Table 1
Physical properties of SiC and Si3N4
Physical properties SiC Si3N4

Decomposition temperature 2325~2475 K 2151 K
Thermal expansion coefficient  4?0-6/K 3?0-6/K
Thermal shock resistivity D300 K D500 K

Elastic modulus 350~410 GPa 120~200 GPa
Thermal conductivity 60 W/mK 40 W/mK

Fig. 1. Cross-sectional SEM micrographs of sintered Si3N4 with 100 mm pores as a function of

pore vol%; (a) 14 vol%, (b) 27 vol%, (c) 39 vol%, (d) 50 vol%.

Fig. 2. Cross—sectional SEM micrographs of sintered Si3N4 with 200 mm pores as a function of
pore vol%: (a) 14 vol%, (b) 27 vol%, (c) 39 vol%, (d) 50 vol%.

Fig. 3. XRD pattern of sintered Si3N4 at 18500C for 2 hours under 1 MPa N2
atmosphere.
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Abstract In this study a new growing method of silicon nitride whiskers in the inside of large
pores made intentionally during the sintering was conducted. Pore size, pore vol%, and nitrogen
pressure were used as experimental variables. Silicon nitride whiskers were well grown in the
inside of pores with low pore vol% range from 14 to 27 but not grown with high pore vol% such as
39 and 50. On the other hand, pore size and nitrogen pressure did not have any influence on the
whisker growth. Therefore the most important factor to grow silicon nitride whisker in the
inside of large pores during sintering was to make pores isolated or closed.
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2 L2 AANANE oAl AF WEHUA A/ Z SHAZ JISUHRN EatAal FAHE
SEAIE Mz UEHE Ao, g2 J182 30, JI8Eg 2 &
IIEE0] 14 vol%2t 27 volse 2 dR0U = Eataa FAAHI ISR s
2t 50 vol%2 JIEBE0l SItE dR0= FAAHI He SFOHA LULH. & J1B32 AJ|2 242
2 JISWHR0 23t d SAAHS U He Fes =X £HUD, 2AZRFUH IS WU AAHE S
HADE S8 XHd2 NEHE FH2 €8l IS8 |Aole HLS UL
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Eatralt SH Eatnas 5, SN2 HFo) =2 =222 €53 Ngd, Wit2d S
O HOE JIHAE SH= It Us S=e MABME2 A28 SEEO0H 2l ASEHLD JACH &
stas BERAE0 Boi2Et Ua 210 Bdile2t @8-I /2L WA= H10 Lol
0| 220101 €353 MEH0l S$eAA20 FOUCLH OHAH z20e E3RAE A22LE CIR
Sl 20| D2IAE Zdols X2 FaE ZHO HEdtd= A0 0IRAHXLD AJACH ], E&t
A% Eetal HWEHC =2 d2S dlu, 2<40tH Table 110 2L
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JIXZ 0l=20H& E.“—‘.EdXHEOI *iMHE AZEN 22 JHAIISEE dAldle A2 Al
Ct[2]. DM BHEOIH 018 LY HstAs FHANE MISHH=E S EFIt 0IR0HXLD A
S0, Si02-Si-N2-H2 HZ=H /\“‘U\IDIE g8, Sig2-CN2 HZ=2H dEAINes &8, Sid2-N2-
NaBAIF3 HZRH &A= Y, Si02-Al203-Y203E HH4C=Z 0|=&t ststS &Y |
[2-12]. DLt & HF0AM= SidNd2 220l M0 A JIstEl=s SelHAe d ef
101 e JIE8= 0I80ot0 &2 = ol HEU JISUHR0 EatAax FAHE d&
otALH. HatAZ HILHMZ= Al2032 Y203E 0ISolUH a88+2 WR
gs S BatAIA I3 WOl 2at7a2 3AHI d8EH=E X
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HAS 2= Si3N4 SL(M11, H.C.Stark, Germany)t AZXHEZE AI203(AKP-30, Sumitomo chemical
a) Y203(Grand Chemical Co., Korea)S AtEZ5I¥ LD, HU JIE2S 2SD| {Ag JI=2 €44
I

Hz 2ZH0l 100 mm2 200 mm@! PMMA HI=(Pocera, Korea)E AFZoIUCH. & g E%*BP A
2 ZHI(AI1203 5 wi%, Y203 10 wi%)E Zcl0Ed 2I|0A =SF2=2 EstRrA 2 AM26IH 24AI2H S
AlSE ol¥CH. O F +=H D2X Z2&H (Cerander N2500, Yuken Industry. Co., Japan)E E&=0
ZHIIold ChAl 24A12F &8l £H2IE DJE‘RIEP E&tst sefelolle Ohel JIZEIF ZED 0 Ao
B ®IIIE 0/256H( %aﬁal()ﬂ/d JIZE HAHE =, PMA HIEE 14~50 vol% XUP PO WEIA 3
A2 WEIGIY HIEE 2421 & AIZES 2% EOH 20 800C2 220 M HEdtH FMHIF ~3 mmO|
1 Jtg, NIt 15x15 m2 ANEE HE5IUCH. 885 AlEsS EIIEOHA-I 0.30C/min% H&EZ2

5000CTHKl &206td S & ol OI"I’HOI Ig—% EMHA2|D DEX ZHEHME 25| HHGHACH. &XIst
HEMse E9Z2 0|26t 18500C0HIA 2A12 AZGIH XL AMHCDH, AZE2Z ML EAgHE2
242t 3, 5, 10 JILOR GHUCH A2 MZo RHS =G 22 BFUAL SYLAES OO,
XRD(Mode! D/Max—-3A, Rigaku, Japan)Z &A24&=, SEM(Model L-240, Hitachi, Japan)2& AZHMS If
St g 2HEGIRAUCE.
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Fig. 11t 2= 2r=2F 100 mm@F 200 mm =212 PMMA HIEES E8tol AAE AgFA9 AAH O I
SEM AtEIS =2 14, 27, 39, 50 vol%=z JIESE SIHH OE JI182 2ZE 20F10 AUCH. PMMA BIE

At FADb ASIE D] EM FMOI 5000COIA 2X3B| JIgtal =222 HIIX %I 20 e "l
o ADIQ &S 3ADI9 JI=E0| EHLULH. EH= J|IB2 E0| 27 vwl%tXle He 2SI O
IS AZEA £2 &8 JIS0IA1D, 39 volr2t 50 volklliAdE JISS0l AZ2 EF6t0 H0))
Z2& g8l IS0l HREZ0IU2H¢H, 50 vol% Olah HIEE EItst 2= S 2E0] LAS

Fig. 32 XRD 24 Z2UE UR22 ZFA4s= bAMOIA2U aME =2 0 UU2H LHAES ==2
YSi02NO| A CF.

Fig. 42 5= 100129 ZAZ2AII0M AZ2E ESRFA AEHS 100 mmet 200 mm 2212 WHEIIZ2
HE2 JISE0 M2k BE0F=10 UCH. JIBE0l 14 vol%2t 27 vol%2l BR20= WRo Us JIs EH
AL SN BLS0] I8 SA2 &8 dit A FHE J&EGHALH. S&s 2oL 3
HO "y MNE2 Hagad X SHED 22 0.2~1 molYel W2 20l= 10~20 mmz & st34
Ao HFEC 20 =& dl(aspect ratio)It ~200I%CH. 2Lt IISE0l 39 vol%2t 50 vol%eZE I}
20 = JISUHRN FHAHI He HSHEDA LUACH. Oledst BE2 Fig. 42 58 HludiE2d &
U0l II=s2 2II0= 2HS0I He SLSHAH UEILCH. =, JI32 AJIE0= JISES HEit
Aa-l -|II-ID-|()“ Oo|> O|I|.O|O %l- _/'\_ o E|.

Moz Aliias L20A GOS0 22 Z9s S0l 25t Ael20 242 2 I 20
o1t Olatel ZAZ/IIHM AZH0F ot= M2t M Z0ICH.
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OO0 Sidt SidN4e| 25=E 12 2tFotd 2 &g AZ250 1850008 0186t 2ol 2401
PN2E ot OIE 4018 S22 AHOEOAC. Jls Wil 485 = L9001 B0t Zoitle &
2 G H2H0l A=A LO0tED] 2ot Hstet OIEH =oio0l Jke 5J1gu 0I120 == &
2 31 ZA2INI0HAN Ed7FAE AZotRUCE. Fig. 68t 72 18500C0I A 2A12F 282 5011t 37|
2o EAgESE Jiotd AZst AIES W@ AMXMOITH f12 BtSANA et SoiJIg20 24U
SAI 20 Eot7Ao Soiot L0t 240 J1elI6tK 3JIUAME 5 %, SIIZUN=S 4 %2 SEFH2
Jb Ol AlE BHO AZBMHeE 2S6tA HRUACH. DLt IS S0l 14 volhet 27 vol%s2l Al &0l
= HER0l WE JIE8 280 FAHI d8of JAN HAHS S0l 2ALHN &g 22X @10 U
S= ZUCH 0lge 2H0UA JISUL BAH 830 g F= Ahe JISE0IU2H 28l JIS
HOIA S =2 d&85 = X222 BEHEJACH. Fig. 82 01 =elot)| oM AHIE 2 dEWUE 14

vol%2t 27 vol% AIEUAM 2 J130] Us AIEHS EHZ ZbESE AFROICH. 14 vol%lt 27 vol% AlH
D WSZJPG 4D 20| EOHY oIS Zel JISHAsE FAHIF SEGHA LA EHOA EHA
S5l D208 S AHIF A&oH UAALCEH.

Olatel AEZME NEMHEHE ZSAA A2 UM 2374 FAHIF d&E6GHI0 HEgs &as
AZ2H e &8l JIs2 HH0IUCH 8l JISlHMeE 86K &2=C0. €8 Jisw Zel J132 It
& 2 N0IE2 U SO (A, A2 Ha 2o &) Xololl, g2l JI382 sige J130I
ANEQE HALZN UD| 20 HHAEHN T=Eo6H)] AL, &8 JI2 U 2is sEZN U
1 R UEIF LOHUX %D HEo AN 2H S8 = U2 AH0ICH IS el SI10
HAE AL S AL SoHE = HQ 3JL0A AZS AIEHS &5 JISHME 2stAA A
HOb &S A0 20l 24 2ot UK 2= HAHE0 RAEH, & AZE2 SAGH]
ol HOIE HAMO| ST JH LOHUA LS 2122 AISECH. OetA &8l J|12e EdH2 g
AN SEBI|0 Ot Hgtst 20 2 = U= Aoz HEHEICH HHH del IS HEH2 =29
AL @2 HARE ASIRAS =2oJF HBSHoZ2 AU, A 2g3AS 2allgdHEB0}
=2 FRUT 2AA9 2Bdle LOUHURX LU HAS HEZ St 2eAA FAHIF &6
Ol E&otAl 22 21e2 EHCUCH. D22 AZWHU JIZ2 Wl EAHE HAEADIHAH DEE
HEHS E8l J|22 £Xote 20| M ERolld, 2122 AJ|Q L9 EAgHE=2 2 dsis =X
U= OB AZ AL

4.2 2

2 dR0AE EIRAS AZS Gl B0 UANOZ HAHE JIBURM HAHE SFADIE =
Moz A ZI S 22 ZEg AU

1) JIBEOI 14 Vol 27 vol%2 RS FL0E Hstas HANI B SFEU 39 vol%e 50 volhZ
JIBE0I ZItE Z0E HAHC S0l HOl 0IROIKIX LAY,

2) JIBO JJI AZ AlS] BAYAS IIB Lol REAL HAH HF0 Ao AHS FX YULH
3) ERAE AZFSHE WO I WRU HANE SFAIIE IE 28 XAS @8 I|BY =
EHE RXIss H0ICH

= =22 20048 SAUSt L st=A2E-EH0 20t0 HAEUASM Ol0 ZAE SELICH
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Fig. 4. SEM micrographs of the inside of 100 mm pores in the sintered Si3N4 under 1 MPa N2
atmosphere as a function of pore vol%: (a) 14 vol%, (b) 27 vol%, (c) 39 vol%,
(d) 50 vol%.

Fig. 5. SEM micrographs of the inside of 200 mm pores in the sintered Si3N4 under 1 MPa N2

atmosphere as a function of pore vol%: (a) 14 vol%, (b) 27 vol%, (c) 39 vol%, (d)
50 vol%.

Fig. 6. SEM micrographs of the inside of 100 mm pores in the sintered Si3N4 under 0.5 MPa N2
atmosphere as a function of pore vol%: (a) 14 vol%, (b) 27 vol%, (c) 39

vol%, (d) 50 vol%.

Fig. 7. SEM micrographs of the inside of 100 mm pores in the sintered Si3N4 under 0.3 MPa N2
atmosphere as a function of pore vol%: (a) 14 vol%, (b) 27 vol%, (c) 39 vol%, (d)
50 vol%.

Fig. 8. Cross—sectional SEM micrographs of the near surface in the sintered Si3N4 under 1 MPa N2
atmosphere as a function of pore vol%: (a) 14 vol%, (b) 27 vol%.



