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A heat-resistant aluminum alloy (Al-6Cr-3Fe-2Zr) was
developed by applying the rapidly solidified powder process.
This aluminum alloy exhibits excellent strength at high
temperatures by dispersing themally stable fine intermetallic
compounds. This paper describes not only the effects of
atomized gases and powder size on the finely dispersed
compound particles, but also the tensile strength, fatigue
strength, and creep resistance at elevated temperatures of
aluminum alloy extruded from high-pressure gas atomized
powder (N2, -105um). The strength of the Al-6Cr-3Fe-2Zr
alloy at elevated temperatures was higher than that of
conventional heat-resistant aluminum alloy 2618. Therefore,
Al-6Cr-3Fe-2Zr alloy can be used with temperatures as high as
350°C, which is beyond the working temperature limit of the
conventional ingot-metallurgy aluminum alloy. Consequently,

this alloy is expected to be widely applied for engine parts.
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Table 1 Chemical composition of the alloy
[mass %)
| |
Cr . Fe Ir ‘ Al
5.95 ; 304 1.99 bal.
Table 2 Conditions of the gas atomization process
Low pressure ' High pressure
| gas atomize gas atomize
atomizing gas He. Ar.N.. Air 1 He. N
gas pressure (MPa) : 0.44 7.9
diameter of nozzle(mm) 328 92,0
melting temperature(°C) 1200 1200
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a) high pressure He gas atomized powders

b) low pressure He gas atomized powders
c) low pressure Ar gas atomized powders
d) high pressure N, gas atomized powders
e) low pressure N, gas atomized powders
f) low pressure Ar gas atomized powders

Fig. 1 SEM micrographs of Al-6Cr-3Fe-2Zr alloy
powders by gas atomization.
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Fig. 2 Particle size distribution of
as-atomized Al-6Cr-3Fe-2Zr powders

Table 3 Properties of atomized gas

Density | Kinematic viscosity | Thermal conductivity
(kg/m*) T {mm?/s) 107 WAAm < K)
He 0.16 122, 6 152. 7
Ny 1. 14 15,7 25.9
\r 1. 62 13.9 17. 6
tr | 118 15.8 2%. |
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a) Ar gas atomized powder b) N, gas atomized powder c) He gas atomized powder

Fig. 3 Microstructure of powders by the low pressure gas atomization
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Fig. 5 The effect of powder size and atomized gas
on cooling rate of Al-6Cr-3Fe-2Zr powder
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Fig. 6 The effect of powder size and atomized gas
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Al-6Cr-3Fe-2Zr alloy

— 133 —



SSBE Al-6Cr-3Fe-2Zr &2 D= BB E T

Cr-Fe ROILAMTH D, MK T13 Al-Zr ROLAEW
ThBIENbhol, TNHEKIRRFOKE X LR
1. 420°C AR TERAITE 212 E DL ITE WV,
K7L IBEOFHRTOERETINSG Y MY v 7 A
2L T3 il 2 SIEE SR TI2 K 5 & D L
ExNB,

5.3. BB TO®REEY
Al-6Cr-3Fe-2Zr && D5 [RIGE 1T, BRERE 7 b+
A XA ZOFE, BARRRIZ K-> TET 5 Z & 4k
L7z, 22 CR/KEBEDHOENZELEAT AT beA X
(He, -25 pm) BiRMHM (DITFAEE A L) & KHE
HAT b4 X (Ny, -105 pem) BRI (I TFE4EB &
FRd) ORI D W TR 5,

(1) s RS

B8 A LEE B OFIRRERHEORBERAFMEE Fig. 8
IR T. &4 A B & 3 ITEE2 5 400C & THERME
EER I IE T U B 1/M A4: 2618-T6 17
DFRIZ 150~200C TOEH A MK FIZR 6 hisu,
A4 B OF RS IZAS A IS L TEERE»S 400C %
T, %9 20% OENLT /8925, 300C TOF[REE I
I/M A4: 2618-T6 A &0 A f5DRE 2R L T 5,
F72. P/M M AL-Si-Fe REEIIHLTE, Bilir b
400°C F TEAZHREARL TS, MONE, 44 A, B
EHIZERT5~8% DAL, 200C TR/ANE &Y,
ZORIBED LRIZE & 5> THINT 5,

E _
0.4 um

Fig. 7 TEM microstracture of hot extruded
Al-6Cr-3Fe-2Zr alloy

(2) TERIRIE I

A% A KRUAEEB O 10" Bk T 2% HE (B1IRE
i R = -1) ORISR E . I/M 40 2618 44K P/M
M Al-Si-Fe 2 A< & i L T Fig. 9 1T,
WFNOAEERIED EFIZE & & - TEH Mg I
T35, P/MMTHSE48 A &% B KU Al-Si-Fe &
B3, 2618 A4, T ORI TEVE )T HRIE

600 o\ , ......... ° a”oy A
o alloyB |P/M
= 500 | |=|A-Si-FeTsl |
L 2 | 2618 T61 |I/M
- 400 peeeee g ..... JUGHN IS —
< B
2 N
E 300 | SO SRS SRS 8.
@ B
© ¢ :
— 200 froeeerieeeens _
2 DN
g | i
= ;
100 e
; e,
0 : ]
£ 30 / S e e
s | :
u—ccj 10 |4 = /:r_/ 2
= Py
e —
0 i 3 H
0 100 200 300 400 500
Temperature (C)
Fig. 8 Tensile properties of Al-6Cr-3Fe-2Zr
alloy at elevated temperatures
250
(at 107 cyele)
200 -
5 150
5
&a
Zé 100
& 3
of alloy A
sl [ atloya
| 2| AL-Si-FeT) [
212618 T61 [IM
| |
1] 100 200 300

Temperature(°C)

Fig. 9 Fatigue strength of Al-6Cr-3Fe-2Zr
alloy at elevated temperatures
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Fig. 12 SEM micrograph showing 400°C creep
fracture surface of Al-6Cr-3Fe-2Zr
alloy (alloy B)
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