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Evaluation of Microstructure for High-Strength Reaction-Sintered Silicon Carbide
by

Yoshiyasu Iton * and Shoko Suyama™*

A newly developed high-strength reaction-sintered silicon carbide (SiC), which has two or three times higher
strength than the normal sintered SiC, is one of the most promising candidates such as the lightweight substrate of optical
mirror, because of fully dense, small sintering shrinkage (+1%), good shape capability and low sintering temperature. In
this paper, in order to improve the performance of newly developed reaction-sintered SiC, the microstructure was
investigated by paying attention to the crystal structures and the interface of each crystals using the observation of
transmission electron microscope and X-ray diffraction analysis. As a result, it made clear that the finer-scale
microstructure could be observed as consisting of large particles (~1um in diameter) of starting powder a—SiC and
small particles (<1um in diameter) of f—SiC formed during the reaction (Si+C—SiC) with the residual silicon filling
the remaining porosity. Also, it was identified that the S—SiC formed during the reaction referred to the cubic (3C)

polytype and the a—SiC of starting powder referred to the hexagonal (6H) polytype.
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Fig. 1 Flowchart of fabrication process for reaction-sintered silicon carbide.
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Table 1 Properties of newly developed reaction-sintered
SiC and commercial sintered SiC.

RS-SiC | S-SiC

Density, g/cm? 3.03 3.10
Young’s modulus, GPa 370 410
Bending strength, MPa | 1000 | 400-450
Coefficient of thermal 43 4.6
expansion,ppm/K

Thermal conductivity, 130 65-170
W/mK

Specific heat capacity, 680 710

J/IK/kg
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Fig. 2 TEM observation of microstructure for high-

strength reaction-sintered SiC.
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Dark field image

Fig. 3 Electron diffraction pattern from coarse SiC grains
and identification result of o~SiC crystal structure.
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Fig. 4 Electron diffraction pattern from fine SiC grains
and identification results of B-SiC crystal structure.
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Fig. 5 Electron diffraction pattern from residual Si and
identification results of polycrystalline Si.
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Fig. 6 X-ray diffraction pattern from high-strength
reaction-sintered SiC.
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Fig. 7 Typical pore size distribution of high-strength
reaction-sintered SiC removed residual Si by heat
treatment.
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Fig. 8 TEM observation at the interface between o—
SiC grain and B-SiC grain.
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Fig. 9 TEM observation at the interface between o—
SiC grain and residual Si.
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Fig. 10 TEM observation at the interface between -
SiC grain and residual Si.
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