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Abstract

The single crystal PMN-PT68/32 is used to fabricate single crystal/polymer 1-3 composites with different PMN-PT volume fractions.

These composites exhibit good properties in dielectric constant, piezoelectric constant and electromechanical coupling coefficient. The results

are useful for underwater acoustic transducer applications.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction 1-3 composites for ultrasonic transducer applicatif8js
This work is researched the preparation and properties of
PMN-PT ferroelectric single crystal has been known to the single crystal PMN-PT68/32/polymer 1-3 composites.
possess high piezoelectric coefficieatq > 2000pC/N),  The experimental data of the dielectric and piezoelectric
electromechanical coupling factotsg ~ 0.9) and electri-  properties and figure of merit dependence of hydrostatic
cally induced strainxzz ~ 1%) [1,2]. The single crystal  pressure for the 1-3 composites are presented. The re-

has the potential for wider bandwidth due to an enhanced sults are useful to underwater acoustic transducer applica-
electromechanical coupling factor and the potential for tjons.

higher projected acoustical energy density due to their
bigger strain for ultrasonic and underwater acoustic trans-
ducer applications. However, for these applications, the
relatively high acoustic impedance of the single crystal
(approximately 30M rayls) results in a problem of acous-
tic impedance mismatch with that of human tissue (1.5M
rayls) and water. In order to resolve this problem, the sin-
gle crystal is combined into a passive polymer matrix to

f 1-3 ites. Th -called 1-3 it - . . .
orm COMPOSIES e so-cale composties con single crystal was oriented along pseudocubic [0 0 1] direc-

sist of parallel rods of PMN-PT single crystal embedded tion b f XRD. Th led al | i
in a passive polymer matrix. The PMN-PT rods inside tion by means o - 1he poed crystal samples were cu

the composites are relatively free to vibrate. So, the 1-3 |nd[0 OF1] th|cknefs dlzec_tlor;s mtotlllmnT 1mm1><33 mm
composites show good properties, such as higher thicknes{[0 S 'tk?glv?srg')reass?szsm? N cr¥s at' po y;r:)e;o _0 2070n(1)p20;-
electromechanical coupling coefficient, intermediate dielec- Ies wi i volume traction o1 ©.59, 9.1, ©.

tric constant, lower acoustic impedance, lower mechanical andd 0'52 t(hsp A Sp B, Stp Cd andtStp hD _for Sh_l(_)r:t) were
quality compared to PMN-PT single crystal and PZT ce- made Dy the arrangement-and-cast technique. These crys-

. . . ) tal rods were arranged regularly in the reticulation with the
ramics. Someone studied the single crystal PMN-PT/epoxy crevice of 0.89, 0.99, 1.12 and 1.22mm among the crys-

tal rods, respectively. Polymer, epoxy E44 with a hardener
* Corresponding author. Fax:86-29-82668794. 650 (in 1:1 ratio), was cast in the crevice among the crystal
E-mail address: xuzhuo@mail.xjtu.edu.cn (Z. Xu). rods. The composites were allowed to cure at@dn an

2. Experimental procedure

Reagent grade PbO, MgO, Nbs, TiO, powders were
used as raw materials. The single crystal of the composi-
tion PMN-PT68/32 was grown by an accelerated crucible
rotation technique (ACRT) and Bridgman methi@j. The

0272-8842/$30.00 © 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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oven for 12 h in order to harden and gain optimum proper- of '
ties. The composites were cut into the rectangle samples in
different size after hardening. The samples were ground to 6r
smooth and subsequently electroded with gold for an hour. 3'_
The samples were repoled in oil again with about electric — |
field 2 kvV/mm. 5o
To measure the dielectric and piezoelectric properties of 2
the composites with increasing pressure at room tempera- ]
tures, the samples were amounted into the pressure vessel -
and the experimental date were simultaneously recorded by »
a HP4274 LCR meter at 0.4, 1, 10, and 100 kHz frequency. 9 s
2.0 1.3

The pressure was generated in the pressure apparatus using

sample B

transformer oil as the pressure transmitting media, the pres-
sure measurements were calculated from the resistance of a
manganin wire stress gauge in the pressure cavity using a
computer controlled Ke|th|ey 2000 multimeter with the ac- Constantg/, acoustic impedancﬁ decreased with increas-

curacy better than 0.2%. The electrical impedahe@rsus

-0.7

0.0 0.7
E (kv/mm)

Fig. 1. P-E hysteresis loop for sample B.

ing epoxy volume fraction compared to single crystal. The

frequency for the samples were measured with an HP4294rea3s0n may be because the epoxy exerts a certain degree of
lateral clamping on the PMN-PT crystal rods and modify
its behavior as a totally free rod. In general, the soft poly-
mer matrix can reduce the clamping to the single crystal
and increase the electromechanical coupling properties, and
decrease dielectric constant and acoustic impedgjce

impedance analyzer.

3. Results and discussions

The measured properties of the crystal and four compos-

Figs. 1-6are the measured properties for the sample B at

ite samples at room temperature and 1bar are given in thegjrarent electric field, hydrostatic pressure and frequency.

following table.

Crystal Sp A Sp B SpC SpD
(1) Size (mm) 16x 10x 3 10x8x15 11x9x15 10x9x15 11x9x15
(2) PMN-PT volume fraction (%) 1 0.30 0.27 0.24 0.22
(3) Density (g/cr) 8.02 3.19 3.004 2.80 2.64
(4) Dielectric constant’ 4436 340 324 309 295
(5) Dielectric loss tad 0.015 0.013 0.024 0.02 0.022
630 707 630 707 630
(6) Series resonant frequenfy(kHz)
793 1120 1120 1257 1120
(7) Parallel resonant frequenéy
(kHz)

(8) Frequency constant Nt (Hzm) 2380 1771 1748 1836 1703
(9) Acoustic impedancg (M rayl) 38 11.2 10.5 10.3 9.16
(10) Electromechanical coupling 64.6 80.5 85.15 85.15 85.16

factork; (%)

(11) Piezoelectric strain constaaids 2000 584 521 473 424
(pPC/N)

(12) Hydrostatic piezoelectric strain 80 111 102 93 81
constandy, (pC/N)

(13) Hydrostatic piezoelectric voltage 2 37 36 34 31
constantgy, (mV m/N)

(14) Figure of meritdy x gn (fM?/N) 163 4115 3665 3188 2528

It is seen from the above data that the properties for 1-3 Fig. 1 is typical of ferroelectric hysteresis loop, It is
composites can be changed much more by using PMN-PTshown that the composite has clearly ferroelectric prop-
crystal rods embedded in the passive epoxy matrix. Someerties. Fig. 2 is the curve of the polarization dependence

properties, such as electromechanical coupling fdgtdy-
drostatic piezoelectric voltage constapt figure of merit

of the hydrostatic pressure, the curve slope is the hydro-
static piezoelectric strain constaily, d, is about 102 pC/N

dn x gh enhanced greatly, other properties, such as dielectricfor the sample BFigs. 3-5are dielectric constant’, hy-
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Fig. 2. P vs. pressure for sample B.

0.4kHz ]
000 L l sample B _—

1kHz /-/'
10kHz " /
850 | 100kHz -/' —

800 |-

750 | /_/.

700 -

650 |- )
0 40 60
Pressure (MPa)

Fig. 3. & vs. pressure for sample B.

drostatic piezoelectric voltage constagy, and figure of
merit dn x gn dependence of the hydrostatic pressure at
different frequency. The dielectric constantincrease with

pressure, and reduce with frequency, respectively. The hy-

drostatic piezoelectric voltage constagy, and figure of
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Fig. 4. gn vs. pressure for sample B.
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Fig. 5.dn x gn vs. pressure for sample B.
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Fig. 6. Z vs. frequency for sample B.

merit d, x gn decrease with pressure, and increase with
frequency, respectivel\rig. 6 is the electrical impedance

Z dependence of frequency. The series resonant frequency
fs and parallel resonant frequentyof the thickness mode
resonance in the composite B were determined by the curve
of the electrical impedanc@ versus frequency. Only a
strong thickness resonance can be observed, but its third
and fifth harmonics cannot be discovered. The curve of
the electrical impedancg versus frequency curve is very
clean and tidy during the frequency range from 1kHz to
10 MHz.

4. Conclusions

The single crystal/polymer 1-3 composites with different
PMN-PT68/32 volume fraction have higher electromechani-
cal coupling factok;, hydrostatic piezoelectric voltage con-
stantgp, figure of meritd, x gn, and lower dielectric constant
¢/, acoustic impedancg than that of the PMN-PT single
crystal, PZT ceramics and PZT ceramics/polymer 1-3 com-
posites. These good properties may be used for new gener-
ation underwater acoustic transducer applications.
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