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ABSTRACT

Densification of SiC powder with additives of total amount of 2, 4, 8 wt% Al-B-C was carried out by Spark Plasma Sintering (SPS).
The unique features of the process are the possibilities of a very fast heating rate and a short holding time to obtain fully dense
materials. The heating rate and applied pressure were kept at 100°C/min and 40 MPa, while the sintering temperature and holding time
varied from 1700 — 1800°C for 10 - 40 min, respectively. The SPS-sintered specimens with different amount of Al-B-C at 1800°C
reached near-theoretical density. The 3C— 6H, 15R—4H phase transformation of SiC was enhanced by increasing the additive
amount. The microstructure of SiC sintered up to 1750°C consisted of fine equiaxed grains. In contrast, the growth of large elongated
grains in small matrix grains was shown in sintered bodies at 1800°C, and the plate-like grains interlocking microstructure had been
developed by increasing the holding time at 1800°C. The grain growth rate decreases with increasing amount of Al-B-C in SiC starting
powder, however, the both of volume fraction and aspect ratio of large grains in sintered body increased.
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2414 p-SiC(Betarundum Ultrafine, Ibiden Co. Ltd,
Japan), Al(99.9%, High Purity Chemicals, Japan), B(Grade
1, Amorphous, H. C. Starck, Germany) 2 C(99.7%, High
Purity Chemicals, Japan) #'4S 4952 Sk ol
7o Qa2 RE Table 13 Zo] Al+B+C A7FFS
2, 4, Swi%E 283 SiC 2AETS FHYY, o)F
1ABC-SIiC, 2ABC-SIiC ¥ 4ABC-SiC2t Z7]3tt}.

SiC Fax3e SN, B Akl 24 ZAE H7F

Table 1. Batch Compositions for Spark Plasma Sintered SiC
with Different Amount of Al, B, and C

Nomination SiC (Wt%) Al (Wi%) B (Wi%) C (Wt%)
IABCSiC 980 1.0 0.5 0.5
2ABCSIC 960 2.0 1.0 1.0
4ABC-SIC 920 40 2.0 20
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Fig. 1. Density variation with spark plasma sintering temperature
and holding time of SiC added with different amount Al-
B-C. The holding time at 1700 and 1750°C were 10 min.
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Table 2. Identified Crystalline Phases of 2ABC-SiC by X-Ray

Diffraction
Sintering temperature Major Minor
and holding time phase phases
1700°C-10 min 3C 6H, 15R
1750°C-10 min 6H 3C, 15R, 4H, Graphite
1800°C-10 min 6H 13R, 4H, 3C, Graphite
1800°C-40 min 6H 4H, 15R, Graphite
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Fig. 2. SEM micrographs of the polished surface for Al-B-C added SiC ceramics processed by spark plasma sintering; (a) | ABC-SiC,
(b) 2ABC-SiC, (c) 4ABC-SiC sintered at 1700°C and (d) 1ABC-SiC, (e) 2ABC-SiC, (f) 4ABC-SiC sintered at 1750°C.
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Fig. 3. SEM micrographs of the polished surface for Al-B-C added SiC ceramics processed by spark plasma sintering at 1800°C as a
function of holding time; (a) lABC-SiC, (b) 2ABC-SiC, (¢) 4ABC-SiC for 10 min, (d) 1ABC-SiC, (¢) 2ABC-SiC, (f) 4ABC-
SiC for 20 min, and (g) 1ABC-SiC, (h) 2ABC-SiC, (i) 4ABC-SiC for 40 min.
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Table 3. Microstructural Characteristics of the AI-B-C Added SiC Ceramics Processed by Spark Plasma Sintering

Temperature and Mean Mean Matrix grains Large grains
Specimen  holding time diameter  aspect ratio  Djameter  Aspect ratio  Volume Diameter ~ Aspect ratio
(°C-min) (dpg, pm) (Rw) (dygs um) Raig) fraction (%) (dig, um) Rio)
1700-10 2.56 1.73 2.56 1.73 - - -
1750-10 3.62 1.77 324 1.74 27.0 6.11 1.96
1ABC-SiC 1800-10 3.99 1.82 3.50 1.77 343 7.44 224
1800-20 4.10 2.00 3.52 1.95 40.8 7.78 226
1800-40 5.20 2.07 448 2.04 394 9.63 231
1700-10 2.52 1.75 2.6 1.75 - s -
1750-10 2.83 2.03 34 2.02 28.1 6.00 2.14
2ABC-SiC 1800-10 3.55 2.14 42 2.11 337 743 2.53
1800-20 3.77 225 4.6 2.14 40.0 7.45 3.03
1800-40 5.19 2.44 5.8 2.30 429 8.74 3.09
1700-10 2.49 1.78 2.6 1.78 - - -
) 1750-10 2.74 2.16 34 2.15 251 6.09 224
4ABC-SiC 1800-10 323 241 42 2.39 30.7 6.10 2.64
1800-20 3.60 248 4.6 232 36.7 7.13 3.53
1800-40 4.59 2.98 54 2.66 49.6 7.56 4.16
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