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Preparation and properties of SiG,/ Al composite
parts with complex-shape
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Abstract: The high reinforcement volume fraction SiC,/ Al composite parts with complex shape can be produced
successfully by combination of powder injection molding ( PIM) for SiC preform preparation and aluminum pressure-
less infiltration. The effect of sintering process on open porosity and strength of SiC preform was researched, and
the thermo-physical characteristics of final composites were also evaluated. The results show that the best sintering
process for SiC preform is 1 100 'C, 8 h in vacuum, by which the open porosity is 99. 6% and the preform strength
reaches 0. 57 MPa. The thermo-physical characteristics of 57% SiC,/ Al composites produced by this technique are
as follows: the relative density is 98. 7% ; the thermal expansion coefficient is 7.5 % 10™° C™ ' which almost matches
those of GaAs and BeO; the thermal conductivity is 1. 65 x 10° W/ K, which corresponds to that of Cu(15%)/ W and
decuples that of Kovar alloy; the density is close to that of aluminum and less than that of one fifth of Cu/ W. So it
is concluded that high reinforcement volume fraction SiC,/ Al composites with good synthetic characteristics can be

prepared economically by PIM-pressureless infiltration technology.
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Table 1 Chemical composition of

SiC powder (mass fraction, %)
SiC Free carbon [0} Fe

96.9 0.15 0.1 0.06
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Table 2 Chemical composition of

aluminium alloy (mass fraction, %)
Si Mg

Impurity Al

12 5 <1 Bal.
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Fig. 2 Loading curve of SiC powder
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Fig.3 SEM morphology of

fracture surface of injection sample
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Table 3 Open porosity and strength of samples sintered by different sintering processes

Sintering Apparent density/ Open porosity/ Total porosity/ Open porosity ratio/ Preform strength/
condition (g* em™?) % % % MPa

1100 C, 4h 1. 836 42.7 42.8 99.8 0.31

1100 C, 6h 1. 839 42.6 42.7 99.8 0.45

1100 C, 8h 1. 839 42.5 42.7 99.6 0.57

1200 C, 4h 1. 897 38.9 40.9 95.2 1.17
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Fig. 4 Morphology of SiC preform
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Fig. 6 XRD pattern of fracture

surface of composite
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Fig. 5 SEM fractographs of

composites at different positions
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Fig. 7 Change of thermal expansion

coefficient of composite with temperature
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Table 4 Comparison of physical performance
between SiC,/ Al and some electronic

packing materials

. Density/ (E’I;E/, 1 Hea}t'
M aterial 25 (107 °K™ %) conductivity/
(g7 em™)  (5-150C) (10°W+K ')
57% SiCyp/ Al 2.91 7.5 165
W+ 11720%Cu 15.65-17.00 6.578.3 180 ~ 200
Kovar 8.1 5.2 11-17
GaAs 5.32 6.5 54
Al203 3.6 6.7 17
BeO 2.90 7.6 250
N
3 4
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