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THE EFFECT OF TERNARY INTERMETALLIC GOMPOUNDS ON TEHE
HEAT RESISTANCE OF DEFORMED ALUMINUM ALLOYS

- / This is a translation of an article
Written by B. K. Vul!'f and M. N. Chernov in
Tzvestiya Vysshikh Uchebnyki Zavedenly,
Tsvetnaya Metallurgily, (News of Higher Edu-
cational Institutions, Nonferrous Metellurgy),
No. 2, Ordzhonikidze, 1960, pages 147-152;5

In one of the preceding works (1) the authors inves-
tigated the effeoct of the ternary canpound - £ (Mg:Al.Cr) on the

heet resistance of deformed aluminum alloys and_demonstratedA:

the possibility of obtaining alloys which are characterized
by significant long-term resistance. . :
The present investigation is dedicated to the further
development of work in this direction and has as its goal ,
the determination of the high-temperature hardness of certain
ternary intermetallic aluminum-containing compounds &nd &n
explanation of their effect on the short- and long-term re-
sistance of extruded aluminum alloys. 0
Seven ternary intermetallic compounds were prepare
according to & method descriBed previously (2). Their com-
position according to the. results of a chemlcal analysis
and their extrusicn parameters are shown in Table 1,

Table 1

Compositions and extrusion paremeters of ternary inter-
metallic compounds . .
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Before testing, the ternary compcunds were made homo-
geneous by heating the MgAlCr and MgZnAl, at 4000 for
10 days and the others at 5000, after which the alloys were
gradually cooled to room temperaiure over & 24 hour period.

A getermination of the microhardness at different
temreratures was made using the methed of Academicilen 4. A.
Rochvar {3) on an anparatus developed at the INMASh of the
Academy of Sciences USSR and the VIAM. The time of exrosure
to the_indentor was 30 seconds and 60 minutes with a locad
of 50 g; the testing temperatures were 200 and 300°, The
test date are shown in Tsble 2 in ebsolute units and in
percentages; the hardness values are averages from four to
five determinations. _

The dats in the following Table 2 are quite inter-~
esting, characterizing to & certain extent the long-term
heat resistsnce of terrary compounds. The compoundMgAlLCr (E)
possesses the greatest long-term herdness but the coumpounds
CusAlNi (t), MgiZnyAly (T) and ALFeNi (3) decrease their high temrera-
ture hardness approximately twofold.

Tahle 2

Microhardness of ternary intermetallic compounds at
20° and 3000 '

Microhardness, kg/mme

Compound ;35-4 Degregse In Decregse in
. %2 sec Msec Ardness somin faraness
(¢} - % 0 bgae %
‘- ' - .i eg ;;....._._... - u%gt -
AR IE AL R AR A Ak 2
Mg,ZnAl M5 | 25 am | g | dor - B4 | 80
Il . st | s® | ss | 28 | 38 ¢ 4 | no.
1 StaMn, (7) w0 | 4 |3 | 23 | o7 | 21
ny Ni(X) 33 | 7 | % @ 105 | 7% | 48
e Ni(3) {" 850 ! 712 : 148 172 414 208 | 4138

These date may serve as a useful guide for the deve-
lcpment of heat-resistent ailoys of the metal-ternary inter-
metallic compound type for use under conditions of long-
term lcadinge.

The hardness at varicus termperatures had been deter-
mined previcusly for certain ternary compounds (4}. The re-
sults, irn compariscn to those obteined Irn the present study,
were higher in all cases grobably because in reference (4)

g smaller 1oad (10 g) was used on the indentor because of

fear of disintesration. Our exgeriments showed that a load
of 80 g, which made it possible to measure with greater ac-
curacy, could be useéd even at 300° since at this temperature
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all the ternary compounds studied are quite sufficiently |
ductile to ezclude disintegration rhenomena.
The substantial high temgerature hardness of some

of the ternary compounds studied made it possible to pro-
rose the rossibllity of using them for increasing the heat
resistance of aluminum alloys.

" Tp eoprder to test this, 46 experimental glleoy svstems
were prepared:

Al—Cu,AlmMn;, With compositions up to 209, of ternﬁry compound

Al—Mg.ZnsAh " 390, ”

Al—-Mg,Al,,Cr " 179 "

Al—Al,SisMn, ) 1] .

Al—A‘mMﬂnNh )

Al—AlFeNi n 16% "
¥ 13% "

The earmosition of the alleovws is given in Teble 3.

The ternarv compounds in these alloys are found in
equilibrivm with the corresyonding ternary solid solutions.
For this reason the amount of alleyed elements in the alloys
«f certain svstemsz dnes not quite corresrond to the componsie
tion of the terraryv compound; the rercentage of the latter
i eanlculsted in such cases according to the content cf the
element vresent in least amcunt.

The solubility of various compounds in solid alumirunm
1s not uniform. Sc, for example, the solvbility of the com-.
pounds ALSiMn, {5}, AlMn,Ni,[6] and  ALFeNi  is guite insignificant
ir view of the fact that solid solution reglons are practi-
celly ahsent in the correspcnding ternary composition dia~-
grams, Temyered alloys of these systems do not harden uron
subsequent aging. In the system Al—-CuwAlNil§] a certain hard-
ening avpears uvon aging, however the solubility of the
terrart compound in aliuminum apparently is also quite smelly
all alievs containing more than two rer cent terrary com-
nound after & 4f-hour heat soak at 510C and subsequent tem-
rering had a two-phase structure.

On the other hand, the solubility of the ternary com-
pounds Cu, Al,sMn;, Mg.AlL,Cr and MgZnAly in solid aluminum ir- L
creased notlceably with increased temrerature. The values A
of the specific solubility of the alloying elements in the S
alumirum, according to the sections studled, are given in
Table 4. '
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The method for melting and extruding the experimental
samrles was described in reference (2)., For testing the
1wat resistance of the extruded vars, Gagarin - type samples
were cut, tempered and aged artificlally before testing.

The temuering tempersturs was selected tc be 200-300 lower
tharn the solidus temperature, and varied from 420° to 600C
for dirferent alloye. .

Only alloys of the Al—CwAlNi and Al-MgZmAl, systems
were ageds for these an effect of increased hardness upon
aging had been observed esrliier (2}, Alloys of the first of
these svystems, after tempering, were heated for 60 hours at
180°; gllovs cf the second system were heated for 47 hours
at 160°, which corresponded to the optimal aging conditions,.

Determination of the heat resistence consisted of
shert term and long term tests under elcngation at 300°,

The short term tests were cerried ocut by the standard method
determining the resistance limit () and the specific elon-
patier (3) lengthwise 4 =54 . Tests of long term_resistence
were cerried ocut &s a rule under & load of 4 kg/mm® with a
determiration of the time elapsing untll fracture () . The
results are shown in Fig, 1-8, Zach value determined was

the averaize from thres teésts, :

Yo dilzgrams are shown for the Al—ALSIMn, gsystem since
the heat resistence of these alloys is gquite low; their short
term resistence at 3000 was about 6 kg/mm® and elapsed time
before fracture under a load of 3 kg/mm® was less tharn cne
hour for all of the samyles.

it s zessible to draw a number of conclusiors from
an analwsis of the results obbained.

In all the systems studled the heat resistance of the
g Ineressed vp te a certaln lirit of ternery interme-
¢ compound content, :

in the Al—MgZnAl, Al—CusAl:oMn;n Al—Mg:AlL.Cr.  systems, which
sre charscterized by noticeable solubility of the terrary
cempound In aluminum, & maximum long term resistance was
recched st a pariticular composition., This meximuw is found
in slloys in whose structure there are, after tempering, sc-
1i¢ sclivtions that can undergo dispersion hardening (which
alsc explains their hardening effect on aging). At the long-
term resistance test temperature (300°) such allevs (Yos. 4,
20 and 25) must have & retercgenecus tworhase structure, ac-
cording to the data of Table 4, This is in agreement with
the charscteristic regularities in heat resistance variation
thet were determined in references (12-14) where it was shown
thet alloys with maximum heat resistasnce at high temrerastures
sre Tound in the region of unsaturated solld solutions, those
with waximmm heat resistance at average temperatures corres-
vend to the area where the saturstlon limit has been reached
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and those with maximum heat resistance at lower temperatures
1ie in the two-phase region of the composition dlagram.
Aprarently alloys 4, 20 and 25 which we studied correspond
to the lest case since they show a maximum heat resistance
while possessing a heterogeneous structure (Figs. 7, 8 &nd
9). /not shown_/.
resistance limit kg/mm?

e FS, :
—— e\.&_- Le s a

Cuy Algg lng, % by wt.

Fig, 1 - Relationship of the heat resistance of the alloys
Al-Cughlggling to composition, Tests were made of the
short-term resistance at 3500, long-term resistance at 300°
with & load of ¢ kg/mn®
g/ 2imit kg/mm?
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Cu, AlgNi % by wt.
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Fig, 2 - Relaticnship of the heat resistance of the
elloys Al-CugAly Ki to camposition., Tests were
made of the shorf-term resistance at 300°, long-
term resistance at 3000 with a load of 4 kg/mm
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3 - Relationship of the heat resistance of the
alloys Al-MgyZnzAls to composition. Tests were
made of the short-%enm resistance at 300°, long=-
term resistance at 3000, with & load of 4 kg/mm?
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4 - Relationship of the heat resistance of the
alloys Al-MgoAlioCr to composition. Tests were made
of the short-term resistance at 3000, long-term re-
sistance at 3000 with a 1oad of 4 kg/um2




nee

limit kg/mn2

=TT
No. of alloy

Bora s
é: ,

resista

~
5

pi 0 _0:.":3T ;:
AlgghingiNi, % by wt.

——

* Fig, 5 - Relationship of the heat resistance of the alloys
Al=Algqiing iy to composlition. ests were made of
the short-%erm resistance at 3009, long-term resis-
tance at 3000 with a losd of 4 kg/mm<2.
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Fig, 6 - Relationship of the heat resistance of the allovs
A1-A1,FeNi to composition. Tests were made of the
shortoterm resistance at 3000, long=-term resistance
at 2700 with a load of 3 kg/mm '

This does not contradict the work of M. V. Zakharov
(15) who showed that in a number of cases the greatest heat
resistence was encountered in slightly heterogeneous ternary
alloys 1lying in the quasi-binary sectlons or close by.

Fer various systems of this type the higher the maxl-
mum of long-term resistance, the greater the high-temperature
hardness ~f the ternary compound and the less the relative
decprease in the latter upon increasing the time of exposure
to the indentor. :

In the remeining systems studied, which are character-
ized by the absence of noticeable regsions of solid solutlons,
the long teram resistance increased linearly with the increasse

in ternary compound content in the alloy. .

8




The greatest values for short term resistance at 3000

were obtained with alloy No 14 of the Al=CuzAl;Ni system

(

g = 22kg/mm2; 8 £ 17%), and allogs Nos, 19-21 of the
Al-NgyZnzAl, system (8g = 35 kg/mm<;
significantly

8 - 9-11%), exceeding
the resistance of standard heat~-resistant de-

forme% alloys (Ak 4-1, VD 17) for which at 3000 &g = 16-17
mm

and o7 = 8¢21%. :
Alloy No 25 of the Al=MgoAl,oCr system had_the greate-

est long-term resistance ; with a Ioad of 4 kg/mm® and a
temperature of 3000 it Rheld for more than 250 hours before
frecturing.

heat resistance under the

1.

2.

Se

- Alloys of t he Al-A1%81 Mn , gzstem showed the lowest
est conditions.

Bibliography

B. K. Vul'f, M., N. Chernov. ZhNKh AN 8SSR, (Journal of
Inorganic Chemistry of the Academy of Sciences USSR,

Vol 1, 158 (1956)

B, X. Vul!'f, M. N. Chernov, Izv, VUZ, Tsvetnaya lMetal-
lurgiya, (News of Higher Educational Institutions, Non-
ferrous Metallurgy), No 4, 153 (1958)

A, A. Bochvar Izv. AN SSSR, OTN, (News of the 4Academy of
Sciences USSR, Department of Technical Sciences), No 10,
19047, ‘ .

G. V. Zakharova, Sb Metody kontrolya mettalov u splavov
(Collection of methods for control of metals and alloyss,
Oborongiz, 1951 -

H, Bfickle, Aluminium - Arch., 13, 1 (1938)

G, Raynor. J. Inst, Metals, 70, 507, (1944)

G. Raynor, P. Pfeil. J, I'st. Metals, 73, 397, (1947)

D. A. Petrov Voprosy teorii splavov alyuminiya. (Questions
on the theory of aluminum alloys), Metallurgizdat 1951
W, Hofmenn, Z. Metallkunde, 41, (12) 477 (1950)

W, Hofmann, R, Herzer, Metallwirtschaft, 19, 141, (1940)
V. I. likheyeva, Splavy magniya s alyuminiyem u tsenkom.
(Magnesium alloys with aluminum and zinc., Publ., House of
Academy of Sciences USSR), Izd AN SSSR 1946,

I, I. Kornilov, L. I. Pryakhina. Izv. AN SSSR, OTN (News
of the Academy of Sciences USSR, Depa rtment of Technical
Sciences), No 9, 85 (1954)

I. I. Kornilov, V. V. Kosmodem'yanskiy, Izv, AN SSSR OTN
(News of the Academy of Sciences USSR, Department of
Technical Sciences), No 2, 90, 1955,




14,

15.

SOV

I. I. Kornilov, F. M. Titov, Izv, AN SSSR, OTN (News
of the Academy of Sciences USSR, Department of Tech~

nical Sciences), No 10, 117 (1956)
M. V. Zakharov. 8b, Prochnost‘ metallov, Izd AN SSSR,
(Resistance of metals, collected data, Publ, House of

Academy of Sciences USSR, 1956.

END

$ 1032 10




FOR REASONS OF SPEED AND ECSNOMY
THIS REPORT BAS BEEN REPRODUCED
ELECTRONICALLY DIRECTLY FROM OUR -

CONTRACTOR'S TYPESCRIPT

THIS PUBLICATICN WAS PREPARED UNDER CONTRACT TO THE
UNITED. STATES JOINT PUBLICATIONS RESEARCH SERVICE
A FEDERAL GOVERNMENT ORGANIZATION ESTABLISHED
TO SERVICE THE TRANSLATION AND RESEARCHE NEEDS
OF THE VARIOUS GOVERNMENT DEPARTMENTS




