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The effect of the amonut of the whisker seed and sintering
additives on the high temperature flexural strength of silicon

nitride with aligned reinforcing grains.

Young-Mi Kim

Department of materials Science and Engineering,

Graduated School

Pukyong National University

Abstract

Silicon nitride  ceramics  with  different amount of alkgned reinforcing grains  were
prepared by incorporation 5 w0, 5wt and 7 wt% [3-5:N; whiskers, The degree of
alignment of the reinforcing grains was increased as the whisker content was increased
as determined te the linear sintering shrinkage anisotropy. Silicon nitride ceramics with 3
wi% and 5 owit B SNy whiskers exhibited bi-modal grain size distributions. The
number of the reinforcing graing was increased as the whisker content was increased, but
volume fraction occupied by those grains was the maximum for silicon nitride with 3wt
B-51Ny whiskers. The fracture toughness and the flexural strengths at room temperature
were increased as the whisker content was increased in part due o the increased number
of the aligned veinforcing grains. However. the (lexural strength at 1673 K was the
highest for silicon nitride with o wt®% B-SiN, whiskers in part 1o the maximum volume

fraction occupied the reinforcing grains.

Key words : silicon nitride. B-SisN( whiskers. alignment, microstructure, reinforcing

grains, high temperature flexural strength
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Idealised Si-N tayers

ol ABCD p:ABAB

Fig. 1. Idealized Si-N layers in a—and B-SisN.

Fig. 2. Tolal charge density in the basal plane in (SizsNj)
and (SizA11O1N9) *® clusters.
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Fig. 3. A schematic showing the soild—solution interface
structures in the [001] and [210] directions of a B-SizN4

grain during anisotropic growth.
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Supercooling, AT

Fig. 4. The infuence of undercooling on growth rate

foratomically rough and smooth interfaces.
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Direction | 1600C 1700 | 1800°C

[001] 1.93 1.64 1.75
[210] 2.27 2.10 205

Table 1. The a value, based on Jackson's modal, calculated

for the growth in the [001] and [210] directions.
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Fig. 5. Schematics of grain boundary film between adjacent

SizNy grains
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Fig. 6. High temperature sirength of commercial silicon

nitride ceramics
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- Crystaliine phase

Fig. 7 Grain boundary phases of silicon nitride ceramics, a)

no grain boundary, b) glass phase c¢) crystalline phase
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as sintered annealed

i A\

A : \_

. ; + ara . . .
amorphous grain amorphous grain crystalbine triple

HNTHINCS

v boundary fiim UGN
boundary region ? J

Fig. 8. Schematic of a grain boundary region after sintering
and heat treating. It shows, on the one hand, that complete
devitrification cannot be achieved and, on the other hand,
that impurities of the starting powders are enriched in the
amorphous film if they cannot be dissolved in crystalline

secondary phase.
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Starting Transformation Microstructure
Powders o to B-Sigh, of dense Si;N,

a-SiN,

() psin,

. Sintering Aid

Fig. 9. Phase transformation of silicon nitride ceramics.
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Fig. 10. The dimensionality of a materials sector’s choices

illustrated by plotting six primary materials  selection

factors.
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" Debonded
Interfacial
Region

TR

Grain Rotation with
Crack Bridging Frictional Contact
(&} (&)

inclined Reinforcement:
Pullout Reinforcement Bending
& Matrix Spalling
{c) {ch)
Fig. 12. Several crack wake mechanisms can be operative in
self-reinforced silicon nitride including : a) crack briding by
intract elongated grains, b) frictional translation or rotation
of partially separated grains, c¢) frictional pull-out of
clongated grains, d) when the reinforcement is inclined to
the crack plane, il is subjected to bending as well as Lensile
stressed. Spalling away of the matrix at the crack surface

partially relieves the bending stress allowing pullout

proceed.
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sxoz QlolibAR T, e ATl pullours FUHRTh weld u
ZAe] ol wimgda v A Gate] Aol ofd w AWt 2

dofrtar 1ol sl
2.2.3. Whisker pullout
ddo] AAF = Fof] o upol ofs EAHA @ Feldd
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whisker7}b #8o] vl & APHPA A=xe spa|so] Fobx et
A g Fste] Qe Fxdvh o 499k whiskersh 7144
Arele] ofgt AWl H3te] Ao, whiskerddFol WAL

[=} [«

A 27w pulloute] 7HY Z3d oz oyt

2.2.4. Tape casting

ot

Tape casting 8242 ol $ ojAs Eo& F7AH L Y
F7A &l (solven) 9t 2 & Al (binder), 7F4 7 (plasticizer), & 44
(dispersant), & A (defoamer), AW A4 & FAHduz &
gatel Aetul s Foles Axd 5 FAolE blade B3z &
Aol &t filmE ol o 2 FAZ EHsie vld o
A AEsts oA, o 7R A A s A ZzEok
of We $8ET Y Fash A s dFgay Fol o
ojtb. FHitol i F2E AMEtHlae] vlAFR Aol = o] & ET
Adtk F Al 2 matrixel SiC whisker, SisNs whisker, SiC
platelete ¢} 22 WA AE ddoz Aojstes Ho o &5
R

Doctor blade A& & o= Feido F72H= 71 %7

W% RaA, dgA had, £EA 55 % 2R 5 e
SEe b gefo} s, e g4, He HE, e Fu

gt @A AgEe AdEs AnEga 9ss s ¥

g molAE obEM, Be¥ow AT FHT AT & o
oA shdel BTk w® Avbui gule) e Ades &

ale] Ago] 2 o3k

o
=
= oW green sheete] ¥4 Fdo| ofgdu g3 FAHAAM B
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NS gdan &4 =y, dAS FAZY green sheetE A3

g 7 9l on sheete] ©d, ¥ T ZIe #¢lo HIE F

Py

Zed - green sheet2] &HF A2 AFHE 47 sk
™

A el A %amoﬂ A7bst, £9i7 =28 F green sheet?l
=2 AR gAY, Mote s daRda 3 ddae 3

o,
ek fEl AFEE A Fast FrlE A elT. A
A o]gto 24 green sheet?] W
& A FHele s WA ste 988 @k baAE ARt
Ay Aol green sheet®] Felde]l AR o B wetA

=
off Al BAAE 2 2 sl sheetd) HAFol HE o

Heg Fu B et 2Hus A2 9 98
ol FAde B4 9istel EobdelAn, dAd@e LAl
E =g Hotastw Aoy dn e i upsA
S vel H7EE FARA Y o 5 % HEvF FEEE fEW
dEol e Aolste] BAEdE veEdA g2

=]
Fig. 13& tape casting &89 /eFeE uvebd Ao, 2 A
##3 d& doctor bladed il carrier films s
EAZIH FHE T film Yol 443 FAE o F
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“Ceramic’ ksker

Slyrry
Carrier Doctor
Fijm
— e = = =~
" Drive

- Control

Guide-pin

Fig. 13. Schematic diagram of tape casting apparatus
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2.3. SisNs2] A EH 9 v A=

a-SisNLE 2ol Faded B-SipN.=Zo] AWy o
ojuth o-B AWEH s Si-NZdo AT A E§E e
A A% 7 A (reconstructive process)eld], ol vt H Aol BE

W= MaEr patE 2 wbg Al F3kel A E 7ol ol

g 3kt
el 9l g, S B-al] AEC dsirs ds Hag wpvt
otk ast B7F AEE e SECI100TI7HAE FEe] 7hesithE AL
Aol wlFo} B o o B whiEF WEl(monotropic transformation)ol] th &l
Ay ATe] oA 7F gokar & R
Jenningsi Sig} R4kl wE v A4 E Folel Sirt
A A AN dh&3td avh, A AANIS jEg st BTt
Ao dEstant. ohA] ek a-Bel owrE WE = Si-N
Aol Bolr dA7t AN FH 2EdE T2

S sae 5 AWl wesked prh A EE Aotk el

O
&)
=
~
2

Mool Edsts 2dstol s 2R BaRe] WH = #E
Sl A,
ol H Y a B el AdE Fel a SNy &3 ot

Gt 2ok $A ade) gEel Be ¥AY FE, £AzA

of mpel 234 apelsh Ul s AU ek 1400T v 1ol e

S oA Aol &AL 1400~ 1730T A aifol RAke] =
of BHoz AMES =, o A el BiA AR Zat

ol &l A Al (heterogeneous nucleation)ell 28l 4 &3 %ot
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g Aakad AR viATES gleld = shibe] A

Hel BAe Bael dAAHel. HEFE e Y

= ovebdic)l, Bate] A@me R EE ok 1000C7HA A A o

1
AAH A ok As vAW, B e " F2

gl @R AAY Anar) 2AAN o ATRE w4
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of dense SigNa.

Lure

struc

Fig. 14. Micro
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A3 FAD T

2 oA Agy ZE PUe 54§ Table 20 tebgon

24 & Table 3ol UERRATE B AR BSIN, FARL o

Aol Bl ABZAZ 6wt% YoO0ub 2wt%e] AbOs 7t
i B-SiNy FAAe $& 747 3, 5 Twtn= E#lsto] mAl =
At v AA S4gdo] vlals e wAbsHET T Ao 4
o] = AZAZAZ 82wt Er0:9F 19wt%<2 AIN #H7istz
B SNy £2H9 4S 7 0, 3, 5wz dalste] vl Z7 7}
71 Zhel vl X = g Eke] dislA] el R girh

3.1. AlH9 Ax

311, 2AZTAL 6Wt% Y2029 2wit%ARLO:E F7HE A5

Fig.lo(a)= 2 Ao AAAQ F4dweltt Green tape® H =3}
71 9ete]l  SpNAlEIE 2~ Fard] AFEZEARZ 6wt%Y.0:9
OWt2ALOy B 71e EF8E Tl /78wl Methyl-Ethyl ketoned}
AP R 3wt%e] KD-1 (ICI Chemical Co., Barcelona, Spain)<
H7Fste]  acetal jarel AA Smm ¢ dEFA B3 A A g5 4
AZE Eer 1A e ® planetary £33 $ 79l dibutyl

phthalate (Aldrich Chemical Co., Milwaukee, U.S.A)9F 242l
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dasct oA Ay SFelgle dEgdh BE de W F &
AA WAERE VEE e e gE T8 AAA tape
castingsblv}, BAbAl, 7R, AdpAe] Fidle Mgt ds &
o g sted A& B]go|th Tape castingS doctor blade =]
2 ol &stgd oy, casting? blade® #o]¥ deho2FEH 045 mm
2 93 casting £5% 10 mm/sE St o™ taped F& 150
Al &g 49 & A4F A9
vorgh 327 widS guide pineS ¥ #% modified tape casting
M o] 835)lo] tape casting W3 wWEkyt HalE A A E 0)EA
Al AZE green tapey= A29 F7] Tl AEAZ FH 35mm

- Bmmel ARG /2 AV AFsuEch I KA A

e

mm@Ach F2A7E 7}

gro vt wldBl a2 § Ay AHFsdnh. HEA taped taperlel
of 71 & 23 Folv] dal AE AaglE olgsle AFsidth
ol wf taped F7A&= oF 0.13mmA T T AlEH F HT 6071 tape
2 2Eetevh. BF o] 40TolM 50Mpasl SFEo R 10¥E F
Astol ok 75mmel FAR AAE AL HEe) B AW
GAEE ol §ato tape castingAl MEE #/less AASAL
b 150 R 28kl 400TA A 1043 H-25Hd
chogA g AL 200 MPael tdel A S8 AT AFy 4EF
F 7bagr AAEET. hAY 2FFE A 1875T o A 300psi =

ThEeh Adg AHs A I I AE S4S S

ﬂJ
=
=



 Powder - ‘Manufacturer | Grade | Others
SizNg Ube Industry, Japan E 10 a
H. C. Starck Co., .
Y203 Fine
Germany
Sumitomo Chemical
ALO; AKP 30
Co., Japan
SisNy
i Ube Industry, Japan |[SN-WB B
whisker

Table 2. Powders used for the experimenl

3wf owf Twi
a - SizNg 89 87 85
Y204 6 6 6
AlOs 2 2 2
B-Si3N4 3 5 7

Table 3. Compositions of the Samples
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3.1.2. 2AZAZ 82wiI%ERO:% 2wt%AINH 713k 7 5

2o e dE13 Z2ol ta

s pe casting. 2 B-SiNuH2=AE
olnpalo 2 wjgkA A o AAZA L 82wt% ErO:%h 2wit2cAINE
E vt

Rl B oSN HAAZ A4 0 3swi stk 2

S0 T

g¥l W= Butel A4S Table 5.9 vbyloh

HeFEs B 1875 T A 300psi

ol ANFERE Fagtadd AN AAm AAY 54E 2

et S
oWt 3WF SWE
a -Si,N, (Wt%) 89.9 86.9 84.9
Er,0, (wt%) 8.2 8.2 8.2
AIN  (wt¥%) 1.9 1.9 1.9
B - Si,N, (Wt%) 0 3 5

Table 4. Compositions of the Samples
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2BFFES A8 A Fe ARE 00lmm7AA ZFgste] A
solch F2aAe) e we SEEe] WHE A Fotel

WE %4 olF thelolRr W& Agdtel NAE E dmm, 77

P

3mm?F ¥ 55 tape casting Waka} FHashA 2che ¥ Yk 1t
ool Hoj~ER dAvtsle] 3HYYEUEE FHAH e
Ao 2 spans 20mm, crossheadis 05mm/minZ A-&¢ 37 &
ol HAsAT, T2 e 1400C7HA 10T /min
A B9 el A 3HFAREE FHsH9H

Aol de =2As] ¢el Al H 9 tape casting ¥1S Vickers inde

i
oy
rlo
_O|L
s

ntorg ARESFe] 196N sFFox 1ox3 hde ¢ AU ¢
o] 2 =A3le] Evans® tharlese] 2ol wi} A2stdct 0. gaset

CFy gasZ 982 &4 2 slo] plasma elchingd & FA @0 H o

2 A FES eEe HRata

.

HuAE seed® 3 FAHAEA] wWE ST =AY Het

o] XRDEAL a5t th Tape casting™. tape casting®@el T2 &
v, el HEES E3Fske] vl B eksich
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A4 AFA7 2 0 F

4.1. Y03 ALO3E H713F A9 vAx9 71 A3 54

4.1.1. B-SizsNs whisker 713 w2 %%

AAZFAZ 6wt% e YoOs9t 2wt AbOy H7FgE AlH & 1875T

ol 300psiel o2 4A kgt HAg AlME AL A 5
dg ZAske] vEbd Flojth AR R of 99%el e s B H|
7Aoo UEE Vel Fig. 163= 3227 seed®l - ul
S FEHEES vEd glelvh WA A7 scede] WERFome 7
=55 pet sk, £4% wgono £2ES N HF WEozd
FEEES LE vehddv e Al i 1 27A seede] wlE

1A vhelka, #EE Peko e pEEN)| F
S uErdSich HE wEFo el e 7HE ZA HERE o
G AYAE 42T W green sheet®] WE B THE sheet 9 sheet
Aol 1 BE 7] Fo] EAlEIA Y] wiolth F Aol WA

S0 BAol /BL ANIEA A LEt D] ol

4.1.2. B-SizNs whisker #71% & 259 vAx2 #F

Fig. 17% 6wt%Y-0:9F 2wt%ALOsE #7he Al¥i el whisker 3
7hepo] whE miAll AL vebd sk, #47 ajE whakel WA
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8 &

N
ik

Linear sintering shrinkage (%)

5nf TwF

Fig. 16 Relative density of the samples sintered at 1875T
for 4h
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ik e Bl A BT T I TR G A

Fig. 17. SEM micrographs of T surface of the sample ;
(a) 3wf, (b) 5wi, (¢) Twf
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surf
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icrographs of P

.SEM m
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Fig.
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zepa ok o3l Aeirie A28 st Wrbshe AFEA

S ZF ALO7F FAsdA ARE n8&Fo] o|Fojz Azt

18R} o] HE Y EAdte] sjalonAlgtn sy vEFHQA AF

TR Y EASol AsbgaA Ao FUste AshiiaA Ak

o) W] 2wt} P Z H A7 secd?t #ow HEEo] core?t

Ha, corcE FAoR 3t e o £ 1 27 rimo] i

Aol core= B-SimNy 327 seed 2 A olth 18] rimS
alone] ¥t} o

9b Z+e core/rim TE7F UERYE A AFE A
o] ALOso elsk Aoln ol ALOE 4AAZAZ FHate A A
AAANA e e Aol dalifiE A Ao o3 A

Asts) ooy, W AR a SipNy7P el Bl =

aAE wE Aotk wE A#e] gleld ®E core/rim T &7}

2 vebd ok ™ Fig, 193 7 51 grain®] widthS image analysis
2 ol43] 500049 graing HFAstel Farghs vhebd slelrh #

27 Hrlgke] Z7}E4E RUF graine] Wel wEIE e o
2o}, 8l scedE TAHoE mjetAl FEE BAES wd A
=2 Yoln7] et a7 wjd ke wel dis] XRDE £4
atodtk Fig. 208 a7 g W] dds 5o ©hE XRD
palterns thepd Aol ol eER X ES basal plane?] (002)
o] LHd LA 20 peakE Y HEake] @l HlE uERA Ao
t}oo] A FTE F A seed®

!
o327l grhgel 271 W 5% wEgel o Fobath
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BW(0.77um)
T TW (0.83um)

Area {u mz)
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Fig. 19. Distribution of grain width in terms of area fraction
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Intensity

{0021
Twi

L

(101}
(210)  (201)
(200 (1) (3013 (21)(320)
5wf]
wﬁw}uwf A L.JL
3wf

30 40

Fig. 20. XRD pattens from P surfaces of the samples.

2 Theta
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3. B-SisN4 whisker @71 M2 31204

sjg) @waslE wdel olt olelw stuelye HAmolr

Fig. 122 327 7l w2 A3 9] indentation crack length
Z# Axntolt) 27 Hubwko] FrpEEE ojvbd meh FH7tsl
t}, = whisker #W¢ hEky e ggene] wd Hels
whisker® #7lstx &2 Al#BG #@opow, o9 ditfze HWT

womel w4 et d AA uehdrh Y fz7 drhwel

o (3-SisNy whisker seedZ 589 o) A 9§ bridging
a3tol o8 ZRAE, whiskere] AAF& 7 7H o]

47 H% ﬂﬁfjrl sart &, o g4 AR dHe] HFgdes
#oor o whare] oiste] pEle ko o] Wil wEkE A
o ASHr FHEoal HA
Fig.12¢ eyt 235 dyeyd ]

whisker®] A #ho] Z7tst= 2 42 Wafo] myide] F7HEe &

Aol whiskersl W2e] S Eapqom ooy ¥ & vk
4.1.4. B-SizNs whisker &7} & H&3 %
Fig.132 327 @7l wa 3338428 543 dioith

3127 seedd] wj@Were] FA WFoze stTE VMl W H

272 7wt H7FE AlHe] RS oF 082+114MPa= 7HE =74 4
[e]
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Fig. 21. The fracture toughness of the samples in the

directions perpendicular and parallel to the alignment on the

plane
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Fig.22 Roomtemperatureflexural strengthof samplescontaining

3t% bt%,7t%o0f B- Si3N4dwhiskers
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SwiogH7LE ATe] A o72eeMPaz 7t 7 F g s ek A
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AgEe ols) 2 ddg Wk Faira @Al E BSiN.

i Aaats Ao 9ud Ak A

dahts Ane $4S gosky] sdAE A2Ed W0 o
Bt me Bdol Feah welxel s ALolAe] sHetE
gre) JAT) olshe) Aol Adatel dojdrh ojwe) Wz <
Al vl el 21 b <
noge dApde dgEd EE ﬁé*éﬂlﬂ 2= It s dedl
o wetd gAlde weEAd Feshs g S8 Aotk

Fig142 #27) @7t M2 1400CelA 2 R&dEs 543
Zolvh. 7wt B7HEE Alsel 4 of 634-241MPa® 7HE =A o
gyron], 3wi% H7HE Adle B 504x40MPa® S E A
Swtos H7he Aol A% 620+72MPaz FEESAh. $12A seed
= WG Aol AS AR ghd dlE] Szl Mo AEgke
A7t 28A A7 GEE & Ak o SeA dwd b
o]t il EAahi: wlA A el F@eltn FHE oA
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High Temperature
3 Point flexural strength (MPa)

Fig.23.High Temperature (1400 T ) flexural strengthofsamples
containing ,3wt%,5wt%, 7wt2 B- Si3N4whiskers.
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42. ErO;-AINA 713 AW mAFz9 7[AH 54

4.2.1. B-SisN; whisker @71F 92 &% F

Az R 82wi%e] ErnOy9h 2wt el AINS 1875Cel A 300psi

of gt ow ANTFr FAF AWL AA: vAH 5HS FF
dtol vebd glolth AR R o 99%o) o R HaH 8
Qw2 Gehfdch Fig. 245 #1227 scedo] ¥ WE FEE
o UEkd Aojth oA AA AR 6wided Yo0:2 2wtPeel AlO;

rlgleer i AAw sde] AANTA SA dgel 7152
EREEIE T ER A T

422 B-SisNs; whisker 713 w= 913214
Fig. 25.3| =7 o/ @el w2 Algde] #4973 24 Fgolt}, 3

9] seedd] Wlgutake] FAE WEo 7= FAAZ Swik FIHY

.ﬁi 71'10}' i‘:ﬂ] L’} A;\_J-_ OVV%

[

Ao} He ek 887+0.15MPa.
7k AlH e HE 64=1.9MPa.

AHe] A 796+04MPam’"® 2z ZAEAC A HIbE

5 5

Yool zko] A w91, 3wt d 7heh

o] ZAEAE FA el Bl TR FAlel 270l

2= olsleh 32 seedd
Wi reke] Hale ko R § S Swik d7HE AlAY AT
oF 458+0.12 MPam"™ 2 7173 Al thERE I, Owi%d 7k AlE el

A5 63:02MPam'”e] ghol FAE AL, 3wt H /hek Aol HS

>
)

A8+0.15MPam'“ 2 7+ 7} 2# %9}
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Fracture toughness (MPa.m l/2)
-\l
L ) 1 i M

61

51 ® P
- -\

o

Owf 3wl Swi

Fig. 25. The fracture toughness of the samples in the
directions perpendicular and parallel to the alignment on the

plane
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Fig. 262 Arer meoxe zzwakel we 38E3d5E Y
sl Aotk 3AF AR EE Aol Al #HmA seede] WIEWFA 7
2% wako o] FE2S @S] FHAYE Swiv H7RE Al e
Ao ok g5a:16MPaz 7HY = A vebut, 0w ks Alael A
9 gR7+28MPag) ol EA X T, dwt%H7IE AlHe] AE
912+16MPaz 7} 7+ Z 4=k, Fig 272 #27] Jrbsel we
1400Col A o] L3 ws ZAg Fo|vh Swtl #H7HgE Al 3%
oF p02+91MPa 74 =A vhebsion], 0wt H7Rg ATe] d5-

951+26MPa2 =73 593, 3wt H7HE Ald el 7§ 544=46MPa=2

2ARA. 0 gres  4AAZAZ 6wt Y.Ouk 2w

ALORE H7bslgdem Rt 82wi%e ErO:8h 2wt%e AIN 7}t
1 d =4 vehvis 218 & s

42.4. B-SisNs whisker B7h% & 21 vz #F

Fig. 28.2= 82wt%9) ErO:8 2wi%2] AINS #7189 A#e] 2%

W FzAe bl flelvh #ea wjd bl Haw W

=

et 80 = pAAAYEY Ut gong B
Aol AgAETI Fojxm ol uwrel AGYe A7|7F PR

vh &) 7] seedZ FHo® ZuUstA 44 AAEe WY A=
otoly 7] 9lahe} §27] Wi hgke} vhwe] tfs) XRDE FA{SH%

v} Fig. 20%= 3 A#A wd weko] v g E 5o whE XRD pattern
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3 Point flexural strength(MPa)

Fig.26.Room temperature flexural strength of samples containing

Owt%, 3wt%, 5wi% of B Si3N4 whiskers ; C:comparison sample

(4.8% Y203 - 2.2% A1203sinteredat 2000 T for4h)
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Fig .27. High Temperature (1400 T) flexural strength of samples

containing Owt%, 3wt%,5wi% B - SizNs whiskers. C : comparison

sample{4.8% Y203~ 2.2% Al;O3sintered at 2000 T for4h)
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Fig. 28. SEM micrographs of P surface of the sample ;
(a) Owf, (b) 3wf, (c) 5wt
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Fig. 29. XRD pattens from P surfaces of the samples.
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Ve E &= grain full oute] ZEA YERE
A% 2 4 ootk Ddn BAAF A2 3wtish Swie RIS
o= 3 ~7 HAYE0] brittle fracture 7F 2Lolvf grain full  out©]

T golnhd @2 @ F A%k

Ll

Fig. 31 = 1400404 &2 w2 3 dAabftae] ddo|t) |
3 ~AE Owto@7tatgdw el wybHe A= AR grain full out
o] T AFAL B 4 At 2y FHaAE 7 7 3wtk Swi

2
7kl Sufjo) = e Aw e}l vsxal A wiEE 3 4#7) brittle  fracture
ES
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Fig.30 SEM micrographs of the fracture surface after room

tempcraturc flexural strengths
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Fig.30 SEM micrographs of the fracture surface after high

temperature flexural strengths
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