the right is designated

by 12/10 x 3ZSZ. The size of cordage is defined by the diameter or by

the circumference of the product. A most important characteristic of

cordage is the tensile strength (kg) determined either on tensile ma-

chines (dynamometers) and termed aggregate strength, or as the sum of

the strengths of all the fibers forming the cordage and then termed

summary strength.

The most numerous group of cordage are the cables, marked ty rela-

tively large diametral dimensions and high tensile strength. Cables in-

clude hemp, manila sisal, capron, cotton, etc. This same group in-
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eludes combined products (for example, cables of the "hemp-steel" and

"hercules" types) and marine ropes - lines. Cable fabricated by twist-

, ,% , ing strings into strands and then
-. .d.. • 6 laying 3 or more strands in the di-

2 /i rection opposite to the lay of the
3 5

-•0 strands is termed hawser. Cable

wound from 3 or 4 hawsers (strings)

in the direction opposite to their

Fig. 1. Schemes for construc- lay is termed cable hawser. The lat-
tion of cordage: a - Twine
and fender rope; b - cord; c-
rope; d - cable. 1) Yarn; 2) ter, in comparison with the hawsers,
twine; 3) fender rope; 4)
thread; 5) cord; 6) string; have greater flexibility and are
7) strand; 8) rope; 9) cable; produced in sizes from 150 to 450 mm

circumference. Special drive cables

are made from hemp, sisal and manila for driving transmissions. In ma-

rine transport and for transmission drive, use is made of plaited ca-

bles formed by plait'ing 4 strands of right lay and 4

strands of left lay. Plaited cables are completely bal-

anced and are very flexible Rnd strong, but are charac-

Fig. 2. D- terized by large residual elongations. To protect
signation against rot the cables are impregnated with wood resin
of twist di-
rection: Z - of the coniferous varieties at 85-1050. The resin con-
right, S -
left. tent after impregnation is 16-20% of the initial yarn

weight. The maximal anti-rot resistance of the cables is achieved with

the use of impregnating compositions which form copper soap or copper-

chrome-tannide lacquers with a content of no less than 0.5% copper with

respect to the weight of the product. The following cables are fabri-

cated in the USSR: untreated - for hoists and transmission drives, and

resined (GOST 483-55) - for fishing tackle, ocean and river transport;

sisal and manila (GOST 1088-41) for same uses as the untreated and re-
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sined cables; capron (GOST 10293-62) for use in whaling, aviation and

mine rescue operations; cotton (GOST 1766-42) used in transmission

drives and power transfer to the working units of textile machines;

lines (GOST 1091-41) and cables of the "hemp-steel" compound type used

in ocean and river transport and in the fishing industry.

Ropes (other than marine) in contrast with cables, are fabricated

from yarns made using the method of short (floss) spinning, i.e., they

consist of relatively short fibers, as a result of which they have less

tensile strength, lower wear resistance and lower volumetric weight.

The high flexibility of the ropes in comparison with the cables is

achieved as a result of the fact that their strands are given less

twist. In certain cases the ropes are subjected to impregnation for the

prevention of rot Just as the cables are. The ropes produced in the

USSR from bast fibers (GOST 1868-51) are used for: the high-quality in-

dustrial ropes are used for fishing tackle, signal blocks and hoisting

mechanisms; the industrial, commercial and domestic ropes are used for

binding, packaging and for the fabrication of harness; tenting ropes

(VTU MTP 236-45) [Provisional Spec. International Trade Board] are used

for outfitting tents. Cotton ropes of self-acting mules (TU NK [Spec.

of the Peoples Commissariat] of the textile industry 30339-41) are used

to drive textile machines, to equip low-power hoists; molding twine

made from hemp (OST NKLP 2180) [All-Union Standard of the People's Com-

missariat of Light Industry 2180] is used for the tying of small items

(molding, lath, etc.) in the lumbering industry.

Cord is the name given to small twisted products with diameter of

1-16 mm. They are used in aviation, on ships arid for the fabrication of

sporting goods. Braided cords - fall - differ from the twisted cords by

their nontwist qualities, greater flexibility, but have lower strength.

The following forms of cords are produced in the USSR (GOST 1765-42):

908
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linen, linen cabling, twisted linen and cotton cords (GOST 1024-41),

linen-hemp (GOST 5107-49), plaited linen (falls) and cotton cords (OST

NXLP 7628/728 and 7627/727), kapron cords.

Twine products (binder twine from bast fibers (GOST 5725-51), sin-

gle-thread packaging twine (STU [Sovnarkhoz Spec.) 29-1-66 of the Kursk

Sovnarkhoz), sheaf-binding (OST NKLP 6707/407), hay binder (VTU of No.

I Moscow Sovnarkhoz), cotton (TU MTP 30498-48) are intended for the

binding and packaging of individual loads, for sewing bags, binding of

sheafs and stacks of hay, packaging of postal packages, and also for

the binding of sausages and fish preparatory to smoking. Fender cord

(GOST 5758-51) is used in the furniture industry for tying springs. Ca-

ble yarn (GOST 905-41) is used as a protective covering in the cable

industry. Twine products are produced in cylindrical coils with tight

(precision) winding weighing 1.0-3.0 kg.

References: Spravochnik pc pryadeniyu grubykh lubyanykh volokon i

proizvodstvu kruchenykh izdeliy [Handbook on the Spinning of Coarse

Bast Fibers &nd the Production of Cordage), ed. by L.N. Ginzburg, M.,

1961; Ginzbutrg L.N., Dvernitskiy I.M., Pryadeniye lubyanykh volokon i

proizvodstvo kruchenykh izdeliy [Spinning of Bast Fibers and Production

of Cordage], M., 1959.

V.A. Zabelin
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CORD FABRICS- technical fabrics with a plain weave, with the

warp formed by a strong two-ply twisted thread (cord) and the weft is

made of a lean, single ply twisted yarn. It is used for making pneuma-

tic tire carcass covers, V-shaped driving belts, and other technical

rubber products. Cord fabrics are made from cotton and chemical fibers.

Cord fabrics have a high strength in the warp and moderate strength

in the weft. The purpose of the weft is to protect the cord threads

from crumbling away during rubberization. Cord threads should have a

high rupture strength and elasticity, i.e., ability to stretch under a

load and return to the initial state after the load is removed, fatigue

strength (ability to withstand multiple deformations without failing),

heat resistance. Cotton cord fabrics at 115-1200 lose 30-35% of its in-

J.tial strength, under similar conditions viscose cord fabrics lose

10-12%.

The warp of cotton cord fabrics is made from the highest quality

thin-fiber cotton with a fiber length of 35-39 mm and a rupture length

of 32-35 km; medium-fiber cotton with a rupture length of 24-25 km is

used for the 3T and 23T cord fabrics. The first twisting of cotton cord

fiber (800 turns per 1 m) is ptrformed by the wet method, the second

(400 turns) is done by the dry method. The length of a cord fabric cut

is 180 and 360 m. Guideline data for cotton cord fabrics are given in

Table 1 (in fatigue strength testing the warp threads of cord fabrics

given in Table 1 should withstand at least 900 cycles to failure). Au-

tomotive vehicle and aircraft tires are made from capron cord fabrics

with a warp of capron cord threads and weft from a single-strand cotton

J 910
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yarn. Viscose cord fabrics which have a higher strength are thinner

"for the same tensile strength which makes it possible to reduce the

tire cover carcass, thus increasing its service life, improving the

flexure resistance and reduce heat generation, are extensively u;edr in-

stead of cotton cord fabrics. Viscose cord fabric is made from super-

and super-super viscose, wit a viscose cord thread warp and cotton

yarn weft. The indicators of high-strength viscose cord fabrics are

given in Table 2.

TABLE 1

Data on Cotton Cord Fabrics

;z.~ell lacI :2 9I11 ,2===~ x; 2, -1 M -•
1,-. i _____ = 6 ^ 7 -:-..1

3T 37/5/3 140 2% 0,80:±0,03 94+1 ±- 1 t150 ±2 475+1 v 7,8 7±1 O.J 7
7"' 39/4/3 60±2% 0,64±0,03 128±1 8±1 To me 472 ,lý 7,0o 6t1 0 69,T"' ,sw,.
81r 39;4i3 60±2% 0.64±u.03 128±1 8±' I. I 472±10 7,7 (•± 0.6, ,
9' 37/51 40±2% 0.80±0. U3 94±1 8 •t ,75± 10 9.0 7 ±1 0 Ot : 14
ItT 37,5/3 40:±2% 0,8 +±0.,04 94± I X±1 i 75:t 0 11) 41 7-±i t .6

11'1M 28/5/3 40-2% 0,87±[j,05 94±1 8±1 -- f IA. 6.5 kt5 -
23y 3 .715,3 4 0±220 t).80±0,)03 4 6±1 30± 1 24 0±5 7.8 7 1 (),-64"1 ,,
74T 31J/1,/3 6G)O 2% 0,6 ±0,03 94- 1- Ifi :150 7 7,0 6± tt 0.69
84T 39/4!3 60±21% 0,64±u,0,4 9 4±1 1 r,1 :150 7 7 7.7 #1;±t 0 'Gill
94T 37/5/3 40 .12% 0.80±0,03 70) 1 16 1 :355±7 9.0 7±1 0 .6 6A
723T 39,4/3 60±2% 0,64.•,-03 60 t 3 4;. I * 2, 6±5 7.0 6 ±L 1 O.6P ,6
523,r 39/4/3 6o±2% 0,64., 0.03 60± 1 3 •I 226±5 7.7 6± 1 1,1;9
923T 37/5/3 40±2% 0.80±0,03 46±.l 3 0 240±5 9.0 17t 4,866 .

1) Brand; 2) warp thread structure; 3) thickness (number) of the weft
yarn with the allowable deviations (%); 4) warp thread diameter -'or a
moisture content of 6.5% (mm); 5) thread count per 10 cm; 6 fabric
width (cm); 7) weight of lm for a moisture content of 6. 5 (g); 8)
tensile strength for a moisture content of 6.5% (kg, not less than);
9) elongation under a load of 4.5 kg (%); 10) heat resistance coeffi-
cient (not less than); 11) moisture ccntent (%, not more than); 12)
warp; 13) weft; 14) same as above.

Bicycle tire carcass covers are made from ýoton cord fabric,

which is celled bicycle tire-thread fabric; indicators of bicycle tire-

thr; ,d cord fabric are given in Table 3.

911



III-70t2

TABLE 2

Indicators of High-Strength Viscose Cord Fabrics

111171111 117 6 7 111 1TO CIxfi
YNRMM WICIn C fil l ip" tq ly4-1 2 IcoiiwIJ .4 "C. ,- ,•ri-

1 r3)Y-flj Imah- lii- 1lq I',T y')

2 '3 KF p y lr K n I q l| y T c a ol( i h u r~
__i 11 -,-,-215± 121J I A 1I 21

142 r ) 1 85 1114111 "T LI 1
tI42 5t411 I 11.+- I L1?, III

l 5. (1 5 LI III t II 4,1j 20

15'2. 5,51 2 0 % ,0 15701 3, 00 t41 , 9 k" "i 14 A : :1402 1 1153: 21 ) 20 rl + .% ÷ / 6t /r± 21 ",, I11

I I(I~r0 I I / III b I 3:l9I L2I
152. M3'50 I f1;,± I :. ± 1 5111

17332 17,0 5 / 1L LI If;1. 1 21 01

High-strength viscose cord fabric is produced in
rolls 540 or 720 m long.

1) Fabric brand; 2) thread structure; 3) thickness (mm); 4) rupture
load (kg, not less than); 5) elongation (%); 6) number of turns per inm;

7) thread count per 10 cm; 8) fabric width (cm); 9) weight of 1 m2 of
fabric (g).

TABLE 3

Indicators of Bicycle Tire-Thread Cord Fabric

OCHOB,. 1 TO,, j Tiamm

A*Rmeq 
HCI•O Ipy- muonmleCS Ief

1CII XJMlaCO II0Iex

HKIIIII ljlM OCTM Q6 Y
"r.' .• M Ma .01011A Y

oC • -py . 13

20/213 . . .. 0O ,1J±0,05 1 2,5 11 :k2 1 710 355 40 1 14+2 8+ 14U±?

1) Warp; 2) weft; 3) fabric; 4) fabric structure; 5) thread diameter
for a moisture content of 6.5% (nu); 6) tensile strength for a moisturecontent of 6.5% (kg);27)Om elongat-ion at break (%);2 8)number of turns;

9) lst twisting; nd twisting; 11) yarn No._; 1 thread count per
10 cm; 13) width (cm).-

S.Ye. Strusevich
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CORD FILAMENT (cord fiber, cord yarn) is filament of unlimited

length differing from ordinary filamentary thread in high strength and

lower elongation. Cord filament is produced with low numbers (usually

Physical and Mechanical Properties of Cord Fibers

i:I[()(I, TIE;I 1 l~ll 'l;'< - 2ll .tl(- J;III|(l'. I X'il~ l

. '3 ..... 4'... 5 " ' "" " "' "'

Va me, ( . . .) " .. . . .' . . . .. I. 12ol 1 F. J 1 4 1 .1 4 v 7.80

ItHW11p l JijiUl,' (. At) 11 . . . ,.1-14 7f --, 11;11. -. 7 1|.5
H•PeMe11Hf X• CunP(•TISl qe"ife j,-A:1pWF1)'

it it-•) . . . . . . l 4. .• 1;;7- f 76 :M-- to-, S -- 91 :1 5---1 98.
.e 121.. . . . -14 71-- 1 t, IM 7-14 2

Stnay:Ik yapyrocmn 1.o.'4.4351t4 i 1 1

li Properties; 2) fibers; 3) viscose; 4) nylon; 5) kapron; 6) cotton;
7 steel; 8) specific gravity; 9) Nel (meters/gram); 10) diameter of
elementary fiber (mm); 11) breaking length (kim); 12) ultimate tensile
strength (kg/mm2 ); 13) elongation (%); 14) elastic modulus (kg/mm2 ).

for the chemical fibers NM is from 5.45 to 10.7); in addition, in the

USSR it is produced with NM of 34.5 (polyamide cord filament). Two or

more cord filaments are twisted to produce cord. Initially the cord

filaments are twisted to obtain 500-600 turns per meter, and then two

or more twisted filaments are twisted in the opposite direction, ob-

taining 320-470 turns per meter.

Wide use is made of the viscose and polyamide (kapron and nylon)

cord filament for the production of technical rubber articles.

References: Konkin, A.A., Rogovina, A.A., and Birger, G.Ye., KhV

[Chemical Fibers], 1961, No. 1.

E.I. Ayzenshteyn
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CORDS - see Cordage.
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