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ABSTRACT

In oxide matrix-5iC(W) composites, instability and glassy phase [ormation due Lo oxidalion at the high tempe-
rature and the diffusion of 31, respectively, cause britlle [racture and low reliability for ceramic materials.
The mode of contributicn in cach mechanisms induced by matrix-whisker debonding, varies with the morphology
of matnx-whisker interfaces, This work has described the dispersion behaviours and stabilization mechanisms
in shp syslems, and multiple toughening mechanisms by dint of twe sccond phase different from each olher
when spherical ZrO; and chemically slable Al,O{W) is repeclively added in ALQs malrix. To obtain complex-
shaped componenls, shp casted bodies were sintered at 16007, Zhrs up to 98~99% R.D.. Multiple toughening
mechanisms in comparison wilh theories reported unlil now will be discussed as a result of the phase analysis
of Zr(); by athermal behaviors and microstructural characlenzations as well as measured mechanical praperties.
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Tahle 1. Telragonal Phase (%) on the Surtace Treated by Several Processes

Tetragonal phase (%) on the surface
Sintered Cutting Grindimg Fracture

AZ10PS 61.52 50.41 41.55

AZ125PS 49.55 36.21 29.30 21.27
AZ15PS 15.22 1143 991 3.52
ATZ10PS 99.17 95.72 91.27 89.93
ATZ12.5P3 98.82 09497 9041 §9.75
ATZ15PS 97.85 94.43 §1.02 89.01
ATZ20PS5 98.03 95.07 90.81 8828
AZ10W20HP 68.20 57.25 44.15 35.42
AZ12.5W20HP 45.81 33.83 28.08 2041
AZ15W20HP 15681 9.54 6.93 6.45
ATZ10W20HP 98.75 93.85 90.50 86.27
ATZ125W20HP 98.66 92.91 88.36 8798
ATZ15W20HP 97.48 92.51 90.31 87.20
ATZ20W20HP 97.85 92.68 87.29 86.81

AR, ol 2ol #HEF aduE

)51,

7 gl e Aoz

o] 4] 3 AlOq3t ZeQy B3l 9] 24 2o 4, 27
AlLO; 717 4]=}E¢] A2 intercannection® ] wormy
structure® s #FA sk, F2)2] ZrQ: 9127 ALO,S 9

2]_}.-1 RJ-J_]- Eﬂ'?}ﬂ ALG; €] Rl'LH o]

I A, ALO, 7% 2

AR g o2 4 Aok ol 234el FEle) 717
AEYArch & B Aol e YRy
A% = 21Ae 224 A2 2500 A o
AHe], cEwEE o ok

ATZAS] 79, ALO.#H
Hok Yo UEEE 948
A FAEe] F7he] 713k

R F& 2AYEE ¢

-
Ao aAEA Foll, 2dx7

=

wormy structure®] 724,

22l A 7k T,

TZP 377} 7|27 ]

$o Fyde s FRkn 29w A St TZP
rbel A3 dBeT ALOs WA YAHRE
AY & dalek 2elw ATZANA TZP YAl %

el 2l ket AR BFAL B4E )

el 2 g9li=w), Claussen 59L&

cordierite-Y-TZP =] il #|

V-4 feld ez wbgel ool 1Z0E et

At ¥ a7, 1300~14007C 2]
A 2] F-§AMeutectic phase)e]

25 ALO-SI0.-Y.0,

#H A, cordieriles) |-

2:0, Alel2] Sshubg & A ol g F4Teis

B aleth Y-TZPH) 2} mullite-Y-TZPH <) 4 Y- Si- 2
2 Al-rich A 4] HAZE A4 72R H]
TZP slzbo] 2A3E Y-437F Abysle] A

sl TIPS 2 BER S0 Bl s
FAate gy 7elgE AYAdey] gz w3
TZP of=tell giat AaE =lale] UE Zrlel 7lalses
Ao2 Wl d o|zgh ARAE TZPA Al
99 A Al wetlingEed 2l v]Al4 S TEMeoz 3%

(=3

]
#5) Claussens] W.welm!" 4 =] s}

F o o ,-mf

T 97, t-Zr0;4k 8
R e]l ZatAl A m-ZrQ,2 2] FE3e]E gHalgt X-

Al BgAg a2 gk
ALOr-whisker7} -4k
g7l we sddEE bR 2
132 9lch AZWH 2] 7ol =, whiskerell 2]gF 4w
#el gl el= g Zr(08] -5 "@'rc’ﬂ 7lalstE A
k=l Zr0,akel Babygadg salgd 4 alodck AW ¢}
AZWA 2l ATZW=j 2] A]3-& hot pressing 352 v,
A4 Fre] e} fAHR AUt ade 7[Ae
£elo g ot t-Zr0,4 2 %ﬁ‘%ﬂb e 7
A, Zr0p4e] 4] Boldrs Add=ss
22 welnh ubmel] ATZWH 6l 4] 7P 4 Ak
2sl Aes ZA A g “Fl‘  slch
Thermeo-mechanical analyzere] 9] AZWH ¢} ZTA-
SIC whisker#] 2] A3l 7ialsls= ALOwhiskers}h
SiC-whisker(Tokar Carbon Co. Lid, Median Diameler

lo] gl %, whisker?
A
=]

]

by

r

-460- sod w5 A



ZTA-ALGy Whisker# B35

—— Epmmon in -~ Epanmion in S/own — — Temperatre in T

o Lo s
L i R
A £ 3
g [ \ S e
2 W | o a
2 -2 \ 5
81 S .5 ]
5 Y 12 {ioon B
- N a [
=
P il
T -04 T
g R
I 1-05
Bl
L e s 1 : dn
0 5 108 10 2o %0 3w
— Time in min
(2}
I Expanzion m % ———— Expapsion in %/mm —— Temperature m ©
e F ] E 500 53
5 0f 3 5
5 T 17 5 é
3 .l 5 g
gL £, &
& £ 000 §
&k H -! &
o
T H J-ozm
-6 T T
ar 4500
i 1-04
-
12
L L ¥ 1 L L L 49
o 5 W0 0 @0 =0 0

— Tyng an

(b)

Fig. 2. Thermo-mechanical hysteresis profiles of AZ12,
BW20 {a) and AZ1253W20 (b),

=05 um, Length=30 pm)<] 334 ol A= +42E
< Fig 2¢] =Sk

M A AZWAH ol A, 500T 5-22] 2ol 4] ball nulling
#dell A polyethylene £2j¢f =t=ol] ofs) mpelrog
Ao HEab®l S§p7ld Al burn-outel]l Flglele
7]'*]”“’1 FarE7lel 2lgt v)aaw R ag Suk P

12, 1300C PEE A4 2ed) MEEe) 5L U
E]L} aleh. Wrrlel ZTA-SiC whiskerd] = 2.8 go)
=5y u]ﬂ_] ]

s ol
m-ZrQ: 22| 4

t—ZrOzﬂI
e g e

J!"I

4

PE

bl

O

RE
dolell 7|qlsh= 5000 H-e] ol A
. )& SiC-whiskerel] d]&]s] 2 2
A3 el 2 2h= ALD ~whiskerel] 218t 2 58] o] ZHE
alsted AZWH S (-Zr07F m-Zr0,32] 4bede]s] 44l
Tz S22t A9l Hubx gl «d3ks- n|#)=| Zsln

i
ol e g) 20
AU = Or‘l i

W

oltl ¥ 500T ~10007C & 2ol oo 4]
ZTA-SIC whiskerd|¥] 7]23= HEr. 20 =43y &
NG ol T oir], ol To1Fel 2] Aeie] S1a
Agka) g] burn-oul#) 4 A4 %= CO gasr} SiC-whis-

A 30 = 6 =(1993)

o] o4

-461-

Hatell ob @A, 7|44 Sl Bt @F

kere] AF =W, SiC-whiskere] AbElsl CO gas2] 4
ol FAe] wAEe) Yelite Ao gaEch
Fig. 3ell4] 2.o]332 gl Z1H, ALOw| 24k 200,
2] gial= 7% 9] 354 i 4Fa)Ag) 224 in-
tergranulardlA] £ e Al A He s zhe gape
717 o}zl o] Skl e ]_5
7|=e HAFdAe ZrO-yl %7} o]
2~3um WY AR Ak ¢

A4 kel Whge] Aslgle] m

o b o ol
2 % 4

=

2l
#7iegs] et o2
],
T

a
™

1} Al 0]-Whlbkﬁl’“——
}

3.2. Slipe| ohszte}
o] ] 4 3 2

05 wt%2 2 g-elc), 2]

A
Eal shpe] ohdr 2aA(Na-CMCYe) ak2
#lTAkef ol 4] 44721 E-¢F mecha-
mical agitation #F3S 7] slipel] jsha] nke) =
Aah datzs)e] whE Alwe] WS Fig 4ol BedFa
slu} AZsl ATZH) oA 12 bvolR 2 S5t #ARE Zr0,
o} TZP slzte] v)sgl= g Aolo] 7|¢lafe], Hx} &
FEWAE 2k TZP 9=k7r Na' 2 SO0~ counter ion2]
Bau gs 2fAdew &lA Ze0,et TZP zkz]l =F
2] surface potentialefl 2]&
(pHire)2] shift differencee] <3 =
g Hoejm et
ALQwhisker7} 9" Ho] & polymerized mac-
romolecules®] chain lengthel Fedsle], AHa 249
Na-CMCe] #&ukde] 2=, o] <lgl 2§

%7} 22| 4L binding migrabien 9 2] A%k v 24 amon

&= isoelectric pomL

2rh asE A

polyelectrolyte 2] macro-ions) COG™ counter icn®| de-
flocculant Eobel| 7)eldle] Hrz} 4z ez A

AEch AZWA AL 2R AmS) FrREAE A2

re

ohE YAHAE e 2 FAAFe] e Y
Az FH5 s ok AT dREoz 9 Qe

ZE s, |l eldbye] ol g F AT
(needlike crystalling), #1382 <2 relahonal mo-
tona) w|F FrpEtA) 53, o2 old] WAEE ene-
ray= rotabional matione] A8 Eab BabEe], A
T Z7belH o) el rotations] @% turning mo-
menti= W H =] kel Ogk 7] udkdol LE sk
It} &, momentel] ¥lalebs Ak FEme §lap)
Azl a4 0 WlF} 2yl =o, s elsA)

Awe] = AL 27l ok =gk 172 aspect

i



ol - H45d - o]ga

AZI0PS AZ125PS

201

ATZ15PS AWI1CHP

AWZ0HP AZ12 5W20HP

Fig. 3. SEM photographs of sintered specimens.

-462- 5 9] 557



ZTA-ALO, Whisker®) H3zlg<] ol

1ae

G-

801

JOop

60

50

VISCOSITY (cps)

30 1 1 1
A AZ ATZ

k% hon— AI;OJSW) Containing Systems
wemms 20 volk Al;O5(W) Contalning Systemas

Fig. 4. Viscostty in the variation with particle size and
shape of the secand phases.

ralio?) Z=71el wel, 9=be) wlEAde] B zlEx
Asks Ao FdY YANEEE 448 BAx =
7habA) Heh,

Electroviscous effect& J18jsle Aoz, A7) ¢
F&(electncal double layer)2 ® &7l &)a) 75 =
ez BE W¥Ee] ntrnsic viscomtye E7)E )
7] ol FFAlele] nhiE & ¢]x)e FEEE WA (el
tective cellision diameter)& ZFfA1712, |2 &) &
FEAE Sk Eo] 1A EH L distorhonF o], H5
AEE 2715 del s8R 5k oAl o8l 4] Fnio|
Al u, fEwAE 27055, o] $9%0] polye-
lectrolyte moleculess] 7<-, Z-rZx¢] §HEFAL salt
concentration®} pHell %/‘ of g|&a)A H . 2oz Ado]
Hal=g, FEEr W
bl P,

Fig, el 4]+= slin casting®! 3% |l gk FT-IR spe-
ctrum2 RolFw olrk 3430 cm™' 8] Eof el A
slipe] Az A s Zd 7be g mlgwd OHZ) e} Na-
CMCel 2]3F OHZ7]2 streichmg vibratiene] I#= 51
sla, 2025 cm ™! S dlel A C-H bending *Fel2) antis-
Sl

oo Al Hel e

ymmetric Z=] 3 symmetnie deformalion2
stretching vibration peak7} Za=¢lch =34 1625 cm *
Frdlel| #5= carboxylic acid salte4] Qul=lo s ik
3 4 9= Co0 7). =

mmetric

C=0 double bonding®] antisy-
stretclung2  54WHel=  bending  vibralion
peakr| vlebstd Weldan gleh FT-IR spectrume] 2

A0 A6 Z(1993)

Tz Al wE G, 7]A4 54 2D QT

Transmittance

460D 3800 300 2200 1B 1400 1000 800 500 400

Wavenumbers(CM ")

Fig. 5. FT-IR spectrums of green compacts.

= 9 Na-CMC peakslE #3238 wsd peak
kg Felx gledl, ol FFFuleld olsd
COO™ 8} Na 7} solid simtelz] HHr]= L ?rEEH]

He= reEer HE3a gAe Ay gR 2d
FaoR alwdlA, solid/polymers] AHFE wlg-Eo]
Al Aaldle sle= Falvpt

Fig. 6+ 4 slip casting® A& A<l s oklL v
_’.L;S-ﬁ‘]- ﬁ‘:])‘]-_g] body o] 3 = o e
HAE R R A
el 95 %]' “"F Slem, 53
L% A2 735, whisker wlEFAde] plaster mould$]

e ,Jﬂnéar]__]_ L ol & ME}'M-

Mould#}2] H&miel dis) F48 SEME £-8}e]
25 AP RE= ALO -whisker?] slgkAde] mould]
o] tele] $=3E el w glow, Alge] F4les
whisker= B} Faldshd w2d=e] qllnk
Zr0y 817 AlbQOywhisker2 422 Hals)e] M%—S:
ok 5 oald

o]+ plaster moulde)] 2l A==
oA FakEe SAaE 4AE, e
;]ip],]-]o] &z}]{;}h lﬂ:]%:]:(lo”
motions: HAF AR 3] J| casting
EEAL #A5)Ee],

%7 9k

3] AlOs;-whisker7}
]

=3

Ea

¢l o

2,

=

g_\;

T
)

}o

hil

%

-ﬁktkﬂrﬂ

2 gkl &gl
PEEETS
2%l whisker®2] rotalional
Wfﬂ A slip®
S EECIRE PSSR
7 gl3leh Mechanical formlngL}?iOﬂA-] B gl

o elgt Walme TAYR #EAg Aake K
bowmg® ol A&7} SR, AR AZAE
AlFls Ralg Bskd 5 oqlgdch

AR WAl YT e 27

=

38 2 Hr o
N

=
7
-
=
B
e
B

-463-



- -sua-o‘uunr e

AR ‘:&s
W7

AZP 5W20(pa.1"| el to castmj, axis)

Fig. 6. SEM photographs ol green compacts by slip ca-
sting.

L‘Jn

w2 dlwsted vehledol Slip casting®t AlFlel o
e Aok aAs glslyl W, ALO, AZ H ATZAel A=
Grkrtala s ga 3 Aghadw g WA, e
ALOs-whisker7} 38 AZWe} ATZWAll| &)=
hot pressing®l A Zel] 84, FAWFE Fedte] 4
AUwE sl AZ W ATZAAAE W7hea
ot Fiel WS- 248 S5 E 4 T UL
AlOy-whisker7| £8% Al 4] hol pressmgoﬂ o] A
27 Adnch o g2 adusd Belw

2%t (Na-CMC) 2] bridging &

o144
100
o8-
-
&
=
E 96
1l
=)
p” .
2 o ™
= Ship Casling Tt
el —h—
= Convealion
92
90 T T T T T T T
A AZ  ATZ12S5 ATZI0O AW AZW  ATLW

Fig. 7. Relative densily profiles in the variation with
each processing.

g =le] AgEe] Zr1E= £7kel binding migration
o34 7] 7ol 9)3k 7127 whisker?] rolational motion o]
A e) Al dasA ®o] YAk fE5A
o] Zrpge] o} AL APglch

Fig. 8ol #1= slip casting®l ~f#] »j73E% B
23 glch AwkEer 2B EAEAE ofF T 9ldl

o od, mechanical mixingel] 2|3F 752} wlwale], TZP
YA $4moE BAsA FL 5 oldch ek 2
a}4l¢]l ALO.whisker® poly-type2] short-liher® 1600
T Ay eny 4 A, U A= E <F 1000 Al
7 elr) SEM Az 28 R
AlOi-whlskerL]]/] poly-
I E RS

o] 2oy KHarE o]
thermal etching 4ol 4,

AW E I

grainz} 71X xpolé

yAlgk 2Ho] aFEe|]=d. & “"]‘FC*“H" 7| 2] -whi-
sker7t 8702 3alzi glsl, Tl ALC-whsker ]
surface upheaval &% 23 ] Jabap P aleicl®, A
222 s, AlLO,A S8 2 o] 53] cornical head

gearE slp castng® & Aﬂ 5} A2 Fig 9ol ¢ 1]
It ogith Aol A #E 2F 1m

=
=
£ wE Awa sAs o]E gl

mm2| wheel thicknesss

=
=
71HAel B4 24 ALO-whiskerr} ETH
hot pressing® A "ol whaf 4] @l o)Al 7
Alatd s abeladgl Ao s A 53&“’”4’

AZsl ATZA

=
i =8
L



ZTA-ALD, Whisker® 245

9 wAFE Wse) G2 @A, A4 By B 4

2OKY | HZ.000
AW205C
Fig. 8. SEM photographs of sintered specimens by shp

wE-g dAHEE A whiskere]l a4 FEIC
whisker bridgmgg] “d < g Zle)7} Zr1ate| wje} gl
2718 2, bridging® whiskerel] 2]+ @wodel)lE® clo-
sure stresg7t K71lch A3 bodging whisker: d3
Ale w27 7] gl FH ==} =

TA4whE Fu2E= bridging zone(Dg)el 7|&})
‘I{itlz ubzl4] whisker bridgmgel] 7)esl= <]
13]—{—_— w4l el brdging 442 Zol(h)eh T
o rh5 grm ey -

closure sl-

r.,m rL

re

.
gl Ad %

closure sitress{c2l

A 30 2 62 (1993)

ATZ12. 5W‘?DSC

casting (SC: slip casling).

AK.w].: = (EGL(QDH/T[)W

oln] Dyt crack openmng displacemente]] th3l =24
Teh vl whisker #Alwlel debonding F4, whiskers
#r owl Eagkae] whala] Aale] d)lmolt), whiskers}

<. hridging%l whiskere] 2]3)] 7lEHE o=
bridging zoneel Zalshe zbzfo] whiskerd| $-7}==
closure stresse] o =} whiskere] 23 #7188
o 2¥e ozt meNE FaA £ slok brid-
SR L

s Pe

ging zoneel|#) closure stress?} o

-465-



Flg 9. Photographs of sintered specimens by slip cas-
ting,

o of o) whiskere] F-u|E-E318) Fow el 5
et
gle] v)7s} vlEe] 23 23bake] whiskerel] 24
o]} whisker pull-outel] 2]%F 7}3hE )=
pull-oute] 7FEdk YA dol(L), whisker?] =7z 4
717 HA e Atedrie] d¥g ul=ch E|w
whiskere] HA41% ADEH ()L A (el whis-
kerg] A E&ol et Amel] Ao HaFE
(Un)oﬂ e AR, 7129} whiskers] 4437} &
fo] tE o, o2 FHHAAN FEHE odrF
a _1,,_—‘?—‘6% 71915+ radil matrix stress(c)2 Lleld 5=
gich, ole] w2 AT L o 2ok

0 whisker

AKgo=[ [V/12(mLye(L/L) BT

AalE)], 2xp4le) A &

y
A RERN o Bkl 2be) -7 257 aspect ra-
tioe] =LA &|=slA) o) FaEAe] g PEH
i Azl ol ejEalAl v FAdHAE
Aol 7] o)shg, Gell ]l A As]Alt)h crack front$]
el FHgedx] eojabd (Grrh FEEAe] A&
pgee] = Acld, old (GrE wAHA g T

=]

Crack deflechion 7]7-&%
A1)

AlEH
=2 7

-466-

TOUGHMESS(G, /07
w

FEL AT

Al,O3 WHISKZR VOL %

Fig. 10. Relative toughness predictions from crack def-
lection model {or rod-shaped particles.

dshekal oh

{Gy=n/{G" +E2(GH

HA Teh v 2pzre] A7hs) alER 2 ehdel, ngh
£z A% crack tront Helel Tlgh F2E#) 9+ orack
front Ze]2] w2 Jeldc) et crack deflechions]
25k =715 uhrjade FAHA ¢ FEd W3
B olghg (Gel WmERE 9% F gtk

%, Ed G

G ={G,/{GMIG (:  critical, m ! matrix)

G =KX1—v?/E

AKan=KJ/K " =(G/G.™)"

14357 &5 Fig 100) vle}
olake] 7)ol 28 o]B2H o E A 4w Tl
2 7|A| Ak :}31 ﬁﬂ,(hm)ﬂr whisker2] 7}l wi 3}
2 whisker bridging{AKurg), whisker
pull-out{AKpe) & crack deflection(AKcp)oll 213 2=

#zhelo] glo vjeld 4 glck
Table 2el4. Zhzhe] 2= el #Alabx Hzal4d =
[SBY e g Zx% St fr]d K-S v wsEn.
# A)Ae] thefa] e Ay, il whiskers] E4f
A% 22w FYael Agel TSk o A 23
<t

=2
Hahels] N3 el mis glovh, Ao o Es

—]—;] alal Z=A1F



ZTA-ALO; Whiskerd) Bgal82] w7z W&l ot 44, 7132 4] At 47

Table 2. Companisions of Fracture Toughness between Experiment (Ky: Matrix, Kp: Compasile) and Toughening
Mechanisms such as Whisker Bridging (AKws), Whisker pull-out (Kpo) and Crack Dellection (Kep) in

Hot-pressed Specimens

Material

AW10HP
AW20HP
AW30HP
AZ10W20HP
AZ12.5W20HP

AZ15W20HP
ATZIOW20HP
ATZ12.5W20HP
ATZ15W20HP
ATZ20W20P

daket AlOs-whis-
Ly E e wRhe),

1o g a4 A2ds o

i i | = =1
 Aglck ole ¥ 2H e Z]adskes 20 Ak
FE okslZ qlsled, Zr(,e] el 25l aiddzEw
AL Frad e Ansich wgd 0, 31A7), &
A E ALGH A clustersl] 2]#] migrationz o],
AAdEd A 2ol 43U KA FEalsla] ¥
83, 7|79} whisker #] =) %TZ—! L2 257 wH
AR A AU WG 9D sl es
Jz=Eck TZP 9 A2 —Eﬂ'%l_ gl el F 332
”17*1 A EEE glew, e Tl mabsls of 4

slsieh
Whisker/fiber 5@ Fojje] sbald

2]zt 2] 7 whisker/fibers) EP—?% AdatA] =

Aol 4] 2] debonding #4-E a5

mederF 45351, o)1= whisker bndgmgi’l- pull-oute 2

ARE oo 2] AW vbEE 71¥ 2] whisker 2]

Adgeddeef] 7lalgle] crack deflection 772} <3

Pk
ALQywinsker&

e A o

i,
i

4 2 Anagy Ryl 24 2—1 L e
=, AHEFe SIC wiiskers) sy AR ez o
S| EA=E s ALO, whiskers] W93 Fajd-]e
Fa=lgln. o= AmE ] oFilel whiskers ¥|=j4)

% EAEe 20, Aol o4,

dddnke] Aol Agael A HEHA )AL o]gho i
sl =AR Heg gz

30 A6 &(1993)

te) 2 ]m-]
= A

KM + AK(\’\’B—]-‘O+CD) KP
1.88 724 6.81
L94 8.88 703
1.96 9.36 7.52
1.60 951 7.92
193 1040 8.31
191 8.96 7.14
1.54 931 7.83
1.96 9.82 7.69
1.92 9.62 7.63
1.39 b.66 7.51

waf] 2 od el o
pull-out ]2} Zr0, o TZP Eiind
kerel] 2)&F 1A ¢l crack deflection #1-7-7] A1 F 1kl
d& FEgAdSr T2 RS 9 5 9l ole

dddgeie & dA=T 5L dstun

25 4 gl AL B whisker
9zl Al whis-

l‘v.ﬂ'

N
iR
T

Z’[‘A"—ﬂ Z“E_Dﬂ A]»O “whisker= lﬂ"‘){}%ﬂ'ﬁ{} %*‘{}*ZHE.
o] 4] Bl A o] 8} AE s A
Sgslel, B BAL PE 4

=zl ch Solid/water(50/509 c)bﬂ wt% A7t Na-
CMCE 5442 sfo A5, Mdigde Dgw Fds
Ak FAEAe & 5 oglyied 01—5':‘%501] :L’Q{r
LAY EES~90% RD)o) o2 Sagslalbe) 244

g 3 gledchk ZTA-ALD, whisker#] =) el AlqO{-
whiskers] £4befl w2 57142 AHrleke] 2EFHIT,

-Zr0,2] Ahe abxlale gl sldiy =ZA =5l
ol AldE gl 216l g AbOy-whiskers]
AR Age sty Agte] ohirl, duE A5 3
ols] #milel Eajsks Zr0, U7ke] AHel Ko Aol

Aalshs 1A A olFn delm ¢lZ A4
QUFA AT 1EAQ Ase] Araie, A 9
ulel] sl S ESAE

) 14 E31 7| 728 whisker pull-out #j 3+
ol Zr0, ¥R & TZP 9=l 28]l 2 Al,(Qy whiskerell 2] &t
“ahE el crack deflecnion 7} 771
z, cole Agddse 3 dAFZ dEE

‘]}f'}‘ aw L}-L] LL%

i

Salalecl.

%

-467-



—_

-3

140.

1l

o] 2%+

REFERENCES

. N. Claussen, “Fracture Toughness of Al:Chy with Uns-
tahilized ZrQ, Dispersed Phase,” J dm Ceram Suc,
59(1-2), 49-51 (1976).

. AG. Evans, “Perspective on the Development of

High-Toughness Ceramics,” J Am Ceramn Soc, 732},
187-206 (1990).

, AG, Evans and K. T. Faber, “Crack Deflection Pro-

cess, [ Theory,” Ade Metall, 31(4), 567-576 (1983}

. P. Chantikul. G.R. Antis, BR Lawn and D.B. Marshall,

“A Critical Evaluation of Indentation Techniques for
Measuring Fracture Toughness: II, Strength Methed,”
I Am Ceram. Soc, 64(%), 539 {1981),

. C.5. Oh and G. Tomand], “Untersuchungen uber den

Eindlu von zugegebenen Kemnen aut die Herstellung
von umwandlungsversiarlder Keramik uber e Sol-
Gel-Verfahren,” DGM/DKG-Sympoesium, Oclober, 8-9
{1991) Hamburug, Germany.

. NA Travitzky and N. Claussen. “Chemucal Slability

of Cordierite-Zr0O2 Composdes,” [ Eiur Ceram. Soc,
5, 327-331 (1989}

. M.Rhle, N. Claussen and A.H. Heuer, “"Microstructural

Studies of Y203- Contaming Telragonal Zirconia Poly-
crysfalslY-TZP)" m Science and Technology of Ziro-
conia II, Advances in Ceramics, Vol. 12, N, Claussen,
M. Ruhle and A.H. Heuer Eds, The American Cera-
mic Sociely, Colambus, Ohio, p.352-370 (1984).

. M. Ishtsuka, T Sato and M. Shimada, ~Sinlering and

Mechamcal Properties of Yttria-deped Tetragonal Zir-
coma-Mullite Composites,” [ Am Ceram. Soc, 70C),
342-346 (1987),

P.J. Whalen, . Rewlinger, 5.T. Correale and [ Marts,
“Ytina Migration in Y-TZP during High-Temperature
Annealing,” J Mualer S¢f, 22, 4465-4469 (1987).

N Claussen, “Strengthening Strategies for ZrQe-Tou-
ghened Ceramics at High Terperatures,” Mat Sci
and Eng, 71, 23-38 (1985}

LA. Aksav, F.F. Lange and Bl Davis. “Uniformuty of

-468-

13.

14,

15.

16.

17,

18.

19.

20

44 o))

Al0-Zr(Q, Composites by Collowlal Fillration.” | Am
Ceram. Soc, 66(10), C-190-C-192 (1883).

St. Gutze, W. Schulle and H.W. Henmke, “Investiga-
tion ol the Deflocculatien and the Casl-formung Beha-
vior of SiC Shps,” ¢firBer, OKG. 69(3), 82-87 {(1992).
D.H. Everett, “Basic Principles of Colloid Science,”
p. 121-124, The Royal Society of Chemistry (1988).
EM Deliso. AS, Rag and W.R. Cannon, "Electrokine-
tic Behavior of AlOy and ZrQ; Powders 1 Dilute and
Concenlrated Agquecus Dispersions.” Advances in Ce-
ranues, Vol 21, Ceramic powder science, p. 523-535,
Edited by G.L. Messing, 5. Mazdivasn, JW McCanley
and R.A., Harver, American Ceramic Society (1987).
M. Green, T. Kramer, M. Parish, ] Fox, R. Lalanan-
dham, W. Rhine, S. Barclay. P. Calvert and HK Bo-
wen, “Chemically Bonded Qrgamc Dispersants,” Ad-
vances in Ceramics, Vol 21, Ceramic Powder Science,
p. 449-465, Edited by G.L. Messing,. 5. Mazdivasny,
JW. McCanley, and R.A. Harver. American Ceramic
Society (1987).

AJ. Ruys and C.C. Sorell, "Slip Casting of High-Purily
Alumma Usmg Sodivm  Carboxymethylcellulose  as
Deflocculant/Binder,” Am. Cer Soc Bull, 69(5), 828-
832 (1992).

I. Lehmann, B.Muller and G. Ziegler. “Optimization
of Slip-Casting Techmque for Short Fiber and Whis-
ker Rewnforced Ceramic Composites.” Euro-Ceramucs,
Vol 1, Processing of Ceramucs. p. 1196-1200, Edited
by G.de With, RA. Terpstra and R Metselaar, Elsvier
Applied Science (1989).

1D Brichail, JAA Bradbury and | Dinwoadie, “Alu-
mina Fibers: Preparation, Properties and Applica-
tions,” Handbook of Composites, Vol. 1-Strong Fibors,
Ediled by W. Watt and BV, Perov, Elsevier Science
Publishers BV. (1535)

P.F. Becher, C.H. Hseuh. P. Angelini and T.N. Ticg,
“Factors Intluencing the Toughening Behavior of
Whisker Reinforced, m Whisker- and [Fiber-Toughe-
ned Ceramics,” RA. Bradley, D.E. Clark, D.C. Larsen,
10, Stiegler, American Ceramue Society, ASM Inter-
nalional, 109-112 (1988).

P.F. Becher, TN. Tiegs, .C Ogle and W.M., Warwick,
“Toughenmg ol ceramics by whisker reinforcements,”
m Fraclure Mechanies of Ceramics, Vol. 7, 61-74
(1585).

L
ko
-0
=1
ol

43 =]



