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In the present paper it is shown that an immediate information received from the phase boundary of the composite (in
particular about the potential barrier) allows to explain the change of macroscopic characteristics of composites depending on
properties of separate phases and their heat treatment conditions. It is also shown that all changes of parameters characterizing
the boundary essentially change the piezoelectric properties of composites as a whole.

Before it was shown that in formation of the piezoelectric
effect in polymer-piezoelectric heterogeneous system interphase
space charges and their related effects play an important role
[1]. Contribution of interphase charges was investigated by
study of dielectric characteristics (¢ tgd) and charge state of
the composite before and after thermopolarization. However,
for more detail revealing of the role of interphase charges in
formation process of effective domain-orientation polarization of
piezoparticles it is necessary to receive an information from
the phase boundary, where charges accumulate. To receive an
immediate information from the phase boundary by physical
methods is very difficult due to small extent of interphase
layer {2,3]. We regard that a certain information about the
phase boundary state, related with formation of interphase
space charges in polymer-piezoelectric composites can be
received by determination of the potential barrier value on the
boundary and by research of its change under the action of
external factors, in particular, the electric field, temperature and
also the preliminary heat treatment of separate phase particles.

In the present paper the value of potential barrier on the
phase boundary and its influence on the piezoelectric properties of
polymer-piezoelectric composite are investigated. For this purpose
a charge state by the thermally stimulated depolarization
(TSD) method and dependences of steady-state current on
electric field strength at different temperatures for composites
on the base of polyvinylidene fluoride (PVDF), polypropylene
(PP) and piezoceramics of different structure are investigated.
As the piezoelectric phase the sintered and nonsintered

piezoceramics of lead-zirconate-titanate (PZT) type, in
particular PCR-3M, PCR-11, PCR-26 are used.

Before on the base of the large number of experiments it
was established that the dependences of steady-state current

(1g j)on E % at different temperafures are expressed by
straight line /4/. It is shown at the same place that the indicated
dependence is described satisfactorily by Richardson-Schottky

mechanism. In this connection the dependence of In >
AT

on % , calculated by results of 1gj=Ff (E% ) dependences, is
expressed by straight line, the inclination of which allows to
determine the value of potential barrier on the phase
boundary under different electrophysical conditions and also
properties of the composite separate phases [4]. The change
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before and after polarization is seemed to us as an important
result of the role of interphase space charges and their related
effects. It is noted that the initial value of potential barrier on
the phase boundary and the degree of its change as for
nonpolarized and as for polarized samples depend on matrix
properties, structure and properties of filler, volume fraction
of polymer and filler and also thermopolarization conditions
and heat treatment of phases (table 1).

of the inclination of the dependence of In

Table 1.
" X14
Composites Polymer | Filler structure
Structure Before After
polarization | polarization
PVDF + 50% vol.PCR-3M polar rhombohedral 0,65 0,54
PVDF + 50%vol.PCR-TM polar tetragonal 0,76 0,69
PP +50% vol.PCR-3M | nonpolar | rhombohedral 0,7 0,62 '
PVDF + 60% vol.PCR-3M polar rhombohedral 0,63 0,48

We regard that the change of interphase potential barrier
depending on the above mentioned factors in the first turn
depends on electron-ion and polarization processes on the
phase boundary.

Confirmation of this is the change of the boundary charge
value, of the potential barrier and the thermally stimulated
depolarization current (fig.1).

In fig.1 the TSD currents for PP+50% vol. PCR-3M
composite at the first heating up to the temperature at which
the minimum of the TSD current (at 443 K) was observed
(curve 1) and with discrete line is shown the extension of the
TSD curve obtained at the same another sample polarized
under the same conditions are shown. After the first heating
the value of potential barrier ¢ is determined, piezoelectric



modulus dj; is measured and the total charge Q from the

TSD curves and the charge O; at the first heating are calculated
(table 2).
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Fig.1.

Then the same polarized composite after the first heating
and cooling up to room temperature, the second time is
heated up to the temperature of arising of the second
maximum of the TSD current (468 K), then cooled up to
room temperature. From fig.1 it is seen that after that the
first maximum of the TSD current decreases significantly and

the second maximum (the discrete line 2) also several
decreases. From measurements ¢=0,62 eV, dj; =30 pC/N,
0=1,15x10" C, 0;=6,2x10® C are obtained. Then the new
same polarized and heat treated (the heating up to 468 K and
cooling) sample is heated to 10 K higher than the temperature
of the second maximum (478 K) and cooled up to room
temperature. As it is seen from fig.1 (curve 3) the first maximum
of the TSD current is absent and the second maximum
amplitude significantly decreases. For this sample ¢=0,7 eV,
dss=15 pC/N, 0=5,55x10°C are obtained. Further the
polarized composite under the above mentioned conditions is
heated to the temperature 20 K higher than the temperature of
the second maximum of the TSD current. Afier that the
values of piezoelectric modulus and charge were correspon-
dingly, d;=10 pC/N, 0=3x10° C and the value of the
potential barrier completely restored. These results (Table 2)
show that at the second heating a part of charged traps on
the interphase boundary is released. Increase of the barrier at
the every heat treatment and restoration of its value after the
heating up to the temperature 488 K show that the cause of
decrease of the potential barrier on the phase boundary is
space charges on the polymer-piezoelectric boundary.

Table 2.

Regime of treatment dss, @ p C 0;,C

pC/N eV
‘Before polarization - 0,7 - .
After polarization 72 0,56 | 2,2x10° 1,6-10°
After | heating (up to 443 K) 60 | 059 |22x10° 1,6:10°
After Il heating (up to 468 K) 30 | 062 | 1,15x10° | 62.10%
After III heating (up to 478K ) s 15 0.7 5,5x10° . ‘:
After IV heating (up to 488 K) 10 |07 |3x10° . -

Further influence of heat treatment, that is a sintering of
piezoelectric phase particles on the ability of the composite to
accumulate charges on the phase boundary in thermopolarization
process was investigated. We note that a sintering of particles
does not influence on piezophase structure. However, a
sintering essentially influences on mobility of domain walls and
domain sizes. Activity of the piezofiller particle surface also
changes

and it, as known, determines as thickness and as physical structure
of interphase layer. Change of interphase layer extent and its
structure undoubtedly determines the height and width of the

potential barrier on the phase boundary. In table 3 values of the-

potential barrier (¢) and piezoelectric modulus (d3;;) for
composites on the base of PVDF and different piezoceramics
are presented.

Table 3.
Composites Piezofiller Before After polarization
particle size | polarization
@ eV @ eV | dss, pC/N
PVDF+PCR-11 <50um, 1,03 0,84 12
nonsintered
PVDF+PCR-26 <50um, 1,01 0,84 9
nonsintered '
PVDF+PCR-11 <50m, 0,83 0,76 24
sintered
PVDF+PCR-11 | 140-200 um, 0,73 0,57 80
sintered

The results show that under the same of polarization
conditions, volume fraction and particle size of piezofiller the
piezoelectric modulus of the composite with nonsintered
ceramics is smaller than for composites with sintered ceramics.
The value of interphase potential barrier, on the contrary, that
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is @ in the case of nonsintered ceramics is higher for
composites with sintered ceramics. One may regard that this
is related with the change of surface state, volume conduction,
domain structure and domain size of piezoceramics after
itssintering [5]. Really, after sintering the electrical
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conductivity of piezoceramics decreases and domain size and electrical properties of the phase boundary and therefore
several rises [6]. macroscopic properties (for example, ds; ,0) are determined

Summing up the can do a conclusion that the electron by interphase space charges.
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POLIMER-PYEZOELEKTRIK KOMPOZITDO FAZALAR ARASI FOZA YUKLORININ VO ONLARLA
SLAQOLI EFFEKTLORIN ROLU HAQQINDA

Bu isde gosterilmisdir ki kompozitde fazalar arasi serhadden (xiisusen potensial geper hagqinda) alnmis meo’lumat
kompozitlorin makroskopik xarakteristikalarmn ayri-ayr fazalann xasselarinden ve onlarin termoemaletme soraitinden asili olaraq
deyismesini izah etmoye imkan verir. Hemginin gdsterilmisdir ki, fazalararas: serhedi xarakterize eden parametrlerin istenilen
deyismesi kompozitlerin pyezoelektrik xasselerini xeyli deyigdirir.

C.H, Mycaesa, M.A. Kypo0aHos, H.A. ®apamxaane, P.Y. Hapxados

O POJIA MEX®A3HBIX MPOCTPAHCTBEHHBIX 3APAIOB U CBA3AHHBIX C HUMH Y®OEKTOB B
KOMITO3UTE NOJUMEP-IIbE3OJIEKTPHK.

B nauro#t paGoTe OKA3aHO, YTO HENOCPEJCTBEHHAS MH(OPMALA, MOMYCHHAA U3 FPAHULEI pasicia (a3 KOMIIO3UTA (B HACTHOCTH, O
JIOTCHIMANEHOM 6aphepe) MO3BOMAET YAOBIETBOPHTENLHO OOBACHMTD M3MEHCHHA MAKDOCKOHHECKHMX XApaKTEPUCTHK KOMIO3UTOB B
33BHCHMOCTH OT CBOWCTB OTASABHBIX (a3 M yci0BHi uX TepMoobpaboTku. IToxasaHo, 4TO BCAKUE MIMEHEHUS NapaMeTpoB, XapakTepu3yIo-
LL(AX FPAHMIE! paszena has CyEecTBEHHO H3MEHAIOT MBE30DNCKTPUHCCKUE CBOMCTBA KOMITO3HTOB B LIE/IOM.

Ilama nocmynaenus.: 30.04.01 Pedaxmop: A.-M. I'awumos



