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Fabrication of Multilayer Ceramic Actuator using Tape Casting Method
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Abstract

The rheological characteristics of PNN-PZT ceramics with high electromechanical coupling factor

and electricstrictive constant was investigated. Green sheets of piezoelectric PNN-PZT ceramics were
made by tape-casting method with controlling the mixing ratio of a dispersant, an organic binder, and
a plasticizer. When the dispersant content was 1 wt.%, the slurry showed the best rheological
characteristics for tape casting. The amounts of the plasticizer and the binder was simultaneously
varied in the ranges of 1.5~18 and 3~9 wt.%, respectively. When both the plasticizer and binder of 6
wt. % mixed in the solution, respectiveley, the highest green density of the sheet was obtained without
macrodefects. Multilyered structures of PNN-PZT/Ag-Pd were successfully fabricated using the
optimized tape casting condition. The polarization behavior of these actuators seemeéd to similar to
typical electricstrictive polarization behavior. The multilayer ceramic actuator is about 0.6X 10° of

strain.

Key Words : Multilayer ceramic actuator, Tape casting, Dispersant, Binder, Strain behavior

.M E

Ao A7 71 AZd A kp)st Bl HHE(e))
I A A7 D Pb(NiNb)Oz-Pb(Zr, Ti)Os¥ E.
A. Buyanova? %ol 9sjM Q37 & ofF, HZ
Ae Aoty dFofolE§ ARy ITFALe] &
w$atA APgel wel Badol wobAh Ay o
Follolely 2 W9, ¥& resolution, WE €L
&, & 248, ¥ TEEAY T4 FHE HAx
Ak 53], o ¥& FEAGelA 2 s ¥

* 1 @EAGTY A LAQAT
(74 Z4A BFF 28-1,

Fax: 055-280-1644
E-mail : ocygen@orgio.net)

. APLEAR(SF) DEC d3Mgg
(A YA 23T AEE 299 1406
Fax @ 052-254-0560
E-mail : ldm@smart-ele.cokr)

A A tape casting FHE o478 AHEY Astd
A Zo)H(MCA)S] |37l &§u3d] AP ¢l
20, tape casting’¥-& MY slurryE sheet 3
B2 JlEste F45333 g3 HFsd FA
a4 Azxde EFY THAE 39 Az
t}. Tape castingd 9] 714 & o]AL ofx HHH
H2te sheet® Mo A2E F UvheE Ao
t}. Tape casting®< Ydt¥q o g 20~100me] F
A& 7}3 green ceramic sheet2 A RH 7] oo
handling, cutting, punching, screen printing,
lamination ¥¢ ¥¥4& H#%AM FEE A=
AZAAE 71X 3 ook gt} olAL 2% AEA
o} 7t2A] 59 {7189 AHNE BG4S AdE
F glen, #7918 system® tape ¥4 Z7] @A
oA FUtn Y7}t ¥E green sheet& AZ3
o glold "FFHolm s F o GAelh
Tape A4¥FZNA 2HY £ gl EAFe=2:

- 556 -



pinhole ¥ 73 & AAH ZAd, WRATI
9 R FAF(FFE)Y o] e g
delamination, X+¢ E4AA Fo| it Tape
A8L A% FH9 slurygE TEV HME @
F71 E3A AT sluryd ¢X3H, @ HIE
=9} shear thinning 54, @ 243AA Fo ¢
Al $£HEE Fol7] 9% ES solid loading
5ol "asirhd
B dpoaEs WA 0.6Pb(NiysNbes)03-0.4Pb

(ZroasTioss)Os(©13F PNN-PZT) Algks] 4219
tape AFFHE HA33] 95, 4R, 2%
A, 7tA2A 59 {Fr1EY wHguE HAIAAA A=
F GAAY slurryy] FEAEH AET sheet
9 A BEAL duEdT, AAE 20E AR
o] 100ime] green sheet® A=xF F 2038 3
3l 24AE AFsn dFoelHyg AVAH B
A& AEgid,

2. ME 4

=71 99.9%0]4¢1 PbO, ZrO; Ti0:; NiO,
NbOsE 2 e 298z ALesig nyges
oA pyrochlore & A7l 93D NiO%
NbOsE WA 8h$A7] 31, PbO, TiO,, ZrO:E 24
2 14 ¥gAl7)E columbite precursor HHS
o] g3t  0.6Pb(NiysNb3)03-0.4Pb(Zro.4mTioss)0s
(o]3} PNN-PZT) 2%¢ A=}t Sluryd ¥
AAE Qolr 7] S1d BEAAE 1~4wt%E W3t
AlA 10 vol% suspensiong AR F
sedimentation test® 3sllz, £23 f7&-9
AL WA F AT AJFI=E AAAT
18} 1, binder/plasticizer?) =i gu]E WAA A
%5 2439 1, green sheetE AZX3 ¥ IAAL
e BduF & A FEsEo. Azxe
green sheet® 45ColA 260kgfZ 71hsted 339

H2AE A Z35td green density W E FHEG

tt. FA7t 100mm¢) green sheet® A=E F
Ag-Pd A33 mylz 203¢ H23d 1150Te]
A BALAEA 32y A 5 o) E(MCA)
g A&Asida. AzE MCAS 3¢ F Agy:
9] grain size®t FXE dolrz] fsiA 20kVe
ZHEAGE AVlElY FAAAER A LE ulAF
ZE BFsY, 23F9 HAAANL X-4 HFER
X718 AHEEA 200 ~60° oA AH BTt g
3, AAe| W& polarization hysteresisE Yoty
71 93t sawyer tower A2 E AlEE I, AA

F7IRYEH LS A" £BVAA JAGE Ut
%  60HzolM laser vibrometer(OFV 303
VIBROMETER SCANNING HEAD, polytech)&

AHg-8te] Au B gt

3. g3 o @

Tape casting®] Al&HE slurye W&o o3
9] F718% XTEI o, ol F7]Ee 9
EAo] AR slurryd S4-& tape casting ¥
o o3 AzY BE AZESY EMd 3AA 9
Fe "X7 gFo sluryd E4 A7t tape
casting FTANA )¢ F23}S

08 -

|
L.
I.
!
!

Dispersant content
—u- 1 wit%
—o— 2 wt%
—a— 3 wit%
—v— 4 wit%

HMH, (cm/cm)
©
£
T

I
N
T

00 L I " L 1 1 1
] 20 40 60 80 100

Time {min.)

ag 1. B @3] e Agy EEe 3
AEE
Fig. 1. Effect of dispersant content on the

sedimentation behavior of a ceramic slurry.
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Fig. 2. Viscosity of suspension with different
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Fig. 4. Viscosity of slurry at 6 rpm as a
function of ratio of binder to plasticizer.
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Fig. 6. Polarization vs. electric field curves of
~ multilayer ceramic actuator.
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