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Preparation of Bi-materials by Powder Metallurgy Method
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Abstract The bi-materials composed of Al-5wt%Mg and its composite reinforced with SiC particles were

prepared by ball-milling and subsequent sintering process. The size of powder in Al-Mg/SiCp mixture decreased

with increasing ball-milling time, it was saturated above 30 h when the ball and powder was in the ratio of 30 to 1.
Both Al-5wt%Mg powders mixture and Al-5wt%Mg/SiCp mixture were compacted under a pressure of 350MPa
and were bonded by sintering at temperatures ranging from 873K to 1173K for 1-5h. At 873K, the sound bi-mate-
rials could not be obtained. In contrast, the bi-materials with the macroscopically well-bonded interface were
obtained at higher temperatures than 873K. The length of well-bonded interface became longer with increasing
temperature and time, indicating the improved contact in the interface between unreinforced Al-Mg part and Al-
Mg/SiCp composite part. The relative density in the bi-materials increased as the sintering temperature and time
increased, and the bi-materials sintered at 1173K for 5h showed the highest density.
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Fig. 1. SEM images showing powders employed in this study; (a) Al (b) Mg (c) SiC particles.
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Fig. 2. Change of density in bi-materials with compaction
pressure.
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Fig. 3. SEM images showing powders after ball-milling for (a) 1h, (b) 10h, (c) 50h. Ball and powder are in the ratio of 10 to 1.
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Fig. 4. SEM images showing powders after ball-milling for (a) 1h, (b) 10h, (c) 50h. The ball to powder ratio was 30.
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Fig. 5. Change of powder size in bi-materials with sinter-
ing temperature and time.
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Fig. 6. Macroscopic views of bi-materials obtained by sin-
tering at (a) 973K and (b) 1173K for 5h.
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Table 1. Sintering conditions for fabrication of sound bi-materials
Sintering Temp. 873K 973K 1073K - 1173K
Sintering Time 1h 3h 5h 1h 3h 5h lh 3h 5h 1h 3h 5h
Bi-materials X X X X 0 O X 0 0 X 0 (0]

O : Macroscopically good
X : Failed at interface
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Fig. 7. EDS analyses of (a) needle and (b) planar type reaction products in Al-Mg part shown in Fig. 6.
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Fig. 8. (a) Length of the macroscopically bonded interface and (b) relative density with sintering time.
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Table 2 Micro-vickers hardness of bi-materials with sintering conditions (Hv)
Sintering Temp. 873K 973K 1073K 1173K
Sintering Time 1h 3h 5Sh th 3h 5h Jh 3h 5h 1h 3h 5h
Al-5wt%Mg X X X X 1311 1142 X 656 903 X 728 771
Interface X X X X 141 1262 X 1134 1703 X 1409 1885
Al-5wt%Mg/SiCp X X X X 2422 3023 X 2684 3247 X 2931 3774

X : Failed at interface
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