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Preparation of 0-3 Polymer-based Piezoelectric Composites

Kyung-Tae Kim

Dept. of Materials Engineering
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ABSTRACT

Piezoelectric materials are used extensively in many transducer
applications. However they have limited utility in transducers used under
hydrostatic conditions because of their low hydrostatic piezoelectric
coefficient(d») have also limited utility in ultrasonic field due to small
voltage coefficient(gss) and large acoustic impedance.

To improve the magnitude of hydrostatic piezoelectric coefficient and
voltage coefficient, the composite of piezoelectric materials and polymer
with different patterns have been prepared. In addition, these composites
having lower acoustic impedance and smaller dielectric constant than
those of solid piezoelectric materials, make it easier to obtain good
impedance matching with water of the human body.

Because of these advantages, piezoelectric composites would be used in
many fields such as measuring instruments, diagnostic ultrasonic
transducer, information processing instruments and acoustic devices.

Especially, these composites have advantage of making a shape using
ceramic powder that cannot produce by sintering.

In this study, we produced the composites using (Pbi-x, Bix)(Tii-y, Fe&)0s

powder which cannot produce by sintering because of its high



tetragonality that create high inner stress. (Pb:x, Bix)(Tiiy, Fe)Os/ Epoxy
0- 3 piezoelectric composites were prepared for investigating the effects of
volume fraction of (Pb.-x, Bix)(Tiwy, F&)Os on the dielectric, piezoelectric
properties of composites. (Pb:-xBix)(Tii-yFe)Os powder, which has high
tetragonality and voltage coefficient(gss) was prepared from oxide mixture
of PbO, Bi:0s, TiO: and Fe:0s. Then, (Pb:sx, Bix)(Tiiy, Fe)Os particles
were mixed with epoxy, piezoelectrically inactive species. After poling,

dielectric, and piezoelectric properties were investigated.
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Fig. 2.1. Applications of piezoelectric composites.(ref. 1)
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T able. 3.1. Composition of each (Pb:-«xBix)(Ti:.yFe)Os powder.

X y
PbO Bi-Os TiO: Fe:0s
0.2 464 117 16 04
02 [ 05 464 1.17 1 1
08 464 117 04 16
03 | 03 2.906 1294 1 0444
04 | 04 2933 1944 1 0.666
0.2 2.96 292 16 04
05 | 05 2.96 292 1 1
08 2.96 292 04 16
0.2 1.29 467 16 04
08 [ 05 1.29 467 1 1
08 1.29 467 04 16
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Fig. 3.1. Flow diagram for piezoelectric ceramic preparation.
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T able. 3.2. Polymers used in the present study.

Polyester Hardening | Density | Composite
resin condition (g/ ) | density (%)
Black Bakelite Powder| 1309~ 180 14
Solid 20~ 30kN 95~98%

Transoptic Powder 10~20min 1.42

UP RF1001 RT, 8hr 1.38
Liquid 70~ 80%
KBR1729 120 , 2hr 1.2
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Fig. 3.3. Ni plating process.

- 21 -




41 (Pbl-x, Bix)(Til-y, FEy)Os pOWder

Fig. 4.1. X y 05 : (Pbos, Bios)(Tios, F&s)Os
X- . 700
tetragonal :
peak
700
900 c/a=1.135 tetragonality
Perovskite pattern

tetragonality
tetragonality

X Yy tetragonality
.Fig. 42 x 'y
X - Xy 04
¢/ a=1.104+ 0.005 , Xy 0.3
¢/ a=1.090+ 0.005
tetragonality Xy
tetragonality Table. 4.1. Xy 02
0.8 tetragonality

tetragonality

Fig.43. x 'y X-

- 22 -



100 110

111

900

700

20 30

40

50
20 [degree]

60

70

80

Fig. 4.1. XRD patterns of the powders treated at various temperatures.
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T able. 4.1. Tetragonality of each specimen.

Chemical formula Tetragonality (c/a)
(Pbo.7Bio 3 ) (Tio.» Feo 3)Os 1.090+ 0.005
(Pbo ¢ Bio.+ ) (Tio.c Feo « )Os 1.104+ 0.005
(Pbo 5 Bio.s ) (Tio.s Feo 5)Os 1.135+0.005
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Fig. 4.3. XRD patterns of (Pbi-x, Bix)(Tiiy, Fe)Os powder (x# vy).
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Fig. 45. SEM micrographs of (a) ceramic powder sintered at 900
and (b) 1000 , and composite with (c) UP RF1001,
(d) KBR1729, (e) Bakdite powder, and (f) Transoptic powder.
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