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Slip Casting of Alumina and Yttria-Stabilized Zirconia (YSZ)

Hiromichi TAKEBE, Naoki YOSHIHARA and Kenji MORINAGA

In order to get the dense sintered bodies of alumina (Al203) and yttria-stabilized zirconia (YSZ) by a slip
casting, the conditions to make a well-dispersed and high concentrated suspension have been studied in terms of
the §-potential and pH of suspensions and variety and content of deflocculant.

The &-potential, which was capable to be measured only in dilute suspensions, was not representative pa-

rameter for the properties of high concentrated suspension.

The other three parameter had influence on the

viscosity and height of sedimentation of the concentrated suspensions, which were the important properties of

slip in the slip casting process.

Under the optimized condition of these properties controlled by these three

parameters, we have obtained the dense sintered bodies of Al203 and YSZ with the relative density up to 99%.
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Table 1 Characteristics of starting Al20s and
YSZ powders.

Al203 and Average Specific
YSZ Grade particle surface
powders size* (ym) area®*(m?*/g)
Alz0s (A) TM-D* 0.2 13.1
Al203 (B) UA5105% 0.4 10.0
Al20s (C) AL-160SG-4% 0.6 7.1
Al20s (D) AL-150SG-1*% 2 6.0
_ As-received
A-YSZ T7-8Y*# 0.3 14.6
_ Laundered
L-YSZ TZ-8Y 0.6 10.6

*Taimei kagaku Co., *Showa Denko Co., *Tosoh Co.
* Median particle size by centrifugal particle size analysis.
** BET method.
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7o TR D BERETE (X B BEBGREE IS B 1 AN HEEIC &
DERAf L 72, BERKIE 1,000~1,500C DiREET 2 BER
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Fig. 1

function of pH.
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T HETFEENS.
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function of pH.
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Fig. 3 (a) iZ—fl & L T Al0s (B) 22w <
PAA-NH: 2% 2 9 RO @ME AT 5 0.50v0l%
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Fig. 3 (a) Height of sedimentation and (b) viscosity
for Al203 suspensions as a function of defloc-
culant content (wt%).
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Bz PAA-NH: R 2 O F O RINE L iLMBR &
DEEXDHLHL, BIZE 25vl% DY A>T s
YIZBWTH 0.05wt% TdHH. 7z, @F
PAA-NH: RfEC S HIZH/ML- & 2B UKo b
AFFEDHONDE. ZoL) REME, MO ALOs
((A), (C), (D)) LowTHEMTH-7. AL,
ALOs HIF O LREEFKE VI EFTEICENE D
PAA-NH: ZfEZ I FIE LB L L7z,
@ YSZ

Fig. 4 (a), (b) KU Fig. 5 (a), (b) L ZhZh
AFEED YSZ (A-YSZ) R Uk L THEEFREL L
YSZ (L-YSZ) (22w T PAA-NH« Zff 2 ) Blodm
BT AURB S RUZOL ZOH ARY V32D

€7,
£ .|(a) _ 8
=6 N ==
QS5 016vol®h ) {7
° A-YSZ suspension
4 Deflocculant:PAA-NH, 18
[\
£ 3 15
B | 13
I o 0 A 1 1 1 1
0 01 02 03 04 05 0-6
Deflocculant / YSZ powder (w t°k)
(b) l A-YSZ
600 , ; ! \| 0 25vol°h
0 J \ & 15vol%
: 'I o 5Svol%
,xsoo-‘- ; '
) ! |
g | -
£ 400}] \
> ! .
2 300! |
(8] N
u
= 200}
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ol—— ST
0 01 02 03 04 05 06
Deflocculant / YSZ powder (wt %)
Fig. 4 (a) Height of sedimentation and (b) viscosity

for as-received YSZ suspensions as a function
of deflocculant content (wt%).

pH B b L #E DAL % 7R T . Fig. 4 (a) XU Fig. 5
(a) IZ7/R L7z 0.16vol % B AR ¥ 3 L IZBIT ALk
BEX DA TS E SIS LERMFED D FRNE R
A B L-YSZ WTFRIZ2WTHH 0.1wt% TH 5.
72, Fig. 4 (b) LR LAZAFEO YSZ HkK
(A-YSZ) @5, 15, 25vol%H A>TV s »iZBIT A
HHEOBRT LB s NG, SBICLELZRT AR
MBI Fh2N 0.14, 0.23, 0.4lwt% &R~
a VOREFBEEBEE ko TWh,. Ihid Fig. 4
(a) IR L7 A-YSZ @ 0.16vol % A <> ¥ 3 v 2
BUATMES S ORI Lz, —F, ki
L hiEELKRFELZ YSZ (L-YSZ) © 5, 15
25vOl%H A~V ¥ a VICBWIHAMITLELRED S
FIRME 0.07Twt% £ ARy T s vOBESEL
THIEEFRILTH 5.

E?
=6 Z . 8
S5 0-16vol % 7
E L-YSZ suspension
ta:’ 4 Deflocculant :PAA - NH, 6:5_
£ 3 15
3.1 13
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600} o 25vol
a15vol
a 5Svol®
~ 500
0
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E 400
>
o 300}
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n
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0 n n
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Deflocculant / YSZ powder (wt %)
Fig. 5 (a) Height of sedimentation and (b) viscosity

for laundered YSZ suspensions as a function
of deflocculant content (wt%).
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DEOHERIOFEY) T2 ) VBT v 2=y a8
(PAA-NH.) RO IHERMLAZL EOT LI F
(ALO:) BRUA » b 7RELT V2 =7 (YSZ) @
BEEIZ O WTHRET B,

RYTEZVNEET Yoy AEIERY A5 2 ) LVEE
FRU)YLAOERERICEELTT LA VMAT (1) K
WRT X BT 5.

-CH- CHy -CH-CHy
(gOONHZ> - <200" 2>+mmf 1

ZDEEELER)T ) VEEA F >, (-CH-CHe-
CO07), 2% Alz0s % YSZ fIFORMEICKE L, AlO:
% YSZ FLTFIEBEILIREY (electrosteric) % R FEIIZ
X OEEIHEHT B9,

RBOLS B HFELFEML T EwTFhoy
KicBWTb—HRFIHEEL, HES s oEmEkY
WHEOERAPBDONDE, TNEBRFREL T5ICE
IOULELFEY T2 ) VEEAF >, (-CH-CH2-COO™),
BARRT 57012, HFETELITREI R 5720
T&HAH™. 72, Fig. 3 (a), (b) % Fig. 5 (a), (b)
WRLZE I MBS S IC X D L7 & & D5
BRI THIHIIE D E L OREE HERME
VEET S, THEILRES S OFMEIC A ) Al OR
WML, 000fICHIRL KB AL 2720, #
HOREICHV - BREFARY Y 3 YT HH
WINE VYA T a >0 pH 257 VA VI~ X
NECHER LD EZEZONE. T2bb, pH2®
BWIEIESBICLELE) T2 ) VEEA F
(-CH-CHz-CO0™),, P EP WA T A" Z &l L T
W5, 502, A-YSZ DEHEEY ATV 3 I8
WTRBREIEELEDC 14 BT 5720,
SEICES Ui v PAA-NH: BEREL, oK%
< D PAA-NHABE Z Y FIOTME LE LT 52, $7z,
B D PAA-NH: R 5 BN H FIOBEEFICY 2
Ry Ta YHUIFELAERERS R bOEELD
nas.

3.3 MMICLBTILIF (ALOs) RUTy bUT

REAVILAZT (YSZ) HFDODEMEDT
i
3UARUB2EDFERI D 7L 3+ (Al0s) RUA »

M) TREIRT VA= T (YSZ) HTFALEITEL
TBREOY AN Y g v AT B 0 Ol A%
WZOWTITOMREAES N7,

(1) ALOs RU YSZ WHFRIZOWT HHE LY 2
Ny TV a ilBFsrE— S BAIIEHTR V.
(2)  Al0s 122 WTH 0.50v0l% ?, YSZ iZ2Ww\T
13 0.16vol% DB A>T 3 Y iIZBIT A RS
BL)HREOH AN T s YAERITE W,
Vh @ LRFOREENlECERSHEETE 5.
(3) RFPEEBICTEL-BREOF ARy Vs
PR B0 EHE AR NET A LESH S,
Street™ (3 3.187 T3k L 72 mass-transport elec-
trophoresis |2 & 5 BRIKEIZ IR & 1 0 45 BFE R
MExt§ 52L& OMICHEMBRES 5 & 2 3G
LTwh, F7:, Hashiba 59 I Va7 OEEE
PRRY Y 3 VIIB Y- ¥ BALEHMESTIET B
& LTH Y, mass-transport electrophoresis (2 & - T
KO- BREY ZARY T g Y I2BAHFOERIKE
SEE () LA (7)) ORI Q)R OB T
LbDEEZILND.

v, <1/ 7, 2)

LbHAABBHTIEBEESARY V3 ViIZBWTH
A= 2= P rfEERLED 2 L%, RTHBLOM
HEADPKEWI L EOMEI K- T 55, &
BEY AR Y s VBT ARTFOSEREOSEME L
THMED RO BN TH 5.

34 2V THF LA MRICLBTIIF (ALOs)
ROEAy h)TERERSLOIZT (YSZ) €
53y T ADER

3.1~33FOKR» SR BREL OEHED X

R~y TarERWTRY) y 7F v X MEICL ) B
AER L otk EESREXIT o7, Table 2 iIC—fl&
LT ALOs (A) RUFAFHE® YSZ (A-YSZ) 22w
THEIFER L2 Ay Y 3 YORERVREL HF

EBFAROMAEERRY. 28, BB EOERIzIG

Table 2 Characteristics of suspensions and green
bodies for Al203 (A) and as-received YSZ.

Concentration .
Powders of suspensions Deflocculant Rdelatlye g(ro/ee)n
(vol %) ensity \ 7
Al:03(A) 45 HCI 64
45 PAA-NHs 63
A-YSZ 30 As-dispersed 46
35 PAA-NH4 51
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THIEICLDY,
TarirHwi:

Fig. 6 (ZBERS RO A HIE & BEk i O BIER O — 1
E LT ARO: (A) MY A-YSZ 12D W TR L 7.
ALOs (A) M OF A-YSZ W hIZBWThH 1,300C T
2HEMIBERS 5 2 L0k D Fig. 7184 X912k
7 AL & b Hufﬁ JE#S 99 % O HE 7 BEkE IR
AiDH I ENTE f:.

7 HIBE 2 S
W x oo ) s axy

100

=

<

>

2 t

)

qC) 50‘ ALO; (A)
o AHCI

° APAA-NH,
> A-YSZ

= 0 As-dispersed
o ®PAA-NH,
[}

o

0 L A A . 1
1000 1100 1200 1300 1400 1500
Sintering temperoture(°2Ch)

X

Fig. 6 Relation between relative density and sinter-
ing temperature for Al2Os (A) and as-received
YSZ.

SEM photographs of fracture Slll”deQS of sin-
tered (a) AlOs (A) and (b) A-YSZ at
1,300C for 2h.

Fig. 7

4. f%

2 9 THR A MFEIZEDTIVIF (ABRO:) A v
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