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02 .UR/2724/61/000/QOO/0003/QQ13 
ACCESSION NO. 

TT8500542 
ABSTRACT 

This article describes the basic principles of alloying cast aluminum, 
depending on working temperature and their area of application.  Prin- 
ciples of alloying alloys are predetermined by conditions of their work; 
medium, operation cycle and the value of stresses, temperature and time 
of its action.  The theory of heat resistance of metallic alloys were 
created.  Table 1 gives characteristics of certain structural compo- 
nents in aluminum alloys, and development of alloy ATsR-1, were con- 
sidered.  Typical mechanical properties of casting aluminum alloys 
are given in Table 2.  Orig. art. has:  2 tables. 
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ABSTRACT 

This article describes the development of a new alloy AL19i its com- 
position and structure. The alloy base should be the system aluminum - 
copper, ensuring highest strength characteristics.  A content of copper 
in the alloy less than 4.5^ does not ensure maximum strength and 
plasticity at room temperature. The component of alloy should have 
high interatomic bond, minimum coefficient of diffusion in hard alumi- 
num and high solubility at room and operating temperatures 300-350°. 
The author concludes the given data show that alloy AL19 is distin- 
guished by high heat resistance, high mechanical properties at room 
temperature and good weldabllity. However it has lower casting pro- 
perties, which one should consider when developing casting technique 
for parts of every type.  Orig. art. has: 9 tables and 3 figures. 
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ACCESSION NO. 

TT8300544 
ABSTRACT 

This article describes the melt and casting technology of Alloy AL19. 
Aluminum and alloys are distinguished by their high chemical activity, 
during melt they interact with gases of the furnace atmosphere, in the 
melt gaseous and hard nonmetallic inclusions are formed.  Getting into 
castings, these inclusions lower their strength and density. The 
author concludes that during preparation of alloy AL19 for preventing 
of liquation and raised porosity it is necessary to thoroughly mix 
and refine it.  During development of technology of casting parts it 
is necessary to anticipate intensive feeding, dispersed feed of metal, 
application of yielding rods.  The dimension of air holes and their 
quantity must be selected taking into account massive places of the 
casting. It is necessary to consider that the air hole system used 
during casting of parts from alloys of type Silumin, is unfit for cast- 
ing from alloy AL19. Alloy AL19 has twice as high a viscosity, there- 
fore very high air holes insufficiently v;ell impregnate the casting. 
It is expedient frequently to set low air holes of ellipse like section 
Orig, art. has:  3 tables and 2 figures. 

AWC 4uY?» 4 (Test form under revision) Ar«C (AAFI) 



DATA NANDLIN* PASS 

OVACCKMION NO. »»OOCUMKNT LOC ^TOPICTA'-S 

TT8500545 
•^TITLI     jjgy   mAT   TREATMENT 

REGIME FOR ALLOY AL19 EN- 
SURING STABILITY OF DIMEN- 
SIONS OF CASTINGS1 

4>SuajECT ARKA 

11 

02 

heat treatment, metal deformation, 
alloy, hardening/(u}alumlnum alloy AL19 

4»AUTMOR/00-Aim»wL0KTT0N0VNA N# A. :/frRASTV0R0VA, N. M.; 
BERESLAVTSEVA. 0. P.: LARIKOVA, M. I.; STROGANOV, G. B 
4».souitcK LITEYNYYE ALYUMINIYEVYYE SPLAVY; 3V0YSTVA, 
TEKHNOLOGIYA PLAVKI, LIT'YA I TERMICHESKOY OBRABOTKI. 
SBORNIK STATEY   (RUSSIAN) 

e^SCCURlTY AND DOWNGRADING INFORMATION 

UNCL,   0 

7ft.RCEL/rRAME NO. 

1834    0692 
CONTRACT NO. 

94-00 
*mm. 

7%SUPERSEDES 

65- 

7»>CHANGES 

PUBLISHING DATE 

tJR/2724/6l/000/00Q/0036/0Q42 

M> DATE OF INFO 

-61 
6S-0OCUMENT NO. 

FTD-MT-24-34c5-67 
S^P^OJECT NO. 

72302-78 
64-CONTROL MARKINGS    97-HFADER CLASN 

NONI 

«O-GEOGHAPHICAL 
AREA 

UR 
TYPE PRODUCT 

Translation 

UNCL 

NO. OF PACES 

8 
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ACCESSION NO. 
,I\f,8500545 

ABSTRACT 

In thLs article are described results of the development of a new 
regime of heat treatment of parts of complex configuration made from 
Alloy AL-19 ensuring stability of gecme^ric dimensions in the process 
of heat treatment. With section thickness to 75 x 60 mm alloy AL19 
practice -ly is not sensitive to a lowering of the cooling rate during 
hardening. Mechanical properties of castings in freshly hardened 
state at room temperature practically are not changed with an increase 
of temperature of the water during hardening from 45 to 960, when in 
artificially aged state tensile strength and relative elongation drop 
somewhat. Mechanical properties at 250° (short-term tests) practically 
are not changed with an increase of temperature of water during harden- 
ing to 96° and do not depend on the form of heat treatment.  General 
corrosion resistance of alloy AL19 hardened in water with a tempera- 
ture of 45 and 96° practically is identical in freshly hardened state 
and after artificial aging. Hardening of complex large castings in 
boiling water creates such insignificant warping of castings that it 
practically is not required to make any correction after heat treat- 
ment. Shift of a series of large complex castings to hardening in 
boiling water solved the question about a sharp decrease of warping, 
lowering of difficulty of manufacture and increase of quality of parts 
make from alloy AL19. Hardening in boiling water preserves the flow 
diagram of treatment and does not require additional equipment. For 

(hardening in boiling water usual tempering tanks are used with simple 
additional equipment for heating them, Crlg, art. has: 6 tables, 2 fig. 
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ACCESSION NO. 

TT85Q0546 
ABSTRACT 

This article describes casting of alloy VAL4. The author concludes 
there has been developed a new highly durable corrosion resistant alloy 
VAL4 of the system Al-Mg-Zn, which in mechanical properties exceeds 
in poured and heat treated stite such standard aluminum alloys as AL2, 
AL6, AL13, AL3, AL9 and AL7. Technological properties of the alloy 
permit using it for part of complex configuration and various dimen- 
sions. The alloy is distinguished by stability of mechanical proper- 
ties on a section of casting.  The alloy responds well to cutting, 
polishing, welding and soldering, which makes it possible to use it fur 
complex parts of electrical and radio equipment.  Orig. art. has: 
3 tables and 4 figures. 
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ABSTRACT 

This article describes the development of a new alloy for casting in 
sand and metal molds, suitable for casting without heat treatment. 
The developed alloy for casting unde.- pressure, containing 6-8^ Mg; 
0.5-1.0^ Si; 0.25-0.6^ Mn, the rest Al, in terms of strength and 
corrosion resistance exceeds the widely used alloy AL2 for casting 
under pressure.  The developed alloy for cascing in sand and metallic 
forms contains 6-7%  Mg, 0.05-0.1^ Be; G.05-0.15^ Ti; 0.05-0.2^ Zr; 
the rest Ai, and it is used without heat treatment.  During manufac- 
ture from aluminum of high purity, strength and corrosion characteris- 
ticö of the alloy in cast state exceed properties of alloy AL9 and 
do not yield to alloy AL4 in the heat treated state.  Strength charac- 
teristics of the alloy are positively influenced by zirconium 
(0.05-0.2^) and titanium (0.05-0.15;$), and corrosion resistance of 
the alloy by titanium, beryllium (to 0.2^) and manganese (to 0.2$). 
The group of heat treated alloys of the system Al-Mg proposed for 
casting of shaped parts with additions of beryllium, zirconium, titani- 
um and manganese based on aluminum of brands A00 and AV000, in terms 
of constructional strength and corrosion resistance significantly 
exceed alloy nL8. 
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ABSTRACT 

The article investigates the influence of natural and artificial 
cging on mechanical properties of parts and samples made from Alloy 
ALB.  Natural aging of alloy AL8 after hardening increases tensile 
strength and lengthening, especially in the first period of aging (up 
to 15 months).  During aging for up to 4c months, properties remain 
higher than properties of an alloy not subjected to natural aging. 
After artificial aging at 100° for 3 hours and holding por 8 months, 
mechanical properties"of alloy ALB are considerably higher than 
immediately after hardening.  The general level of mechanical properties 
of alloy of system Al-Mg-Zn is considerably higher than for alloy 

]00o (3 hours), 115° (3 hours), 123° (3 hour AL8,  Artificial aging at 
ana I'/C0 (3 hours) permits one for 1.5 years to preserve lengthening 
of hardened alloy Al-Mg-Zn at a level of 
of this characteristic, "Örig. art. has: 

50-60$; of the initial value 
2 tables and 1 figure. 
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ABSTRACT 

This article describes the characteristic peculiarities of heating 
on properties of parts made from alloy AI,8. The solid solution of 
hardened alloy ALo at temperatures higher than 100° is unstable, in 
consequence of which it can easily disintegrate, accompanied by a 
sharp lowering of mechanical properties.  The decrease of plasticity 
here is so big that the alloy becomes absorutely unfit for usual field 
of application (loaded parts, subject to shocK influences).  Therefon 
heating of the hardened alloy higher than 100° is absolutely imper- 
missible.  Heating at 125° for L3 hours leads to a small increase of 
tensile strength, a noticeable growth of hardness, and a fall of 
lengthening.  At higher temperatures of heating (150-225°) mechanical 
properties descend, approaching properties of a thermally untreated 
alloy.  Disintegration of the solid solution can Ire clearly observed 
on microsections (at xl500) after heating at l8o0 for 30 minutes, 
Orig. art. has:  7 figures. 
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ACCESSION NO. 
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ABSTRACT 

This article describes the technological peculiarities of manufacture 
of alloy AL8.  The complexities of casting and heat treatment of this 
alloy has prevented its wide application.  On the basis of experimental 
work the author concludes:  the introduction of beryllium and titanium 
alloy and application of a new flux during melting ensures obtaining 
good quality casting made from alloy AL8.  Application of special 
paint makes it possible to prepare quality alloy in cast iron crucibles 
During strict fulfillment of technology of smelting, casting and heat 
treatment, mechanical properties of alloy AL8 can considerabl/ exceed 
the requirements of technical conditions. 
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ACCESSION NO. 

TT8500551 
ABSTRACT 

In this article the author concludes: methods of melting and casting 
of alloy AL8 which ensure, good quality large castings are proposed. 
A composition of core mixture which permits easy punching of cores from 
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We developed a method for refinir.^ aluminum alloys with application of 
a vacuum and flux, and we designed and mastered in production a vacuum 
installation for aluminum alloys, allowing one to refine a melt with 
a weight of up to 500 kilograms. Refining with the aid of a vacuum 
lowers porosity of aluminum alloys by 2 points on a 5-polnt scale of 
porosity and increases mechanical properties by 10-15$, which permits 
in a number of cases elimination of crystallization of poured parts 
in an autoclave. Application of double refining:  vacuum with addi- 
tion of a small quantity of flux (0.20$ of the weight of the alloy) 
increases effectiveness of degassing of aluminum alloys as compared 
to vacuum treatment without flux.  Orig. art. has: 6 figures and 
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Mechanical properties of alloys AL2, AL3, AL4, AL5, AL7, AL8 and AL9, 
obtained during casting in ethylsilicate molds, by investment patterns 
and in shell molds, satisfy requirements of All-Union Government 
Standard 2685-53. Temperature of molds up to 200° comparatively little 
affects mechanical properties of investigated alloys. At higher tem- 
peratures of molds a lowering of mechanical properties is observed. 
Fluidity of alloys during casting in shell and ethylsilicate molds is 
somewhat higher than in earthen molds. Mechanical properties of 
samples 5 mm in diameter made from alloy AL9 during casting in gypsum 
molds do not differ from properties of this alloy poured in earthen 
molds. On samples with a d ameier of 8 mm and 12 mm a small lowering 
of mechanical properties is noted.  Mechanical properties of alloys 
AL19 and AL21 decrease during casting in gypsum forms by nearly 10-15%. 
Heating of gypsum molds lowers mechanical properties of 8 mm and 
especially 12 mm samples made from these alloys; properties of samples 
with a diameter of 5 mm are not changed. Fluidity of aluminum alloys 
during casting in gypsum (cold and heated) molds a few times exceeds 
the fluidity during casting in earthen molds. Orig. art. has:  7 
tables and 6 figures. 
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In the collection questions of the metal 
science and technology of casting aluminum alloys 
are examined. 

Methods are given in melting, casting, and 
refining alloys from gaseous and hard nonmetallic 
inclusions, ensuring raised characteristics of 
parts made from constructional alloys, and in 
particular from alloys Al-Mg; a series of 
articles is dedicated to heat strength, properties 
and production of parts cast from new alloys; 
heat treatment for the purpose of hardening parts 
and stabilization of dimensions; properties and 
control of forming materials, exact methods of 
casting. 

The collection is intended for a wide circle 
of scientific and engineering-technical workers 
and plant designers, technologists and foremen. 
It can also serve as an aid for students of higher 
educational institutions and technical schools 
in foundry courses. 
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PREFACE 

The growth of production of aluminum and the ever widening 
industrial application of shaped casting from aluminum alloys increase 
the requirements for these materials.  Dimensions and weight of 
castings are being Increased, their configuration is being complicated, 
the leve of strength characteristics and accuracy of dimensions 
increases.  If one were to add that parts cast from aluminum alloys 
have to work also under various temperature and corrosion conditions, 
then the great problems confronting scientific and engineering- 
technical workers, who are occupied with metal science, melting 
technology, casting and heat treatment of casj/aluminum alloys becomes 
understandable. 

Various conditions of exploitation first of all place the 
question about creation of special constructional, heat-durable, 
corrosion-resistant alloys. 

It Is known that the properties of parts obtained by the method 
of casting depend not only on chemical composition and structure of 
the material, but, to no lesser degree, on the technology of melting, 
casting and heat treatment. 

Aluminum and alloys based on it are distinguished by their high 
chemical activity, during melt they interact with gases of the 
furnace atmosphere, in the melt gaseous and hard nonmetallic 
inclusions are formed. Getting into castings, these Inclusions 
lower their strength and density. Therefore there exists a series 
of methods of refining for removal of such harmful impurities from 
the melt. On the effectiveness of these methods depends the purity 
of an alloy, and consequently the quality of the castings. 

The method of casting is very significant. At present, along 
with casting in sane! and metallic forms, there exist methods of 
casting in shell forms, metallic models and in ceramic forms with 
smelted patterns. 

Casting in metallic and in shell forms, and especially casting 
smelted patterns, permits securing higher quality and greater accuracy 
of dimensions of castings. 

PTD-MT-24-345-67 iv 



Finally, heat treatment significantly affects properties of 
cast parts. The majority of casting alloys are strengthened after 
hardening and artificial aging. However, heat treatment connected 
with a sharp change of temperatures of parts frequently leads to 
their warping, warpage, disturbance of dimensions. Necessary is 
the selection of special conditions of hardening and aging in order 
to avoid these defects.  Consequently, creation of quality shaped 
parts from aluminum alloys requires the solution of many complex 
theoretical and practical questions. 

Related to such questions are: creation of new constructional 
casting alloys which respond to requirements of different branches 
of industry; wide application of advanced methods of melt, treatment 
of liquid metal and casting (heating in vacuum, induction, low- 
frequency furnaces and resistance furnaces; vacuum refining and 
refining by ultrasonics, chill casting, casting under pressure, shell 
and precision casting); maximum mechanization and automation of the 
foundry; creation of new, improved methods of investigation and 
control of liquid metal, auxiliary materials, parts. 

A number of questions touched here are beyond the scope of the 
present collection.  In it only some of them are examined. Thus are 
illuminated the properties of new casting aluminum alloys: heat- 
durable and highly durable alloy AL19J self-hardened alloy VAlA, 
corrosion resistant alloys based on the system aluminum — magnesium. 
There are described contemporary methods of melt and casting, refining 
of alloys from gaseous and hard nonmetallic inclusions, conditions 
of heat treatment ensuring stability of dimensions of articles; also, 
materials are given on properties and methods of control of forming 
materials. 

We request that all remarks about the collection be addressed to 
the publishing house. 

I. N. Fridlyander 
M. B. Al'tman 
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BASIC PRINCIPLES OF ALLOYING OF CAST ALUMINUM 
DEPENDING ON WORKING TEMPERATURE AND 

THEIR AREA OF APPLICATION 

I. F. Kolobnev 

Principles of alloying alloys are predetermined by conditions 
of their work: medium, operation cycle and the value of stresses, 
temperature and time of its action. 

Creation of the theory of heat resistance of matallic alloys 
were the subject of work: of a number of Soviet scientists, A. A. 
Bochvaraj1 G. V. Kurdyumov,2 I. A. Oding3 and others. 

Results of these worlds indicate that heat resistance of metallic 
alloys is most essentially affected by the following factors: 

1) interatomic bonds, 

2) the degree of supersaturation and the nature of the solid 
solution, 

3) grain structure of the solid solution, 

4) melting point of the eutectic, 

5) structure of grain boundaries and 

6) nature, dimension and character of distribution of particles 
of second phases in alloys. Joint consideration of these factors 

■'■A. A. Bochvar, Metal science. Metallurgy Publishing House, 
1956. A. A. Bochvaya, News of Academy of Sciences of USSR, OTN, 1948, 
No. 5. 

2G. V. Kurdyumov, ZhTF, 195^, No. 7. 

3I. A. Oding, V. I. Ivanova, V. V. Burdugskiy, V. M. Geminov, 
Theory of creep and prolonged strength of metals. Metallurgy 
Publishing House, 1959. 
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■ %z 

permits a sufficiently correct estirrvit- ■ f thr dc-ro*- of honi 
resistance of alloys and a more exact detcrminQ^ion of the r^ ■ i--i/jlity 
of their alloying by both elements. 

It is known that heat resistance ehnracterize'D resistivity of 
a material to creep and destruction during oxtended hifrh temp* ratures 
and loads. Therefore the temperature level of heat resistance to a 
great decree is determined by forces of interatomic bonds which in 
alloys can be substantially increased by meaps of corr- spondinp 
alloying. 

Increase of heat resistance especially promotes the / rsatili'. 
of an alloy.  In this case the strength of interatomic bonds durinr 
corresponding alloying can be larger, and mobility of ato:r.s Ires 
than for alloys with a smaller number of alloying elements durinr an 
equal degree of supersaturation of the solid solution,  f'onvincinr 
examples are the less stable binary r Moys of type [ALT] (A-l^) and 
stabler complex alloys of type AL19 and B300, 

Realization of forces of an interatomic bond to a considerable 
measure depend on the state of the crystal lattice and the mosaic- 
block structure.  In works of G. V. Kurdyumov and his colleagues,1 

V. K. Kritskoy2 and in other works it is established that formation 
of submicroscopic heterogeneity of the crystal structure increases 
the degree of utilization of an interatomic bond in crystals such 
that forces of an interatomic bond in crystals of a solid solution 
can be strongly changed depending on the form of heat treatment.  It 
was established that the annealed state of alloys nickel — aluminum 
and nickel — copper is characterized by a low level of bonding forces, 
but the hardened state has a high level of forces, which by means of 

secondary heating of alloys to a temperature of 250-300° with 
subsequent fast cooling in \ ater, it is possible to attain a 
considerable increase in the forces of the interatomic bond (this 
conclusion should be checked on aluminum alloys). 

One of the most important characteristics of forces of an 
interatomic bond is the value of energy of sublimation necessary for 
breakaway of an atom from the crystal lattice. By this criterion 
metals can be arranged in the following ascending order: cadmium 
(26.8 Cal/mole — {27A)  -» magnesium (37.3) - calcium (47.8] — 
aluminum (55) -» manganese (74)-» beryllium (7CJ) — copper (Ö1.2) -* 
nickel (85) — chromium (88) — iron (9^) -» molybdenum (160) - 
tungsten (210]). Forces of an interatomic bond even with the same 
phase composition can be essentially distinguished. The larger 

1G. V. Kurdyumov, V. A. Il'in, V. K. Kristskaya, I. I. Lysak, 
Problems of metal science and physics of metals, collection No. 4, 
Metallurgy Publishing House, 1955. 

2V. K. Kritskaya. Theses of reports of the All-Union Scientific 
and Technical Conference on theoretical questions of metal science, 
NTO Mashprom, 1958, p. 25. 
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these forces realized, the greater the strength of the alloys. 

In alloys int.ondod for work at high temperatures (350-^00 ), 
more preferable as alloy additions can be those elements for which the 
value of heat of sublimation is higher than for aluminum. 

The majority of these elements have not only a higher melting 
point, but also smaller diffusion mobility. It is especially useful 
to add such elements which participate in formation of stable 
particles of complex phases during disintegration of solid solutions. 
This is very important for heat resistance of an alloy. 

It is known that one of the most common elementary processes 
determining a change of structure and consequently also the property 
of alloys, is the process of diffusion. 

The more complex the chemical composition of a solid solution, 
especially in that case when it includes atoms of refractory metals, 
all the more stable is the structure of the alloy. This conditions 
a slow process of regrouping of atoms and formation of particles of 
the second phases. By this it is possible to explain the prolonged 
existence in a number of alloys of fine structure of the solid 
solution and microheterogeneity of the second order at raised 
temperatures.1 

As illustrating materials we have double alloys of the system 
Al-Cu with a fast disintegrating solid solution and coagulation of 
particles of phase CuAl2, accompanied by destruction of micro- 

heterogeneity, and triple alloys of the system Al-Cu-Mn with a 
fairly stable solid solution.  From this is follows that for increase 
of heat resistance of alloys it is necessary, besides hardening of 
grain boundaries, to complicate the composition of the solid solution 
In order to delay its disintegration. 

However, such a mechanism of hardening is not necessary for 
alloys, intended for short-term action of high temperatures, when 
the process of disintegration of the solid solution does not 
manage to occur,2 

The level of temperature allowing prolonged preservation in 
alloys of the fine structure and microheterogeneity inside grains 
of the solid solution is determined by the nature of the alloying 
elements as well as excess second phases (see Table 1 on p, k), 
for example: 

a) MgZn2, ß(Al,Mg2)J T(Al1pMg,Zn,) within the limits of up to 

Microheterogeneity of the second order, as an important factor 
increasing heat resistance of aluminum alloys was first described in 
the work of A. A, Bochvar and 0. S. Zhadayeva as early as 1945, 

2I. F, Kolobnev, Heat treatment of aluminum alloys. Metallurgy 
Publishing House, 1961. 
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(in alloys of type ALB and B95); 

b) CuAl 2 , r.~ 2si to temperatures 150-200° (in alloys of type 
1H,7, AL4, P1L9); 

c) 1.·.'(Alxtvlgscu4si4 ) up to -200-270° (in alloys of- type AL3, AL5) 
- 0 

and phase S(Al,__CuJ•tg) '-lp to 250-300 (in alloys of type AL1, 
JUt~~ c . 

d) T(Al12Mn 2su) to 300-350° (in alloys of type AL19); 

c) T(Al6cu
3

Ni), S[Al
3

(cuNi) 2 ] to 350-400° (in alloys of type 
B300). 

The given examples show that temperature ranges of application 
predetermine the methods of alloying of aluminum alloys. In an increase 
of heat resistance of alloys an especially great role can be played 
bJ' the sm:t llest particles of ~econd phases. It is known tha~ inter­
locki!':g of shifts by particles cA' one or another phase strengthens 
tens a~d hundreas of times stronger than interlocking by the atoms 
which form a solid solution with the basic metal. 

For confirmation of these expressions it is possible to give the 
fac:t that particles of phase T(Al12Mn2Cu) promote very strong 

hardr::ning oi' a series of aluminum alloys. 

During alloying of alloys it is necessary to consider the quantity 
of second phases which create stable microheterogeneity inside grains 
nf the solid solution as well as those crystallized in branched 
fen:: O!l grain boundaries of the solid solution, stable at high 
tor:1rc!".~1t.ur~s. 

T:'; 1iteratuJ·" there is an 1nd1cntion that the volume of 
~Jtradisper~0d n~r1 lcl~s of necond phonec mny not exceed 15% of the 
volum,? of th•: ~;oll l ~nlutlon, nine~ ~ p:rentcr quantity causes a 
sharp }(l',.:eri:-w o:· r>L""t~~t !C' proprortlon (lf the Alloy. 1 

The l'<lL~•·(! :!t•iJ:!'''" nf m1crnh~,t~rrP:"'nt>lt.y inside grains of the 
sol~cl solut!on ·..;hlrb t~~ f'"·d~t•,,1 L,Y tt1' nmnllest particles (dimension 
10-7 -lo-'

1 
cr.-l) or : <'(~"n 1 f'h"i~ll:l~~ • r~~·w1~rn n r.t.rong braking influence 

or. deform::Jtion or t L'' m'lt.~rt"l. ny thte 1t is possible to explain 
th~ sharp inc ren ;,r• o"r u,.-. ytr• ·l_;J pot nt or hn rdcned alloys with a 
superscturated solid nolutton whlt~h la past the stelfe of age­
hardening. Thus, ft:"/r exampl~. ln hnrdnned state alloy AL19 has tensile 
strength 30-34 kg/mm2 and the yield point is 18-20 kg/mm2 (see Table 
2 on p. 6), wherea~ after incomplete artificial aging (175° for 5 
hours) tensile strength increases by 20-30% to 36-43 kg/mm2 , and yield. 

I 

1 L. Jeffries, Trans. ASME, 1919, v. 60, p. 474. 
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Table 2. Typical Mechanical Properties of 
Casting Aluminum Alloys Depending on Heat Treat- 
ment or Test Conditions 
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34 

14 
17 
18 

2 
4 
3.* 

6S 
70 
75 16 14 10 8 5 2.8 

AM 
Tl 

• TS 
17 

18 

34 

30 

15 
18 0.8 

1.5 

65 
75 
70 

18 i 10 9 6 3.5 

AM T2 17 11 2 55 — — — — — - 

AXT 
T4 
TS 

34 

25 

16 
18 

7 
3 

65. 
85 

18 14 to 10 6 3 

AM T4 30 17    10 90 22  |   15 9 8 4 l,£ 

A.19 
T4 
T5 

19 

22 

14 
16 

5 
3 

50 
65 14 11 9 6 4.5 2.8 

AJin T2 22 15 2 80 — —             — - — - 

JJ112 T2 18 13 1.5 75 15 13 10 — — - 

Ana T2 17 11 3 
j 

60 — - — 
1 

- — 

AJl\9 
T4 
T5 

32 

36 

lb 

25 

8 
4 

80 
100 

26 
26 

19 
19 

IS 
15 

16 
16 

12 
12 

6.5 
6.5 

BM-11-3 T4 26 18 4 90 20 18 14 9 5 2 

BUA 
T6 
n 

30 

21 

23 

19 
0.8 
0.8 

60 
65 20 10 13 14 9 5.5 

B300 

T2 

To 

T7 

21 

30 

24 

27 
20 

1.2 
0.7 

1.5 

65 
80 
75 21 20 16 18 11 

'S- 

7-8 

Conditions: Tl — aging of alloy in cast 
state; T2 — annealing; T4 — tempering; T5 — 
hardening and incomplete aging; T6 — hardening 
of aging for production of maximum strength; 
T7 — hardening and high-temperature temper. 



point by 40-6C# to 26-32 kg/mm2. 

The higher the degree of supersaturation of the solid solution, 
and the fuller strengthening phases will cross to it, and the freer 
the grains of the solid solution from particles of the second phases, 
then the higher will be tensile strength and the value of resilience. 
However, the value of the yield point remains low. 

The most typical example can be alloy AL8, which in hardened 
p 

state has a tensile strength to 40 kg/mm , and yield point on the 

order of 20 kg/mm .  But if this alloy is subjected to additional 
alloying (for example, zirconium, boron and others), in such a way 
as to obtain a fine structure of the solid solution with the initial 
stage of age-hardening, then during an insignificant increase of 
tensile strength (on the order of 10-15^) it is possible to 
significantly increase yield point (by 50-60^). 

Hardening of alloys intended for work at temperatures of 20-100 , 
may be attained, by means of an increase of the degree of 
disorientation of grains with a strongly distorted crystal lattice 
especially in boundary zones:  the finer the grain structure of the 
alloy and the more mosaic the structure of the grain of the solid 
solution, the higher will its strength and resilience be.  N. N. 
Pelousov and A. A. Dodonov,1 proved that an application of high 
pressure (up to 2000 [(gage) atm]) in the process of crystallization 
ensures high mechanical properties of castings. 

Especially great success in this direction can be attained by 
means of introduction of refractory additions with simultaneous use 
of ultrasonics in the process of formation of particles of metallic 
compounds, as crystallization centers of castings.  In certain alloys 
(for example, [ATsRl] (AUP1) growth of particles of second phases 
can occur under influence of ultrasonics, which is necessary to 
consider during selection of conditions of ultrasonic treatment. 

The level of the working temperature of alloys of the same 
system depends not only on the nature of alloying elements, but also 
on their numerical ratios.  For example, an addition of zinc to alloys 
of aluminum slightly alloyed with magnesium (i.e., to alloys in 
which magnesium is less than zinc) promotes an increase of heat 
resistance (alloy of type B15).  But this addition in alloys with 
maximum supersaturated solid solution Mg in Al (alloy of type AL8) 
accelerates disintegration of the solid solution and, consequently, 
lowers their heat resistance. 

With an increase of the working temperature and duration of its 
action one can lower the degree of supersaturation of the solid 

1N. N. Belousov, Contemporary technological processes of 
manufacture of castings from nonferrous alloys, Leningrad House of 
technical propaganda, 1958; Bulletin of exchange of industrial 
experience, 1959; No. 2. 
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solution to ensure a stabler structure of the alloy. 

At temperatures not exceeding the temperature of dispersion- 
hardening, indices of quality of the material are basically tensile 
strength and yield point. 

During prolonged tests (or exploitation) under conditions of 
action of high temperatures and loads, indices of quality of the 
material and principles of alloying the alloy have to be different. 

In this case prolonged tensile strength and the limit of creep 
most fully characterize the degree of fitness of the material.  Here 
prolonged tensile strength (p.t.s.)predetermines the creep linit. 
The dependence of these two characteristics can be expressed by the 
following approximate formula:  o0 2  = O-TO^Q p.t.s. (for alloys 

ALI, AL5, AL19, [V14A] (B14A), B3o6 and others) or o0 2  = O.^o100 p.t.s, 

(for alloys with lowered hez'   resistance:  AL2, AlA, AL9. etc.). 

For given conditions of tests (or exploitation) a decisive role 
in structure is played by the following factors: 

a) Stability of the solid solution. 

b) Degree of microheterogeneity of the second order  inside 
grains of the solid solution, created by ultradispersed particles of 
stable second phases: the less they interact with the solid 
solution, the higher the heat resistance of the alloy, 

c) Structure of second phases, creating a network in boundary 
layers of grains of the solid solution: the more durable the 
network (or frame) and the more branched the crystallites of stable 
second phases (or eutectic layer), the higher the heat resistance of 
the alloys. This can explain the lower heat resistance of alloy 
AL7 as compared to alloy AL19* and the latter in comparison with 
alloy B300. 

The more prolonged the existance of the fine structure at 
raised temperatures, ([ZGP] (3ni), particle of metastable phases, 
etc.), and also of microheterogeneity of the second order inside 
grains of the solid solution of the alloy base, the higher will be 
the heat resistance of the alloy. 

The temperature level of stability of the fine structure depends 
mainly on the nature of second phases (see Table 3). 

With an  increase of the operating temperature are developed 
diffusion processes, concentration of vacancies, movement of 
dislocations and formation of microscopic cracks. At temperatures 
higher than 0.7 absolute melting point these processes are especially 
strongly developed in peripheral zones. For braking these processes 
it is necessary to strengthen the borders of grains of the solid 
solution by stable particles of phases which have a thin branch 
structure (for example, phase Al^Cu.,Ni). 

8 
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Thus, depending on conditions of a test (or exploitation) one 
can recommend different methods of alloying, methods of their casting 
and heat treatment. 

However in all cases it is necessary to consider the harmful 
influence of large particles of the second phases. The larger they 
are, then in greater measure are they concentrators of stresses, 
strongly lowering resistivity if  the materials to destruction, 
causing formation of cracks in places of stress especially along 
edges of particles. 

Here one should note that depending on the field of application 
of parts and temperature regime of their exploitation, the influence 
of grain size of the solid solution can be different. 

Earlier it was said that for a once-only action of parts high 
temperatures, when weakening processes do not run to completion, 
and also for parts wording under conditions of prolonged operational 
temperatures (lower than temperatures of recrystallization and age- 
hardening), a fine-grained structure (with a mosaic sub-structure 
of grains of the solid solution) is the most preferable. 

For parts made from alloys of a type of solid solution^ during 
prolonged influence of high temperatures, a coarse-grained structure 
is stabler.  Naturally, the more coarse-grained the structure of parts 
under these circumstances of a test (or exploitation), the less 
is diffusion mobility of atoms.  However polyphase alloys of type 
B300 and others, in which at raised temperatures intense phase 
transitions do not occur bel^ve differently. 

Experimental data show that a fine-grained structure of complex 
alloys ensures higher limits of prolonged strength and creep. This 
is explained by the more favorable action of small particles of the 
second phases and the lowered degree of interaction of them with 
the solid solution. 

Below are given examples of use of given positions during 
selection of fields of application of alloys. 

1. For heavily loaded parts working in hard vibration conditions 

at temperatures not higher than 100 , the best of all are alloys of 
type ALT and AL8, which have the highest strength characteristics, 
including raised resilience.  In this case additional alloying of shown 
alloys (with zirconium, vanadium, cadmium, lithium, antimony and 
other elements) should be directed towards a safeguard of the raised 
stability of the strongly supersaturated solid solutions.  Such alloys 
can also be successfully used for objects used only once at higher 
temperatures, since in these conditions an intense disintegration of 
the solid solution does not occur. 

However during the usual method of casting one should not 
recommend the shown alloys for parts which are subjected to the 
influence of high pressures of gas or liquid, since all alloys of 
this type of solid solution possess low airtightness, caused by the 
presence of thin shrinkage "channels," formed in the process of 

9 
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crystallization and reduction of the volume of primary crystals. 

The lowered heat resistance of alloys of the magnalium type (AL8 
and others) is explained: 

a) by the great mobility of atoms of Mg in hard aluminum; 

b) by the intense process of interaction of phase ß with the 
solid solution of aluminum; 

c) by fast coagulation of particles of phase ß. 

2, For casting such parts, and also for casting very thin-walled 
(with a thickness of 2.5-5.5 nun) and very complex parts in terms of 
configuration, the most successful can be alloys of the eutectic 
type developed on a base of systems Al-Si, Al-Ce and others. 

Their high airtightness is created by a sufficient quantity of 
liquid-fluid eutectic, completely filling intergranular shrinkage 
vacuums. 

However all binary alloys with a great quantity (more than 35^) 
of eutectic due to the small degree of alloying of the solid solution 
and a coarse crystal structure possess low strength at room 
temperature and practically are not strengthened by heat treatment. 

An increase of strength of alloys of the eutectic type (for 
example, alloys of type Silumin) can be attained in the following 
two basic directions: 

a) by introduction of insignificant quantities of modifiers for 
breaking up the structure (sodium, titanium and others); 

V 

b) by alloying with copper, magnesium, beryllium and other 
additions, which ensure creation of a supersaturated solid solution 
without formation of large particles of second phases or phases with 
a laminar form of crystallization. 

Such alloying is accompanied by raised strength and fairly high 
plasticity (alloys AL9, AlA, AL5 and others). Plasticity of alloys 
can be several times increased by means of a sharp lowering of the 
content of iron and an increase of the crystallization rate of 
castings. 

The basic causes of lowered heat resistance of all alloys of 
type Silumin (AL2, AL3, AL4, AL5* AL9 and others) having a silicon 
phase are: 

a) raised coefficient of diffusion of Si in hard aluminum; 

b) during disintegration of the solid solution, phase Si is 
formed considerably faster than the complex composition phases (for 
example, phase Al^CuMg and others); 

c) particle of silicon coagulate comparatively fast, which 
promotes a lowering of heat resistance of the alloys; 

10 



d) particles of silicon in alloys of the Silumin type usually 
are crystallized in the form of plates. This does not promote good 
blocking of borders of grains of the a-solid solution and conditions 
a lower heat resistance of alloys of the Silumin type; 

e) in modified alloys, ultradispersed particles of silicon with 
a round form promote an increase of diffusion processes and sharply 
lower the heat resistance of the alloys; 

f) inasmuch as coefficient of linear expansion of aluminum is 
five times more than for silicon, then with an increase of operation 
cycles of work of an article, microcavities and formation of cracks 
increase, 

3. For parts working a prolonged time at high temperatures, 
among existing standard casting aluminum alloys in terms of the 
limit of prolonged strength and especially creep at temperatures 

300-350°, alloys AL19, B300 and [VAL1] (BAJI1) deserve special 
attention. 

During comparison of heat-resistant alloys of various systems 
it is possible to see that some alloys, for example ALI, Vl4A, B300, 
possess lowered plasticity, whereas other alloys, for example AL19* 
have greater plasticity and ductility, where alloy AL19 is very 

durable even at room temperature (0h = 36-43 kg/mm ). 

When taking into account the expounded considerations it is 
possible to elaborate heat-resistant alloys which will possess very 
high indices of strength and plasticity at room temperature. 

Alloys of the solid solution type (AL?, AL19, VAL1 and others) 
can have maximum heat resistance in the heat treated state on harden- 
ing, whereas alloys of eutectic composition or with a great quantity 
of eutectic (AL2, AL3, AL4, AL5, AL9, [LOU-IKS] (JIOY-MKC), [ATsRl] 
(AHP1) and others) in the poured state. This situation has an 
extraordinarily important value for industry, and also theoretical 
interest, which was considered during development of alloys ATsRl 
and VAL1. 

4, It is necessary to note that for parts, working a prolonged 

time at high temperatures (350-400°) there may be recommended a very 
limited number of aluminum alloys, for example, alloy ATsR-1, which 
possesses the highest indices of heat resistance and airtightness. 
Furthermore, alloy ATsR-1 has good casting properties (not worse 
than alloy AL9) and exceeds in terms of prolonged strength at 

temperatures 350-400° all other known aluminum alloys. Alloy ATsR-1 
contains alloying additions which ensure: 

a) a sufficient quantity of eutectic, determining good air- 
tightness; 

J 
b) stability of solid solution of alloy base; 

11 
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c) creation of particles of second phases which at operating 

temperatures (350-400°J practically do not interact either among 
themselves or with grains of the solid solution. 

During development of alloy ATsR-1, data of Table 1 were 
considered. 

Typical mechanical properties of casting aluminum alloys are 
given in Table 2. 

V 

y 
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COMPOSITION, STRUCTURE AND PROPERTIES OF ALLOY AL19 

I. F. Kolobnev, L, V. Shvyreva, K, A. Aristova, 
and G. Ya. Mishin 

During development of the new alloy the following were considered: 

1. The alloy base should be the system aluminum — copper, 
ensuring highest strength characteristics at room and raised 
temperatures. 

2. Content of copper in alloy must not exceed 5.5^, since the 
CuAlp phase forming due to a surplus of copper during heat treatment 

promotes embrittlement of the alloy at room temperature, and at 
raised temperatures, development of diffusion plasticity which sharply 
lowers heat resistance. A content of copper in the alloy less than 
4.5^ does not ensure maximum strength and plasticity at room 
temperature. 

3. The third component of the alloy should have; 

a) a comparatively high interatomic bond; 

b) minimum coefficient of diffusion in hard aluminum; 

c) fairly high solubility at room and operating temperatures 

300-350°); 

d) ability to form phases which are complex in terms of structure 
and chemical composition, and, which participate in creation of a 
refractory eutectic, strengthen the grain boundaries of the solid 
solution, and also which in the form of tiny solid particles create a 
micrcheterogeneity inside grains of the solid solution which is, 
comparatively stable at high operating temperatures. 

Such an alloy structure promotes braking of processes of 
deformation and prevents movement of dislocations. 

The shown requirements are readily filled by manganese. The 

13 



solubility of manganese in aluminum at a temperature of 500-330 
reaches 0.4-0.6^. The coefficient of diffusion of manganese Is the 
lowest as compared to the coefficient of diffusion of copper, 
magnesium, zinc and other alloying elements which are, able to form 
a solid solution with aluminum. Manganese participates in creation 
of complex phase T(Al12Mn2Cu), which has raised hardness and lowered 

Inclination to coagulation during a prolonged effect of temperature. 
The tiny particles of this phase, forming in the process of 
disintegration of the a-solid solution, are fairly evenly distributed 
inside grains of the latter, promoting an increase of strength at 
room and raised temperatures. 

Phase T(Al12Mn2Cu) participates in formation of a triple eutectic 

with high melting point, also favorably affecting heat resistance of 
the alloy. 

Influence cf Copper and Manganese 

In Table 1 are represented mechanical properties of alloys of the 
system Al-Cu-Mn with different contents of copper, including alloys 

Table 1. 
System 

Mechanical Properties of Alloys of the 

O £ 

Che«leal 
compos ition 

/ 
Conditions cf heatin    anaer   innlenir 
(tempenature in  ^C   ird :icljin^ timfe 
in hours) 

Mt-c.umicil prop- 
erties at 2-;) 

o 

55 c. M. 
k   /mm2 

1 
% 

1 

2 

3 

41 

5 

a 

7a 

4.SS 

4.05 

5.3 

6.2S 

6.0 

6.15 

7.0 

0.91 

0.82 

0.96 

0.33 

0.6 

0.92 

0.61 

515°, 20 h 
535°, 5 h + 5U50, 7 h 
$15°, 20 h 
535°, 5 h ♦ 5U50, 7 h 
515°,   20 h 
535°, 5 h + SW0, 7 h 
515°, 20 h 

|   535°, 5 h + 5US0, 7 h 
j   51S0, 20 h 

535°, 5 h + 5145°, 7 h 
:   515°, 5 h + 51*5°, 7 h 

535°, 5 h ♦ 51i50, 7 h 
$15°, 20 h 
^35°, 5 h + 5U50, 7 h 

23.3 
30.5 
24.0 
32.0 
25.0 
30.0 
20.0 
20.0 
20.8 
27.0 
25.0 
24.0 
21.3 

|    22.5 

3.8 
9.0 

.  3.5 
11.5 
5.0 
8.0 
2.9 
2.6? 

2.4 
3.0 
3.3 
3.0^ 
2.0 

1    2.5^ 

^lloy RR57. 

20verburning. 

3Alloy D20. 
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of the type of English RR57 and domestic R20. Tests in this case as 
well as in the rest of the work were conducted on separate dirt cast 
samples with a diameter of 10 mm with casting crust. 

From the date of Table 1 it follows that with a content of 
copper greater than 5.5^ tensile strength, and especially the 
lengthening frjtor decrease, indicating a phase margin of CuAl2 
causing fragility of the alloy, A raised content of copper (more than 
5.5^) does not permit using a high temperature for hardening 

(5^3 ), since such alloys are prone to overburn. 

As can be seen from Table 2, the most noticeably increased are 
properties of an alloy with a content of manganese from 0.6 to 1.0^. 

Table 2. Mechanical Properties of an Alloy of 
Aluminum with 5.0^ Cu Depending on Content of 
Manganese (Hardened State)  
Chemical 
compos it ioiit ,0 

copper », -anese 

4.« ^™       i 

4.87 0.28    1 
5.3 0.5«   I 
4.75 1   0.61 
4.75 0,84 
4.55 0.01 
4.95 0*02 
4.75 1.06 
5.0 M4 
4.75 1.24 

Mtcanical  prop- 
erties at 20° 

tensile 
strengt 
kg/mra^ 

■lengthen 

Mec.iai.ical properties1 at a 
temperature in 0C 

175 

rpaidual 
siren tn* 
k.i/mm2 

|lemjtfien 
n;, ;i 

200 
residual 
strengU-j 

len^thet.- 
ing, ^ 

27.0 
28.0 
30.0 
29.5 
30.0 
30.5 
29.5 
28.2^ 
28.5 
28.0 

II 
7.0 30.0 2.3 27.5 
7.3 30.8 — 27.7 

10.0 33.5 2.6 28.6 
10.5 30.8 4.0 28.0 
9.5 30.7 3.0 30.0 

11,5 31.0 3.0 28.6   { 
9.0 30.1 3.5 30.7 
5.3 29.5 2.3 29.0 

1     6.0 28.0 — 26.0 
5.0 28.0 1.5     j i7.5   I 

2.8 

3.5 
3.5 
5.0 
3.0 
2.0 
2.5 
2.0 

•"•The test was done by a special method which 
consists of the fact that a sample at corresponding 
temperature and constantly applied stress, equal to 
0.25^ ö,, is tested for 100 hours. Then the stress 

is increased to 0.5^ c, and the sample is tested 

for 1 hour. Further on there is a test of the 
sample for extension at the same temperature, with 
determination of residual strength and relative 
elongation. 

A content of manganese over 1.0^ leads to lowering of properties at 
both room and raised temperatures. This is explained by depletion 
of the a-solid solution by copper, enlargement of particles of the 
triple phase Tw (Al,, ^MrwJu), leading to embrittlement of the alloy 
(Fig. 1).    wn  -L^ ^ 
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Fig. 1. Microstructures of hardened alloys 
of aluminum x450, etching 0,5^ HF: a) with 
5^ Cu and 0.7%  Mn; b) with r).0^ Cu and 
1.24# Mh. 

Influence of Titanium^ Chromium and Vanadium on Properties 
of an Alloy of Aluminum with ^.0% Cu and 0.9% Mn """' 

For the purpose of increasing plasticity and heat resistance of 
the alloy of system Al-Cu-Mn, we studied the influence of additions 
of titanium (from 0.05 to 0.5^), chromium (from 0.05 to 0.3^) and 
vanadium (from 0.05 to 0.5^). Tests were made: 

1) for short-term fracture at temperatures of 20, 175, and 200° 
with determination of tensile strength and relative elongation; 

2) for prolonged strength at a temperature of 200 and a stress 

of 15.0 kg/mm and at a temperature of 300 and a stress of 6.0 kg/mm . 

Analysis of obtained results, represented in Tables J>  and 4, 
make it possible to affirm the following: 

1) the most effective increase in mechanical properties is with 
titanium. With an increase of its content to 0.3-0.5^ tensile strength 

and relative elongation at temperatures of 2Q, 175 and 200 , and 

prolonged strength at temperatures of 200 and 500° are increased. 

2) Addition of chromium leads to a certain lowering of mechanical 

properties at temperatures of 20, 175 and 200°, but prolonged strength 

at 200 and 300 essentially is not changed. 

5) With an increase of the content of vanadium mechanical 

properties at temperatures of 20, 175 and 200 practically are not 

changed, and prolonged strength at temperatures of 200 and 300° is 
somewhat increased.  Consequently, introduction of additions of 
vanadium and chromium in the composition of the new alloy is 
inexpedient (see Table 3). 
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The highest properties at room and raised temperatures can bo 
had with an alloy containing 4,^-5.5^ Cu; 0.6-1.Of Mn; 0.25-0,^ Ti 
(see Table 4).  This new alloy has been named fALl^J (AJI19). 

Influence of Impurities of Silicon, Tron and Magnesium 
on propertles of Alloy ATI?  " 

We investigated the influence of impurities of silicon from 0.1b 
to 1.5^; iron from 0.15 to 1.0^; magnesium from ü.ü1; to 0.3% on a 
change of mechanical properties at temperatures of 20 and 300°, and 
prolonged strength at 500°, and also on a chanro of casting properties 
of alloy AL19 (inclinetion to crack formation and fluidity). 

The following was established: 

1) With a content of silicon higher than 0.^ there is a sharp 

drop of prolonged strength of the alloy at 300°,1 some decrease also 
of mechanical properties at room temperature.  Casting properties 
with a content to 1.0^ silicon practically remain without change; 
a greater content of it noticeably improves casting properties. But 
a raised content of silicon leads to overburning of alloy AL19 in the 
process of heating it under hardening/' connected with formation of a 
new phase Al^MnpSi, which together witl^ the a-solid solution and 

phase CuAlo gives a triple eutectic with low melting point (525-520cr) 

2) With content of iron higher than 0,3^ there is a noticeable 
drop of mechanical properties at room temperature, prolonged strength 

at 300°; casting properties essentially are not changed.2 Lowering 
of mechanical properties is caused, apparently, by depletion of the 
a-solid solution by copper and manganese due to formation of phase 
AlCuMnFe. 

3) With a content of even small quantities of magnesium (0.07^) 
there is a sharp drop of plasticity of alloy AL19* and with a raised 
content of it (>0.05^) overburning of the alloy occurs during heating 
under hardening. This, apparently, is explained by appearance of 
phase S(AlpCuMg) and formation of a triple eutectic a + CuAlp + S 

with melting point 507°. 

Prolonged strength of alloy AL19 at 300° for 100 hours depending 
on content of silicon is changed thus: 

S Si | 0.25        | 0.5 I 0,75 1.0 

»k/'mm2       | 7 | 6,5 I 4.5 i 4 

influence of iron on mechanical properties of alloy AL19: 

iron in ^   I     0,1      |     0.2      |     0.3      |     0,4      |     0.5 I     0.6 

* kg/mm2  I       43       |        40      I       37       i        .34      I       .10 |       28 
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Proceeding from obtained results in ailoy AL19* we set the 
following content of impurities: iron to 0.^, silicon to 0.3^, 
magnesium to 0.05^. 

Heat Treatment of Alloy AL19 

Depending on requirements of the parts, castings from alloy 
AL19 can be heat treated under two conditions: T4 (hardening) and 
T5 (hardening and aging). 

Regime T^ consists of two-stage heating under hardening: at a 

+c50 

temperature of 530  , holding for 7-9 hours, raise temperature to 

5^0 J  , holding for 7-9 hours, cooling in wpter. 

For decrease of internal stresses, and consequently also warping 
of parts, cooling after heating under hardening should be done in 

water, heated to 90-100°. 

Regime T5 consists of hardening as in regime T4 and artificial 

aging at a temperature of 175 for 3-5 hours with subsequent cooling 
in air. 

Treatment by regime T4 ensures obtaining a tensile strength cf 

30-35 kg/mm and relative elongation 8-12% at room temperature, and 
a fairly high value of prolonged strength at temperatures up to 

350 . Treatment by regime T5 permits obtaining of tensile strength 
p 

of 3^-^3 kg/mm , relative elongation 3-6% and a high value of yield 
point and hardness. This regime is recommended for parts working in 
conditions of greater stress. 

The set relationship of basic components (copper and manganese) 
in alloy AL19 permitted using high-temperature conditions of 
hardening. Phase CuAlp, which is contained in the cast alloy, at a 

o 
temperature of 5^0 ^    completely passes to a solid solution, condition- 
ing hip;h strength and plasticity of the alloy. 

Considering that the cast structure in thick sections of castings 
can contain great accumulations of complex eutectic, it is recommended 
to use two-state heating under hardening, during which there is a 
gradual transition of phase CuAlp to solid solution and everburning 
of the alloy is absent. 

Observance of conditions of heat treatment and technology of 
casting permits obtaining high mechanical properties of the alloy 
(see Tables 5? 6 and 7). 

Comparative date of mechanical properties of alloy AL19 and 
other cast aluminum alloys are. given in Table 8, 

In Table 9 are represented physical properties of alloy AL19. 
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Table 5. Mechanical Properties of Alloy AL19 at 
j Hardened 

Properties state 
(regime T4) 

Room Temperature 
"•   Hardened and 

aged state 
(regime T3) 

Ultimate tensile strength in 
p 

kg/mm p 
Yield point in lug/mm 
Relative elongation in % 

o 
Resilience in kgn/cm 

2 
Brinell hirdness in kg/mm 

2 
Proportional limit in kg/nun 

Fatigue strength in kg/nim 
(on smooth angled samples with 
variable bend on the basis of 

20-10 cycles on a Weiler machine) 

Elastic modulus in kg/mm 

Shear modulus in kg/mm 

30-^6 

6900 

2500 

34-43 

15- 
8- 

•20 
-15                1 

22- 
3- 

-32 
-7 

0.8- ■1.0 0.75- -0.85 

70- -90 .  100- -110 

9- ■10.5 1           17" ■19.5 

7 7 

6900 

2600 

Table 6. Mechanical Properties of Alloy AL19 at Low and Raised 
Temperatures (according to S. Ye. Belyayev).  

Pfopertie«^ 
Temperacure in 0C 

-«0 

Tensile strength in kg/rm 

Yield point in kg/rm2 

Relativö elongation In % 

True tensile strength 
in kg/mm2 

Relative reduction of area in £ 

Resilience in kgro/cm2 

Limit of creep for 100 h in kg/ranr 

a) general deformation 

b) permanent deformation 

Slastio modulus in kg/mnr 

Notch sensitivity (static, defined  on 
smooth samplos & 10 nan, cut to^5 7 mm <  ■ 600)i 

Pati^ie strength in kg/mm2 (determined on 
smooth samples with variable bend on tha basis 

27-29 
31-34 

^4-37 

0.8-1.2 
0,7-0,85 

-70 

1.22 
TOT 

28-29 
3ü-aZ 

7.0^8^ 
370-7.0 

32-a3_ 

-175   I     ^■200   j     +'i50 lr30Ö 

0,7-1,25 
0.65-0.80 

1.36 
1.12 

25-26       26-27 
26-27 
19-20 
2C-21 

4,0-5,0 
3,5-1.0 
_26-2« 
26-28 
5-7 
5-7 

9 
9' 
13 
13 

5200 
5000 

•M—n 
22-23 
22- 33 

2,0-3.0 
2,0-3;o 
27-28 
26-^7 
3-(i 

2.5-5.6 

5.5 

5200 
5100 

17-18,5 
17-19 
10-11 
11-12 

4.0-5.0 
4,0--5".ü 

18-320 
ift-lH 
5-6 

T<r-8.5 

5000 
4600 

14-15 
14-15 

7.0-7.5 
7.5-8,0 
4,0-6.0 

-4 350 

4.5—6.0 
12- is 
17-15 
8-10 

'9-13.5 

7.5-9.» 
7.5—9.0 
5.0-6.0 
5.0—b.o 
7.5JIO.O 
6*5-*). 0 

8- 9 
8   9 

11^5-1:. 
II—iVö 

JÜUO 
4fio^ 

of aO^lO6 cycles on a Shanka machine]  3000 
oh&rwss per :.iinute)# 

1 In the numerator are snown properties of the alloy after heat treatment    by regime T4, and in the 
denominator, by regime T5, 

20 t-d 
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Table 7. Prolonged Strength of Alloy AL19 at 
Different Temperatures and Holding 

Prolonged strength In kg/«21 

Temperature 
0C 100 h 50 h 20 h 10 h 5 h 

175 
18.5 
1S.5 

— — 

aoo 15.0 
15.5 

15.5 
16.0 

16.0 
17.0 

17.0 
1S.0 

18.(1 
19.1) 

280 
11.0 
11.0 

11.5 
11.5 

12.0 
12.0 

12.5 
13.0 

13.1* 
14.0 

30D 
6.5 7.0 7.5 8.0 9.0 

«.& 7,0 7.5 8.0 9.0 

390 
3.5 

3.7 
3.7 

4.0 
4.0 

5.0 
5.0 

6.(1 
6.0 

In the numerator is shown prolonged 
strength of the alloy after heat treatment by 
regime T4, and in the denominator, by regime 
T5. 

Table 8. Mechanical Properties of Alloy AL19 
and Certain Other Cast Aluminum Alloys at 
Various Temperatures 

Alloy 

Regime 
of 
heat 
treat- 
ment 

kg/mnr kg/mm2 

1 

kgrn/mm«- 

Prolonged 
strength 
kg/mm2 for 
100 h at a 
temperature 
of in 0C 

Short-term 
rupture 
of kg/fan2 

at a temper- 
a-cure  ir. 0C 

200 250 300 200 2S0 300 

AVIIO T4 1S-20 3Ü-&1 8-15 1.0 15 !'2 6.5 26 19 14 
T5 22-32 31-43 .3-6 0.8 16 12 6.5 26 19 H 

AJM T6 18-22 •23-27 3-5 0.5 8 5 3 16 11 8 
AJ15 T5 18-22 20-25 0.5-2 0.2 10 6 3.5 20 15 12 
AJÜ T4 13-15 20-28 6-8 — 10 6   1 3 21 15 10 
AM T4 17-20 29-35 9-12 —, 8 4 1.5 22 15 9 
A;» T5 11-13 20-22 2—4 0.3 6 4.5 2.8 15 11 7 
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Table 9. Physical Properties of Alloy AL19 

Propertla« 
Hardened stat* 
(ragiaa T4) 

rlordened ^n.i a.'-d 
atate  (rti^lm« Tt) 

Thtraal conduction 
in Cal/o« a oc 25# locr aw 30ü- 25°    100"    2(10 3ÜU 

0,25 1 0.28 0.32 0.34 0.27 | 0.29 0.32 0.3'» 

Co«ffiolent of 
linear «xpanaion 

a.10-6 

2D- 
100° 

100- 
200° 

20)- 
{300° 

20- 
100* 

100- 
200* 

200-1 
3003 

— 19.51 21.n ?.62 19.51 22.83 26.S0|  - 

Technological emd Casting Properties of Alloy AL19 

Weldability of the alloy is satisfactory. Workability by 
cutting is good, especially in state T5, i.e., better than for alloys 
AIÄ,  AL5> AL7 and AL9.  Corrosion resistance, as also for all alloys 
with a large content of copper, is not high, but higher than for 
alloy AL7. 

Airtightness is the same as for alloy ALT: a leak appears 
during hydrotests for 60 atm. 

Temperature of casting is set for every part separately within 

the limits 700-750 .  Inclination to crack formation is less than 

for alloy AL7: at a temperature of 710° the width of the ring is 
equal to 32.5 mm, and for alloy AL7, 35 mm. 

Fluidity is higher than for alloy AL7:  at 700° the length of 
a rod is equal to 205 mm, and for alloy AL7, 163 mm. 

Linear shrinkage is equal to 1.25^. 

Mlcrostructure of Alloy AL19 

Poured state.  In accordance with constitution diagrams of 
systems Al-Cu-Mn and Al-Ti during crystallization of the alloy, 
following phases will be formed:  a-solid solution; CuAlp; phaE3 
TMn(Al12Mn2Cu); Al^Ti. 

On Figure 2 is represented the mlcrostructure of the alloy in 
cast state. 

Phase T^. (Al1pMn2Cu) with a given etching is colored black, is 

mainly on borders of grains, has a rather branched form. 

Phase CuAlp is well outlined, uncolored, located on borders of 

grains in the form of branched formations. 

22 



Fig. 2. Micro- 
structure of alloy 
AL19 in cast state; 
x^O, etching 0.5^ 
HF. 

Phase Al^Ti is a gray color, crystallized in the form of plates 

or small crosses. 

Heat treated state. During heating under hardening at a 

temperature of 5kC ?    phase CuAlp must be completely dissolved and 

transferred to solid solution. The phase composition of the alloy in 
hardened state is ot-solid solution, alloyed by copper and manganese 
on account of diffusion of ^hase CuAlp and partial diffusion of 

manganese in the process of crystallization, phase TwfAl.oMn^u) 

and phase TiAl (Fig. 3a).  It is necessary to note that the presence 

of large laminar particles of phase TiAl, (see Fig. 3b) is undesirable, 

since they are concentrators of stresses. 

i&VdS^fi'h***» 

Fig. 3. Microstructure of alloy AL19 in 
heat treated state; etching 0,5^ HF; xl20 
(a) and x450 (b). 

If after heating under hardening at a temperature of 530-535° 
due to insufficient holding or disturbance of temperature rate there 
remains nondissolved phase CuAl?, then everburning of the alloy can 

occur in the process of heating it at the following step at 540° 
(Fig. 4). 
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Fig. i+. Overburnln^ 
,   '•**£>   • ^^^i    of ai:Loy AL10'' xh^0' 

JpPv    &/     '•'        < '•        etching 0.^% HF. 

Sa»^ 
B^W IE 

As a result of overburning, tensile strength of the alloy will 
p 

drop to a level of 22-25 kg/mm , and relative elongation to 2-4^* 

Metallographic investigation of the phase composition of alloy 
AL19 in heat treated state showed that phase TM^(A11pMn0Cu) is 

on borders of grains in the form of branched formations, as well as 
inside the grain of the solid solution in the form of finely 
dispersed point separations. 

These smallest particles are products of disintegration of 
manganous a-solid solution in the process of heating under hardening 

at temperatures of 500-550°.  It is known that manganese is inclined 
toward formation of a supersaturated solid solution in aluminum. 
Hoffman and Falkenhagen,1 using high speeds of cooling (more uhan 

25,0000/s for crystallization of liquid alloy and 5000o/s for cooling 
in solid state), observed in the surface layer of castings from 
double Al-Mn alleys supeisaturation of the a-solid solution by 
manganese up to 9,2%  (weight), which is 6,7 times layer than the value 
of equilibrium solubility, 

Microstructure of alloy AL19 in state T5 does not differ from 
the microstructure of the alloy in state T4, 

Conclusion 

The given data show that alloy AL19 is distinguished by high 
heat resistance, high mechanical properties at room temperature and 
good weldability. 

However it has lower casting properties, which one should 
consider when developing casting technique for parts of every type. 

^•W. Hofman u, G, Falkenhagen, Zeitschrift für Metallkunde, 
1952, B. 43. 
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MELT AND CASTING TECHNOLOGY OP ALLOY AL19 

I. F. Kolobnev, G. Ya. Mishin, N. A. Aristov, 
L. V. Shvyrev, and V, A. Mel'nikoye 

Melting Furnaces 

For preparation of alloy [AL19] (AJI19) it is possible to use all 
types of furnaces used for melting standard aluminum alloys. 
Electric resistance furnaces, especially induction furnaces, are 
better than reflective or crucible furnaces with gas (petroleum) 
heating, since they ensure higher mechanical properties and minimum 
porosity of castings. This is explained by the fact that the 
atmosphere in electric furnaces is the most favorable (weakly 
oxidizing), and the process of melting is accelerated. 

The most advanced method of melting is the method of induction 
heating by currents of high and industrial frequency, allowing 
one to obtain high-quality metal.  Positively effecting the quality 
of the metal is not only the faster melt process, but also intense 
mixing of the melt, small mirror metal surface, etc. 

Preparation of Preliminary Alloy 

To ensure uniformity in propertier and chemical composition, 
and also for production of good structure it is necessary to prepare 
a preliminary alloy. 

For preparation of the preliminary alloy ehe following initial 
materials are used: aluminum pig brands [AVI] (ABI), AV2 or *. ) 
(All Union Government Standard 55^9-55); alloy: aluminum 50% -r 
+ copper ^0%  (electroyltic MO, Ml, All Union Government Standard • 
3549-55). alloy: aluminum 90% + manganese 10^ ([MgO] (MrO), All 
Union Government Standard 6008-51); alloy: aluminum 96$ + titanium 
h%.    Special attention should be given to the quality of alloy 
Al-Ti, which should be dense, without blowholes and not contain 
inclusions of hyJrides in fracture. All initial materials have to 
be dry, pure, without traces of corrosion and have a certificate. 
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Calculation of the charge for preparation of the preliminary alloy 
must be done for the optimum chemical composition ensuring; maximum 
mechanical properties at room and raised temperatures: copper — cj.0%, 
manganese — 0,8^, titanium — 0.3$, 

It is necessary to consider following circumstance:  if in the 
alloy copper is at the lower limit (4,6$), and manganese at the 
upper (1.0^) or conversely, copper is 5.3$ and manganese 0.6$, then 
such combinations of components of the alloy are unfavorable; they 
lower strength characteristics of the alloy. 

It is necessary to consider that losses of components of the 
alloy can considerably oscillate depending on the state of the 
charge, melting unit used, duration of melt, etc., (Table 1). 

I 
Table 1. Loss of Metals in %  Depending on State 
of Charge and Type  f Melting Furnace1 

Pure c .aroe Strongly  jxidi^ec  nr.«.. 
cJ^xaiTiin^teci  charge 

Metals in electric 
furnacet ana 
cruel bit 
furnaces 

in electric 
furr.Hces  aj:a 
hswtr, 
f ..rn'-if-es 

in eldc'-r c 
f'urr ,ccs .-.nd 
cr .citK- 
f n.ascs 

in refldc-ivc 
fl^/ne 
furnaces   .na 
ii. .■.cart!. 
furnaces 

Aluminuin 0.5-1.0 1.0-2.0 2.O-3.0 2.0-4.0 
Copper 0.5-1.0 1.0-1.5 1.0-2.0 2.0-3.0 
Man pan e5e 0.1-0.5 0.5-1.0 1.0-2.0 2.0-3,0 
Titanium 0.75-2.0 1.6-2.5 1.5-3.0 2.5-5.0 

^The sharp increase losses of titanium during 
melt in reflective flame furnaces and hearth 
furnaces is caused by formation of a hydride of 
titanium and an increase in the degree of 
oxidation. Losses of copper and manr^nese are 
included in loss of these metals connected in 
compounds, for example AlMnFeSi, which can 
settle to the bottom of the furnace. 

The order of melt is as follows: at first load approximately 
half the batch of aluminum and all of alloys Al-Mn and ^1-Ti. 
According to melting, load the remaining part of the aluminum and 
Al-Cu alloy (or the fourfold alloy). Bring the temperature of the 

melt to 740-750° and thoroughly mix for 2-3 minutes. Heating to 
shown temperatures is necestary for full diffusion of alloys Al-Cu, 
Al-Mn, Al-Ti and uniform distribution of copper, manganese and 
titanium in the melt. 

Refine the melt by gaseous chlorine or anhydrous chloride of 
manganese. Chlorous manganese is introduced in the .aelt in the 
quantity 0.1$ (zinc chloride 0.2$) of the weight of the melt with 
the aid of a bell. In the process of refining the bell is moved in 
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the metal bath to a height 1/5 from the bottom of the crucible 
for 4-5 minutes. 

After termination of refining the alloy is 5-8 minutes, after 
which slag is removed from the surface of the melt and pouring is 
begun. The alloy is poured into casting molds at a temperature 

of 69O-7200.  Overheating the alloy higher than 720° should be 
avoided.  From every melt a sample is taken before the beginning, 
in middle and at the end of pouring for spectral or chemical 
analyses. 

The preliminary alloy is controlled for fracture (2-^ pigs). 
Upon detection of strongly expressed porosity and contamination 
the alloy must bs remelted and thoroughly refined. 

An appraisal of the quality of the preliminary alloy is produced 
by fracture of pigs and by mechanical properties of separately 

poured samples in cast state (a, = 16-20 kg/mm ; 6 ^ 2.5-5^). 

Preparation of Working Alloy 

For composition of a charge of working alloy the following 
materials are used: 

1) preliminary pig alloy of known chemical composition 
(30-50% of weight of charge); 

2) double alloys Al-Cu, Al-Mn, Al-Ti and aluminum of make 
AV2 or A00 (if charge preparation is necessary);1 

J>)    tailings (return) of production; air hole, sand-blast 
rejected parts, heavy skims and pits, etc. 

During determination of the quantity of tailings in a charge 
it is necessary to be guided by chemical analysis so that the 
content of harmful impurities in the working alloy will not be more 
than permissible. 

It is necessary tr consider that with a content of iron 
greater than 0.3^ both tensile strength and the limit of prolonged 
strength drop. Therefore for preparation of alloy AL19 it is 
necessary to use only aluminum of brands AVI, AV2 and A00. 

Magnesium is also an undesirable and harmful impurity, its 
content in the alloy limited to 0.05^. A  higher content of 
magnesium lowers plasticity and weldability of the alloy. 

The charge is calculated for optimum chemical composition. 

1Instead of a double we recommend using a fourfold alloy 
(copper 30^, manganese 5%,   titanium 1.8^, aluminum the rpst). 
Application of a fourfold alloy considerably increases the quality 
of castings. 
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The order of loading a charge is as follows: 

a) production tailings; 

b) alloy Al-Cu, Al-Mn, Al-Ti (if charge preparation is 
necessary); # 

c) preliminary alloy (in pigs). 

The technology of preparation of preliminary and working alloys 
does not essentially differ, with the exception that the preliminary 
alloy must be heated to a temperature 7^0-750°. 

The necessity of higher heating can appear only when filling 
a thin-walled casting of complex configuration.  Usually the 
temperature for casting parts from alloy AL19 should be within the 
limits of 690-7500, while a lower temperature is used for casting 
thick-walled parts in a chill mold.' 

With optimum chemical composition of the alloy, low content 
of impurities and correct management of the melt one can obtain 
high mechanical properties of alloy AL19.  An essential influence 
on mechanical properties is rendered n^t only by the quality of 
preparation of the melt, but also by the method of casting the parts 
(samples), the used forming materials, and also heat treatment. 

General Indications on the Method of Casting 

Data which determine casting properties of the alloy (interval 
of crystallization 100°, linear shrinkage 1.25^, hot brittleness — 
32.5 mm), indicate that the alloy is inclined toward formation of 
hot cracks and pores. Therefore during casting of complex parts 
it is necessary to anticipate smooth t^ransitions in wall sections 
and minimum nonuniformity of the casting.  During planning of 
accessories and technological process or casting it is necessary to 
ensure intensive feeding (massive air holes, internal air holes — 
"cocks"), cooling of lower zones of casting by installing cooling 
units, dispersed feed of metal, application of yielding rods, 
incisions (depth of 1.0-1.5 mm and more) on molds in those places 
opposite which formation of cracks in a casting is probable.  It 
is preferable to use lower dispersion feed of metal by a divergent 
system. 

Below typical examples of casting shaped parts, are given, 
taking into account peculiarities of alloy AL19. 

Example 1.  Development of method of molding a "wheel."1 

^•In mastering the technology of casting alloy AL19, A. Z. 
Zakharov, E. A, Lalayan, N. A. Avdeyeva, S. S. Azimkov, A. V. 
Vollk, A. I. Pshebe^skaya and others took part. 
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Fig. 1.  Sketch of a "wheel" (a) and method of 
molding this part (b). 

figure la, represents a sketch of this part. According to initial 
technology the molding was produced with a (Try rod by the method 
shown in Fig. lb. 

Feed of metal was carried out by two schemes: 
feed along the joint line. 

slot feed and 

Filling temperature of the alloy is 7^0° (such a high filling 
temperature was caused by thinness of casting walls, 4,5 mm). Afte^ 
knockout of parts from the form it turned out that for castings 
flooded by both schemes there were cracks, where for castings 
flooded by the second scheme the crack was larger. Thus, it was 
not possible to pour the given part with a dry rod. 

Therefore the dry rod was replaced by a damp "blockhead," which 
in configuration corresponded to a dry rod. Filling was produced 
also by the two shown schemes.  Casting by these schemes did not 
have cracks and other defects and were thus recognized as suitable. 
Consequently, both methods of feed of metal turned out to be 
acceptable, 

Example 2. Mastery of tecnnology of casting of a complex part 
(Fig* 2)- Gradual mastery of the technology of casting these parts 
is given in Table 2. 

Example 3. Mastering of technology of casting of part of 
"frame" type.  Figure 3 shows that this part is very complicated in 
configuration and has large dimensions 0 800 x 400.  During mastery 
of the technology of casting the following variants were tested 
(see Fig. 4 and Table 3). 
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ri.'iolos 0/ 
incisiori to depth of 2 nm 
step ?5 mm 

X-l coolers,  iocated 
evenly over diameter 
b piece above feeders; 
I - 150 inn 

Dia^ran of flow 
«^e system (conditionally 
not  s:.own ye b upper 

sers located on rim) 

Risers 

Feeder 

fig. 2. Method of molding of complex 
shaped part. 

Table 2. Technology of Casting by Stages 
Stages of 
experimental Peculiarities of Characteristic of 
work (part of technology of castings 
2-3 compo- molding 
nents) 

I Casting without cooling Castings had raised 
units, "cocks'* and rises shrinkage porosity and 
on upper rim wcrmholes sharpened on 

upper rim 
II Under lower rim are set Casting had crack of 

cooling units with a rims and shrinkage 
clearance of 50 mm pores in upper rim 

III Rises are made on the Casting had shrinkage 
upper rim, upper and cavity in pockets of 
lower rims are united by lower rim 
slots-bypasses, under 
lower rim are set cooling 
units 

IV Technology of molding Casting suitable by 
is by method shown in visual inspection and 
Figure 2 X-ray control 
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Fig. 3.  Part made from alloy 
AL19 ("frame"). 

Table ^. Methods of ^ sting a "Frame" 

Stages of 
experimental work 

Peculiarities of 
technology of molding 

Characteristic of 
casting 

II 

III 

IV 

Holes in bosses were 
shaped by sand rods. 
Refrigerators were not 
use^l. "Cocks" were set in 
face of bosses from 
internal side. Flow gate 
system is vertical-slot 
Modified flow gate 

system and rod 1 is cut 
into 4 parts 

Refrigeracors are 
added on rics and on 
external contours of 
lower part of casting 

Parts were poured 
according to method (with 
bosses of lower ring of 
casting 5 Kim), shown in 
Fig. 4 

Casting had pores 
on bosses and open 
gas pits in upper 
ring and a crack in 
the lower ring 

Pores on the Joint 
radius and feeders 

ru.es on feeders, 
rents on lower ring 

Part suitable by 
visual inspection and 
X-ray control 
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Scratches 1.5 mm deeo fielri-erMor wtHtfu ri 

Fig. k.    Method of molding "Frame." 

Conclusion 

1. During preparation of alloy iiL19 for preventing of 
liquation and raised porosity it is necessary to thoroughly mix and 
refine it. 

2. During development of technology of casting of parts it is 
necessary to anticipate intensive feeding, dispersed feed of metal, 
application of yielding rods. 

3. Basic type of flow gate system for casting alloy AL19 
should be a system with lower feed of metal. For high castings of 
cylindrical form a vertical-slot system with two wells is recommended. 

4. F'jr large dimension castings basic parameters of flow gate 
systems are as follows: 

a) diameter of stanchions 18-25 nun (it is desirable under 
stanchion to set flow gate grids, and also a sufficient volume 
hearth-skim gate); 

b) the section of collectors is larger than the section of a 
stanchion by 2-3  times; the quantity of skim gates in the collector 
is determined by the metal consumption of the form, its extent and 
complexity; 

c) the total section of feeders is larger than the section of 
a stanchion by 3-4 times, width of feeder is not more than 6-8 mm, 

5. The dimension of air holes and their quantity must be 
selected taking into account massive places of the casting. It is 
necessary to consider that the air hole system used during casting 
of parts from alloys of type Silumin, is unfit for casting from 
alloy AL19. 
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Alloy AL19 has twice as high a viscosity, therefore very high 
air holes insufficiently well impregnate the casting.  It is expedient 
frequently to set low air holes of ellipse-like section. 
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KSW HEAT TREATMENT REGIME FOR ALLOY AL19 ENSURING 
STABILITY OF DIMENSIONS OF CASTINGSi 

N. A. Loktionovna, N, M. Rastvorova, 0. P. Bereslavtseva, 
M. I. Larikova, and G. B, Stroganov 

In this article are described results of the development of 
a new regime of heat treatment of parts of complex configuration 
made from alloy [AL19] (AJI19) ensuring stability of geometric 
dimensions in the process of heat treatment. 

Laboratory Investigations 

The character of distribution and value of residual stresses, 
and consequently also deformation of castings, are greatly 
influenced by the speed of their cooling during hardening.2 For 
investigation of the influence of speed of cooling on deformation 
and properties of alloy AL19,  castings were hardened in water at 
different temperatures. Deformation was determined on cast ring- 
shaped samples of variable sect'.or (Fig. 1). During hardening 
samples were put in the cooling mediurr in a horizontal position. 

The variable section of the ring creates a condition of 
nonuniform cooling during hardening, and in the ring considerable 
residual stresses appear. A cut of the ring i^ a thin or thick 
part relieves stress and the ring spontaneously is deformed by a 
value which depends on residual stresses available in it. In this 

^•Besides the authors L. S. Zoltukhln, A. P. Fomin, A. R. 
Chesnokova, L, Ye. Entin, I. A. Osipov, S. M. Ambartsumyan, N. S. 
Pantyushkova, T. V. Privezentsev participated in the work. 

2N. A. Loktionova, V. I. Isayev, V. I. Kulakov, M. Ya. Telis, 
V. P. Kozlovskaya, "New regime of heat treatment for reducing 
warping of parts made from aluminum alloys,'1 TsITEIN, M-60-19/2, 
I960. 
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Fig. 1. Sample for determjnation of 
deformation. 

case deformation is measured after cut of a thin section of the 
ring by a handsaw. 

Samples for mechanical tests were cast in industrial conditions 
by series technology; heat treatment was also conducted in 
industrial conditions. 

Samples heated under hardening in a shaft electric furnace of 
type [ETA-6] (3TA-6) in step conditions. Loading was done in a 

furnace heated to 300°, then the temperature was raised to 535 * 5°. 
Samples were held at this temperature 9 hours, after which the 

temperature was raised to 545 ±  5° and held 7 hours. Samples were 

cooled in a tank with a capacity of 2 nr located directly under 

the furnace. In the case when hardening was conducted at 96°, 
water in the temperingNt6nk was heated by live steam. 

Part of the samples were tested in a freshly hardened state, 
others in an artificially aged state. Artificial aging was conducted 

at 175° for J>  hours. Dependence of deformation of cast samples 
on conditions of heat treatment is given in Table 1. 

Data of this table show that deformation of samples under the 
impact of stretching residual stressed in poured state is very 
insignificant. 

Hardening in water at a temperature of 45° causes in the 
sample great compressing residual stresses. With an increase of 
temperature of the water in the tempering tank residual stresses 
sharply descend and deformation of the sample decreases 7 times. 
Artificial aging insignificantly decrea^ss deformation of samrles 
as compared to the freshly hardened state (from 0.7 to 0.54 mm). 

Investigation of the influence of water temperature during 
hardening on mechanical properties of alloy AL19 was conducted at 

20 and 250° on separately poured samples 12 mm in diameter in 
freshly hardened and artificially aged states. 
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Table 1. Degree of Deformation of Samples 
Depending on Conditions of Heat Treatment 

I/t:" jrant: or in 

State of ulloy tain section of 
sajnple     Mjf | 

Poured in sand -0.02 
Hardening in water, 45° (freshly harleneci state) -0,7»l 
Hardening In «rater, 96° (freshly har.ienfd state) -0.10 
Hardening in water, 45° (artificiaily a;ed state) -0.M 

1Sign (+) indicates increase of groove 
of poured sample under the impact of residual 
pull stresses. 

Sign (-) indicates decrease of groove 
under the impact of compressing residual 
stresses. 

Conditions of heating under hardening of samples remained 
constant, only temperature of the cooling medium (45 and 960) was 
changed. 

In Table 2 are represented values of mechanical properties of 
alloy AL19 at room temperature.  In a freshly hardened state 

Table 2. Mechanical Properties1 of Alloy AL19 
at Room Temperature Depending on Conditions of 
Heat Treatment 

State cf 
samples 

Tempe mtu re 
of tempering 
water oc 

kg/nri^ 

Freshly hardened 

.Artificially 
aged 

45 
96 
45 
96 

30,8 (30.0-43.0) 
30.5 (29.2-32.5) 
36.1',35.2-36.7) 
34.9(34.4-36.6) 

, 10.9 (7.8-12.9) 
11.0(8.4-12.3) 
7,6 (6.9-8.5) 
6.2 (5,0-7.0) 

1In parentheses is shown scattering of 
results of tests of separate samples. 

mechanical properties of samples hardened in water at temperatures 

of 45 and 96° are practically identical. After artificial aging 
tensile strength and relative elongation of samples hardened in 

water at a temperature of 96° are lower than after hardening in 
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water at a teriiperature of 45°. 

Mechanical properties of alloy AL19 at a raised temperature 

(250°) were determined on samples 10 mm in diameter.  Simultaneously 
a test was conducted at room temperature. Results of these tests 
(see Table 3) show that mechanical properties at room temperature 
after hardening in boiling water are obtained lower than at water 

temperature 45°. 

This pertains to freshly hardened and aged state of samples. 

Table 3. Mechanical Properties1 of Alloy AL19 
at Raised and Room Temperatures Depending on 
Conditions of Heat Treatment 

State of 
samples 

Temper- 
iture of 
■vater in 
empering 

tank 0C 

Freshly 
hardened 

Artifici- 
ally aged 

Tensile strength in kg/onZ 

2(r 

45 
96 
45 
96 

33.9 (.12,9-34.8) 
32.0(31.4-38.0) 
38.6(36.8-40.0) 
36.3(33.1-38.4) 

250- 

unit elongation 
in -t ^t— 

20* 2S0» 

23.0(23.0) 
23.4(22.7-23.8) 
25.7(24.9-26.7) 
25.6(23.7-27.9) 

10.8(8,9-12/)) 7.6(5jtt-l0j0) 
9.1 (7.7-1IJ6) 7.5 (5.2-10.2) 

7/) (53-83) 53(43*7,0) 
5.0(33-7.0) 53(43-53) 

1In parentheses is shown scattering of 
results of tests of separate samples. 

At a test temperature of 250° the temperature of the water in 
the tempering tank practically does not influence mechanical 
properties, only relative elongation falls 0.9^ after hardening in 

boiling water as compared to hardening in water at 45°. 

Mechanical properties at room temperature and 250°, although 
they somewhat decrease with an increase of water temperature in the 
tempering tank, nevertheless remain higher than requirements of 
technical conditions. 

Hardening in boiling water does not cause noticeable changes 
in the microstructure of the alloy as compared to hardening in 

water at a temperature of 45°. The structure of all samples consists 
of an a-solid solution alloyed by copper and manganese, phase 
TMn(Al12Mn2Cu) and phase Al,Ti. 

Tests of corrosion resistance of alloy AL19 after hardening 

in water at 96° were conducted on cast samples with casting crust 
in a 3$ solution of table salt with an addition of 0,1%  Ho0r 
60 days. 

12u2 for 
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Conducted investigations showed (see Table 4) that corrosion 

resistance of alloy AL19 hardened in water at*temperatures 45° and 

96° is practically identical in both freshly hardened and in 
artificially aged states. 

Table h Influence of Ccrrosi on on Mechanical 
Properties of Samples Made from Allo^   AL19 

1 leaped   1 Before corrosion | After corrosion ■osses  in ^ 
State tf 
sanples 

ature of ] 
water in 
tefflperlnc 
tank 0C 

tensile 
strength 
kg/mm2 

relative 1 
elonga-    i 
tion ft     | 

tensile 
strength 
kg/mn*     ■ 

relative1 

elonga- ' 
tion ■Jo 

i 
tensile 
strength 

rtl •. live 
el. ra- 
tion 

Freshly 45 30.1 11.8 27.4 6.0 9.5 49.0 
hardened 96 30.1 11.4 26.0 6.5 13.6 1    43.0 

Artifici- 45 36.5 8.5 26.1 4.0 28.5 53.0 

ally aged 
1 

96 31.4 |     6.5 27.5 3.3 20.1 
1 

49.4 

Industrial Testing 

Investigation of the influence of hardening on deformation and 
mechanical properties of industrial parts made from alloy AL19 was 
conducted on planar thin-walled ribbed part cast in and without 
allowance for machining (Fig. 2),  and a series of other parts. 

V •• 
Fig. 2. General view of part made from 
alloy AL19 and places of measurement of 
warping. 

Deformation was measured after hardening in water with 
different temperatures (45 and 9o0). A diagram of measurement of 
deformation of the part is represented in Fig. 2.  For a base of 
measurements we took tongues in the form of bosses located in the 
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central part of the component which preliminarily was mechanically 
treated. Dimensions of the part allowed measurements in laboratory 
conditions with great accuracy.  Deformation of the part after 
different conditions of hardening is given in Table 5. 

Table 5.  Degree of Deformation of Part 
Depending on Conditions of Heat Treatment 

Place of 
measureaient of 
warping (see 
Fig. 2) 

Oefomation in 

hardening in 
water 45° 

hardening in 
wat. *• 96° 

1 0 0 
2 -1.2 -0.1 
3 -3.0 -0.1 
4 —1.4    . -0.4 
& -2.0 +0.3 
6 -rl.« +0.1 
7 41.6 -0.3 
8 -2.5 0.0 
9 -1.7 -0.2 

10 +0,2 +0.3 

Change of warping in 
na during hardening 
in water at 9fi0 as 
oompurad to hamenlBg 
in wat«r at 45° 

0 
-l.l 

-1.0 
-1.7 
-1.7 
-1,3 
-2.6 
-1.5 

Obtained data show that hardening in boiling water creates 
smaller deformation than hardening in water with a temperature of 

45°. During hardening in water with a temperature of 45° maximum 
deformation was 5 mm, and after hardening in water with a temperature 

of 96° it was only 0.4 mm, i.e., 7 times less. 

Simultaneously there were conducted comparative investigations 
of these castings of another melt after repeated hardening in water 

at a temperature of 96°. Maximum hardening strain in water with a 

temperature of 45° was 4.7 mm, after repeated hardening of the same 
part in boiling water it decreased to 1.1 mm, i.e., more than 3 
times. 

Thin-walled castings of variatle section with wall thickness 
60 mm, length 1015 mm during hardening in water with a temperature 

of 45° were strongly warped, and due to the complexity of their 
configuration It  was impossible to control it. After shift of the 
parts to hardening in boiling water warping was decreased and 
rejects were lowered considerably. 

Hardenability of alloy AL19 during hardening in water with a 

temperature 45° and 96° was determined on a shaped massive casting 
of variable section: maximum section 75 x 60 mm, minimum 38 x 20 mm. 

Mechanical properties of samples cut at the surface and from the 
center of maximum section of the part, depending on temperature 
of the water during hardening, are given in Table 6. 
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Table 6# Mechanical Properties1 of Samples 
Cut from Part, Depending on Conditions of Heat 
Treatment 

FTMP Place of |TeBp«r- 
loeatlon of |ature of 
saaples in 
carting 

toaper- 
ing water 
0C 

Sanples 
cut at the 
surface 

Samples 
cut from 
the center 

Freshly hardened state 

kg/W 

2W(21^-27^> W(4,8-It.O) 
2W(2W-25,7) 8.1(4.3~!0.6) 

22.4(22.0-223) 
24^(24^-^.2) 

% 

5.8(5.1-6.4) 

Artificially a^ed   ---täte 

kg/mP 

28^(25,0-^33,2) 
27.4(25.8—29,5)4.2(2. 

28.6(28.1-29^) 6/) (6J0-6. 
28.7(28^-295) 

ft 
36 

5.7(2.3-7.5) 
f.3-5.4> 

4.9(4.6-53) 

1In parentheses is shown scat coring of 
results of tests of separate samples. 

As can be seen, in freshly hardened state tensile strength and 
relative elongation of samples cut from the center of the casting 
are somewhat lower than for samples cut at the surface. 

In artificially aged state, mechanical properties of the 
central part of a casting are conversely somewhat higher than at 
the surface. ^ 

By investigation it is established that an increase of temper- 
ature of water during hardening to 96° will barely change mechanical 
properties all over the section of the casting (75 x 60 mm) as 
compared to hardening in water with a temperature of 45°. 

Conclusion 

1. With section thickness to 75 x 60 mm alloy AL19 practically 
is not sensitive to a lowering of the cooling rate during 
hardening. 

Mechanical properties of castings in freshly hardened state 
at room temperature practically are not changed with an increase 
of temperature of the water during hardening from 45 to 96°, when 
in artificially aged state tensile strength and relative elongation 
drop somewhat. Mechanical properties at 250° (short-term tests) 
practically are not changed with an increase or temperature of water 
during hardening to 96° and do not depend on the form of heat treat- 
ment. 

2. General corrosion resistance of alloy AL19 hardened in 
water with a temperature of 45 and 96° practically is identical 
in freshly hardened state and after artificial aging, 

3. Hardening of complex large castings in boiling water 
creates such insignificant warping of castings that it practically 
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is not required to make any correction after heat treatment. 

Shift of a series of large complex castings to hardening in 
boiling water solved the question about a sharp aecrease of warping, 
lowering of difficulty  of manufacture and increase of quality of 
parts made from alloy AL19. 

4. Hardening in boiling water preserves the flow diagram of 
treatment and does not require additional equipment. For hardening 
in boiling water usual tempering tanks are used with simple additional 
equipment for heating them. 
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CASTING ALUMINUM ALLOY VAL4 (VL15)1 

M. B. Al'tman, 0. B. Lotareva, N. S, Postnikov, 
and S. B. Spiridonova 

Alloys of system Al-Mg-Zn belong to a number of cast aluminum 
alleys possessing comparatively low mechanical properties.  Depending 
on the content of zinc and magnesium these alloys are known abroad 
under different makes.2 

The most widespread is alloy k2E,  containing 0,5-0,7^ Mg; 
i*.75-5.75^ Zn; 0.4-0.6^ Cr; 0.15-0.25^ Ti. Mechanical properties 

of this alloy after 21 days of natural aging are such:  c, = 24 kg/mm , 

Og = 17.5 kg/mm2; HB 75 kg/mm2; 5 = 5%. 

Alloy 40E is used in aircraft parts and in the food industry, 
when simultaneously are needed corrosion resistance, strength and 
high surface quality. 

Widely known is alloy of system Al-Mg-Zn of brand A612F3 of 
somewhat modified composition: 6-7^ Zn; 0.6-0.8^ Mg; 0,35-0.65^ Cu; 
0.05^ Mn; 0.15^ Si; 0.2^ Ti. Typical mechanical properties afJ.er 

2 2 
30 days of aging are as follows:  o = 24,6 kg/mm ; o =17.6 kg/mm ; 

5 = 5^; HB 75 kg/mm'. Minimum permissible properties: 

a, = 22.5 kg/mm2; 5 = 2%. 

Since examined alloys possess only satisfactory mechanical 
properties, our investigations were directed towards search of an 

1The alloy was developed by I. F. Kolobnev, M. B. Al'tman and 
0, B. Lotareva. 

2Metallurgia, 1955, v. 51, No. 306. 

3Aluminum Company of America, Aluminum Handbook, 1957. 
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alloy of system Al-Mg-Zn with higher strength characteristics.  For 
Investigation we selected a quasibinary cut Al-T (AlpMg,Zn^) of 

ternary diagram Al-Mg-Zn. We studied alloys with different content 
of phase T. Therefore there preliminarily was made chemical compound 
AlpMgzZn^ which then as an alloy was introduced into the melted 

aluminum in quantities 5; 7.5; 10; 15 and 20^. Mechanical properties, 
fluidity and inclination of alloys to corrosion under stress were 
determined. 

Obtained results showed that the best combination of tensile 
strength and lengthening is obtained with 7»5^ AlpMg,Zn,, which 

corresponds to the following chemical composition of the alloy: 
4,55^ Zn; 1,7^ Mg; the remainder — aluminum.  In poured state after 

2 
natural aging for 10 days tensile strength is equal to 20 kg/mm f 
and lengthening 3.5$. Alloying of the alloy by additions of 

o 
manganese and titanium increases tensile strength to 22-23 kg/mm 
with lengthening 2-3$. After hardening and aging tensile strength 

of the alloy attains 30-35 kg/mm  with lengthening 2-3$, 

Addition of manganese to this alloy was tested on the basis 
of source material, in which the fact is indicated that manganese 
improves resistance of the alloy to corrosion (obviously on account 
of formation of durable surface films) and increases mechanical 
strength.  Furthermore, manganese in quantities to 0.5$ promotes 
crushing of the grain and strengthens the effect of ageing of 
alloys of this system. An attempt to increase the content of 
manganese to 1% and more did not lead to desirable results, since 
the alloy became brittle. Therefore the content of manganese in 
the alloy of investigated composition was set at 0,2-0.5$. 

Addition of titanium within limits 0,1-0,2$ improves mechanical 
properties of the alloy thanks to reduction of the grain of the 
solid solution.1 It is necessary, however, to note the role of 
titanium in formation of the porosities of castings during incorrect 
preparation of the alloy. This peculiarity consists of the fact 
that at 400-500° titanium ib able to form hydrides with hydrogen. 
During the melt, with an increase of temperature hydrides disintegrate 
and hydrogen passes into the melt. Therefore it is recommended, 
first, that titanium alloy be prepared in induction furnaces, 
secondly, that the liquid alloy be thoroughly refined with subsequent 
secondary melting and control of quality of alloy for fracture. 

Simultaneously with basic components the influence of impurities 
of iron and silicon was investigated. The content of iron is limited 
to 0.5$, since with a greater quantity big insoluble particles of 
phase AlMnFe will be formed which lower strength and plasticity of 
the alloy. 

For improvement of fluidity we tried to introduce silicon into 
the alley.  But the presence of it in quantities of 0.5-1.0$ 

1M. V. Mal'tsev, "Founding," 1956, No, 6. 
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considerably worsened mechanical properties of the alloy in poured 
and heat treated state, obviously dne to formation of the brittle 
compound MgpSi, 

Thus, as a result of study of the influence of basic components 
and impurities we determined the following composition of the alloy: 
3.5-^.25^ Zn; 1.5-2# Mg; 0.2-0.5^ Mn; 0.1-0.2* Ti; the remainder - 
aluminum. The alloy was named brand [VAlA]   (BA.II4). 

Heat Treatment 

On the diagram of the isothermal cut Al-AlpMg Zn, (Fig. I)1 it 

is possible to see that an alloy of composition VAL4 has critical 
points at 592° (solidus) and at 623° (liquidus). Therefore for 

t9C   rtj s 6 
700 

Al 
20        JO 40        SO       SO 

AtjMgjZiij 

Fig. 1.  Constitution diagram of 
Al-Al2Mg3Zn5. 

heating before hardening we selected a temperature of 580°.  Inasmuch 
as in complex parts there can be separation of double eutectic 
Al-MgZn2 and Al-Al2Mg3Zn, with melting points 470° and 489°, it is 

expedient to use two-stage heating before hardening by the regime 
475° for 2 hours + 580° for J>  hours. If a part is thin-walled 
and without local bosses, then heating at 475° can be excluded and 
heating is done only at 580° for 5 hours. 

Aging of hardened samples at 120° for 8 hours leads to a 
further increase of strength. We investigated also the possibility 

1V,  D. Türkin and M. V. Rumyants^v, Structure and properties of 
nonferrous metals. Metallurgy Publishing House, 1947. 
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of hardening in air, which opens broad prospects for application of 
this alloy in parts with raised requirements for stability of 
geometric dimensions. Heating for hardening in air was conducted 
by the same conditions, i.e., at 580° for 5 hours. For the purpose 
of. acceleration of the technological process of manufacture of 
parts, work was carried out on selection of conditions of artificial 
aging without preliminary hardening. After a number of experiments 
the following regime was selected: heating to 200°, holding for 
8-10 hours and cooling in air. Table 1 gives mechanical properties 

Table 1. Mechanical Properties of Alloy VAlA 
in Poured and Feat Treated State 
 ' 

State of alloy 

1 

kz/mar 

1 

Without hardening, natural aging 10 days 22.7 3.0 
Artificial aging:    200° (8 h) 22.5 2.1 
Hardening by regime:    580° (5 h), cooling in water 

heated to 60-80° 
26.3 8.2 

Hardening by regime i    580° (5 h),  cooling in airj 
aging 120°, 8 h 

30.0 3.5 

Hardening by regime t    590° (5 h),  cooling in water) 
aging at 120°* 8 h 

33.7 2,5 

of alloy VAL4 depending on conditions of heat treatment, and in Table 
2 its properties are compared with standard aluminum alloys. 

Table 2. Comparative Mechanical Properties 
of Cast Aluminum Alloys 

Make of alloy «ft^tfl ftf          | Mechanical pr »perties, not less tftan 

alloy                             «#    • 1 HB 
kß/mfi .„ * kg/nun 

BAM Cast 23 3 70 
BAJU T4 .10 2 80 

KJll Cast 15 2 so 
AJI3 T5 21 — 75 

km T5 20 — 70 
AM Cast 15 I 45 
AJU T5 22 3 65 

AM T4 28 9 60 

AM T5 20 2 60 

A.113 Cast 

Mlcr( 

15 

^structure 

J 55 

Microstructure of the alloy in cast state consists of grains of 
solid solution, on the borders of which in small quantity are 
located phase MgZn and impurities (Pigs, 2 and 3). After heat 
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Fig. 2. Alloy VAL4 in 
poured state.  Etching 
by reagent 0.5^ HF, 
X200. 
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Fig, 3. Alloy VAL4 in poured state. Etching 
by Keller reagent, a) :<12C, b) x800. 

treatment phase MgZnp is not observed, and the quantity of phase T 

considerably decreases. 

Technological Properties 

Fluidity of alloy VAL4, as all wide-interval alloys, is lower 
than for a eutectic, but at the same time sufficiently high for 
obtaining complex casting configurations. Length of a spiral at 
700° is equal to 515 mm, i.e., larger than for alloy [AL?] (AJI7) length 
of spiral 400 mm). 

Inclination to crack formation was determined by the method 
of casting of rings of different width with a metallic rod in the 
center. The larger the section or width of the ring with which 
first cracks appear, the more hot-short the alloy. 
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As can be seen from Tablt 3* inclination to cr?.ck: formation of 
alloy VAL4 is less than for alioys ALI, ALS and AL?. 

Table 3.  Hot-Shortness of Aluminum Alloys 

Alloy Width of  riru: 

AJll 

AM 

27.5 
35.0 
22.5 

Alloy 

AM 
AJI2 
BAJI4 

Width of  rina 
  IWB   

|h cracks 

The same 

20,5 

Sensitivity to Thickness of a Casting Section 

In castings of complex configuration with a combination of 
thin and massive sections, it is difficult to have identical 
conditions of feeding. Therefore, as a. rule, a difference is 
observed in mechanical properties of samples cut from massive and 
thin sections. 

For showing this difference the following experiment was done, 
Four cylinders with diameters 15, 30, 45 and 60 mm were made with 
a common flow gate system, which ensured identity of conditions of 
casting. From the cylinders were turned samples and determined 
mechanical properties. Dependence of mechanical properties of 
alloy VAlA un the section of a casting is shown in Fig. 4.  Prom 
the graph it is clear that a fall of mechanical properties with a 
change of section from 15 to 60 mm is 10-20^. 

/r fS 32 if Ä 
Thickness of section of casti i/» is 8 mm 

Fig. 4.  Dependence of mechanical 
properties of alloy VAL4 on 
thickness of sections of castings 
(dotted line — properties after 
heat treatment, solid line — 
without heat treatment). 
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Corrosion Resistance 

Destruction of aluminum alloys in solutions of electrolytes 
depends on the presence in alloys of second phases with various 
electrode potentials. The more microcells formed by second phases 
on the metal — electrolyte Interface, the faster the process of 
corrosion. Therefore alloys with heterogeneous structure behave 
in electrolytes most actively, and alloys of type of solid solutions 
(homogeneous structure) are least subject to corrosion. Alloy VAL4 
has the structure of a solid solution, A test of the alloy for 
corrosion resistance was conducted in a solution of y/o  sodium 
chloride +0,1^ H202. 

After three month holding mechanical properties of samples were 
determined. Tests showed that corrosion resistance of alloy VAL^ 
is close to the corrosion resistance of AL2 and AL1J>  and exceeds that 
of standard casting alloys containing copper. 

Weldability 

Weldability of the alloy is satisfactory. Welding of samples 
was produced with argon arc welding with fused electrode. Electrodes 
were poured in the form of rods from uniform alloy, 

Alrtightness 

Tests for alrtightness were conducted on cylindrical samples 
with a diameter of 37 mm> height 57 mm, thickness of wall 3 mm 
on a hydraulic press developing a pressiire to 300 atm.  As all 
wide-interval alloys, alloy VAL4 did not give high indices for 
alrtightness: it sustains without leak a pressure of not more than 
60-80 atm. Thus, alrtightness of alloy VAI^ is the same as for 
alloys AL7 and AL8, 

Testing of Alloy in Industrial Conditions 

Testing of alloy VAlA at the plants permitted revealing a 
series of positive peculiarities of this material. At one of the 
plants which make parts of instruments which do not carry great 
loads but are very complex in configuration and require great 
accuracy during machining, they previously were cast from alloy 
AL9. 

During machining of these parts cutters mace even from very 
hard alloys frequently dropped out and did not give the needed 
surface cleanness. Replacement of alloy AL9 by alloy VAL4 permitted 
positive solution of the question of machining of parts, where it -.IP.S 
revealed that alloy VAL4 yields even to polisning. 

At another plant, parts of electrofittings required galvanic 
plating and soldering during installation.  Not one tested standard 
aluminum alloy gave desirable results, since surface looseness of 
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the alloy did not allow one to obtain a reliable connection during 
soldering and hampered galvanic plating of the surface.  Introduction 
of alloy VAL4 solved these problems. 

Many parts o" Instruments and fittings require great accuracy 
of machining, where dimensions have to be stable in time.  Most 
alloys, especially alloys inclined to prolonged natural aging, do 
not ensure the necessary accuracy of dimensions of castings, since 
structural transformations occurring in the process of aging are 
connected with defined volumetric changes which have effect later 
on dimensions of the parts.  Furthermore, during sharp cooling of 
parts (hardening in water) residual stresses appear which in time 
disturb dimensions of the parts. 

Application of alloy YAlA  for such parts permitted almost 
complete exclusion of influence of these two factors, since the 
relatively slow disintegration of the a-solid solution of magnesium 
and zinc in aluminum made it possible to replace "hardening in 
water" by "hardening ,in air," and natural aging of the alloy by 
artificial at 200° for 8-10 ho^rs.  During development of alloy 
VAL1* there was considered first of all the possibility of replacement 
by it of such widely-known alloys as AL2 and AL9  One would think 
that during introduction into production there had to appear 
difficulties connected with certain peculiarities of the alloy: 
wide interval of crystallization, presence of light-oxidized 
components of magnesium and zinc, inclination to crack formation. 
However the proposed technology of preparation of the alloy (melt 
under layer of flux, refining, treatment of melt potassium 
fluozirconate) and small changes in technology of the actual casting 
(increase of radii of conjugation, intensive feeding, dispersed 
metal feed and others) permitted obtaining quality parts.  Given 
data show that alloy VAL^ has a series of important advantages in 
terms of mechanical, corrosional and technological properties.  The 
alloy is fully useful for casting shaped parts of various dimensions 
and configurations. 

Conclusion 

1. There has been developed a new highly durable corrosion 
resistant alloy VAL4 of the system Al-Mg-Zn, which in mechanical 
properties exceeds in poured and neat treated state such standard 
aluminum alloys, as AL2, AL6, ALl^ AL3, AL9 and AL7. 

2. Technological properties of the alloy permit using it for 
parts of complex configuration and various dimensions. 

The alloy is distinguished by stability of mechanical properties 
on a section of a casting. 

3. The alloy responds well to cutting, polishing, welding and 
soldering, which makes it possible to use it for complex parts of 
electrical and radio equipment. 
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CAST ALUMINUM-MAGNESIUM ALLOYS 

N. N. Belouaov 

Alloys for Manufacture of Castings Without Subsequent 
       Thermal Treatment 

Of aluminum alloys for shaped casting, aluminum-magnesium alloys 
[AL8] (MS) and ALi.3 are used. 

In recent years a new aluminum-magnesium alloy, [VI11-3] 
(BM11-3),1 was developed for casting under pressure, and a group of 
Leningrad specialists has offered alloy [45Mg2] (45Mp2)2 for 
manufacture of shaped castings in sand and metallic forms. 

Increasing requiremen-cs of industry have conditioned a search 
for new aluminum-magnesium alloys possessing raised mechanical and 
corrosional properties. 

Alloy for Casting Under Pressure 

During the last few years in certain branches of industry there 
appeared a need for a light alloy useful for casting under pressure 
and possessing higher corrosion resistance as compared to Silumin. 
In connection with this mechanical, corrosion, casting and certain 

1I. F. Kolobnev, 0. B. Lotareva, Collection "Advanced industrial 
technical experiment," ITEIN Academy of Sciences of USSR, serigs 
19, 1956. 

2R. N. Gorelik, A. M. Kryukova, Collection "Advanced technology 
in founding," 1956. 
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other properties of alloys on an aluminum-magnesium base1 were 
investigated. 

Mechanical properties were determined on Gagarin samples, made 
from dense cylindrical chill mold blanks without air porosity, 
characteristic for parts cast under pressure. 

According to the results of investigation it is established 
that with an increase of the content of magnesium to 6-8^ in double 

aluminum-magnesium alloys, tensile strength attains 24-25 kg/mm ; 
with a higher content of magnesium, strength of the alloy noticeably 
drops.  Relative elongation with an increase of content of magnesium 
gradually decreases, although it remains satisfactory (12-5^ with 
content of magnesium in alloy within limits of from 6 to 8^).  Such 
a change of mechanical properties agrees well with changes of 
microstrueture of the investigated alloys. 

With an increase of the content of magnesium, in the structure 
of the alleys there is an increase of the quantity of the ß-phase, 
due to the brittleness of which there is a drop of plastic properties, 
and with a considerable content of this phase, also a drop of 
strength properties of alloys. 

Analogous results on the influence of magnesium content on 
mechanical properties of aluminum-magnesium alloys were obtained 
during tests of flat samples 3 mm thick cast under pressure. Besides, 
it turned out that tensile strength in such samples, in spite of the 

presence in them of a certain air porosity, was 2-3 kg/mm higher 
than tensile strength of an alloy of the same composition in dense 

p 
samples made from chill mold blanks, and it reaches 26-29 kg/mm . 

In accordance with obtained results, for further investigation 
an alloy was selected with magnesium content from 6 to 8^. 

During study of the influence of additions of iron and silicon 
on mechanical properties of this alloy it was established that 
additions of iron and silicon separately and jointly to 1.1^ (each) 
do not essentially lower tensile strength of the alloy, but relative 
elongation equals 4-8^. 

Proceeding f^rom the fact that such a value of relative 
elongation is satisfactory, and also considering inevitability of 
enrichment of the alloy by iron in the process of its prolonged 
delivery ^rom the furnace during casting under pressure, the content 
of iron in the alloy was allowed to 0.9^.  Since silicon lowers 
inclination of aluminum-magnesium alloy to crack formation, the 
lower limit of content of it was accepted at 0.ü$, and the upper 
limit -1,0%. 

1The work was fulfilled jointly with A.A. Ivankin, K. G. Kowi 
and N. V. Yeremeyevskiy. 
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Addition of manganese from 0.2 to 1.0$, titanium from 0.03 to 
0,30^, beryllium from 0.01 to 0.10$, did not render an essential 
influence on mechanical properties of the alloy.  For increase of 
corrosion resistance, the content of manganese in the alloy was set 
from 0.25 to 0.60$, and beryllium, protecting the liquid alloy from 
intense oxidation, to 0.01$. Thus, in the recommended alloy, 
conditionally designated [AMgTL] (AMrTJl), there are: 6-8$ Mg; 
0.5-1.0$ Si; 0.25-0.60$ Mn; up to 0.9$ Fe and up to 0.01$ Be. 

During additional investigation of alloy AMgTL corrosion 
resistance and workability by cutting were determined. 

Corrosion tests were conducted by means of submersion of 
cylindrical samples for one month in a 3$ aqueous solution of sodium 
chloric'ie with em addition each 5 days of 0.1$ hydrogen peroxide. 
Corrosion resistance was determined by loss of weight of samples in 
comparison with casting alloy AL2. Average losses of weight after 

corrosion tests were (in g/m hour): for samples made from alloy 
AL2 - 0.0169; for samples made from alloy AMgTL ~ 0.0022.  Thus, 
minimum losses of weight under the influence of corrosion were 
observed for samples made from the new alloy AMgTL, 

Ability to be worked by cutting was set by means of determination 
of the coefficient of relative workability and visual appraisal of 
cleanness of the treated surface (coefficient of relative workability 
shows how far it is necessary to multiply cutting speed accepted 
for machining parts made from alloy AL2, so that during treatment of 
another alloy one will obtain the same cutter stability). During 
tests it was established that alloy AMgTL is worked by cutting better 
than alloys AL2, ALII and AL13. 

Different parts made by the method of casting under pressure 
from alloy AMgTL during industrial testing showed satisfactory 
results. During casting usual scooping of the ready alloy from the 
delivery furnace was used. Thanks to the addition of beryllium, the 
surface of the alloy during melt and pouring was not protected by 
flux. Temperature of casting was kept at the lowest possible level, 

630-660°, and the temperature of the press-form within the limits 

of 180-250°. Luring casting of small parts it is necessary to use 
electrical heating of the presses-form. 

Alloy for Casting in Sand and Metallic Forms1 

Sometimes in industrial conditions for manufacture of castings 
in sand and metallic forms it is expedient to use aluminum alloys 

^■In the work of this and the following sections of the article 
engineers A. A. Dodonov, V. A. Yegorov, A.A. Ivankin, 
V. S. Kolesnikova, Ye. N. Mikheyeva, M. N. Sarafanova, I. A. Sitnikova 
took part. 
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not requiring special heat treatment, as for example eutectic Silumin 
AL2,   zinc Silumin ALII and aluminum-magnesium alloy AL13.  However 
alloys AL2 and AL13 nave comparatively low mechanical properties, 
and ALII has insufficient corrosion resistance.  Therefore there 
appeared the problem of finding a new aluminum alloy which would 
possess in cast state relatively high mechanical properties and 
stability against corrosion. 

The search for a new alloy for shaped casting in sand and 
metallic forms was produced by means of alloying an aluminum-magnesium 

I base (with magnesium content 5 and 7%)  by small additions of titanium, 
zirconium and beryllium, ensuring modification and lowering of 

I '       oxidizability of the alloy.1 

w 
Experiments were conducted with application of aluminum of usual 

technical cleanness (A00) and high cleanness [AVO00] (ABOOO). 

Results of mechanical tests of samples cast in a chill mold 
show that a double aluminum-magnesium alloy of high cleanness, 
containing 7>' magnesium, has good mechanical properties in cast state 

without heat treatment: tensile strengtn is near 25 kg/mm , relative 
p 

elongation near ±3%  and resilience 5 Kgm/cm . 

The negative influence on mechanical properties of the alloy 
of an increasing content of additions of silicon appears to a larger 
degree than an Increasing content of additions of iron. Thus, for 
example, resilience during an addition of up to 0.5^ silicon (or 
joint addition of 0.3$  each of silicon and iron) dropped 2-3 times 

(from 5 to 1.2-2 kgm/cm ). Annealing 400° positively affects plastic 
properties of the investigated alloys. For example, for an alloy 
poured in chill mold with 7%  magnesium and with small additions of 
titanium, resilience under the influence of annealing was increased 

P 
from 4-5 to 7-9 kgm/cm , 

The best combination of mechanical and corrosional properties 
is in an alloy of the following composition:  6-7^ Mg; 0.05-0.1^ Be; 
0,05-0.15^ Tl; 0.05-0.2^ Zr, the resv. -Al (this alloy is 
conditionally called make AMg6L. 

High properties of this alloy were found during preparation of 
it from aluminum of high cleanness AV000 (content of silicon and iron 
not more than 0.05^ each), and also from aluminum of technical 
cleanness A00 (with content of impurities of silicon and iron not 
more than 0,2^ each). 

Mechanical properties were determined at room, low and raised 
temperatures; corrosion stability and technological properties — 

1In the article results are given of experiments only with alloys 
containing jfo  Mg. 
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during manufacture of castings from alloy AMgbL in damp sand forms. 
It was established that the alloy in poured (without heat treatment) 
state has mechanical properties practically no different than typical 
properties of the alloy of malte AL9 in hardened stale.  During 
compression tests the alloy exceeds by strength alloys AL8, AIA and 
AL9, but yield point on compression is somewhat less than special 
Silumin AL4 and AL9. 

During casting in sand forms, resilience for the alloy noticeably 
dropped as compared to casting in metallic forms.  By value of 
specific work during impact tension the alley is on the level of 
alloy AL2 and somewhat yields to the alloy of make AL4,  The value 
of energy of destruction during shock torsion of samples made from 
the new alloy was obtained ^ times greater (4.4-4.5 kgm) than for 
alloy AL4 (1.5 kgm). 

Mechanical properties of the alloy at low and raised temperatures 
are given in Table 1. From these data it follows that at negative 

temperatures (to -100°) mechanical properties of alloy AMgoL 
practically are not changed. Further lowering of the temperature to 

-I940 leads to significant lowering of relative elongation and 

relative reduction of area. With an increase of temperature to 300 
indices of mechanical properties are sharply changed:  strength 
properties drop approximately 2 times, but plastic properties 
(relative elongation and relative reduction of area; increase almost 
3 times. 

\ 
Table 1. Mechanical Properties of New Alloy 
AMg6L at Low and Raised Temperatures 

Properties 
Temperature of test In 0C 

-I94J-IO0I -60-40 -20 

Yield point in. 
kg/mm2 

Tensile str 
in kg/ran2 

r  lative elonca- 
Uon in ^ 

Relative reduc- 
tiim of area 
in % 

Resilience in 
kgra/om2 

15.5 

;ength|22,7 

2,7 

4.5 

0.3 

13.7 

24,4 

8.2 

8.3 

0.4 

13.5 

25. 

8.8 

025 

8.5 

0.3 

13,6 

.1 

9.0 

9.0 

0.4 

13.9 

25.3 

8,7 

9.0 

0.6 

13.8 

24.5 

7.5 

9.5 

0.5 

+20 +50 +1001+150 +200 ■»-250 +300 

14.1 

24.9 

6.9 

6.4 

0.5 

14.3 

■6.0 

8.4 

7.3 

0.6 

13.8 

25.7 

10.1 

10.4 

0.7 

13.7 

21.7 

11.3 

13.7 

0.7 

13.3 

18.2 

9.3 

16.4 

0.7 

12.2 

14.7 

15.0 

21.4 

0.6 

10.0 

10.4 

20.7 

19.7 

0.7 

By corrosion tests of samples during submersion in synthetic 
sea water it was established that the new alloy made from aluminum 
AV000, has a very high corrosion resistance (loss of weight 

0,0078 g/m hour). Sample, mde from the same alloy but manufactured 

from aluminum A00 had average losses of weight 0.0588 g/m hour. 
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whereas loss of weight of samples made from alloy AL4 was 0.4157 g/m 
hour. During a corrosion test under stress for 1 year in atmospheric 
conditions and in sea water for samples made from the investigated 
alloys, cracks were not revealed. 

During investigation of technological properties it was 
established that the alloy has approximately the same value of free 
linear shrinkage (1.12$)  as alloy AL2 (1.19^). Fluidity of the 

alloy at 700° (length of rod, 264 mm) was less than for alloy AL2, 

and only with an increase of the casting temperature to 750 did 
fluidity of the alloy become equal to fluidity of alloy AL2 (335 nun). 

For setting a rational temperature for annealing the alloy 
containing 7%  magnesium and different additions of beryllium, 
zirconium and titanium, a special investigation was conducted. Under 

the influence of annealing at 250°, mechanical properties (especially 
plasticity) drop. This phenomenon is apparently connected with the 

fact that at 250° occurs disintegration of the solid solution and 
separation of a considerable quantity of the ß-phase. 

After annealing at 350° mechanical properties of investigated 
alloys are increased and attain values which are peculiar to the 
cast rtate, which apparently is caused by solution of the ß-phase 
in the solid solution at this temperature. 

With an increase of temperature of annealing to 400° there is 
a considerable increase of resilience, but other mechanical properties 
remain at the former level. Thus in separate cases the application 
of annealing for the purpose of increasing resilience of the new 
alloy can be useful. As optimum conditions of annealing it is 

possible to recommend Meating at 400° with holding for 10 hours and 
subsequent cooling in air. 

For industrial testing at the plant there were selected parts, 
made from the new alloy, and for comparison with them — parts made 
from Silumin AL2 and AL4. All parts made from the new alloy after 
machining were obtained dense, while parts cast from Silumin had 
considerable porosity. Good workability by cutting of castings from 
the new alloy as compared to castings from Silumin was established. 

Results of mechanical tests of samples cut from the investigated 
parts are given in Table 2. With an increase of the content of 
magnesium in alloys from 6.0 to 6.5^, mechanical properties of 
castings do not undergo noticeable changes. Further increase of the 
content of magnesium to 7.5^ leads to a certain increase of yield 
point and to simultaneous lowering of tensile strength, relative 
elongation and resilience. 

Aluminum alloy AMg6L has in cast state approximately the same 
tensile strength as alloy AL4 used in a hardened and artificially 
aged state, but yields to the latter in terms of yield point, 
exceeding it in plastic properties (relative elongation and 
resilience). 
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New Heat Treated Cast Aluminum-Magnesium Alloys 

Of standard cast aluminum alloys, the stablest against corrosion 
is aluminum-magnesium alloy AL8 in hardened state. However, even 
this alloy in a number of cases does not satisfy the increasing 
requirements with respect to corrosion resistance which are presented 
now to cast parts or components made from light alloys.  In connection 
with this appeared the problem of finding a means of increasing 
corrosion resistance of aluminum-magnesium alloys wi^h preservation 
of their high mechanical properties. 

The investigation was conducted in the direction of alloying 
aluminum-magnesium alloys containing 11^ magnesium by additions of 
beryllium, zirconium, titanium, manganese and others. Additions were 
introduced into the investigated alloys separately and in different 
combinations. 

For preparation of alloys, aluminum of technical purity (make 
A00) and high purity (make AVOOO) were used.  During the work, 
influence of harmful impurities of iron and silicon on mechanical 
properties and corrosion resistance of aluminum-magnesium alloys were 
studied. 

■H 
<1> 
5 
C 

Fig. 1, Change of 
corrosion resistance 
aluminum-magnesium 
(11^ Mg) alloys depend- 
ing upon content of 
silicon and iron (cast 
in metallic molds;: 
1 — with addition of 
silicon, 2 -- with 
addition of iron, 3 — 
with addition of 
silicon and iron 
equally. 

0.05   0,10  OJS  0,2    475% Si 
CMS   0,W   0$ 0,2   0,25 % Fe 

Results of mechanical tests indicate that an increase of 
separate or joint content of silicon and iron within the limits of 
0.001-0.3^ considerably lowered mechanical properties:  tensile 

strength from 37 to 28 kg/mm ; yield point from 21 to 17 kg/mm^; 
relative elongation- from ?3  to 5%  and resilience from 6 to 1,5 

kgm/cm . 
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Corrosion tests show that iron more considerably lowers corrosion 
resistance of aluminum-magnesium alloys than the same quantity of 
silicon (Fig, 1). Results of the investigation permitted showing 
the advantage j of aluminum-magnesium alloys of high purity, for which 
high mechanicsj properties and raised corrosion resistance are 
successfully combined. 

Influence of Separate Additions of Zirconiu'n, Titanium, 
Beryllium and Manganese 

When alloying aluminum-nagnesium alloys by zirconium the 
following results were obtained. 

An addition of zirconium to 0.4$ positively affects mechanical 
properties of the alloy.  Especially it is necessary to note the 
stability and high level of mechanical properties of samples cut 
directly from castings 15 and 60 mm thick. This is partiality explained 
by stable break-up of the macro and microstructure of the alloy in 
castings under the influence of an addition of zircon^irr. 0,1-0.2$ 
and more. Small additions of zirconium did not cause a noticeable 
change of corrosion resistance of a hardened aluminum-magnesium 
alloy, / 

Addition of titanium to 0,25$ breaks up the micro and macrograin; 
and also noticeably increases tensile strength and yield strength 
of alloys. During addition of 0.5$ Ti mechanical properties remain 
at a sufficiently high level, but more considerable additions of 
titanium did not give positive results — the alloys were very brittle. 
The highest corrosion resistance was shown by alloys containing 
0.1-0.3^ titanium. 

During addition of up to 0.5^ Be mechanical properties are 
preserved at approximately the same level as for the initial alloy. 
An exception is resilience, which drops with an increase of beryllium 
content. 

In the process of corrosion tests of samples made from 
aluminum-magnesium alloys with additions of 0.005-0.15$ Be, we 
observed a positive influence of small and negative influence of 
large additions of beryllium. 

During an introduction of manganese from 0.005 to 0.2$, aluminum- 
magnesium alloys obtain raised corrosion resistance as compared to 
alloy AL8 (Fig, 2). Losses in weight of the investigated alloys 
with additions of manganese approach that of pure aluminum. 

It Is known that hardened aluminum-magnesium alloys with 9-11$ 
Mg are inclined to natural aging.  Introduction in such alloys of 
0,2$ Mn promotes a certain increase of stability of mechanical 
properties and corrosion resistance of cast parts during prolonged 
exploitation and during storage. An increase of the addition of Mn 
more than 0.2$ lowers at first plastic, and then strength properties 
of alloy. 
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Fig. 2.  Change of 
corrosion resistance 
of aluminum-magnesium 
{11%  ^4g) alloys 
depending on manganese 
content: 1 — cast 
state, 2 — hardened 
state. 

02 4* Oß    0JB%Mn 

Influence of Joint Additions of Titanium, Beryllium, 
Zirconium and Manganese 

Considering the positive results of separate introduction of 
additions of zirconium, titanium, beryllium and manganese, a further 
search was conducted with application of Joint additions of these 
in a quantity of several tenth fractions of a percent to aluminum- 
magnesium alloys of usual and high purity. 

During alloying of alloys of high purity with Joint additions 
of beryllium, titanium and zirconium there was a considerable increase 
in resilience of alloys with preservation at a high level of all 
other indices of mechanical properties.  During addition to an alloy 
of high purity of 0.1%  Be and casting it in metallic forms especially 

r 

high indices of specific resilience are obtained, from 12 to 14 kgm/cm<: 

(Menazhe samples with CUL). 

Fig. 3.  Change of 
corrosion resistance of 
aluminum-magnesium (11^ 
Mg) alloys depending on 
content of zirconium, 
beryllium and titanium: 
1 — without additions, 
2 - with addition of 0.1^ 
zirconium, 3 — with addi- 
tion of 0.1$ zirconium 
and 0.2$ beryllium, 4 - 
with addition of 0.1 
zirconium, 0.2$ beryllium 
and 0,1$ titanium; 
n — cast state; ■ — 
hardenei state. 
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Joint additions of beryllium, titanium and zirconium considerably 
increase corrosion resistance of aluminum-magnesium alloys (Fig. 3). 

Results of the investigation of structure, mechanical properties 
and corrosion resistance of a large quantity of alloys of different 
composition on an aluminum-magnesium base permitted selection of 
three alloys for industrial testing whose chemical compositions are 
given in Table 3. 

Table ^. Chemical Composition of New Alloys in % 

Number 
of alloy 

I1 

Mg 

9.5-11.50.05-0. 
150 
150 

Zr Ti Mn 

Impuri- 
tiis . • 
more than 

SI 

►.05-0.: 
>.05-o.: 

iHT 
20 

.05-0,15 

.05-0.15 

9.5-ll,5|0.05-0f15 

3 |9.5~n.5|0.05-O.2 

0.15-0.35 

0.05-0,2  - 

0.05 
0.2 

Fe 

initial 
aiumi- 
nurr. 

0.05 
0.2 

ABC0.1 
A00 

0.2   0,2 

0.05 0,05 

A00 

AB00O 

1Alloy No. 1, made from aluminum of high 
purity of make AV000, is designated [AL8u] (AJl8y), 
and the same alloy prepared from aluminum of make 
A00, is designated AL8U t.p. (technical purity). 

Results of Study of Mechanical Properties of New 
Alloys at Room Temperature 

Mechanical properties of new alloys at room temperature were 
determined during static and dynamic application of load as compared 
with alloy AL8 prepared by improved technology (with addition of 
0.005^ Be). 

As can be seen from Table 4, the new alloys and standard alloy 
AL8 with addition of 0.005^ Be have higher mechanical properties as 
compared tc typical properties of alloy AL8. 

Since aluminum-magnesium alloys possess raised resilience as 
compared to other cast aluminum alloys, it was interesting to obtain 
data about mechanical properties with other methods of dynamic tests. 
With this goal we conducted tests of shock tension and shock torsion 
(Table 5). 

During the shock tension test the new alloys have approximately 
the same characteristics of strength and plasticity as alloy AL8, 
but the value of specific work expended on destruction of the sample 
exceeds it by almost 4C$. By value of the shown characteristic the 
new alloys 2.5 times exceed casting alloys AL4 and AL15 and highly 
durable wrought alloy B95, approaching alloys fll» 
[AMg] (AMr) and AMg7. 
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Table 3. Mechanical Properties of Alloyü 
During Dynair.ic Tests 

Number or rnakt cf 
Shock tension Enc^y of 

destruction 
alloys 

k^/nm2 
1 
H        ii 

it 
H 

«A 
during shock 

torslor 

I 40,0 16.8 27.0 8.1 10.8 
2 40.8 21.7 28.5 8.2 3.7 
3 41.0 19.9 28.3 8.2 9.4 

AL8 with 0.005^ B« 43.6 13.8 19.0 6.0 8.7 

AJH — — — 3.3 1.5 
AJiia — — — 3.3 — 

B96 — — — 6.9 5.7 

AIS — — — 12.2 8.9 

Al — ' — — 9.5 — 
AMr7 — — — 9.0 15.6 

AMr — — — 9.7 — 

For new alloys and alloy AL8 are obtained approximately the 
same values of energy of destruction during shock torsion 
(8.4-10.8 kgm), as for alley Dl6 (8.9 kgm) and higher values as 
compared to alloy B95 ^.^ kgm). 

Results of the Investigation of Mechanical Properties 
of New Alloys at Low and Raised Temperatures 

Results of mechanical tests at low and raised temperatures are 
shown in Fig. 4. From the graph it is clear that at negative 

temperatures (to -100°) properties of all investigated alloys 
practically are not changed, with the exception of the value of 

resilience, which drops significantly and at -100' 

alloya is equal to 0.4-0.5 kgm/cm . 

for all investigated 

Further lowering of temperature to -194 leads to a certain 
increase of the yield point wi"ch a noticeable fall of tensile strength 
and plasticity (of relative elongation and relative reduction of area). 

With an increase of temperature there is considerable lowering 
of strength properties and growth of plasticity of the alloys. 

During heating to 300-350° all characteristics of plastic 
properties of the new alloys were obtained 2-4 times higher than for 
alloy AL8, These results give reason to expect good ability of the 
new alloys for plastic deformation in a heated state. 
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Cone1.us Ionü 

1, The developed alloy for casting under pressure, containing 
6-8^ Mg; 0.5-l»0^ Sij 0.25-0.6^ Mn, the rest Al, in terms of strength 
and corrosion resistance exceeds the widely used alloy AL2 for 
casting under pressure. 

2. The developed alloy for casting In sand and metallic forms 
contains 6-7^ Mg, 0.05-0.1^ Be; 0.05-0.15^ Ti; ü.0^-0.2^ Zr; the rest 
Al, and it is used without heat treatment. 

During manufacture fi'om aluminum of high purity, strength and 
corrosion characteristics of the alloy in cast state exceed properties 
of alloy AL9 and do not yield to alloy AL4 in the heat treated state. 

Strength (characteristics of the alloy are positively inx'luenced 
by zirconium (0.05-0.2$) and titanium (0,05-0.15^), f-nd corrosion 
resistance of the alloy by titanium, beryllium (to 0.2^) and manganese 
(to 0.2^). 

^.  The group of heat treated alloys of the system Al-Mg proposed 
for casting of shaped parts with additions of beryllium, zirconium, 
titanium and manganese based en aluminum of brands AGO and AV000, in 
terms of construecional strength and corrosion resistance 
significantly exceed alloy ALb. 

\ 
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INFLUENCE OF NATURAL AND ARTIFICIAL AGING ON MECHANICAL 
PROPERTIES OF PARTS AND SAMPLES MADE 

FROM ALLOY AL81 

0. B. Lotarev, NAP- Strorashaya, and L. I. Loktionov 

Alloy [AL8j (AJl8) is subjected to hardening for the purpose of 
converting into solid solution phase Mg^Aln, which is barely soluble 

at room temperature. After hardening the alloy constitutes a 
supersaturated solid solution. Being in i\  metastable state, it 
strives by means of disintegration to return to a stable state. Works 
dedicated to aging of alloys of the system Al-Mg are not numerous. 
In certain of them the influence of additions on the process of 
aging is examined.  Thus, the work of V. I. Arkharov and others2 

mentions acceleration of processes of aging of alloys of this system 
depending on additions of zinc or silver (investigated addition of 
zinc and silver in quantities to 1$ to alloys with 8 and 10^ Mg). 

N. N. Belousov and others investigated alloys with a content of 
from 1 to lk$  Mg.  It was determined that after natural aging for one 
year for alloys containing up to 9^ Mg the mechanical properties 
remain constant. For alloys with 10.7^ Mg and more, the mechanical 
properties for this period are noticeably changed. 

We investigated thef influence of natural aging during prolonged 
interva]s of time on mechanical properties of alloy AL8, and the 
influence of zinc on mechanical properties of the alloy after natural 
and artificial aging. 

1G. K. Karelov participated in the work. i 
i 

2V. I. Arkharov, I. P. Berenova, L. M. Magat,(Physics of metals 
and metal science). 
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Natural aging of alloy AL8 was investigated for plant hardened 
parts stored for different times at room temperature. The most 
prolonged storage was 40 months. 

From parts, depending on their configuration, Gagarin (0 3-5 mm) 
or flat samples were cut. 

Mechanical properties of samples cut from parts, after different 
times of natural aging are shown in Fig. 1. 

f   rr   »  iS 25    U23 , • 
Time of natural aginc in months 

Fig. 1. Change of mechanical 
properties of alloy AL8 depending on 
time of natural aging (samples are 
cut from parts). 1 — flat samples, 
2 — Gagarin samples 0 5 mm, 3 — the 
same, 0 3 mm, 4 — according to 
technical specifications. 

From the graphs it is clear tha1: tensile strength and lengthening 
of alloy AL8 in the process of natural aging (especially in the first 
period of approximately 15 months) are somewhat increased and during 
40 months remain higher than properties to which alloy AL8 should 
correspond in terms of technical conditions. Growth of relative 
elongation is more weakly expressed than growth of tensile strength. 

Investigation of artificial aging was conducted on alloy AL8 and 
on alloy of composition 11%  Mg; 0.8^ Zn; 0.15^ Be; 0.2C$ Ti; remaining 

Al. Aging was conducted at 100, 115, 125, 150, 175, 200, 250 and 300° 
for 3 hours. 

Mechanical properties were determined on separately poured 
samples 10 mm in diameter immediately after aging and after holding 
at room temperature. 

Results of the test, given in Table 1, show that after natural 
aging for 8 months strength of alloy AL8 considerably increases (from 

32.7 to 44 kg/mm ), and lengthening remains practically without 
change. 
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Table 1. Mechanical Properties of Alloy AL8 after Hardening and Aging 

State of alloy 
ob 

p 
kg/mm 

5 

Immediately after hardening 52.7 12.9 

Hardening and natural aging 1 month 36.2 14.2 

Hardening and natural aging 8 months 44.0 15.1 

Hardening +100° (3 hours) and natural aging 1 month 57.0 15.0 

Hardening +100° (3 hours) and natural aging 8 months 40.8 15.2 

Table 2. Mechanical Properties of Alloy of System Al-Mg-Zn after 
Axtiriula.1 Aging ana holding at Room Temperature  

State of alloy 

Immediately after hardening 

Hardening and artificial aging at 100° (5 hours) 

Hardening and artificial aging at 115° (5 hours) 

Hardening and artificial aging at 125° (5 hours) 

Hardening and artificial aging at 150° (5 hours) 

Hardening and artificial aging at 175° (5 hours) 

Hardening and artificial aging at 200° (5 hours) 

Hardening and artificial aging at 250° (5 hours) 

Hardening and artificial aging at 500° (5 hours) 

Hardening and artificial aging at 100° (5 hours). 
Tested 1 year later after holding at room 
temperature 

Hardening and artificial aging at 100° (5 hours). 
Tested 1.5 year later after holding at room 
temperature 

Hardening and artificial aging at 125° (5 hours). 
Tested 10 months later after holding at room temperature 

Hardening and artificial aging at 125° (5 hours). 
Tested 1.5 year later after holding at room temperature 

Hardening and natural aging for 1.5 years 

59.0 

40.4 

40.8 

40.2 

41.5 

58.0 

54.8 

27.5 

24.7 

46.1 

24.2 

21.9 

25.6 

26.0 

25.8 

14.0 

1.9 

0.5 

0.5 

15.4 

47.0   10.9 

44.6 19.5 

46.7 14.7 
1 

46.1 5.5 
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After artificial aging at 100° (3 hours) a hold at room 
temperature also creates an increase in mechanical properties of the 
alloy. 

In the alloy of system Al-Mg-Zn with beryllium and titanium 

(Table 2) after artificial aging at 100, 115, 125 and 150° tensile 
strength and lengthening are somewhat increased. 

Holding of samples after aging at 100° again increases tensile 
strength, but lengthening noticeably lowers. 

The same is observed during hold of alloy artificially aged at 

125° (3 hours): after 1.5 years of aging tensile strength attains 

^6.7 kg/mm , and lengthening descends to 14.7^. After natural aging 
of this alloy for 1.5 years without preliminary artificial a^ing 

tensile strength o: 
is then only 5.5^. 

p 
tensile strength of the alloy is equal to 46 kg/mm , but lengthening 

Conclusions 

1. Natural aging of alloy AL8 after hardening increases tensile 
strength and lengthening, especially in the first period of aging (up 
to 15 months). During aging for up to 40 months, properties remain 
higher than properties of an alloy not subjected to natural aging. 

After artificial aging at 100° for 3 hours and holding for 
8 months, mechanical properties of alloy AL8 are considerably higher 
than immediately after hardening. 

2. The general level of mechanical properties of alloy of 
system Al-Mg-Zn is considerably higher than for alloy AL8. 

Artificial aging at 100° (^ hours) ,^15° (3 hours), 125° 

(3 hours) and 150° (3 hours) permits one for 1.5 years to preserve 
lengthening of hardened alloy Al-Mg-Zn at a level of 50-60^ of the 
initial value of this characteristic. 
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INFLUENCE OF HEATING ON PROPERTIES OF PARTS MADE FROM 
ALLOY AL8 

S. G. Glazunov and 0. B. Lotareva 

One of the characteristic peculiarities of alloy [AL8] (AJI8) is 
the extraordinarily great difference between its properties in cast 
state and after heat treatment. Thus, the cast alloy has a tensile 

strengtn of 15-17 kg/mm and lengthening 0-1$; after heat treatment 

(heating at 4^0°, holding 10-20 hours, cooling in water) tensile 
P 

strength increases to 28-35 kg/mm with lengthening 9-20^. 

Low properties of the cast alloy are explained by the presence of 
a brittle phase ß(AloMg(-) or, as certain authors consider, MgpAl,, 

wnich is on the borders of grains. During prolonged heating during 
heat treatment the ß-phase passes into solid solution, the brittle 
network on borders of grains vanishes and the alloy obtains the 
structure of a solid solution with intermittent phase MgpSi, whose 

quantity depends on the degree of contamination of the alloy by 
silicon (Fig. 1). 

'.&'   \    *.Jk 

Fig, 1, Microstructure 
of alloy ALB after 
hardening; x200. Etching 

by a reagent of 10 cnr KF, 

15 cm5 HC1,  90 cm^ H20. 

mvx NOT 
REPmLME 
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In spite of the fact that alloy AL8 in hardened state possesses 
high strength and plasticity, during assembly and especially riveting, 
in parts made from this alloy cracks are observed.  During 
clarification of causes of brittleness of parts it was established 
that in the majority of such cases heating of hardened parts was 
produced either for drying paint or for shrink fit. 1c  is known that 
the solid solution of magnesium in aluminum obtained by means of 
homogenization and hardening is stable only at a temperature not 

higher than 100°. 

During heating higher than 100° disintegration of the hard 
solution occurs, leading to a sharp lowering of mechanical properties, 
especially lengthening. Disintegration of the solid solution can 
be easily revealed by fracture and microstructure. Fracture of 
hardened alloy AL8 has a dull feature, after heating (lower than the 
temperature of hardening) it becomes light and brilliant, obtaining 
a form characteristic for brittle material. 

The microstructure of alloy AL8, subjected to heating after 
hardening, is characterized by the appearance of separations of the 
second phase all over the field of the grain (Fig. 2). 

Fig. 2, Microstructure 
of alloy AL8 subjected to 
heating after hardening; 
X200.  Etching by reagent 

10 cm^ HF, 15 crn^ HC1, 

90 cm3 H20. GRAPH!!; NOT 

For confirmation of the conclusion that brittleness of parts is 
a result of heating after hardening, causing a process of 
disintegration of the solid solution which, as it is known, is 
reversible, one of the cracking parts was subjected to repeated 
hardening under usual conditions.  During investigation of the 
microstructure of this part it turned out that reparation of the 
second phase vanished and the structure took a form typical for 

hardened alloy AL8.  This part was subjected to aging at l80o (l hour), 
after which disintegration of the solid solution was revealed anew. 
In order to establish the degree of fall of mechanical properties 
of alloy AL8 depending on temperature of heating of the hardened 
alloy, round samples with a diameter of 12 mm were cast. Part of the 
samples were tested after hardening without subsequent heating, others 
were subjected to heating for 5 hours at 100, 125, 150, 175, 200 

and 225°. 
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As can be seen from Fig. 5, mechanical properties of samples 
after hardening considerably exceed the requirement of All-Union 
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Fig. 5. Mechanical 
properties of alloy AL8 
after hardening and 
subsequent heating. 

Government Standard 2685-55. Heating at 100c 

change mechanical properties of alloy AL8. 
practically does not 

With an increase of temperature of heating to 125 It is possible 
to note a certain increase of tensile strength and a lowering of 
lengthening. Further increase of the temperature of heating leads 
to a sharp fall of tensile strength and especially lengthening. After 

heating at 200° and above lengthening is equal to zero. Hardness 
with an increase of temperature of heating is increased, attaining 

at 200° a maximum, after which it starts to descend (Fig. H), 

Üb kg/mm2 
m 
m 
no 

90 

BO 

TO 

ntrrn 
25  bO  75 tOO 125 W f75 200 220 
Tomperature of heating in 0C 

Fig. 4. Influence of 
heating (for 5 hours) on 
hardness of hardened 
alloy AL8. 

The microstrueture of samples (x200) after hardening without 
aging constitutes a field of solid solution with weakly outlined thin 

borders of grains. After aging at 125° a visible change of structure 

during the given increase is not observed. Aging at 150° leads to 
disintegration of the solid solution, characterized by the appearance 
of small, distinctive particles inside the grains. After aging at 

175° the degree of disintegration is sharply increased, here almost 
all the field of grain is studded by small separations of the 3econd 

phase. At a temperature of aging 200° coagulation of the falling 
particles occurs. 



Thus, at x200 disintegrations of the solid solution can be 

revealed after aging at 150", At higher aging temperatures the color 
of grains of solid solution becomes darker, and etching of them 
occurs considerably faster. 

For establishing the disintegration rate of solid sclution of 

hardened alloy AL8 we selected an aging temperature of 1800 at which 
samples were held for 5, 10., 20, 30, 40 and 60 minutes.  Investigation 
of the microstructure was produced at X1500 afcer etching by a 

reagent of composition 10 crrr HF, 15 cnr HC1, 90 cnr' HpO.  Duration 

of etching was 35 s. 

In Fig. 5 is given the structure of alloy AL8 before heating. 
On the light background of the ot-solid solution it is possible to 
see only phase Mg^Si. 

fiPJIPX SOT 

Fig. 5. Microstructure of 
hardened alloy AL8 before heat- 
ing; X1500. 

1 

5     ^ 

GRAPHL |0T 

Fig. 6. Microstructure of 
hardened alloy AL8 after heat- 
ing at I800, 40 minutes; X1500. 
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After heating for 5 and 10 minutes, noticeable changes in 
structure are not revealed, except weakly etched borders of grains. 
Heating for 20 minutes somewhat strengthens the etch of borders of 

. ** 

u 

4 
•4 1 

Fig. 7.  Microstructure 
of hardened alloy AL8 

after heating at 180°, 
1 hour; X1500. 

grains, except that against the background of grains of solid solution 
it is possible to note the appearance of weakly appearing points 
which obviously correspond to separations of the second phase. When 
the duration of heating is 30 minutes, the quantity of points and 
intensity of their color noticeably increase. An increase of the 
time of heating to kO  minutes promotes coagulation of separate points 
of separations, which start to obtain a needle-shaped forrr (Fig.6). 
After heating for 1 hour the quantity of separations of the second 
phase is sharply increased (Fig. 7). 

Conclusions 

1. The solid solution of hardened alloy AL8 at temperatures 

higher than 100° is unstable, in consequence of which it can easily 
disintegrate, accompanied by a sharp lowering of mechanical 
properties.  The decrease of plasticity here is so big that the alloy 
becomes absolutely unfit for usual fields of application (loaded 
parts, subject to shock influences).  Therefore heating of the 

hardened alloy higher than 100° is absolutely impermissible. 

2. Heating at 1?50 for 5 hours leads to a small increase of 
tensile strength, a noticeable growth of hardness, and a fall of 
lengthening. 

At higher temperatures of heating (150-223°) mechanical 
properties descend, approaching properties of a thermally untreated 
alloy. 

3. Disintegration of the solid solution can be clearly observed 

on microsections (at X1500) after heating at 1800 for 30 minutes. 
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TECHNOLOGICAL PECULIARITIES OF MANUFACTURE OF ALLOY AL8 

G. K. Karelov 

Of cast aluminum alloys an interesting alloy is [AL8] (AJI8) with 
magnesium content 9.5-11.5^-  High specific strength and corrosion 
resistance condition effectiveness of its application for machine 

parts. Although this alloy possesses high strength (a, ^ 28 kg/mm 

when b  £ 9$),  mechanical properties in complex thick-walled castings 
are low due to formation of blackness. 

The complexity of casting and heat treatment of this alloy has 
prevented its wide application. As a result of its inclination to 
strong oxidation in the melted state and high requirements for purity 
of composition of the alloy in industrial processes, usually a series 
of measures was provided:  the alloy was melted only under protection 
of a flux (carnallite); for preventing contamination by iron graphite 
crucibles were ussd; industrial waste was preliminarily remelted 
into pigs; parts before heat treatment were smeared with a mixture 
of fireclay and sand for protection from oxidation. All these 
measures complicated the industrial process. 

It was determined that addition of beryllium and titanium to 
alloy AL8 sharply decreases formation of "blacknsss" in casting, 
permits melting without a protective flux, and heat treatment of a 
part without protective plastering, creating wide possibilities of 
melting, casting and heat treatment of parts from alloy ALB. 

The liquid covering flux used during melt (carnallite, sometimes 
with an addition of up to 20%  fluorspar) possessed refining ability. 

Lowering oxidizability of the alloy perm:   using a hard flux 
during melt, consequently promising an increase of its refining 
ability.  Obviously, most useful from this point of view is a flux 
which is sufficiently rich in fluorides. 

Furthermore, it is known that it was not possible to melt 
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alloy ALd in cast-iron crucibles.  Protective paints used for coloring 
crucibles were rapidly destroyed under tbe  impact of the liquid flux, 
alloy was not isolated from the crucible and was saturated by iron 
in impermissiule quantities. Addition of beryllium and titanium 
to alloy AL8 permits melting without a covering flux.  Consequently, 
the cause of destruction of the protective paint is removed and 
melting in cast-iron crucibles is fully possible. 

However refining zhe  alloy in cast-iron crucibles remained 
impracticable ana solution of this problem has presented great 
industrial interest. 

Taking into account the high productivity of cast-iron crucibles 
and the economic expediency of their application during limited 
scales of production, experimental work was conducted on melting 
alloy AL8 in these crucibles. 

In the basis of melt technology the following condition were 
assumed:  the alloy should be as free as possible from oxides and 
the melt should be highly productive.  Therefore experiments were 
conducted in two directions:  first, we searched for a more refractory 
refining flux based on magnesium chloride, secondly, we selected for 
crucibles a protective paint which was more stable against flux. 

Of those fluxes used in industry for aluminum and magnesium 
alloys, not one satisfied the presented requirements. When selecting 
the composition of flux, we chose the system MgClpKCl-CaFp, as the 

most acceptable during melt of aluminum-magnesium alloy. 

During selection of the percentage relationship of salts in the 
flux, we considered it necessary to introduce the highest possible 
quantity of fluoride in order to increase the marginal wetting angle 
of the flux and thereby lower its destructive action on crucible 
paints. 

It was established that these requirements were best satisfied 
by a flux consisting of 6ofo  carnallite and 40^ fluorspar.  Such a 
flux on the surface of the liquid me :al is baked into a monolithic 
solid substance. After refining the flux forms hard pieces, and 
until the end of pouring it\serves as a good cover and does not 
destroy the protective layer of paint. 

As basic material for paint we selected graphite as the stablest 
material against the action of melted salts. 

During selection of the composition of the protective paint we 
considered the necessity of stability of it against cracking during 
heating and during sharp oscillations of temperature, ability to 
endure grasping after being applied to a crucible, not to crumble 
and to form a smooth surface.  Experiments showed that in terms of 
content of components the best composition for paint is the mixture 
from which graphite crucibles are prepared; therefore paint was 
prepared from a crushed mixture of graphite crucibles. 

On the basis of experimental works the following technological 



process of preparation of alloy AL8 was accepted. 

The alloy was melted in a resistance electric furnace with a 
cast-iron stationary crucible 100-123 kilograms in capacity.  The 
internal surface oT the crucible was covered by an insulating layer 
of fireproof paint, which by brush was deposited in a thin layer 

on preliminariDy heated (to 100-120°) crucible and was polished until 
formation of a smooth surface. 

The paint was prepared in the following way:  pieces of graphite 
crucibles were crushed in a mortar and passed through sieve No. 40. 
The composition of the paint was 25-^5^ graphite powder and 5^ water 
glass, the remaining water (by weight).  This^mixture was thoroughly 
mixed and heated to boiling. After cooling, the paint was ready 
for use. 

Before every melt the crucible was thoroughly cleaned of 
remainders of the preceding melt, any place/where the layer of paint 
was damaged was painted, after which the furnace was turned on. 

The charge was loaded into the crucible and heated to 600-700°. 

The preliminary alloy was prepared with content of magnesium 
11-11,5$,  beryllium and titanium 0.05-0.07$ each. The order of 
preparation of the preliminary alloy was as follows:  in the beginning 
we melted pure aluminum, with submersion of last pigs of aluminum we 
ioaded beryllium and titanium alloys. Not expecting full melting 
of alloys and the last pigs of aluminum, the metal was then covered 
by the flux in the quantity £$ of the total weight of the charge. 

As the covering and refining flux we used a powdery mixture made 
from 60%  dehydrated carnailite and 40$ fluorspar. The flux was 
stored in a hermetically sealed box. 

After achievement of temperature of the metal 700° the crust of 
flux was chopped by a slagstripper and the metal carefully mixed. 
Then with the aid of tongs we introduced magnesium, the pig of which 
was preliminarily heated for removal of traces of moisture and oil. 
After termination of the introduction of magnesium the temperature 

of the alloy drops to 6^0-640°. For increase of temperature the 
alloy was held a certain time in the crucible with the furnace turned 

off. At a temper-.ture of 660-670° after mixing and refining, not 
removing the flux, the alloy was poured into casting molds. 

Preparation of the working alloy Is produced in the following 
way: good quality waste of its production (flow gates, casting reject) 
is used in the charge without preliminary remelting and without 
limitation of quantity. Loading the charge of the working alloy is 
conducted in the following order:  in the beginning we load a pig of 
preliminary alloy, then the large waste material of its production 
and lastly small waste. After melting the last portions of the 
charge the furnace is disconnected; not removing the slag, the metal 
is covered by flux in the quantity of 1.5-3$ of the weight of the 
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Charge (1,5^ flux is introduced during melt of the working alloy 
prepared only from preliminary alloy). 

Further increase of temperature of the metal occurs on account 

of inertia of the furnace. At a temperature of metal 640-650° 
refining is produced. For this the crushed flux is mixed by the 
slagstripper with frequent shallow submersion under the surface of 
the metal. 

Formation of a mirror surface on the metal and full separated 
from it of flux bears witness about termination of the process of 
refining. After that, without taking the flux from the surface of 
the metal, the alloy is poured into forms. Pouring spoons and ladles 
before use are thoroughly cleaned from rust and cinder, heated to a 
dark red color and sprinkled with flux. 

After pouring, the spoons and ladles are washed in water and 
dried in the furnace. Fqr removal of harmful action of moisture of 
the form on metal in the forming facing mixture we add 4-5^ boric 
acid. To the rod mixture we add 1%  boric acid. 

When planning a model set for parts made from alloy AL8 one 
should anticipate (as far as this is possible) location of the casting 
in the lower mold-box, so that filling will be produced at the lowest 
temperature. 

During development of the flow gate system one must strictly 
sustain conditions of series crystallization of casting. For this 
feeders are located under air holes or air holes are located nearer 

to feeders.  Temperature of filling should be not more than 700-720°, 
If the configuration of a part allows, then desirably the tempera-cure 

will be lowered to 670-700°. 

Heat treatment of parts was produced in shaft furnace [PN-J54] 
(nH-34) with automatic adjustment of temperature under conditions: 

holding 20 hours at a temperature of 4.35 ±  5°; hardening in water 

at a temperature of 70-80°. 

Protective coating of parts is not produced. Mechanical 
properties of alloy ALö on separately poured samples are obtained 

within the limits o^  = 35-40 kg/mm2 and 6 = 12-20^ with multiple 

use of industrial waste.  Tensile strength of samples cut from parts: 

ab = 26-37 kg/mm
2 and 5 = 7-18$. 

'      Conclusions 

1,  Introduction of beryllium and titanium into the alloy and 
application of a new flux during melting ensures obtaining good 
quality castings made from alloy AL8. 
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2. Application of special paint makes it possibile to prepare 
good quality alloy in cast-iron crucibles. 

3. During strict fulfillment of technology of smelting, casting 
and heat treatment, mechanical properties of alloy AL8 can 
considerably exceed the requirements of technical conditions. 
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LARGE CASTINGS FROM ALLOY AL81 

A. M. Petrunik 

Preparation of Alloy Before Filling 

Lowered technological properties and predisposition to oxidation 
in liquid state introduce a series of peculiarities into the 
technological process of production of castings from alloy [AL8] 
(AJI8). These peculiarities must be considered at all stages of the 
technological process, starting from melt of the metal and finishing 
by knockout of castings and their heat treatment. 

Melting of alloy AL8 is usually produced in electric shaft 
furnaces in graphite crucibles with a capacity of 100-120 kilograms. 
Cast-iron crucibles are also used. During casting of large parts, 
when filling of forms is produced from groove crucibles, crucibles 
welded from sheet steel are used. 

For protection of the melt from saturation by iron, cast-iron 
and steel crucibles and melting tools are covered by an even layer 
of fireproof paint. The paint consists of 35-^0^ borax, 5-7^ 
magnesium oxide, 35-^0^ boric acid, 20-25^ graphite, the remaining 
waier. According to the experience of certain enterprises, good 
protective properties ftre shown by paint consisting of 45-50$ 
magnesite, 4-6$ white clay, 30-35^ fire clay, 4-6$ graphite, 2-3$ 
boric acid, the remaining water. Paint is deposited by brush after 
heating a crucible thoroughly purified from slags and carbons to a 

temperature of 120-150°. 

Melt of alloy AL8 should be conducted as fast as possible.  This 

1Certain recommendations of A. M. Petrunin differ from proposals 
of G. K. Karelov (see his article in the present collection, p. 74), 
which is explained by different industrial conditions.  (Editor's 
note). # 
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Is promoted by preliminary heating of the crucible to a temperature 

of 600-700° and application of the charge in the form of comparatively 
small pieces.  The melt is produced under a layer of covering and 
refining flux consisting of 60^ dehydrated carnallite and 40% 
fluorspar. 

For decreasing oxidation of alloy AL8 1m.  liquid state, breaking 
up the macrograin and removal of blackness which is observed 
especially in massive parts of castings, beryllium and titanium 
(0.05-0.07^ each) are added to the alloy. 

During all the process of melt the metal may not be overheated 

higher than 700°, Overheating the melt higher than this temperature 
involves an increase of macrograin and, mainly, intensive saturation 
of the alloy by gasses. 

Oxide inclusions observed in fractures of castings will be 
formed mainly in the melt process and get into the castine: together 
with the liquid metal when filling the form. 

The question of purity of the liquid metal during work with 
alloy AL8 is especially important, since oxide inclusions lower not 
only strength properties of cast parts, but also their corrosion 
stability. 

Therefore all charge materials — aluminum, magnesium, alloy and 
production waste — before melting are subjected to thorough 
purification by metallic brushes, and big oxide scales are removed 
by cutting with pneumatic hammers. Mixers and pouring ladles before 
use have to be purified from oxides and contaminations by means of 
washing in a flux crucible. 

Salts for covering fluxes used during melt of alloy AL8 have 
to be stored in a dry, specially assigned place in tightly closed 
packing. 

During melt of alloy AL8 it is necessary to avoid unnecessary 
mixing of the melt and transfer of it from one crucible to another. 
During the whole process of melt the mirror surface of the metal 
should be completely covered by a layer of flux. 

Forms with rough weight of castings from alloy AL8 up to 100 kg 
may be poured with hand Jadles. Filling of heavier castings should 
be produced from groove crucibles with application of large pouring 
basins. This ensures continuous filling of the form with liquid 
metal in the procesr. of filling and thereby decreases the danger of 
formation of oxide inclusions, scales and other defects which cause 
irregularities of flow of metal in the flow gate system. 

When filling large castings the alloy must be melted 
simultaneously in two stationary graphite or cast-iron crucibles, 
and after malting it must flow into welded groove crucibles, in which 
it is finally worked, and from which with the aid of a crane it is 
poured into the form. One must not completely pour the alloy Into the 
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form from crucibles, in avoidance of hitting the form with particles 
of slag settled on the bottom of the crucible and other nonmetallic 
contaminations. After pouring the remainder of the metal in casting 
molds, the walls and bottom of groove crucibles are thoroughly 
cleaned by scrapers for preparation of the following melt. 

Mould and Core Mixtures 

For production of castings from alloy AL8 one can use usual 
molding sand for aluminum castings only with the difference that as 
a protective addition in ther. there is added boric acid in a quantity 
of 3-5^. Moisture content of the molding sand may not exceed 4-5^. 

Core mixtures and cores during casting of alloy AL3 have higher 
requirements than during casting of aluminum-silicon alloys. These 
requirements emanate from the technological peculiarities of aJ.loy 
ALo and the character of its crystallization. Cores have to possess 
good compliance, in order not to cause formation in the casting of 
hot (shrinkage) cracks. 

One of the methods of dealing with hot cracks in castings from 
alloy AL8 is application of hollow cores. Such cores can be prepared 
by molding on core boxes of special construction or can be obtained 
by means of cutting internal cavities directly in dry cores. 

However application of hollow cores is possible when they are 
simple in form and when they do not have to be very strong. Otherwise 
hollow cores under the weight of higher cores of the form can sag 
and lead to destruction of the form and spoilage of castings in terms 
of geometric dimensions. 

Good compliance of cores is especially necessary when pouring 
castings with a closed cylindrical contour, in which shrinkage stresses 
are very strong. 

Along with good compliance and easy removal from castings, cores 
also have to possess high gas permeability and low gas-forming ability. 
Therefore when casting alloy AL8 the question of selection of binding 
materials for cores is very important. Binder "M," widely used in 
magnesium casting, when casting large castings from alloy AL8, is 
undesirable to use.  In spite of the fact that cores made from binder 
,!MM had good compliance and were easily removed, castings obtained 
with application of cores made with binder "M," had oxidized fractures 
and lowered density. A core mixture made with oil binder "[^GU] 
(4ry)" also cannot be recommended for casting of shaped castings from 
alloy AL8, since cores obtained froji it had small yield and were 
difficult to remove from the castings. 

For large castings from alloy AL8 we experimentally selected 
a core mixture with additions as binding of 2.5^ sulfide lye and 
0.75^ pectic glue, and Äs a protective addition 1.0^ boric acid, with 
moisture content of the mixture 3.5-4.0$. The misture was prepared 
from Lyubertsy sand with an addition of 5^ Tambov clay. Cores i^ade 
from such a mixture had good compliance, were easily removed and 
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did not cause oxidation of iiietal in the form as had been observed, 
as a rule, on the side of cores in slowly hardening parts of castingi. 

The technology of casting of shaped castings from alloy AL8 
should be designed in such a way that shrinkage stresses in castings 
will be as low as possible not only during hardening of the casting, 
but also during its cooling in the form.  Therefore knockout of 
castings from mold boxes must be done after cooling them to a 

temperature of 50-75°.  This is especially important for castings 
with complex internal cavities.  The hold time of castings in the 
form after filling is determined by their weight and wall thickness: 
for castings with weight 400-500 kg with wajl thickness 50-70 mm it 
should be not less than 12-16 hours, for castings with weight 
100-150 kg and with wall thickness 20-40 mm, 4-6 hours. 

Castings should not be dropped on metallic plates of the floor 
of the workshop, or subjected to blows <}f  a pneumatic hainLiers or 
other metallic objects. Blows by pneumatic hammers as necessary 
can be inflicted only on header parts of castings. Working parts of 
castings should not have nicks and burrs, since these defects can 
serve as the beginning of formation of cracks in the process of 
hardening. 

For easing removal of cores from deep places of internal cavities, 
castings can be soaked in hot water or heated in the furnace for 

,5-4 hours at a temperature of 300-350°, after which the cores are 
softened. 

Vertical slot feeders are removed not by blows but by cutting 
on band saws. Other elements of the flow gate system, less durably 
attached to a casting, can be separated from the casting by light 
blows of a hammer only after preliminary boring with a portable drill 
or careful notching with a pneumatic chisel. 

Before hardening, the surface of internal cavities of castings 
should be thoroughly protected by cutters,, and external surfaces 
turned on lathes for evening off waJ.! thicknesses and removal of 
burrs and unevenness. \ 

Peculiarities of the Flow Gate Systems 
ancTPilling of Forms 

Flow gate systems during casting of alloy AL8 have to be 
constructed on the principle of free overflow, the ratio of the sum 
of areas of sections of stanchions, collectors and feeders should 
be accordingly 1:2:3.  This principle must be observed during siphon 
(lower) feed of the metal into the form as well as during feed of 
the metal through vertical slot feeders. With such a ratio of 
elements of the flow gate system filling will be calm,, without eddies, 
and thanks to this there is a decrease of the possibility of formation 
in castings of defects causing rupture of the oxide film on the 
liquid metal during its travel through casting conduits. 
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Fcr a ^crease of hampered shrirxkage the flow gate system should 
not be rigidly joined with the casting and should ensure necessary 
conditions for minimum mechanical braking of shrinkage. 

When selecting the type of stanchions it is necessary to be 
guided by the height of the form. With low forms it is expedient 
to use round stanchions easily fulfilled during molding. 

When filling high forms it is recommended to use "spiral 
separators" or stanchions of rectangular section.  Such stanchions in 
the form of dry core packings are prepared as special boxes made from 
the core mixture used for manufacture of the cores. Stanchions of 
rectangular section ai "> set in the form in a vertical position, but 

if the mold-box permits, with a slope of 10-15°. 

The section and quantity of stanchions are selected from 
calculation of specific outlay of metal depending on ihe  metal capacity 
of the form and wall thickness of the casting.  Practice shows that 
satisfactory quality of castings from alloy ÄL8 is obtained during 
input of metal into the form with a speed 1,5-2.0 kg/s with casi.mgs 
25-50 kg in weight; 2,5-3.0 kg/s with castings 50-150 kg in weight; 
and 3.5-^.5 kg/s with castings over 150 kilograms in weight. The 
diameter of round stanchions should tp within limits of 12-15 mm. 
During application of stanchions of j.arge dimensions there is an 
increase in the formation of slag inclusions in the metal and oxide 
scales in the process of filling the form.  The section cf rectangular 

stanchions should be within limits of 6 x ^0, 8 x 40, 8 x 60 mm . 

With thin-walled castings forms should be filled as fast as 
possible. This is especially necessary when filling high forms, 
where slow filling leads to formation in the casting of shrinkage 
porosity and cleavage. When casting castings with thick walls slow 
filling can cause oxidation of the metal due to local overheating 
of the form. ( 

Castings of cylindrical form with walls 8-10 mm thick and over 
400 mm high must be filled through vertical slot feeders.  To obtain 
such castings with bottom feed of the metal is difficult. Siphon 
filling of similar castings from alloy A:.8 is expedient to use for 
castings with wall not less than 20-50 mm thick and not more than 
400 mm high. Feed of the metal must be carried out in the thinnest 
parts of casting in order not to cause local overheating. Siphon 
filling of high castings does not ensure good casting quality.  Lower 
zones of castings in terms of location of metal feed as a rule are 
ruined by shrinkage porosity, lowering mechanical properties of the 
alloy. 

Castings of large dimensions with a weight of 400-450 kg and 
forms up to 1000-1200 mm high should be flooded by using 
simultaneously horizontal and vertical slot feeders.  Such a flow 
gate system is shown in Fig. 1. 

Good results are obtained by filling molds of large castings 
with the aid of a two-row system of headers with horizontal (lower 
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vertically above the walls of the casting.  Lateral iV-eder r.eads are 
not very effective and do not ensure ^ood castine; quality.  CJosed 
feeder heads (if they are used) have to be connected w:+h the 
atmosphere with the aid of the largest possible number of vertical 
channels with a diameter of not less than 30-40 mm.  Feeder heads are 
usefully divided into several parts {segments) with clearances between 
them of not more than 25-30 mm. Application of segmented feeder 
heads makes casting less rigid and favorably effects hampered 
shrinkage. 

When casting alloy AL8 it is necessary to allot a great deal 
of attent'.c.i to refrigerators. Low-quality preparation of 
refrigerators can lead to gas defects — blisters and gas pits. 
Therefore, before filling, refrigerators have to be thoroughly heated 
for full removal of moisture.  Refrigerators are set in on bosses, 
inputs and other metal-containing places of castings where possibly 
delayed hardening is possible. Clearances between refrigerators 
must not exceed 8-10 mm. With large clearances in casting in places 
between refrigerators, hot tracks can appear. Making refrigerators 
out of sand is best done with an oil binder. Application for this 
purpose binder "M" and ouier binders with high gas products is 
undesirable. 

Heat Treatment and Mechanical Iroperties of Castings 
Made From Alloy ALB" 

Heat treatment consists of heating castings from alloy AL8 in 

furnaces with circulation of air at a temperature of 435 ± 5° for 

15-20 hours and cooling them in water at a temperature of 95-100 

or in oil at a temperature of 40-50oC. 

Heating and hardening of thin-walled castings in avoidance of 
warping have to be produced with application of special fixing 
attachments made of steel. Castings are covered on special 
suspensions equipped in the upper pert of the furnace, or packed in 
even piles on steel plates with an even horizontal surface. Heating 
under hardening of big castings should be produced individually, 
since when stajking castings on one another it is possible to warp 
them in the process of heating, as is foi nation of cracks. Under the 
necessity of stacking in the furnace for heating under hardening of 
several big castings, places adjoining them thould be preliminarily 
ground until one obtains an even horizontal surface. 

To place a casting in a furnace headed higher than 100-120° is 
not recommended in avoidance of a sharp temperature gradient, as a 
result of which cracks can appear. The heating rate of castings 

under hardening must not exceed 50-75 /hour. 

Of gr'-at value during hardening is the time of transfer of 
castings from the furnace to the quenching bath. This is especially 
important for castings with a great difference in wall thicknesses. 
Practically, transfer of castings from a furnace to a quenching bath 
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Fig. 1. ^low gate system of large 
part cast in sand from alloy AL80 1 — 
aluminum pan, 2 — technological 
allowance, 3 — feeders, 4 piece, 4 — 
header conduit, 5 — horizontal slots, 
6 — vertical slots, six for every header 
conduit, 7 — rod backing with 3 
stanchions with a section of 8 x 40 mm 
each. 

header) and vertical (upper header) feeders, connected with the 
feeder heads. 

Big castings have to be flooded through metal, pouring basins. 
The basin hole before filling is closed by a plug 5-7 mm thick turned 
^rom a piece of alloy AL8. After melting the plug the metal rapidly 
iills the flow gate system, and thanks to this, injection of air 
during travel of the metal through the stanchion and during entrance 
into the cavity of the form decreases. The flow gate systems when 
casting alloy AL8 have to ensure such filling and such thermal 
balance of the mold that hardening of the casting will flow strictDy 
directionally. 

0 
Operational experience shows that when casting alloy AL8 it is 

necessary to use metal-containing open feeder heads and to set them 
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can be carried out In 20-30 s.  This time must always be kept, since 
lengthening of it to 60-Q0 seconds leads not only to lowering of 
mechanical properties, I « also to appearance in casting of tempering 
cracks in places of transition of thin sections into thick. 

Big castings are kept in the bath not less than 1^-20 minutes. 
For small castings this time can be lowered to 10-12 minutes. 
Castings whose hardening was produced with the use of attachments 
must be freed from the attachments after they are fully cooled to 
the temperature of the surrounding air. 

Many foundry workers are of the opinion tnat mechanical 
properties of castings made from aluminum alloys are determined only 
by macrestructure of the alloy. 

Such an opinion is impossible to recognize as correct. A small 
macrograin undoubtedly promotes an increase of density and an 
improvement of mechanical properties of castings. At the same time 
even a large macrestructure in aluminum alloys is not a defect if 
crystallization of the casting flowed ander conditions of high speeds 
of cooling and, thanks to this, the cast macrograin obtained a fine 
internal structure. 

Investigations show that the dimension of the macrograin in 
heterogeneous aluminum alloys sometimes renders smaller influence 
on mechanical properties of castings than its internal structure, i.e., 
the dimension of the micrograin.  This to a well-known degree 
pertains even to homogeneous aluminum alloys to which alloy AL8 is 
related. 

A lowering mechanical properties of aluminum alloys, including 
alloy AL8, with an increase of wall thickness is caused mainly by 
changes in the character of the dendrite structure. The dimension 
of the micrograin with an increase of wall thickness, as this can be 
seen on the microphotographs of Fig. 2, is changed over very wide 
limits.  The dimension of the macrograin here renders a smaller 
influence, since the macrestructure of cast alloy AL8, poured in 

sand at temperatures from 650 to 700°, is fine-grained and practically 
identical in thin as well as in thick sections of the casting. 

Curves shown in Fig. 2 of tensile strength and relative 
elongation of alloy AL8, hardened according to technical specifications 
are drawn from tests of a great quantity of samples cut from different 
places of large castings of 10 various melts.  The density of 
investigated castings in terms of gas porosity oscillated within 
limits of 2-3 units on the scale of porosity. 

Industrial practice of casting large castings from alloy AL8 
in land shows that in walls over 50 mm thick it is not always possible 

to obtain a tensile strength more than 20 kg/mm and relative 
elongation more than 3.0-3.5^. Application in this case of even the 

lowest temperatures of casting on the order of 630-640° for the 
purpose of obtaining the smallest macrestructure leads sometimes not 
to an increase, but to a lowering of mechanical properties due to 
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Fig. 2, Dependence of mechanical properties 
of sand castings made from alloy AL8 on wall 
thickness (dimension of micrograin). 

impairment of fluidity of the alloy and an increase of shrinkage 
holes. 

The only means of increasing mechanical properties of castings 
in thick sections when casting in sand is application of 
refrigerators, i.e., an increase of the speed of cooling, allowing 
one to obtain a cast structure with thinner dendrite structure. 

Conclusions 

,1. Methods of melt and casting of alloy AL8 which ensure good 
quality large castings are proposed. 

2. A composition of core mixture which permits easy punching 
of cores from castings which does not cause oxidation of the metal 
in the form in the process of hardening is recommended, 

3. The basic influence on mechanical properties of alloy AL8, 
besides other factors, is its microstructure. 
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MEANS OF REMOVING "BIACK FRACTURE" IN CASTINGS MADE 
FROM ALLOY AL8 

M. G. Stepanova 

Alloy [AL8] (AJI8) (All-Union Government Standard 268^-53) 
possesses high corrosion resistance, it works well by cutting and 
has high mechanical properties. 

In shaped casting made from alloy AL8 very frequently in 
fractures is observed so-called "blackness," which sharply lowers 
mechanical properties of the alloy. According to Whitaker1 

"blackness" is the result of interaction of melt with moisture of the 
mold that is, oxidation of the melt.  "Black fracture" most frequently 
will be formed in massive parts of a casting in places of 
concentration of shrinkage porosity, i.e., during a delayed process 
of crystallization. It has been established that in this case 
there will be formed a chemical compound of the spinels type 
(Mg0*Alo0^), whose black color is caused by the presence in the alloy 

of impurities of iron. V 

For protection from oxidation the alloy is prepared under a flux 
made from a mixcure of carnallite (60^) with fluorspar GaFp (40^). 

Introduction in the alloy of beryllium in a quantity of 0.05-0.07^ 
considerably lowers oxidizability of the alloy. However beryllium 
enlarges the structure of the casting; therefore, for production of 
a fine-grained structure to the alloy one also adds titanium. In 
the molding sand we introduce a protective addition, boric acid or 

^■M. Whitaker, Foundry Trade Journal, 1953, August, p. 13, 

2I. F. Kolobnev, M. B. Al'tman, Gazy v alyuminievykh splavakh 
(Gases in aluminum alloys), Oborongiz, 19^8, 



an addition of [VM] (BM).1 

In this article data are given on investigation of the influence 
of the composition of refining fluxes and protective additives on 
removal "black fracture" in castings made from alloy AL8, 

Experimental melts were conducted in a crucible electric furnace 
in a graphite crucible with a capacity of 25 kilograms. The alloy 
was prepared from pig metals.  Initially aluminum was melted, after 
removal of slag the melt was covered by a flux.  Then magnesium was 
introduced and in certain alloys beryllium and titanium in the form 
of 5^ alloys of aluminum-beryllium and aluminum-titanium. The melt 

was refined at a temperature of 700°. 

In experiments two compositions of fluxes were used: carnallite 
and carnallite (60$) with calcium fluoride (40^).  Compositions of 
molding sand are given in Table 1. 

Table 1. Composition of Molding Sand 

Components of mixture 

Number of mixture and its composition 
In weight ^ 

1 2 3 4 

Inverse mixture for alum- 
inum casting 

Sand of make 1K02A 

Boric acid 

Addition  BM 

Water 

100 

6.0 

70 

30 

2 

5.0 

70 

30 

4 

5.0 

75 

25 

5 

5.0 

From every mixture forms were prepared for standard 12-milllmeter 
samples for fracture and for samples for technological testing. 

Filling temperature of the alloy was equal to 700-720°, 

Properties of molding mixtures both with boric acid and with 
addition VM were analogous. Mixture No, 1,  not containing the 
addition, due to the absence of quartz sand in its composition had 
lower gas permeability (Table 2), 

The quality of castings was determined by means of study of 
fracture macro- and mlcrestructure5 and testing of mechanical 
properties of separately poured samples. 

1Addition VM consists of technical urea {60%),  aluminum sulfate 
(25$) and boric acid (if" 
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Table 2.    Properties of Experimental Mixtures 

Properties 

Number of mixture 

1 2 3 4 

Moisture in % 5.3-5.6 4.5-4.6 5.2-5.5 4.3-5.2 

Gas-permeability 24.2-25,8 36-.» 34 33-36 
Compression  strength in 

kg/«* 
1.0-1.15 1.25 1.1 U—1.2 

Collapsibility of the 
sample in grams 

0.8-1,1 2.2-2.3 0.6—1.1 0.6-2.3 

External inspection established the presence of spots of oxide 
on technological 10  mm samples, poured in forms from the mixture 
without the protective addition and without introduction of beryllium 
in the melt.  In all remaining cases castings had a pure brilliant 
surface. However in fracture of samples "blackness" was revealed, 
especially well revealed after heat treatment. 

A study of fracture of technological samples showed that when 
filling with a melt refined by carnallite, "blackness" appears in 
the form of a clearly outlined ring at the surface of the casting. 
Addition to the molding sand of 4^ boric acid or a 5^ addition of VM 
somewhat lowered the intensity "blackness," however the ring of 
"blackness" was observed in all samples. 

Refining of the melt by flux consisting of 60% carnallite and 
40^ fluorspar gives a cleaner fracture, especially in the case when 
in the mixture chere is a protective addition, although it does not 
remove "blackness" completely. In fracture of a sample poured in a 
form from a mixture not containing the protective addition, clearly 
outlined "blackness" in the form of a ring (Fig. 1) was observed. 

The presence in an alloy of beryllium and titanium, as it is 
known, renders a positive influence on the state of fracture. 
"Blackness" was observed in the fracture of a sample poured in a 
form from a mixture not containing a protective addition, but its 
intensity was considerably less than in preceding experiments 
(Fig. 2a). During introduction in the mixture of 2^ boric acid, in 
the fracture of samples there were observed only small sections of 
"blackness" at the surface (Fig. 2b), A clean fracture was obtained 
on samples poured in forms from a mixture containing 4^ boric acid 
or a 5%  addition of VM. 

Thus, other things being equal, application of a flux consisting 
of carnallite and fluorspar ensures obtaining a cleaner fracture 
than a melt under carnallite. For massive section of a sample 50 mm 
in diameter in view of considerable time of a crystallization 
obtaining a clean fracture is possible only in the presence of 
beryllium in the alloy and a 4-5^ protective addition in the molding 
sand. 

On samples 20 mm in diameter the intensity of oxidation is less. 

90 



■pwü 

f>. ' .1    ■   .»1    '*•'.'■   r,v. 

a) 
}iV---.^-- 

f. 

JT   » 

GRAPHIC NOT 

Fig. 1. Fracture of samples made from 
alloy AL8; refining by flux, casting in 
damp sand form,  a) mixture without 
addition, b) mixture with 2%  boric acid, 
c) mixture with bfo  boric acid, d) mixture e 
with 5^ addition VM. 
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Fig. 2. Fracture of samples made from 
alloy AL8 with beryllium and titanium; 
casting in damp sand forms,  a) mixture 
without addition, b) mixture with 2^ 
boric acid. 

since the process to a considerable degree is paralyzed by acceleration 
of the time of a crystallization. 

For production of clean fracture 6n  samples with a diameter of 
20 mm from an alloy containing beryllium, it is sufficient to 
introduce into the mixture 2^ boric acid. When refining the alloy 
by a flux made from ^arnallite and fluorspar, samples made from alley 
AL8 which do not contain beryllium have a clean fracture when casting 
in forms made from a mixture with a o%  addition of VM or 4^ bor:c 
acid. Samples obtained from alloy AL8 refined only with carnallite 
in all cases had "blackness" in the fracture. 

Obtaining a clean fracture of a casting.: 
possible during use of an addition of VM in i 

-de from alloy AL8 is 
•hange for boric acid. 

Any influence of an addition of VM on structure of samples was 
not revealed. Both macrestructure and micrestructure of samples 
poured in forms made from the mixture with boric acid and from a 
mixture with an addition of VM are analogous. Also rot revealed was 
a difference, during application of different additives, in mechanical 
properties of the alloy (see Table 3). 

Samples poured with application of boric acid and addition VM 
were tested for corrosion under conditions of full submersion in a 
3%  solution of NaCl containing 0.1^ H202 for two months. Tests were 
conducted on samples 8 mm in diameter with and without casting crust 
(Table 4). 
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Table 3. Influence of Protective Additives on 
Mechanical Properties of Alloy AL81 

Addition 
Tensile strength 

kg/W 

Relative 
elongation 

H 

Without addition 27.8 5,8 
2 boric acid 37.3 17.4 
4 boric acid 38.6 30.2 
5 addition of VM 38.8 17.0. 
ti fluoride addition 35.9 M.2 

• 

1A11 samples were poured from one melt. 
The melt was refined with a flux made from 
MgCl2'KCl and CaF2 (60:40). Samples were 

subjected to heat treatment under conditions 
T4. 

Table 4. Results of Corrosion Tests of Samples 
Made From Alloy AL8 

Addition 
State of 
surface 

Tensile strength 
kg/mm^ Loss of 

before 
corrosion 

alter 
corrosioii 

strength 

Afo boric With casting crust 27.7 21.7 2.2 
acia 

Without castingcrusx 
t 

24.8             13,7 44.9 

5^5 addition of 
With casting crust 27.6 23.8 1,4 

BM Without casting crust 25,2 15,3 39.3 

Conducted comparative tests show that corrosion resistance of 
alloy AL3 poured in forms made from the mixture with 4^ boric acid 
and a 3% addition of VM is practically identical. 

Preliminary testing on industrial parts (weight on the order of 
120 kg) confirmed the obtained results. 

Conclusions 

1, Obtaining a clean fracture in a casting made from alloy AL8 
with small section (up to 20 mm) is ensured by introduction in the 
composition of the molding sand of a 4-5^ protective addition. 
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2. Obtaining a clean fracture for castings of massive section 
(50 mm and more) is possible only during introduction in the alloy 
of 0,05^ beryllium and a 4-3^ protective addition in the molding 
sand. 

3. As protective addition boric acid or addition VM can be used 
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INCREASING PLASTIC PROPERTIES OF AiiLOY B300 

I. F. Kolobnev and N. A. Loktionova 

Alloy B^OO has a high limit of prolonged strength: at 300° for 

100 hours, 7 kg/mm ; at 350 for 100 hours, up to 4 kg/mirT. From 
other cast aluminum alloys, alloy B300 especially differs by its 

great creep resistance: at 300° for 100 hours with a permanent 

deformation of 0.2^ its creep limit is equal to 5 kg/mm ; at 350° 

for 100 hours, 2.5 kg/mm . However, lowered plasticity limits its 
area of application. 

Low plasticity of alloy B300 is caused in the first place by 
the presence of large particles of insoluble phases of type Al^Cu^Ni-.; 

Al^(CuNi)p and otners containing chromium, manganese and iron, and 

also by the character of their location. The higher the content of 
chromium, the more fragile is the alloy. Therefore the upper limit 
of content of chromium is 0.25^. 

Addition of up to 0.3^ manganese to alloy B300 increases its 
prolonged strength. But as a result fragility of tne alloy is also 
increased. 

All these data, and also the negative influence on plasticity 
of the alloy of a raised content of magnesium, were considered when 
carrying out the present work. Furthermore, we took into account 
results of works on application of hot media of cooling during 

hardening (water 80° and oil 150°), increasing plasticity o^ Hoys 
[AL4] (M4) and AL9, especially with a lowering in them of the 
content of magnesium. 

* 
The same influence of magnesium is observed in alloy B300, 

although magnesium participates too in formation of different 
strengthening phases (in alloy AL4 phase Mg0Si, and in alloy B300 

phase S(Al2CuMg). 
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The present work was conducted in two directions: 

1. We studied the influence of chemical composition on 
mechanical properties of alloy B^OO. 

B300. 
2. We established an optimum regime of heat treatment of alloy 

Influence of Chemical Formations1 

As indicated above, with an increase of the content of manganese 
and chromium in alloy B300 its plasticity drops. It was necessary 
to deflnitize to what degree mechanical properties of alloy BJ500 are 
changed lepending on the cont it of magnesium in those cases when 
manganese and chromium are at upper and lower limits. 

Alloys were prepared in an electric resistance furnace on the 
basis of aluminum of make A00. Properties of alloy B^OO depending 
on chemical composition are represented in Fig. 1. 
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Fig. l.\ Influence of 
chemical composition on 
mechanical properties of 
alloy B300 with content 
of manganese and 
chromium. 1 — at upper 
limit, 2 — at lower 
limit. 

Ofi   Ofi    KO   VVi* pMf 

It is established that alloy B^OO containing manganese and 
chromium at both lower and upper limits has lower strength (tensile 

strength on the order of 20-21 kg/mm ) and raised plasticity (relative 
elongation 2-2,5^) if the content of magnesium is at the lower limit. 
Thus, alloy B300 can have fairly good plasticity with strength within 
the limits of technical conditions. However, then the limit of 

prolonged strength for 100 hours at 300° drops to 6 kg/mm . 

According to an increase in alloy B^OO of the content of 

magnesium, tensile strength increases to 3-4 kg/mm with lowering of 

1L. V. Shvyreva and T. V. Boytsova took part in carrying out the. 
experimental work. 
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relative elongation by more than 2 times, where the limit of prolonged 

strength at 300° for 100 hours attains 7 kg/mm . 

Consequently, in the case when there is an extreme need to 
increase plasticity of alloy B300, it is possible to hold to the 
following chemical composition: %  Cu, yf>  Ni, not higher 1.2$ Mg, 
not higher than 0.3$ Mn and not higher than 0.2$ Cr. Such a 
composition, in terms of tensile strength and prolonged strength, 
fully satisfies requirements of technical conditions. 

ImMuence of Temperature of Heating 
Prior to Quenching-1 "" "^ 

We checked the influence of different conditions of heating 
prior to quenching on plasticity and strength of alloy B300. We 
investigated two compositions of the alloy containing magnesium at 
the lower limit (according to technical conditions), and manganese 
and chromium at upper and lower limits. 

Analysis of obtained results of the test of mechanical properties 
(Table 1) permits establishing that tensile strength of the alloy of 
both compositions insignificantly increases with an increase of the 

temperature of hardening up to 330° (at a water temperature of 20°), 
and then drops for alloys containing manganese and chromium at the 
lower limit. 

This is connected with the fact that lowering the content of 
manganese increases sensitivity of the alloy to overburning. 

In an artificially aged state alloys behave the same way. 

Oboained results confirm that the upper limit of temperature 

of heating prior to quenching is 530°. 

A relative elongation of not less than 2.4$ can be obtained by 
means of lowering the content of manganese and chromium to the lower 
limit shown in technical conditions. 

1L. V. Shvyreva and T. V. Boytsova took part in experimental 
work. 
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Table 1*. Influence of Conditions of Heating Prior to Quenching on 
Strength and Plasticity of Alloy B300  

Conditions of heat treatment 

Composition of alloy: 4.9$ Cu; 0,78^ Mg; 2.91%  Ni; 
0.385& Mn; 0.27J{ Cr 

Step hardening: 500° (2 hours) +525° (3 hours); 

cooling in water 20° 

Hardening is the same + temper >00o (5 hours); 

Hardening! 500° (4 hours) +525° (5 hours), 

cooling in water 20° 

Hardening is the same + temper 300° (5 hours) 

Hardening: 300° (4 hours) +525° (5 hours), 

cooling in water 20° 

Hardening is the same + temper 300° (5 hours) 

Hardening: 500° (4 hours) +5."50o (5 hours), 

cooling in water 20° 

Hardening is the sama + temper ^00° (5 hou*^) 

Hardening: 500° (4 hours) +535° (3 hours), 

cooling in water 20° 

Hardening is the same + temper 300° (5 hours) 

Hardening: 500° (4 hours) +540° (3 hours), 

cooling in water 20° 

Hardening is the same + temper 300° (5 hours) 

Composition of alloy: 4,9^ Cu; 0.78^ Mg; 
2.97^ Ni; 0.1^ Mn; 0.1%  Cr 

Hardening: 500° (2 hours) +525° (3 hours), 

cooling in water 20° 

Hardening is the same + temper 300° (5 hours) 

Hardening: 500° (4 hours) +525° (3 hours), 

cooling in water 20 

Hardening is the same + temper 300° (5 hours) 

Hardening: 500° (4 hours) +525° (5 hours), 

cooling in water 20° 

Hardening is the same + temper 300° (5 hours) 

Hardening: 500° (4 hours) +530° (3 hours), 

cooling in water 20° 

k^/mm^ 

Mechanicai 
properties 
b  1   ~ 

% 

30.^ 

23.5 

25.3 

1.4 

23.6 2.G 

29.2 1.5 

23.0 1.4 

28.6 1.1 

23.4 1.4 

30.7 1.6 

22.6 1.3 
29.6 1.6 

23.6 1.5 
30.0 1.3 

1.6 

1.3 

19.4   ! 2.0 

26.0 1.7 

19.4 2.0 

25.9 1.6 

20,5 2.3 
26.0   ' 1.6 
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Table 2 (coned).  Influence of Conditions of Heating Prior to 
Quenching on Strength and Plasticity of Alloy B^OO 

TTechanical 
properties 

Conditions of heat treatment ab 
^.g/rom2 

IT 

Hardening is the same + temper 300° (5 hours) 

Hardening: 500° (4 hours) +535° (3 hours), 

cooling in water 20° 

Hardening is the same + temper ^OO0 (5 hours) 

Hardening: 500° (4 hours) +5^0° (3 nours), 

cooling in water 20° 

Hardening is the same + temper 300° (5 hours) 

19-8 

23.3 

20,0 

25.1 

20.2 

2.5 

2.0 

2.6 

2.1 

2.0 

Influence of Temperature of the Quenching Medium1 

Mechanical properties of alloy B300 after quenching in water at 

a temperature of 80-100° satisfy requirements of technical conditions. 
However plasticity of the alloy remains insufficient (see Fig. 2). 

%6 

'.2 
',0 

I     I 
;    2 ^, 

i k  u    -i-^- H r' < ̂ 7=*"^ 
^^*>^.^/ 

""^ L     ■'-^ 

M        40        60        SO       W0 
T-ifliperature of quenching medium in 0C 

Fig. 2. Dependence of 
mechanical properties of 
alloy B300 on tempera- 
ture of quenching 
medium. 1 — fresh 
hardened state, 2 — 
hardening and softening 

temper at 300° for 5 
hours. 

In Table 2 it is shown that application of isothermal hardening 
permits obtaining higher plastic properties of the alloy. 

1N. S. Pantyushkova and T. V, Privezentseva participated in 
experimental work. 
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Table 2. Change of Mechanical Properties of 
Alloy B300 Depending on Temperature and 
Duration of Holding During Isothermal Hardening 

Duration of 

Mechanical  propeities after Isothermal hardening, 
temperature of coolint: mödium in 0C 

holding 200 250 275 300 325 350 
hours 

kg/mm2 
1 
% kg/m? 

1 
H kg/ram2 

ft 
k^/mm2 

» 
kf:/min2 

ft 
k^/mm^ 

ft 
H 

0 28.7 0.6 29.7 0.5 28.0 0.6 29.4 jff.7 26,6 0.3 27,6 1.8 

3 { 29,3 0.7 26.8 |0.2 20.8 1.5 lBt4 2,0 18,2 2,2 19.6 2.6 

5 [ 27.6 — 22.6 1.2 20.3 2.1 18.9 2.0 18.1 2,6 17,9 2.2 

10 — —f 22.0 0.7 19.3 2,4 18.1 2.6 17,8 3,1 18.1 2.1 

IS *"" ■■ 22.1 |0.8 18.8 2.3 18.3 3.0 17.2 2,3 18.9 1.8 

( :or iclus io ns 

1. Alloy BpOO, containing manganese and chromium at a lower 
limit in terms of technical conditions, possesses raised plasticity 
(relative elongation 1,5-2.5^). The content of magnesium in alloy 
B^OO should not exceed 1.2^. 

2. Plasticity of alloy B300 may also be increased by application 
of new conditions of heat treatment. Step heating prior to quenching 

is recommended: heat at 500° with holding 2-3 hours, then raise 

temperature to 525-530° with holding 2-3 hours. Cooling during 

hardening is conducted in saltpeter heated to 250-275°* with holding 
at this temperature for 5 hours, without subsequent artificiel aging. 

In this case is ensured tensile strength higher the.n  20 kg/mm 
and relative elongation 1.2-2^ at a value of prolonged strength 
within the limits of technical conditions. 
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INCREASING CYCLICAL STRENGTH OF CAST ALUMINUM ALLOYS 

E. A. Lalayan and A. N. Malinkovich 

At present in different branches of machine building research- 
design work is being conducted on investigation of the possibility 
of lowering weight of heavily loaded parts by manufacturing them 
from cast aluminum, alloys. However, fatigue strength of these 

alloys even on smooth samples does not exceed 6-7 kg/mirf. 

The lowered strength of parts, made from these alloys, in 
comparison with carbon and average alloyed steels, is a serious 
obstacle confronting introduction of alurxinTim alloys for parts working 
under variable load conditions. 

The goal of this work was to establish the effectiveness of 
surface cold hardening on cyclical strength of alloys [AI^Q] (AJI19) 
and AL21. 

Method and Materials of Investigation1 

Alloys AL19 and AL21 were smelted in graphite crucible with a 
capacity of 45 kg in an electric resistance furnace. 

Blanks 16 mm in diameter and 2^0 mm Iciig were subjected to 
heat treatment according to the following ccaditions: 

a) alloy AL19: heating to 530 ± 50, holding 9 h, raise 

temperature to 5^0 ± 5 , holding 7 h, hardening in water; aging at 

175 ± 50 for 5 h, cooling in air; 

b) alloy AL21: heating to 4^0 ± 5°, holding 20 h, hardening 

in hot water (80-l'00o). 

10. B. Lotareva and G. Ya. Mishin participated in the experimental 
part of the work. 
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Chemical composition and mechanical properties of control 
samples of investigated melts are represented in Table 1. 

Cyclical strength of samples was studied under two conditions 
of strain: 1) bend of cylindrical samples of smooth and with 
annular cut (Fig. 1) on a Schoen machine at a load frequency of 
1^00 cycles per minute and 2) during repeated blow on universal 
machine [KPU-21 (Kliy-2) with blows of striker on sample with a 
section of 10 x 10 mm and length 55 nra, at a frequency of 620 cycles 
per minute. 

*>* 

^     ^ i11 >  
j  -J ^ __. _ 

£1 '        1 
-     * 

> -  ^     . 
- ^ ■ 

Fig. 1. Form and dimensions of 
samples for cyclical bend test. 

We investigated polished samples (initial state) and samples 
subjected to shot-blast cold hardening. 

Cold hardening of samples was oroduced on shot blasting machines 
of mechanical type of construction [TsNIITMASh] (HH11 HTM A III ) and 
construction [ZIL] (3I/IJI ) with dispersed and concentrated blow of 
shot (steel shot with a diameter of 0.6-1.2 mm). 

Depth of the strengthened layer was determined by the method 
of measurement of microhardness on instrument [PMT-5] flMT-5) with 
loads of 10 and 20,g on slanting slides, 

Metallographie analysis of samples before and after shot-blast 
cold hardening was produced on an optical microscope at powers of 
200 and 600. For etching of slides we used an etching agent of 
HF - 1 ml, HC1 - 1.5 ml, HNO, - 10 ml, H^O - H7.5 ml. 
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Development of an Optimum Cold Hardening Regime 

Conditions of shot-blast cold hardening were set for samples 
made from alloy AL19. We investigated 9 variants of cold hardening 
(Table 2) depending on the number of turns n of the rotor of the shot 
blast machine, consumption of shot and duration of treatment. 

Table 2. Regimes of Shot-Blast Cold Hardening 
of Samples 

n 

r/mir. 

Consump- 
tion of 
shot q 
kj/min 

Tim« of blast In mia, 

No of regime test for 
cyclical 
Lend 

ti-sx for 
rtpttiU'd 
blow 

JcJist ruction 
JV instaila- 
»i >ti 

1 
2 
3 

2900 
1900 
2800 

100 
100 
40 

0.5; 1; 2 
1: 3:5 
2; 3: 5 

0.5; I; 2 
1;*2; 4 
0,5; 1; 2 

UllHIITMALU 
LUIHMTMAliJ 

3H.1 

The change of duration of cold hardening in conditions No. J> 
during test for cyclical bend as compared to the test for repeated 
blow is explained by the fact that in the first case occurs dispersed 
blov: of the shot, and in the second case, concentrated. 

Samples strengthened in the forementioned conditions, and 
for comparison nonstrengthened, were tested at two stresses or 
energies of blow until destruction.  On every variant of treatment 
no less than four samples were tested. Results of these tests are 
given graphically in Fig. 2 in coordinates:  duration of cold 
hardening, number of blows until destruction. 

Analysis of the given datt* shows that: 

1. Limited service-life during the bending test of samples 
subjected to shot-blast cold hardening, was considerably higher 

2 than nonli&rdened samples. At a stress of 16 kg/mm it is 5 million 
cycles, whereas in the initial stat^ it is only around 200 thousand 
cycles or 25 times less. 

At a stress of 18 k^/mm shot-blast cold hardening by conditions 
1 and 2 (Table 2) also increases the service life of samples more 
than 25 times, but according to an increase of duration of cold 
hardening, service life descends approximately to 4 million cycles. 

2) After shot-blast cold hardening to a considerable degree 
service life increases even under repeated blows. At a blast 
energy of 6.1 kg*cm limited service life is increased from 50 
thousand cycles to 100-140 thousand cycles, i.e., 5-1r times, but 
at a blast energy of 8.66 kg•cm it is increased from 10 thousand 
cycles to 20-25 thousand cycles, i.e., 2-2.5 times. 
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W 2 3   <*  S 6 12 3*56 f   2  3 <»  5  6 

Duratior of cold hardening In mJn 
a 

N-JO* 
rn*>290O r/min 
r^*^k^/min . 

n*1900 r/min 
L^ » WO k'ti/min 

'6,1 kg cm 

ISI kg cm 

0  J   2 3   4 0  1   2  3   < 
.Duration of cold hardening In minutes 

b 

1l**i20ff< r/min 
^»♦^ kg/mir I 

4^8,66 k ~ cm 

Fig. 2.  Influence of regime of shot-blast 
cold hardening on limited service-life of 
alloy AL19. a) with cyclical bend of 
samples with cut, b) with repeated blow. 

Influence of ^Shot-Blast Cold Hardening on Cyclical 
Strength of Alloys AL19 and AL21 

On the basis of obtained data we selected conditions of cold 
hardening for a fuller investigation of cyclical strength of alloys 
AL19 and AL21. 

Cold hardening of samples was produced on the shot-blast machine 
ZIL with rotor speed 2200 r/min and shot consumption ^0 kg/min. 
Duration of cold hardening during dispersed shot-blast (for round 
samples) was 5 min, and during concentr'ted shot-blast (samples of 
square section) 0.5 min. 

According to the results of the test, curves of strength for 
smooth and cut sampled in initial and strengthened states were 
drawn. 

During the test it turned out that even in the initial state, 
fatigue strength of samples with an annular cut was higher than for 
smooth samples (Fig. 5). Such results contradict numerous practical 
data and can be explained only by the fact that the process of 
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Fig. 3.  Curves of strength during bend of 
nonstrengthened samples made from alloy 
AL19. 1 — smooth samples, 2 — samples with 
cut. 

.machining created cold hardening of the cut and due to this fatigue 
strength increased. 

Therefore subsequent machining of samples was conducted before 
heat treatment for removal of preliminary cold hardening. 

In Fig. 4 curves are given of strength of samples for which 
the annular cut was made before and after heat treatment. 

In the same place are given curves of strength of such samples 
hardened by shot. 

As can be seen, removal of cold hardening created by machining 

lowers fatigue strength by 2-3 kg/ram in both the initial state and 
after shot-blast cold hardening. 

Curves of strength during bend of smooth samples and samples 
with a cut made from alloy ALi9 and smooth samples made from alloy 
AL21 are represented in Figs. 5 and 6. 

As can be seen, shot-blast cold hardening increases fatigue 
strength of smooth samples approximately 2 times (from 7.5 

P P P o 
kg/mm to 14 kg/mm for illoy AL19 anu from 6 kg/mm to 12 kg/mm 
for alloy AL2iy, and for samples with concentrators of stresses, made 

from alloy ALi9 more than 2 times (from 7 kg/mm2 to 16 kg/mm2). 
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mti* UmP     /   3  *5S7Sffe*     2    J  tSSW'V' 
Nuntcr of  cjles before atstr-.ctior. 

Fig. 6. Influence of shot-blast uold 
hardening on strength during bond of 
smooth samples made frorr alloy AL21. 
1 — after cold hardening, 2 — before 
cold hardening. 

Effective stre&i concentration factor ßK (relation of fatigue 

strength of s smooth sample to fatigue strength of a sample with cut) 
is equal to: 

a) for initial samples made from alloy AL19 

b) for samples mac'e from alloy AL19, strengthened by shot-blast. 

14. 
16" 

PK-n=0.9, 

i.e9J shot-blast cold hardening even somewhat decreases sensitivity 
of the alloy to concentrators of stresses. 

Samples of steel 35L (o^ = 50 kg/mm2) after usual heat 

treatment (hardening and tempering) in the same test conditions 

have fatigue strength on smooth samples a_1 ■ 21 Kg/mm ,  and on 

samples with an annular cut a^ = 18 kg/mm2 (ß = 1.16), Thus, 

cold hardening permitted raising fatigue strength of samples made 
from alloy ALi9 to approximately the level of steel 55L. 
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Fig. 7, Influence of shot-blast 
cold hardening on strength during 
repeated blows of simples made 
from alloy AL19. 1 — before cold 
hardening, 2 — after cold harden- 
ing. 

The test for repeated blow also revealed the considerable 
effectiveness of shot-blast cold hardening. 

As can be seen from Fig. 7, limited service life was increased 
at blast energy 12.7 kg.cm more than 2 times, and at blast energy 
6.1 kg•cm more than 6 times. 

Hardness and Depth of Strengthened Layer 

Metallographie analysis of samples, subjected to shot-blast 
cold hardening permitted revealing in surface layers traces of 
plastic deformation (FJig. 8). 

Fig, 8. Microstructure 
of edge of sample made 
from alloy AL19, hard- 
ened by shot (x250). 

mi:: m 
RKuCIBLc 

As can be seen from the graphs in Fig. 9, shot-blast cold 
hardening increases hardness of the surface layer from 120-140 units 
to 180-200 units for samples made from alloy AL19 and to 180-230 
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units for alloy AI.21. 

The depth of the cold hardened layer with duration of cold 
hardening up to 0.5-1.0 min (accordingly for alloys AL19 and AL21) 
is 0,3-0.^ mm; with a duration of cold hardening of 2 min: depth 
of the layer increases to 0.3-0,6 mm. Upon a further increase of 
duiation of cold hardening the depth of the layer is practically 
unchanged. 

1. Cas^ 
possess lowe 

Conclusions 

"* omiiium alloys AL19 and AL2i after heat treatment 
itigue strength than usual carbon steels. 

2. Sho+  _a3t cold hardening is an effective means of 
increasing t  strength of these alloys (fatigue strength increases 
more than 20,.', i.e., approximately to the level of steel 35L). 

3. Replacement of steel by highly durable cast aluminum alloys 
permits a 50-60^ lowering of the weight oi parts working under 
cyclical application of loads. 
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INFLUENCE OF ANNEALING AND COLD TREATMENT ON 
STABILITY OF DIMENSIONS OF PRESSURE 

CASTINGS MADE FROM ALUMINUM 
ALLOYS1 

N. A. Loktionova and N. M, Mangubi 

In domestic and foreign literature there are data on the 
expediency of application of cold treatment of aluminum castings 
which are hard^nable by heat treatment. Regarding castings subjected 
to annealing conditions T2) for the purpose of removal of residual 
casting stresses, in this case carrying out cold treatment is ground- 
less, although it is used at a number of plants. 

This work had as its goal a check of the expediency of cold 
treatment of parts cast under pressure made from aluminum alloys 
which were not subjected to strengthening heat treatment, and also 
development of optimum conditions of annealing of castings and parts 
made from aluminum alloys [AL2] (AJI2), AL3, AL9 which would 
stabilize dimensions after casting and machining. 

For investigation we selected characteristic parts corresponding 
to the method of tests (see Fig. l). All parts were poured in 
industrial conditions under pressure from alloys AL2 and AL3, and 
part 1, furthermore, from alloy AL9, Chemical composition and 
hardness of castings corresponded to All-Urion Government Standard 
2685-53. 

Annealing of castings at j500o was conducted in chamber 
electric furnaces with subsequent cooling in air; cold treatment was 

fulfilled in a cooling chamber at -50 , For preventing corrosion 
of castings after unloading from the cooling chamber due to 
condensation of moisture from the air, they were loaded in a 

thermostat (constant temperature chamber) and held at 50° for 2 h. 

^•Work was conducted with participation of L. Yu. Rodicheva, 
A. F. Chuvikova and T, I. Suvorova. 
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Fig. 1. General view of investi- 
gated parts of types I, II, III, 

In the process of heat treatment; due to relaxation of 
residual stresses castings were deformed. The value of deformation 
was the criterion of appraisal of the value of residual stresses. 

Quantitative calculation of residual stresses was not done 
due to the complexity of cast shapes. 

The method of determining deformation is as follows.  On the 
surface of a casting or part in corresponding places (convenient 
for measurements) there were arbitrarily drawn two parallel scratches 
which were crossed by a th^pd perpendicular scratch. The distance 
between intersection points was the control variable a (Fig. 2). 

t Fig. 2. Diagram of location 
of scratches on experimental 
castings. 

Measurements of control scratches were made on a large tool 
microscope (make [BMI] (EMU)) with a precision of ±0.01 mm. 

The sequence of operations during determination of the value 
of deformation on samples of experimental lots was as follows: 

— placement of two parallel scratches and intersecting 
perpendicular control scratch on selected place of experimental 
sample after casting or machining; 

— cut of casting or part perpendicularly to control scratch; 

— first measurement of value of control scratch on casting 
or on part (a.); 

— carrying out experimental conditions of stabilizing heat 
treatment of sample lot; 
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— second measurement of value of control scratch on casting or 
on part (a2); 

— calculation of deformation: d ='a2 - a1 (if a2 > a1) or 

d " al " a2 ^if ai > a2)* 

Diagrams and graphics were constructed according to average 
values of deformations of samples of every lot. In an experimental 
lot there were not less than four castings. 

»i 

In the process of carrying out the work, it was established that 
the thin section and complex contour geometry of experimental parts 
make them very sensitive to concussions, light blows, external 
pressure, etc. Therefore when carrying out experiments we observed 
necessary measures of precaution, protecting castings, from any 
external forces. 

Experiments were conducted on castings and on machined parts. 

Investigations on castings included: 

1) Determination of the expediency of application of cold 
treatment. For this nearly 30 lots of castings made from alloys 

AL2, AL3 and AL9 were held at -50° for 3, 6, 9,  12, 15 and JO  h. 

Besides determination of the influence of duration of holding 
at negative temperature, we also checked the influence of repeated 
holdings; for this purpose in the course of 15 h, ever 5 or 5 h 
deformation was measured on samples. 

2) Clarification of the influence pf duration of holding at 

a temperature of 300° on stability of dimensions of castings made 
from alloys AL2 and AL3. For this purpose castings were annealed 

in air furnaces at 500° for 0.5; 2: 4; 6 and 8 h. 

3) Study of constancy of dimencions of castings depending on 
alternation of operations fulfilled at positive and negative 
temperatures. With this goal heat treatment of experimental lots 
was conducted in the following variants: 

a) annealing at 300 ± 10° for k  h; 

b) annealing at 300 ± 10° for 4 h, then cold treatment at 

-50° for 3 h; 

c) cold treatment at -50° for 3 h, then annealing at 300 ± 10° 
for 4 h. 

For clarification of the possibility of appearance of residual 
stresses in the process of machining, castings made from alloys AL2 

and AL3 were subjected to annealing at 300 for 4 h, and then 
machining was conducted according to design requirements. Ready 

parts were subjected to secondary heat treatment at 300°, 
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with a different sequence of treatment at positive and negative 
temperatures according to the variants indicated above. 

For comparison one lot of parts was made from castings without 
annealing after casting, which was conducted after final machining. 

Investigation of Deformation of Castings 

Influence of cold treatment. An investigation of the influence 

of cold treatment at -50° on deformation of castings made from 
alloys AL2, AL5 and AL9 was produced during single holds of 
different duration and during repeated holding. 

Results of measurements of numerous lots of castings showed 

that after cold treatment -50°, independently of duration Ox* 
holding {3, 6,  9,  12,  15 and 50 h), deformation uf castings does not 
occur. Analogous results are obtained after intermittent cold 
treatment each 3 and 5 h. 

Thus, obtained experimental data show that if made from 
aluminum alloys are required to have an accuracy of dimensions 
within limits of 0.01 mm, then subjecting such castings to cold 

treatment at -500 is uselears. 

Influence of duration of annealing at 300°. Values of 
deformations of castings of three types made from alloys AL2 and AL3, 

annealed at 300° for 0.5; 2;  4; 6 and 8 h, are represented in Fig. 3. 

Part  / 

0 fc;    f~» 6   ■ •~'z=s^* 
0,5   2       *        ft 

Duration of hold, H 

(tf   Z        ♦        6 
Duration of hold, h 

4« 

OS 
0 

Part HI 

Ä5   /       ♦ 
Oumtljn of nold. 

Fig. 3. Influence of 
duration of holding at 

a temperature of 300 
on deformation of 
castings (solid lino - 
alloy AL3; dotted - 
alloy AL2). 

Comparing values of deformation of castings, it is possible to 
note that dimensions of experimental samples render great Influence 
on deformation:  the greater the dimensionb of a casting, the 
bigger the value of deformation. 
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Increase of holding from 0.5 to 8 h almost does not change 
the value of deformation of experimental castings. Thus, for 
example, the maximum difference in deformation of castings III made 
from alloy AL2 during holding in the shown interval does not exceed 
approximately 0.03 mm. 

Thus, annealing of castings at 300 for 30 min is sufficient 
for removal of main residual stresses and protection of parts from 
warping. However, considering that the majority of parts has more 
massive sections and larger dimensions than experimental samples, it 
follows that duration of holding during annealing should be not 
less than 2-4 h. 

Influence of alternation of positive and negative temperatures 
during heat treatment. Results of measurement of deformation of 
castings depending on the sequence of treatment at positive and 
negative temperatures (see Fig. 4), show that different combinations 
of treatment of castings by cold and annealing almost do not change 
the value of deformations of casting^ This again confirms that for 
stabilization of dimensions of castings made from alloys AL2 and AL3 

it is sufficient only to anneal them at 300°. 

The biggest deformation is in casting of type III, deformation 
of casting I and II, as in the preceding series of experiments, 
being small and within the limits of 0.08-0,03 ram. This is 
explained by the fact that parts I and II have smaller dimensions 
as compared to casting III. 

From a comparison of deformation of castings of type III made 
from alloys AL2 and AL3 (see Table 1) it is clear chat it 
practically does not depend on make of the alloy, and it oscillates 
in small limits from O.372 to 0.29^ mm. This pertains to castings 
of type I and II in equal measure. 
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yable 1. Deformations of Castings Made from 
Alloys AL2 and AL5 

of casting 
LenTVh of 
perimeter 

MM 

Deformation 
MM 

Tyre 

\m A^3 

• I 
11 

III 

225 
250 
380 

0.030 
o.oao 
0,372 

0.026 
O.OIR 
0,294 

Consequently, aeformation basically depends on dimensions of 
castings and almost does not depend on the composition of the 
investigated alloys. 

Investigation of Deformation of Parts After Machining 

Machining of annealed castings. Machining of castings (drilling, 
milling, cutting, etc.) is accompanied by a defined tool pressure 
on the part, in consequence of which in upper layers of the metal 
residual stresses appear. Furthermore, removal of crust from a 
casting redistributes stress and can subsequently lead to warping 
of parts. 

Therefore it was necessary to establish deformation of parts 
after full machining of castings. For this goal castings were 

subjected to annealing at 300° for 2 h. Then they were machined 
according to design. Machined parts were heat treated according to 
the conditions shown earlier. 

Results of measurements of deformation of parts are shown in 
Fig. 5. 

From an analysis of the data it follows that the sequence 
of application of treatment of parts at positive and negative 
temperatures does not noticeably influence deformation. 

It is necessary to note that deformation of a part of the 
third type, in spite of its large dimensions, is less than 
deformation of a part of the second type. Machined part II made 
from alloys AL2 and AL3 has larger deformation than the two other 
parts and is within the limits of 0.08-0.11 mm, when deformation of 
a part of the first type* does not exceed 0.025 mm, although the 
perimeters of these parts remained identical. 

It is possible to explain this peculiarity by the fact that the 
ratio of the surface subjected to machining to all the surface of 
the part of the second type is larger as compared to the two other 
investigated parts. 
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This is confirmed also by the fact that deformation is unequal 
after annealing of a poured part and after annealing of a machined 
casting (see Figs. 4 and 5). For example, the average value of 
deformation of annealed castings of type III made from alloy AL2 
is 0.324 mm, but after machining and repeated annealing, deformation 
is 5 times less 0.063 mm. 

Parts of the first type behave as do parts of type III. For 
part II the index reverses: after machikiing, deformation of the 
part is almost 3 times greater (0.090 mm) than for castings (0.035 
mm). 

The raised deformation of machined parts of the second type, 
apparently, should be explained by unequal width of contour of the 
part: the width of the belt of the part is equal to 30 mm, and the 
diameter of the ring is 88 mm. Removal of casting crust from the 
ring of castings obviously affects the increase of defoliation of 
ouch a complex part. 

Setting results, it is possible to say that casting made from 
aluminum alloys after rough machining must be subjected to additional 
annealing in the following cases: 

1) in the presence of complex contour of the part, and also 
sharp differences in sections; 

2) during raised requirements for stability of dimensions of 
parts; 

3) during a large relationship of machined surface to 
nonmachined. 
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Fig. 6. Deformation of 
machined parts without 
preliminary annealing. 

Machining of unannealed castings. In order to confirm the 
necessity of annealing ofr the purpose of stabilization of 
dimensions, castings were subjected to machining directly after 
casting. Then machined ready parts were annealed at 300° for 4 h. 
Results of measurements of deformation of these parts are shown in 
the diagram of Fig. 6, 

Obtained data show that deformation of parts practically is 
identical with deformation of castings of the same designations which 
were annealed directly after casting (see Figs. 4 and 6). 

Thus, residual stress in castings which are not annealed are 
preserved in parts after their machining, and this can serve as a 
cause of warping of parts during assembly of articles and during 
operation. 

Conclusions 
f 

1. For the purpose of removal of residual stresses it is 
necessary to subject to annealing all forms of pressure castings 
made from aluminum alloys of brands AL2, AL^ and AL9, 

2. Secondary annealing of parts after machining is necessary 
in the following cases: 

a) in the presence of complex contoui of parts, and also 
sharp differences in sections; 

b) during raised requirements for stability of dimensions 
of a part; 

c) during large ratios of machined surface to unmachined. 

3. Heat treatment is primary for castings and secondary for 
certain forms of parts after machining for the purpose of stability 
of dimensions and should be conducted according to the following 

conditions: annealing at 300 ± 10°, holding for 2-4 h, cooling in 
air. 

4. Castings and parts during and after annealing, and also 
during transportation should not be subjected to any external forces 
as blows, shaking, compression, etc. 
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5. Treatment at -50 of castiVigs and parts made from aluminum 
alloys of brands AL2, AL3, AL9, not hardenable by heat treatment, 
does not affect the value of deformation. 
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INFLUENCE OF AN IMPURITY OF TIN ON PROPERTIES OF 
ALLOY AL9 DURING HEAT TREATMENT 

T. I. Smirnova 

In plant practice ca.-es have been observed of reject of parts 
made from aluminum alloy [AL9] (AJI9) during heat treatment in 
saltpeter baths due to corrosion and lowering of mechanical 
properties. 

Investigation has established that the rejected articles made 
from alloy AL9 contained over 0,01^ tin. Occurance of tin in the 
alloy possibly during mel't in crucibles in which before this were        , 
melted wastes containing tin. 

In literature there is little data about the influence of tin 
on mechanical, corrosion and other properties of aluminum alloys,1 

For a more precise definition of causes of reject of parts made from 
alloy AL9 during heat treatment in a saltpeter bath, we investigated 
the influence of an impurity of tin in amounts of 0.01, 0,05, 0.1 
and 0,5fo  on mechanical properties, microstructure and surface state 
of samples. 

For investigation we prepared pig alloy AL9 of nominal composition 
according to the All-Union Government Standard 2685-55 and to this 
alloy added tin in the quantities indicated above. 

The melt was conducted in graphite crucibles, in an electrical 
resistance furnace. Tin*was added to the alloy at a temperature 

of 720°, The alloy was refined with zinc chloride and was modified 
by a ternary modifier.  Samples for mechanical tests were poured 
in sand forms at a temperature of 690°. The influence of the 
impurity of tin on mechanical properties of samples was determined 
for poured andheat treated states (conditions T5), The temperature 

1V. V. Zholobov, T. P. Ushakov, (Nonferrous metals) 1951, No. 5; 
F. Mondolfo, Metallography of aluminum alloys, London, 19^3; M. 
Khansen, (Structure of binary alloys) t. 1, 19^5; G. A. Badayeva, 
R. I. Kuznetsova, izy. AN SSSR, 1950, t. 72, No. 3, 
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Table 1.  Chemical Composition of Saltpeter 
Baths 

Content of  c jmponent« i 

i BOBIC  componsnts In % Inpurltie» in 
No of bath 

KNO, 
1 

NaNO, Na.NO, KJCt207 alkali NaCl 
includ.ii.. 
ioni of 
c.ilorinc 

i 49.1 46.3 2.8 0.5 0.60 4,40 2.70 
'2 47,2 29.9 20.6 0.1  * 0,62 1.60 1.00 
3 38.0 60,0 1.0 0.4 — 0.24 0.14 

RecoaDMnded 
composition of 
saltprUr bath 

65-35 3S-65 

" 

3.0 1.0 

' 

0.50 

of heating before hardening was 520 and 533° so that at a temperature 

of 520° (known to be low for alloy AL9) we would avoid possible 
overburning due to a temperature gradient in the furnace. Heating 
was conducted in an electrical resistance furnace with circulation 
of air in plant saltpeter baths. The chemical composition of 
saltpeter baths Is given in Table 1. 

As can >:e seen from Table 1, saltpeter baths considerably 
differ In terms of the content of an impurity of sodium chloride. 

/ 
Sodium chloride in the process of heating dissociates into 

lone of chlorine and sodium. Considering that ions of chlorine cause 
corrosion of aluminum alloys, the content of this impurity should 
be strictly controlled. 

Results of Investigation 

Mechanical properties. As car. be seen from Table 2, an 
impurity of tin in amounts of 0,01-0,5;$ lowers strength of samples 
made from alloy AL9 in cast and heat treated states. 

Heating before hardening in saltpeter baths Nos, 1 and 2 
(content of ions of chlorine 2.7 and 1,0^ accordingly) does not 
ensure good heat treatment (properties of strength are lower than 
requirements of All-Union Government Standard 2685-53):  strength 

of samples not containing tin in this case is 5-4 kg/mm2 lower than 
during treatment in an air furnace or saltpeter bath No. 3 (content 
of ions of chlorine 0,14^), Relative elongation is somewhat 
increased for samples containing tin. Resilience is practically 
unchanged. Heating before hardening in saltpeter baths and an air 
medium identically affects mechanical properties of alloy AL9 with 
tin. 

Microstructure. Investigation showed that a content of tin up 
to C.05^ does not essentially change the structure of alloy AL9. it 
is possible to consider that tin here is in solid solution. 
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Fig. 1. Microstructure of alloy AL9 in 
heat treated »täte: xBOO, etching 0.5^ 
HF. a) without tin, saltpeter bath No. 
1;  b) the same with 0,5%  tin. 

An increase of the content of tin to 0,3%  causes formation of 
a fusible eutectic which is on borders of grains of the aluminum- 
silicon eutetic (Fig. la, b), leading to a lowering of mechanical 
properties. 

External Appearance of Samples After Heat Treatment 
in Saltpeter Baths and Air Furnace 

To appearance of samples after heat treatment in saltpeter 
baths and an ajr medium is shown in Fig. 2. 

On the surface of samples not containing tin, there are no 
traces of corrorion.  During heating in an air furnace (Fig. 2d) 
and saltpeter bath No. 3 (Fig. 2c) all samples containing up to 0.5^ 
tin also did not have traces of corrosion on the surface. 

y 

During heat treatment in saltpeter bath No. 1, containing 
2,7^ ions of chlorine, first evidence of corrosion appeared during 
a content of 0.01^ tin. Changes in structure here were not 
observed. With an increase of the content of tin in the alloy to 
0,5^ corrosion of the surface of samples was strengthened (Fig, 2a). 

In saltpeter bath No 2. (1.0^ ions of chlorine) first evidence 
of corrosion appeared with 0.05^ tin. The intensity of corrosion 
with an increase of the quantity of tin was considerably weaker than 
for samples treated in saltpeter bath No. 1. 

After hardening in saltpeter bath No. 1 from a temperature of 

520° first evidence of corrosion appeared on samples containing 0,05^ 
tin. At the same time heating in this bath to a temperature of 

535° caused corrosion of samples even with a tin content of 0.01^. 
Thus, the intensity of corrosion of samples containing tin is 
increased with an increase of the temperature of hardening. 
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Conclusions 

1. Tin within the limits of investigated contents of 0.01-0.5$ 
lowers the strength of cast and heat treated alloy AL9, somewhat 
increasing its plasticity. 

2. Increase of ions of chlorine in saltpeter baths from 
0.2 to 2.7$ lowers strength of samples during heat treatment by 

3-^ kg/mm , obviously due to corrosion. 

Contents of ions of chlorine in saltpeter baths should not 
exceed 0.3-0.5$. 
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APPLICATION OF FLUXES DURING MELT OF ALUMINUM I 
CASTING ALLOYS 

M. B. Al'tman, T. I. Smirnova, M, A. Syromyatnikova, 
Ye. A. Itskovich and Ye. P. Shteyman 

As protective fluxes for aluminum alloys mixtures of halide 
salts of alkali and alkali earth metals are used; they are 
passive with respect to aluminum and alloying metals, possess a 
low melting point, high wetting ahility and other positive 
properties. 

For giving fluxes refining properties, i.e., ability to 
dissolve and adsorb oxides and remove gas, to chlorous salts are 
added flourides (cryolite, sodium flouride and calcium flouride).        I 
The content of flourides should be not less than 10^, otherwise 
the refining properties of fluxes drop. . 

Flourides in a small quantity (10-15^) improve protective 
properties of the flux, making its film more dense and 
impenetrable. 

Fluxes containing flourides also effectively wet the aluminum 
oxide and promote its removal. This is explained by the fact that, 
in small quantity, flourides somewhat increase the surface tension 
of fluxes on the aluminum oxide and melt interface, and the interphase 
tension of flux — metal is increased. Fluxes containing flouride 
salts, in particular cryolite, are able to adsorb up to 10^ (weight) 
aluminum oxide. 

Inasmuch as the solubility of aluminum oxide in fluxes is 
insignificant (not more than 1.2%), one should consider that clearing 
the melt from aluminum oxide occurs basically not on account of 
solution of it in the flux, but due to adsorption by the flux. 

The flux, dissolving and adsorbing the oxide film on the 
surface of the melt, promotes merging of reguluses of metal and 
facilitates the process of removal of gas from the melt. However, 
not excluded is the possibility of the simultaneous degasifying 
action of a flux containing cryolite, due to thermal dissociation of 
cryolite and formation of the volatile compound A1FV It is 

i 
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assumed thpf-  fluxes containing sodium flouride promote degassing 
thanks to w* passage of sodium into the melt, its oxidation, and a 
change of the structure and properties of the oxide film on the 
surface of metallic bath on account of the content of sodium 
oxide. 

It is also possible to express the assumption that inasmuch as 
bubbles of hydrogen in the melt are connected, in virtue of different 
signs of charges, with oxide inclusions, adsorption of endogenous 
inclusions and removal by ehe flux leads simultaneously to 
emergence on the surface and removal of gas  pockets. Such a flow 
of the process is very possible, but requires an experimental check. 
There is no final explanation of the degasifying action of fluxes 
in aluminum alloys. 

During the use of protective fluxes, frequently not considered 
is the possibility of a certain loss of aluminum and alloying 
components in melted fluxes made from chlorides and fluorides. 

These losses arise from two basic causes: 

1) chemical interaction of metals with component parts of 
fluxes; 

2) mechanical trapping and dispersion of metal in the mass of 
the flux. 

The struggle wich mechanical trapping reduces to a thorough 
separation of flux from melt before pouring the alloy. Losses of 
aluminum as a result of chemical reactions are conditioned by formation 
of chlorides and fluorides of alumimun of low valence (hypochloride 
and hypofluoride) which exist at a high temperature. 

AI + NaCI-AICl + Na; 

2AI^AlFa^AIF. 

During cooling of the A1C1(.F) in the layer of the flux interacts 
anew with the sodium, forming aluminum and haiide salts of sodium, 
where aluminum is lost during removal of the flux. 

During melt under flux of alloys with magnesium there is 
observed a considerable loss of magnesium, especially noticeable 
for alloys with a limited content of magnesium ([AlA] {kll^),  AL9). 

The goal of this work was investigation of the behavior of 
fluxes of various compositions during melt of aluminum alloys. 

We studied the influence of fluxes on yeild of a suitable 
metal, a change of mechanical properties of an alloy during melt 
without fluxes and under fluxes, loss of magnesium depending on the 
quantity of flux, and refining action of fluxes in comparison with 
chlorination. 
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Covering and Coveriug-Reflnlng Fluxes and Their 
Influence on Yield of a Suitable Metal 

We investigated influence on yield and cleanness of suitable 
alloys on the basis of system Al-Si of covering and covering-refining 
fluxes of systems NaCl-KCl, NaGl-NaF, NaCl-NaF-KCl, NaCl-KCl-Na?AlF6 
and others. p 

Selection of systems was determined by the necessity of a 
combination of protecting, refining and modifying properties. We 
Investigated seven different groups of fluxes. 

Fluxes of group I consisted of only chlorous salts. These 
fluxes are distinguished by the greatest surface activity. 

Fluxes of groups 1I-V contained up to 10^ sodium fluoride 
which was added for increase of marginal wetting angle of the flux 
on the melt. 

Fluxes of group VI contained sodium chloride and up to 4C$ 
sodium fluoride. 

Finally, in the composition of fluxes of group VII, along with 
sodium chloride and sodium flouride, there was potassium chloride 
which improved the wetting ability of the salt mixtures. 

To the flux of every group, giving best results in terms of 
yield of the suitable metal, we added rhyoli.e in amounts of 
3, 5* 1,  10 and lvj%.    Investigation of the influence of different 
groups of covering-refining surface-active fluxes was conducted 
on alloy AL9. Fluxes related to groups I-V were deposited on the 
surface of melt after melting the charge, and the alloy was heated 

under the flux to a temperature of 750° at which was held for one 
h. Fluxes of groups VI-VII were put in the crucible simultaneously 
with the charge. Subsequent conditions of melt weie the same as 
during melt with fluxes of groups I-V, After holdin,:, slag was 
removed from the surface of the melt and the alley was poured into 
a steel casting mould. Poured ingots and slag were weighed 
after cooling. 

The chemical composition of fluxes, giving best results in 
terms of yield of the suitable metal, is given in Table 1. 

As can be seen, melt with flux permits lowering loss of the 
alloy due to oxidation by 2-6^. 

It is necessary to note that the presence of sodiurr.. fluoride 
increases the protective properties of fluxes, increasing 
yeild of the suitable metal. 

Curves shown in Figs. 1 and 2 show the positive influence of 
cryolite on protective properties of fluxes which do not contain 
fluorides. Audition of cryolite to fluxes containing sodium flouride 
essentially does not change the protective properties of fluxes. 
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Table 1. Change of Yiel^ of Suitable M'-tal 
Depending on Chemical Composition of Flux 

•leid  .r 
Composition of fluxes of f 1 X 

s .ilfatle 
ir.-tal  in i» 

WUhout flux 91.9 
30* NaCIfTOH KQ I 95.8 
20* NsCI +70H KCI + 10V. NaF 1! 98.0 

30* NaCI + fiOH KCl + iO* NaF Ill 98.0 
40% NaCI + SOH KCI + 10?- NaF #    IV 97.5 
50H NaCI + 40V. KQ -f 10* NaF V 98.2 
75H NaCI+ 25« KCI VI 97.8 
45* NaCI + 40^ NaF + 15* KCI VII ,         98.1 

This should be explained by the fact that protective properties 
of fluxes depend first of all on their surface activity caused by 
the presence of chlorides. 

yy 

s n 
Aoavuit of ciyollt« in ^ 

15 

F\z.  1. Dependence of 
yield of suitable alloy 
AL9 on content of 
cryolite in different 
groups of covering flux, 

f-»*.   NaCI + TO*    KCI.     I-»*.   SM + TO 
Kd 4 to«, ur. a-»-. Kit: + co% KCI + iu 
ÄF. 4-«^ N«CI + 50'- KCI + If. \«F. f-50 . 

N«CI + 40    KCI + 29*. NJF. 

c 

7 57 

.96 

SSi 
5 '    9 tt 

auür.tlty of cryolite in ft 

Fig. 2,  Dependence of 
yield of suitable alloy 
AL9 on content of 
Cryolite in different 
groups cf covering- 
refining flux. 1 - 75^ 
NaCI + 25% NaF; 2 - 40% 
NaF + 45% NaCI + 15% 
KCI. 

Introduction of small quantities of fluoride salts to fluxes 
of groups I-V (up to 10% NaF or 15% Na^AlFg) is useful, since they 

make the film of melted flux more dense, make it less permeable to 
gases. 

Further increase of the content of fluorides not only does 
not strengthen, but even lowers the protective action of fluxes 
(Fig. 2). However, inasmuch as fluoride salts are necessary 
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Fig. 3. Yield of suitable alloy 
AL9 (melt with a weight of 10 kg, 
average data from three melts), 
1 — melt in hearth (without flux); 
2 ~ melt in electric furnace (with- 
out flux); 5 — melt in hearth 
(under fiux); 4 - melt in electric 
furnace (under flux). 

Terrpeptturvi  of overiea'^lng In 0C 

Fig. 4# Change of 
mechanical properties 
depending on technol- 
ogy of preparation of 
alloy AL9. 1 - melt 
in electric furnace 
without flux; 2 — melt 
in gas furnace without 
flux; 3 — melt in 
electric furnace under 
flux; 4 — melt in gas 
furnace under flux. 

for giving fluxes refining and modifying properties, it is 
necessary to allow a certain decrease of surface activity of fluxes, 
increasing the content o/ fluorides, 

It is necessary to note that the degree of contamination of 
alloy by nonmetallic inclusions is influenced also bv the type of 
furnaces in which melts are conducted, and the application of 
fluxes during melt. Data of balanced melts conducted in a gas 
furnace and in an electric "urnace without flux and under a flux 
(we used a flux consisting of 45^ NaCl^O^ NaF; 15%  KC1), show (see 
Fig. 3) that in the gas furnace the melt  . subjected to action of 
fuel gases, in consequence of which yield of the suitable alloy 
drops. At the same time it is clear that application of a flux, 
independently of the type of furnace, increases yield of the 
suitable alloy. 

Purification of an alloy from gas pockets promotes an increase 
of its strength properties. As the graphs of Fig. 4 show, 
mechanical properties of alloy AL9 depend on the technology of its 
preparation:  they are higher in the case of use of an electric 
furnace and application of flux during melt of the alloy than in 
a gas or electric furnace. Losses of magnesium during melt under 
a flux (43% NaCl; 40% NaF; 15% KC1) were determined for alloy 
AL9. Results of the chemical analysis are given in Table 2. 

These data show considerable losses of magnesium during melt 
of alloy AL9 under a flux. The influence of quantity of a flux on 
losses of magnesium should be explained by the direct relationship 
between concentration of interacting components of the reaction 
Mg + NaCl -* MgCl + Na 
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Table 2.  Influence of Quantity of Flux on 
Content of Magnesium in Alloy AL9 

■fc Flux 
;:> ma^i.cBiam 
In alloy 

"ime of samplingi 

Without flux 0.29 
WTiiout flux 0.29 J 

0.5 0.29 

1.0 0.24 

2.0 0.21 

3.0 0.20 

5.0 0.17 

10.0 0.09 

IffinMiiia'.cl.y aft r rtachinr a xenu-, nature   -f 

L" .   {• öt tdir.-    r.e h at  750= 

Refining Action of Fluxes 

A series of works shows that fluxes to a larger degree refine 
a melt from nonmetallic inclusions (gas and oxide) than do 
chlorous'salts. 

Fluxes used at present for treatment of a melt made from 
aluminum alloys can be divided into two groups: 

1) fluxes for refining and protection of a melt from 
oxidation; 

2) fluxes for refining and simultaneously for modification 
of casting alloys based on system Al-Si.  y 

Representative of a group of refining fluxes is a flux of 
the following composition: 47$ KC1; 30%  NaCl; 23%  Na A1F6. This 

flux, with a. specific gravity in liquid state of 1.6 g/crrr and 

melting point 700° dissolves up to 0,66^ (weight) and adsorbs up 
to 10%  (weight) aluminum oxide. The flux is used in for stock 
casting. Its degasifying ability does not yield to the degasifying 
ability of chlorine. 

The group of refining-modifying fluxes includes: 

a) Flux consisting of 60%  NaF; 2t)%  NaCl; lö%  NaJUJV. The 

specific gravity of the flux in liquid state is 1.8 g/cm , melting 

point 8500, The flux dissolves up to 1.7^ (weight) and adsorbs up 
to Q%  (weight) aluminum oxide. 

This flux is intended for alloys vvith a high content of 
silicon, such as AL2, and also for other alloys of this system, when 
a high casting temperature is necessary. 
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b) Flux consisting of 30^ NaF; ^0%  NaCl; 10%  KC1; 10%  Na^AlFg. 

The specific gravity of the flux in liquid state is 1.689 ^/cm^# 

The melting point is 715°. The flux dissolves up to 1.%  (weight) 
and adsorbs up to 8-10^ (weight) aluminum oxide. The flux is 
recommended for alloys Al-Si, when parts are poured at low 
temperatures. 

The degasifying properties of both fluxes are considerably 
higher than for chlorous salts. 

Considering the good protective and refining properties of 
fluxes, and also the fact that replacement of chlorine by fluxes 
improves working conditions, in plant conditions we conducted a 
comparative investigation of the influence of fluxes and chlorine 
on the quality of castings from alloys ALI, AL2, AL5, AL4, AL5 and 
AL9. 

Quality was checked <^i parts poured in plant conditions in 
terms of mechanical properties. X-ray control, macro- and 
microstrueture and tests for fracture of parts, and technological 
tests for oxide scales. 

The method of technological tests for oxide scales is based on 
the fact that during deformation in height, 75-80^ of small 
ingots have a concentration of scales dispersed over the section 
of an ingot. Concentration of scales on a comparatively small 
section facilitates their detection, and by fracture of such a 
sample it is possible to Judge about contamination of alloy by 
oxides. 

Alloys AL2, AL4 and AL9. For refining alloys AL2, AIA, AL9 
we used chlorine and a flux consisting of 60% NaF; 25^ NaCl; 15^ 
Na^AlFg. The flux simultaneously served a modifier for these 

alloys. 

Results of the investigation of macro- and microstructure of 
alloys are represented in Table 3. 

In terms of X-ray control, macro-and microstructure, and tests 
for fracture, no parts poured from alloys AL2, klA  and AL9 refined 
b flux yield in terms of quality to parts poured from these 
alloys refined by chlorine with subsequent modification by a double 
modifier. Mechanical properties of separately poured samples 
of alloys AL2, AL4 and AL9 with different technology of treatment 
of melt are given in Table 4. 

As these data show, mechanical properties of separately poured 
samples of alloys AL2, AL4 and AL9, smelted with application of a 
flux containing 60^ NaF; 25^ NaCl; 15$ Na-.A1F^, correspond to 

All-Union Government Standard 2685-53. Technological samples 
testified to the fact that treatment of alloys of system Al-Si with 
fluxes to a larger degree than chlorous salts and chlorine refines 
the alloy from oxide inclusions. 
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Table ,3, Change of Macro- and Mijror.tructuro of Samplet 
Made from Alloys AL2, AL'* and Al/) Depending on Treatment 
of Melt 

Refin- AJP AJI'»i 
AJ19 

ing and 
modify- 
ing 
means 

stan- 
dard 
poro- 
sity 

stPte   of 
miCi* >- 
structure 

s tan 
dard 
poro- 
sity 

state  of 
micro- 
structure 

stan 
dard 
poro- 
sity 

state  of 
micro- 
ctructure 

Chlor- 
ine 
and 
double 
Flux 

1-3 

1-3 

Modified 

Modified 

1 

1 

Modified 
i 

Modified 

1-2 

i-2 

Modified 

Modified 

■""Parts and samples were cast in an autoclave. 

Alloys ALI, AL3 and A16. For refining alloys ALI, AL3 and 
AL5 we used chlorine and a flux consisting of 47^ KOI; 30^ NaCl; 
23^ Na-A1F^. Results of the investigation of macro- and microstructure 

of alloys are represented in Table 5. 

Table ^. Mechanical Properties of Separately 
Poured Samples from Alloys AL2, AL4 and AL9 
Depending on Technology of Treatment of Melt 

Refining and modifying 
means 

Am, CöSt 
AJtyneat 
ment by 
regime 7« 

trfe-.:- i 

5 
AJ19.   cast 

Q 

W«2 
1 
H 

0 

kg/mm' 
1 9   2 

kg/rm 
1 

Chlorine and 
double modifier 

Flux 
According to Ail-Union 

Ciovermervt itandara 

15.2 

16.6 
15.0 

6.9 

7.9 
4.0 

25.9 

25.7 
23.0 

4,1 

4.8 
3.0 

17.4 
16,0 

2.8 
2.0 

2685-53 

In terms of X-ray control, macro- and microstructure, and tests 
for fracture, all parts poured in sand and chill mold from alloys 
ALI, AL3 and AL5 refined by flux completely meet requirement. 

Mechanical properties of samples made from alloys ALI, AL3, 
AL5f poured with application of a flux of composition 47^ KC1, 
3096 NaCl; 23^ Na^AlF/- exceed the requirements of Ail-Union 

Government Standard 2685-53 (see Table 6). 

Selection of metal from the distributing fvrnace during casting 
in a chill mold occurs for 2-3 hours. Therefore we took before 
control melts ALI and AL3 immediately after refining, in 1 h, 
2 and 3 h, and also castings made from these alloys. A noticeable 
impairment of casting quality and an increase of porosity of parts 
during standing of the melt for 3 h does not occur. 
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Taole 3.- Change of Macro- and Microstructure of Alloys 
ALI, AL5 and ALb Depending on Technology of Treatment 
of Melt 

Ml1 M3 AH 5 

Refin- 
ing 
means 

stan- 
dard 
poro- 
sity 

• i   state  of 
micro- 

• struc- 
ture 

! stan- 
.dard 
iporo- 
sity 

-     state  of 
:  micro- 

■.   struc- 
ture 

stan- 
dard 
poro- 
sity 

•!   state  of 
micro- 

•.   struc- 
!   ture 

Chlo- 
rine 

Flux 

p. 

'     2 

Normal 

Normal 

11-2 

1-2 

Normal 

Normal 

1-2 

1-2 

Normal 

.   Normal 

1Parts were poured in chill mold. 

2Porosity not revealed. 

On this group of alloys fluxes the refining action from oxide 
inclusions is better than chlorous salts (ZnClp) and chlorine. 

Table 6. Change of Mechanical Properties of 
Separately Poured Samples of Alloys ALI, AL3 
and AL5 Depending on Technology of Treatment 
of Melt 

trea-.r 
at 
lent 

A/I3, heat treyüment 
by conditions AJ15, heat 

,-'.«rlr.irv. ty conai- 
Tl T5 by cundi- 

ti.r.s  PS 

9 
,   2 

1 9 1 
H 

•   2 

Chlorlnr 

Flux 
According to  Ail- 
Union   'lovcmment 
standard 2'^5-53 

32,7 
31.7 
20.0 

0,9 
0,9 
0.5 

18.8 
18.2 
17.0 

0.8 
1.2 
1.0 

24.0 
24.5 
21.0 

0.6 
1.2 

23,4 
24.1 
20.0 

1,2 
1.4 

:LSamples poured in chill mold. 

Conclusions 

1. The protective action of fluxes (the investigation was 
conducted on alloy AL9^ is ensured by chlorides which improve the 
wetting ability of fluxes, and fluorides which increase strength 
of the flux film. 

2-6%. 
Melt under fluxes increases yield of the suitable alloy by 
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2, Melt under fluxes made from fluoride and chloride salts 
leads to burning out of magnesiun in anoys containing small 
quantities of this component (AL^ Al/J). 

3. Treatment of alloys ALI, AL2,  ALJ>,  AL4, AL^ and AL9 by 
fluxes permits obtaining a melt of the same quality as during 
treatment with chlorine. 

Castings made from the prementioned alloys, in terms of 
contamination with nonmetallic impurities (gaseous and solid) 
completely meet technical specifications, and in terms of mechanical 
properties, macro- and microstructure they completely fulfill 
All-Union Government Standard 2685-53. 
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DEGASSING OF ALUMINUM AND ITS ALLOYS BY 
ULTRASONIC OSCILLATIONS 

M. B. Al'tman, V. I. Slotin, N. P. Stromskaya, 
G. I. Eskin and L, I. Loktionova 

During passage of elastic oscillations through a liquid 
medium (melt; a phenomenon of cavitation is observed, leading to 
fracture of continuity in the liquid phase with formation of 
cavities to which gas dissolved in the liquid (melt) rushes. Due 
to this elastic oscillations of sound, and especially of ultrasonic 
frequency, promote formation of embryo blowholes, stimulate the±r 
further growth in the liquid phase and their coalescence to 
dimensions which ensure active liberation of gas from the liquid 
(melt). 

Krüger1 used elastic oscillations, obtained with the aid of 
a magnetostrictive radiator with a frequency of 8-10 kHz for 
degassing optical glass, and Rummel, Esmarch and Beuter2 treated 
with sound and ultrasonics alloys Al-Mg with a content of 
magnesium from 5 to 7^, In these investigations a method was 
offered of dogassing melts by imposition of a permanent magnet field 
on the high-frequency field of the induction furnace in which the 
melt was carried out. With such a method of treatment, in the melt 
intense oscillations appeared on account of electrodynamic forces, 
ensuring full degassing of the melt in 30-60 minutes. Eckhardt 
and Eden3 used the same method for degassing high-quality optical 
glass. 

In literature, however, there is very little data on 
investigation of the influence of elastic oscillations on the degree 
of degassing of aluminum melts. 

1 F. K r uger, Gljstechnjck, 1938. B. 16. S. 233. 
R .QIh./v5k

Um•ne,♦ W'   Esn,arch.   K.   Beuter,   McialUrirtschaft,    1940. 

' A. Eckardt. C. Eden. Glass und Hochvakuumlechnik. 1952, At 2, S. IS. 
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A search of the most effective methods of refining, in 
particular, methods whose application excludes water touching the 
melt, brought us to an investigation of the influence of elastic 
oscillations on the process of separation of hydrogen from certain 
aluminum alloys. 

Simultaneously we studied the change of structure and 
properties of these alloys under the influence of ultrasonics,1 

The work generalizes earlier investigations by the authors and is 
their continuation. 

For production of elastic oscillations of ultrasonic 
frequency the magnetostrictive method v/as used. As a source of high- 
frequency oscilletions a generator of self-excitation type [UZG-10] 
(y3r-10) was used. For conversion of electromagnetic oscillations 
into mechanical we used a magnetostrictive converter of type [PMS-7] 
(lllyfC-7) made from stamped annealed plates of permendur of make 
[K50F2J (K50^2) 0.2 mm thick.. In Fig. 1 is represented the scheme 
of the installation for transmission of elastic oscillations to the 
melt. 

Te hg generator 

-2 

Fig. 1. Scheme of introduction 
of elastic oscillations into a 
melt. 1 — housing; 2 — magneto- 
strictive converter with winding; 
3 — concentrator; 4 — waveguide 
with thread bracing; 5 — resin 
shock absorber; 6 — bellows; 7 — 
bracing of oscillation subassembly 
support; 8 — crucible with melt; 
9 — electrical resistance furnacs; 
10 — thermocouple. 

^■M. B. Al'tman, V. I. Slotin, D. V. Vinogradov and G. I Eskin 
Izv. AN SSSR, OTN, 1958, No 9. 

M. B, Al'tman, V. I. Slotin, N. P. Stromskayai G. I. Eskin. izv 
AN SSSR, OTN, 1959> No 5. 
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During transmission through the vibrator winding of 
alternating current from the hf generator and constant magnetizing 
current from the rectifier, the vibrator changes its linear 
dimensions ir tune with the high-freque^.y current variations. 

Bellows introduced in the construction press the rubber 
washer to the nonoperating end of the vibrator, which through a 
rubber washer borders with air. In these conditions oscillation 
damping of the nonworking end of the vibrator occurs. Thus a 
large part of the elastic energy produced in the vibrator is 
usefully used for treatment of the melt by elastic oscillations. 
From Fig. 1 it is clear that the working face of vibrator is soldered 
tc  the concentrator and all the system of housing, vibrator, and 
concentrator is energetically cooled with water. 

Direct tiduümission of elastic oscillations to the melt was 
carried out through a waveguide which was assembled in the 
concentrator with the aid of a thread connection. 

Great difficulties were met during selection of material for 
the waveguide. It is necessary to underline the heavy work 
conditions of waveguides in the liquid melt at a refining temperature 

(720-7300) and the great power of ultrasonic radiation. 

The effect of cavitation ii* the liquid phase around the 
fluctuating waveguide leads to local pressure jumps and 
microexplosions caused by erosion of the waveguide and its 
destruction. Two groups of waveguides were tested. The first 
group were steel waveguides, quartz waveguides, steel waveguides 
with ends made from copper and titanium alloy [VT1] (3T1) and, 
finally, waveguides made from titanium alloy of the same make. 
The second group of waveguides were compound waveguides made from 
titanium rods with caps yiade from refractory metals. 

The form of the waveguide was selected so as to ensure a 
sufficient oscillation front. 

Experiments showed that of the firso group of waveguides the 
best stability was possessed by the waveguide made from titanium 
alloy, although it is subject to erosion, in consequence of 
which the alloy was saturated with titanium: after 15 minutes of 
treatment the content of titanium in the alloy was increased from 
0.1 to 0,2^0,  and after 23 minutes of influence of ultrasonic 
oscillations the quantity of titanium in the alloy was increased 
to 0.3^. 

Application of quartz and especially steel waveguides turned 
out to be inexpedient due to their rapid destruction. After even 
7 minutes of ultrasonic treatment the content of iron in the 
alloy was increased from 1,23 to 1.7^i and after 17 minutes it 
reached 2.0%. 

Therefore the basic experiments were conducted with application 
of the waveguide made from alloy VT1. We simultaneously searched 
for materials of a waveguide from refractory metals which would be 
stable at temperatures of degassing of aluminiun alloys (waveguides 
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of the second group). 

Compound waveguides were made in the form of a titanium rod 
with a cap made from molybdenum, niobium, chromium, tungsten. 
Waveguides of this group were preliminarily tested in water.  Caps 
made from molybdenum and niobium during testing in water showed 
good results.  Caps made from chromium and tungsten in view of 
raised brittleness were broken, and therefore were not used for 
treatment of the melt. 

Investigation of waveguides with cap^ made from molybdenum 
and niobium were conducted on aluminum of make Al, The action of 
ultrasonics on metal was checked with the aid of vacuum tests, 
and the change of composition of the alloy due to dissolution of 
the waveguide was checked by chemical analysis. 

Experiments with application of a waveguide made froi alloy 
VT1 were conducted in the following way: the metal prepared in 
graphite a crucible in an electric furnace. After melting and 

bringing the temperature of the melt to 720-730°, into the crucible 
with the metal we lowered the v;aveguide until it contacted the 
surface of the melt. After heating the working end of the 
waveguide the generator was switched on. 

Treatment with ultrasonic oscillations was given to pure 
aluminum of make A00, an alloy of average strength with good casting 
properties [AL9] (AJI9) (Al-Si-Mg), and highly durable casting alloy 
AL20 (Al-Si-Cu-Mg). 

From the melt treated by ultrasonic oscillations we poured in 
sand molds rupture test samples with a diameter of 10 mm and parts. 
Prom the heads of test samples we prepared samples with a diameter 
of 10 mm and length 15 mm for measurement of specific gravity by 
the method of hydrostatic weighing. 

Parts were subjected to X-ray radioscopy and hydrotests under 
a pressure of 10 at.  Some of the parts were poured by the method 
of exact casting in smelting patterns. From parts we cut Gagarin 
samples for determination of mechanical^properties and prepared 
micro- and macrographs. 

Results of every separate experiment were compared with 
control data obtained on material without the influence of 
ultrasonics. 

Before treatment the melted metal was specially saturated with 
moisture by means of introduction of wet asbestos, which permitted 
vis more clearly to observe the action of ultrasonics on degassing 
of a melt. 

The degree of purification of metal from gas pockets wap checked 
by vacuum tests.  In terms of intensity of separation of bubbles 
at the time of crystallization under vacuum there was composed a 
scale of points. Intense liberation of gas over the surface of 
a sample with its strong distending corresponds to 3 points; 
liberation of more than 20 bubbles, 4 points; liberation of less 
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than 20 bubbles, 3 points; up to 5 bubbles, 2 points and 
crystallization without liberation of gases 1 point. Furthermore 
vacuum samples were cut in half, and on vertical cuts we made slides 
which were etched with a 10^ solution of NaOK for exposure of the 
macrostrueture. 

For melt with weight 8 kg. conditions were worked out for 
introduction of ultrasonics into the melt, allowing fuller degassing 
of the melt. The duration of ultrasonic degassing, ensuring 
lowering of gas saturation of the alloy from 5 points to 1 point was 
8 minutes.  It was established that subsequent standing for 4-5 
minutes of alloy treated by ultrasonics in turn|decreases gas 
saturation since, obviously, blowh les on the bouLom of the crucible 
succeed to rise to the surface. The shown conditions of treatment 
were accepted for all subsequent experiments. 

Table 1 gives properties of pure aluminum of make AGO and 
alloys AL9, AL20, and the content of titanium before and after 
treatment of their melt by ultrasonic oscillations during use of a 
waveguide n^dc from alloy VT1. 

Removal of gas pockets from the melt renders a direct influence 
on increase of density:  specific gravity of alloys after :i-eacment 
by ultrasonics is increased in the second decimal place. 

Ultrasonic oscillations remove from the melt not only gas 
pockets visible to the eye but also microscopic blowholes, where 
action of the oscillation field is not limited to separate sections, 
but spreads over the whole volume. 

As was already noted, a waveguide made from an alloy on the 
basis of titanium, lowered in the bath with liquid aluminum at a 

temperature of 720-730°,  is gradually destroyed and, being dissolved, 
passes into the melt. 

% i ! 

/ 

y */ -29 J- 
0.2 
^ 

 \ — ~* 
-9 

i i rr i 
20 

Time in min 
*i       bO 

Fig. 2. Change in the con- 
tent of titanium in aluminum 
and its alloys during the 
use of waveguides of VT1 
alloy, depending on the dura- 
tion of treatment of melts by 
ultrasound. 

This occurs due to cavitational destruction, and also the 
action of diffusion. Data represented in Fig. 2 show the change 
of content of titanium in aluminum and alloys AL9 and AL20 depending 
on time of ultrasonic treatment. If the process of destruction on 
account of forces of cavitation can be recognized as independent 
of the composition of the melt, connected only with power and 
frequency of radiation of ultrasonics, then the diffusion rate of 
titanium in aluminum alloys depends on the temperature of the liquid 
metal and its composition. This peculiarity of action of ultrasonic 
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treatment on melts should be considered in order to avoid excess 
saturation of alloys with the material of the waveguide. 

On the other hand, it is known that the character of 
distribution and physical-chemical properties of impurities render 
considerable influence on the process of crystallization. In 
particular, impurities of refractory metals (Ti, Cr and others) 
are modifiers, since particles of the refractory phase constitute 
ready surfaces which servo as centers of crystallization. It is 
natural to consider therefore that introduction in a melt of 
aluminum of a consideralle number of particles of destroyed titanium 
waveguide promotes formation of a very dispersed structure. Such 
a property of ultrasonic oscillations presents considerable interest, 
since it permits alloying and modification of alloys by refractory 
components. These experimental facts are well substantiated with 
data of roentgenographic analysis.1 

Comparing X-ray photographs of samples cast from aluminum 
A00 (Fig. 3), treated and untreated by ultrasonics, it is possible 
to see that dimensions of the greater part of grains decrease after 
treatment. Furthermore, actual grains consist of a somewhat layer 
quantity of block fragments. 

The same was observed for alloy AL20 (Fig. 4), possessing as 
compared to A00 a more fine-grained structure. 

Apparently, the increase in mechanical properties is caused 
by crushing of grain fragments and by its enrichment. 

During ultrasonic oscillation treatment of pure aluminum, an 
increase of its mechanicaL properties occurs:  tensile strength 
after 10 minutes of treatment increases 37^ from 5.0 to 6.9 

kg/mm , while lengthening drops only 15^. This hardening of purs 
aluminuir, obviously, is connected with a change of chemical 
composition and formation of system Al-Ti (content of titanium 
reaches 0.5>o). In heterophase alloys an increase of the content 
of titanium, and also strength, occurs less intensively. Thus, for 
alloy AL9 five minutes of treatment by ultrasonic oscillations 

p 
increases tensile strength 7,3%  from 18.8 to 20.2 kg/mm ; yield 
point does not change. 

A greater effect is revealed for alloy AL20. Tensile 
strength on samples cut from parts poured in sand forms is increased 

2 2 to 29.1 kg/mm , and yield point to 28 kg/mm , with lengthening 0.5^. 
Technical conditions for alloy AL20 during casting of separately 
poured samples in sand forms ^ives the following mechanical 

■'     i- p 

properties: tensile strength 23 kg/mmc, yield point 24 kg/mm , 
lengthening 1$. Deserving of attention is an interesting peculiarity 

1Rcentgenographic investigation was conducted by G. V. 
Zhevakinoy and the late |G. M. Rovenskiy|. 
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Fig. 3. X-ray photographs of aluminum. 
a) before treatment by ultrasonics, b)  .,;L *. »* 
after treatment by ultrasonics. 
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Fig. 4.  X-ray photographs of alloy   0, 
a) before treatment by ultrasonics, o) 
after treatment by ultrasonics. 
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of ultrasonic treatment of alloy AI.20.  During exact casting of 
parts from this alloy in smelting patterns the crystallization rate 
is considerably delayed, in connection with delayed heat removal, 
ana mechanical properties usually drop 10-1^%,    Ultrasonic treatment 
of melt AL20 b3fore pouring permits increasing mechanical properties; 

tensile strength ^0.0 kg/mm , yield point 29 kg/mm    and lengthening 
to 1.0%. This hardening, obviously, is connected with a more 
effective influence of titanium, forming in the melt additional 
centers of crystallization under conditions of delayed cooling. 

Results of research in ultrasonic oscillation treatment of 
aluminum melts with a capacity of up to 8 kg show that optimum 
conditions of treatment to a small degree differ from earlier 
utilized conditions of treatment of a 2 kg melt. Witn the same 
intensity of ultrasonic flow and the saiue dimensions of working 
surface of the waveguide, time of treatment of a melt strongly 
contaminated by gas was increased in all from 5 to 6 min, and with 
less contamination, even less than 5-6 min. 

Table 2. Change of Properties of Aluminum 
Depending on Time of Ultrasonic Degassing and 
Material of Waveguide 

fei "im« of 
treatrrtrit, 
rr.irv.ites 

"1   s Specific 
Content in sJuusihun 
of c^r mat ■rial   i.«    J 

r.a t • rial •   • 1>',' ;    --.rav . t ■     j 

Mo Nb 

— 5 2.507 Saturated  by „•tt 
aslesxos 

Molybvjer.urr. 3 2 2,707 — — 

9 
f 2 2.707 0.06 — 

20       j   '     1 2.710 0.25               - 

— 5 2.507 Saturated by wet 
asLestos 

Mctium 
3 1 — 

9 1 2.711 not 
revealed 

20 1 |      2.711 
1 

— 

Testing of compound waveguides with caps made from Refractory 
metals permitted selecting sufficiently stable materials, and 
thus made it possible to avoid saturation of the melt by 
inclusions which in certain cases can be undesirable. 

The change of chemical composition, density, gas saturation of 
vacuum tests depending on time of ultrasonic degassing and material 
cf the waveguide are given in Table 2. 
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It was determined that aluminum is not saturated by niobium 
even during treatment for ^0 min; degassing of the melt occurs 
actively.  During treatment of aluminum by waveguides with a cap 
made from molybdenum the melt is saturated by molybdenum. 

High stability of niobium is possibly explained by its 
greater viscosity as compared to other investigated metals. 

Conclusions 

1. Treatment of a melt of aluminum and its alloys by ultrasonic 
oscillations is an effective method of degassing. 

2. Treatment of melt, before pouring in forms, by ultrasonic 
oscillations increases density and mechanical properties of 
castings. 

3. During treatment of melt by ultrasonics there occurs 
saturation of the melt by the material of certain vibrators as 
a result of their dispersion under the influence of elastic 
oscillations sind temperatures. This phenomenon can be used for 
direct nodification and alloying of alloys, 

4. It was determined that of tested materials for waveguides 
the most stable is niobium, which it is possible to recommend for 
manufacture of waveguides. 
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REFINING OF CAST ALUMINUM ALLOYS BY BORON CHLORIDE 

M. B. Al'tman, N. P. Stromskaya, L. T. Baykova 
and L. M. Korol^ova 

One of basic froms of injects of aluminum casting is rejects 
with gaseous and solid nonmetallic inclusions. Gaseous inclusions 
mainly consist of hydrogen. Solid inclusions constitute, mainly, 
oxides of aluminum and other metals in aluminum alloys. 

For struggle with these defects different methods of refining 
are used: treatment of melt by gaseous chlorine and nitrogen, 
treatment by chlorous salts ZnClp, MnClp, AlCl^. Recently they have 

started to use refining fluxes. All these materials have one 
inherent common deficiency: in a greater of smaller quantity they 
contain water which during refining gets into the melt. As it is 
known, water is a basic source of gas porosity of aluminum alloys. 
Consequently, effectiveness of refining drops. Best results can 
be obtained by treatment of a melt with substances which do not 
contain moisture. As such a refining substance we tested boron 

chloride with a low temperature of vaporization (18°). 

Boron chloride at room temperature is kept in a bottle in 
the form of two phases, liquid and gaseous. When opening a valve 
from the bottle under excess pressure gaseous boron chloride is 
given off. Thus, boron chloride has two advantages: it does not 
contain moisture and it can be introduced into a melt in a 
gaseous, i.e., most reactive state. Blowing is carried out by 
means of submersion of an iron tube in the melt, connected with the 
botcle with the aid of a rubber tube. Refining by boron chloride 
(BOl,) should be conducted under a hood, as also refining by 

chlorine. 

Method of Investigation 

The influence of treatment of a melt by boron chloride was 
checked on alloys of systems Al-Si (alloy rAL4] (AJI4)), Al-Cu 
(alloys [AL10-VJ (M10-B)and ALI) and Al-Mg (alloy AL8), 
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Alloys AL4, AL10-V and ALI were prepared in gas furnaces with 
a capacity 1-2 tons, then they were poured into distributing; 
crucibles with a capacity of 100 kg, from melts technological samples 
were poured (hemisphere), after which they were treated with boron 

chloride at 710° for 7-8 min. Alloy AL8 was prepared in a steel 
crucible by gas heating with a capacity of 230-^00 kg and at 

700-710° ventilated by borori chloride. 

After termination of refining sla^; was taken from the surface o'" 
the melt and the metal was heated to  sting temperature, but alloy 
AIA  to temperature of modification.  Standing of alloys after 
refining lasted J-10  min and not more than J>0  min taking into 
account time of preheating and modification. 

After standing, technological samples and experimental parts 
were cast.  For comparison the same parts were poured from alloys 
AIA, AL10-V, ALI and AL8, prepared without refining. The quality 
of parts was checked by external inspection. X-ray radioscopy, 
investigation of macro- and microstructure, and test of mechanical 
properties on samples cut from parts. 

Refining of Alloy AL4 

The effect of refining of alloy AL4 by boron chloride was 
checked on sand poured parts No. 1 with a rough weight of 25 kg 
and No. 2 with a rough weight of 35 kg. For every designation two 
parts each were cast from the alloys refined by boron and chloride 
and modified by ternary flux, and from the alloy prepared without 
refining but also modified by a ternary flux. During external 
inspection of parts defects of a metallurgical character are not 
revealed; after X-ray radioscopy they are suitably recognizable. 

After heat treatment conditions T6 from parts we cut 
macrographs and turned samples for determination of mechanical 
properties. Mechanical properties of samples cut from parts cast 
from the alloys refined by boron chloride are as follows: part 

No. 1 - ab - 22.1 Kg/mm2;   5 =* 2.0^; part No. 2 - a^ = 23.2 kg/mm2; 

& » 1.8^. By density parts correspond to 1 and 2 points. 

Parts poured from the alloys prepared without refining, have 
the following mechanical properties: part No, 1 — a = 18,8 

k^/mm2; 5 m 1,3%;  part No. 2 - a^ = 22.8 kg/mm2; 5 = 1.5$.  By 

density parts correspond to the third point. 

Alloys in all cases have the usual structure of modified 
Silumin. 

Refining of Alloy AL10-V 

Refining of alloy AL10-V by boron chloride was checked for part 
No. 3, poured in a chill mold. The rough weight of the casting was 
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25 kg. For the given part high airtightness is required. The 
casting passes the hydrostatic test at 4 atra water pressure. 

From the alloy refined by boron chloride three experimental 
parts were cast. Technological samples were poured before and after 
treatment of the melt by boron chloride. 

Of three experimental parts, on one there is revealed a noncast 
lateral wall the two others externally and by hydrostatic tests were 
suitable. For checking of density macrographs were made from ■ 
technological samples on three directions from the part. On 
macrographs from experimental parts there is revealed porosity on 
the order of 1-2 points. On macrographs of parts poured from the 
alloy not refined by boron chloride there is revealed porosity on 
the order of 3 points. 

*4 

Ha. 

"IE utfUkii 

Fig. 1. Macrographs from techno- 
logical samples of alloy AL10-V. 
a) before treatment by boron, 
chloride; b) after treatment by 
boron chloride. 

Technological samples showed considerable packing of the metal 
after blowing by boron chloride. While samples poured from 
nonrefined alloy had great porosity all over the section 
corresponding to 4-5 points, in thosn cast by refined alloy the metal 
was dense (porosity corresponding, co 2 points); shrinkage porosity 
was revealed (Fig. la, b). 

Mechanical properties of samples cut from experimental parts 
satisfy requirements of technical conditions. 
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Refining of Alloy ALI 

Refining of alloy ALI by boron chloride was conducted for 
the purpose of checking the possibility of eliminating the 
autoclave for parts of average complexity. 

From the alloys treated by boron chloride cast part No. 4 was 
poured with a rough weight 80 kg without application of the autoclave; 
separately poured samples and technological samples were poured 
both before treatment and aftei treatment of the melt by boron 
chloride. During external inspection of experimental parts defects 
were not revealed. 

On macrographs of an experimental part poured at atmospheric 
pressure, porosity was 1-2 points and locally 3 points (in bottom 
part of casting). On macrographs of a part poured with application 
of the autoclave, porosity is 2.  points. Macrographs of technological 
tests testified to considerable packing of the metal after blowing 
by boron chloride:  samples poured from the nonrefined alloy had 
great porosity all over the section, corresponding to 5 points; 
in tests, poured with refined alloy, the metal was dense with 
porosity not more than 1-2 points. 

Results of the investigation (see Table) showed that in terms 
of density and mechanical properties the experimental part 
completely satisfies requirements of technical conditions and does not 
yield to a part poured with application of crystallization in the 
autoclave. 

Mechanical 
Depending 

Properties of Parts and Samples Made from Alloy ALI 
on Technology of Treatment of Melt and Pouring of Parts 

Technology Place of 
cutting 
samples 

Mechanical properties 

>b 

kg/mm 

HB 
treatment 
of melt 

pouring 
of parts 

P 
kg/mm 

Series In auto- \ 
clave 

I zone 15.6 0.5 80.4 

II zone 18.5 0.7 80,4 

Experi- 
mental 

Without 
auto- 
clave 

I zone 15.3 0.7 80.4 

11 zone 22.0 1.2 89.7 

Series The same Separ- 
ately 
poured 
samples 

19.25 

20.8 

0.6 

0.6 

84.9 

Experi- 
mental 

The same 89.7 

According for parts 14 — 70 
to specs. 
[Ty - TU] for 

samples 16 — 70 
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Refining of Alloy AL8 

The effect of refining alloy AL8 by boron chloric.e was checked 
on part No. 5 with a rough weight of 120  kg. 

On macrographs made from technological samples and parts poured 
from the alloy without treatment by boron chloride porosity 3-4 
points. On macrographs made from samples and  parts poured from the 
alloy treated by boron chloride porosity is not higher than 1-2 
points. Thus, density of alloy AL8"after treatment of the melt by 
boron chloride is increased by 2-3 points (Fig. 2). 

i.;t,i'-V "-*.- • •<•'•■ 

mm NOT 

bT '•  • • 

Fig. 2. Macrographs cut from cast- 
ing of alloy ALB. a) without 
treatmenif by boron chloride; b) 
after treatment by boron chloride. 

Mechanical properties of samples and parts poured from the 
\ 2 alloy treated by boron chloride (o^ = 21,2 kg/mm , 6 = 7.6^) are 

higher than mechanical properties of samples and parts poured from 

the alloy not treated by boron chloride (a, = IJ  kg/mm , 5 = 3.2^). 

Conclusions 

1. Refining by boron chloride of alloys AL4, AL10-V, ALI and 
ALB rendered a positive influence on density and mechanical 
properties of castings. 

2. Parts cast from alloys AL4, AL10-V, ALB, refined by 
boron chloride by density exceed series parts by 1-2 points.  Parts 
with a rough weight near 80 kg poured from alloy ALI refined by 

151 



boron chloride, by density and mechanical properties do r.ot 
yield to similar castings poured with application of the autoclave. 

3. The method of refining by boron chloride can be 
recommended for increasing density of castings made from alloys 
AL4, AL10-V, ALI and AL8, and in separate cases in exchange for 
autoclave when casting parts requiring a density of 2-3 points. 
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REFINING OF ALUMINUM ALLOYS IN A VACUUM1 

M. B, Airman, L. T. Baykova^ B. T. Krysin, 
L, M, Korol'kova, T. I. Smlrnova, 

G. G. Kitari, M. I. Shitov, 
V, F. Sharuda, I, T. Tyukin, 
and M. A. Syromyatnikova 

Alloys on the basis of aluminum possess raised chemical activity. 

In process of storage, casting and especially during melt 
aluminum alloys interact with gases of the surrounding atmosphere. 
If products of reaction get into the melt, but from the melt into a 
casting, then their strength and density decrease. 

For removal from aluminum alloys of gaseous and solid nonmetallic 
inclusions chlorination, treatment by chlorous salts, fluxes, blowing 
by inert gases and so forth are used. This is connected with defined 
difficulties: chlorine and to a smaller degree chlorous and fluoride 
salts are toxic; the used materials require preliminary treatment 
(drying, grinding and so forth). Moreover, all these means in the 
world of growing requirements for shaped castings made from aluminum 
alloys are not very effective. 

As a rule, for production of dense large thick-walled parts it 
is necessary as a supplement to refining to get crystallization under 
pressure in an autoclave. 

Refining promotes removal of solid and gaseous inclusions, and 
an autoclave ensures raised density of articles.  The combination of 
refining with crystallization in an autoclave considerably complicates 
the technological process and raises the price of production. 

We have investigated a new method of refining aluminum melts 
in a vacuum. 

The basis of this method is the following considerations. 

1In the work participated A, P. Shulenin, I. S. Kuznetsov, 
D. S. Chervyakov, A. I. Komendat. 
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Nonmetallic inclusions in aluminum melts consist of hydrogen and 
oxides, mainly aluminum oxide. Hydrogen carries a positive charge 

(H1 ), oxide of aluminum is charged negatively (0 *).  In view of 
this hydrogen chiefly is adsorbed on particles of aluminum oxide. 
During Imposition of a vacuum, bubbles of hydrogen being separated 
from melt attract hard nonmetallic inclusions. 

If on the surface of the melt one puls a little flux which 
adsorbs oxide of aluminum, then the process of degassing flows more 
actively. 

An a.^/an tage of the given method is also the possibility of 
control o*  the degree of degassing by means of a change of the power 
of the vacuum pump. 

Investigations were conducted on alloys [AL4] (AJH) and AL9 in 
a specially designed installation (see Fig. 1). 

.'-•""i m 
REr.i JIDLE 

Fig. 1, Diagram of vacuum installation. 

The volume of the vacuum chamber 1 is 1.5 m , which permits 
placing in it a crucible with a capacity of up to 300 kg. For 
creation of a lowered pressure on the order of 0.1 mm Hg pump 2 of 
make [VN-6G] (BH-6r) was used. Acceleration of creation of the 
vacuum was attained with the aid of receiver 3 whose volume was twice 
larger than the volume of the vacuum chamber. Necessary rarefaction 
in the vacuum chamber is created in 45 s. 
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Selection of Conditions of Vacuum Evaporation 

Selection of the time of evacuation depending on the weight of 
the melt was conducted on alloy AL9.  The alloy was prepared in a 
gas furnace with a capacity of 1.5 tons, then portions of 80, 160 
and 250 kg each were poured in steel crucibles with a capacity of 
250 kg and were vacuum evaporated for 2,  4 and 6 minutes. For every 
holding of alloy under vacuum a new portion of alloy was selected. 

Before vacuum evaporation the alloy in the crucible was 

overheated to 7800. On the surface the melt was covered with a 
double modifier (0.2^ of weight of alloy).  The modifier remained 
on the surface of the melt up to the end of vacuum evaporation. From 

the treated alloy at a temperature of 700° there were poured in dry 
sand molds technological samples of variable section (Fig. 2). 

Fig. 2. Technological test 
of variable section. 

It is nfvessary to note that temperature of the alloy in the 
crucible di»: Inr the time of installation of the crucible and vacuum 

treatment descended from 780 to 720°. Samples were investigated for 
content of magnesium and for density in terms of porosity and specific 
gravity. 

Chemical analysis of the alley before and after vacuim treatment 
for 2,   4 and 6 minutes showed that the content of magnesium remains 
constant when the weight of metal in the crucible is 80 kg as well as 
vhen the weight is l6o kg. 

In Table 1 an appraisal is given of porosity of these samples 
on a 5 point scale oj porosity. 

From these data, and also from the graph in Fig. 3,   it follows 
that as a result of vacuum treatment there is an increase in density 
of alloy AL9. An increase of time of vacuum treatment from 2 to 6 
minutes lowers porosity approximately one point. The influence of 
flux on  results of vacuum treatment was checked on a melt with a 
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Table 1.  ' rosity of Alloy ALQ Before and 
After Vacuum Treatment 

Pointr,  porosity1 

Wiight of trtated 
initial 
alloy 

aflviP  ireatmerit   ii. mi .itt s 

alloy, kg 
2 4 6 

m 
5 

_3^ 
4 

2_ 
4 

2 
3 

m 
5 

2. 
4 

— 2_ 
4- 

1The upper figure refers to a step II 
sample, the lower — to a step III sample. 

2*0 
fXV 
1710 
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WQ 
mo 
mo 
MM 
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0$ 70 

Thickness in nn 
too 

Fig. 3. Change of specific 
gravity of samples depend- 
ing on thickness of section 
of casting and time of 
holding under vacuum. 1 — 
initial alloy, 2 — vacuum 
2 minutes, 3 — the same, 
4 minutes, 4 — the same, 
6 minutes. 

weight of 100 kg.  The alloy was vacuum treated for 10 minutes 
without flux and with 0.20^ flux (ternary modifier). 

Porosity of technological samples (in II and III steps) in 
points was as follows: 

Points of 
porosity 

Initial alloy  

After vacuum treatment for 10 min. . 

After vacuum treatment for 10 min 
with 0.2^ flux   

V5 

1/2 

Prom these data and photographs of macrestructures (Fig, 4) it 
Is clear that small additions of flux covering the surface of the 
melt promote best degassing during vacuum treatment; porosity drops 
from 4 ^ points to 1-2 points. 
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Fig. 4. Macrostructures of Alloy AL9.  a) 
in initial state, b) vacuum 10 minutes, c) 
vacuum 10 minutes with addition of 0.2^ 
double modifier. 

The same is confirmed by results of determination of specific 
gravity of samples (Fig, 5). 

Z7t0 
2100 
mo 
Z680 
WO' 
2660 
2650 
2640 

W 70 
Tiiickriess in mm 

Fig. 5. Specific 
gravity of samples 
depending on conditions 
of vacuum treatment. 
1 - initial alloy, 2 - 
after treatment without 
flux, 3 — the same with 
0.2^ flux. 

In order to set the optimum (minimum) time of treatment depending 
on weight of the melt in the crucible there were conducted special 
experiments on parts with weight 30-110 kg. Moreover we considered 
that the time of vacuum treatment in industrial conditions is limited 

by a lowering of temperature towards the end of treatment by 30-50°. 

Alloys were prepared in a gas furnace with a capacity of 2 tons, 
after which they were poured in distributing crucibles in portions 
of 50-150 kg each. Then the melt was modified by a binary flux at 

a temperature of 780-790° and immediately vacuumed after the surface 
of the melt was covered by the binary modifier in an amount of 0.2$. 
Results of these experiments are represented in Table 2. 

-1-57 
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Table 2. Optimum Time of Vacuum Treatment or 
Alloy AL9 Depending on Its Weight in Crucible 

Weight of Bttal ir, kg 

m-xso 
«0-230 

Tift!e of  Vacuum  Ifjatmer.*   ir. irdr 

3 

5 

7-9 

Investigation of Parts Poured From Alloys A.L4 and AL9 
"~   with Application of Vacuum Treatment 

The quality of the alloy was checked on parts for density, 
mechanical properties and fracture in accordance with operational 
technical conditions. 

Table 3-  Influence of Vacuum Treatment on 
Properties of Parts Made From Alloy AL9 

• 
af ! Trea'Lmem. by vacuum 

1 

Mechanical properties 
aft.er heat treatment 

by conditions T5 

Kg/JMI- 
HB 

Point, 
porosity 

1 

2 

3 

4 

Without treatment 

Vacuum treatment 
for 4 min 

The same 

Without treatment 

According to 
techr>ical specs. 

16.0 

17,8 

2M 

19.8 

15.0 

1.0 84,9 .w    | 
1   1.5 76,3 1-2 

I.« 80.4 2-3 

1.0 80.4 4-5 

1.0 60 

^ 

Specific 
£ravi ty 
c/cm3 

2,r>H7 

2.7^, 

As can be seen on macrographs (see Fig. 6 and Table 3) the part 
poured without treatment has a porosity of 2-4 points, but the one 
poured from a treated alloy, 1-2 points. Both parts are poured 
from one melt withou' subsequent crystallization under pressure. 

Mechanical properties of samples cut from parts poured with 
application of a vacuum before pouring exceed properties of parts 
obtained without treatment in a vacuum. 

Microstruetures and fractures of alloys refined with application 
of a vacuum and nonrefined alloys have no essential distinctions. 

We also investigated parts of other configurations with a 
weight of 60 tnd 100 kg with wall section 10-15 mm (the alloy was 
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Fig. 6. Macrestructure of parts made from 
alloy AL9. a — without vacuum treatment, 
b — after vacuum treatment. 

modified by a binary flux). On macrographs of parts there is 
revealed a porosity of 2-3 points (see Table 4).  In fractures of 

Table 4.  Properties of Parts Made From Alloy 

Weight of part 
Mechanical properties 

Point, porosity 
kt: H 1 s 

HB 

60 
100 

According to 
technical  specs.. 

20,2 
n 
15.0 

1.9 

1.0 
76.3 
60 

2-4 
2—3 
3-4 

parts defects are not revealed. Mechanical properties found on 
samples cut from these parts are considerably higher than technical 
requirements. 

Alloy AL4 

We poured parts with a weight of 110 kg, section 10-25 mm, 
and with a weight of 110 kg, section up to 100 mm from vacuum 
treated and untreated alloy (in all cases modification by a binary 
modifier). 

Table 5.  Properties of Parts Made From Alloy 
AL4, Subjected to Vacuum Treatment 

Ireatment  by 

j 

Mechanlcnl  properties aft^r 
heat treatment  by conditions VG Point, 

porosity 

Character- 
istic of 
fracture 

vacuum •#         I          ft HB 

Wilhoul Jrriat- 
mcni 

Ireatment by 
vacuum 

.\ccoriJinc to 
technical  specs. 

16.8 

19,6 

I7.C 

2,0 

2,6 

62,3 

i      75.4 

|      60 

4-6 

2-3 

a-* 

Pure 

Pure 
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A comparison of the quality of parts made from untreated and 
treated alloy (see Table 5) shows that treatment in a vacuum 
essentially increases the density and mechanical properties of 
parts. 

Conclusions 

1. We developed a method for refining aluminum alloys with 
application of a vacuum and flux, and we designed and mastered 
in production a vacuum installation for aluminum alloys, allowing 
one to refine a melt with a weight of up to 300 kilograms. 

2. Refining with the aid of a vacuum lowers porosity of 
aluminum alloys by 2 points on a 5-point scale of porosity and 
increases mechanical properties by 10-15^, wMca permits in a number 
of cases elimination of crystallization of poured parts in an 
autoclave. 

3. Application of double refining: vacuum with addition of 
a small quantity of flux (0.20^ of the weight of the alloy) increases 
effectiveness of degassing of aluminum alloys as compared to vacuum 
treatment without flux. 
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PROPERTIES OF ALUMINUM ALLOYS DURING DIFFERENT 
METHODS OF CASTING 

0, B. Lotareva, N. S, Postnlkov, and 
L. I. Loktionova 

New methods of casting of aluminum alloys in investment patterns, 
in shell and plaster forms have as yet been studied little. 

The speed of cooli"^ of a metal in various forms is different, 
which is reflected in properties of castings.  Therefore we determined 
the properties of the most widely used standard aluminum alloys 
[AL2] (M2), AL3, AL4, AL5, ALT, AL8, AL9, and also new alloys AL19 
and AL21 during casting by the new methods. 

Casting With Application of Investment Kitterns 
)st Wax ProcessJ1 

During casting in investment patterns mechanical properties 
are determined on Gagarin samples 6 mm in diameter, since by this 
method there are poured mainly small and thin-walled parts. 
Furthermore, we poured so-called "wcbblers" (Fig. 1), from which 
breaking samples 8 mm in diameter were turned. 

Investment patterns were prepared from a mixture of 50c/o  paraffin 
and 50$ stearin. We connected patterns of 16 samples each to one 
riser. The ceramic coating consisted of ^0^ hydrolysed ethylsilicate 
and 70%  marshaiite. Ethylsilicate was prepared from an esteraldehyde 
fraction. 

1I. Ye. Shub, "Founding," 1955, No. 1. 

N. S. Kreshchanovskiy, M. L. Khenkin, N. K. Levin, 
M. N. Zimmering, "Founding," 1954, No. 2. 
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Flg. 1.  "Wobbler" casting for manufacture of 
samples. 

On investment patterns there were deposited three layers of 
ceramic plastering, after which the obtained forms were placed in 
mold-boxes made from stainless steel covered with dry heated sand 
and placed in a drying cabinet for melting the pattern material. 

Then we heated forms at 900° for 2 hours, cooled them to 20, 100, 

200, 300 and 350° and poured samples. Forms were not cooled to 
higher temperatures since for aluminum alloys delayed crystallization 
Is undesirable due to formation of a macrocrystalline structure. 

Temperature of the melt was equal to 700°.  "Wobblers" were poured 

In cold forms at melt temperature 680°. 

Table 1.  Influence of Temperature of Form on 
Mechanical Properties of Aluminum Alloys During 

Alloy 
Timperatura 

of form 
•c     \ kg I MM- 

1 
State of alloy 

AJC 
20 

100 
19.2 
18.5 

9.1 
10.6 

Modified, without 
heat treatment 

200 17.5 10.8 

20 12.4 2.3 The same 

(samples are  cut from 
Wobbers) 

20 35.4 0.8 Hardened by conditions 

Am 100 
180 

33.4 
33.4 

0.6 
0.4 

T5 

\ 
200 31.9 0.4 
300 31.5 0.6 

350 30.4 0.5 

AJ\3 20 27.5 0.4 Hardened by conditions 
T5 

(samples are cut from 
wobbers) 
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Table 1 (cont). Influence of Temperature of Form 
on Mechanical Properties of Aluminum Alloys 
During Casting by Investment Pacterns, 

Alloy 
Terapp-ature 

of form 
•c 

1         j 
State of alloy 

20 
100 

25.8 
26.3 

5.2      | 
4.8 

Modified, hardened 
by conditions T6 

A.'U 2U0 26.8 4.6 
300 25.4 3.3 
320 24.2 2.2 

1 20 31.5 I.« Haraened by conditions 

100 31.2 2.0 T5 

200       I 31.2 1.5      | 
300 30.3 1.5       1 

A.15 320      ' 30.6 1.0 

20 26.0 0,5 The   sa/i:e 

(samples are cut from 
wobblers) 

AJ17(with. 
out  addi- 
tion of 
silicon) 

20 
200 
300 

30.1 
31.5 
29.0 

6.5       | 
4.0 

{ardened by conditions 
14 

360 25.5 ,       4.0       i 

20 27.7 4.3 The sane 

100 27.3 3.4 

200 28.4 4.5 

AJV (with 300 22.5 1.5 

2% silicon) 
20 19.2 1.6 The  same 

iSHinilis Hrc Cut from 
NOtLlcr::, 

20 30.' 9.8 ünruenea by conaitions 

AM 100 2P.2 7.1 T4 

200 26.7 i       6.1 

20 20.2 8.1 Hfirdened by conditions 

100 21.4 lO.i T4 

Am 
200 
300 

2i.2 

,       19.1 

9.7 

|       6.2 

20 ■     14.8 2.2 The sane 

. 
I    (samples nre cut from 

wobblers) 
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From the data of Table 1 it is clear that for all investigated 
alloys the highest properties are obtained during filling in cold 
forms. According to an increase of temperature of forms, properties 
of alloys in greater or lesser degree descend.  The most noticeable 

lowering of properties is at a temperature of forms higher than 20.0 , 
when the structure of alloys is considerably enlarged.  Mechanical 
properties of samples cut from "wobblers," are lower than properties 
of separately poured Gagarin samples, explainfd by tne large section 
of this casting.  In general, properties of alloys during casting 
by investment patterns satisfy requirements of All-Union Government 
Standard 2685-53 and in a number of cases even exceed them. 

For determination of the ability of alloys to fill a form 
during casting by investment patterns, we determined fluidity of 
alloy AL7 in comparison with casting in sand. We determined fluidity 
over the length of a spiral. A spiral model was turned from 
aluminum alloy and mounted on a metallic plate with pushers so that 
it was possible to use it for shell forms. For the obtained 
investment pattern we prepared a split press-form from highly durable 
gypsum in which the pattern material was pressed. 

It was determined that during casting by investment patterns 
fluidity of alloy AL7 is somewhat higher than during casting in 
sand: during casting by investment patterns the length of the 
spiral was 666 mm, and during casting in sand, 500 mm. 

Casting in Shell Molds1 

Mechanic. 1 properties during casting in shell forms was 
determined on samples 12 mm in diameter, since by this method are 
usually poured parts of larger dimensions than by investment patterns. 
The method of pouring samples was the same, as during casting in 
sand. By this method on pattern plates with pushers there were 
mounted metallic models of samplet with the flow gate system (Fig. 2), 
by which we prepared shell half-molds. The molding sand ccmoisted 
of quartz sand and 5^ pulverized bakelite. As lubrication we used 
a 5^ water emulsion of liquid No. 5. Shell half-molds before 
filling were fastened by clamps, placed on a sand pad and covered 
by sand. 

We determined mechanical properties of alloys AL2, kid,  AL4, 
AL7, AL8 and AL9, poured simultaneously in shell and earthen forms. 
Results of tests showed that mechanical properties of alloys AL2, 
AL^, AL4, AL9, obtained on samples, poured in shell and earthen 
forms, are practically identical. Properties of alloys AL7 and 
AL8 during casting in shell forms were somewhat higher (Table 2). 

1B. A. Alekseyev, P. S. Pershin, "Founding," 1953, No. 2. 
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Table 2. Mechanical Properties of Aluminum 
Alloys During Casting in Shell and Earthen 
Forms 

Alloy Method of 
casting 

t Slate  af 

ai 1 oy         i 

1 
Remarks 

AJI2 

earthen 
form 

15.9 5.0 Without 
heat treatment 

Separately 
poured samples 

modified 
Sncli  form 15.5 4.7 Iho  same The  sajne 

A.13 

Earthen 
form 

23.6 0.4 Heat treated 
by conditions 

The  same 

Shell form 23,7 0.2 

AM 

Earthen 
form 

26.C 2.2 Heat treated 
by conditions 
T6 

The  sane 

modified 
Shell form 25.3 1.5 

AJ17 

Earthen 
form 

27.4 5.2 Heat treated 
by conditions 
T4 

The same 

Shell form 28,5 7,4 

• 21.5 4,1 The same Samples cut 
from part 

KM Earthen 
form 

32,2 13.0 Heat treated 
b;' conditions 
TH 

Separately 
poured samples 

Shell  form 34,0 

22.2 

12.5 

4.0 The same Samples cut 
from part 

AJ19 
Earthen 

f jrm 
21.5 9.8 Heat treated 

by conditions 
74 

S parately 
poured samples 

mouiflea 
Shall form 21,8 10.2 

15.3 2.8 The same Samples cut 
from part 
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Fig. 2.  Pattern plate 
with samples for 
determination of 
mechanical properties 
during castijng in 
shell forms. 

GRRP-'C NOT 
REPL.J31E 

Mechanical properties of samples cuf'from parts were lower than 
properties of separately poured samples, but correspond to set 
requirements (75% o,   and 50^ 6 of separately poured samples). A 

change of structure of alloys during casting in shell forms as 
compared to casting in sand is not observed. Density of the casting 
is sufficiently good. 

Table 3.    Fluidity of Alloys AL?, AL8 and AL9 
During Casting in Shell and Earthen Forms 

Alloy Method of casting 
v 

Length of spiral 
in mm 

AJI7 
Sie11 mold 575 

Earthen mold 
,  .„ 

S06 

iWI8 
Shell «old 633 

•' Earthen mold 650 

A^9 Shell mold 727 

Earthen mold    / 683 
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We determined fluidity of alloys AL?, AL8 and AL9. Alloys ALT 

and AL9 were poured at 750°, alloy AL8 at 700°. During casting in 
shell forms. Just as three castings by investment patterns, fluidity 
was obtained somewhat higher than during casting in sand (see Table 
3). An exception is alloy AL8. 

Casting in Gypsum Molds1 

Gypsum molds2 are expediently used when castings have high 
requirements for cleanness of surface and other methods of pouring 
such castings can not be used. When casting in gypsum forms we 
used liquid forming material which exactly reproduced the 
configuration of the pattern. 

A hardened and heated gypsum mass has the lowest thermal 
conductivity of all mold materials used at present. This property 
of a gypsum mass permits filling a mold with less speed, which 
decreases capture of air and consumption of metal on the flow gate 
system. 

However, small thermal conduction of gypsum and, consequently, 
raised (as compared to earthen forms) time of crystallization is 
reflected in mechanical properties. 

During development of the technological process of casting 
in gypsum forms, the basic difficulty was that the gypsum mass 

cracked at 700-800°. Furthermore, pure gypsum is almost completely 
gastight. It was established that by steaming gypsum forms in 
autoclave under a vapor pressure 1.2-1.4 atm leads to 
recrystallization of the gypsum mass and a change of the form of 
crystals of gypsum, which in dimensions become the same as a grain 
of sand. Besides, gas permeability is sharply increased. The 
chemical process consists in transformation of a semihydrate of 
gypsum into a dihydrate by fthe reaction: 

CaSOi l/i   H2O+boiling *ater -CaS(V2H20. 

This transformation occurs not only in pure gypsum, but also 
in mixture with other components of the forming mass. The process 
of recrystallization of gypsum lasts nearly 6-12 hours depending 
on dimensions of the mold. For decrease of shrinkage and an increase 
of gas permeability sand is added to the mass. 

technology of manufacture of fcrms was developed by engineer 
V. G. Baradan'yants who participated in the present work. 

2H. Brown, Foundry, 1950, January, p. 74. Light Metals, 1952, 
November, p. 365; Foundry, 1956, September, p. 104. 
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On the composition of the gypsum mass and the make of gypsum 
depends the quality of the mold, and consequently also the casting; 
therefore, in the process of mastery of casting in gypsum molds 
and selection of the composition of the mold majs we tested mixtures 
whose compositions and properties are given in Table 4. 

Table 4. Composition and Property of Gypsum Mixtures 

Mixture ratio 

Quantity of 
water 

Tensile strength dur- 
ing c^.ipnessiön in 

heat treat- 
ment at 
600°,  3 h 

steaming 
and drying 
at  360O 24 h 

Coefficient of gas 
penneabiJi».^ 

Vm h, im mter col 

heat treat- 
ment at 
60CS 3 h 

steaming 
and drying 
al  350°, 3 h 

Coefficient 
of thermal 
conduction in 
kcal/m deg i: 

800 kuybyshev gypsum, 2C# 
asbestos 

400 aypsum, 500 sand, 100 
asbestos 

300 gypsum, 670 sand, 30 
asbestos 

33 

25 

25.2 

17.0 

18,0 

1C.0 

8.8 

11,25 

0.169 

0.0818 

0.069 

8.0 

1.835 

1.689 

0.269 

0.201 

An 8o/20 mixture of gypsum and asbestos possesses the greatest 
gas permeability and strength. Furthermore, the  mixture hardens 
slowly (5-7 minutes) which permits using it without retarders. A 
mixture of gypsum, sand and asbestos 40/50/10 somewhat yields in 
strength and gas-permeability to the preceding mixture, but is still 
fully satisfactory. Thermal conduction of -this mixture in 1.5 times 
greater, which is important for crystallization of castings. 

The dry gypsum mass was prepared from sifted gypsum and asbestos 
by mixing in a drum for 8-12 minutes. To the mixture was added a 
corresponding quantity of water, then it was mixed and poured in the 
mold-box. In 15-20 minutes, when the gypsum mass was hardened, the 
pattern was removed from the form and the gypsum for.i was subjected 
to heat treatment. Heat treatment of forms can be produced in 

furnaces of type [PN-30] (IIH-30) or PN-75 at 600° for 8-10 hours. 
Such conditions of heat treatment completely exclude boiling of the 
poured metal, and the small thermal conduction of a gypsum mold 
permits lowering the temperature of the poured metal. 

For determination of mechanical and technological properties 
we tested alloys with different character of crystallization: AL9, 
AL19 and AL21, which were cast in forms prepared from a gypsum mass 
of composition: Kofi  gypsum, 5C$ sand and 10$ asbestos. Alloy AL9 
is a hypoeutectic silumin with a small interval of crystallization. 
Alloy AL19 is related to system Al-Cu-Mn-Ti, alloy AL21 to 
.system Al-Mg-Zn. Both these alloys have a wide interval of 
crystallization (Table 5). 

To ensure uniform chemical composition, work was conducted on 
preliminarily prepared alloys. The prepared alloy was loaded in a 
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Table 5. Interval of Crystallization and 
Pouring Temperature of Investigated Alloyg 

Alloy 
Temperature of 

cr.ys lall izat ion 
•C 

Pouring 
temperature Conditions of 

heat treatment 

AJ119 
AJ121 

610-575 
650-548 
609—140 

m 

680 

T6 
T6 
T4 

graphite crucible and melted in an electric resistance furnace. 
Alloy AL9 before pouring was subjected to modification, and alloys 
AL19 and AL21 to  refining. The ready alloy at a corresponding 
temperature (see Table 5) was poured into molds which had a temperature 

from 20 to 250°. 

In parallel with gypsum molds earthen molds were filled. 
Specimens were of different diameters (5 mm, 8 mm, 12 mm) in 
accordance with the most widely used sections of castings. As the 
curves in Fig. 5 shew, mechanical properties of samples with a 
diameter of 8 and 12 mm made from alloys AL19 and AL21 descend during 

casting in gypsum forms even at a mold temperature of 20° and 
according to an increase of temperature they continue to drop. This 

nrrn *6 

*. 

a 
Earth fl? 70    90   710    130   ISO 

Temperature  of foms  in 0C 

20 
t8 
n 

12 
10 
S 
S 

05** 

hv, 

rrH 

(70 
•C 

190 2tt 

a; 

Ea rth 20      80 100 120 HO 160 180 2002202*0 
Temperature  of foms  in •C 

c) 

Earths VQ   rJO   150 
Temperature  of fonns in 

Fig. 3. Influence of temperature of mold on mechanical properties 
of aluminum alloys, a) alloy AL19, b) alloy AL21, c) alloy AL9. 

is explained by the wide intex-val of crystallization of alleys, 
which promotes growth of the grain and consequently a lowering of 
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mechanical properties. Furthermore, thermal conduction of gypsum 
molds also increases time of crystallization of castings, which 
additionally.worsens their mechanical properties. 

In samples 5 mm in diameter a fall of mechanical properties 
with an increase of temperature of the mold is not observed, since 
in this case crystallization goes considerably faster due to the 
small section of the casting. 

Pouring alloy AL9 in a gypsum mold at 20° somewhat lowers 
mechanical properties as compared to casting in sand. But by 
heating gypsum molds the mechanical properties are practically not 
changed. 

As can be seen from Table 6, fluidity of alloys during casting 
in cold gypsum forms is 2-3 times greater thin during casting In 

earthen molds. Heated to 200°, gypsum molds were fil.led completely 
with melt, i.e., fluidity of alloys turned out to be higher than 
provided for by maximum length of the spiral (1500 mm). 

Table 6. Fluidity of Alloys AL9, AL19 and AL21 

Alloy Mold 

Length of spiral in mm at mold tarnpenature 

ar 100» 200* 

AM 

AJI19 

AJI21 

Gypsum 

ElEirthen 

Gypsum 

Earthen 
Gypsum 

Da,rthen 

1500 
950 

1000 
400 

1050 

1200 

1500 

1500 

1500 

High fluidity during casting in gypsumSnolds is caused by their 
considerably lower thermal conduction (which increases as compared 
to an earthen mold the time before the beginning of crystallizaticn.), 
and also by the smoother surface of the actual mold. 

For production of exact data about time of crystal]ization and 
heat transfer of molds we recorded curves of cooling of castings 
and molds. The most convenient for this purpose wa^ a two-hole 
frame (Fig. 4). Recording was conducted by instrument[EPP-Qu] (3nJI-09) 
which fixes simultaneously 12 points. 

Shell molds and molds made by investment patterns were covered 
by dry sand. Thermocouples were set in the center of the middle 
rod of the frame. For determiaation of heat transfer of molds, 
thermocouples were attached to their external surface. The thickness 
of the shell mold and the mold obtained by investment patter was 
approximately 6 mm, and thickness of the gypsum form was 8 mm. To 
set a thermocouple in an earthen form of thickness 6-8 mm was not 
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Flg.  4.    Two-hole frame. 

mr* KOT 

possible, therefore there is no data on heating of an earthen mold. 
Recording of curves was produced during casting of alloy AL2, which 
has a site of crystallization of eutectic. Before filling, the 

alloy was modified with universal flux [VI-45] (BM-45) at ^O0. 

UOi 

•H 

0 
o  »w 

o     Ml 

- 

= S « i • ' - — 
- ' ■ i n 

•• ^ / 
- 

"*! 

\ K % 

^ *., «*, *s 
^ ^ k: ^ ̂  

2 
0  300 v. *> In , -^ ^ » ^^ 

■** aw 

0) 

0 L 
\ 

5 ri1 
1 

TimeV/T ^rystalHzation in min 

Fig. 3. Curves of cooling of 
alloy AL2 in molds: 1) 
gypsum, 2) with investment 
pattern, 3) earthen, 4) shell. 

Cooling curves (Fig. 5) showed that the fastest crystallization 
occurs in an earthen mo±d and in a mold obtained by investment 
patterns; then the shell mold and finally the gypsum mold (Table 7). 

Curves of heating of molds, characterizing ability of molds 
to remove heat from castings, are shown in Fig. 6. The fastest 
removal of heat is in the ethylsilicate mold, then in the shell 
mold; the least heat-conducting is the gypsum mold.  This explains 
lower mechanical properties during casting in gypsum forms and 
practically identical properties obtained during casting in earthen 
shell and ethylsilicate form. 
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Table 7. Crystallization Rate of Frames Made 
Prom Alloy AL2 During Filling in Earthen, Shell, 
Gypsum and Ethylsilicate Molds 

Fora Time of crystallization 

Earthtn 3 min 52 s 

9T«11  covered by dry sand 5 min 1 s 

BthylsiiloAte covered by dry 
■and 

4 win 06 s 

Gypsua 13 min 21 s 

O 500              

c                                            I 

2                        /       •'^                          •"■-—•..,   -j 

i J   
m Jtairi 

Time of crystallization in min 

Fig. 6. Temperature of molds 
(pouring of alloy AL2). 1) 
gypsum, 2) shell, 3) with 
Investment pattern. 

Conclusions 

1. Mechanical properties of al.loys AL2, AL3, AL4, AL5, AL75 
AL8 and AL9, obtained during casting in ^thylsilicate molds, by 
investment patterns and in shell molds, satisfy requirements of 
All-Unlon Government Standard 2685-53. 

2. Temperature of molds up to 200° comparatively little affects 
mechanical properties of investigated alloys. At higher temperatures 
of molds a lowering of mechanical properties is observed. 

3. Fluidity of alloys during casting in shell and ethylsilicate 
molds is somewhat higher than in earthen molds. 

4. Mechanical properties of samples 5 mm in diameter made 
from alloy AL9 during casting in gypsum molds do not differ from 
properties of this alloy poured in earthen molds. On samples with 
a diameter of 8 mm and 12 mm a small lowering of mechanical 
properties is noted. 
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5. Mechanical properties of alloys AL19 and AL21 decrease 
during casting in gypsum forms by nearly 10-15^. 

Heating of gypsum molds lowers mechanical properties of 8 mm 
and especially 12 mm samples made from these alloys; properties of 
samples with a diameter of 5 mm are not changed. 

6. Fluidity of aluminum alloys during casting in gypsum (cold 
and heated) molds a few times exceeds the fluidity during casting 
in earthen molds. 
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METHODS OF INCREASE OF QUALITY OF A PRECISION CASTING 
MADE FROK ALUMINUM ALLOYS 

V. I. Slotin and G. I. Eksin 
J  t 

The effectiveness of turborefrigerating units grows with an 
Increase of the r/min of rotor disks, since one can decrease 
diametrical dimensions of a turbine and itb weight. Centrifugal 
f .rees appearing during high speeds of rotation force the material 
of castings to be plastically deformed, leading to Jamming of turbines 
and their breakdown. Therefore, the value of the ratio of yield 
point to specific gravity determines selection of the most durable 
alloy. 

Profiles of rotor disks of aviation turborefrigerators, and 
also their constructive forms are complicated, making it necessary 
to manufacture disks by the method of precision casting in gypsum 
mold and by investment patterns. 

} 

: 

Application of these methods of casting permits using, for disks 
of a turbine rotor, twisted blades of aerodynamic profile, whereas 
milling gives the possibility of obtaining blades of only 
simplified profile, lowering effectivenessS of work of the unit. 
Regarding economic considerations, casting of disks of a turbine rotor 
is approximately 2 times cheaper than milling. Therefore there is 
great value in selection of a correct technology of exact casting, 
allowing one to combine in such important parts as turbine discs, 
high quality of metal (strength and density) with precision of 
dimensions and form. 

The appearance of castings of a rotor disk of a turborefrigera- 
tor, obtained by the method of precision casting in gypsum mold, is 
shown in Fig. 1. In this work are illuminateC questions of 
technological conditions of melt and casting of aluminum casting 
alloys with the use of vacuum and ultrasonic techniques for 
production of castings of rotor disks of high quality. In Table 1 
are gi in typical mechanical properties of casting aluminum alloys 
used in the production of turbine rotor disks. 
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Fig. 1, External 
view of casting 
of rotor di.'jk of 
turborefrigerator 
in gypsum mold, 

RtfitUaJlltlLE 
Table 1. Typical Mechanical Properties1 at Room 
and Raised Temperatures of Casting Aluminum 
Alloys (Casting in Sand) 

Make of 
alloy 

AJB 

A;II9 

JU120 

9 

ß/cm3 

2.G6 

2,78 

2.8.1 

Mechanical properties 
at 20^                                ! 

i    ' 

Mechanical 
properties at JOO0 

| ki:/mm2   j kg/nmi2 
«100 

k^/mn2 kg/mm2 

22 11 3.0 4.1 2.8 9.0 

37 22 5.0 7.9 7.0 12.0 

32 25 2.0 8,8 3.5 15.0 

^-After heat treatment by condition T5. 

L Alloy [AL9] (AJI9) isfvery convenient in casting, however it 
requires thorough degassing due to an inclination to absorption of 
hydrogen during melt. Furthermore, low mechanical properties, in 
particular yiold point, do not permit using alloy AL9 for especially 
high-speed disks,      f 

Alloy ALi9 is a highly durable and heat-durable alloy. 
Casting of the alloy is produced at a temperature of ~750o which 
during a wide interval of crystallization sometimes leads to 
microporosity; therefore good feeding of castings is required. 
Alloying components in the alloy called AL20 (its composition: 
0.8-2.0% Cu; 0.5-1.5 Ni; 2.0-3.0^ Si; 0.5-0.8% Mg; 0.8-1.1$ Fe; 
0.15-0.^ Tlj up to 0,3^ Mn, remaining Al) condition a good 
combination of relatively high strength at room and raised temperature, 
The presence of silicon gives the alloy good fluidity and filling 
properties for a complex profile. From the point of view of 
production it is convenient that iron is an alloying component 
connected in a chemical compound of type Al-Fe-Si-Mn, in 
consequence of which the alloy even during prolonged melt in cast- 
iron crucibles does not become brittle. 
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Degassing of Alloys 

The conditions of work of turbine rotor disks present high 
requirements for density of a casting; in connection with this a 
thorougn degassing of the liquid metal before pouring in mold is 
necessary. 

Refining with the aid of volatile chlorides (A1C1V., ZnCl ) in 

this case does not ensure the necessary degree of degasing. With 
respect to contamination of the metal by moisture, the methor' of 
degassing in a vacuum1 is safe« 

On Fig. 2 is shown a general view of the vacuum decontaminator 
developed by the authors on the basis of a laboratory furnace 
[TG-5J (Tr-5). The decontaminator constitutes a detachable vacuum 
cap which is set on an intermediate plate with special rubber 

■■4      .-**& 

Fig. 2.  Vacuum 
dec ontaminator. 

mx KOT 

packing. In the vacuum cap is a viewing window for observation of 
the process of degassing. The vacuum is created by pump [GNV-20] 
(rHB-20) and is measured exactly by instrument [UTV-^9] (yTB-49) or 
more roughly by a mercury differential manometer. This laboratory 

1DePierre, Foundry, 1956, v. 84, No. 12. 
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vacuum decontaminator, in spite of simplicity, turned out to be 
convenient in work and allowed us to obtain a residual pressure 
near 1.0 mm Hg. In the course of experiments it was found to be 
convenient to conduct degassing in the vacuum starting from the 
moment of melting (600-620°) and finishing by holding for 20 minutes 

at temperatures 20-40° higher than the temperature of casting. In 
view of the slag inclusions emerging on the surface of the melt, it 
turned out to be useful to repeat the process of degassing for 
10-15 minutes after purification of the surface. 

X-radiation radioscopy, and also macrostructures of cut 
castings showed good density after vacuum degassing (Fig. 5). 

W i in mm. ■IPTM^W^**'^^ 

Fig. 3. Macrostructures 
of vacuum samples of 
alloy AL20. a) "before 
degassing in vacuum, 
b) after degassing in 
vacuum. 

Gicn HOT 
REPMBLE 
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Investigations of the process of degassing by ultrasonics 

in laboratory conditions confirmed its indubitable merits.1 In 
further work we used both of these methods. 

Technology  g Casting 

As a forming material for manufacture of molds we used highly 
durable gypsum in a mixture with asbestos. The combination of 
casting in gypsum molds with the method of vacuum suction permitted 
a considerable expansion of the possibility of manufacture of thin- 
walled castings of any complexity. 

Operational experience showed that by casting aluminum alloys 
AL9J AL20, AL19 in gypsum molds with application of vacuum suction 
there can be obtained very thin rotor disk blades which are 
impossible to prepare by any other method. The profile of blades 
poured by this method preserves with precision the fovm with which 
the model rotor disk was made. During vacuum suction there is 
carried out closed pouring of the liquid metal, which excludes the 
possibility of capture of air, mechanical mixing of the oxide 
film in the stream of metal, and hit of aluminum oxide in the 
casting. 

Of great value also is mixing of the liquid alloy and its 
motion during hardening. During slow cooling, comparatively low 
temperature of casting and mixing there can be obtained a fine 
crystalline structure and raised mechanical properties.2 These 
conditions were created by introduction of ultrasonic oscillations 
in aluminum melt which is crystallized in the gypsum mold. 

Our investigations showed that application of ultrasonic 
treatment of alloy AL20 at frequencies of 800 kHz and intensity 

7-8 W/cm accelerates the process of hardening and promotes 
formation of a very fine macro- ar.d micrestructure (Fig. 4).3 

Experiments on small ingots and castings bear witness that as a 
result of ultrasonic influence it is possible to strengthen ar 

^■M. B. Airman, D. V. Vinogradov, V. I. Slotin, G. I. Eskin, 
Izvestia of Academy of Sciences of USSR, OTN, 1958, No. 9. 

M. B. Alftman, V. I. Slotin, N. P. Stromskaya, G. I. Eskin, 
Izvestiya of Academy of Sciences of USSR, OTN, 1959, No. 3. 

See also the article of M. B. Al'tman, G. I. Eskin, N. P. 
Stromskaya, V. I. Slotin and L. N. Loktionovaya in the present 
collection on p. 157 . 

2A. A. Bochvar, Metal science. Metallurgy Publishing House, 
1956, 

3V. I. Slotin, G. I. Fskin, Izvestiya of Academy of Sciences 
of USSR, OTN, 1957, No. 9. 
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Fig. 4. Fig. 4. Microstructure of alloy 
AL20. a) before treatment by ultrasonic 
oscillations, b) after treatment by 
ultrasonic oscillationc.. 

Table 2. Mechanical Properties of Samples Cut 
from Parts Pourea from Alloy AL20 by Different 
Techniques      < 

Mechanical properties 

Method  of casting [before heat treatment 

1 ^o 

Casting in gypsum  mol^s   ie    te 
under vacuum without 
infljence of ultrasonics j 

Oasting in gypsum molds     20—23 
with influence of 
ultrasonics 

I   1     HB 
■fc     1 kg/mm2 

2-3 

4-6 

62-a3 

69-76 

after heat treatment 

HB 
kg/mm2 

24 

32-33 

^    ]kg/mm2 

1.0 

4-6 

100 

101 

Table 5. Mechanical Properties of Samples Made 
from Alloy AL9 Cut from Parts After Casting on 
UMV0 (poured state). 

Method of 
degassinö 

Number of 
grains on 
1 cm^ 

Mechanical properties 
Method  of casting 

k^/rran2 

1   1 
* 

HB 

'JMV0, without 
ultrasonics 

Hefinin^ by 
zinc chloride 

5 12-14 7-« SO 

IJMV i, with 
crystallization in 
ultrasonic field 

Refining by 
zinc chloride 

40 15,5-6 i 8-10 so 

UMVo, with 
crystallization in 
ultrasonic field 

D/egassing with 
the aid of 

' ultrasonics 

More than 

100 
15-17 12-16 50 

alloy, where strength properties are increased to a larger degree 
than plasticity (Tables 2 and 3)• Using the technique of treatment 
of a melt by ultrasonics with a piezocrystal vibrator and combining 
it with the method of vacuum suction, it was possible to carry out 
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exact casting in gypsum molds of rotor disks of high mechanical 
strength. 

However application of such a vibrator is hampered Ly a series 
of limitations, connected mainly with the difficulty of obtaining 
quartz of large dimensions. Therefore we conducted research 
in treatment of castings of greater weight with the use of ultrasonic 
Influence at a frequency of 18-19 kHz and intensities of 40 and 100 

W/cm , obtained with the aid of magnetic constriction.1 Casting was 
conducted in gypsum casting molds with introduction of elastic 
oscillations of ultrasonics from below. As can be seen on the 
photographs of Fig. 39  ultrasonics crushes the micrograin. This 
confirms our notions about the mechanism of ultrasonic influence, 
which consists of an increase of the number of centers crystallization 

Fig. 5. Macrostructure 
of castings of disks 
in gypsum molds, a) 
before treatment by 
ultrasonics in process 
of crystallization, b) 
after treatment by 
ultrasonics in process 
of crystallization. 

m*"* Z 
ivy^uulb LE 

in the volume of the melt and dispersion of already formed crystals 
and their subsequent delivery all over the volume of the alloy as 

^•Authors conducted work in Insultute of Metal Science and 
Physics [TsNIIChERMFTa] (UHlMMEPMETa) Jointly with I. I. Teumln, 
M. P. Usikov and ü. N. Gusevaya. 
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a result of agitation.1 

It is necessary to note, however that insufficient preliminary 
degassing of the melt can lead to porosity if castings from alloy 
AL20 are subsequently crystallized in gypsum molds in an ultrasonic 
field. Also obtained are blowholes with a diameter of up to tenth 
fractions of a millimeter evenly distributed all over the volume of 
ehe casting. 

Porosity is caused by an incomplete process of degassing in the 
ultrasonic field. Blowholes formed in cavitation recesses under 
the influence of hydrodynamic mixing spread all over the volume 
of the casting setting stuck in shaped transitions and coagulate, and 
the gradual increase of viscosity of the melt according to 
crystallization prevents their getting to the surface. Thus, for 
use of ultrasonics at a frequency of 20 kHz for increasing mechanical 
properties of precision casting one should preliminarily dcg^ the 
melt. 

On the basis of initial experiments on treatment of castings 
(hardening in gypsum molds) by ultrasonic oscillations there was 
designed and built an installation for combined casting with 
vacuum suction with treatment by ultrasonics in the process of 
crystallization. The ultrasonic magnetostrictive vacuum mold-box 
[UMVO] (yMBO) was designed for casting turbine rotor disks from 
alloy AL9. 

The UMVO combines the processes of vacuum suction and 
ultrasonic treatment, it permits under conditions of closed pouring 
of liquid metal to produce a casting in molds of any thermal 
conductivity. Such a mold can be a metallic chill mold and gypsum 
mold and a combination of both forms, i.e., gypsum mold with coolers. 

A schematic diagram of the installation is shown in Fig. 6. 
Form 6 is placed under vacuum cap 5> united through receiver (storage 
unit of vacuum) and a co6k with the vacuum pump. From above in the 
cap is a hermetically built-in ultrasonic converter 1, fed from 
ultrasonic generator [UZG-10] (YSr-lO). 

The vacuum mold-box with secured mold is lowered into the melt; 
from the difference of pressures liquid metal enters the form, where 
thanks to contact with the ultrasonic waveguide there is ultrasonic 
treatment up to actual hardening.2 In assembled form the appearance 
of the UMVO is shown in Fig. 7. 

1V, I. Leont^ev, Collection "Problems of metal science and 
the physics of metals," Metallurgy Publishing House, 1959. 

2For prevention of seizure of the waveguide with the casting 
the surface of the waveguide was covered by chalky plaster. 
Furthermore^ with the help of special measures succeeded in lifting 
the face of the waveguide somewhat above the casting after 1 minute 
of treatment, when the metal was still in a solid-liquid state. 
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Fig. 6. Diagram of installation for 
combined ultrasonic treatment with 
vacuum suction. 1 — ultrasonic con- 
verter, 2 — upper base, 3 — ultrasonic 
waveguide, 4 — bellows, 5 — vacuum 
cap, 6 — mold, 7 - binding screw, 8 - 
metallic flow gate, 9 -  gypsum flow 
gate, 10 - base of UMVO. 
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Fig, ?• External view 
of UMVO. 
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Conditions of casting of turbine rotor disks on the UMVO was 
selected as follows. The alloy was prepared in a graphite crucible 
with a capacity of 4 kg, after melting it was degasified by zinc 

chloride and ultrasonics. At 700 ± 10° we switched on the vacuum 
and produced sucking of \he metal in the mold-box with simultaneous 
treatment by ultrasonics for 1-1.f: minutes at a frequency of 19-20 kHz 

and intensity 40 W/cm ^diameter of waveguide 15 mm). In Table 3 
are given results of crushing of grain and mechanical properties in 
poured state of disks cast with application of ultrasonic treatment 
in the process of crystallization and without treatment. 
Microstructure of metal treated by ultrasonics had crushed plates 
of silicon and was close to the structure of alloy AL9 which had 
undergone the operation of modification. This coincides with data 
obtained by other authors,1 

Conclusions 

1. The method of casting turbine rotor disks in gypsum molds 
permits thr most exact reproduction of aerodynamics of profile. 

^■N. N. Sirota, Ye. A. Lekhtblyau, E. M. Smolyarenko, "Physics 
of metals and metal science/' 1959, t. VII, issue 6. 
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2. During melt of aluminum alloys intended for manufacture 
of castings of important assignment, ultrasonic degassing turns 
out to be the most effective method. 

3« Ultrasonic treatment in the process of hardening increases 
mechanical properties and improves the structure of castings. 
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FORMING AND AUXILIARY MATERIALS USED DURING CASTING 
IN SHELL FORMS 

B. A. Arbuzov and V. A. Kurakina 

The method of casting in shell forms is even more frequently- 
used at plants. During a comparison of the technological process 
with casting in usual sand forms one sees the considerable 
effectiveness of the new process, expressed in a considerable 
increase of the utilization factor of the metal, lowering of labor- 
input in casting and in mechanical workshops, increase of quality 
and sharp lowering of reject of castings. 

At the same time mastery and introduction of the method of 
casting in shell forms showed that technical economic results of the 
new process depend on forming and auxiliary materials. Basic forming 
materials for manufacture of shell forms or cores are quartz sands 
with grains of different value and thermosetting resins. Quartz 
sand serves as filler and thermosetting resins as binding material. 

During selection of optimum compositions of sand-resin 
mixtures for production of shell forms and cores we investigated 
quartz sand of different deposits, distinguished among themselves 
by content of clay components and in terms of value of grains. 
During investigation of seepage depth of metal depending on grain 
composition of mixtures»used for shell forms and cores it was 
established that the best surface is obtained during use of sand 
with grains0.06-0.15 mm in diameter and with minimum gas-forming 
ability of mixtures. 

Consequently, for production of quality castings it is 
important to use a form with a minimum content of binding materials 
and sands of defined granularity. Shown requirements coincide with 
the necessity to obtain quality shell forms with minimum content of 
binder. To ensure these conditions we studied in detail different 
technological factors which affect quality of forms and castings. 
Data given in Table 1 show that application of sands washed from 
clay permits increasing strength properties of shell forms by .30 to 
40^, i.e., lowering consumption of scarce binding materials by 30 to 
40*. 

185 



ft* 

i 

Table 1. Influence of Content of Clay Substances 
on Strength of Shell Forms and Cores 

Composition   >f mlxiuras 
in parts b^ K--^ht 

Contant of clay 
componsnt In *          ( 

Tenalla s' 

k^/mm 

trengtn 

during 
fracture during L.^nd 

Sana 1KD10A-100.0} 
pulverlzad bai^lite - 5.0 

lha sama odxtura with 
prashad sand 

Sand 1K0063*-100.0; 
oulvarizad bakalita • S.O 

Tha sana raijaura with 
waahad ta-id 

1.2 

0.1 

3.4 

0.1 

33.0 

49.0 

26,0 

34.0 

K.O 

U8.0 

81.0 

101.0 

Table 2. Influence of Grain Structure of Sands 
on Physical and Mechanical Properties of Shell 
Forms 

Corapoiltion of 
Teraile strength 

kg/nm^ 

h\ o c m 
o 

•H >»   1 
A ■, 

mixtures In 
parts by weight1 

durirjg   1 during 
fraetui vj band 

O >gl      S  -• 
Pi K"**! «•   •  -H 

Sand   1K025E      ~ 100.0 
Pulverized bok»—   5.0 
nU                      ^-03 Karoaan«             T   »**] 

29.5 61.5 45 45 1.39 2.53- 300 

Sand   1KD106      -100.0 

Pulverli.eu b%ka-^-   5.0 
!"•                    -   0.31 Kerosena                        '   | 

32.0 65.0 59 49.2 1.2S 2,52 146 

Sand: 1K0063A   -100,0 
Pulvarli«d          __   r 0 
bakalita                   0'ü 

Karo sana             —   0,3 

28,0 65.0 ' .   75    ; 50.6 1.26 2.50 102 

Sand   1K010/B    -70.0 
Sand   IKD063A    -30.0 
Pulvsri-ad          -   5,01 
bakalita              _   n ^ 
K^rosana 

Sand   1K010B      -30.0 
Sand*. IKOORA   -70.0 
Pulvarltad          —   5 0 
bakalita 
Ksrosant             —   0,3 

36.5 

33.0 

65,5 

70.0 

66 

74 

49.9 

50.0 

1 

1.26 

1.24 

2.51 

2.48 90 

clay. 
^or data of experiments we used sand preliminarily washed of 
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Strength characteristics of shell forms and cores are rendered 
a negative influence not only by clay components in utilized sands, 
but also by all possible sand grain surface precipitations in the 
form of crusts. These precipitations constitute a comples of 
different mineral and organic compounds.1 Their negative influence 
can be considerably decreased if before use sand is subjected to 

heat treatment at 800-1000°. The influence of sands with different 
grain structure on strength of shell forms is given in Table 2. 

These data show that maximum strength properties of forms are 
attained during use of sands of brands IKOIOA and IKOO65A, taken in 
the ratio 7:5. 

Certain researchers indicate that the smaller the granularity 
and, consequently, the larger^he specific surface of quartz sand 
used, the bigger is the requirement to introduce in the sand-resin 
mixture binding material, for example pulverized bakielite . 

However, as is shown in Tables 1 and 2, this opinion is not 
confirmed during application of sands preliminarily washed from 
clay substances. Presence of clay and different oxides in sands 
distorts results of analyses and leads to inaccurate conclusions. 
In connection with this, for clarification of the mechanism of 
hardening of shell forms and cores we conducted experiments on the 
influence of the value of the specific surface of used fillers and 
the degree of packing of the mixture on strength characteristics of 
obtained shell forms and cores. Results of these experiments, given 
in Tab lee, 3 and 4, permit making the following conclusions (see 
Tables 3 and 4 below): 

1) strength of shell forms and cores is decisively influenced 
by density of packing of grains of filler. Density or the 
coefficient of packing, defined as the ratio of weight of mineral 
particles-sand grains in a unit of volume of a mold to true 
specific gravity of sand: 

r        T 

where PM — weight of 1 crrr of sand grains; 7 — specific gravity of 
sand; 

2) the more heterogeneous the grain structure of sand and the 
less it contains of clay substances, the denser the grains of sana 
and the higher the strength of properties of shell molds and 
cores; 

3) use of sands of corresponding structure with minimum content 
of clay permits obtaining quality shell cores and molds with ■, 
minimum possible content of binding material. 

1P. I, Fadeyev, Sands of USSR, Publishing house of Moscow State 
University, 1951. 
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Table 3. Influence of Change of Value of Specific Surface 
of Sands and Tholr Mixtures on Strength Properties of 
Shell Formr. ami Cores1 

Desi^tuiU on of yand 
and    • I.:'.   m*ik«• 

Specific  surface 

in cm /g 

Tensile  strength 
kg/cm2 

fracture bend 

Lyuboivli-.kiy 1K025A 

Lyuberottikly lk0l6A 

Alexinskiy IKOIOA 

Gremyacheskiy 1K01B 

Tul'skiy IKOO63A 
(experimental) 

Gremyacheskiy IKOIOB 
70^ + Tul^kiy 1K0063A 
30^ 

Gremyacheskiy IKOIOB 
30^ Tul'skiy KIOO63A 

Pulverized bakelite 

Dust-like quartz 
(Bolotov deposit) 

466.0 

605.O 

705.0 

710.0 

1,470.0 

925.0 

1,170 

12,300 

14,200 

29.5 

32.0 

28.0 

36.5 

33.0 

61.5 

65.O 

70.0 

65.0 

^very mixture contained %  pulverized bakelite, 

Table 4. Influence of Packing on Strength of 
Shell Molds and Cores 

Composition of mlxturea in 
parts by walght 

Tenaile strength, kg/cm2 

Xncresso of 
lor safitplts 
obtained by 
free filling 

for sanples 
obtained with 
packing 

v\,r<iiiC%\\ in 

Sand    IK0063A    -100.0 
Pulverised                  . n bakelite               —   5.0 
Kerooena               —   0,3 

29,0 38.0 31.0 

Sand    IK010A     -70.0 
Sand    IKOOMA    -30,0 
Pulverized        •  —   ^ 0 
bakelite                     0,w 

Kerosene               —   0.3 

■ 

31.4 38.0 21.0 

Sand   1K02SD      -40.0 
Sand   IKOIOA      -30,0 
Sand   lK00fi3A    -30.0 

Bäaöi*1    - 5.0 
Kerosene               —   0.3 

39.0 42,0 \7.1 

188 



Binding Materials 

As binding materials during manufacture of shell forms we use 
synthetic thermosettlng resins, which during heating pass to an 
Infusible and Insoluble state, a resite stage. Transition of resins 
to a resite stage occurs on account of formation of three-dimensional 
molecules, which ensures high strength indices and raised thermal 
stability of the sand-reslnous mixtures. 

Related to thermosettlng resins which can be used in shell 
castings are phenolformaldehyde, cresolformaldehyde, urea- 
formaldehyde (carbamide) and melamlneformaldehyde resins. Most often 
used for this purpose was phenolformaldhyde B-stage resins, so-called 
resltol, constituting a mixture resoflax resin, hydroxybenzyl alcohols 
and free phenol, partially soluble in alcohol and acetone.1 

Resltol is fairly brittle, which makes it possible to obtain the 
resin In powdery form. 

Abroad they use phenolformaldehyde resins of make resinox and 
urea-formaldehyde resins, Mosantos rezlmin.2 

In domestic industry for shell casting there is used pulverized 
bakelite, constituting a mixture of novolacs phenolformaldehyde 
resin with urotroplne, dear and critical product. Shell forms, 
prepared from pulverlzedMD^kellte for thin-walled castings made 
from li'ght alloys, have high residual strength which hampers 
shrinkage, and also removal of forms and cores, but during casting 
of steel parts and other refractory metals the heat resistance of 
pulverized bakelite is insufficient. Therefore at present as we 
have, so also abroad work has been done on search of substitutes 
of pulverized bakelite and obtaining other thermosettlng resins 
useful for manufacture of shell forms and cores. 

The State Scientific Research Institute for Casting Machining 
and Technology jointly with the State Scientific Research Institute 
of Plastics established the possibility of obtaining resins close li. 
terms of their characteristics to pulverized bakelite, based on 
lignite phenol, technical xylenol and schistose phenol. 

Application of urea-formaldehyde and melamlneformaldehyde 
resins in shell forms during casting of nonferrous alloys is 
expedient because speed of polymerization and temperature of 
decomposition of these resins are considerably lower than 
phenolformaldehyde. This last circumstance is a positive quality, 
since at a low temperature of decomposition of resins compliance of 
forms is increased and knockout is facilitated. 

1I. P. Losev, G. S. Petrov, Chemistry of synthetic resins. 
State Chemistry Publishing House, 1-951. 

2N. A. Sokolov, Casting in shell molds (survey of the foreign 
press), Mashglz, 1956. 
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However a check of commercial urea-formaldehyde resins of 
binder type "M" and resin [MF-17] (M-l?) for shell casting did not 
give positive results. Strength characteristics of a mixture with 
urea-formaldehyde resins did not differ from a mixture with 
pulverized bakelite, but the surface strength of samples made from 
mixtures with pulverized bakelite was higher than for samples with 
urea-formaldehyde resin. The ratio of bending strength to tensile 
strength in the mixture with pulverized bakelite was larger than 
in the mixture with urea-formaldehyde resin. Furthermore, the 
mixture with pulverized bakelite possessed considerably smaller 
hygroscopicity than the mixture with urea-formaldehyde resin. 

At present during manufacture of shells for steel parts at the 
plants pulverized bakelite is used, but shell cores are prepared 
with a mixture of novolacs oxidized phenol-formaldehyde resin 
No. 180. 

Separator Compounds 

During manufacture of shell molds, for preventing adhesion of 
the mold mixture to the pattern a separating compound is used. 

Separating compounds have to ensure the following conditions: 
ease of removal of mold, cleanness of surface of pattern after 
removal of moid, precision of 'contours of edges of mold and its 
smoothness, the biggest number of removals for every covering. 
All these requirements can be carried out if separating compounds can 
sustain the high temperatures at which they remain inert, and are 
stable, and have low surface tension, promoting separation of 
contacting surfaces. 

From source material it is known that as separating compounds 
it is possible to use paraffin wax, polyethylene products, but 
stearate, siloxane compositions and others.1 

Operational experience here and abroad has shown that the most 
suitable materials for separating compounds are silicoorganic com- 
pounds polysiloxane, neutral with respect to pattern and mold 
possessing high thermal stability and good lulkricating ability. 

Of poylsiloxane liquids liquid No. 5 has found application 
used for separation in the form of a water emulsion, the emulsifier 
in which was soap. However this emulsion was not stable. At 
present liquid No. 3  and a water emulsion of liquid No. 5 are not 
used at the plants. 

We used an emulsion of liquid No. 5 with polyvinyl alcohol 
according to the following prescription in weight: liquid No. 5—5; 
polyvinyl alcohol 1.5; water 9^.5^. 

^a. G. Polyakov, Founding abroad, Mashgiz, 1958. 
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The emulsicn is prepared in the following way. Polyvinyl 
alcohol is dissolved in a small quantity of water and stirred to 
full solution. After that a small portion is put in liquid No. 5, 
everything is thoroughly mixed to obtaining an absolutely uniform 
mass, which is then diluted by water according to the necessary 
concentration. Mixing continues for 2.^ hours. The emulsion 
based on polyvinyl alcohol possesses good lubricating ability and 
is stabler than the emulsion based on soap. 

Better results are obtained with other silicoorganic liquids: 
methylpolysilicone oil [SKT-5] (CKT-3) and SKT-2 which are still 
residues during pyrolysis and rectification of highest methylsilicone 
polymers. However application of these liquids has a limited 
character due to scarcity. 

For the purpose of reduction of consumption of shown compounds 
SKT-3 and SKT-2 can also be used in the form of 5^ water emulsions. 
Emulsification of SKT-3 and SKT-2 is conducted in water heated to 

40-50°. 

All available sep^r^ting liquids and emulsions obtained on 
their basis were tested in laboratory conditions by development 
method on Michaels instrument with a reverser, A special pattern 
consisting of a plate, split ring and pusher, was heated to 

200°, then lubricated by the separating liquid, covered by the tested 
mixture. 

After filling the mixture the ring was unclasped and removed. 
The plate with the shell was placec in the furnace for 5-10 minutes 

at 200-250° for further hardening cf the shell. Then the plate was 
placed in a special attachment and inserted on the lower base of 
the reverser of the Michaels instrument, after which the lock from 
which the fraction is poured was opiened. At the time of unfastening 
the shell from the plate the influx of the fraction ceased. The 
fraction was weighed on scales. The force necessary for breakaway 
of the shell from the plate is determined by the formula: 

where g — weight of fraction in gre.ms; 
p 

F — area of section of sample; in cm ; 

a — gear ratio for arms, equal to 50; 

1000 — conversion of grams into kilograms. 

Shells were prepared from a mz.xture based on pulverized bakelite 
and urea-formaldehyde resin. From the results of tests, given in 
Table 5, it is clear that the best separating lubrication is liquid 
SKT-3. 
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Table 5. Characteristic of Oils 

Shell made v»i h pi;lveri7.--(i Khell mado with .ir feA- 
bakclite forrruildeh/de ro sin 

Lubrication     i 
number ol force number of for co 
removals kt/cm2 removals k.Vcm2 

CKT.2;                1 From 1 to  25 Without force 

r                           1 
Froml  to -V Without force 

OCT^ 26         | 1.2         i            31 0.5 
27 1.5 32 1.0 
30 1.6 — 

% polys lloxana 
i 

Proml to 9 
! 

Without force'              — .. 
emulsion with 10 1,5         j            — 
polyvinyl alchol 

12         j 1.7         |            — — 
14         1 1.8 

1 
— 

1 
Polyxyloxan 

1 
«Tom 1 to   5 Without t":r;eiProni 1 to 12 Witnout  •"   r^fc 

liquid No. 5 6 1.2         ,            13 1.2 
7          | 1.5 14 1.4 
8           | 2 

! 

lO^polytiloxan* ! proml to   2 Without force From 1 to  9 Without force 

•aulslon 3          1 0.9 10 ,    0.94 
4 1.4 V 11 1.1 
6 v2 13 1.8 

Ce resin 1 Without force ^^ _ 

2 1.2 — — 
3 1.5 — — 
5 2 ^mm 

" 

Paraffin 1 Without force _ _ 

i    2 1       ^ l           — — 
4 1      2.7 — — 

1          7 2.8 

i 

~~ 

Tests showed that the mixture with pulverized bakelite 
adheres to the pattern faster than the mixture with urea- 
formaldehyde resin during use of the same lubrication. This 
phenomenon is observed for all lubricators tested. 

Liquids SKT-3 and SKT-2 were also tested in industrial 
conditions on a section of a casting in a chill mold with application 
of cores made from plated sands. Lubrication SKT-5 ensures not less 
than 10-12 removals of rods after one covering, not leaving deposits 
on the patterns. 
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In industrial conditions we tested the emulsion and separating 
liquid SKT. Liquid SKT-3 in industrial conditions ensures removal 
of 15-20 shells after one covering of the pattern plate.1 

Wetter 

During preparation of resin-sand mixtures for shell castings, 
in mixers of various kinds is observed formation of dust; furthermore, 
in process of filling of molding sand on a pattern, stratification 
of the mixture occurs, caused by difference of specific gravity and 
dimensions of particles of binding and loose materials. For removal 
of this phenomenon it is necessary to use wet addicicns since the 
sand-resinous mixtures have to be uniform. Local accumulations of 
resin in mixture lead also to unecessary gas formation during filling. 

As wetter additions, we use furfural, this is a product of 
processing vegetable raw material; esteraldehyde fraction (a byproduct 
of alchol production); white spirit; a solution of paraffin in white 
spirit; bakelite varnish; lubricating oils (avtol). 

By a whole series of experiments it was established that best 
wetter additions are an esteraldehyde fraction and furfural in 
quantities of from 0,5 to 1%  of the weight of the mixture. 

>\ 

Glues 

Shell molds consists of two or several half molds, which are 
connected and are fastened together with the aid of clamps, bolts, 
and in series production by means of gluing. Gluing ensures a 
tighter connection of parts of a shell mold and guarantees obtaining 
the most precise castings. At present for gluing of shell forms 
inorganic and organic glues are used. 

One inorganic glue is a glue vith water glass of composition: 
clay of brands [FV-1] ($B-1), [FO-1-24J6] (^0-1-24^); eleetrocorundum 
(powder): 6%;   water glass: 70%.    The glue is deposited on 
the cold half of the mold and is glued with the hot half of the mold 
just taken from the pattern plate. Furthermore, it is possible to 
use glue consisting of 50%  clay or dust-like quartz and 50^ water 
glass. 

Of organic glues there are ised glues on the basis of urea- 
formaldehyde and phenolfurfural resins. Most had the following 
compositions of glue: 

1) resin MF-17 (technical specc [MKhP] (MXJI) 2538-55): 75-85^; 

■"■The Scientific Research Institute of the Automobile Industry 
used as a separating lubrication a 5^ solution of synthetic thermo- 
resistant rubber in white alcohol. According to their data during 
application of this lubrication it is possible to remove up to 40 
shells. 

193 



dextrin: 25-15^; orthophosphoric acid {20%  solution): 6%  over 100; 

2) resin MF-17:  40& dust-like quartz:  60^; chlorous ammonium 
or oxalic acid (above 100^): 1-1.5$; 

.m 
3) resin MP-1 ^Plastics Institute Technical Specs): 40^; 

dust-like quartz: o0& Petrov kerosene contact (above 100^): 3-4^. 

Conclusions 

1. As forming materials for production of quality castings 
one should use sands washed of clay or sands subjected to heat 
treatment at a temperature of 8oa)-10000. 

Maximum strength properties are attained during the use of 
sands of brands 1K01A and IKOO63A, in the ratio of 7:3, 

2. As binding material for shell forms and cores best results 
are obtained with the use of drying oil oxidized phenol-formaldehyde 
resin No. 180. 

3. As separating compounds it is possible to recommend 
methylsilicone oil SKT-3 and SKT-2, still residues during pyrolysis 
and rectification of methylsilicone polymers. \ 

\.    Best wetter additions are an esteraldehyde fraction and 
furfural in amount of 0.5-1^ of the weight of the mixture. 

5. The best composition of glue used for gluing shells is as 
follows: 

resin MF-17 (technical specs MKhP 2538-55) 75-85$; 

dextrin 25-15^; 

orthophosphoric acid (20^ solution^ 6^ over 100^. 
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METHODS OF CONTROL AND INVESTIGATION OF SAND-RESIN 
MIXTURES FOR CASTING IN SHELL MOLDS 

B. A. Arbuzov, N. M. Stepanova and N. L. Soboleva 

Methods of test and control of mixtures used for casting in 
shell molds differ from standard methods of control of usual molding 
mixtures. At present it is necessary to unify methods of control of 
technological properties of shell molds, since indices obtained in 
institutes and at plants are very contradictory. This does not allow 
correct estimates of those or other technological measures, 

i 

Research data and industrial experience of application of shell 
molds show that the quality of forms and castings, just as during        j 
casting in sjvnd molds, depends on properties of the forming materials 
and obtained fixtures, 

In this connection, for establishing optimum proportions and 
maintaining constant properties of mixtures for shell molds and cores, 
instruments and attachments for irvestigation and control of the 
following parameters of sand-resin mixtures were developed; tensile 
and bending strength, yield, degree of compliance and yield, gas» 
permeability, crumbling, degree of polymerization, gas-burning 
ability, porosity, speed of formation and hardening of the sand-resin 
mixture. 

Preparation of Samples 

For manufacture of samples in standard conditions a laboratory 
hopper with detachable attachments was designed for tensile tests and 
bend tests (Fig. 1). It is a box of rectangular section 60 x 250 mm, 
depth 300 mm with a bottom of cylindrical form. The hopper with the 
aid of journals welded to its side walls sits in bearings of hard 
carbon steel on a stand. From above along walls of the hopper is 
welded an angular iron, to which is riveted an iron box 100 x 150 x 31 
cm, serving as a bed for the core box during manufacture of samples. 
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Fig. 1. Laboratory 
hopper. 

GR/ri: ii3T 
REFaO^CF 

From above the iron box has a stop a1 1 cl.amp, with the aid of which 
the pan with core box is secured. The hopper during rotation on 
journals can be easily turned over and with the aid of a rod inserted 
in the clamp of the hopper and in the stand, it occupies its initial 
position. 

The split core boxes (Fig. 2) are three-cell for samples "eights" 
and single bar made of steel, their surface polished. Core boxes 

mm NOT 

Fig.  2.    Core box for "eights." 

due to their conicity andconicity of the internal cavity of the 
pan are securely held in the latter and do not fall. The capacity of 
the hopper is calculated for loading >'^ kg of molding sand. 

For cut of surplus mixture in the process of manufacture of 
samples in the upper part of the hopper between hopper and plate is 
set a special knife. In overturned position of the hopper the knife 
is put through a cut in the frame separating the form from the 
higher column of mixture. The knife will cut the mixture in a loost 
state directly in the hopper immediately after filling a form. 
Samples are obtained with an even smooth surface and sharp edges. 
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Eight samples and bars are prepared in the following way. The 
pan from the demountable form is set in the furnace and heated to a 
defined temperature, which is checked by a contact thermocouple. 
After achievement of the needed pan temperature, equal to l80 , in 
its grooves are pushed lateral parts of the form, generators of 
configuration "eights" or bar. The internal surface of the form is 
Rubricated by a separating lubrication and is secured to ^he bottom on 
the hopper with the mixture. Then we turn the hopper l8G , keep it 
in such a position for 45 seconds, and return it to initial position. 

The form is taken from the hopper and placed in a furnace for 
polymerization of samples.  Polymerization is produced .t 350° and 
holding 8 minutes. Then the form with samples is removed from the 
furnace, samples are extracted from the form and cooled to room 
temperature. The form is cleaned from adhering sand grains, lateral 
parts of it are cooled under a cock in running water, again we 
measure the temperature of the pan with the aid of a contact thermo- 
couple and begin to manufacture samples as described above. 

We conducted a test of a series of samples of one and the same 
composition during identical conditions for determination of the 
limit of deflections in indices. 

By test we established that deflection from the arithmetic mean 
are permissible and ,are within limits of ±4^. 

The following stage of check of correspondence of the proposed 
method to peculiarities of shell molding in workshop conditions was 
determination of the specific work of packing which was set by 
calculation. Thus, specific work of packing on a 4-position machine 
of the All-Union Industrial Technological Institute of Heavy Machinery 

2 
Construction during use of 300 x 400 ram plate equals 0.62-0.65 kg/cm . 
For a monoposition machine of the Brake plant with plate dimension 
400 x 500 mm specific work 6f packing is equal to 0.62-0.70 kg/cm2. 

It was determined that the value of specific work of packing on 
a laboratory hopper closely coincides with average workshop indices 

and is characterized by fche value O.58-O.6O kg/cm . 

As a basic index of degree of packing of samples we took the 
characteristic of porosity.  Determination of porosity in workshop 
samples showed that it is characterized by the value 45.5-^6.8^, 
i.e., values of the same order as of experimental samples obtained 
by us (porosity of laboratory samples made by the method of free 
filling, is within limits of 4' ^ 

Determination of Fracture Strength 

Fracture strength is determined by a test of eights-samples of 
standard dimension wilih thickness 12 mm on a Schopper machine, 
[UP-1] (yn-1) on another rupture-test machine and is set b^ the 
formula: 
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P 

where a0 — tensile strength in kg/cm , 

P — load in kg; p 
F — area of cross-section of samples In cm . 

Determination of Bend Strength 

For determination of bend strength we used special samples — 
bars 170 x 20 x 20 mm.  Samples for bend we^e prepared just as eight- 
samples. They were tested on a Schopper or Fischer machine. During 
the test on instrument 051 samples were prepared 70 x 15 x 6 mm in 
three-cell form. 

opt 
Calculation of bending strength is done by the formula: <***- — , 

p 2 oh* 
where öM3r — bend strength limit in kg/cm ; 

P — load in kg; 
I —  length between supports in cm (14 cm); 
b — width of sample in cm (2 cm); 
h — height of sample in cm (2 cm). 

Determination of Collapsibility 

Collapsibility is determined by loss in weight of standard 
cylindrical sample 50 mm in diameter and 50 mm in height. Samples 
for determination of collapsibility were prepared in individual 
split cylinders during conditions: temperature of pan l80o, 
temperature of polymerization 350°, time of polymerization 20 minutes. 
After cooling samples were placed in a net-like drum of instrument 
[FG-4] (Or-4) of the Usmanskiy plant, where during rotation of the 
drum it is subjected to abrasion for 2 minutes. Collapsibility is 
expressed in percent weight of sample. 

Determination of Porosity 

Porosity is determined according to the method of Sharfshtein 
and Heifetz, modified in reference to shell forms. For determination 
of porosity it is necessary to know the volume and specific gravity 
of the material. 

Volume weight is determined in the following way, A sample 
made from a sand-resin mixture 50 mm in height, diameter 50 mm iü 
preliminarily weighed on technical scales with a precision of 0.01 g, 
then heated for 20 minutes in a drying cabinet at 180-200°, after 
which it is rapidly transferred to a porcelain glass of 1 liter 
capacity with cold distilled water. This creates a vacuum in pores, 
which promotes fairly rapid saturation of the sample with water. 
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Further the sample in the glass is boiled 30 minutes; after cooling 
to room temperature it is wiped with a wet towel and weighed on 
technical scales with an accuracy of 0.01 g. Thus is determined 
weight of the saturated sample in air. 

For calculation of volume of the sample, furthermore, it is 
necessary to determine the weight of the saturated sample in water. 
With this goal we use hydrostatic weight according to All Union 
Government Standard 2400-53 on usual scales. The left suspension 
with cup is removed and replaced by a suspension having instead of a cup 
a net-like platform with a loose wire grid. The net-like platform 
is put in the vessel with water. The level of the liquid when 
weighing is kept constant, for which the vessel is provided with a 
siphon. 

Scales before weighing are put in equilibrium with the net-like 
platform immersed in liquid, and when filling the vessel to the 
level of the overflow pipe. 

Volume weight & is calculated by the formula: 

V 

where P — weight of sample before test in g; 

v — volume of sample, equal to Pp-^V in cm^> 
where Pp — weight of sample in air before saturation  by water; 

P, - weight of £ 

Consequently: S«  ^  . 

Specific gravity is determired by the method accepted for 
determination of specific gravity of sands. A dried pyenometer 
is weighed on analytic scales. Then in it is poured a 10-20 g 
sample, triturated in a porcelain mortar and sifted through sieve 
No. 70, after which we determine the weight of the pyenometer with 
the sample.  Further, the pyenometer is half filled with distilled 
water and the contents boiled in a water tank for 30 minutes (until 
cessation of liberation of bubbles of air). After cooling to room 
temperature ehe pyenometer is filled with distilled water up to the 
measuring line and weighed. Then the contents of the pyenometer are 
poured out, the pyenometer is thoroughly warhed, filled to the line 
with distilled water and again weighed.  Specific gravity 7 is 
calculated by the formula: 

,« **-** . 

P, — weight of sample saturated by water, in water. 

ft —*l+^«~^3 

where q. — weight nf dry pyenometer in g; 

q?  — weight of pyenometer with sample in g; 
q-, — weight of pyenometer with water and sample in g; 

%  — weight of pyenometer with water in g. 
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True porosity A is calculated by the formula 

7 

or 

ICO. 

Determination of Gas-P^rnicability 

Sand-resin mixtures are tested for gas-permeability on an 
instrument of type 042 of the Usmanskiy plant on samples of two type-: 
standard cylindrical and disk 70 mm in diameter and 10 mm thick. 

Samples 2re prepared Just as for determination of collapsibility; 
for disks the duration of polymerization is 8-10 minutes. 

A diagram of the test of samples for gas-permeability is shown 
in Fig. ?.  For a test of cylindrical samples in the lower gate of 

Fig. 5. Diagram of test of samples for 
gas-permeability. 

the instrument set tube 1 (Fig. 4), on which is placed sample 2.  On 
the lateral surface of the sample an elastic rubber 3 is placed for 
hermetic sealing. 

During the test of disk samples we use a special tube 4, which 
ensures a proper clamp and hermetic sealing of the sample. 
Gas-permeability is calculated by the formula: 

K   FPi' 
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Fig. 4. Funnel for deter- 
mination of yield of sand- 
resin mixtures. 

where v — volume of air, equal to 2000 cro , which passed through sample; 
height of thickness of sample in cm; 

v 
h 

t — time of flow of 2000 cnr air in minutes; 
P — counterpressure in mm of a water column; 

2 
F — cross section of sample in cm . 

Determination of Yield of a Sand-Resin Mixture 

Yield of the mixture is ~et  by the time of outflow of a defined 
volume of mixture from a special funnel (Fig. 4), supplied with a 
detachable cock with holes 10 and 1? mm in diameter. 

We determine yield by formula: 

^cwp.«Tn^j^ ■ Cm/S, 

where v — volume of funnel irC cm' 
f — area of hole in cm ; 
t — time of outflow in s. 

Determination of Degree of Polymerization of a Shell 

The weighed portion of a shell 3-4 g in weight is weighed on 
analytical scales and preliminarily triturated in a porcelain mortar 
and placed in the extractor of a Sokslet instrument. Through the 
extractor acetone is poured in a quantity approximately 1.5 times 
exceeding the volume of the extraction part of the instrument. The 
retort of the instrument is heated in a water bath for 6 hours and 
upon expiration of the shown period the acetone in portions is poured 
in a calibrated retort 100 ml in capacity and driven off with the aid 
of a Llblkh refrigerator. The retort with the remainder is dried to 
constant weight at 80°, 
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The degree of polymerization X is calculated by the formula: 

f 

where X — degree of polymerization in $; 
a — weight of extracted resin in g; 
g — weight of resin in given weighed portion of shell in g. 

Determination of the Degree of Compliance of the Mixture 

The degree of compliance of the mixture is set by the value of 
residual compressive strength of the sample, a cylinder with a 
diajneter of 30 mm and height 50 mm heated to different temperature. 

Residual strength is determined by the formula: 

2 where öCM  ~ compression strength in kg/cm ; 

P — load in kg; 
2 

F — area of cross section in cm . 

Determination of Time of Polymerization of Resins 

For the test we prepared a mixture of resin and urotropine. 
For resols we took 1%  (by weight) urotropine, for novolacs, 14^. The 
mixture was triturated in a porcelain mortar. 

The time of polymerization was determined on a steel plate 
160 x 160 mm and 15 mm thick, having in its lateral face a hole for 
a thermometer reaching to the center of the plate. In the hole we 
inserted the thermometer and with the aid of a rheostat set the 
temperature at 150-160 ± 2°, 

A weighed portion of the mixture (1.0 g) was deposited on the 
central part of the surface of the plate.  Resin was evenly distributed 
by a small stick on the plate.  Just as the resin started to melt we 
fixed the time by a stop watch and started to mix the resin with the 
small stick from left to right and back. During mixing one should 
maintain an equal distribution of the resin within limits of the 
limited area, about 2-5 cm in diameter. 

When the resin starts to thicken, the small stick, not stopping 
mixing, for an instant is raised above the surface of the plate. The 
thickening resin during rise of the small stick stretches, forming a 
thread. 

Upon further heating these threads start to be broken. At this 
instant the stop watch is stopped. The time in seconds, from the 
moment of meltihg of the resin on the plate before the beginning of 
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breaking threads is noted as the time of polymerization, 
conducted on two parallel weighed portions. 

The test was 

Determination of Speed of Formation and Setting of 
Sand-Besin Mixtures 

In industrial conditions the necessity was revealed of 
determination cf speed of formation and setting of sand-resin mixtures 
before starting work. 

For this purpose we developed a method of control of this 
parameter, founded on the change of hardness cf a sample in the process 
of its hardening during heating.  Determination of the speed of 
formation and setting of the mixture is produced on a special 
instrument (Fig. §), which consists of an electric heater plate 

REP 
11^1^   ix 
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lUi^tiitU IE 

Fig. 5.  Instrument for determination 
of speed of formation and setting of 
sand-resin mixtures. 

(All Union Government Standard 306-56), metallic plate with a diameter 
of 150 mm, demountable form, hardness gage [TNSh-1] (THIU-I.), 350° 
thermometer. 

On the electric heater plate we set the metallic plate, in the 
lateral hole of the plate the thermometer was inserted with the aid 
of which we measured the temperature of the metallic plate. The 
demountable form is placed on the metallic plate and the electric 
heater plate is switched on. 
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The electric heater plate is switched on in three conditions: 
low, medium, and high. Depending on the necessary temperature 
we switch to one or another heat. Upon achievement by the metallic 
plate of a temperature of 280°, and demountable form to 200° the 
split form is removed, filled with the mixture, placed on the plate 
and at the same time the stop watch is started. Through each 0.3 
minutes we measure hardness with a hardness gage. The interval of 
time from the first measurement until obtaining a constant value 
of hardness determines speed of formation of the mixture. 

After determination of cpeed of formation the demountable form 
is taken from the plate sind from it is extracted a sample. The 
form is cleaned, placed for 5-10 minutes on the metallic plate for 
preheating to 200" and readied for the next experiment. 

Determination of Gas-Forming Ability 

The gas-forming ability is determined by means of heat treatment 
of samples in a tubular furnace of Mars type at 700-750° for forms 
utilized during nonferrous casting, and 1000° for cast-iron and steel 
casting. For investigation we weigh a 1 g tested mixture, whxch is 
placed in the forming boat and loaded in the tubular furnace. A 
general view of the apparatus is schematically depicted in Fig. 6. 

Fig. 6. Instrument for determination 
of gas-forming ability of mixtures: 
1 — measuring burette, 2 — equalizing 
vessel, 3 — quartz tube, 4 — rubber 
tube, 5 — tubular furnace, 6 — ther- 
mocouple, 7 — galvanometer, 8 — boat 
with tested mixture, 9 — cooler. 
10 — water Jacket, 11 — cock, three- 
way, 12 — Kipp apparatus. 

At the time of installation of the sample in the porcelain boat in 
the furnace the stop watch is started and a reading of liberated 
gases by indices of a graduated measuring phial is made in which at 
the time of reading the level of water is levelled with its level 
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in the jar.  A reading of the quantity of gases is produced every 
30 s. 

Conclusion 

^ The developed methods of control constitute a whole complex 
of determinations of the quality of shell forms and can be recommended 
for use in workshop practice. 

At present these methods of control and investigation of sand- 
resin mixtures have found application at a series of plants. 
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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM 

Block Italic Transliteration   Block Italic Transliteration 
A   a A a A,  a P p F P R,   r 
B   6 B 6 B,  b c c C c S.   s 
B   • B $ V,  v T T T m T,   t 
r  r r t 0,  g y y y y U,   u 
A   i a d D,  d <t> ♦ 0 * F,   f 
E   « E $ Ye, ye;  E,  e*           X X X X Kh,  kh 
M   m JK M Zh,  zh u u u H Ts,   ts 
3   i 3 1 Z,  z H M H H Ch,  ch 
M     N M If I,  i l¥ Km W Ut Sh,   sh 
Pi   i R a Y, y 111 m in *i Shch,   shch 
K     K K K K,  k t -b h % ii 

n   n Jl M L,   1 bl u M u Y, y 
M     N M M M, m b h h ft i 

H     N H H N,  n 3 t 3 1 E,   e 
0   o 0 0 0, o 10 » 10 JO Yu, yu 
n   n n n P. P n n fi M Ya,  ya 

♦ ye initially, after vowels, and after «b, L; £ elsewhere. 
wFTen written as 6 in Russian, transliterate as yö or e. 
The use of diacritical marks is preferred, but such marks 
may be omitted when expediency dictates. 
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