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ARSTRACT

Self-reinforced silicon carbide was prepared by hol pressing and Lhe contiol of starting phases of raw materials, and
its microstructural characteristics was investigaled. The specimens with self-reinforced microstructure were obtained (rom
the compacts with mixed compositions of ©- and [F-SiC powders. Self-cmlorced microstructure which is composed of
large dispersed grams with rod-like shape and matrix with small equiaxed grains was formed by the Lransformation ta the
0-SiC with 4H. polytype from B-S1C and amsotopie grain growth during the beat treaument. Of all specimens, the values
of velume [raction, maximum lenglh. and aspecl rano for large grains with rode-like types wete the highesl at the
specimen with 30 vol% B-SiC in the starting SIC powder. and, theretore (s specimen showed the highest fracture
loughness due o the crack deflection by rod-lke grains during crack propagation.
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Table 1. Characteristics of Starting Powders

Particle . Major
- - / G
Powders size(itm) Purily(%) impurities(%)
. i Free C, 108
-8 045 98.1 Free SiOy; 0.71
. Free C, L.67
e 2 :
B-sic 043 972 Free 5105 1.04
YAGH _ 90 09

*Showadenko Co.fA-1, 6H; 94%, 15R: 6%)
HShowadenko Co(B-1, 3C: 96%, 2H: 4%)
"High Purity Chem Co.
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Table 2. Densities and Phases of Sintered Bodies

E?Snit(cjm( ‘; § ](:;::;E))( Major Phases | Minor Phases
0 322 GH
3 321 6H 4H
20 319 6H>1H 3cC
50 118 4H. oH 2H
80 317 4H. 6H 2H, I5R
100 317 4H>6H ac

Sign of mequality (>) is indicated Jarge more than 20%
difference between two phases,
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Fig. 1. Microstructure of ]10t—pres';ed éiC sijeci.mcns ptepated [rom Lhe starong powder mixture of G- and B-8iC;
{a) pure 0t-S1C, (b) 95¢-5iCY5 B-SiC, (c) 800-$1C/20 B-8iC
{d) 5000-8iC/50 B-SiC. (e) 200:-SiC/80 B-S1C, and () pure B-5iC.

(diameter)e]l W3le] HE(lengthye] AdlEo® =AU rhElsien. dERde] Skl 50% o149 Afelds A
Efshem, ofol] w2t ] (aspcct r"ltio)% g1z e o] gAY} Eok o] Fes]) BEe] 2 9] H)
ATl Sk - 2] e Y F D9 BT I A7HE e sk B 2

SRS eI 2 QA e AEEee U HRHoE weThel A aem, By i e

o

B F b Beas el 06 ST A F 4 BT el 3RE 2 8 LA42 A

A 36 Al 12 (1999



i
i

1360 O)FL L AEA . AR . ol . 7] )

il
il

Table 3. Microstructural Characleristics of Sintered Bodies

Content of Mabiix grawmns Large grains
B-5iC(%) Diameter(um) | Length(ya) ASPS;;;MO irli}g::;;?) Diameter(yan) | Length{zm) ASP(BRC;5§au0
0 14 2.6 36 7 5.2 11.4 3.
3 15 2.4 34 b 51 182 8.2
20 1.6 3.1 40 20 71 351 8.7
50 1.5 3.0 44 37 16 4.2 111
80 1.7 36 4.6 36 87 351 72
100 1.8 5.0 8.1 35 58 30.8 6.3

# The separation poinis belween large grains and small grains were determmed fiom over 3. Rgs is the valuc of the
10% highest aspecl 1alios (L/d)
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Fig. 3. Scanning electron micrographs ol indemed specumens:

{a) pure o-SiC, {h) 300-8iC/50 P-S1C, and (¢} purc 3
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Fig, 5. Scaning electron micrographs of fracture surfaces in
(a} pure 0-81C and (b} 500-8$1C/50 B-S1C

of & AEe) Ff-Fig 421 b7t 71 Soiae] g
AiiH ez Hel Falgde] B AJHL) F$(hg 49
b FEET N gl T, vt s H @
o] gofhd & 5 glgich

gl £ 2ol WERe
F 50% 21 AlEe] sdH s el
o 2 34 A FREEL T Qv g Yehe 7
Fhe Helu} tiFte] SRy 714 Paje} gt ¢
7«161]*1 YA BelFz itk el gap) #e A
#He] Z(Fig. 59 aplrles sbde] &abol wwa
b wbeel] 71 hge] eixbrt gk Ale] A$(Fig.
5] b elEld Y4B 23 Y] HEL Ushie &
EUAEE TR AAE flrbEe] T @A =9,

1.4 =
PRI 2

it

dxjzlel] gldle] A gsns A8

3ietE]A]

deF -3 B

A8 Az 2
A5 AR

35 dsx Zgko

7 &Y rlAlTE e AAAE
drhdst wERY it BEg
%-t]'— degan, ol2fg rlAlTa
= DA wet el BEhis Q= 2 g A
HHE 2H= 4H A 99 glahras Abieisius §
AESC A golde] "ehta Pate] FulE g v
EMY ©EA Bl Sie) 20% ol el R FiA)
TS S0% olgd W 7P =4 veEldew, 9ala
71 3 FEE TRE vieky g O we) Wiy
ok 27) 2% 204 50%) WERY BEgas e
@ AN B YRl 2 Aels FaEe)rt gt
A=A delkE, 1A QR e W) 2
FEEO 7 42 36 um B 4690E vlEke] ot
7l A Aol B FeENZE 412 um ¥ 11 1S
ERRSAT). ZRAl7ek At Folds gl =i
Fol 7P 2 AlHel 7k =& Qe B,

© QR T RS0 )5 2UHG avE
55},

]o

_G.l‘-[u-_",".EQ,

HAel =

B oo dnaagtveos sy, 38,
96-0300-21-01-3) A7H] Aoz HalEgon o
a4aE =),

REFERENCES

1. M. Srinivasan, “The Silicon Carbide Famuly of Struc-
tural Ceramics”; pp. 99-160 in Structural Ceramics, Ed.
by 1. B. Wachtmas. Jr, Academic Press, New York,
1989,

. K Yamada and M. Mohz, “Properties and Applications
of Silicon Carbide Ceramics”, pp. 9-29 Silicon-Carbide
Ceranucs Ed. by S. Somiya and ¥ Inomala, Uchida
Rokakuho Publishing Ltd., Tokyo, 1988.

3. K. Sato, “SiC Sintered Parts,” FC{Fine Ceramics) Re-

port 11i2}, 34-39 (1993).

4 N. P. Padture, “In Situ-Toughened Silicon Carbide,” /.
Am. Ceram. Soc., T7(2), 519-523 (1994).

5. N. P Padture and B R Lawn, “Toughness Propertics of’
a Silicon Carbide wilh an In Siw Induced Heterogeneous
Graw Strueture,” J. An. Ceram See., 77(10), 2518-2522
{1994

6. J. K. Lee, Y. J. Eim and H Kim, “Formation of Self-
Reinfoiced Microstiuclure by the Control of Starting
Phaze in Liquid-Phase Sintering Silicon Carbide Cera-
mics,” J. Mater. Sci. Lefr.. 16(23), 1958-1960 (1997).

7Y W Kim, M. Mitomo, H Emolo and J. G. Lee, “Effect
of Initial o-Phase Content on Microstructure and Me-

%]



10.

11.

13.

arare] ole ARE e A2 mz

chanical Prapertics of Sintered Sihcon Carbide,” J. A
Ceram. Soc.. 81(12), 3136-3140 (1998).

. K. Hirao, T Nagaoka, M. E. Brito and S. Kanzaki,

“Microstructure Control of Silicon Nitride by Seeding
wilh Rodhke [}-Silicon Nitride Particles,” J. Am, Ceram
Sec., T7(7), 1857-1862 (1994).

. S, R. Chor and 1. A. Salem, “Crack-Growth Resistance

of In Situ-Toughened Silicon Nitnde,” J. Am. Ceram.
Soc., T7(4). 1042-1046 (1994).

A. I, Pyzik and D R. Beaman, “Microsturcture and Pro-
perties and Sell- Remforced Silicon Nitride.” J. Am.
Ceram. Soc. Ta(11). 2737-2744 (1993).

H. Kedama, T. Suzuki, H. Sakamoto and T. Miyoshi,
“Toughening of Silicon Nitride Matrix Composites by
the Addition of Both Silicon Carbide Whiskers and
Silicon Carbude Particles.” J Am. Ceram, Soc., 73(3),
678-683 (1990).

. S K. Lee, Y. C. Kim and C. H. Kim. “Microstructural

Development and Mcchanical Properties of Pressureless-
Sintered SiC with Plate-Like Grains Using ALO3Y,0;
Addwves.” . Mat. Sci., 29(20). 53321-3326 (1994).

Y. W. Kim, M. Mitomo and H. Hirotsuru, “Grain Growth
and Fraclure Toughness of Fine-Grained Silicon Carbude
Cerarmues,” J Am Ceram. Soc., T8(11), 3145-3148 (1995)

.M. A Mulla and V. D Krstic, “Pressureless Sintering

aof B-SiC with Al.(3; Additions.” J. Mafer. Sci., 29(4),
934-938 (1994).

15.

14.

17.

18.

22,

1363

M. A, Mulla and V. D. Krstic, “Low Temperalure Pre-
ssurcless Sintering ol 3-Silicon Carbide with Alumi-
num Oxide and Yitrium Oxide Additions,” Auz Ceram,
Soc. Bufl,, TH(3), 439-443 (1991).

H. Tanaka and N. Iyi, “Simple Calculation of SiC Poly-
iype Contents from Powder X-ray Diffraction Peaks.”
J. Ceram. Sec Jpn, 101, 1313-1314 (1993}

M. Mitomo and 8. Uenosano, “Microstructural Develop-
ment During Gas-Pressure Sintering of o-Sihicon Ni-
tride,” J. Am. Ceram. Soc.. 75(1), 103-108 (1592).
M. Mitomo, M. Tsutsumi. H. Tanaka, S. Uenosona and
F Saito, “Grain Growth During Gas-Pressure Sintering
aof P-Silicon Nuride,” J. Am. Ceram. Soc., T3(8), 2441~
2443 (1590).

. W. F Knippenberg, “Growth Phenomena in Silicon Cart-

tucle.” Philips Res Rep. 18(3), 161-274 (1963)

LY. K, Y. W Kum, I. G. Lee and XK. 8. Cho, “Eflect

of Anpealing on Mechanical Properties of Self-Rein-
forced Alpha-Silicon Carbide”™ J. Mat. Sci., 34(10) 2325-
2330 (19499).

. I. K. Lee and H. Tanaka “*Microstructuial Vanauon be-

tween Surface and Inside of Liquid-Phase Sinteted [3-
8iC" J. Ceram. Soc. Jpn., 103(11) 1193-1196 (1995}
M. Keppeler, H. G. Reichert, . M. Broadley G. Thurn.
1. Weidann and F. Aldinger, “High Tempeiature Mecha-
nical Behaviour of Liquid Phase Sintered Silicon Car-
bide.” J. Eur Ceram. Soc., 18(5), 521-526 (1998).

A 36 A A 12 &0199%)



