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CHAPTER VIT

EXAMINATION OF THE HEAT RESISTANCE OF ALLOYS OF THE SYSTEM . -
o Al-Cu-Ng-Si~tn-Cr=Ti AND OTHERS ‘

1. Fundamental Concepts Used As Basis For the Development-
. of the AL20 Alloy*-

It was shown in the study of V., A. Livanov, D. A. Petrov, V. P. Kozlove
skaya and Ye., I. Kutaytseva, carried out in 1944, that an alloy of the system
Al-Cu-Mg on a base of solid aluminum solution and containing copper and
pagnesium in quantities corresponding to the ratio of these elements in the
S(A12CuMg) phase has the highest short time heat resistance of all the allays
of this sybtem at temperatures of 250-300°C. Thereforse 'an alloy with a cone
tent of up to 5% copper and 1.7% Mg was taken as the basis for the develop=-
ment of a new super alloy intended for prolonged operation at 250-300°C. A
higher content of these components will lead to a reduction of the alloy!s
ductility.

Alloys of this system cannot have good casting properties because thelr
base 1s a solid solution. A definite amount of a eutectic (not less than 30%)
is needed for improving their casting properties. The examined alloys were
alloyed with silicon for this purpose. It was assumed that elementary silican
would sharply lower the alloy's heat resistance, therefore it should parti=-
cipate in the formation of stable phases of a complex composition,|

The investigations showed that the most heat resistant phases containe-
ing a silicon are the phases AlcSiFe, AljSizFe and W (AlgSigiigsFe). In order
to form these phases, iron in rgtios corresponding to the compdsition of the
AljsiFe phase or the phases indicated above has to be jointly introduced with
the silicon into alloys of the system Al-Cu-Mg. The content of each of them
ihould not exceed 2% because in a contrary case the alloy's ductility is

owered. o ' . -

* In addition to I. F. Kolobnev, D. A. Petrov, G. V. Zakharova, A. V.
Korobkov and V. N. Ozepetskovskiy participated in the development of the
AL20 alloy'. : :
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"made use of for reducing

Alloying with small additdions of manganese, chromium and titanium was
the structure and increasing the alloy's ductility.

These addition can also cause an increase in the heat resistance.

The chemical composition of the examined alloys is given in Table 70.
The test specimens of standard shape were prepared by the usual method with
the use of A00 grade aluminum. The test rosults are given in Table 7l. The
ultimate strength of the alloy increases in both the cast as well as the
heat treated states with an increase in the copper and magnesium content.
But the test samples of alloys of the system Al-Cu~ig are more stable in the
heat treated condition than in the cast., It should be noted that alloys con=
taining silicon and iron in a ratlo correspording to the composition of the
AlcSiFe phase have a high heat resistance in the cast state. Alloys with a
higher silicon content have a decreased heat resistance which is associated

with the presence of elementary silicon in them.
Table 70

Chemical composition of the examined alloys

;0(4{_) ) (2) _Conepwanye, %. ocTanbHoe anoMuui
cnaand | cu | Mg sl Fe NI T | Cr Mn
o1 2,22 0,76 — —_— —_— — — —

2 | 3. L2 | — — _ — - —
3 4,46 1,67 — — -— — —_ —_
4 2,11 0,90 1,35 |- 1,37 — — — —_
5 3,32 1,32 1,81 1,52 — —_ ,— -_
6 4,6 1,75 1,42 1,45 — —_ — —
7 3,78 1,25 1,25 1,31 —_ 0,2 —_— —_—
8 4,44 1,65 1,26 1,14 — 0,2 —_ —
9 3,53 1,30 1,27 1,30 _ —_— 0,2 0,18
10 4,20 1,66 1,37 1,23 — — 0,25 | 0,29
11 3,03 1,27 2,85 1,35 — — — —_—
12 3,03 1,24 5,37 1,55 —_ — — —
13 3,22 1,14 110,39 1,25 2 Moanduusposansslit
14 3,18 1,2l | 10,25 1,25 HemoaudHuuposanHbtii

(%2 TMpHMEeYaRHR, 1. B cnnansst Ne 1—9 wmenw H maruu! poGamstin B COOTHOWEHHAX
pa3oBAHHA basm S (Al;MgCu),

Al ngE cnnanss Nt 10—14 ene3o W KpeMuuit ROGaBARIOTCSH B COOTHOUWEHHAX o6pazopannn das

] . .

l--Alloy number; 2--content, % with aluminum remainder; Fm=raodi-
fied; Ue-unmodified; 5--Notes. 1. Copper and magnesium was ad=-
ded to alloys 1-9 in ratios corresponding to the formation of

the S(AlpMgCu).phase. 2. Iron and silicon was added to alloys

10-14 in ratios corresponding to the formation of the AlpSiFe
phase.

Key:
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The data in Table 72 attest to the fact that alloys 7, 8, 9 and 10
"have completely satisfactory mechanical properties at room and elevated
temperatures in the cast and heat treated states; alloy No 7 is the most
ductile, it was therefore taken as the base for the new alloy under the
designation AL20 (V14A) and it was checked for ultimate strength at 250°C.

(whe following composition for the AL20 alloy was established as the re=-

sult of an all inclusive investigation. 3.5=4.5% Cu, 0.7-1.2% Mg, 1l.5-2% Si,
1.2-1.7% Fe, 0.2=0.3% ¥Mn, 0.1=0,18 Cr and 0.1-1.18% Ti with the remainder
being aluminum/.’j =/ g (f

In ratio of the basic components of copper, magnesium and silicon the

AL20 alloy is found [2] in the region !n+ S - Mg,Si = CuAlz of the two dime

ensional cross section diagram of the tetrahedron Al-Cu-Si-lMg (at 90% Al)
shown on Figure 9l.

It was established that the AL20 alloy with an addition of manganese,

chromium and titanium has a higher heat resistance but the ductility of this
alloy is lower than that with an addition of titanium,

Changes in small additions do not have any essential effects upon the en-
gineering properties of the alloy.

‘Table 71
~ Mechanical properties of the alloys as a function of
P Y
temperature and composition
(2) Cocrosiiie cnaana
' AHTOE BalﬂneIIHOC(I¢)CTCCTDCIIIIO J:\KGJICHIIOS 9I)IICKYCCTDCHHO
(l) ( 5) cocTapenioe .COCTBDCHI(OC
] ANUTEN D JIHTE b q JHTeN b
R e R R s N
_ & npu 20° C npn 200° C npi 20 npu 300° C pu 20° C npy 300° C
‘:)' ob .- " ua’:’p':!me °b - H na:';‘):)xe- ob . o H ua'r‘lmme-
2 | xe/umt « % | 6 kefumt xe/mmt | % % | 6 ke/mm? Kxe/Mm? » % | 6 xo/unt
qac. wac, qac. -
- 1 12 1,37 1,83 | 19,6 | 5,58 6 19,8 | 2,4 9
2 13,7 1 0,75 14,3 20,8 | 1,3 33,5 23,6 | 1,2 44,6
3 15,4 | 0,27 23,3 22,5 | 1,43 45 22,5 { 0,75 72,6
4 18,8 | 2,1 27,1 21,4 | 3,86 31,5 25,1 —_— 65,7 ,
5 19,9 | 1,9 66,7 21,6 | 2,4 70 24,6 | 1,5 69,3
.61 20,0 0,9 94,5 22,7 | 0,96 82,7 28,4 {0,3 78,7
7 18,8 | 1,57 13! 25,9 | 1,8 113,3 28 11 103
8 | 20,4 1,33 148 23,4 | 2,18 138 34,4 { 0,85 121
91222 11,0 | 128 25,6 | 1,4 115 26 1,2 108
10 19,9 | 0,8 157 22,7 10,8 134 27,4 10,7 116
11 16,9 | 0,45 34 25,6 | 1,1 33,3 20,9 | 0,5 20,8
12 18,7 10,5 . 38 19,85 — 31,8 24,0 | 0,48 20
13 16,7 | 0,7 28 20,6 1,0 15 17,7 — 27,3
14 18,9 |1 0,5 59 19,9 { 0,8 24 17,0 | 0,2 16

Key: l-=Alloy number; 2--Condition of alloy; 3==Cast; 4--mechanical
properties at 20°C; S--duration of testing at 200°C and load of
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Key to Table 71 (continued)

6 kg/mm? hours. 6-=hardened and naturally aged 7==mechanical propere’
ties at 20°C; 8--duration of testing at 300°C and load of 6 kg/mm?,

hours; 9-=hardened and artificially aged; lO--mechanica} pﬁopertles at
20°C; ll--duration of testing at 300°C and load of 6 hours.

The AL20 alloy is almost a unique alloy which contains up to 1.7% Fe
as the basic alloying constituent. Hence its application in industry pro-
motes a wider use of secondary alloys and industrial scrap which has been
contaminated with iron.

Tables 72-74 give the mechanical characteristics of the ALZ20 alloy as
a function of its condition. The heat resistance of the AL20 alloy is ade=-
quately high in both the cast as well as in the hardened and artificially
aged states. It should be noted that during short time tensile testing the
alloy in heat treated condition has a superiority over the cast alloy only
up to 250°C. At higher temperatures the tensile strength of the AL20 alloy
in both states is practically identical whereas the yleld stress in the heat
treated condition is higher at all test temperatures. This is a character-
istic peculiarity for all multicomponent alloys with a strongly alloyed solid
solution.

_&o 7S ¢« T 3 (e
'MG%h

‘ R fs\fm \VW"\TV'V Waﬂyz

w ~ W‘
‘x ‘w\\\!’ //
W w

& A (i

LUALy

Figure 91. Two dimensional diagram for 90% Al of the tetrahedron
Al-Si-Cu-Mge - 144 -




Table 72

- Duration of testing in hours of individually cast test
specimens of AL20 alloy

(9) CocToRHie cnnana

i (1) (2) autoe (5 >.' 3aKajeHHO® W HCKYCCTBEH!NO COCTapenHoe
i

: /6]
Howep ;Q)umecxue’cnoncma M,,Tegﬁlc,b Mexmmugcxzeoceoncna ANNTERLHOCTD
cnnapa - mpu 20°C HenpiTan it npu 20°C HenbiTaki it
npu 250° C npu 250° C
0,=19 Kx2/um? 9= 8 K2/um*

%b
qac. » qac.
Ke/ MM

%
K2/mM®

&
B3
&
B3

100*
100*
100*
100*
100*

100*
100*
100*
96
100*

- 20
18,2
18,3

—
W3 w

7
8
8

— o
W™

NN
b O

i
T

NN A LN —

(8)‘ O6pasun Guinm CHsiTh Ge3 pa3pYINEHHA 1 MepesefieHb HA CAERYICUIee KANDKenie.

.

fe-duration of testing at 250°C, Op = 9 kg/mm?, hours;
5-=hardened and artificially aged; 6--mechanical propepties

at 20°C; 7-=duration of testing at 250°C, @3, + 8 kg/m“, hours;
8-~%* The test specimens were removed without failure and then
carried over to the following load; 9=~Condition of alloy.

" Table 73

Short time testing 'of ALZO‘alloy

(13 | ’ (2) CocTosHNe cnaapa

SaKaNeHHHLA H HCKYCCTBCHRO COCTapeHHbIft (4)
=

o
~~
&
A

]

=

3

=

HCNLITAHHA,
K2/ mm?

E, xe/unt|’
K2/mu

X

Ke/mu?

K2/ mm®

E., xe/uxm

x| e
g3 o
® o

%
4 %
0,2

£SO
©

Temnepatypa
5,

K2/ um?
5 %
%

.
o

7070
7035
6670
6590
6300
6020

i 20

0 {13,88(7590/23,6 | 23,8
5 |15,25/763521,75] 22,0
0 |14,40]6855|20,6 | 20,8
8 12,20/6715(20,8 (21,2
2 3
9 0

-ﬁ-c'a-mootom

1
; 100 |}
150 | !
! 200 |1
i 250 {

i . 8,9 |6585/14,9 [ 15,
i 300

5,9 (6300;12,7 |13,

voocooo
[

==

— a3 00 — O
—=
co
o

—

—C ~ O 1O

OOV OO

Key: le=Test temperature; °C; 2--condition of alloy; 3=~cast;
LJehardened and artificially aged.

Key: l==Alloy number; 2--Cast; 3=--mechanical properties at 20°C;
- 145 -
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Table 74

Ultimate strength of AL20 and other alloys al 300°C
(Individually cast test specimens)

(1) () e e eapunt, e . ocTom
Mapka cnnasa
2. B | e
A " 89 125¢ 114
A3 ‘ 5 4 4
AJl5 5 8 11
All4 1 (6) Paspyummncs npu Harpymenui:
AJ120 140 125* - l ’ 115

(Z NMpumewanne, Cnnas AJI20 Tepunuecku o6paGareindai 10 PEXHMY: Harpen nog sakanky
M 515° C p Teuexne 3 yac,; 3aKanKa B Boje; CTapehue npH 250° C » Teuewno 10 €ac.

(8) ® CHaTe 6e3 pa3pylucHus,

Key: l=-=Designation of alloy; 2--Duration of testing to failure at
a load of 6 kg/mmz. hours, in condition; 3--cast; Yhardened;
5--hardened and aged; 6--Failed at load of; 7--Note. The AL20
alloy was heat treated according %o the regime: heating to
below hardening at 515°C for 3 hours; water quenching; aging
at 250°C for 10 hours; 8--* Removed without failure.

2. Heat Treatment Conditions For the AL20 Alloy

The optirmum heat treatment conditions were selected not for the purpose
of obtaining casting with a maximum strength but rather for assuring minimun
volumetric changes in the parts during their service at elevated temperatures.
In this case hardening and aging with the attainment of a maximum strength
are hamful-

"The mechanical properties as a function of heat treatment conditions are
given\in @ablq 75. [ The best heat treating regime is show?ﬂin Figure 92.

AR //\ | 4
| “ |

518

o N

\(\——4 |V

Figure 92. Heating and cooling curve for the AI20 alloy.
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' The heating +0 below hardening was gradual; 2-3 hours at 500°C, then
2=3 hours at 515%. Under conditions of slow heating to 525°C one step
heating will also assure high properties. Water quenching was at 80-100°C,
Aging at 250°C for 10 hours. . o

This heat treating regime assures (for individually cast test specimens)

Mechanical properties of AL20 alloy as function of - -

heat treatment conditions

a tensile strength of 25 kg mm? and a relative elongation of 1.5%

.:Table 75

(1) ’ (Z)Mexauuqecxuc cooficTna
Pexcum Tepmuucckoft o6paGoTs 0y Ke/HN? : 5 %
 (3) Mwron . e e e e e 18,3 1,1
(&) Turoit 4 omxur npu 250° C B Tevenne 3 vac. . . 18,2 1,0
(5) Jlutoft - omsxur npi 250° C b Teuenne 35 wac. ., 21,4 0,7
(6) "Harpes nop . 3akanky npn 520° C B Teueume ' ’
I S T T ) 29,5 1,3
. {7) Harpes non sakanky npu 530° C B Teuente o
I0wac. .. ... . ... Ve v e e e e e 29,3 1,3
(8) Harpee non sakanky npu 520° C B Teueine | S o
10 uac. - crapewsie npu 250° C B Tevenie 10 wac. .. 2,7 1,4 .-
(9) Harpes nop sakanky npu 520° C B Tenenue | !
10 uac. - crapenne npit 250° C B Teuenne 10 nac: . : 27.5 o 0,9
(lOgHarpeB nox 3akanky npn 515° C B TeueHue ‘ -
1004ac. .70 e e e e e e e e e 29,5 1,13
(llgHarpen nox 3akanky npu_ 5156° C 8 Tevenue
10 uac. -} crapensie npn 250° C B Teuenne 5 vac. 27,2 1,3
(12>Harpea non 3akanky npu 515° C B Teuznme
10 uac. - crapenne npi 250° C B Teuenne 10 yac. . . 24,1 1,0
(lBgHarpes. nox 3akanky npu 515° C B Teuenne ,
10 uac. 4 crapenne npu 300° C B Teueune 10 uac. . 19,2 1,6
(lbgHarpea nox 3akaaky npH 515° C B Teuenne
10 uac. 4 crapenne 170° C B teveme 10 wac. . . . 27,7 0,6
(1?3Harpea noa 3akanky npu 515° C B Teuenne
yac. 4 crapenne 170° C B Tevenme 15 vac. . . . - 33,3 0,8
(légHarpen nos 3akanxy npi 515° C & Telenue B
10 uac. - crapenne npi 150° C 8 Teuenue 10 nac. . 23,8 1,5
(1’{3l~larpe8 nop 3akanky npu 515° C B Teuenue
yac. -+ crapenue npu 150° C B Teuenme 15 uwac. .| - 29,2 1,7
arpes noa 3akanky npu 515° C B Teuennue
(1§(2Huac. -} crapeHue npH 150‘}’) C B Teyenne 50 uac. . 33,5 0.4
19 Harpes nop 3akanky npu 515° C B Teuennue
( 3):3(!. 4 crapenne npu 250° C B Teuenne 5 vac. . 25,8 1,1
28 arpes nop 3akanky npu 515° C B Teuenne |'
( E{ac.—}-c.rapeuue npu 250° C 8 Tevenne 10 vac. 23,5 - 1,2
(21F'rynenqarbrﬁ pexcis 3akaaxi: Harpes npi 500° C ’
8/ 1teqenne 3 uac. B 515° C 3 uac. - crapenne
npu 250° C B Teuewne 5 uyac. . . . . ... .. . 31,2 1t
(ZZpTynemlarbxﬁ pexcs 3akanku: narpes npun 500° C .
B ‘revenne 3 wac.-+ 520° C B Teuenne 3 uac.-}- cTa- »
peune npn 150° C B teuenne 35 wac. . . * . .. . 36,3 1,6
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Key: (Table 75).

]--Heat treatment conditions; 2--Mechanical properties; 3--Cast; |

le-Cast + annealing at 250°C for 3 hours; 5--Cast + anmealing at 3 o
2500C for 35 hours; 6--Heating to below hardening at 520°C for
3 hours; 7--Heating to below hardening:at 520°C for 10 hours; v ]

8~-Heating to below hardening at 520°C for 10 hours + aging at
2509C for 10 hours; 9--Heating to below hardening at 520°C for : o

10 hours + a%ing at 250°C for 10 hours; l0--Heating to below harde
ening at 515°C for 10 hoursi 1l--Heating to below hardening at 515°C
for 10 hours + aging at 250°C for 5 hours; 12-~Heating to below
hardening at 515°C for 10 hours + aginz at 250°C for 10 hours;
13--Heating to below hardening at 5159C for 10 hours + aging at
300°C for 10 hours; lé--Heating to below hardening at 5159C for

10 hours + aging at 170°C for 10 hours; 15-~Heating to below.hard-
ening at 515°C for 10 hours + aging at 1709C for 15 hours; l6--heat=
ing to below hardening at 515°C for 10 hours + aging at 150°C for
10 hours; l7--heating to below hardening at 515°C for 10 hours +
aging at 150°C for 15 hours; 18--Heating to below hardening at
515°C for 13 hours + a%ing at 150°9C for 50 hours; 19--Heating to :
below hardening at 515°C for 3 hours + aging at 2509C for 5 hours; f
20--Heating to below hardening at 3L5°C for 3 hours + aging at 250°C g
for 10 hours; 21l--Step by step hardening regime; heating at 500°C E
for 3 hours. At 515°C for 3 hours + aging at 250°C for 5 hours; t
22--Step by step hardening regime: heating at 500°C for 3 hours +
520°C for 3 hours + agipg at 150°C for 35 hours.

)

s A e e a2

—~c

3. lechanical Properties of the AL20 Alloy
The effects of low temperatures on the mechanical propertles of the
AL20 alloy in annealed condition after casting are given in Table 76.
| Table 76

Mechanical properties of AL20 alloy at low temperatures
(according to S. Ye. Belyayev)

T T T
Bua patypa % Sk v % | 8| —B ._53_ i
obpasua | MEMGTIHA | o pyu Ka/MM? ' " % S ;

K

(2)
Taanduht +20 17,2 17,7
—40 17,6 }7ﬂ

—70 18,6

N
O v
(=Y =)
o

— | 0,935 | 0,910
— | 0,915 | 0,915

C S%%e- +20 16,1 | 16,1
30M : s
0,890 | 0,890 ‘ .
S

—40 16,2 16,2
—170 16,6 16,6

OO

s"u %y ‘
(5)1’1 puMensaHHe o T T = Kosbduunentn AeflcTonR HaApesa. : 2,
K b . -

?

Key: l-=Type of samgle; 2-=Smooth; 3--Notched; 4=-Test temperature
°C; 5--Note, “kj .th - These are the coefficients of notch effocts

T % - 148 -




Ygests were carried out for tension and mechanical shock resistanc? at

"a temperature of +20, =40 and =70°C on small and notched test specimegg_i

The samples were cooled down to a temperature of -70° with a mixture
of carbonic acid end acetone and were then held at the test temperature for
15 minutes.

Y;gligue tests® were carried out at a vibration frequency of 20 x 166
cycles in the case of testing at normal temperaturelb&?he fatigue data for
the AL20 alloy in comparison with other alloys is giveh\in Table 77. __.—

=S
With respect to fatigue strength at 20°C the AL20 alloy is not inferior
to the AL4 alloy and it surpasses the latter in ultimate strength at 250°C
(see Table 74). .

— L

Table 77

Fatigue test data for AL20 alloy in comparison with other alloys
(sand cast test specimens)

F_WY

Ipenen y&r‘nlocru cnaana npn
(I) remncpatype. °C % 9 K2/MM
H 20 250 B
] .
5 (32 Tepuu(:éau Tcpl\(rﬁtlkll
- anroRl - | oGpaGoran-| ofpaGoran-
¥ 20-10 Horo  |woro (2.10? -
E KHKNOB (2107 LHKAOD)
' UHKOB) .
ALL — 6,5 —
ALK - 7,0 4,5
ALS - - 4,5
AL20 7 75 | 65

Key: l-=Alloy designation; 2--Alloy's %atigue limit at temperature,
°c, 05,2 kg/mme; 3--Cast, 20 x 10° cycles; 4~-Hoat treated

(2 x 107 cycles).

! The tests were carried out under the directorship of Ye..S. Belyayev.
2 The tests were carried out under the directorship of L. S. Zhukov.
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Table 78

‘Creep test data for AL20 alloy in comparison with other alloys

o{2) 0y (P
. 33 100 uac, sa l%%(;a‘?%
Mg}nz np:e/a‘es:’ ¢ "p:e/mu'
cnnasa (3) l“',)gg (6) S .(::7)
' g7\ E8%| = |E8E
< -
E | gz8| E |Eu
ALL — 6,2 —_— '3.0
ALA — 120 — |2 }
A%z R R PR B
ALZ0 | 42 6,0 | — | —

l--Alloy designation; 2-- 07 » for 100 hours at 250°C kg/mmzs
3wmCast; dw=Heat treated; ‘qg > for 100 hours at 300°C

kg/mm?; 6==Cast; 7--Heat treated.

R s S s L

The minimum creep values for the AL20 alloy (with 03,2 = 100 hours) in
compardison with other alloys are given in Table 78.
sion and compression tests for the ALZ20 alloy on individually sand cast test
specimens are given in Table 79,

Data for prolonged ten-

Table 79

Data for tension and compression tests of AL20 alloy test specimens

| : %) BTG )
(l) ( 2 ) ( 3 ) 21.) im"“ uecr‘::.{xg/;i:(’ynpu
CocrosHe Bun: % % @ % =
3 %
ennaea menwramnn | X 2 §a 3 X
R H RN BRI A R
o | ] SSR] F] ] ] L)
%92 -
(8) OroxKeH- atra- | 19,0(19,5/0,5)2,4| — [ 1,4} 7,8(15;013,3[12,0/7080
unthi |1l kenne E
npu 250° C| Ha cxarue {116,7(5,12] —| — (56,0 —| — | — | — | — 16800
Bs'reqcuue )
) uac 12 :
(9) Iocae 3a- Ha(pacgm 25,3 — | —| —| — | —113,624,7| — |21,7/7080
Kankn |1 3kenne
cTapenust a cxartHe 38,7 —| —|[48| —| —| = | =] = | —

76,8

Key: l-~Condition of alloy; 2-~Type of test; 3-63. kg /mn?; 4==Si,
rogogtionality
a

kg /rm

ture; S--acceleration test in ¢
kg /i ; 7--Yield stress, kg/mm?, at; 8e=

ann

Eyi 6=

eal

500C for

5 hours; 9~-after hardening and aging; 10--tension; ll--compres-
sion; l2«~tension; 13-~compression.,

- 150 -
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' The AL20 alloy is considerably superior to the ALA4 and AL5 alloys and
is practically equal in strength to the ALl alloy. .

Short time testing of the AL20 alloy for portion and shear are given
in Table 80.

Figure 93 shows the microstructures of the AL20 alloy. Comparative
characteristics of the basic alloys are given in Figures 94 and 95.

Table 80

? Results of portion and shear tesis

,; (zydlulrm LR U LI T u.(‘yﬁ:‘nnu .‘5\“‘:’(6) (7) (8)
) TR % e i.a. T TS . :
! ® pexX e L] L a - ™ ‘_:. = o RS
[ 2 5 2 X " - 3 c
. (1) 228138, 3| 3 [3d8 %t | E:|fe |EE
i Coctonsue SES|RRE| ¢ T [52e | 2. ~ElEE |CE
2 x4 g2 22| =% |88 aZ,
e aBelafi) o | 2 |aiilleff) 25 1NE,|BRY
NeSfnex| o |7 esE| ¢ 7 | gefin.E
> > Ngral NER 2| ez2|ees
.v°'o§ Lol N OO e20% w38 8% r“Eg )
: -
(9)Orommennunt | 4,1 | 55| 7,9 | 10,4} 14,5 19,4 110 .| 14,5 | 2660
npu 250° C
B TeuenHue
5 uac. .
(10)3akanennstit — 9| — {177 — |56 — |17,6| 260
'u cocrapenusift :

,Kejr: 1-=Condition of alloy; 2--<£= 12 kg/mm2 with considération of

plastic tortion; 3=~ ¥ 16 g/mm2 with consideration of
clastic tortion; be—t = 12 kg/mm? maximum, tangential stress;
Semts = 16 kg/mmé maximun stress; b--average angle of tortion,
degroes; 7==T gyverage tangential stress at shear; B-=shear
modulus in tortion B kg/mmu; 9--amnealed at 250°C for 5 hours;
10--hardened and aged.
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Figure 93. Microstructure of the AL20 alloy: L - 300°C; 2 - 350°C
8 = in cast state, 100X; b - the same, 500X; ¢ = in hardened and
annealed state, 100X; d ~ the same, 500X. -

_ It was established as a result of the examination that the AIL20 alloy
surpasses the ALL alloy with respect to prolonged heat resistance in the
" cast state but it is practically equal to the latter in the heat treated
condition. The AL20 alloy is less inclined to crack formation during cry-
stallization and quenching than the AL, AL7, AL8, AL9, AL2L and other alloys
(See Figure 94&)0

The flowability of the alloy at 730-780°C is fully adequate for the
casting of complex and irregular parts (Figure 94c)., :

The ability to retain its strength in relation to cross section thick-

ness is higher than in the cases of the ALl, AL@, AL?7, AL3, AL8 and AL12
. alloys (Figure 94b),
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Figure 9%. Comparative characteristics of the alloys: a = hot
shortnoss of AL1l9 and AL20 alloys in comparison with other alloys;
b - (retention of tensile strength in the alloys with an increase
in the castin§ diameter from 15 to 60 mm; ¢ - flowability of
alloys at 700°C temperature. le=width of ring producing cracks,
mm; 2=-no cracks; 3--length of cast bar, mm; lLe-retention of ten=-

sile strength, %; 5--cast.

made out of the AL20 alloy are distinguished by a high air

The parts
is withstood without failure).

tightness (water pressure above 100 at.

The coefficients of thoermal expansion and heat conduction at high tem-
peratures are practically the same as those in the AL4 and AL)S alloys.

The mechanical properties at room temperature in the cast and heat
treated states are practically the same as those in mony alloys (AL6, AL9
and others) with the exception of a decreased elonzation in cast state.

The optimum heat treating conditions which have been developed for the

AL20 alloy assure a relatively high level of heat resistance with retention
of satisfactory strength at room temperature. The following heat treatment
conditions are recommended for parts which operate at elevated temperatures.

at 515°C for 3-5 hours, water quenching 80-
100°C and aging at 250° for per hour. The given regime provides for

2 tensile strongth in the alloy of 25 kg/mm? and a relative elongation of not
less than 1.0% as well as a rupture strength for 100 hours at 300° of 5 kgxm@-

Heating to below hardenin%
5-10°
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Figure 95. Rupture strength and creep limits for the alloys at
300°C. The creep limit is cross hatched; the ultimate strength
is cross hatched and unshaded; increase in the rupture strengths
at optimum chemical composition -= dots with the arrow pointing
upwards; the same, reduction =  arrow pointing downwards.
l--Rupture strength and creep limit, kg/ﬁmz;

CONCLUSION

.gk generalization of the source material as well as the comprehensive
material in the present work make it possible to draw a conclusion concerning
the possibility of the development of still more heat resistant aluninum
casting alloys |than the alloys shown in Table 5{for prolonged services at
temperatures of 0.8-0.85 from their absolute melting point.} The following
propositions have to be considered in the development of’fﬁé\eew alloys:
el

l. A binary system should be taken as the basis for the development of
a new highly heat resistant casting alloy. This system should have: a) a
eutectic with a high melting point; b) a second phase which practically does
not react with aluminum at working temperature.

2. The melting point of the new alloy should be above 600°C which will
enable to increase its working temperature to 400-500°C.

3. The alloy should contain not.less than 35% of the eutectic and have
a relatively narrow interval of crystallization (not more than 30°C) in order
to assure high casting properties and to obtain extra airtight parts.
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4, The basic alloying constituents should be the elements of the

"transition group of the periodic table in order to obtain a relatively stable

>solid solution and a high temperature eutectic. The most suitable are
those elements which have a low coefficient of diffusion in aluminwm, a high
melting point and the capability of forming complex and dispersed decomposi-
tion products at working temperatures which then create a stable microhetero-
geneity of the second quarter within the grains. For example an 2lloy in-
tended for prolonged service at 400°C should be alloyed by the following
most effective constituents: cerium, manganese, chromium, vanadium, zirconium
and other analogous elements. '

5, The higher the alloy's working temperature to a greater degree 1s
it necessary to strengthen the grain boundaries with phases which are stable
at working temperatures [for instance AlyCuCe, Alg¥nyCe, A13(NiCu)2, A150u3Ni]
which crystallize in a branched form and for all practical purposes do not
react with the >solid solution. Generally those phases form a stable lattice
blocking the grains of the solid solution.

6. The sizes of the particles of the second phases as well as their
quantity should not be very high so that a concentration of stresses, leading
to a reduction in the alloy's ductility, would not occur.

The size and quantity of the particles of the second phase, optimal for
a given alloy and service conditions, are found experimentally.

Data are given below which characterize the heat resistance of the
alloy composition as a function of the nature of the alloying constituents.
Silumin type alloys can operate for a long time only at tenporatures up 200~
2759C on account of the increased diffusion mobility of the silicon and alu=-
minam alloys. Silicon does not form complex compounds with aluminuw therefore
the formation of the silicon particles proceeds rather rapidly during the de=
composition of the & solid solution. Vhen the Silumin type alloys are alloyed
with elements of the transition group their heat resistance is ralsed con-
siderably. This is explained by the strengthening of the 2~ solid solution
and the grain blocking force owing to the formation of a stable framework of
complex phases. Examples of similar alloys are the alloys AL25 (ZhLS=l) and
AL26 (VKZhLS) which are used for the pistons of automobile and tractor en-
gines. It is of advantage to employe the systems Al-Mg and Al-Cu as the base
when developing a high strength alloy for brief service at elevated tempera=-
tures or one which is subjected to the prolonged action of low gas or fluid
pressures at temperatures which are below the aging temperatures. The alloys
should have a fine grain structure with a minimum quantity of particles of
second phases distributed among the grain boundaries. The degree of super-
saturation of the & solid solution of the alloy by the alloying constituents
should be maximume

The most suitable systems are the Al-Ce, Al-C and Al-Ni as the basls
for an alloy intended for prolonged service at temperatures around 400°C.
The alloy structure should be multiphase and particles of the second phases
should reliably block the grain boundaries of the solid solution., A solid
solution should answer the requirements set forth in section L,
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The role of the transition type alloying constituents, increasing the

“interatomic bond and stability of the O solid solution of aluminum, can be

evaluated by Raynor's data (See page 64). The pausitive effects of the.
transition elements on the heat resistance of the alloys has also been noted
by M. V. Zakharov (page 64).

The data of our investigations confirms the very positive effect of the
transition group elements on the heat resistance of aluminum alloys (page 64).

Their effects can basically be reduced to the following: a) strength-
ening of the interatomic bond owing to the complexing of the electron struc-
ture of the multicomponent solid solution (a partial £illing up of the elec-
tron shells by valance electrons, for example d in the case of atoms of
manganese, chromium, nickel and others) as well as the low mobility of the
transition element atoms. Presence of metallic atoms with a low coefficient
of diffusion in the solid solution promotes the appearance of Cottrell "at-
mospheres, " inhibiting the movement of dislocations; b) the formation of dise
persed particles of complex phases, having a favorable effect upon the orie-
gination of microheterogeneity within the grains of the solid solution and
stable at worldng temperatures; c¢) strengthening of the grain boundaries by
second phases which crystallize in a branched form. These considerations
found confirmation in our examinations the result of which was the develop-
ment of the ATsR2 alloy operating for a long time at temperatures up to 450°C.
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Key to Appendix 1 (continued)

preventing deformation of the grain of the Nsolid solution; 12
Slightly stable and deficient solid solution (with a content of up
to 1.5% Si); 13--Silicon particles sphereodize rapidly; li--modi-
fied structure less heat resistant than the unmodified; 15--Si, MgaSi
W(ALdigsCuySiy) (with copper content on upper limit the CuAlp phase
is forméd); lo-=-Copper and magnesium in ratios for formation of S
phase (2,65 : 1) create a more stable & solid solution; 1l7--Silicon
particles spherodize, the W(Al,gsCuySiy) and AlSilinFe phases change
only slightly whereas the MgpSi and Cull, phases react completely;
18--Structure more multiphase than that in ALS alloy;
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Footnotes for APPENDIX T

* Tron bearing phases are formed when the alloys contain an iron addi-
tion; the MgpSi phase is formed in the - case when there is an addition of

silicon.

ortains to the modified

%% The lower value for the ultimate strength p
1imit the AL3 alloy

alloys. With a meganese and copper content at the upper

has higher indexes.
%%k The higher values for the rupture strength‘pertain to an alloy cone
taining molybdenun.
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Key to APPENDIX 5

l--Alloys; 2--Temperature °C; 3--Melting; M=-Casting; 5--Shrinkage, %;
b==Flowability at 700°C (bar test) mm; 7--hot crack formation tendency
(band width) mm,

10~=iachineability; ll=--Gas saturation tendency; l2~=Corrosion resis-
tence and protection of part against corrosion; 1l3--Recommended areas
of prolonged use of alloys; lha-~Reduced; lib--average; l5--Good;
l6-=Average; 17--High; 18--Reduced; l9--Average; 20~-Increased; 2le-
High; 22a--Satisfactory; 22b~-The same; 23-=Goody 24--Satisfactory;
25-=Satisfactory; 26--Good; 27--Satisfactory; 28-=Good; 29--Good;
30~~Satisfactory; 3l--Reduced; 32--Satisfactory; 33--Raised; 34-~Re-
duced; 35==Low; 36==Good; 37==Satisfactory; 38-~Good; 39-~Satisfactory;
40--Average; 4l--High; 4Re-Average; 43=--High; 44=-Reduced; L5--Average;

 ho-=Very low; 47--Average; U48--Reduced; 49--Higher than in ALL alloy;

50-=Increased; 5l--Higher than in ALl alloy; 52--Reduced; 53-~Raised;
54--Reduced; 55-~Pistons; 56--Cylinder heads and other components from
which an augnented airtightness and sufficient strength up to 275°C is
required; 57--The same for the operation of the parts up to a tempera=
ture of 225°C; 58~«The same for the operation of the parts to a tempera=
ture of 250°C; 59--Pistons for engines with a horsepower below 100;
60-~Pistons end cylinder heads operating up to temperatures of 275°C;
6l=-The same; 62--Heavily loaded parts; 63-<For parts operating up to
275°C requiring an augmented airtightness; 64=-Pistons and parts operat-
ing at temperatures up to 325°C; 65--Pistons and parts operating at
temperatures up to 350°C; 66--For airtight components operating at
temperatures up to 4009C; 67--Note., The shrinkage can be 2-2.5% during
the casting of tubular shaped big parts.
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APPENDIX 6
Physical properties of aluminum casting alloys
PO PP 247 PR
Cglz nn\oﬁlicn Koatblbm\slcjuz TCPMIUCCKOTO Tcm&?;)ouonuocn S”QKTS”:J“PW"“'
Aabst efex? . pacwHpCHHA, @ » Kaajcm-cex, ° ?f“.'l:‘cd,/";(
ALL 9,75 | 22,3.107% (20—100°C) | 0.3 (25°C) 0,0528 (20°C)
. | 24.4.10~6 (20—300°C) | 0,37 (300°C)
AL3 2,7 2zm—ym»4m°q 0,39 (25°C) | 0,0449 (20°C)
: 24.10—% (20—300°C) | 0,38 (300°C)
ALS 2,68 | 23,1.107%(20—100°C) } 0,33 (25°C) | 0.0462 (20°C)
» 94.10~° (20—300°C) | 0,42 (300°C)
. AL9 2,78 | 19,5-107% (20—100°C) 0,25 (25°C) | 0,0595 (20°C)
95.6.10~5 (20—300°C) | 0.34 (300°C) .
' 19,74 | 18,1.107%(20~100°C) 0,31 (30°C) | 0,0518 (20°C)
A?W 936,10~ (20—300°C) | 0,35 (300°C)
CAI21 | 2.8 92,9.10~6 (20—100°C) | 0,27 (30°C)y | 0,0572 (20°C)
- l 97'8.10~ (20—300°C) | 0,3 (300°C)
VALL 2,89 | 23,8.107%(20—100°C) | 0,32 (100°C) | 0,0545 (20°C)
' 28.7.10~6 (20—300°C) | 0,37 (300°C)
ATsRL 2,8 93,6-10~5 (20—100°C) | 0,23 (25° Q) 0,053 (20°C)
26.7.10 (20—300°C) | 0,27 (300°C)
2,78 | 22,3.107%(20—100°C) 0,40 (25°C) opw{%°m
ALLIOV 944,105 (20—300°C) | 0,42 (300°C)
AL21 | 12,72 19.10—% (20—100°C) | 0,38 (25°C) | 0,050 (25°C)
_ 90,5.10—6 (20—300°C) | 0,38 (300°C)
AL26 | 2.68 17,0-10~6 (20—100°C) | 0,40 (25°C) 0,058 (025° C)
- 19.0-10~ (20—300°C) | 0,42 (300°C)

(06 puMeuanue, B cxko6KaX Raua TeMnepatypa HAM HHTEpRAN T
nfeacneo aro cpoficToo. '

eMnepaTyp, B KOTOpOM

Key: l--Alloys;
& Uw-Thermal condu
resistance, P, cmerui
perature or the tempe

detormined.
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otivity A cal/em.sec,
2[m; 6-=Note.
rature interval in

2==Density g/cmz; 3=-=Coafficient

of thermal expansion;

The parentheses

o¢; 5--Electrical

contain tem=

which this property was
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