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ABSTRACT

This article describes the basic principles of alloying cast aluminum,
depending on working temperature and their area of application, Prin-

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 ALl19, 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 ALl9 is distin-
guished by high heat resistance, high mechanical properties at room
temperatnre and good weldability. 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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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 AL1l9 for preventing
of liquation and raised porosity it 1s necessary to thoroughly mix
and refine 1t. During development of technology of casting parts it

s is necessary to anticipate intensivc feeding, dispersed feed of metal,
2 application of yielding rods. The dimension of alr holes and thelir
quantity must be selected taking into account massive places of the
casting. It 1s necessary to consider that the air hole system used
during casting of parts from allcys of type Silumin, 1is unfit for cast-
ing from alloy AL19. Alloy AL19 has twice as high a viscosity, there-
fore very high air holes insufficiently well impregnate the casting.
It 1s expedient frequently to set luow alr holes of elllpse like section.
Oriz, art, has: 3 tables and 2 figures,
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ABSTRACT

In this 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 gecmetric 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 :astings in freshly hardened
state at room temperature practically are not changed with an increase
Lof 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 arn 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-
f ture of 45 and 96° practically is identical in freshly hardened state
and after artificlial 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 requlre additional equipment. For ]

hardening in boiling water usual tempering tanks are used with simple
;additional equipment ror heating them, Crig. art. has: 6 tables, 2 fig
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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, ALl13, AL3, AL9 and AL7. Technological properties of the alloy
permit using it for part of complex configuration and various dimen-
sions. The alloy 1s 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 for
complex parts of electrical and radio equipment. Orig. art. has:

3 takbles and 4 figures.
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ABSTRACT )

This article describes the development of a new alloy for casting in
sand and metal molds, sultable for casting without heat treatuent,.

The developed alloy for casting unde: pressure, containing 6-3% 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; 0.05-0.15% Ti; 0.05-0.2% Zr;

the rest Al, and it is used without heat treatuent. During manufa~-
ture from aluminum of high purity, strength and corrosion characteris-
tico of the alloy in cast state exceed properties of alloy ALS and

do not yield to alloy AL4 in the heat treated state, Strength charac-
teristics of the alloy are pcsitively influeiiced 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 additlons of beryllium, zirconium, titani-
um and manganese based on aluminum of brands AOO and AVOOO, in terms
of constructional strength and corrosion resistance significantly
exceed alloy ALS.
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ABSTRACT

ALS.

ALS,

to 15 months).

immediately after hardening.
of alloy of system Al-Mg-7n is considerably higher than for alloy
Artificial aging at 100° (3 hours), 115° (3 hours), 125° {3 hours)
and 1%0° (% 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,

The article investigates the influence of natural and artificial

¢ zing on mechanical properties of parts and samples made from Alloy
Natural aging of alloy AL8 after hardening increases tensile
strength and lengthening, especially in the first period of aging (up
During aging for up to 4C months, properties remain
higher than properties of an alloy not subjected to natural aging.
After artificial aging at 1009 for 3 hours and holding for 8 months,
mechanical properties of alloy AL8 aie considerably higher than

The gzneral level of mechanical properties

rig. art. has:

* tables and 1 figure.
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ABSTRACT

This article describes the characteristic peculiarities of heating

on properties of parts made from alloy AL8. The sclid sclution of
hardened alloy AL8 at temperatures higher thar 100° is unstable, in
consequence of which it can easily disintegrate, accompanied by a
sharp lowering of mechanical properti=s, he decrease of plasticity
here is so big that the alloy becomes absolutely unfit for usual fielus
of application (loaded parts, subject to shock influenceg). Therefor:
heating of the hardened alloy higher than 100® is absolutely imper-
missible. Heating at 1252 for 5 hcurs leads to & small increase of
tensile strength, a noticeabie growth of hardness, and a fall of
lengthening. At higher temperatures of reating (150-225°) mechanical
properties descend, apprcaching properties of a thermally untreated
alloy. Disintegration of the s0lid soluticn can te clearly observed
on microsections (at x1500) after heating at 180° for 30 minutes,
Orig. art. has: 7 figures.
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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 meltirg ensures obtaining
gncd quality casting made from alloy AL8. Application of special

During strict fulfiliment of technology of smelting, casting and heat
treatment, mechanical properties of alloy AL8 can cecnsiderabl s exceed
the requirements of technical conditions.

paint makes it possible to prepare quality alloy in cast iron crucibles.
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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
castings which does not cause oxidation of the metal in the form in the
process of hardening is recommended. The basi. influence on mechanical
properties of alloy AL8, besides other factdrs, is its microstructure.
Orig. art. has: 2 figures.
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ABSTRACT

was investigated, and the
ing a clean fracture in a ycas
tion (up to 20 mm) is erfsure

fracture for castings of mass
only during introduction in t

4 tables,

A grocess for removing "Black Fracture" in castings made from alloy
AL

the molding sand of a 4-5% protective addition;

protective addition in the molding sand;
toric acid cr addition VM can be used.

following conclusions were made: 1) Obtaim
ting made from alloy AL8 with small sec-
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2.) Obtaining a clean
ive section (50 mm and more) is pcssible
he alloy of 0.05% teryllium and a 4-5%
3.) As protective addition
Orig. art, has: 2 figures and
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ABSTRACT

This article describes the increasing plastic properties cf alloy

B300, 1In data obtained the author concludes: Alloy B300, containing
manganese and chromium at a lower limit in terms of technical condi-

t tions, possesses raised plasticity (relative elongation 1.5-2.57). The
content of magnesium in alloy B300 should not exceed 1.2%. Plastici-
ty of alloy B300 may also be increased by application of new conditions
of heat treatmunt. 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 ot this temperature for 5
hours, without subsequent artificial aging. In this case is ensured
tensile strength hlgher than 20 kg/mm* and relative elongation 1,2-2%
at a value of prolonged strength within the limits of technical condi-
tions. Orig. art. has: 2 figures and 2 tables.
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ABSTRACT

In this article investigations were made of increasing cyclical
strength of cast alvminum alloys. Tre author concludes that cast
aluminum alloys AL19 and AL2l1 after heat treatment possess lower
Tfatigue strength than usual carbon steels, Shot-blast cold hardening
is an effective means of increasing the strength of these alloys
(fatigue strength incrcases more than 200%, i.e., approximately to the
level of steel 35L). Replacement of steel by highly durable cast
aluminum alloys permits a 50-60% lowering of the weight of parts work-
ing and cyclical application of loads. Orig. art. has: 2 tables and
3 figures,
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| ABSTRACT

In this article investigations were made on the influence of annealing
and cold treatment on staoility of dimensions of pressure castings
made from aluminum alloys. The authors conclusions are: For the pur-
pose of removal cof residual stresses it is necessary to subject to
annealing zll forms of pressure castings made from aluminum alloys of
brands AL2, AL3 and AL9. Secondary arnealing of parts afier machining
is necessary in the following cases: a) in the presence of complex
contour of parts, and also sharp differences in sections; b) during
raised reguirements for stability of dimensions of a part; c) during
large ratios of machined surface to unmachined. 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 200 %

+ 109, holding for 2-4 h, cooling in air. Castings and parts diring
and after annealing, and also during transportation-should not re
subjected to any external forces as blows, shaking, compression. etc.
Treatment at -50° of castings and parts made from alumirum alloys of
brands AL2, AL3, AL9, not hardenable by heat treatment, does not affect
the value of deformation. Orig. art. has: 1 table and 5 figures,
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ABSTRACT

This article investigates the influence of an impurity of tin on pro-
perties of alloy AL9O during heat treztment. The authors conclusions
were: Tin within the limits of investigated contents of 0.01-0.5%
lowers the strength of cas. and heat treated alloy AL9, somewhat in-
creasing its plasticity. Increase of ions of chlorine in saltpeter
baths from 0.2 to 2.77 lower: strength of samples during heat treat-

)

ment by 3-4% kg/mm~, obviously due to corrosion. Contents of ions of
chlorine in saltpeter baths should not exceed 0.3-0,5%. Orig. art.
has: 2 tables and 2 rigures.
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ABSTRACT ¥16 Cont. SHTEYMAN, YE. P.

The authors conclusions in this articie were: The protective action
of fluxes (the investigation was conducted on alloy ALY) is ensured by
chlorides which improve the wetting ebility of fluxes, and fluorides
which increase strength of the flux filn, Melt under fluxes increases
yield of the suitable alloy by 2-6%. Melt under fluxes made from
fluoride and chloride salts leads to dSurning out of magnesium in alloys
containing smali quantities of this component (AL4, AL9). Treatment
of alloys ALl, AL2, AL3, AL4, AL5 and AL9 by fluxes permits obtaining
a melt of the same quality as during treatment with chlorine, Cast-
ings 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 Standara
2685-53, Orig. art. has: U4 figures and 6 tables,
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ABSTRACT

This article investigates the influence of elastic oscillation on the
degree of degassing of aluminum melts. The authors conclusions are:
Treatment of a melt of aluminum and its alloys by ultrasonic oscilla-
tions is an effective method of degassing. Treatment of melt, before
pouring in forms, by ultrasonic oscillations increases density and
mechanical properties of castings. Iuring treatment of melt by ultra-
sonics thiere occurs saturation of the melt by the material of certain
vibrators as a result of their dispersion under the influence of
elastic oscillations and temperatures. This phenomenon can be used for
direct modification and alloying of alloys. It was determined that of
tested materials for waveguides the most stable is niobium, which it is
possible to recommend for manufacture of waveguides. Orig. art. has:

L figures and 2 tables,
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ABSTRACT

density exceed series parts by 1-2 points.

application of the autoclave.

art, has: 1 table and 2 figures.,

Refining by boron chioride of alloys AL4, AL1C-V, ALl and ALS rendered
a positive influence on density and mechanical properties of castings.
Parts cast from alloys ALY4, AL10-V, fL8, refined by boron chloride by

near 80 kg voured from alloy ALl refined by boron chloride, by density
and mechanical properties do not yield to similar castings poured with
The method of refining by boron chlo-
ride can be recocmmended for increasing density of castings made from
alloys AL4, AL10-V, ALl and AL8, and in separate cases in exchange for
autoclave when casting parts requiring a density of 2-3 points.

Parts with a rough weight
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ABSTRACT x(42)Authors-Cont - G.; SHITOV, M. I.; SHARUDA, V. F.; TYUKIN,
I. T.; SYROMYATNIKOVA, M. A.

We developed a method for refinir.y 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. Refining with the 3id 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%, which permits
in a number of cases elimlnation cf crystallization of poured parts

in an autoclave. Application of double refining: vacuum with addl-
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

5 tables.
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ABSTRACTY

. tables and 6 figures.

APSC 7o, 4 (Test form under revisioﬁy =

Mechanical properties of alloys AL2, AL3, AL4, AL5, ALT, AL8 and ALQ,
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 mn 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: T
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ABSTRACT

me thod,

art. has:

The method of casting turbine rotor disks in gypsum molds permits the
most exact reproduction of aerodynamics of profile.
aluminum alloys intended for manufac:ure of castings of important

assignment, ultrasonic degassing turns out to be the most effective
Ultrasonic treatment in the process of hardening increases
mechanical properties and improves the scructure of castings,
2 tables and 7 figures,
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ABSTRACT

As forming materials for production of quality castings one should
use sands washed of clay or sands sutjected to heat treatment at a

temperature of 300-1000°, Maximum strength properties are attained
during the use of sands of brands 1KOlA and 1K0063A, in the ratio of T7:3
As pinding material for shell forms and cores best resvlts are obtained
with the use of drying oil oxidized phenol-formaldehyde resin No. 180.
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
fracticn and furfural in amount of 0.5-1% of the weight of the mixture.
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%.

Oorig. art. has: 5 tables
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ABSTRACT

The developed methods of control constitute a whole complex of
determinaticns of the gquality of shell forms and can be recommended
At present these methods of control
and investigation of sand-resin mixtures have found application at
a series of plants,
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In the coilection 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 nonmetellic
inclusions, ensuring raised characteristics of
parts made from constructional alloys, and in
particular from ajloys Al-Mg; a series of
articles 1is dedicated to neat strength, properties
and production of parts cast from new alloys;
heat treatment for the purpose of hardening parts
and stabilization of dimensions; properties and
contrcl 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 aiuminum 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 casysaluminum 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 purilty
of an alloy, and consequently the quality of the castings.

The method of casting is very significant. At present, along
with casting in sand 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. .
~.
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Finally, heat treatment significantly affects properties of
cast parts, The majority of casting alloys are strangthened 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. 1In it only some of them are examined. Thus are
illuminated the properties of new casting aluminum alloys: heat-
durable and highly durable alloy AL19, self-hardened =21loy VAIL4,
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,
tcmperature and time of its action.,

Creation of the theory of heat resistance of matallic allcys
were the subject of work of a number of Soviet scientists, A, A.
Bochvara,* G. V. Kurdyumov,2 I. A. O0ding® and others.

Results of these works 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, 1954, No. 7.

°I., 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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permits a sufficiently correct estimat. 7 the deores of
resistance of alloys and a more exact detcrminaticn of the raticpality
of their alloying by both elements.

et

It is known that heat resistance characterizec resistivity of
a material to creep and destruction during extended high temps raturecs
and loads., Therefore the temperature lovel of heat recictance to a
great degree 1s determined by forces of interatomic tionds which in
alloys can be substantially increased by meaps of corr-osponding
alloying.

Increase of heat resistance especially promotes the v-.rzatili-gy
of an alloy. In this case the strength of inteoratomic tonds durins
corresponding alloying can be larger, and mobility of atows lecs
than for alloys with a smaller number of 2lloying elements durine an
equal degree of supersaturation of the solid solution. Convincing
examples are the less stable binary r "loys of type [AL7] (Ad7) and
stabler complex alloys of type AL19 and B3J0.

Realization of forces of an interatomic bond tc a cocnsideralle
measure depend on the state of the crystal lattice and tt.e mocaic
block structure. 1In works of G. V. Kurdyumov and hic coll:agues,?
V. K. Kritskoy® and in other works it is cktablished that formaticn
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 250-300O with
subsequent fast cooling in vater, it is possible to attain a
considerable increase in the forces of the interatomic bond (this
conclusion should be checked con aluminum alloys).

One of the most important characteristics of forces of an
interatomic bond is the value of en2rgy 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 — (27.4) — magnesium (37.3) = calcium (47. 8%
aluminun. (55) — manganese (74) = beryllium (75) = copper 1,2) =
nickel (85) — chromium (88) — iron (94%) — molybdenum (160 —
tungsten (210). Forces of an interatomic bond even with thc same
phase composition can be essentially distinguished. The larger

G, 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,

2y. 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.

- o]
In alloys intended for work at high temperatures (350-4%007),
more preferable as alloy additions can be those elements for which the
vziue of heat of sublimatior: 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 heal 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
soilution and microheterogeneity of the second order at raised
temperatures.?®

As illustrating materials we have double alloys of the system
Al-Cu with a fast disintegrating solid solution and coagulation of
particles of phase CuAlQ, 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 compligate 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 cccur,?

The level of temperature allowing prclonged 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. 4),
for example: ‘

a) MgZn,, 5(A13Mg2)’ T(A112Mg32n3) 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 O. S. Zhadayeva as early as 1945,

2I. F. Kolobnev, Heat treatment of aluminum alloys, Metallurgy
Publishing House, 1961.
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Tou-120% (in alloys of type AL8 and B95);

b) CuAlg, MgESi to temperatures 150—200o (in alloys of type
AL7, ALY, ALS):

¢) ”(Al hg%CuuSiu) up to 200- 270 (in alloys of- type AL3, ALS)

and)Fhaoe \(Al Cubg) ap to 250-300° (in alloys of type AL1,
016

d) T(Al N “u) to 300-350° (in alloys of type AL19);

BBOO)G> T(AIGCUBNi), S[ A13(CuNi)2] to 350-400° (in alloys of type

The given examples show that temperature ranges of application
nredetermine the methods of alloying of aluminum alloys. In an increase
of heat resistance of alloys an especially great role can be played
by the smallest particles of decond phases. It is known thai inter-
locking of shifts by particles of one or another phase strengthens
tens and hundreds of times stronger than interlocking by the atoms
which form a solid solutiocn with the basic metal.

For confirmation of these expressions it is possible to give the

fact that particles of phase T(A112Mn20u) promote very strong

hardening of a series of aluminum alloys.

During alloying of alloys it 1s necessary to consider the quantity
of sccond phases which create stable microheterogeneity inside grains
af the solid solution as well as those crystallized in branched
form on grain boundaries of the solid solution, stable at high

tomperatures,

-~

In literature there is an indication that the volume of
altradispersed particles of second phases may not exceed 15% of the

voluma of the zolll solution, since & greater quantity causes a
sharp lowerine: of pinntic properties of the alloy,?
The ralsed degres of mlepohatercgeneity inside grains of the
solid solution which {» c¢reated by th smallest particles (dimension
N 4 , g
107 7-10 cm) of ceeont pragsg, renders n rtrong braking influence

on deformatiori of tre material, Ny thle {1t 1s possible to explain

the sharp incrense of the yield noint of hardened alloys with a
superszturated sclld solution which Is past the stege of age-
hardening. Thus, ror example, in hardened state alloy AL19 has tensile

strength 30-34 kg/mm and the yield point is 18-20 kg/mm (see Table
2 on p. 6), whereas after incomplete artificial aging (175° for 5

hours) tensile strength increases by 20-30% to 36-43 kg/mmg, and yleld .
’

l1,. Jeffries, Trans. ASME, 1919, v. 60, p. 474,
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Table 2. Typical Mechanical Properties of
Casting Aluminum Ailoys Depending on Heat Treat-
ment. or Test Conditions

Make Condi - Mechanical propsrties Mecnarical properties at

of ticn of |at room Lemperulure ralsed temperatures
hea™

alloy tensile strensth | tens:le

treat- .
T in kg/me2, strencth
sars . . o HB sulden loading (170 fiours)
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am |18 25 | 20 |o6 j1oo [ 18] 16| 14 |13] 7]5.5
n” 2l | -] -]~ -l_
A 7 1 9]s o]l 15| 13 8 17| 4/28
Tl it -] ~|=]~l
7 Bluul|list s~ ~[|=|=|-
M3 1 s o |islos]| s | s)is|w0]oele]as
m” Al=Jwofjo]-]<=]=|=]|=]|—-
¢ 18] 14 |2 6 | ~| =) =]=]=|=
AN ) ¢ 2] 17 |4 v T N N SN DU P
T Mlsj3alrs| 6] e]10]s|s]|as
n wlis| —-16]| - Z - |=]=]-
AMS |- TS 2% l18jos ]| 75| 10]9] 6|35
m — 1.5 70 -— - — — -— -
ANS v ] | nj2 5| =] =] - it el B
“ % |67 65.| 18 . 14 { 10 {10f 63
AS7 13 2% | 18 {3 8[|~ =] ~=|=]=]-=
ANS T4 30 | 17 o 2|15 ] 9| 8] 4]1.5

T4 9§14 ]S

B |26 |3 | n| 9| e6|ss28

2| 88 | 8
|
|
|

A T2 2| 15 2

A2 | 12 Blw1s| s lis|{B|lw|=]<=]~-

A3 ™ 17 1n 13 0 | — - - == -

T4 16

2% |4 100

2

19 | 15 |16]12(6,5
19 | 15 | 16]12{6,8

A9

SR

32
36
BH-113 | T4 2 |18 |4 9% | 20 | 18 14| 9;35] 2
X
21

16 Blos |80 | <|=|<[|=|=]|=
BUA | & 19 (o8 [ 65! 2 | 10| 13 || olss
12 | ~l2les|=|=|<=|<|=-M
B0 | T6 o ot |{0|~|=]|=[|=|=]|-
7 2¢ {2 (1.5 [ 7520|216 1e|np-s

lconditions: T1 — aging of alloy in cast
state; T2 — annealing; T4 — tempering; TS5 —
hardening and incomplete aging; T6 — hardening
of aging for production of maximum strength;
T7 — hardening and high-temperature temper,




point by 40-60% to 26-32 kg/mm°.

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.
dowever, the value of the yield point remains low.

The most typical example can be alloy AL8, which in hardened
state has a tensile strength to 40 kg/mmg, and yield point on the

order of 20 kg/mmg. 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 increzce of
tensile strength (on the order of 10—15%) it 1is possible to
significantly increase yield point (by 50-60%).

Hardening of alloys intended for work at temperatures of 20-1000,
may be attained, by means of an increase of the degree of
disorientation of grains with a strcngiy 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.
Belousov and A. A. Dodonov,! prcved that an application of high
pressure (up to 2000 [(gage) atm]) in the process of crystallization
ensures high mechanical proptrties 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, [ATsR1] (AiP1) growth of particles of second phases
can occur under influence of ultrasonics, which is necessary to
consider during select*on 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 cne can lower the degree of supersaturation of the solid

IN. N. Belousov, Contemporary technological processes of
manufacture of castings from nonferrous alloys, Leningrad House of
technical propaganda, 1956; Bulletin of exchange of industrial
experience, 1959, No. 2.




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 bte -1ifferent.

In this case prolonged tensile strength and the 1imit of creep
most fully characterize the degree of fitness of the material., Here
prolonged tensile strength (p.t.s.)predetermines the creep luinmit,
The dependence of these two characteristics can be expressed by the
following approximate formula: %.p = 0.70490 Petes. (fer alloys

AL1, ALS5, AL19, [Vi4A] (B14A), B300 and others) or 9.p = O.choo p.t.s.
(for alloys with lowered hez! resistance: AL2, AL4, ALY, etc.).

For given conditions of tests (or exploitation) a decisive role
in structure 1s 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 sclid
solution, the higher the heat resistance of the 2lloy.

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

The more prolonged the exlistance of the fine structure at
raised temperatures, ([ZGP] (3I'Ml), particle of metastable phases,
etc.), and also of microheterogereity of the second order inside
grains of the so0lid solution of the alloy base, the higher will be
the heat resistance of the alloy.

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

With an increage of the operating temperature are developad
diffusion processes; concentration of vacancies, movement of
dislocations and formation of microscopic cracks., At temperatures
higher than 0.7 absclute melting point these processes arz especially
strongly dcveloped in peripheral zcrnes., For brsking these processes
it 1is necesaary to strengthen the berders of grains of the solid
solution by stable particles of phases which have a thin branch
structure (for example, phase Al6Cu3N1).
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Thus, depending on ccnditions 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 »f the materials to destruction,
causing foriration 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 working 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 preferatle.

For parts made from alloys of a type of solid solution, during
prolonged influence of high temperatures, a coarse-grained structure
1s 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
B30C0 and others, in which at raised temperatures intense phase
transitions do not occur behave differently.

\

Experimental data show that a fine-grained structure of complex
alloys ensures higher 1limits of prolonged strength and creep. This
is explained by the more favorable action of csmall particles of the
second phases and the iowered degree of interaction of them with
the solid solution.

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

1. Por heavily loaded paris working in hard vibration conditions

at temperatures not higher than 1000, the best of all are alloys of
type AL7 and AL8, which have the highest strength characteristics,
includins raised resilience. In this case additioral alloying of shown
alloys (with zirconium, vanadium, cadmium, lithium, antimony and

other clements) shculd ke directed towards a safeguard of the raised
stability of the strongly supersaturated solid solutions. Such alloys
can also be successfully used for objects used o:nly once at hircher
temperatures, since in these conditions an intense disintegcration 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 pressuﬁbs of gas or liquid, since all alloys of
this type of solid solution possess low airtightuess, caused by the
presence of thin shrinkage "channels," formed ia the process of
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crystallization and reduction of the volume «f 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 B with the
solid solution of aluminum;

c) by fast coagulation of particles of phase B.

2. For casting such parts, and also for casting very thin-walled
(with a thickness of 2.5-3.5 mm) 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 2all binary alloys with a great quantity (more than 35%)
of eutectic due to the small degree of alloying of the solid solution
and a2 coarse crystal structure possess low strength at room
temperature and praciically are not strengthened by heat treatment.

An increase of strength of alloys of the eutectic type (for
example, elloys 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);
\

b) by alloying with copper, magngsium, 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, AL4, 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 AIQCuMg and others);

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

10
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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) 1in 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) 1inasmuch 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, B3CO and [VAL1] (BAll) deserve special
attention,

During comparison of heat-resistant alloys of various systems
it is possible to see that some alloys, for example AL1, Vi4A, B300,
possess lowered plasticity, whereas other allcys, for example AL1G,
have greater plasticity and ductility, where alloy AL19 is very

durable even at room temperature (ob = 36-43 kg/mme).

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 (AL7, AL19, VALl and others)
can have maximum heat resistance in the heat treated state on harden-
ing, whereas alloys of eutectic composition or with a % reat quantity
of eutectic (AL2, AL3, AL4.  AL5, AL9, [LOU-IKS] (Oy-MKC [ATsR1]
(AdP1) and others) in the poured state. This situa+ion has an
extraordinarily important value for industry, and also theoretical
interest, which was considered during development of alloys ATsR1
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 exampie, 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;

)
b) stability of solid solution of alloy base;




c) creation of particles of second phases which at operating
temperatures (350-400°) 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
given in Table 2,

12
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COMPOSITION, STRUCTURE AND PROPERTIES OF ALLOY AL19

I. F. Kolobnev, L. V. Shvyreva, N. 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
CuAl2 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.
\ 4
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 tc 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
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solubility of manganese in aluminum at a temperature of 300-3560
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(A112Mn20u), 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 rals~d temperatures.

Phase T(AllQMnQCu) 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 represeated mechanical properties of alloys of the
system Al-Cu-Mn with different contents of copper, including alloys

Table 1. Mechanical Properties of Alloys of the

System
Chemical p) .
composition Mecaanical pro,-
%: % Conditions cf heatin - urcer sandenir Jerties at 2.°
.S (:;o:pem;ure in 2C .rd acluing time s ‘—
29! Ca | Ma !‘ ours . ,/r:.mZ o
1 ‘:4.55 on 5150, 20 h 4.3 3.8
[ 5350, 5 h +545°, 7 h 25 | 9.0
2 |495)]092| 515° 20 h ‘1 240 | 3.5
5359, 5h +E45% 7h ‘320 | 1,8
3 3.3 0,9 5150, 20 h 25,0 5,0
, 5350, 5 h + 5450, 7 h 20 | 80
4 6.%5103 5150, 20 h 20,0 2,9
5350, Sh + 5459, 7T h 200 | 2.6°
5 |60 06 | 5150, 20 h 2,8 | 2.4
5350, 5h + 5450, 7 h 70 | 3.0
6 6.15{092 | 5160 S5 h + 5459, 7h 25,0 33
, | 5359 5 h +545° 7h 24,0 | 3.0
7 7.0 |06} 6150, 20 h 213 2,0
5359, 5 h +545°, 7 h 25 | 25

1alloy RR5T.
20verburning.

SAlloy D20.
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of the type of English RR57 and domestic JI20. Tests in tnis case as
well as in the rest of the work were conducted on separate dirt cast
samples with a diameter of 10 mm with castinc 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 frcotor decrease, indicating a phase margin of CuAl2

causing fragiiity of the alloy. A raised content of copper (more than
5.5%) does not permit using a high temperature for hardening

(545°), 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 Dependirg on Content of
Manganese (Hardened State)

Chemical Mesoardcal prop- Mecaanical properties’ at a
composition, v erties at 20° temperature in °C
175 200
tensile flengthend
copper r. anese] sirength 1n:ft% *‘"id"al. lengthend r:'m“"l lengthe:.-
k&/mm? strentn’ kno, 5 |Strenetiyng g
K.o/mm?2 k 2/m?
4,92 -— 27,0 1.0 0.0 2,3 a.5 28
4.87 0.28 2.0 7.3 20,8 - 2,1 -—
3.3 0.56 30,0 10,0 33,5 2,6 28,6 23
4,75 0,61 2.5 10,5 0,8 4,0 28,0 3.5
4,75 0.84 0,0 9.5 0,7 3.0 0,0 3.5
4,58 0,91 30,9 11,5 31,0 3,0 28,6 5.0
495 | 092 | 25 9.0 2.1 | 35 2.7 | 30
4,75 1.06 28,2 5.3 29.5 2,3 2.0 2,0
S0 | L 2.5 6.0 28,0 = 2.0 2,3
4,75 1,24 2,0 5.0 28,0 1.8 1.5 2,0

1The 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% Oy s is tested for 100 hours. Then the stress

is increased to 0.5% o, and the sample is tested

b
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 T, (Al, . Mn.u), leading to embrittlement of the alloy

15
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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 5,0% Cu and
1.24% Mn.

Influence of Titanlium, Chromium and Vanadium cn Properties
of an Alloy ol Aluminum with 5.0% 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 (frem 0.05 to O, Sp), chromium (from 0.05 to 0.3%) and
vanadium (from 0.05 to C. 3%) 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/mm2 and at a temperature og 300° and a stress of 6.0 kg/mmz.

Analysis of obtained results, represented in Tables 3 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 0.3-9.5% tensile strength
aind relative elongation at temperatures of 2Q, 175 and 2000, and
prolonged strength at temperatures of 200 and 300° are increased.

2) Addition of chromium Jeads to a certain lowering of mechanical
properties at temperatures of 20, 175 and 2000, but prolonged strength
at 200 and 300o essentially is not changed.

3) 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, introductlon of additions of
vanadium and chromium in the ccmpcsition ~f the new alloy is
inexpedient (see Table 3).

16
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The highest properties at room and raised temperatures can be
had with an alloy containing 4.5-5.3% Cu; 0.6-1.07 Mn; 0.25-0.4%7 Ti
(see Table 4). This new alloy has been named [AL1y] (Al19),

Influence of Impurities of Silicon, Tron and Magnesium
on Properties of Allcy ALIQ

We investigated the influence of impurities of silicon from 0.15
to 1.5%; iron from 0.15 to 1,0%; magnesium from 0.0 to 0.3% on a
change of mechanical properties at temperatures of 20 and 3009, and

prolonged strength at 300°, and also on a chanre of castine properties
of alloy AL19 (inclinzction to crack formation and fluidity).

The following was established:

1) With a content of silicon higher than 0.3% there is a sharp

drop of prolonged strength of the alloy at 300°,! some decrsase 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. Rut
a railsed content of silicon leads to overburning of alloy AL19 in the
process of heating it under hardening,/ connected with formation of a
new phase AlioMnQSi, which together witR the a-solid solution and

phase CuAl, gives a triple eutectic with low melting point (525-520°r).

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.® Lowering
of me~hanical 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(A12CuMg) and formation of a triple eutectic a + CuAl. + S

2
with melting point 507°.

1Prolenged strength of alloy AL19 at 300° for 100 hours depending
on content of silicon is changed thus:

~ Si | 0% | 0.5 | 075 1.0
sk . /m? | 7 | 6.5 | 4.5 | 4

2Influence of iron on mechanical properties of alloy AL19:

1ron1n}6! 6l | 0.2 | 0,3 | 0,4 | 05 | 06

ka/m2 1 B3 1 w0 | 337 v x| » |
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Proceeding from obtained results in ailoy AL19, we set the
following content of impurities: iron to 0,3%%, 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 T4 consists of two-stage heating under hardening: at a

(o]
temperature of 530+5 , holding for 7-9 hours, raise temperature to

(o]
51:O+5 , holding for 7-9 hours, cooling in weter,

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

water, heated to 90-1000. '

Regime TS5 consists of hardening as in regime T4 and artificial

aging at a temperature of 1750 for 3-5 hours with subsequent cooling
in air.

Treatment by regime T4 ensures obtaining a tensile strength cf

30-35 kg/mm2 and relative elongation 8-12% at room temperature, and
a fairly high value of prolonged strength at temperatures up to

3500. Treatment by regime TS5 permits obtaining of tensile strength

of 34-43 kg/mmg, relative elongation 3-€% 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 CuA12, which is contained in the cast alloy, at a

o
temperature of 540+5 completely passes to a solid solution, condition-
ing high strength and plasticit: 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 CuAl2 to solid sclution and overburning
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 mechanica! properties of alloy AL19 and
other cast aluminum alloys are given in Table 8,

In Table 9 are represented physical properties of alloy AL1Q.
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Table 5. Mechanical Properties of Alloy AL19 at Rcom Temperatucre

Hardened i Hardened and
Properties ! state aged state
(regime T4) (regime T5)
Ultimate tensile strength in 30-%6 3443
lmn2 o
Yield roint in kg/mm 15-20 22-32
Relative elongation in % 8-15 3-7
Resilienze in kgm/cm® 0.8-1,0 0.75-0.85
Brinell hirdness in kg/mn® 70-90 . 100-110
; Proportional limit in kg/mm® 9-10.5 17-19.5
Fatigue strength in kg/mm2 7 7
(on smooth angled samples with
variable bend on the basis of
20°106 cycles on a Weller machine) 4
Elastic modulus in kg_/rnm2 6900 6960
Shear modulus in kg/mm? 2500 2600
Table 6. Mechanical Prcperties of Alloy AL19 at Low and Raised
Temperatures (according to S. Ye. Belyayev).
Ry [
Praperuul Temperacure in “C .
—0 | —70 | —ws | 4200 | 420 | 300 | 4350
2 27—29 | 286—20 | 95—26 | 26-27 [ 17—=18.5] 14—15 | 7.5—9.0
Tensile strength in kg/m =] | =92 | 62T | X2 |T =19 | =16 | T.5=9.0
2 : 19—20 | 223 { 10—=11 |7,0—=7.5]|5.0—6.0
LR R £ L cots 700l B2 [ BB | TI=R (TR | S0mu
0-¥,8 | 7,0—8,0 | 4,0~5,0 | 2,0=3,0 | 4,0=5,0 | 4,0=6.0 | 7.5 -10,0
i DN L D 2 8,0~7,0 (5,0=7,0 | 3,5-1,0 | 2,0=3,0 | 4,0-5.0 | T,5=0.0 | 6,6=0.0
Teus tensile stremeth $0-33 | 3203 | d6—28 | 2728 | iA=20 | Q218 1 %
A0 Ol AT W6 | =28 | W=7 | Te=w | =i | Fou
in ke/mm 5—7 | 3=6 | 5=6 | 8—10 |11,5-13
Relative reduction of area in % | = - 5—7 |7.5=55|7.0-8.5|0-013.5 | 1i=14.0
0,8~1,210,7—1,25 :
Resilience in kgm/cmz i 6.7—0.85 0.65—“,8“ -_— -— - l -— ; —
Limit of creep for 100 h in kg/m? - l ;
a) general defermation - - _'f) - : - ] -
b) permanent deformation -_ - :-3- - = ; .. i R
Elastio modulus in kg/mmz - - —g% —g% -:-)-‘&mm- %": ;
1,2 I, ;
Notch itivit tatic, defined T19 -— — -— —_ —_
smooth s:::].”vgl% (n:n, cunt' toeﬁir;omoz . 60°) 1,06 1,12
Fatizue strength in kg/mm2 {determined on - - .75- -;- - —
smootn samples with variable berd on tha basis o ,
of 20°10° cycles on a Shanka machinej 3000 |

ghungss per wimute),
! In “he numerator are sncwn properties of the alloy at'ter heat treatment by regime T4, and in the
denomirator, by regims T5,
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Table 7,

Prolonged Strength of Alloy AL19 at
Different Temperatures and Holding

Prolonged strength in Itg/lni’1

Temperature
°c 100 h 50 h 20 h 10h 5h
18.5
1 —— — — - ——
L 18,5
200 15.0 15.5 16.0 1.0 18.0
15.5 16.0 17.6 18,0 19.0
%0 11,0 ns 12,0 12,5 Bo
: - 11,0 11.§ 12,0 13.0 14.0
‘6.5 7.0 7.5 8.0 9.0
<m 6.5 7.0 7.5 4.0 2.0
© 3.5 3.7 4.0 5.0 6.0
L 3.5 3.7 4.0 0 0

[

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

TS-

Table 3.

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

Regime
of Prolonged Short-term
heat strength rupture
Alloy |treat- 'o:' o 3 A kg/mmé for | of kg /mm2
ment 100 h at a | at a temper-
kg/m? | ke/m?| % e fl :;mg;rggure ature ir °C
200| 250 | 300 | 200|250 300
AMY | T4 |15—20|30-34| 8=15| 1.0 [15(2 l6.5[% 19"14
15 2-32|H41]|.3-6 0,8 16 [12 16,512 ]19] 14
A4 T6 18-22 | 8--27{ 3—5 .| 0.5 815 (3 [16]11
Al 5 18—22 | 2025 10,52 0,2 10]6 (3312015 12
AN T4 13=15 | 2028 | 6-8 - 016 |3 j21[(15]10
A8 T4 | 17—20 | 29-35| 9--12 — | .8]4 |15/ 22[15{ 9
AN 15 11-13 | 2022 | 2—4 0.3 6 4.-'12.8 15 ll. 7
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Table 9. Physical Properties of Alloy AL19

Hardened state Hardenad aru aned
Properties (regime T4) state {regime T¢)
Thermal conducti . . . “
in Calfom 8 ¢ 25 | 100° | 200° | 30v- | 25° | 100° | 200 | 300
0251028 0.32/0,34]0.27 mn|mn 0.3
Coefficient of 20— | 100—| 200—| 20— lm: z)o:
&“gg'wushn 100° | 200° | 300° | 100° | 200> | 300
o1
- |9.s|! 2.7 E.ezl 19,51 22.&| 26.50l -

Technological and Casting Properties of Alloy AL19

Weldability of the alloy is satisfactory. Workability by
cutting is good, especially in state TS5, i.e., better than for alloys
AL4, ALS, AL7 and AL9. Corrosion resistance, as also for all alloys
with a large content of copper, i1s not high, but higher than for
alloy ALT.

Airtightness 1s the same as for alloy AL7: a leak appears
during hydrotests for 60 atm,

Temperature of casting is set for every part separately within
the limits 700-7500. Inclination to crack formation is less than
for alloy AL7: at a temperature of 710o 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%.

Microstructure 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; CuAl2; phace
TMn(A11214r120u); Al,Ti.

On Figure 2 1s represented the microstructure of the alloy in
cast state.

Phase Ty, (Al,,Mn,Cu) with a given etching is colored black, is
mainly on borders of grains, has a rather branched form.

Phase CuAl2 is well outlined, uncolored, located on borders of
grains in the form of branched formaticns,

22

IO D B DL i

N O T i A




h- 'J .'.._-'..-'.-" ) .‘: "'.
c L2 . 7 = Fig. 2. Micro-

3 .
- 0 o e y j - st.ructure of alloy
“ 89 w L AL19 in cast state;
¢ 2 Y ke _ x50, etching 0.5%
B .T‘A = " ) it
- ( [ . K

o by
T

GRAP™
REl‘

Phase A13T1 is a gray color, crystallized in the form of plates
or small crosses.

Heat treated state. During heating under hardening at a
O
temperature of 54C+5 phase CuAl2 must be completely dissolved and

transferred to solid solution., The phase composition of the alloy in
hardened state 1s a-solid solution, alloyed by coprer and ranganese
on account of diffusion of phase CuAl2 and partial diffusion of

manganese in the process of crystallization, phase TMn(Al12 2Cu)

and phase TiAl (Fig. 3%a). It 1is necessary to note that the presence
of large lamlnar particles of phase TiAl (see Fig. 3b) is undesirabie,
since they are concentrators of stresses.

lt,’ B o #8550
NS -". "

XY men
S Vied " AW s ..3.5 2
. - .-‘ .‘ )3 :.'. '.". 2\1‘ “ e
Son mfﬂm
-a); i :

3‘-\'~:..A i' ..l.'. o« e .
Fig. 3. Microstructure of alloy AL19 in
heat treated state; etching 0.5% HI'; x120
(a) and x450 (b).

If after heating under hardening at a temperature of 530-5350
due to insufficient holding or disturbance of temperature rate there
remains noundissolved phase.CuAl2, then overburning of the alloy can

occur in the process of heating it at the following step at 5140o
(Fig. 4).
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Fig. 4. Overburning
of alloy ALi9D; x40,
etching 0.Y% HF.
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As a resuit of overburning, tensile strength of the alloy will
drop to a level of 22-25 kg/mmg, and relative elongation to 2-44,

Metallographic investigation of the phase composition df alloy
AL19 in heat treated state showed that phase TMn(Al42Mn2Cu) is

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

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

at temperatures of 500-5500. It is known that manganese is inclined
toward formation of a supersaturated solid solution in aluminum.
Hoffman and Falkenhagen,! using high speeds of cooling (more chan

25,000 /s for crystallization of liquid alloy and 5000 /q for cooling
in solid state), observed in the surface layer of castings from
double Al-Mn allcys supersaturation 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 allcy AL19 in state T5 does not differ from
the microstructure of the alloy in state Ti.
Conclusion
Trhe 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.

lW. Hofman u. G. Falkenhagen, Zeitschrift fur Metallkunde,
1952, B, 43,
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MELT AND CASTING TECHNOLCGY OF ALLOY AL19

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

Mélting Furnaces

For preparation of alloy [AL19] (AN19) 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-guality 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 propertiec and chemical composition,
and also for production of good structure it is necessary to prepare
a preliminary allioy.

For preparaticn of the preliminary alloy the following i-itial
materials are used: aluminum pig brands [AVi] (ABl), AV2 or : )
(A1l Union Covernment Standard 3549-55): alloy: aluminum 50% -+
+ copper 50% (electroyltic MO, M1, All Union Government Standard:
3549-55); alloy: aluminum 90% + ma.ganese 10% ([MgO] (MrO), All
Union Government Standerd 6008-51); alloy: aluminum 96% + titanium
4%, Special attention should be given to the quality of alloy
Al-Ti, which should be dense, without blowholes and not contain
inclusions of hyldrides in fracture. All initial materials have to
be dry, pure, without traces of corroslion and have a certificate.
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Calculation of the charge for preparation of the preliminary alloy i
must be done for the optimum chemical composition ensuring maximum i
mechanical prcperties at room and raised temperatures: copper — 5.0%,

manganese — 0.8%, titanium - 0,3%.

It 1s necessary to consider following circumstance: 1if in the
alloy copper is at the lowe:r 1imit (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 1s necessary to consider that losses of components of the
alloy can considerably oscillate depending on the state of the

i charge, melting unit used, duration of melt, etc., (Table 1).
B ’ '
i Table 1, Loss of Metals in % Depending on State
_ pending
of Charge and Type f Melting Furnace
: . Strorgly oxidivec arc
R0 O Cyostuminatea char e
3 Metals in electric |in eleciric in €lecir ¢ i’l'."e““"i‘"
furnaces anag |furnsces arna fure .ces :nd guﬂ:ces -nd
crucible heartn crcicvle in fezarti. i
furnaces furnaces f riaces furraces
b Aluminum 0,5~1.0 1,0—~2,0 2,0-3,0 2,0—4.0
Copper 0,5-~1,0 1,0-1.8 1,0-2.0 2,0-3,0
1 Mangane se 0,105 0,5~1,0 1.0—-2,0 2,0--3.0
! Ticanium 0,75~-2,0 - 1,6—2,5 1,5-3.0 2,5-5.0
i \

YThe sharp increase losses of titanium during
melt in reflective flame furnaces and hearth
furnaces is caused by formation of 2 hydride of !
titanium and an increase in the degree T
oxidation, Losses of copper and manfanese are i
included in loss of these metals connected in !
compounds, for example AlMnFeSi, which can {
settle to the bottom of the furnace. 1

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 740-7500 and thoroughly mix for 2-3 minutes. Heating to ;
shown temperatures is necessary for full diffusion of alloys Al-Cu, !
Al-Mn, Al1-T1 and uniform distribution of copper, manganese and )
titanium in the melt.

e

Refine the melt by gaseous chlorine or anhydrous chloride of
manganese., Chlorous manganese is introduced in the welt in the
quantity 0.1% (zinc chloride 0.2%) of the weight of the melt with
the aid of a bell. 1In 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 690-720°, Overheating the alloy higher than 720° should be
avoided. Trom every melt a sample 1s taken before the berinning,
in middle and at the end cf pouring for spectral or chemical
analyses,

The preliminary alloy is controlled for fracture (Qn} pigs).
Upon detection of strongly expressed porosity and contamination
the alloy must b= 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 (o = 16-20 kg/mmg; 5 = 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 AOO (if charge preparation is necessary);1

3) tailings (return) of production: air hole, sand-blast
irejected parts, heavy skims and pits, etec,.

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 1is 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 cnly aluminum of brands AV1i, AV2 and AOO,

Magnesium is also an undesirable and harmful impurity, its
content in the alloy limited to 0,05%. A higher content of
magnesiumn lowers plasticity and weldability of the alloy.

The charge is calculated for optimum chemical composition.

'Instead of a double we recommend using a fourfold alloy
(copper 30%, manganese 5%, titanium 1.8%, aluminum the rest).
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 alioy (in pigs).

The technology of preparation of preliminary and working alloys
does not essentially differ, with the exception that the preliminary
alloy must b2 heated to a temperature 740-750°,

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 690-750°, while & lower temperature is used for casting
thick-wslled parts in a chill mold.’

With optimum chemical compositjon of the alloy, low content
of impurities and correct management of the meit one can obtain
high mechanical properties of alloy AL19. An essential influence
on mechanical properties is rendered nQt 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 1s necessary to anticipate smooth ansitions in wall sections
and minimum nonuniformity of the casting. During planning of
accessories and technological process of* casting it 1s 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 ylelding rods,
incisions (depth of 1,0-1,.5 mm and more) on molds in those places
oppcsite which formation of cracks in a casting is probable., It
is preferable to use lower dlspersion feed of metal by u 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."!

'In mastering the technology of casting alloy AL19, A. Z.
Zakharov, E. A. Lalayan, N. A. Avdeyevs, S. S. Azimkov, A. V.
Volik, A. I. Pshebel'skaya snd others took part.
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Fig. 1. GSketcr of a "wheel" (a) and methnd of
molding this part (b).

Figure 1a, represents a sketch of this part. Accordir, to initial
technolegy the molding was produced with a ¢ry rod by the method
shown in Fig. 1b.

Feed of metal was cayried out by two schemes: slot feed and
feed along the joint line,.

Filling temperature of ghe alloy is T40° (such a high filling
temperature was caused by thinness of casting walls, 4.5 mm)., After
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 @ 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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Methed of molding of complex
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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 2
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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Table 3,

- GRAPHIC HAT
- REPRODL....

Fig. 3. Part made from alloy

AL19 ("frame").

Methods of ~-sting a "Frame"

Stages of

experimental work

Peculiarities of
technology of molding

Characteristic of
casting

I

IT

IIT

IV

Holes in bosses were
shaped by sand rods.
Refrigerators were not
usetl, "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 oun
external contours ot
lower part of casting

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

21

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 sultable by
visual inspection and
X-ray control



Scratohes 1.5 mm deep Refri_erator uvotween ribs

/]

7
et g
AL/

PN l&».' ’%?//}?

- NN — 7757
.ﬁﬁh;.‘ L éyg,;;
i A 5%

2 7 (//ff }/5" )/) //
57257204yt 52725 25757

Fig. 4. Method of molding "Frame."

Conclusion \

1. During preparation of alloy AL19 for preventing of

liquation and raised porosity it is necessary to thoroughly mix and
refine it.

S P

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. Fcr high castings of
cylindrical form a vertical-slot system with two wells is recommended.

4, PFor large dimension castings basic parameters of flow gate
systems arc as follows:

el L i et B o 3

a) diameter of stanchions 18-25 mm (it is desirable under

stanchion to set flow gate grids, and alsc 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;

R

c) the total section of feeders is larger than the section of 1
a stanchion by 3-4 times, width cf feeder is not more than 6-8 mm,

s

5. The dimension of air holes and their quantity must be ;
selected taking into account massive places of the casting. 1t is 4
necessary to consider that the air hole system used during casting 5

of parts from alloys of type Silumin, is unfit for casting from j
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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NEW HEAT TREATMENT REGIME FOR ALLOY AL19 ENSURING
STABILITY OF DIMENSIONS OF CASTINGS?!

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

Ir this article are described results of the development of
a new regime of heat treatment of parts of complex configuration
made from alloy [AL19] (Alli9) 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 rastings, are greatly
influenced by the speed of their cooling during hardening.® For
investigation of the influentc 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 sectlor (Fig. 1). During hardening
samples were put in the cooling mediur 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. 1In this

lBesides the authors L. S. Zoltukhin, 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
wggping of parts made from aluminum alloys," TsITEIN, M-60-19/2,
1960.
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Fig. 1. Sample for determination 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 condivions
by series technology; heat treatment was also conducted in
industrial conditions.

Samples heated under hardening in a shaft electric furnace cf
type [ETA-6] (9TA-6) in step conditions. Loading was done in a
(o]

furnace heated to 3009, then the temperature was raised to 535 * 59,
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 m3 located directly under

the furnace. In the case when hardening was conducted at 96°,
water in the tempering\tenk 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 3 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.z=s deformation of samples
as compared to the freshly hardened state (from 0.7 to 0.54% mmg.

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 Sampies
Depending on Conditions of Heat Treatment

vertomation in

State of ailoy tain section of
sample g
Poured in sand 0,02
Hardening in water, 45° (freshly hariened state) -0,
Hardenin: in water, 96° (freshly hariencd state) -0.10
Hardening in water, 45° (artificially a.ed state) —0,54

'Sign (+) 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.

Conditicns 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 Properties® of Alloy AL19
at Room Temperature Depending on Conditions of
Heat Treatment

State cf Temperature % '
samples of tempering 2 *
water 9C ka/imn
Freshly hardened 4 0,8 (20,0-33.0) +10,9 (7,8—12,9)
9% 30,5 (29,2-32,5) 11.0 (8,4—12,3)
Artifictally 5 3.1 /35,2—36.,7) 7,6 (6.9—8.5)
aged 9% 34.9 (34,4-36.6) 6.2 (5,0~7,0)

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

mechanical properties of sariples 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 temperature 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 Properties! of Alloy AL19
at Ralsed and Room Temperatures Depending on
Conditions of BHeat Treatment

empe r- i

State of Eture of | Tensile strensth in kg/mm? | Unit elongation

samples pater in at _

[tempe ring

tank °C 20° 250° 20° 250°
|

———

Freshly
hardened]

33,9 (32,9--34.8){ 23,0 (23.0) 10,8 (8.9—12.0)7.6 (50-10,0)
32,0 (31,4—38,0)| 23.4 (22,7—238) 9.1 (7.7-116)[7.5(5.2-10.2)
38,6 (36,8—40,0)| 25.7 (24.9—26,7) 7.0(58—838) {59 (4,5-70)
%3 (33.4—38,4)i 25,6 (23.7—279) 50(3.6—7.0) [50(45-55) .

Artifici-
ally aged

L&EH

—

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
Ty (Al oMn,Cu) 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% H.O. for
60 days. 272
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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 4. Influence of Cecrrosion nn Mechanical
Properties of Samples Made from Alloy AL19

Temper- | Before corrosion | After corrosinn l .osses ink _
State cr |ature of tensile [relative | tensile mlati;/e" tensile - rel:tive
samples :::;: = strengtfelonga- | strength] elonga- ‘strencth elir.a-
tank OC | ka/um? [ti0P % xg/m? |tion % tion
Freshly 4 2.1 1.8 7.4 6.0 9.5 49,0
hardened 96’ 3,1 11,4 2,0 6.5 13.6 8,0
Artifici- 45 3.5 8,5 26,1 4.0 2.5 53,0
ally aged ] 9% 1 H.4 6.5 27.5 3.3 2.1 49.4

Industrial Testing

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

SR T
el W

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 96°). A diagram of measurement of
deformation of the part 1s represented in Fig. 2. For a base of
measuremerits 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 thre 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 I Deformation in mm zﬁng:r:gd'::g::i;:
::i:?mmf::eof hardening in hnrdcnina; ir in water at 96° as
g, g% water 459 wato e 96 compured to hardening
- in water at 450 .

i 0 0 1 0

2 '—1.2 _oo‘ —“!

3 0 0.1 -209

4 —',4 —or‘ _"o

5 —2.0 +0,3 -1,7

6 +‘,8 +0.| —‘ n1

7 +1.6 0,3 =13

8 =2.5 0.0 —-2.8

9 —-1.7 -0,2 -1,

10 40,2 40,3 +0.1

4

Obtained data show that hardening in boiling water creates
cmaller deformation than hardening in water witk a temperature of

45°, During hardening in water with a temperature of 45° maximum
deformation was 3 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 bardening of the same
part in boiling water it decreased tc 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 sectiqn of the part, depending on temperature
of tne water during hardening, are given in Table 6.

39




o r— —— S —p— — T — L ——

Table 6. Mechanical Properties! of Samples
Cut from Part, Depending on Conditions of Heat
Treatment

Place of l""l’"’ Freshly hardered state Artificially aged state
location of rt“"-' of
samples in |tempe™-
carting ing water % L L 3
°c kg/rm? % ka/mm? %
Samples 4 8315278 .| 82(48- I(..ﬂ)l 28,0(25,033.2){ 5,7 (2.3—7.5)
rate | e mm.?—zs.ni 8.1 (43-10.6) 27,4 (25,8—295) 42 (23—54)
f“;P!" 45 | 24(220—-228)|5.8(51-6,4) | 28,6 (28,1—29,2) 6,0 (6,0—6,1)
the conter | 98 |249(245—752) 55(54-55) | 28,7 (28.2—29.2){ 4.9 (46—53)

1In parentheses is shown scati~ring 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 somewha+ higher than at
the surface,

By investigation it is established that an increase of tempei-
ature of water during hardening to 96° will barely change mechanical
properties all over the section of the casting (75 x 60 mm) as
ccmpared to hardening in water with a temperature of 450,

Conclusion

1., With section thickness tc 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 tc ¢6°, when
in artificially aged state tensile strength and relative elongation
drop somewhat. Mechanical properties at 250° §ohort -term tests)
practically are not changed with an increase of 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 warpling 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 decrease 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 usval tempering tanks are us2d with simple additional

equipment for heating them.

41




CASTING ALUMINUM ALLOY VAL4 (VL15)?!

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

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

The most widespread is alloy 42E, containing 0.5-0.7% Mg;
4,75-5.75% Zn; 0.4-0.6% Cr; 0.15-0.25% Ti. Mechanical properties

of this alloy after 21 days of natural aging are such: 0 = 24kg/mm2,

oy = 17.5 kg/mme; HB 75 kg/mme; b = 5%.

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

T PR

Widely known is alloy of system Al-Mg-Zn of brand A612F2 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 af‘er )

30 days of aging are as follows: o = 24 .6 kg/mm2; o = 17.6 kg/mmz;
b = 5%; HB 75 kg/mmg. Minimum permissible properties:
0, = 22.5 kg/mn®; & = 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
C. B. Lotareva.

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

3Aluminum f ompany 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 Al1l-T (AleMgBan) of

ternary diagram Al-Mg-Zn. We studled alloys with different content
of phase T. Therefore there preliminarily was made chemical compound
A12Mg52n3 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% AlEMgBZnB’ which

corresponds to the following chemical composition of the alloy:
4.55% Zn; 1.7% Mg; the remainder — aluminum. In poured state after

natural aging for 10 days tensile strength is equal to 20 kg/mme,
and lengthening 3.5%. Alloying of the alloy by additions of

manganese and titanium increases tensile strength to 22-23 kg/mm2
with lengthening 2-3%. After hardening and aging tensile strength

of the alloy attains 30-35 kg/mm2 with lengthening 2-3%.

Additicn 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 tne 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 mechaniczl
proverties of the alloy thanks to reduction of the grain of the
sclid solution.? 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 400-50¢0° titanium is able to form hydrides with hydrogen.
During the melt, with an increase of temperature hydrides disintegrate
and hydrogen passes into the melt. Therefore it Js recommended,
first, that titanium al}oy Le 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 1s 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 fluldity we tried to introduce silicen into
the allcy. But the presence of it in quantities of 0.5-1.0%

M. V. Malt'tsev, "Founding," 1956, No. 6.
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considerably worsened mechanical properties of the alloy in pcured
and heat treated state, obviously due to formation of the brittle
compound MgESi,

Thus, as a result of study of the influence of basic components
and impurities we determined the following compdsition of the alloy:
3,5-4,25% Zn; 1.5-2% Mg; 0.2-0.5% Mn; 0.1-0.2% Ti; the remalnder -
aluminum. The alloy was named brand [VAL4] (BAl4).

Heat Treatment

On the diagram of the isothermal cut Al-Al?Mg32n3 (Fig. 1)* it

is possible to see that an alloy of ccmposition VAIL4 has critical
points at 592° (solidus) and at 623° (liquidus). Therefore for

t°C 1235 ¢

700 T \
’\u‘

600 <

500 N ss0 ~,
a, & 7fo

00}
[a at+T T
Joo
200 ‘
7] 20 W0 0 0 60
Al ill,Mg,Zn,
%2n

Fig. 1. Constitution diagram of
Al-AlQMgBZna.

heating before hardening we selected a temperature of 580°. Inasmuch
as in complex parts there can be separation of double eutectic
Al-MgZn, and Al-AlegBZn3 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 3 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

lv. D. Turkin and M. V. Rumyantsev, 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 2N00°, holding for
8-10 hours and cooling in air. Table 1 gives mechanical properties

Table 1. Mechanical Properties of Alloy VALA4
in Poured and Heat Treated State

'. l ‘

State of alloy K j 2 K

Without hardening, natural aging 10 days ; 2,7 3.0

Artificial aging: 200° (8 h) 2,8 2.1

Hardening by regime: 580° (5 h), cooling in water 2.3 8,2
heated to 60-80° i

Hardening by regimes 580° (5 h), cooling in air; | 30,0 3.5
aging 1209, 8 h |

Hardening by regime: 580° (5 h), cooling in water ! 3.7 2,5
aging at 120%, 8 h '

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 Alioys

Make of alioy | State of | Mechanical properties, rot less than .
alloy : o ) HB
ke/a? _ # ke/mn’
BA4 Cast 2 3 0
BAJM4 T4 30 2 LY
A2 Cast 15 2 50
AJI3 5 21 — )
AJlS T8 ' 20 - L,
A8 Cast 15 1 4
AN T5 2 3 65
A8 T4 28 9 60
A9 75 . 20 2 60
A3 Cast 18 | 55
Microstructure

Microstructure of the alloy in cast state consists of grains of
solid solution, on the borders of which in small quantity are

located phase Man2 and 1mpurities'(Figs. 2 and 3). After heat
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. /q Fig. 2. Alloy VALY in
) ‘ : . 3 poured state. Etching
. by reagent 0.5% HF,

- L x200.

f

. 4
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Fig. 3. Alloy VAL4 in poured state. Etching
by Keller reagent. a) «12C, b) x800.

treatment phase Man2 is not observed, and the quantity of phase T
conslderably decreases.

Technological Properties

Fluidity of alloy VAIA4, 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 [AL7] (A7) 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 Table 3, inclination to creck formation of
alloy VAIA is less than for al.oys AL1, AL8 and AL7.

~ Table 3. Hot-Shortness of Aluminum Alloys

Alloy Width of ring Alloy Width of ring
= mm mm
Al 7S A9 ) M cracks
AT 35.0 A2 The sume
AJI8 25 BA4 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 1is
observeld 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 %O 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 VALY on the section of a casting is shown in Fig. 4. From
the graph it 1s clear that a fall of mechanical properties with a
change of section from 15 to 60 mm is 10-20%,

o2
k
.g/“ =

2‘ —= - o

= ——— el

z e =

5 1

5 m——

4 —r —

” 15 J2 4§ [ '

Thickness of section of castiis is B8 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 alumianum 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
corrosicn. 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 VAL
nas the structure of a solid solution. A test of the alloy for
corrosion resistance was conducted in a solution of 3% sodium
chlorida 40.1% H,0,.

After three month holding mechanical properties of samples were
determined. Tests showed that corrosion resistance of alloy VALY
1s close ito the corrosion resistance of AL2 and AL13% 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.

Airtightness

Tests for airtightness were conducted on cylindrical .smples
with a diameter of 37 mm, height 57 mm, thickness of wall 3 mm
on a hydraulic press devzloping a pressdre to 300 atm. As all
wide-interval alloys, alloy VAL4 did not give high indices for
airtightness: 1t sustains without leak a pressure of not more than
60-80 atm. Thus, airtightness of alloy VAL4 is the same as for
alloys AL7 and ALR,

Testing of Alloy in Industrial Conditions

Testing of allcy VAL4 at the plants pevmitted 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 reauire great
accuracy during machining, they previously were cest 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 ALY by alloy VALY permitted
positive solution of the question of machining of parts, where it ues
revealed that alloy VAI4 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 cne 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 steble 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 VAI4 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 possitle to replace "hardening in
water" by "hardening in air," and natural aging of the alloy by
artificial at 200° for 8-10 hours. During develiopment of alloy
VALY 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 nad to appear
difficulties connected with certain peculiaritics of the alloy:
wide interval of crystallization, presence of light-oxidized
comnonents of magnesium and zinc, inclination to crack formaticn.
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 allcy VALY 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 VALY of the system Al-Mg-Zn, which in mechanical
properties exceeds in poured and heat treated state such standard
aluminum alloys, as AL2, AL6, AL13, 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 resbonds 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 castingf’aluminum-magnesium alloys
[AL8] (AlI8) and AIA13 are used.

In recent years a new aluminum-magnesium alloy, [VI11-3]
(BM11-3),' was developed for casting under pressure, and a group of
Leningrad specialists has offered alloy [45Mg2] (45Mr2)2 for

manufacture of shaped castings in sand and metallic forms.

Increasing reguirements of industry have conditioned a search
for new aluminum-magnesium alloys possessing raised mechanical ana
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, QPrrosion, casting and certain

17, F, Kclobnev, 0. B, Lotareva, Collection "Advanced industrial
technicgl experiment," ITEIN Academy of Sciences of USSR, seri-=s
13, 1950.

2R, N. Gorelik, A, M, Kryukova, Collection "Advanced technology
in fourding," 1956,
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other properties of alloys on an aluminum-magnesium base! 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 Jouble

aluminum-magnesium alloys, tensile strength attains 24-25 kg/mme;
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
microstructure of the investigated alloys.

With an increase of the content of magnesium, in the structure
of the allcys there is an increase of the quantity of the B-phase,
due to the brittleriess 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-mnagnesium 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/'mm2 higher
than tensile strength of an alloy of the same composition in dense

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

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

During study cof the influence of additions of iron ard silicon
on mechanical properties of this alloy it was established that
acdditions 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 Qroﬂ 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 from 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 0.5%, and the upper
limit — 1.0%.

1The work was fulfilled jointly with A, A, Ivankin, K. G. Kovvi
and N, V., Yeremeyevskiy.
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Addition of manganese from 0.2 to 1.0%, titanium from 0.03 tc
0.30%, beryllium from 0.01 to 0.10%, did not render au 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 [AMg7L] (AMn7]1), 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 AMg7L corrosion
resistance and workability by cutting were determined.

Corrcsion tests were conducted by means of submersion of
cylindrical samples for one month in a 3% aqueous solition of sodium
chloride with an 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/m2 hour): for samples made from alloy
AL2 — 0.,0169; for samples made from alloy AMg7L — 0.0022. Thus,
minimum losses of weight under the iniluence of corrosion were
observed for samples made from the new alloy AMgT7L,

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 allioy one will obtain the same cutter stability). During
tests it was established that alloy AMg7L is worked by cutting better
than alloys AL2, AL11 and ALil3.

Differerit parts made by the method of casting under pressure
from alloy AMg7L during industrial testing showed satisfactory
results, During casting usual scooping of the ready alloy from the
delivery furnace was used. Tharnks 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,

630-6600, and the temperature of the press-form within the limits

of 180-2500. iviring casting of small parts it is necessary to use
electrical heatiag of the presses-form.

Alloy for Casting in Sand and Metallic Forms?

Sometimes in industrial conditions for manufacture of castings
in sand and metallic forms it 1s expedient to use aluminum alloys

1In the work of this and the following sections of the article
engineers A, A, Dcdonov, V. A, Yegorov, A. A. Ivankin,
V. S. Xolesnikova, Ye. N, Mikheyeva, M. N, Sarafannva, I, A, Sitnikova
took part,




AT

nct requiring special heat ireatment, as for example eutectic Silumin
AL2, zinc Silumin AIL11 and aluminum-magnesium ailoy AL13. However
alloys AL2 and AL13 have comparatively low mechanical properties,

and AL11 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 fcr shaped casting in sand and
metallic forms was produced by means of alloying an aluminum-magnesium
base (with magnesium content 5 and 7%) by small additions of titanium,
zirconium and beryliium, ensuring modification and lowering of
oxidizability of the alloy.?

Experiments were conducted with application of aluminum of usual
technical cleanness (A0O) and high cleanness [AVC0O] (AB0OO).

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/mm2, relative
elongation near 15% and resilience 5 kgm/cm2.

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 0.3% silicon (or
joint addition of 0.3% each of silicon and iron) dropped 2-3 times

(from 5 to 1.2-2 kgm/cm2). Annealing 400° positively affects plastic
properties of the investigated alloys. For example, for an alloy
poured in chill mold with 7% megnesium and with small additions of
titanium, resilience under the influence of annealing was increased

from 4-5 to 7-9 kgm/cme.

The best comb%nation 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% T.; 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 AVOOO (content of silicon and iron
not more than 0.05% each), and also from aluminum of technical
cleanness AOO (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 7% Mg.




Auring manufacture of castings from alloy AMgoL 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 tre alloy of make AL9 in hardened state, During
compression tests the alloy exceeds by strength alloys AL8, AL4 and
AL9, but yield point on compression is somewhat less than special
Silumin AL4 and AL9.

During casting in sand forms, resif&enee for the zlloy noticeably
dropped as compared to casting in metallic forms. By value of
specific work during impact tension the allcy 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 3 times greater (4.4-4.5 kgm) than for
alloy AL4 (1.5 kgm).

Mechanical prcperties 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

-1940 leads to significant lowering of relative elongation and

relative reduction of area. With an increase of temperature to 500O
indices of mechanical properties are sharply changed: strergth
properties drop approximately 2 times, but plastic groperties
(relative elongation and relative reduction of area) increase almost
3 times.

\

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

Temperature of test in °C

Properties R I
-ml-xoo —eol-w =] 0 |+20]+0f+100l+150]+200}+250[ +a00

Yield point in- [15,513,713,5(13,6{13,913,8/14,1]14,3{13,8 [13,713,3[12,2]| 10.0

kg/mm?

Tensile strengthl22.7 |24,4 (25, 5.125.3J:4.524,925,o 25,7121,7]18.2(14,7 [ 10.4
in kg/m2

r lative elonga-| 2,7] 8.2] 8,8] 9,0 8,7 7,5! 6.9 8.4110,1(11,3( 9.3]15.0]20.7

tion in %

Relative reduc- | 4.5 8.3] 8,5 9.0 9.0 9,5 6,4] 7.3{10,413,716,4[21,4] 19,7

i of area
ok

Resilience in 0,3| 0.4]0,3; 0.4 0,6 0,5, 0,5 0,6{ 0,7}/ 0,7} 0,7/ 0,6] 0,7
kam/om? :

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/m2 hour). Sample. made from the same alloy but manufactured
from aluminum AOO had average losses of weight 0,0388 g/m2 hour,
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whereas loss of weight of samples made from alloy AL4 was O,4157 g/m2
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° (1ength of rod, 254 mm) was less than for alloy AL2,

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

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 2500, mechanical properties (especially
plasticity) drop. This phenomenon is apparently connected with the

fact that at 250° occurs disintegration of the solid soluticon and
separation of a considerable quantity of the f-phase,

After annealing at 350O mechanical properties of investigated
alloys are increased and attain values which are peculiar to the
cast ctate, which apparently is caused by solution of the B-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 1n separate cases the application
of annealing for the purpose of increasing resilience of the new
alloy can be useful, As opiimum 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 ylelds 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
A0O) and high purity (make AVOOO) were used. During the work,
inflvence of harmful impurities of iron and silicon on mechanical

properties and corrosion resistance of aluminum-magnesium aliloys were
studied.

024 >
021 — Fig. 1. Change of
. ‘ corrosion resistance
. 3 /' aluminum-magnesium
Fr (11% Mg) alloys depend-
o _ ing upon content of
S o5 silicon and iron (cast
» ‘Aj 3 ! in metallic molds):
2 on : 1 — with addition of
E ; l l silicon, 2 — with
& 009 i S E—— addition of iron, 3 —
w S;‘ g :, 4 with addition of
@ . |1 silicon and iron
s 006 > \/}r equally.
s Jt

0 005 Q10 015 02 025% St
005 0% 045 02 025% 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/mme; yield point from 21 to 17 kg/mmz;
relative elongation from 25 tn 5% and resilience from 6 to 1.5

kgm/cmz.
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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 : of aluminum-magnesium alloys of high purity, for which
high mechanicsl properties and raised corrosion resistance are
successfully combined.

Influence of Separate Additions of Zirconivua, Titanium,
Beryllium and Manganese

When alloying aluminum-magnesium alloys by zirconium the
following results were obtai..ed.

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 partially explained
by stable break-up of the macro and microstructure of the alloy in
castings under the influence of an addition of zircon®n $,1-0,2%
and more. Small additions of zirconium did not caise a noticeable
change of corrosion resistance of a hardened aluminum-magnesium
alloy. y

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 mechar.ical 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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0500 Fig. 2. Change of
‘ ' corrosion resistance
0,000 of aluminum-magnesium

(11% Mg) alloys
depending on manganese

Losses in weight < /mé hour

- y content: 1 - cast
. [ state, 2 — hardened
gos \Tﬁ : state,
\
0,020 » 2
o ~p Y=
»

000" =02 04 0 08%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 en alloy
of high purity of 0,1% Be and casting it in metallic forms especially

high indices of specific resilierce are obtained, from 12 to 14 kgm/cm?

(Menazhe samples with cuv).

£ 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.i% zirconium
r1 [] and 0.2% beryllium, 4 —
with addition of 0,2
1 2 3 4 zirconium, 0.2% beryllium
and 0.1% titanium;
O - cast state; m —
hardene! state.

=
N

S
g

K)

Losses ir weight g/mé nour
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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, m=2chanical properties
and corcrosion resistance of a large quantity of alloys of different
compoeition on an aluminum-magnesium base permitted selection of
three alloys for industrial testing whose chemical compositions are
given in Table 3.

Table 3. Chemical Composition of New Alloys in %

Impurie
uté‘:{ha.n Make of
Number . mor inivial
5 s Mg Be Zr Ti Mn e
St | Pe | num
11 j9,5—11,510.05—0,15/0,05—0,20,05-0,15] — 0.05]/0.05| ABCOD
,5—11,510,05—0,150,05—0,2/0,05—0.15| — 0.2 [0.2 | A0
2 b.s-nn.s!o.os—o,ns! - ~  fas—o.xsfo2 Jo2 | aw
3 |9.s—u.s|o.os-o,2'|o.os-o.2 - -, o,os|o.os AB00O

1A1loy No. 1, made from aluminum of high
purity of make AVOOO, is designated [AL8U] (AN8Y),
and the same alloy prepared from aluminum of make
A0O, is designated AL3U t.p. (technical purity).

Results of Study of Mechaniceal 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 mechanlcal properties as
compared tc typical properties of alloy ALS8.

Since sluminum-magnesium allioys possess raised resilience as
compared to other cast aluminum alloys, it was interesting to obhtain
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 ihe new ailoys have approximately
the same characteristics of strength and plasticity as alloy ALS,
but the value of specific work expended on destruction of the sample
exceeds it by almost 40%., By value of the shown characteristic the
new alloys 2.5 times exceed casting alloys AL4 and AL13 and highly
durable wrought alloy B95, approaching alloys l1,

[AMg] (AMr) and AMg7.
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Table 5., Mechanical Properties of Alloy.
During Lynamic Tests

Number or make of Shock tension df’;i;ﬁ"gtign
alloys % 3 A an during shock
kg /mm? % % Kem/cph torsion
1 40,0 16,8 n,0 8,1 10.8
2 40,8 2,7 28,5 8,2 3.7
3 41,0 19,9 28,3 8.2 9,4
AL8 with 0,005% Be | 43,6 13.8 19.0 6.9 8.7
A4 -- - - 33 1,5
A3 — _ - 3.3 -
B9 - - - 6.9 5.7
&16 - - - 12,2 8.9
ar - - T— - 9,5 -
AMs7 - - - 9.0 15.6
AMr — = = 9.7 —

/J
For new 8lloys and alloy AL8 are obtained approximately the
same values of energy of destruction during shock torsion
(8.4-10.8 kgm), as for allcy D16 (8.9 kgm) and higher values as
compared to alloy B95 (5.7 kgm).

Results of the Investigation of Mechanical Propcrties
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
practicalilly are not changed, with the exception of the value of

resilience, which drops significantly and at -100° for all investigated
alloys is equal to 0.4-0.5 kgm/cme.

Further lowering of temperature to -194o leads to a certain
increase of the yield point wicth 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 300-3500 all characteristics of plastic
properties of the new alloys were obtained 2-4% times higher than for
alloy ALB, These results give reason to expect good abiiity of the
new alloys for plastic deformatiuvn in a heated state.
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Conclusions

1. The cdeveloped alloy for casting under pressure, containing
6-84 Mg; 0.5-1.0% Si; 0.25-C.6% Mn, the rest Al, in terms of strength
and corrcsion resistance exceeds the widely used allioy AL2 for
casting under pressure,

2. The developed alioy for casting in sand and metaliic forms
contains 6-7% Mg, 0.05-0.1% Be; 0.05-0.15% Ti; 0.05-0.2% Zr; the rest
Al, and it is used without heat treatment.

During manufacture from aluninum of high nurity, strength and
corrosion characteristics of the alloy in cast stale exceed properties
of alloy ALQ and do not yield to alloy AL4 in the heat treated state.

Strength characteristics of the alloy are positively insluenced
by zirconium (0.05-0.2%) and titanium (0.05-0.15%), =nd ccrrosion
fesistggie of the alloy by titanium, beryllium (to 0.2%) and manganese

to O. 5

3. 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 cn aluminuwr of brands AOO and AVO0O, in
terms of construccional strength and corrosion resistance
significantly exceed alloy ALS.




INFLUENCE OF NATURAL AND ARTIFICIAL AGING ON MECHANICAL
PROPERTIES OF PARTS AND SAMPLES MADE
FROM ALLOY AL8!

0. B. Lotarev, N.NP. Stromshaya, and L. I. Loktionov

Alloy [AL8] (AN8) is subjected to hardening for the purpose of
converting into solid solution phase Mg5A18, which is barely soluble

at room temperature, After hardening the alloy constitutes a
supersaturated sovlid solution. Being in o 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 others?
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 14% 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 thegf influence of natural aging during prolonged
intervals 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. Karelnv participated in the work,

2y, 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 (¢ 3-5 mm)
or flat samples were cut,

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

s -
Lo - == - =p1I RS

-p -- - - a—

25 02, %0

Time of natural aging 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 ¢ 5 mm, > — the
same, ¢ 3 mm, 4 — according to
technical specifications.

From the graphs it is clear tha" tensile strength and lergthening
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 properiies 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; 0.20% 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/mmg), and lengthening remains practically without
change.
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Table 1. Mechanical Properties of Alloy AL8 after Hardening and Aging

o
b 6
State of alloy kg/mmg %
Immediately after hardening P 12.9
Hardening and natural aging 1 month 36,2 14,2
Hardening and natural aging 8 months 44,0 13.12
Hardening +100° (3 hours) and natural aging 1 month 37.0 13.0
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
Artificial Aging ana Holding at Room Temperature
op | ;
State of alloy kg/mmg %
Immediately after hardening 39.0 24,2
Hardening and artificial aging at 100° (3 hours) 4o.4 21.9
Hardening and artificial aging at 115° (3 hours) 40.8 | 25.6
Hardening and artificial aging at 125° (3 hours) 40.2 | 26.0
Hardening and artificial aging at 150° {3 hours) ha .3 é 25.8
Hardening and artificial aging at 175° (3 hours) 32,0 | 14,0
|
Hardening and artificial aging at 200° (3 hours) 4.8 | 1.9
Hardening and artificial aging at 250° (3 hours) 27 .5 0.5
Hardening and artificial aging at 300° (3 hours) 24,7 0.5
Hardening and artificial aging at 100° (3 hours). 46,14 ; 15.4
Tested 1 year later after holding at room !
temperature :
|
Hardening and artifigial aging at 100° (3 hours). 4y7.0 ° 10.9
Tested 1.5 year later after holding at room
temperature !
Hardening and artificial aging at 125° (3 hours), 4y 6 19.3
Tested 10 months later after holding at room temperature
Hardening und artificial aging at 125° (3 hours). 46.7 14,7
Tested 1.5 year later after holding at room temperature |
Hardening and natural aging for 1.5 years 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-Z2n with beryllium and titanium
(Table 2) after artificial aging at 100, 115, 125 and 150° tensile
strength and lengthening are somewhat incredsed.

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

The same 1s observed during hold of alloy artificially aged at
125° (3 hours): after 1.5 years of aging tensile strength attains

46.7 kg/hme, and lengthening descends to 14.7%4. After natural aging
of this alloy for 1.5 years without preliminary artificial acing

tensile strength of the alloy is equal to 46 kg/mmz, but lengthening
is then only 5.5%.

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 AILS8.

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

(3 hcurs) and 150° (3 hours) permits one for 1.5 years to preserve
lengthening of hardened alloy Al-Mg-“n at a level of 50-60% of the
initial value of this characteristic.
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INFLUENCE OF HEATING ON PRCPERTIES OF PARTS MADE FROM
ALLOY AI8

S. G. Glazunov and 0. B. Lotareva

One of the characteristid 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/mm2 and lengthening 0-1%; after heat treatment
(neating at 430°, holding 10-20 hours, cooling in water) tensile
strength increases to 28-35 kg/mm2 with lengthening 9-20%.

Low properties of the cast alloy are explained by the presence of
a brittle phase B(A18Mg5) or, as certain authors consider, MggAlj,

which is on the borders of grains. During prolonged heating during
heat treatment the B-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 MgQSi, whose

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

Fig. 1. Microstructure
of alloy AL8 after
hardening; X200, Etching

by a reagent of 10 cm3 HF',

15 cm HC1l, 90 cm H O

GRAP:1S NOT
REPwu.. GiBLE
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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, Ic¢ is known that
the solid solution of magnesium in aluminum obte&ined Ly 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 rroperties,
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, 1s 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 cm3 HF, 15 cm” HC1,
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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
harderniing under usual conditions. During investigation of the
microstructure of this part it turned<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>