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Fabrication Process and Characterization of High Thermal
Conductivity-Low CTE SiCp/Al Metal Matrix Composites by Pressure
Infiltration Casting Process
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Abstract

The fabrication process and thermal properties of 50~71vol% SiCp/Al metal matrix composites (MMCs)
were investigated. The 50~71vol% SiCp/Al MMCs fabricated by pressure infiltration casting process showed
that thermal conductivities were 118 ~170W/mK and coefficient of thermal expansion (CTE) were 9.5~6.5X
10%K. Specially, the thermal conductivity and CTE of 71vol%SiCp/Al MMCs were 115~156W/mK and 6~
7X10%K, respectively, which showed a improved thermal properties than the conventional electronic

packaging materials such as ceramics and metals.
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Fig. 1. Fabrication process of high volume fraction SiCp/Al metal matrix composites by pressure infiltration

casting process.

] Microstructures
Properties Preform SiCp/Al MMC
No. @ ®) © (G (e)
Relative
Density(%) 98 98 97
Thermal
Diﬁ”gsiyity 7.7500 7.4886 4,1010
(10”m?/s)
Thermal
Conductivity( 1772 170.1 149.3
W/mK)
CTE(ppm/K) 10.0 84 68

Fig. 2. SEM micrographs of SiCp preform and 71vol%SiCp/Al metal matrix composite. (a) Agglomeration
of SiO; between SiC particles (b) SiC particle preform without SiOs, (c) 50vol% SiCp/Al metal matrix
composite, (d) 58vol% SiCp/Al metal matrix composite, (¢) 71vol% SiCp/Al metal matrix composite.



Thermal Conductivity (W/mK)
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Table 1. Thermal Propertics of the elements included in SiCp/Al MMC

Pure SiC SiO»
— Pore
( @ -type) amorphous crystalline
Thermal
. 121 1375 1.05 0.026
Conductivity(W/mK)
CTE(ppmv/K) 23.6 4.5 0.535 18.5 -
Density(g/cm’) 2705 3217 2.2 221 -
Specific Heat(J/kg -+ K) 900 690 - - -
300 - v
RO (pure Al) 250 — —
250l @ ¢ axwell's model{pureAl) < —o—addition of organic binder
[ o SiCplpureAl 1 £ 2251 —O—noaddition of arganic binder |
» SICHEOEIAI § ——ROM
200 T s I Maxwoell's Model
e -.>- r -1
1501 ., B L
2 st ]
100} - 8 ] 5
O 150 PRt o .
[
S0t E E
@ 125} -
0 1 1 A J U E
00 02 o0 06 08 10 1000 1 2 .
Vol me Fraction of SiCp Ino ganic Binde Concent ation(%)
a
@ @
30 N T T T 0 T T T
——RO —e®— addition of organic binder
sl e Tu ne 's Model | 25| =—0—no addition of organic binder
~—m Ke ne 's Model —ROM
ol o SICpipu eAl - ol Turner's Mode! |
2 .
15} X 15 .
i
um
10oF 0 T O 10
.;-4-0.-"8:;-1@@8. .......
st Ty 5k J
0 — 1 1 i § S— 0 A - 4.
00 02 o 06 08 10 0 1 2 4
Vol me Fraction of SiCp Ino ganic Binde Concent ation(%)
®)
® . L
) o ) Fig. 4. Thermal conductivity and CTE
Fig. 3. Thermal conductivity and CTE of SiCp/Al Tivol%SiCp/Al  metal matrix  composites
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