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Development of High Strength Aluminum Eutectic Cast Alloys 

Yoshinari Komatsu**, Shoji Goto** and Setsuo Aso**

Abstract 
Aluminum alloys are one of the most widely used structural materials because of their good mechanical 

properties. Recently, however, more high strength and more high creep resistant materials are required in industry 

such as air space industry. The aim of this work is to develop a new high strength Al-base eutectic casting alloy 

made by commercial foundry technique. As an example, an Al-12.7 mass% Ce-5.5 mass% Ni-0.56 mass% Zr alloy 

was adopted for age hardening cast alloy, on which the age hardening behavior was studied and the hardening 

mechanism was discussed. The alloy showed clear age hardening behavior and the hardeness reached a peak value of 

108.6 Hv for aging of 500 h at 573 K, which was about two times higher than that of as-cast state in the Al-12 

mass% Ce-5 mass% Ni eutectic cast alloy. The hardening mechanism was presumed to be due to Al3Zr 
precipitation in the Al matrix phase. Finally, the Al-12.7 mass%Ce-5.5 mass% Ni-0.56 mass% Zr alloy 
was concluded to be a good candidate for new Al-base structural materials.

S
0.2

2007  7 18
** Department of 

Materials Science and Engineering, Faculty of Engineering 
and Resource Science, Akita University. 

C
0.2

Gb)3.06Q-(1)Q-(1Q VVV m
0.2

S
0.2

}Gb3.06{)Q-(1Q m
0.2

S
0.2

C
0.2 VV

m
0.2

Akita University



26 小松芳成・後藤正治・麻生節夫

2

2

50% Ce Ni
Al

Cu Mg
Zn Si

Zr
Mn Fe Sc

(10K/s )
623 773K

(3)

Al-6mass%Ni 0.5mass%Zr
1.3

(4) Al-Ce-Ni
0.5mass%Zr

673 773K

Gb3.06)Q-(1 V C
0.2

Fig. 1  Microstructures of Al-Ce-Ni system eutectic alloys 
cast at a cooling rate of 10K/s: (a) Al-6mass%Ni, (b)
Al-12mass%Ce and (c) Al-12mass%Ce-5mass%Ni. 

Table 1  Dispersion parameter of aluminide particles in the 

Al-Ce-Ni system eutectic alloys. 

Qv / vol.% 
Inter-particle 

spacing 
(surface to surface)

Al3Ni Al4Ce  / m

Al-6mass%Ni 10.2 0 10.2 0.45 

Al-12mass%Ce 0 15.2 15.2 0.41 
Al-12mass%Ce
-5mass%Ni 

10.0 15.9 25.9 0.27 

Table 2  Comparison between experimental and calculated values in yield stress of the Al-Ce-Ni system eutectic alloys 
compressed under a strain rate of 5.6×10-5/s at room temperature. 

Experimental 
value

Calculated value 

MPa/.exp
2.0  Qv MPa/S

2.0 (1-Qv) MPa/m
2.0 (1-Qv)3.06 MPa/Gb

MPa/.cal
2.0

Al-6mass%Ni 103 28 23 49 100 

Al-12mass%Ce 97 31 21 51 103 

Al-12mass%Ce-5mass%Ni 179 94 19 68 181 
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Fig. 2  Age hardening curves of Al-12.7mass%Ce-5.5
mass%Ni-0.56mass%Zr cast alloy. 

Akita University



28 小松芳成・後藤正治・麻生節夫

4

(5) Al
Al3Zr

Al3Zr
Al3Zr

Fig. 3 573 773K
1000h

10h 673K
100h 623K

10h 673K

Al-12.7mass%Ce-5.5mass%Ni-0.56mass%Zr
Fig. 2

573K 500h
623K 500h

SEM Fig. 4(b)
SEM Fig. 4(c)

SEM Fig. 4(d)
Fig. 4(a)

Al Al Zr
SEM

10000 SEM
Al

Al Zr

Fig. 4(a) Al
Al3Zr

Fig. 4(b) 

Al Fig. 4(a) 
Fig. 

4(c ) Fig. 4(d)
Al3Zr

Al-12.7mass%Ce- 
5.5mass%Ni-0.56mass%Zr 623K
500h

Fig. 5
Al

Al

Fig. 3  Age hardening curves of Al-12.7mass%Ce-5.5
mass%Ni-0.56mass%Zr cast alloy. 

Fig. 4  Microstructures of the Al-12.7mass%Ce-5.5mass%Ni
-0.56 mass%Zr alloy aged at 623 K. 
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Fig. 5  True stress-true strain curves for the specimens 
of pure Al and the Al-12.7mass%Ce-5.5 mass%Ni-0.56 
mass%Zr alloy aged at 623 K, which were compressed 
at room temperature. 
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Fig. 6  Schematic view of dislocation motion in Al 
matrix of the age hardened cast alloy. 
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