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Effect of Porosity on the Fracture Toughness and Electrical Conductivity of
Pressureless Sintered B -SiC-ZrB2 Composites

Yong-Deck Shin, *Ju-Sung Kwon

Dept. of Elec. Eng..

Abstract - The effect of AlOs additives on the
microstructural, mechanical and electrical properties of 3
~-SiC+39vol.%ZrB, electroconductive ceramic composites
by pressureless sintering were investigated. The &
-SiC+39v0l.%7ZrB; ceramic composites were pressureless
sintered by adding 4, 8, 12wt.2% Al:Os powder as a liquid
forming additives at 1850C for 1h. Phase analysis of
composites by XRD revealed mostly of a-SiC(6H), ZrB;
and weakly a-SiC(4H), B-SiC(15R) phase. The relative
density of composites was lowered by gaseous products
of the result of reaction between A-SiC and AlQO;,
therefore, porosity was increased with increased Al
contents. The fracture toughness of composites was
decreased with increased Al:Os contents, and showed the
maximum value of 1.4197MPa - m”? for composite added
with 4wt.% AlLOs additives. The electrical resistivity of
‘B -SiC+39vol. %ZrB, electroconductive ceramic composite
was increased with increased Al(Os contents, and showed
positive temperature coefficient resistance (PTCR) in the
temperature from 25C to 700C.
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Fig. '1 3-point flexural strength of the
B ~SiC+39vol.%ZrB; with AlLOs contents.
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Fig. 2 Vicker's hardness and fracture toughness of
the 8 -SiC+39vol.%ZrB; ceramic composite
with Al:O3 contents.
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Fig. 3 Crack propagations of SZ-A4(a), SZ-As(b) and
SZ-Azc). ‘



Table 1 Average grain size of «-SiC and ZrB..

item a-SiC
aspect length{m] ZrBs
specimen ratio X diameter{m]
SZ-As 3.61 3.368 0932 |[3632
SZ-As 4.56 55 1.205 [3.866
SZ-Ap 470 5.29 1125 |4.032
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Fig. 4 Temperature dependence of electrical resistivity
of SZ-A4 SZ-Asg and SZ-Ais.

7 7] W&Eol%, Fig. 3(a)ol YeRd whel 2o} crack
AAe] AN AEE H7 fFojtk ¢-SiCY grain
FAZ crack deflection®¥ o] §= a-SiC(Li% Bradt
7b 2A8 6H SiC @ 436x10°%/T at 20-10007C)H[9)%
ZrBy(59%x10%/C at 20-1000T)1019] LA % o)
2RE I{HAFSHo A7 #olrt,  SZ-Asd
SZ-Ap7t SZ-AsEt HI QAL FolA: olf:
AlO38] H7taFeo] WolxHA SiCet ALOsgte] wgo g
AT FHEY FAZe Yol Fristm, m2Us AR
Wxel A 7] Fo] SiC-matrixsd 2349 ZrB, AW
Atolel Aol FBHAA, cracky ARE JAste
8% 717 FEHEFE 8 crack AFduire 7
7t 9189} crack®] AAo] g Asr] dfFol},

P ol

3.3 MIIXEE

A7IALEL A 7HA AR L PauwH(5]e o4ty
25Tl A 700CAFole] 2y ZAsgen, o
AFHE Fig. 49 Jehidc. A7iA8 e 259 A4
of e} Aol Frlete EHAYLEASE Holim
Rew, AO:9] HrbEo] 4, 8 12wt%BE 271842 2
5CelN  855x10°-9.23%x10%~1.02x10°Q - emo g
Z7h8k3, T0CAME 265X 10°=2.83%10°-3.03%107°
Q -cm&.2 F7He51 )t} hot-pressing @ 2 A X o
~SiC+30vol.%ZrB.8t  a ~SiC+45vol. %ZrBe.9] 5.37~7.16
X107 537x107Q - cm@®R.TH3]) vt ozt 2o A
71 Ee] vehdrl oje AW uRd AgrAE ¢
T ALO:9 H7t2 st el 7]Fe] SiC-matrixe
2213l ZrBest A 3349 HAMZA EA3) 9
oW, % oleig 713 dger s|FFo) AgHo

2 ¥& SZ-As% SZ-Ap?t SZ-A) dlE o ¥e& A

g Beln i
4.4 =

B -SiC+39v0l.%ZrBxoll 4, 8 12wt.%9 ALO:& ztz}
Arbste Frigtadgos Aze B¢ sAH, A
713 EXel nxe J1Fe 9¥e 2AS A gLw
2L 2EL 9t
1) FdEEE ALO:E 4wt % B 1E AlHolAM 9347% 2

7 =4 JEUe, AO:E #1842 golxlm,

porosity ¥ 6.53—698—1094% 2 ZolAt}.

2) XRD¥A e o3ty SiCo ZrBoe M2 whgstA o
I, SiCE o9 6H polytypel® tiiE W3
o gArel 4HS AAY 15RAe] ¥, A THl g
ok E=E, A0S M rFEe] BelALEE 267 25°
35° , 435° | 525° , 575" ¥ZA ALOs;el W=7}
FolH

3) FHAMAE 71FE] HE FL 4wt%S ALO:E
H7Hs AWl 14197MPa - mY?2 M4 =AU
Wow, ALOz9l 7o) F7ste] wel Zastes 3
g B AYAEY HEE ALO:E HESFE
Z7hete 12wt %A 7hek AlHelA Z+zE 261.36MPash
483GPaz 7}¢ ¥ A JEhsdth

5 ANAYEEL A A AH BEF EWAYLEAS
& Holn glev, ALO:9l #HItEe] 4, 8, 12wt%2
Z71842 25THAA  855%107-9.23%104—1.02%
10°Q - em2, 700CAA 265X107°-283%10°-3.03
1030 - cmg 2789

@1 E )

[1] Kazuo OKANO, "Electrical Conduction in Sintered
SiC", Yogyo-Kyokai-Shi, 94 [1], pp. 229-235, 1986.

{21 Yukio Takeda, Kousuke Nakamura, Kunihiro
Maeda and Yasuo Matsushita, "Effect of Elemental
Additives on Electrical Resistivity of Silicon
Carbide Ceramics”, J. Am., Ceram. Soc, 70 [10],
pp. C-266~-C~267, 1987.

[3] Yong Deok Shin and Yong Kap Park, "Properties
of Hot-Prssed SiC-ZrB; Electro Conductive
Ceramic Composites” Trans. KIEE. Vol, 46, NO. 4,
pp. 566-572, 1997.

[4] Ken TAKAHASHI, Ryutarou JIMBOU, Yasuo
MATSUSHITA and Tetsuo KOSUGI, "Electrical
Resistivity of SiC-ZrB2 Electro-Conductive Ceramic
Composites”, Yogyo-Kyokai-Shi, 94 [1], pp.
224-228, 1986.

[5] "Philips Research Reports” Philips Res. Repts 13,
-1-9, 1958, ,

{6] B. R Lawn and E. R. Fuller "Equlibrium
Penny-like cracks in indentation fracture” J.
Mater. Sci., 10, pp. 2016-2024, 1975.

[7] M. A. Mulla and V. D. Kristic "Pressureless
Sintering of A-SiC with AkOs Additions” J.
Mater. Sci., 29, pp. 934-935, 1994. .

[8] Eiji KAMIJO, Masaaki (HONDA, Matsuo
HIGUCHI, Hisao TAKEUCHI, "Electrical Discharge
Machinable SisNg Ceramics”, Sumitomo Electric
Technical Review, [24), Jan., pp. 183-190, 1985.

[9] Patricia A. Hoffman "Thermo Elastic Properties
of Silicon Carbide-Titanium Diboride Particulate
Composites” M. S Thesis, 1992.

{10]  Yuklnori Kutsukake “The Development of
ZrB;-Based Cemmert” Ceramic Data Book, pp.
687-703, 1937.

- 849 -



