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ABSTRACT

The green microstructure and sintering behavior of 7r(, were analyzed in terms of kinetic stability
(measured by the stability ratio ; W) and interfacial characteristics of colloidal suspension. Green density and
the most frequent pore radius(MFPR) of green body were directly correlated with the stability ratio. These
observations were explained using a concept of the critical stability ratio{We¢) and the potential energy of two
interacting particles in colloidal suspension. Analysis of the data also indicates that the potential energy batrier
between two interacting colloid particles should be higher than its critical value for a fabrication of ZrQ, green
body with dense and uniform microstructure. Besides, We have successfully applied a concept of the donor—
acceptor interaction to increase the kinetic stability of Zr(), slip and density of green body.
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Fig.2, Transmission electron micrograph of the
zirconia primary particles,

0.1-5pm o] o1% ] HFUE = 0.9umis00nm) o) 2l
. o] Asi BADE 08 9
e Azl Fg AL FA Rl
# $3E] o FAY e
unit) &) 27)e] s Axats 2= AL
o}, e]l= Zr0, 7} 2Rl a gl k
e A Abe| v Zr(.2) T Halo
Hshs glet.

2.2, ER0E B4 EH & AlHHZE

2.2.1. Packing Density & &3

Fxol 2 4% pH 7} packing density o v] 2= %
& olnr] gsied pH#HSte] w2 ZrD 33

packing density & &34} “‘:1‘ Eae] AR AT A
3g o ZrQ. 25 °] el 17] %‘%r 90‘3‘35 B

- = X
Pt Ear —‘}3& F 1241254t ’f.-/* laging) o}DiA] 012}
Ardell e F43 -*ré}(hydratlon  wEA9gs. 4

s} g4 (Ultrasonic Probe, Model
Number 2000 ; B, Braun Sonic, Inc.) 22 28 3}l4 A
FARAR] Fol| slo]2 R AL Agdtel HNO.SH KOH
= 7]%]-”“% Azdde] pH & 228500, pHad ] £
AbEe] ALTA T Bojd Wig & Faly

ol
Sk, S e Lol

Al 9 (Zeta Potentialle] =5 L Pen Kem 2}g)
Lazer Zee Meter(Model 501)5 Af&32dc}. 0.01g 9

A 274 A 15 (1990

Z g o|l=

(53)

(H kel ARk dlgl 4

20,4 9¢ 100cc ﬁ?r#‘ﬂi Y1 254 BHL o) ol
537k AH a4 FAARE. B E 1247455 54
% HNO,/KOH = = A2k 7lslo] pH & 2239, pH
2Ae] B 5% Fo) o e AaAN(F4A)E
micro-electrophoresis cell o 9] & 3 o]z #2735}

A4 o]FatE ZrQy, YAEY 45 %
Z75 3 Smoluchowski 412 <1&31ed Al 9 & 3
CEEE)

2.23 =u](W)yel

ok < u] (Stahility Ratio %2 Retardation Factor ,
Wz :jAlﬁL 2 el YRrl Ee%o] ofs AT ol
Oﬂ /]“6]'] _,_‘;7,_.;],0 _i TLI: /Kl-l‘- )7}. ?E!-
o % Fuchs 2] o] 219 o] dte]

{group velacity)

shd Z4

W=k /ko=ta | Ctguexp (ViR KT dr

177k 2ElAle g w] Aee]
Ayl (Smoluchowski limit) &)
3 z f}__lo]]L]z 1AV
PR Al o, wha
18t 270} Felo} g er. Timasheff 2]

s

\% | dojrp= ""P%
-

o] 22414 )R A o] R a e
(500nm FA4) ¢ el dal4 v}ebu| = E<4% (absorban-
ce 2 turbidity | )] 7L 2L ohen Lo £ 4
et

de/dt=-ks + K+ No? - L

oA71M = FFE,
HArEe shafoled, No
3 2718 SR A
t =07} =5l dr/dt = kel = :ﬂg_rz u] 2l 5} 7]
dr/dt & MA=l7¥ g edg 1:%4]

Feo|E a]¥HrlY 5

i
|'O
o m
fach
o
N
iz
T
.

iy

=7 {isoelectric point)

i
rlo
:'.'.. o
2o
=10
=)
o

(poimt-of-zero-charge) '#1e] 24 (g Az L=

Al
R

Aol g 2al)elA EA dr/dt 3k AOL:H»Q e
“oaii&‘ WE A2L 5 ) =),
Azug) 222 Perkin-Elmer 4 2] Lambda 15
UV/VIS Spectrophotometer 2 AR231e? =431

0.2g ¢ Zr0, ¢ 100cc 74l P of 5820 HAW

TS
7 % 12402059k S48 441 Larlol HNO,
KOHE el ol & 244 & 547h5 44 443

fek. G40l B E4b



3 %ol o 1pmls] Fxo|x A

Eak R4
cell o Y A7pshe] HE Fo2E 2A%

o =HE Ml cell of Y& 54 #3teden cell
off Hol EdEte A4 cell o Ahiitez F5 £4
£ memscusJ etz el el sEE slold, ofif
A Alzkel Frhgbe] we) Zrd, g2 el =[RA4Ee] G4
# % AAdsle] Frssh A gtasign, 2 Ade4
F4ee A7 d3ge Totnm o sAzd Feld &4
s,

2.2.4. AF ) (wet cake) zﬂz
E Add e A B E el E5e] Labr o WA
FEdleaA AEAE ﬂps}gir:}, Ay 2,
bg ol 7109 FirE 3y 2det dlow sEEad A
el FaA g F 1247k
T 5 obA E kot %Ewﬁ% H A% 7kt pHE
A 712
sle] A& 2 (wet cake) & Aﬂiﬁ}aiﬂ}.
2.3. HEA 2] 0lMTFE EMTAL
pH o 274 Azg Aol s 2l

ol

[~}
A

2 5 AR

7 17 9]
et oAz el g vl fAE et
) zhrtel Az el AZE 100CEER 4847 Fat

22 deld AzAzc, Azg A8 7|3 E FHE 9

#}ed mercury porosimeter (Macropores 120, porosimet-
er 2000 ; Carlo Erba Inc.) % #l-§8l9on 7158 54
etz 8] A green density £ Al 4bstsich
4549 danlel ol 13s £7 % G F B
71 #5pe] FAlAAE o] A (SEM, Model Number §
-570 . Hitachi)-& A-gstgdcl, =3 pHel 2 A= A=
Aol AFAE A7 Z de]A F24% 5T/ min 2 ],
600°Col A AAslden], £45 A sl e|dF2
H# o KSL 3114 A9l 9% 5w s 784
o}, A8 % diamond saw & Ar}sl ohE resino @
mounting 5k 600, 300, 1200 grid SIiC giwpz]el =4 cf
2 ofulgt Eof 1 Qum & diamond paste 3 A&dto]
Z owufstgde}. ddefrl 4 AlZ2 thermal etching F
FalAaEe|Fog aldF2E AR

3_JE=I|.I:LI kS

-

1.1, E20|E/AH M=} Zirconia MAHEY ¢HEE

T o] F| k-

194)

A

ol ol g8
3.1.1. Zeta Potential
Fig. 32 A2 9 pH 9} Zr0, A4 wel A2 A|=ka
fetel BAE el 28 o], Aebd 9} 0
o] £ (isoelectric point ; IEP) o] pH§.2¢jx pHe.2
olsleli Aetaig s <re pl6. 2ol def A= 2
e HelZ 3 ald,

AR AL Frels Asddd ZAde AaE o

D] J-v_‘l't

1o
;H'!\El

E+lﬁ) .

AR e} i
o}‘,ﬂo} ]

& ool B+ D
ﬂr 4o TA4oE EHIE&E}.

A:ﬂ]zi o

Vr=1/2¢a ¥# In{l1+exp{—x.S0)} ;

= (8x ne’z’/ekT) for symmetrical electrolyte

..................................................................... (3)
50[
25
[ (mv)
0
- 25 L
ZrQa
lep=62
-50
2 & =) 8 o 12

pH
Fig.3. Zeta Potential of Zirconia as a function of
suspension pH.

2.9 &3] 2]



Zirconia A &g w

oA e Ll (F) o BAas
A, n& AadPe BAEE A
2 AAtel A

olx, at =k uh
EEESS
, k= Boltzmann 4<=0]x, x+& &
A7 e 3% °]—E~°ﬂ"1 A AR 429 "Debye
-Hiickel length"e) H4eeim, So & F AT Y219 =
2718 (Surface-to-surface distance} S Jelfich, =
ai AsLE ol wlEial Toje] e E JelulEd 5 o=l
2lAe GEFe] 2F FEolA Hv)gle A= AetA
dolm (BalelA g4l &5 AFD 5 b o
A A7 0% W YAE 3 Hege gejAn

van der Waals 2l @ (%.& London dispersion force) el

Awf o) 7] W ol dAge] Aol Al o}

2+ A

22T

2 258 $35el 4 WAle 71490 4l (primary
particle) So] T4 EiA% e 45 flocculated
wit & HAEA 2 o) AFAY o7y £3E5
I e e & Bk B 5Wr

slopd 44l A9 4

w0
2 Dt kel Aeke) vPAEL FEAHE oY

%%}94 ?—4% pH6.2(iSoe]ectric
point ; F1g 3Hx) 0 AL Aol A obelel] 2
A A (4)el Q7 “1%01 F2 4 lLJr“iRlE]vﬂ 171 o
¢ kel 52, pHe.2 ol a4

2 o ng wlgr) Al sHAGE %91 %&%

=]
lo,
i
B
22
o=
=
olo
E_,
%

)

Al "t
~ZrOH A H (ag) = ~ZrOHF e {4)
~ZrQH+OH- {ag) =—Z107 + HLO o {5)

3.1.2. H] (W)
Fig.4% ZrD, Aj232 e pH 8} qpAlmejsbe] 324 F
vely ez elch pHE—8rbel g cdedel A ofidmwly
pe] = a o] siedel 4]

n‘l-xoqt

4%

3] Zokatod pH 240148l ¢
S} of 285 o4 F¢ oF 4 sleh. Az Faol
e AL F LA e L]

27 9. Fig.49] 4
Qe Asane 5
gAsA 454

'élZEiﬂ'L
Eeha

qFozA AsAR (23U PILE

A 27 A 1 & 11990)

1725 2Eols

£93)

/A 2]
2.
2.of
15

log W

1.Q

(o3-2)

pH

Fig 4. Stability ratio{W) of zirconia suspension as a

function of suspension pH.

A4 vshi s
EI

we o
ig
it

L

A Ahoje] ALdie 2ol dei]=

SR A (Va) g #o8 Folajn| utnle] agl +3F
‘{]X}“’r r g] = o.] 73 o o o0z C’”L’] 7= DLVO o]_g_mcq]
A5 G2 4oz el + g
Va= - (A/6){22%/ (¢ —da®) + (2a/%) +In[ (' —4a) /1*]} |
TR 50 rremrrr e (5)

o 7)4 A= Hamaker 4424 22 F4531 &
A A7 21 F5a7] 4T A(induced  dipole
moment) #ff 714l }% glgnl Az o]s]!® 7,7} S
of $4ixel gde A5 A=13.65x107"] & g% st
(MEFz), debd 4472 S3elvAE AR (FR0)E



Al ﬂxl V(r}( \frﬁ-\fa}‘- 101] =
Folz Aamde 79 Vrel dile] qlofz ez 275

o Ve & oA k8 Fopel ol §H43 qhislr] ool
x7h FFEE AT )

o] pH % ¢ (pH 3o]8} 2. 10]4F

(Wie 23le #4497 dn

3.2, ER0|E/AMETI} zirconia 8] A|MTEZE=| 0|

= HE

3.2.1. AdEds

Fig.5% 322 7 (gravimetric sedimentation) % 44
o AEe] 43 Zr0AFH e WE(|EURd o
T %)E Aasld pH o P42 febdl 5io[o. Fig.54
Azt ARG Az Aalz pH de]stelA A
wale] nt 349 2494 weinn o, Ay
Ax Aepeln GAzs A ol A Sa (% pl g 5

P (7o)

GpH

Fig.5. Percent theoretical density of zirconia green
body prepared by gravimetric sedimentation
() and centrifugal casting{A} as a function
of suspension pH.

196}

o <A Hud) dAED
FH8 sl = oofu (AT
Aske] of ¢ BFAE &
culebA o]z Aol 4
Sl vk Alolo] e EaE AvtEk 7
glo] Agd A B M dFE
E2s| = /A Eebd et Ze0, 48 A of =A<
ofgks Z v AgE o AAE] AN HddeEe
Z AxT A5 e} °]'7*]‘:HH tﬂ%‘ t+ Fig
vebielc}, Fig.go] Al4ste T4 4L
EE oA Enz) QA A offlde A |
eyl A el E dE
elef. wfeld 3l g AHAE A
|z5t7] fl8)Ae o5&
(crl'tica 1 stability ratio] & "ef’OF‘-“% aul"? Fadge 3
& o D} Fig.60] viehd

(o
n

2opir e B8, 2

o ple
ol
8,

ok oBL ri

o, =

/i

[N 5.\-’_‘.
mlc A rm‘i

ES

f

D

E;o
=
i,
i)

SRR

e o
TS
ol

10

™

=3

ZFO::_

S i oo
EF
Fr
oo
{3
a2 £ r-il-LJ
rﬂr A
Fﬂ =
In
f:“n j:
g |-
[=) ‘~_
= o
5 [
= o
5 Ao,
& ofri
£
= o
=] o,
E: s
=)
Lo 34,
W, =2

t
o
tr
=
]
3
é
=
:
Bt
(U
\T’
=
o=
=
o
r
2
rfe
A
o
i
o

5
4
[ra
=0
el
[¥e3
3C
i<

30— T
258 ¢ *
P(O/ﬂ)
1
20T - l{
9 1
1
i
r
;
i
jwe
15 . . . . Lt .
o] 3 10 1.5 20 25 30
lagw

Fig.6. Correlation of green density of zirconia
{prepared by centrifugal casting) with log
W (stability ralio) of suspension,



Fig. 302 #5 o 4 gz, Azaldold § 92t 4
A

2t o i

v ot lAdg R 2ol sgdle o
#g] pH 7} 40) 22 o] £7}% (ionic strength) 2 5}%}&]-‘;—
0.0001M o5 o] 7]l & wsk= Debye-Hickel length(l,
)4 4%AE 0.4mYs 1Az 3y AT ﬁ':
alet,

wak L Adela] AER Zedhy ARt

(primary particle & Z7|)& o2k 50nm o] (Fig.23
F), Lr0y Mesld (Fabolzl o 444 AG 13
95><10’2“J s|ng eo[Hdl 7[Eat (*ﬂﬂ"“":"l , ad

)% o &5je] Zr0, A Akol o] A4 3
) E]- /E] o o]_Q_ }o% ;q] AlEh /IL— ol

KT olgieh. of A2 Yo FHaE oz 342 %0, A

£EE A H49 4 o 14 % o770
B4 Zed olua] AWl 25 (F B £ S 3
45i7] Hal Yo Zeldolul4 Aw=ars] Aaazh
Eo% kT A=) ddbn AEAL 4 uch =i
DLVO | 2ol 253l chirel 0448 idahe 243
e Frelr Asfyd qdEst FARN e
t]-“”,

A<Er_%'2/)€ ................................................... (7)

o
fams
=]
=
)
34_
EE
-3
oil,
o
==
=
E
h
ni
o,
N

), Agaq °l A ooner 1.04><105cm‘1) E

C8] a&zleld o] Flaate]e] zdale zeldeld
22 Agael Agjwl Azl ALO,(A=4.5x10"2]) 2}
Zr0y (A=13 95X 1071} zhakell efulld A7) 2lg] 3he
A vebdeln o] nElE FU8 SR = /A He

gl

A7 A 15 (1990]

20 1 T .
15 r
107
=]
=
jun }
=a
-\-n:"
>
-5
107 a=30nm
[=30mv
-| 5 b “
I=000iM
25°C
_z20 . , . .
0 | C 20 30 40 50
Salnm)
Fig. 7. Potential energy of mferactivn of spherical

ZANAE YAy Zjabe Laldofiia] 2l

=
2o et A Aolth Agd Lk gk

A7 A

ZrQ, and ALD, particles {a=50nm , £=30
mV , I=0.001M) as a fuction of the

surface—to—surface distance of seperation
{Sa).

L

5 0Pl 2Ae FUG Eae] B 4HEA Aet

(Al Gy,

9, oy
r]r rLD nl&o
&,

oll

BL

Tt L
ZAT

g =

e

g7}

18 41

KC‘ e
D

2 A g =300 5 Ff A e 276 vl
oA 2 £ QAR ARE 2105 2 vl
{S=N =

ab A gl ksl

Zol &4 Fofels] = pH Aol £

SiC,, Ti0, S)Alae vlmd o =S ozl

5
aEL A4 o gles] oa A el %
A

0 57} 2l 9 = &2 Hamaker A=) #)al
Heled ZrO A5 7] £

wu
17 e s = WA 24le g 4R At
;
o

A8 =g L0542 9)% e
Sgolaht Aelch Aeingds £29 F49
 {overall kinetic stability

017u1 (Al E oo

= .z
In e
r_D
— o
in
=,
=
L,

[N

r\]‘u

4 207



sk
He
o
o,

rie
D}_.

~
. 5
H

fr-

[ L]
£

&,

.
oA
r}v
N,

o
=
=)
=
=

ol ol 4
—Acceptor.J gL o)
Amat Bk, oA A0
g ozl 49 ol 84 {(Point of Zero Charge , PZC)
# abA g pKa(F2 pK) @8 Aol : A A5

[MOH,"][XR]
[MOH][HXR]

°F°
al
ok
A
&
o
X

Je
e
g,
ok

" mﬁc rlr

ot
o
3

o
2,
e

A:PZC—pKﬂzlog'l ............ (8)

Aol ik ok o] F AL A atel

=1

>ic1)‘
rir

a

F'WO e

1 Sl

v R

o}

o e
PZ. ok
aje

als

Al o
Hne

nﬂ

~MOH+RXH — ~MH.-HXR-—

.,I\,IOH;'...—

gkl n
ric) & VHEH A
A4l A5
o] s ok
AL ;] 2

aming—

7 A

Alggteid fa)del Adda 4 48AE Az
o] A% Zr0pe 48% 2 4= E BT g em ol &
As Aok Fab kel Al 218 e 18% 04
o 4dgx Fald it AT 1 Y5 7

3 gheH{Fig b &z},

3.2.2. =l4l7=

Fig. 82 daltelsl o8 Azg 444 spebals o4
Fxg BelE Aol Al % & At (45
mV, pH 3)¢] Axslzlezve o2 4R w472

o SREE Aoz gAEe] vl
el 2] 3Eg] are ZHa Fodi el oo
o AEkd ) (—4mV)E 2 Moz 8 ol
AR nl ATz L5 Fele) Ada At
A A (flocculated umt) s} elala g a}So] FFE) o
% oA g
SECE
ol ]# 22

S 09

A e 272 &4
2ok AR
EES )

al
H

j_, o c]o fe o

ofel
-0l

EXCLE
dol ol 4
Hod 2 (domain structure}
7% tﬂﬂk 1= 9#m‘i‘ 2 ¢t 2
E EEEEEE
Fxgaeld 71 3a7]
=]

5

=9 z
A

gl

ofd ol oX OI-I

]

W

=y

T

A EPI HBN pHS. 5, TH

231 4

e

:

Fig 8. Scamming electron micrographs of zirconia green bodiesfracture surface)

cenirifugal casting at(a) pH 3 and (&) pH7.

198)

prepared hy



Zircoma 4@ Alg e|AFzel Fro| e/l g0t AalalAof g 24
700
! : 30
800y » — pH3
= --- pASarg
b ,b prSar
2 sc0; : - e 7
£ 5 pH  MFPRIAY
5 400 b - T 3
E f: ] g51C
b it 5 1000 ~
= 300 i ¢  tozo & i
El ' ¥ 1170 = o
§ 200 ' z
L 1
: 1
& 100
4
_r\
10 10 1o 1ot e’ o' - \
R 15 b o]
Pore Radiusise) 00 TCO 800 200 1000 110G 1200
Fig 9. Pore-size distribution{differential intrusion) of ME PR A%
zirconia green bodies prepared by centrifugal Fig.10. Correlation of green density and log W of
casting at four different pH conditions. suspension with the most frequent pore radius

(MFPR] of the corresponding green hody.
A 7| gel 27 £ 2 E mercury intrusion A 8o o4& =

Asbgiek, Fig 9% 4744 oh2 pH o) 270904 alof7l 7) X a4

=

Fig 11. Microstructure of zirconia prepared at () pH3, () pH5, (¢} pH7 and (d) pH9 The compacts were sintered
at 1600C for Ch

273 A1 & (1590} (99



g &0 B8 A2 445 0pH; 7, 9L 10
pmZE Y o 2 73 Pl Yas g gl
3 o] Fig. 82 Azleld & 425 Az da| g

Faolz Aalde gedd ofg s o AHAe 2

57 4844 ]%%i EMef =)A= odig B4
#3led pHS, 5, 3

{Stability Ratio ; W)El- Aol Az A
=& Fdels 729k (Most Frequent Pore Radius |

MFPR} 2 4% Fig.10¢] Webdaiet. o z28ledldq &
4 oo Awse P Hduls Agubel dhule
ahn 01% MHH g FAeae v 2 =47

Fashot o ﬂ

Qesleel dEash ol 574A ol A 2o
S| g iAol g4 7had

# B3 olgs) 2reAe 48 ALdrte 9an
3 (Fig.615F 48lel 25 & Hae Agaael ol

4 oz A ,,21 1710%1 “‘Iﬂﬂ |~

merate pore 7p E2He 2

Aol §4% 2haslelet AR e ol Fig 108 %47
e LER

Fig 116 pH3, 5, 7, 94 44270500 ool A=
AT 1600CA A 001 FF 44T Axs] A7
3 2T sl it e Gl g -2 3

Aol 4 Az A18-L ofu] £22F 7 ebAo] FoiH

FEA A el delkos] pHos) 271 logW=1 27)
A Azdd Aud g el FEI Aol i3 F
L 274 YAbrt T et kel %’T}:?’Fl Slig 2o
Faoglvr, 23 pH7 (legW=0) 2 pHy{logW=0.79) 2l
zHelA Azg Adgd oFHE gadge] Az 9
ofvha] fpgken «de] YEE B5-80% E32 Yol £
29 z7RAE ST gle g o ¢ At =3 pHS,
7u 99 =alel o A2 Agde £ oum e mosk 7]

11003

27 - A
= A glglem onle £7Y YALTHRUE Aol
o] ZA 4= interagglomerate pore 7} {17 AA=A &
i dFE A Faogld

4. 8 B

Aot 4gal e, olAFE ) 25 3
B0 AR AAH S EAD A oG R ALE
Dol
2 T A

on

L g0 ZHEe o olﬁ}oﬂ

04 ‘ 4s o
SE 9 BE e

2) Ze0dH A8 AE e 9A LY ER7) 190149 o]
3249 ok pHIA 1 43455 28 5

=]
= 42§ AR ATE Ao wam

&b Zr0, %q 14 404 & ﬁwl

el
¥2
i
-,
o

)
L

o o rLo
w2
“J
ok
noe 2
o,
E=)
-
b
~
-
s
s
Dﬁ:
ey
e

b
Hz
:
ast
(‘i
o
-
- rlJI"-i ru.'
e

o U
[

o
o,

,\
rle
5 [=3
w
ol

Eist

e

)

o,

oz

=

L
g .=,
o

-

el

Zr0=5 2] fefd 8o 2d
A& S oglolel

[ZAte] =]

2 uTg @3l 572 dFzgu giel
A k| e o gdgle] glaa] o] Folzar] o
A e

F.D
2
"
o,
=,



2

Zirconia 4 & # 9| el TRet 2ol /A vl ele] 4

REFERENCES

. E.A, Barringer, N, Jubb, B. Fegley,
Pober, and H.K. Bowen,
Processing of Ceramics, Glasses and Composites,
Edited by L.L. Hench and D.R. Ulrich, John
Wiley and Sons, Inc , p.315 (1984).

. R.L. Pober, E A Barringer, M.V. Parich, N.
Levoy, and H.K. Bowen, in Emergent Process
Methods for High-Technology Ceramics, Edited
by R.F, Davis, H. Palmour, and R L. Porter,
Plenum Press, New York, p.193 {1984).

. A Roosen and H.K. Bowen,

Various Consolidation Techniques on the Green

R.L.

in  Ultrastructure

“Influence of

Microstructure and Sintering Behavior of Alumina
Powders", [. Am. (111},
970-977 (1988).

. ILA. Aksay and C . H. Schilling, in Ultrastructure

Ceram. Soc.,

Processing of Ceramics, Glasses and Composites,
Edited by L.L. Hench and D.R Ulrich, John
Wiley and Sons, Inc., p.439 (1984).

. [LA. Aksay, F.I. Lange, and B.I,
“Uniformity of Al;0;-Zr0, Composites by
Colloidal Fabrication”, J. Am. Ceram. Soc., 66
(10), C—190--C—192 {1983).

. W.H. Rhodes, "Apglomerate and Particle Size

Davis,

Effects on Sintering Ytiria Stabilized Zirconia”,
I Awm, Ceram, Soc., 64 (1), 19-22(1981)

. E.A. Barringer and H.K. Bowen, “Formation,

Packmng and Sintering of Moncdisperse Ti(,
Powders”, . Am. Ceram. Soc.. 65 {12), c-199
c-201 (1982).
EA.
Powder Processing”, Ceram
(5-6}, 285-297(1984) .

. R.K.

Barringer and H.K. Bowen, “Ceramic

Eng, Sci. Proc., 5

Iler, in Science of Ceramic Chemical

AT 4L E 1990

101y

10.

1.

13.

14.

16.

18.

19.

. R.]. Hunter,

A7 A §4

Processing, Edited by L.L. Hench and D.R.
Ulrich, John Wiley and Sons, Inc., p.3 {1984).
HM Jang and J.H. Moan,

Fabrication and Densification of Zirconia-Tough—

*Homogeneous

ened Alumina(ZTA} Composite by the Surface
in Press, J. Muaier. Res.
(Materials Research Society), & (3), (1990).
J.N. Israelachvili, Infermolecular and Surface
Forces, Academic Press p.144 (1985)

-Induced Coating”,

Foundatiens of Colloid Science,
Vol.1, Clarendon Press, Oxford p.222 {(1987).
I.Th G. Overbeek, in Colloid Science, Vol 1,
Edited by H.R. XKruvt,
(1952} .

S5.N. Timasheff,
F. Collord . Interf.

Elsevier, Amsterdam

“Turbidity as a Criterion of

Coagulation”, Sel,, 21,

489-497 {1966) .

. D.W, Fuerstenau, R, Urbina, and J S. Hanson,

in Ceramic Transactions ; Ceramic Powder
Science II, Edited by G.L. Messing, E.R. Fuller,
Ir., and H. Hausner, The American Ceramic
Soclely, p.333 (1988).

J. Th. G. Overbeek, "Recent Developement in
the Understanding of Collaid Stability™, J. Caflpid
Inferf . Sci., BB, 431-445 (1977).

CAEY, "gRele/Ad et ghql deele 47

SelAEe A A%, 3 (4), 298-308 (1988).

J Th.G. Overbeek, in Emergent Process Methods
for High-Technology Ceramics, Edited by R.F
Davis, H. Palmour, and R.L. Porter, Plenum
Press, New York, p.25 (1984).

R.J. Hunter, Zeta Patential in Colloid Science,
Academic Press, Chapter 6(1681).

. J.C. Bolger, in Adhesion Aspects of Polymeric

Coatings, Edited by K.L. Mittaal, Plenum Press,
New York p 3 {1983).



