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Dispersibility and fluidity of aqueous alumina slurry
containing 3.75 wt% polyacrylic acid (binder), 3.75
wt% polyetylene glycol (plasticizer), and 1 wt% poly-
acylic ammonium (dispersant) were studied for con-
trolling density and microstructure of green sheet and
sintered body by tape casting. At pH 1, the slurry
behaved as Newtonian liquid with low viscosity and
formed green sheet with 57.8% of theoretical density.
The green sheet was densified to 99.2% of theoretical
density by sintering at 1600°C for 1 h. In the slurry at
pH 1.8 to 4.8, the apparent viscosity decreased with in-
creasing shear rate (shear thinning behavior). The
slurry at the isoelectric point (pH 2.4) showed the
highest viscosity and yield stress because of the forma-
tion of particle agglomerates. The green sheet with
52.5% of theoretical density resulted in non-uniform
structure of 98.6% of theoretical density by sintering
at 1600°C for 1 h. On the other hand, the low-viscosity
slurry showing Newtonian flow at pH >5.8 led to green
sheet of 55.7% theoretical density and sintered body of
99.8% of theoretical density with uniform structure at
1600°C for 1 h.

Key-words : Aqueous alumina slurry, Tape casting, Viscosi-
ty, Yield stress, Fluidity, Potential energy, Density, Micros-
tructure

1. #

Rz & =7V — FEZRAWF—TRFICESWT, FHE
DBIE L EE LTS EHED L WAKR AT ) —OFRE S Rt
TRNTWAEYY . 25 ) —FORFOSEHIREIZAS
=Dl AoY—MHEICKEXEEY 52 5. HET
LAY, TREBEEE G 5700103, R#Es Y
IV —EAY A5 ) =I5 T AERERDAH. LD
DI, BERITF O, HinAl GE&#, wEBH, Sk
) RO A58 >V THo etz L T2k
FhEasmey. A5 — (aaf FoEsR) ORbDEE
R EIIR T RAREL LD LT AERE OO L
ThHY. pEHOREMRT, 7o VEEICLDRFREO
HAEWOBOHAEFERNIC L > ThE5. B TEREY
BMLAKRASY —hT, BEOELFERITKFRH
London-van der Waals 7 CH V0, —7, BEICR LEE
W (D) CHFETAOFNTFREOES _ERBIC LS
MERRES, VIRFEEICRE IN-ET FIC L HIHk

hll]

643

BENFENTHAS. COL DR FRMEIERNITRFO
KW, b bLEREEN, BHRDTORELR LR
RIS A LDk B, %/, A5 —HDORTFOE
L, A5V —OpHICEKETAH. Leh->T, pH
DB LTAT U —DOn i, KERZHFHNSZ Lid
BETHAH. /o, ATV —O5HRERT LAY —
(W) HtElL, BUBAER OB OEE R UHEEIC#
Brb525Bbhbs0T, ThOOMAERRETHNSC
LAEETHS.

AT F7 2—=T V= FECAVAKROT IV F
AZY =% LT, pH OZITHT 5 AT U —D58#
FetE R REVRRE MERL L 72 7)) — v Y — R RUBERS RO
BE, BBECRIITHEBeRA BN EIT o /O THRE T
5.

2. EBAEE

2.1 HEOMEHR

2.1.1 ASU—DHAR

TV (BABRSESR, LS-231, FHRE
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Fig. 1. Apparent viscosities at 1.26 s~! versus pH for binder (B :
A), plasticizer (P: x), dispersant (D :[]), mixed organics
(B+P+D:()) and mixed organics with 0.1 M NH,C] (@) solu-
tions. The concentrations of B, P and D were 3.83x 1074, 5.75 x
102 and 4.08 x 10~4 mol/l, respectively.
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fRBERE & OEE T Cesarano 58 K& UF Hirata 5% @ pH 12
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T55, oTEMEVDT pH OBLICH Uit DZE ki
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(B+P+D) Ot pH2 2513 LW pH6ICK A
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DFEEDEIT PAN g+ % L ()R & 0 HIVRVEEA
T VOREREL D, PAA OREEAME I/ ED
N5, Fio, EEAEKICOIMNHCL #nz 5 & A%
Bl O pHS TRk -7 BN 5. ThitpH
FE Oz 72 NHOH (3)X) & NHLL 25D
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Fig. 2. Zeta potential versus pH for the suspension of alumina
with or without organics. The concentration of carboxyl group of Q
binder (PAA) and dispersant (PAN) on alumina surface are schematic diagram ®
9.7x107° and 8.4 x 10~ mol/m?, respectively. of particles @

Al-OH+OH-<Al-0~+H,0 (5)
L7z T, W pH Tl 7e FvAHIC XD IEEOEMR %
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Fig. 3. Summary of charge on the powder surface and schemat-
ic diagram of particles for dispersion.
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Va=—(axA)/12H (6)
72720, a: I TFOEE, A:Hamaker 3, H: b +F
HEESECTHA. £/, AL,

Alpp/m]= (A[pp]V/2—Almm]1/2)? (7)
TROOENS. 72721, Alpp/m] T [m] FORF
(p] O Hamaker @ CH 5. T T, 7IVIFD
Hamaker SE¥E, Alpp]=15.5x10"20] /=15, &
i o Hamaker & 37 13 Fowkes @ 19 | Almm]=2.8 X
10-21 y[d] %\, yld](dispersion force component of
surface energy)'9{d, T I Ci3¥E1.5875x10"4m DF
ME 2 AW THE LA-REERDOM (63.2x1073 N/m)
HRAWTIT.69x10-20] LB 5N/, —7F, REDIRF
BENBK_ERBOBEA LV BDICKEY, ka>1 OBE

Vr=(1/2) xexax g2 xIn{l+exp(—xH)} (8)
TERELZWW, 1221, e: KOFEXK, ¢o: EEEBA,
kL BE_EROEX, Wb 5 Debye-Hiickel length
THhb. 25°CREBWETIE, k1=3/exC2)ALFEL 2.
7L, 2 ATV, C:AFTVORETHA.

pH DZEALICHK L, 26vol% 7 IVIF A5 1) —hDOHE
RENCE AR FEMEEERDOHEZREZR4ICEL
7o. 72720, REBMIZEMOY — & BEMTHL LK. R
FHERTF VY v VI VF—OmAEIR, pH=1 Ti3HL
FREIBE#ESAD & ¥16kT, %7-pH =2 TIF30AD & &
0.6 kT THo-7c. FiZ, BR_ERBOES (k1) PRT
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Fig. 4. Total potential energy of interaction between two alumi-
na particles with electrical double layers as a function of particle
distance. Attraction (V,) and repulsion (V) energies were calcu-
lated by Egs. (6) and (8) in the text, respectively, under the fol-
lowing conditions; ¢ (particle diameter) =6.9x10~"m; A [pp]
(Hamaker constant of alumina)=15.5%x10"20J; A [mm]
(Hamaker constant of medium) =17.69x 10-20 J; g/¢, (dielectric
constant of the solution) =78.5; T (temperature) =298 K; C (mo-
lar concentration of ion) =[H*] and [OH~]; z (valence of the
ion) =1. The numbers of 1 to 8 indicate pH of alumina slurry; 1 :
pH1, 2:pH2, 3:pH24, 4:pH3, 5:pH4, 6:pH 4.8, 7:pH
5.8, 8:pH 10.4.
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Fig. 5. Apparent viscosities of 26 vol% alumina slurry with mix-
ed organics as a function of shear rate.
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b a— FVIRBI AR LA D EEbhA. —F, aod
FRLF DT 50 B8 & ABGEE) T LR —3 =R Y
KT THEWDW. LiR-T, 204 FRTFORER
TEOTDIIRFHER T VY v VT FRIVFE—410 KT L
LFCbhidhidnwidawnweE2ONSE. 251 —0
2<pH<48 TR Y — X BALOMERHEA20 mV LA FT (K
2), HFHBBERFENCEBERF VY v VT RIUF—2
0KT AFIC2D (K4), 72, B0 FEBREICLD
(K 6) RFHBEENRI VLT CHERBL R, L
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Fig. 6. Relative viscosities of slurry with 0.01 M () and 0.1
M NH,Cl (@) as a function of pH.
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Fig. 7. Yield stress versus pH for 26 vol% alumina slurry with
mixed organics.

2, pH24 TR ¥ — X BALPLEEHIENC En DR T
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FISERNEE C » THMEAR OB Lo b D L Ebh 5.
%7z, pH5.82104D A5 Y —F ¥ — X BB —30
mV 2720, BBERREINCEARTFERT VY v VTV
F—L P4 KT [Tl - 7e. BIZ, HERAOMBEEE RS <
PAA DIIEEEHR LB LDT, ChHDORTY 3%
ELSBRECHEEMEL, LrbZa— F VBT -
TcbDEBbhs.
TIWIFAZY =0 pH 23 RERD, RAMILT
&R AMTEE DBIfR D HREREE RO 7. BRE () 13
AT Y —DOWHRBI A 5 DICHEL I TH%. Hun-
ter HICL 5 &, BRIEDPE N EBRECBELETH &
TR LT 59, pH OB & L TRDBRIEORE R
R TR L. pH1 CTlRBERELA~0 THY, pH2.4
CRERERBRA A7 L7z, pH 4.8~10.4F1ClI BRI E
METFTLT~0 sz, Chid¥Y— 2B L EBRREN
WEBRF VY v VIRV E—DfER (K2 EX3) %5
B 5E, pH24DG KT Y — X BANER SITEWS
ERORFRIRENTF LA /TR, FresFe
BREIC L DR TFRIBRENE C » THRREAR LK XS
IrolcbBbnsb. £/, pH104TIE¥Y— X BAHH
=30 mV, NFHIBERENC L HRF VY 2 VTR F—
DRIILET T, B, UHEERFEIC L DR ZH 80k
REETR DBEAPIR INL R, Lad, Za—FV
WE) (M5) #RLAOTHERESL NI ~0Ik72%
DEEbNS.

3.3 AL BEEEDBRERUMMmEE

AKRT IV FRARS ) —O5HE, B RT ) —
V— FOEEICRITTEERIEY 5201, pH #%1L
IR, FRLA7Y vy — FOBEZHE LEREZH 8
IZE L7z, pH1TIEEL L7227 — vy — F OEREE D
#958.0% Th b Mo 7z, £z, pH I & & S ICHERE
B L, pH2.4T525% L0 R EL otz S0
LT Y —vy— MIAT ) —DOBERERR L E W pH T
MHREEIROELS Loz, DFED, A5 Y —hCEER
B IN AT EERETEL 2D, Z7U—vy— O
HEEIIELS ol E2 NS, Fh, FEfsk (1400
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Fig. 8. Relative density versus pH for the green sheet (@) and
sintered bodies at 1400°C (), 1500°C () and 1600°C (A\).

~1600°CTHER) DI SBEDREREAD L, BERsED
PIFER ) Vv FOBEOEA LIFERA L TH
D, ¥, BREBEAG LB EEL 7. wWTho
EETYH, A5U—DRERENS L, BEABR LGRS
N TV pH 24 TD S DDBIERBEE PR HEL o 7.
pH24 ¢ pHI0AICHRE L A5 ) — %2 FWEE L7227
=y —1rOEMME, Th5%E1600°CTERS L7
HOMTHEOBHEE % SEM IC L VEE L EREYE 9 IR
L7z. pH24TD 7Y — /¥ — b EBEEOBESL AR

e

(b) pH 2.4 ; sintered body

* SR 4N =

(¢) pH 10.4 ; green sheet

(d) pH 10.4 ; sintered body

Fig. 9. Microstructures of green sheet ((a), (b) : surface) and
sintered body ((c), (d) : cross section). The green sheet was sin-
tered at 1600°C for 1 h and thermally etched at 1550°C for 15 min.



648 T—TBIGICB WA KRT IV F A5 ) — OB

B—Tholz. ThiZA5 ) —ORERERAEL, 2D,
BERAAN L0 & CEISBEOTPHHEE S X ORI —IC
TAHIEERLTWA ERDbNS.

4. ¥

8.5 wt% DEBFZEHM L CRABLIKRTIVIF RS
U —@ pH ZALICBE T % 75 st R OB EIL, BUB R
BUBEREAR DR E R UBIEEICRD L 5 aEr b5 2 7.

pH1 T, ¥—XBMHP45mV, BBERREIIZLLERTF
VYV VIRV E—DBRII6 KT & &\ 70, RERSER
RBICAe D, Lok THMEMES, LadZa— M UiiH
R Lo, BEEDD T OB I NIE WO TRERES0.6
Pa L&, 7'V — v — FRUL600°COBERS (A DX 2
EARRLE57.8,99.2% Lt - 7.

pH24T, FBER%EFRL, BECE&TTRBEEICLD
A S —e TR FRIEE N C VR & B ED R RIS
Teolo. FoRAWEE & & DICHEDIEAD TS, Wb
% “shear thinning” OBENIT-> T VRD OGN/, 7
J—vy— FRUBERGE (1600°C, 1h) OMEREE S
52.5,98.5% L i LKL 72 D, BEREEKROMWEE LAH—T
%o 7=

pH>5.8Tl3, ¥—XBEMPH—30mV CTEENXFEIC
EARTF VY % VIRIVF—PHI6 KT &<, FIiZ, i
HEEORFENILDHSH. CNOHDAS Y —TLELTECIR
RRTHD, BEKRLDE VIR I NG 55, Licho-
T, HEMES, LrdbZa—PUiRBEERLL. 7U—
V= RUEBERSE (1600°C, 1h) o % 5 E 13550,
99.8% L\ <, L dBEREOMEEIIH—Th- 1.
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