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dutyo g ERTe] aZor 22 At Z dAte] Hrke 244 AstE A2 2 Aol oEE o
g ol&ste] Ze SiC UA 2 SiC 27 Ee & SiC JAE FHrtste] 22448 ASAITIAL, YAG(Y;AL0, &
a4 F7HE AAETeRA tgd SiC AR AE AxEch Az ted Sic Atz VFee & YA &
Fik 24 4ES AATORA 03-39% oA Aold 5= AU 71FES E YA ko] Frg] wet Fts)
I, SiC H&AE A7bste 2ol & SiC AE Frtete A En 71888 woled & ot Axd 42 A
grel oA 71A 9] B/1AE 71Eg0] UK wet SUFEA, H A RS V1EE0] FUHt wet gasich 71E
&0 18% ©]4<l thed SiC Algtuxo] ol FET W WP Eo] AZHA..

ABSTRACT

Addition of large particles restrains densification by small particles in mixed particle systems. In the present study, large SiC
whiskers or particles were introduced into small particles for restraining densification and the mixtures were sintered using yttrium
aluminum garnet (Y;Al;0),, YAG) as a sintering additive. By controlling the content of large SiC whiskers or particles and the applied
pressure during sintering, porous SiC ceramics, with a porosity ranging from 0.3% to 39%, were fabricated. Porosity increased with
increasing the content of restraining materials. SiC whiskers were more effective than large SiC partcles for restraining densification.
Permeabilitv of the porous SiC ceramics increased with increasing the porosity. Flexural strength decreased with increasing porosity.
A noticeable increase in strain to failure was observed in the porous ceramics with a porosity ranging from 18% to 39%.

Key words : Porous ceramics, SiC, Flexural strength, Strain-tolerant behavior
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2FEE A, Alzd g2d SicAl AEty e 71F3a7)
BE, 7179 F3E, UxE B4 58 2FAY B A
Fo AFAes AFaAE AU SoigA 2 A0 2A

Aulg 23 Z2Y o) &8 2 ¢ vy dgdd
2. Al

29982 +E vY SiC(~0.32 um, Ultrafine, Betarudum,
Ibiden Co. Ltd., Ogaki, Japan), tH¥ SiC(~65um, ESK,
Germany) 2 SiC whisker(37d 0.5~3 um, Z¢] 50~200 um,
Grade I, American Matrix Inc., USAYS A3, &2
ZAZE YAG(Y;AL;0;,, 99.9%, Kojundo Chemical Co.
Ltd., Saitama, Japan) ¥&< AME3HA

Table 19]4 RoFE 9825 ATAZ 2% poly-
ethylene glycolPEG)S #7}3te] SiC &34 oeh&S &uj
B AME3l EFelZegd BUS ARSEe] EsiE
EF A7 Y SiICE H7kek Aolle 240175 &
59T, SiC F2AE AvpeE AL Sic 3279
A7 E 97] &) uY Sic 2L 2A4AZA, AGANE

- 839 - A

A7Fsle SiC £33 oE@2-g S 224]7HEQr &5t
Zol, SiC 3 2=AE Hrkstd 2A7HE<t 712 EFHA
o 3" BTe SC1-SC6 AlHe) A9 Azx7IA
Azsha, 5t 200kg/em’e) PEo 7 AZIIAH
&3, 3400 kg/em®®] YHFo 7 FHY A3 (cold isostatic
pressing)3lith, AZFH L SAZAA Ar EH71E A}
23l 20°C/min®] £52 1850°C7HA] SL38le 1IN E
ot FAEAT old % 212 AFAS A= Y
SiC YAk 7P fle™, 79 Sice] &Zo] AHe &
7o)t} SC7-SC9 A Z9ole= Ar B71E AHS-3te
25MPa8) ¢E& 7183, 20°C/ming] $E2 1850°C7HA]
2ot 1A 7HEet TkadsiEd. 2T AxzAL
Table 194 HoE)

AzE AN dxE AF 29E 243t Aitst
AL, 7eEe AUU=2EY At JETE
FAPA A v 4 (SEM, S-4300, Hitachi Co., Japan)S AM%-
st FFIRAL, 71F27] 2 B71=E porosimeter (Auto-
Pore 9510, Micromeritics Instrument Co., USA)%} E71%
27 7|(CFP1200AEL, PMI, USA)E AM&-3te] 2433t
22 SiC A8 AEE 2ZAE 3x4x25mme] =2
712 dasted Y span 10 mm, 2|5 span 20 mme] X]
TE ARE3le] WHE Al 71(8516, Instron Co., USAYE A}
423} 0.5 mm/min®] cross-head 5 E =& 715t 4

4 BYPEE FAA.

-
L

3@ HFE

Azg AH 71FEL 03-39% BAS 7HH 2 (Table
1), Fig. 1914 B%o] 71382 J44F € /IkeE &
Aoz AzH AW Aol BF, 23L& JAE7] ¢
& A7k Sic F&A 2 N (grio) SiIC YA Hrbgol

Table 1. Batch Composition, Fabrication Conditions, and Porosity of Porous SiC Ceramics

Sample designation

Batch composition (wt%)

Sintering condition Porosity (%)

SC1 90% SiC whisker* + 10% YAG® 1850°C/1 h/Ar 38.6
SC2 90% SiC grit” + 10% YAG 1850°C/1 WAr 284
SC3 60% SiC whisker + 30% fine SiC! + 10% YAG 1850°C/1 h/Ar 282
SC4 50% SiC grit + 40% fine SiC + 10% YAG 1850°C/1 h/Ar 259
SCs 40% SiC whisker + 50% fine SiC + 10% YAG 1850°C/1 WAr 22.0
SC6 20% SiC grit + 70% fine SiC + 10% YAG 1850°C/1 h/Ar 18.5
SC7 90% SiC whisker + 10% YAG 1850°C/1 h/Ar/25 MPa 13.1
SC8 50% SiC whisker + 40% fine SiC + 10% YAG 1850°C/1 W/Ar/25 MPa 7.0
SC9 10% SiC whisker + 90% fine SiC + 10% YAG 1850°C/1 h/Ar/25 MPa 03

*The diameter and length are 0.5~3 wm and 50~200 pm, respectively (Grade I, American Matrix Inc., USA).

®Yttrium-aluminum garnet (Y3Al5Oq,).
“Average particle size is ~65 um (ESK, Germany).

dAverage particle size is ~0.32 pm (Ultrafine, Betarudum, Ibiden Co. Ltd., Ogaki, Japan).
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Fig. 1. Relation between porosity and content of constraining
phase in porous SiC ceramics.
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F=AE HrHe SCL AlE9] 713-&°] Y SicE A7t
% SC2 A9 71FE B o 55& ¢ £ e, 9
23t A= FaA Pl vE FHEe uY SiCE
Artete A Bo £249] Aste] &34 U-S vebdg
AEAE 60% H7HsE SC3Y 7]3-8(282%)F HE SiC
g 90% H7I3F sC29] 71F8(28.4%)°] ¥|S=F AE o)
23 A4S SR F A Fae Ao 279
Z7190 FE2AY A5 FEA 93 3394 oyd
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Al BolA] &Ed], ol SiC J2A7 2ZFA/HE AL
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Hheol ol FAE Y-Al-Si-OA Aol g3)= o], L3
N E FAHIE st Aol FAol M Zoj
71218t Fig. 2= SCI Al8x $93 Ya=3e
AHg-ste] 25 MPa®] & 7hsted ik SCT AlH
o AAHS RAFH, /ethF Fgo A dFHe 9%
F7H QA AL dojut 71379k 71F-g0] A s
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SA L e
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H¥ SiC FFe] S7MEFE 7)FEo] S AS B

Fedl, ole Y YAy &4 $£5E2 22 ARk
TEE B gong & Rt FEe gAY F4A 4
o2 Eg7o| 283} (radial compressive stress), D5
WEol= g o] FE3(tensile hoop stress), XL
315 walaty] wfEoltt ) ole)dt g8 WY Sic YAt
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T At
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A& BAFET ol SEMolA #&st AxFg 29 & o
A4S & F Ak SCRY Ao 7|FA7] B2} A
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Fig. 2. Typical fracture surfaces of porous SiC cerami
(refer to Table 1).
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Fig. 3. Pore size distribution of porous SiC ceramics in SC2,
SC5, and SCS8 (refer to Table 1).
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Fig. 4. Variations of flow rate with differential pressure in
porous SiC ceramics (refer to Table 1).
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5. Effect of porosity on (a) flexural strength and (b)

relative strength of porous SiC ceramics.
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Load vs displacement curves of porous SiC ceramics.
Porosities of SC3 and SC6 are 28.2% and 18.5%,
respectively.
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