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ABSTRACT

Porous self-bonded silicon carbide (SBSC) ceramics were fabricated at temperatures ranging from 1700 to 1850°C using SiC, silicon
(Si), and three different carbon (C) sources, including carbon black, phenol resin, and xylene. The effects of the Si:C ratio and carbon
source on porosity and strength were investigated as a function of sintering temperature. Porous SBSC ceramics fabricated from phenol
resin showed higher porosity than the others. In contrast, porous SBSC ceramics fabricated from carbon black showed better strength
than the others. Regardless of the carbon source, the porosity increased with decreasing the Si:C ratio whereas the strength increased

with increasing the Si:C ratio.
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Table 1. Batch Composition of Self-Bonded Silicon Carbide Ceramics
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ool oA U8R AFEE BUE SiC (~65 um,
>08%, Showa Denko, Tokyo, Japan), Si (<1 um,
>09%, High Purity Chemicals Ltd., Tokyo, Japan) %
B A4 FHEEE (~45nm, >99%, Korea Carbon
Black Co. 1td., Inchon, Korea), #l&52](Kangnam Che-
mical Co., Ltd.,, Incheon, Korea), ¥ =4 SA](Fudow
Co., Ltd., Tokyo, Japan)o]th. & Z-E Table 104 H
olFEd, 25 AJHL SiC(Si+0)=80:20 wt% Y&
AskaL, SiC oratio® 2:15-E 4:17Fx] WHIAA G163
o} Table 12] ©4& 32 @4 A 52 HAerA
AxaleA o] §Aame &8 217t 60.00%SE 59.75%
2 ARkl Th Table 19 9E 2] SiC 3 ogsS
gnE Agsle] H2 E3SE & 9de] d2AIEY.
A 8 FHAAFAE AT 9ERES AN 5
800°COll A 1 AIZF F<t of= 714
FAL AR £EE BE 9 &

JIEE 7o si
ko3

A

]
=

= g 5o 200 MPa
443 E(cold isostatic pressing)dHd

8x4 x40mm Z71Y AHE A x5t AxH 8
= 2 okl AAlsted Sdgola] 1700°C~1850°C4]
e QoA ol: i EoE AME-sle 1A B9t a2

skt o] w, 1000°ColA] AE 57 sdEs
min% 3+
AzE AlH

20°C/

oR
T

e AzdYgs AR Y=g 24

PE
A, 71Ese Az RE Al stk of of o

295 SiC7F 80 vol% «-SiC(moissanite)2} 20 vol%

Batch Composition (wt%)

Sample

Remark

SiC(#220) st Carbon Black © Phenol Resin®  Xylene'
SBI 80.00 16.48 5.99 - ) SiC:(Si+C)=8:2(wt%)/Si:C =2:1(mol%)
SB2 80.00 1751 352 - - SiCH(Si+ C)=8:2(wt%)/Si:C=3:1(mol%)
SB3 80.00 18.07 1.93 - - SiC:(Si+Cy=8:2(wt%)/Si:C=4:1(mol%)
SB4 78.16 16.10 - 5.74 - SiC:(Si+C)=8:2(wi%)/Si:C=2:1(mol%)
SB5 78.69 17.22 - 409 - SiCx(Si+ C)=8:2(wt%)/ Si:C=3:1(mol%)
SB6 78.98 17.84 - 3.18 - SiC:(Si+C)=8:2(Wt%)/ Si:C=4:1(mol%)
SB7 78.15 16.10 - - 5.76 SiC:(Si+C)=8:2(wt%)/ Si:C =2:1(mol%)
SBS 78.68 17.22 - - 4.11 SiC:(Si+C)=8:2(wt%)/Si:C =3:1(mol%)
SB9 78.97 17.84 - - 320 SiCH(Si+C)=8:2(wt%)/Si:C=4:1(mol%)

1~65 um, >98%, Showa Denko, Tokyo, Japan
<1 pm, >99%, High Purity Chemicals Ltd,, Tokyo, Japan

& ~45nm, >99%, Korea Carbon Black Co. Lid., Inchon, Korea

§Kangnam Chemical Co., Ltd., Incheon, Korea
*Fudow Co., Ltd., Tokyo, Japan
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Fig. 1. X-ray spectra of porous self-bonded SiC ceramics
sintered at 1850°C for 1 h in Ar: (a) SB3, (b) SB6, and
(c) SB9 (refer to Table 1).
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Table 2. The Green Density, Sintered Density, Weight Loss, and Linear Shrinkage of Self-bonded SiC Ceramics during Sintering at

1700°C
Sample Grez/ cr)il%r)lsny Smte(r;ci nll);;nsrcy Wei g(?/to )Loss Linear (E/}o];'mkage Remark
SB1 2.26 1.79 9.2 2.6 SiC:(Si+C)=8:2(wt%)/ Si:C=2:1(mol%)
SB2 2.25 1.87 102 1.5 SiC:(Si+C)=8:2(wt%)/S1:C=3:1(mol%)
SB3 2.25 1.97 11.1 13 SiC:(Si+C)=8:2(wt%)/Si:C=4:1(mol%)
SB4 2.12 1.53 17.3 1.8 SiC:(Si+C)=8:2(wt%)/Si:C=2:1(mol%)
SBS 2.17 1.68 17.7 1.3 SiC:(Si+C)=8:2(wt%)/Si:C=3:1(mol%)
SB6 2.19 1.68 18.7 13 SiC:(Si+C)=8:2(wt%)/Si:C=4:1(mol%)
SB7 2.20 1.67 17.1 1.0 SiC:(Si+C)=8:2(wt%)/Si:C=2:1(mol%)
SB8 225 1.77 172 0.9 SiC:(Si+C)=8:2(wt%)/Si:C=3:1(mol%)
SB9 2.40 1.87 17.5 0.8 SiC:(Si+C)=8:2(wt%)/Si:C=4:1(mol%)
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Fig. 2. SEM micrographs of pyrolyzed mixtures containing 80 wt% SiC and 20 wt% Si and C

in 2:1 molar ratio: (a) phenol-resin

added mixture (SB4) and (b) xylene-resin added mixture (SB7) (vefer to Table 1).
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Fig. 3. Effect of carbon source on microstructure of porous self-bonded SiC ceramics containing 20 wt% Si and C in 4:1 molar ratio
and sintered at 1850°C for 1 h in Ar: (a) SB3, (b) SB6, and (¢) SB9 (refer to Table 1). The arrows denote fine SiC particles

synthesized from Si and carbon.

Fig. 4. Effect of the Si:C (phenol resin-derived carbon) ratio on microstructure of porous self-bonded SiC ceramics sintered at 1750°C
for 1 h in Ar: (a) SB4, (b) SB5, and (c) SB6 (refer to Table 1).
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Fig. 5. Effect of sintering temperature on microstructure of porous self-bonded SiC ceramics containing 20 wi% Si and C (carbon
black) in 4:1 molar ratio: (a) 1700°C, (b) 1750°C, (¢) 1800°C, and (d) 1850°C.
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Fig. 6. Effects of the Si:C ratio and sintering temperature on porosity of porous self-bonded SiC ceramics fabricated from various
carbon sources: (a) carbon black, (b) phenol resin, and (¢) xylene resin.
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Fig. 7. Effects of the Si:C ratio and sintering temperature on flexural strength of porous self-bonded SiC ceramics fabricated from
various carbon sources: (a) carbon black, (b) phenol resin, and (c¢) xylene resin.
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