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Microstructural Development and High Temperature Strength of

SisN4 Ceramics Containing Aligned B -SisNs Whisker Seeds

Byung-Chan Bae

Department of materials Science and Engineering,
Graduated School

Pukyocng National University

Abstract

Silicon nitride samples with aligned whisker seeds were prepared with different
amounts of yttria and alumina as the sintering additives. Their sintering behaviors
and the microstructural developments between 2123 K and 2323 K were examined.
the sample with larger amount of the sintering additives showed faster
densification and grain growth. Even though addition of the aligned whisker seeds
slightly retarded densification of silicon nitride, it improved the flexural strength
and the fracture toughness. Both the flexural strength and the fracture toughness
of silicon nitride with the aligned whisker seeds were increased as the amount of

the sintering additives was increased.

Key words :© Silicon nitride, Sintering additives, High Temperature Strength

Microstructural development, Mechanical properties,
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Fig. 1. Idealized Si-N layers in @ -and 8 -Si3Ny
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Fig. 2. Total charge density in the basal plane in (SisNi)™® and
(S A1 O:N9)'® clusters.

olei gt HahytAo] A3 FRAFEL A3Fa YA it
d$ =@ AL orldtd Kijimad 2ue] e NS 2442
ol g3kl Z1A 1A FAYL w@How 4" AN Atk
o] ASAAFTE oAt HAA 1.2 X 10 Zexp(-55.700cal/RT)cm?’
/sec, B2 UlolA 58 x 10 %exp(-185.700cal/RT)cm” sec 24 i
T S92 e WY HAl AFE2EE I7T50CE 3943 o4 2 4
Aol Mg A4 g4 A 4212 x 10° 2 58 x 10" cm¥
sec2A] 3] @& glol B AgAde o3 AU A9 Hrbs
gty 1Elv MgO & AZTAZ ¥ristd tdads 4%, o

5 = 10 ¥ ~10 Yem¥/secmt X Z7Fste] Ado] 7}

b
>
tio
ol
%
b
22
.
N
‘\ r

(SHAIONs) 18-

Fig. 3. A shematic showing the solid-solution interface structures in the

[001} and [210] directions of a 8-SisN,; grain during anisotropic growth.
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Direction | 1600C 1700°C | 18007C

[001] 1.93 184 17

[210] 227 210 2.05

Table 1. The e value, based on Jackson's modal, calculated for
the growth in the [001] and [210] directions.
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Guide-pin

Fig. 5. Schematic diagram of tape casting apparatus
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SizNy Ube Industry, Japan E 10 a

H. C. Starck Co,,

Y203 TFine
Germany
Sumitomo Chemical
AlO3 AKP 30
Co., Japan
SizN4

. Ube Industry, Japan |SN-WB B
whisker

Table 1. Powders used for the experiment

Table 2. Compositions of the Samples
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(b) Powder compact method

Fig. 6. Schematic diagram of experimental procedure

_16_



5mm & A3}ira B3 A A5 427 1238 22 planetary
293% F 714249 dibutyl phthalate(Aldrich Chemical Co.,
Milwaukee, U.S.A)¢ AZA ] polyvinyl butyral(Aldrich Chemical
Co.) % 77} 26wtlsd7bsle] 3A17E30% &9 2% EHEgn. ol
g F AL BYUe FAE HAdsss A AP dEE
#HA23 & 4 Ak 23 B o] % seed?l B-SiaNy H2AE 3wt
Fbeted 308 B¢ B o)A AR Lelde Aiats
H 5 ETA JAEAJD 7IXE FAAT77] HE 22
tape castingstQqth. BAA, 71AA, A A o] F )
P8 ¥ Bl 4EF v Eolrt. Tape casting
doctor blade & o] &3 21, castingAl blade® =e°l+ ¥t
oTHE 045 mmB YA casting FEF 10 mm/sE s o.H
tape?} & 150 mmyA vt H2A7 Frte Aol Seld &0
2 d3s #3 g J2FA dEFE guide pinEE FEF
modified tape casting'¥-% ©] %38t tape casting 73} WaFa 3
A F2AE wAIZAY. A Y green tapet A&l F7| Fo
A #AZEAZ H 3Bmm * 3Bmme] AT AV|E ddste HF s
Atk F, seed?] A7) Wl HAA7 dUFonwt WdHEE
3 Y AEFeAch AFA tapedt tapeAteld 71EE AT F0)
7] HE AEF Al2"wg olgdtd M. o] 9 taped FHA=
of 0.13mmA T Z} AW 9 Hit 60719 taped HFsHCE HF
olF 40CoIA 50Mpa¢l dFe2 10E%¢ #3354 2k 7.5mmo
AR AHS AFsHe. AFe] #d AHE BAZE o4y
tape castingA] #A7HEE F71EES AASIY. €A 21L& A
F 15CE F&3ta 400TA 10417 fAstdd. &4
200 MPa®] st=EeAl 587 ¥ Ae-g 45 F A% &
Ak 7t AZAFAL 18507T, 19507, 2000T, 20507CoHA 2
e AT & HF 2000CoA A 450psi2 4A THERE AT A
A3 71 AA EAS =A s9r}. Fig.b(b)¥= powder compact®l
oz Azxd AHY H4E FAEoH

o o

e oof mg
oxl N10

2

=

LT ST
2
e

—

>

Mmoo o R

O O A

_17_



312. 442 (A5%3S @4 49)

AP2el e A917 o] tape castingS 2 B-SisNgF 2 & AW
oz WA A, waE tapes FA W] HAsA H
& WWWAA S F=28tA HE3 Al 000 18] &) H3st
A AZsta sbdl A A AFd WOWAE, FFd 26
AFsta 7bed HasA A& OWOAH e 7k Yoz 7}
7] s Festdn Ao A2 Fig 734 2t 327
€ AH7rE Aad vastr] H¥ AH SR powder compactel Az
H AHE F#olsgt. Ful" AlAE binder burn-out?t WA
F=S 3 H 2000CNA 450psie] el A 4 ESE ek AaE
sto] oMo Zre 1400CY 22oA Zxed 43519

2

2ABTFHES &2 A3 AFE 00Imm7HA A A4kt
[, HA =79 “Jf‘o“a‘Oﬂ g 589 WsE x4zl $lshy
tape casting $HolAM <+ tape casting W F F

Hayg Ao £HEPY FAF HFY SFENS, A

AXE AZ FA4 #F 55D e X3} A= =

ALeEZ] ¢&) AlHe] WS 4600 B2 A4 7MEStH EWH v EE S
AAT F water immersion®] o8 WEE A9, A ¥ 9

L= £ A5 £3 HAA oAF olE 22X Fdle] 4
2 ALsi

His)
1

- 18 -



{c) OWO

Fig. 7. Schematic illustration of stacking sequences.
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Fig. 8. Variations of the densities of the samples with aligned whisker

seeds; sintering was performed for 2h at the temperature
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(a) (b)

(c) (d)

Fig. 9. SEM micrographs of sample 0.8Y0.4A after plasma etching ; the
sintered for 2h at (a) 1850T, (b} 1950T, (c) 2000T, (d) 2050T
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Fig. 10. SEM micrographs c¢f sample 1.6Y0.7A after plasma etching ; the
sintered for 2h at (a) 18507T, (b) 1950T, (c) 2000T, (d) 20507T
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Tig. 11. SEM micrographs of sample 4.8Y2.2A after plasma etching ; the
sintered for 2h at {a) 1850T, (b) 1950, (c) 2000T, (d) 2050T
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Fig. 12. Variations of the grain width of samples 0.8Y0.4A, 1.6Y0.7A, and
4.8Y2.2A according to the sintering temperature.
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Fig. 13. XRD patterns of samples 0.8Y0.4A and 48Y2.2A according to

the sintering temperature
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Relative Density (%)

1.6Y 24Y 4.8Y 1.6Y 4.8Y
0.7A 1.1A 22A 0.7A 22A

Fig. 14. Relative density of the samples sintered at 2000T for 4h
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Sintering shrinkage (%)

1.6Y 24Y 4.8Y 1.6Y 4.8Y
0.7A 1.1A 2.2A 0.7A 2.2A

Fig. 15. The linear sintering shrinkage of the samples in the three

directions ; sintering was performed at 2000C for 4h; the diagram shows

the three directions in which the shrinkage was measured; P-,N- and T-
directions correspond to the casting direction and the lamination force

direction, respectively.
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Fracture toughness(MPa - m112)

1.6Y 24Y 4.8Y 1.6Y 4.8Y
0.7A 1.1A 2.2A 0.7A 2.2A

Fig. 16. The fracture toughness of the samples sintered at 2000TC for 4h.
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Fig. 17. The three point flexural strengths the samples sintered at 2000T
for 4h

_35_



600

500 -

400

300

200

flexural strength (MPa)

100

1.6Y 4.8Y 4.8Y 6Y-2A
0.7A 2.2A 2.2A Ref.

Ref. Horng-Hwa Lu. Ceramics International 27 (2001) 621-628

Fig. 18. High temperature flexural strengths (1400T) of the samples
sintered at 2000 for 4h

_35..



12. A% 13 e J1A4 54
421. AW} w2 F2 .2 Fx FA

Fig.19% 2000Co1 A 450psiz 4A17HEsh A H5gel e
48Y-22A9) AREL BF 985%0lde AddEE Ve
B}~ seed® H7IEIA €S powder compactel]l AMEE AHLEZ
99%ol el e AAEE YehiUTh Fig20 223 ZLdM
o) Azuale] wE 3YFYAEE e slojn. 3PFIAET
Ao x] A7 BFlsHA wFAINWWW)AH ol 927+68MPa=s
A A Ve, $27] seed® F2AEHA A ZI(000) AlH
o] 425+41MPa% 7b& A vebgdrh 327 scedE FASHA W
FAZNIWZo] FA7 248 1 #Ege 7t 1400°C el A &
TeRE wE FHAA seed® WASA wFAZD WWW ATl
507+14MPaZ 744 = Jeyten WEo] Fwlel EAYS 2B+
of A%/t v A Vel oL Agtuiad 5 AL &2 T
2 AT Mo Adolud ARHe o] dgds Bol 7] miol

vhe-g e Sl
422 A5 8F dE vATE

Fig21& 243 %o A5dgel g& vy xE SEMo2 #4
& Ao,

() WWWAHS dds #Y?
3l By AAYeol o

...37_



100

96

94

Relative Density (%)

92

WWW  WOwW  OWO 000 Powder

Fig. 19. Relative density of the samples according to stacking direction
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Fig. 20. The three point flexural strengths of the samples according to
stacking direction (a) room temperature (b) high temperature (1400T)
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Fig. 21. Microstructure as orientation of sintered SisN4 with whisker seeds
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Fig 22. SEM micrographs of the fracture surface of samples WWW, 000,

and Powder after high temperature flexural strengths
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