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Fabrication of Reaction Sintered SiC Ceramics by Infiltration of Fe-75%Si Alloy Melt
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Synopsis:

Structure and mechanical properties of SiC fabricated by the reaction sintering method have
been investigated by varying the blending composition of Si, C and SiC powders. The sintered
SiC was successfully performed through the infiltration of Fe-75%Si alloy melt. The
microstructure and distributions of Fe and Si elements were observed using laser microscope
and EPMA respectively. The hardness and fracture toughness were measured using a
micro-Vickers hardness tester.

The results indicate good infiltration of Fe-75%Si alloy melt into the first sintered body and
that the second sintered body had a small amount of porosity. Iron carbides could not be found
in the sintered structure but finely distributed iron silicides of FeSi and FeSi, were found.
Furthermore, the fracture toughness of the body increased with increasing C content in the first
sintered body. The mechanical properties were improved more than that of conventional
sintered SiC when Fe-Si alloy was employed. The improvement in the properties is thought to
be due to uniform and fine distributtion of FeSi, FeSi, and SiC in the matrix.
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Table 1 Compounding ratio of raw materials for SiC
reaction sintering test
(mass%)
Sample SiC C Si Resin
10SiC 84.0 16.0
2SiC-1C-1Si | 42.0 21.0 21.0 16.0
1SiC-2C-1Si | 21.0 42.0 21.0 16.0
1SiC-1C 42.0 42.0 16.0
10C 84.0 16.0
SiC, S, O, Resin:
- Raw materials
— SICL S CL Resine
‘ Hot pressure torming . T
= Greenmold body
- S, O
Harst sintering Preformed body
Scecond sintering SIC, Si, Fe-Sialloy:
i Completed pody
Fig. 1 Process of two-step reaction sintering method to

produce SiC ceramics.
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Fig. 2 Schematic illustration of second sintering process
using vacuum furnace.
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Fig. 3 Microphotographs of raw materials (a) SiC, (b) Si,
(c) C powders and (d) cross-section of Fe-Si alloy
lump.
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Fig. 4 X-ray diffraction patterns of raw materials (a)
SiC, (b) Si, (c) C powders and (d) Fe-Si alloy.
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Table 2 Composition ratio and porosity of first
sintered specimens (calculated)

Sample SiC C Si Porosity
(mass%) | (mass%) | (mass%) | (vol.%)
10SiC 90.2 9.8 51.6
2SiC-1C-18Si 77.3 22.7 58.6
1SiC-2C-1Si 54.7 45.3 58.7
1SiC-1C 45.1 54.9 53.7
10C - 100.0 54.8
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Fig. 5 Cross-sectional microstructure of specimens

after second sintering.
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Fig. 6 Effects of C content of first sintered specimens

on (a) area ratio of SiC grain, (b) grain number

of SiC and (c) dimensional change after second

sintering.
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Fig. 7 X-ray diffraction patterns of second sintered
specimens.
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Fig. 8 Effect of C content of first sintered specimens
on (a) Vickers hardness and (b) fracture
toughness of second sintered specimens and
microphotographs of indentation and cracks in
specimens (c) 2SiC-1C-1Si and (d) 10C.
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