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ABSTRACT

Piezoelectric composites of O-3 connectivity were prepared by thermosetting barium titanate-phenolic resin
composite under various curing pressure. Among three kinds of pare in 0-3 type ceramic-polymer composite,
such as matrix pores, particle pores, and ceramic-polymer interface pores, the effect of interface porosity on
the dielectric and piezoelectric constant was invesligated. In pure barium titanate ceramics, the porosity factor
of dielectric and piezoelectric constants were 5.7 and 5.0, respectively, However, in BaTi0;—polymer camposite,
the interface porosity factor of the piezoelectric constant was greater than that of the dielectric constant,
interface porosity factor b in dys was 9.8and in & 4.6. On the other, piezoelectric voltage constant g,; was
independent of the porosity of barium titanate ceramics. But in composite system, the piezoelectric voltage
constant g, was decreased with interface porosity.

{617)



o

off

LM E

1940 o] F sbEEAe| BaTiO, Azt o4 A d
olell, PZT A A Azl Atz o S49 Feo| yeolg
o)A g An: FAAS7 21 477 w?afsgzn#
| “rﬁ}‘# o+ 7] 'ﬂﬂ*z}ix{ Jg) oS5 e] $ef. g
, 46} A4
=AY

=%
[

<

£ 93
- 1 HEH ““:ﬂ Aolopsio] g
Fe42 %464 v BaTi0y {2 6g/em?),
§gfem®) @A ARt 23 fajgo] 27
sl gk wgaz Y e g Eo] 2w,
F 5 AL AxE AL A Aldeak e
du 0] o & & ‘ﬂ"% 77.‘\15:]’ Elﬂ E]-_._ dy o] 2 -‘.I H3=E
o du/2 AT G 2] wlEo] A4 bR A (d) 2
A g ZE A Ee] HEsid. walkd o vy
A Agql 2 A eSS el $lEd,
el £L polymer 9} 3k A=A
A2} ol Fe5 o},

1973 PauerVs} #zE PZT 23} Sajg pig
=94 A E¥AEE A% @z Kitayama®,
Banne® % of & ol TSl 28] Farg o701 4=
%ok, mR2asl Alsiulas) obd BRAE A S5 54

yu

o]
=118 =
o

A
=

£ 27 Hallds 4 Ay AAES e A 51
Fotefol dher of g Sk Az 19784
NewnhamS-e] Alghal 2zl 384409 o7 4 (connect-
wity) = £4stdeh. o3 SHHEE of Ay e}
10714 fFE28 £Fste] o ddgeol o gAEA
e R R S B R S R e

= ATl Algfe] FEde] dlgAAte] go|Fn

'rr‘ﬂ"é"] Fo} Aol P4oz A At 4 Y, @
o}ithin sheet) 0.2 A =7 7453 244854 o242}

o kel F2in] 7] Fabse] & 0-39 RAE

datget, 0-38 g 2eais ohe AL i 2
atel wiste} 852 £8 3154 (stress concentration) o]
Hel® gl o el ®Ao) glay Az
9§28 Aol A SEeo)A] Go| o] S5 gt
0-3% %949 724, g4 PbiZr, Ti0
PhTiO. 4 fe) Hule] F2 o] f-5]of %L‘:} el 7]7

ﬂ- -

(618)

AEY

Ak (matrix phase) .2 + polyurethane®, silconrubber®”,
chloroprene rubber®, eccogel®®, polyvinyliden flu
-oridetV, & o FRAE o FEY 4 9=
F2 gkl Aeke) ptel At £4u1 Aol £
Az Frd 44 S48 Zdeve 1F 295 3o
HEeldnh o S o Aeby) ) Zajd
= EGA6lAE o2 AzaAe| wWE ol F
ot 4, A 546 deh £ 4EE 2y
ol 7tel EH“& AT AYsh fe Aot
AF-ol A B A 2wl Fzol W FELE 0-3
Aol 2Aze 7154 ool g 4 4 gA A4
dFagart. 0-13 A= A2 8 3257
750l A5 AFL 2] o BHE 29
Ao oAl B4 g Tzt ol bElrt. wetA ol F
g e mAF=E 245 Agn] X2 e 7
el EA 5 w724 ok(interface porosity) S W
A7 E3HA 9 »71A AL dTen ofo dg &y
= &4

2]

o
2 A
al g}

=

77%

il

il

o

O i

=

P;I o
Al

A

rie by

[«3

ot

2
T
3
il
£
=

o] a

éi&m”_‘.oﬂ,

5
k.0
a

1= A
T

=

—

2. 0|

SEAL AL A
A sl =
A Algte] Labe| AAle]
A4E e A & ok

Furukawa'*'#58 PZT A =}w] & 4de] F(sphere) )=
Az A gAATE FEAY. o 2E AL
de Lr| stress(T} ek 714 A H (D)=t =9 AA (E)
71# = W (8)F Ao Aok Bipaol o ol
£ T Y7t Ao Yot HEE neel
Fig, 13 2}, & S Yol 42 stress(T)r} Zaln|
5 5 shd A Ee Asr] e 343

il

(local stress coefficient) 7 F&lz|z oo 24 ¢4 &

B AlEr] o]

i)
o

ol fursd A7 (D, )7} 19 Aol o3 e
D)= §a9 o 23 4714 19 (gL 2 Sadxe £
A5}, ot 2L wilon o2 gdAALET T4 T
Sl ofdlel el

A= GLyLepd; -eererreemmrmieesmisineiis s )

g=¢LrLlug,

e=¢L5LEE1

h=g¢LsLoh,

293 8hE A



0-3% BaTiOy 215, %qad Amvl 3¢

piezoelectric phase phase 1
nenpiezoelectric continuous phase : phase 2
volume fraction of phase 1 L

Stress T -
v Y
Lacal T
stress 1
d
I
Lecal Electric o
Uisplacement 1
l Blg
Electric o«

Dispiacement

Fig.1. Piezoelectric constant for

composite gystem,

a two-phase

o AR 2 g
a7 gen] Han Ze|v] matrix 7}
o} olz) clo} AlEx el ekl ¢ A% ¥

EANAL 3747 F99 A g noY £ A ¥
ATodAE E o) EARE A3E AA7E
)

7| Aol
SR R
2 (particle pore}, Z2lar #jzhal-Ze]n|
24 9ui7] 2 (interface pore)
Fig 2ol A skgl .

A f1yel 4] o & §lZel Ly we|st Lpge] vp o) 2]
g QS wedlets dFL ¥ 4 od 4
g9 A AF d7b A F (interface pore)of o &
g Ao of4Eeh £ Ad Wt Ard
pore)oll o & 4 8-E 2e|eRelvt
A ™ 7) 24 (interface porosily) Dl] EH
e

{matrix pore),

o J

] 7] & {interface
B8 g4, G444
g 9 &4 5 parosit-

y factor'®*g 714

palymer magx — — parucie pare

inlenace pore

ceramue particle —f

maltnx pars

Fig.2. Microsiructure of composite with three kinds
of pore.

A2 A5 [1989)

(619)

el wE §A U 454

C:CUEXP(“bp) ............................................. (2)

C : properlies

Cy ideal properties of materials with zero
porosity

b : porosity factor

p . porosity

7| 24 {pocnsity) 3 F41H{C) 9 semilogarithm plot &

o] 71472 HE porosity factor & Fa}+= HLHJ% )
olag 7wl o] u:{ A A 4 A ] ALo-ﬂ}.]_L 2 Eo|mki
(%)l 4] porosity factor (b)% L% o244 7 %%_-OH o 3
AEZE viEtle AL 24, &
of 13 &4, ¢hgAsd o
factor(b) 24 H]watsio}.

3.4

]

Batalle] o[ 4xe gLy Asgs BaTidTud
519l d, BaTiO, (TAM P type): 1350°Ce)A] 3414
a7 e sl /‘Fﬂ-o}‘iifwi w4d 2
84117 pm B Sl ¢l = AL AEEg . BaliDse] 40
A& WMaka7l7] slel AL %_— 1200-1350°C ¥ # &
Aspaivh. 27 A Az e ATEd Al 7

S

4
B 3R 02 e J2 W rui rle

9 54, 44 £ EdE 24 9 4

—
()
(3]
=
(]
S o
_a
P
e 4
-IDE
{r.
A
!
ok
i
ije
e,
o
o
cf,
2
E)
Pu
o,

4
e LS

NES 058 20 BYA L A £9E A4 4o
o e £Ae FeAish 2AA G-10TCY B2
U 2ol gl Aggelst ol A £9% €

a3} ol Aol

a4 7= wie] oS

© B g Akl g Fdﬂ}. g el 4] Al
pal Huko] Fale] A ol AL, AR B4 AlHel
fAleth 2 ghe] & 23ba) AA FA} A FH T
#ha 2 AgelHE 2edE 984 FARA
Phenolic resin 42§ #18-sfed dlelel £aizbe] F4d
R st

dafela Felele] Ux Ayl Z7] wffe] 54 Ef%}%
FUd B F2E oo olefdeh weby Y £
o024 plastic®7)d] FHE dx vibration shaker



o) 7 -

(Spex 8000-115 mixer/mill) 2 15 %7+ E3tetidet. ol
w Aelely Zejels] Lalv] 6040 o2 2E £
o disl dAaA Fokeh B dze sy o EYE
8 2ealele] A (cwring) 4] DE e Alasieict.

=ahsl Hrﬂ-,] iﬂu{ ARG A BfA 7]71 93 :ﬂ A 17
mm 2| FE5e] g Ashabeel A Ad LA %5
2 &3 B AfdAE Ad L% oferlAE 45
A7 Bgkok o 310°C (£10T)=0A 15 £3t A48 E
uam H, abebe A @aielget. A AEA Ak

Sz o AAANA A7E 7%l 243 G 2
—.—E}Ei ] interface pore 9 o8& =43l & 4=
W52 Fo] oj2]z}A] rEsel 4 A dH Ee
o wrEab spA L 73t by W stel met Azt A
o 94 Aoz §H A 2 wE L2 77
I%ﬂ ok (matrix porosity)-& #&7} el A He
2 godd, AR Dgeld EPHE clololEm
cutter & o] Lite] 9A FA2 A2 F HEY FA &
Ao 37 gd SiC 1000 % slwlx 2 polishing 519 o,
g Eagale] Afe nfel Fdlele] da el
dle 4] Aeg Ao Wede), 2 Agel = 80-100C
BoMq 3kl A3Ee &5 (Dupont 4929 air
dried silver paste) < Al-&-ateich. A-=2 27 14mm ¢l
Z3led Al=lo| printing & & LIGCEEA 1
Azl oAb F2A

~d

2
=

screen 3

E
AL vhebz] S8l 252 (poling) 3 & S5l A
A2 g $oz Aol g, A E 10T
9] silicon oil o4 3082 AAF sebe] £5 AT
& AAS A% gdeld 4oz Wkl

=}

H

= FH£4E LF

g

Ze| A&k (capacitance) 7} =
Impedance Analyzer (4192 A, Hewlet packard) =
Fhed Zalslgl ey gzl A< (piezoelectric constant) di,
= Berlincourt dg-meter & A3k &gt} ol
0.3N g &5 gl st Aeie] Al AHA 3 i
Sl A5 oputel LA ASE AEAT
Aotk wF A7) A ZAS
coupling factor) = =3
)

ce) el o8 FHs

(electromechanical

7
22y

A4t

] (resonance-antiresonan-

4, Ent 5l 1F

(620}

Az

4.1 BaTiOMRIIS| &M 8l 2MEMH AUHM 7|2
2 o=y
Z2gl BaTiO, 2449 2wl o 73, b3
Z.44 Table 1 o vheldlgle}. o 43k #hsf o] BaTiO,
o azAo] #hadlel wlel §AE Y YAAF ditt 7‘}
A5 o £ gl a4 (dielectric loss) &
Aqe BAgle] 1.5-2.0% 2 A4 Hlﬁﬂ-,\ﬂ Fig. 32

BaTi0. 8 A4 el w2 el T2F BodF slo|rh. £
| Z7}8ko] whel porosity 7 3t 8l grain size

% ok 4 glc}. BaTiQs8 £724 ol w2
# 4% porosity F7he] Hlal L2 F 348

Al el d a7} gl ez ek 5 grain size
1! ghape, 22 distribution Sel 23 93 4% 9l
o, 2 o5y F3E A $AH ¢ dede A
sheich, Arlt'™5 4 Hoare] ¢ 5l=, grain size 7} 0.7-1
pm A SAEe FAG FoHE Lol 2 oAbl
& zhaslest “M 2 gm o] Aol Al chA] ekzk Frhate
aosbgleh, & Agle)l aAA Wt o2 grain size &
3-165 gm 9 9] 2] A2 g grain size o A3 FxE Hie
7 F44 4 gvtn Hghdd,

BaTi0, 2| porosity Z71e] =al $3-§ % A+ d
@AY ATt AGAT geE £ 4H
Ao 4Ag #e e % Al'ﬂr alg3 o
porosity o] o g 3 A< dgaﬁ} R iRy
517wl ga=dn/es EHHE A
por051ty o) F3}aA oAscle =2 14&]1:] i}

£ uel7] od Fig. 4] BaTiOpA=f 22 Zd

o} A4 d,, 9 porosity o sl logarithm plot &
v s e 2 %
ol 5.7, 2ol ghAAG dyol A 5.0 2 72 vl

o

P =
L

Ao,
rfy
D}I;
Lo
= o
A

& oo

r
g
!

r

n‘_.
L =
> 2y

o Wl

o
=
#

P

il
#29] 7|27 & porosity factor 7} &
=
=

2t

Table 1. Depsity and Electrical Properties of BaTiO,
Ceramcis as a Function of Sintering

Temperature.
Sintering . . .

Temp. 130T 1300C 1250C 1200

{Time) {3h) (3l {3h (Lh) {3h)
Density 5.4 5.2 5.1 5.0 4.6
& 1966 1897 1541 1337 1018
tan(%) 1.6 1.5 1.6 2.1 1.4
dza (pC/N) 181 161 139 115 103
ge(Wm/NY 11 16 10 10 11
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