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PROCESSES OF ELECTRICAL RELAXATION IN PVDF-BaTiO
3

COMPOSITES

Thermally stimulated polarization and depolarization currents in composite materials
made of polyvinylidenefluoride (PVDF) and BaTiO3 ceramics are studied experimentally. It
has been found that the decrease in conductivity is related to the formation of the ferro-
electric polarization. The information on parameters of the relaxation processes is obtained
by the Relaxation Map Analysis (RMA) method. The experimental results are consistent
with the model of the polarization formation in ferroelectric polymers.

The polymer-ferroelectric composites have
some more advantages over the pure ferroelec-
tric ceramics because of the better mechanical
properties [1]. As for their applications as active
elements of piezoelectric and pyroelectric devic-
es, potential of the composites was not fully
realized, partly because the electric relaxation
processes were not studied enough so far.

The composite is two-phase material with
small ferroelectric particle distributed uniformly
into a polymer matrix. If strong electric field is
applied, the spontaneously polarized dipoles in
the ceramics particles are oriented along the
field providing for the residual polarization of the
whole sample after removing the field. This po-
larization is responsible in particular for the pi-
ezo- and pyroelectric activity. It is known, how-
ever, that the main part of the polarization
switches back to its initial state and only 25�
30% of the domains remain oriented, if the spe-
cial measures are not taken [2]. Therefore, the
orientation in the particles must be fixed any-
how. The similar problem exists in polyvinyliden-
efluoride (PVDF) and some co-polymers where
ferroelectric crystallites are dispersed in the
amorphous phase. This structural similarity be-
tween the composites and the ferroelectric poly-
mers may predetermine the similarity in the
electric relaxation processes too.

The important role of the space charge in
control of the ferroelectric polarization in PVDF
has been revealed recently and the correspond-
ing model of the polarization formation worked
out [3�8]. It was found that the formation of
the ferroelectric polarization in PVDF was ac-
companied by deep trapping of charge carriers.
The phenomenon led to abrupt decrease in the
apparent conductivity, to the increased stability
of the electret potential, to appearance of N-
shaped current-voltage characteristics and tem-
perature dependent current curves during the
thermally stimulated polarization (TSP) [3].
Some properties of the PVDF-BaTiO3 composites
were studied recently [9], however any of the
above-mentioned features were not studied.

In this work, PVDF-BaTiO3 composite, con-
sidered as the model one, is subjected to the

thermally stimulated polarization (TSP) and de-
polarization (TSD), as well as some other exper-
iments are performed. The results are compared
with those on pure PVDF to test the applicabil-
ity to the composites of some conceptions al-
ready proved for PVDF. Some important infor-
mation on the electric relaxation processes in
composites is also obtained.

The samples for PVDF-BaTiO3 composites of
300 mm thickness were prepared by hot pressing
of the mixture containing PVDF powder and
10 mm ceramics particles with 0%, 40%, 50%
and 70% of BaTiO3. Two series of experiments
were carried out. In the first one, the samples
with 70% of BaTiO3 were subjected to the ther-
mally stimulated polarization (TSP) at a con-
stant field of either 2 MV/m or 4 MV/m with
linear heating and cooling within the range of
20...150 °C at the rate of 5 °C/min. The poling
current was continuously controlled and the
data were used to obtain the temperature de-
pendence of the apparent conductivity. The
poled samples were subjected to the thermally
stimulated depolarization (TSD) in the short-cir-
cuit mode. Occasionally, the series capacitor of
0,3 mF was used to suppress the spurious stray
currents, as it was proposed in our previous
work [10]. The I(V) characteristics were also
obtained.

In the second series, the composites an-
nealed at 140 °C were studied by the Relaxation
Map Analysis (RMA) method by SOLOMAT
9100 Spectrometer [11]. At first, the TSC global
spectra were obtained within the range from
-80 °C up to +180 °C. The samples were pre-
poled at 150 °C under the field of 1,25 MV/m for
15 min and freezed to -100 °C with the field
still applied. Then the samples were depolarized
by re-heating in the short-circuit mode at con-
stant rate of 7 °C/min. The fractional analysis of
relaxation processes was also carried out by the
method of thermal windows [11]. Polarization
temperature was increased each time by 5 °C
with the lowest and the highest temperatures
set at 20 °C and 150 °C, correspondingly. The
equivalent frequency of the thermal window ex-
periments was of the order of 2·10-4 Hz. Unfor-
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tunately, all the advantages of RMA method
were not fully realized, because stray currents
superimposed the fractional peaks at high tem-
perature hampering the analysis. Nevertheless,
the activation energies of the relaxation process-
es were calculated.

RESULTS AND DISCUSSION

Results of the TSP experiments are shown in
Fig. 1. The linearity of the log G - (l/T) curves
is distorted at 70...80 °C, and the abrupt de-
crease in the rate of the apparent conductivity is
observed at high temperatures. The divergence
between the direct and the reversed G(T) curves
indicates that this change in conductivity is irre-
versible and probably related to the polarization
formation. The sharp bend at the reversed
curves appears at the temperature of 120 °C
being very close to Curie point for BaTiO3 [2].
The activation energy of conductivity in the
paraelectric phase of composite (0,53 eV) is
much smaller than that in the ferroelectric
phase (0,98 eV). The phase transition is also
seen at TSD curve in Fig. 2 as the splash of
current during both the heating and the cooling.
The control of the strong pyroelectric activity
after completing the TSD experiments indicates
that thermally stable component of the residual
polarization exists, however, it is not disclosed
in the TSD experiments.

It was found that the thermal stimulation
during poling was necessary, because the polar-
ization is not formed at room temperature even
under high electric fields of the order 20 MV/m.
This was proved by absence of TSD current after
poling at room temperature. Moreover, the
I(V) characteristic at 20 °C was super-linear
and typical for the space charge limited cur-
rents [12], but not N-shaped as in the case of
PVDF [3].

The similarity in the character of TSP curves
of PVDF-BaTiO3 composites presented in Fig. 1
and those of PVDF [3] indicates that the mech-
anism of correlation between the polarization
formation and the decrease in conductivity is the
same in both cases. The charge carriers are
probably trapped at the boundaries of the polar-
ized particles, compensating the depolarizing
field and providing for the subsequent stability
of the ferroelectric polarization [6, 8].

As for the compensating charge, the suffi-
cient density of the charge carriers in PVDF can
be provided not only by thermal activation, but
also through injection of carriers in the bulk at
high fields. The latter, however, is not possible
in the case of PVDF-BaTiO3 composites.

The well-defined low temperature peak
around -40 °C is observed at the TSD curves in
all samples, including pure PVDF (Fig. 3). The
peak is located near the glass transition temper-
ature of the amorphous phase in PVDF and is
usually attributed to b-relaxation related to the
micro-Brownian motion of molecular fragments
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Fig. 3. Global TSD curves of the composites containing
0% (1), 40% (2), 50% (3) and 70% (4) of BaTiO3
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Fig. 2. Direct and reversed TSD currents
after poling at the field of 4 MV/m

Fig. 1. Apparent conductivity during
the TSP experiments. Poling field is
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in the amorphous regions [1]. Neither tempera-
ture of the peak, nor its maximum value corre-
lates with the quantity of the filler in the com-
posite. Thus, it is exclusively related to
properties of the polymer. The other peak in the
region of 80�120 °C is well structured only in
pure PVDF, but suppressed in composites by
the exponentially increasing spurious current of
the unknown origin. To suppress stray currents,
we suggested to connect a capacitor in series
with the sample [10]. But even in this case, the
unambiguous interpretation of the peaks is diffi-
cult, because the theory of TSD currents in com-
posites has not been developed so far.

It is assumed in the thermal-windowing
method that each resolved peak represents the
single Debye relaxation process. Therefore, the
analysis of the peaks gives the value of the tem-
perature dependant relaxation time t(T) that can
be fitted in the Arrhenius equation

t(T) = t0·exp(Q/kT),

where t0 � is pre-exponential factor, Q is activa-
tion energy and k is Boltzmann constant.

The activation energy, as one can see in
Fig. 4, slightly decreases within the range of
20...80 °C from 1,17 eV to 1,09 eV independent-
ly on composition of the samples. Then Q in-
creases abruptly reaching the highest values of
1,23...1,55 eV at 105...110 °C. The magnitude of
the energy correlates with the concentration of
ceramics filler, being 1,23 eV at 40%, 1,40 eV
at 50% and 1,55 eV at 70% of BaTiO3 in the
composite. Moreover, the temperature of the
peak in Fig. 4 is very close to Curie point for
BaTiO3, proving that the relaxation behavior of
the composite near this temperature is governed
by the ceramics.

It has been found that the temperature for
the maximum current intensity of the thermal

window peak was about 15 °C higher than the
temperature of polarization for all fractions not
depending on composition of the sample.

The dielectric strength of the composites in-
creased with temperature and correlated with
the percentage of the filler, being 20...250 at
40%, 30...400 at 50% and 40...1100 at 70% of
BaTiO3 in the composite. It is known that the
dielectric constant of pure PVDF is about
10...12, while that of the BaTiO3 is 1500...7000
[2]. The polarization field applied to the compos-
ite in RMA experiments (1,25 MV/m) was high-
er than the coercive field of pure BaTiO3 esti-
mated as corresponded to 0,3 MV/m [2], but it
is doubtful that the ferroelectric polarization
appeared in this case, because the resistivity of
the polymer matrix was much higher than that
of the ceramics.

CONCLUSION

It is shown that processes of polarization
formation and electrical relaxation in PVDF-Ba-
TiO3 composites are very similar to those al-
ready known for the ferroelectric polymers. This
can lead to the development of the generalized
model capable to interpret and even predict the
electrical properties of polymer-ceramics com-
posites.
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Fig. 4. Activation energy of the relaxation
processes in composites containing 40% (1),

50% (2) and 70% (3) of BaTiO3
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Thermally stimulated polarization and depolarization currents in composite materials made of polyvinylidenefluoride
(PVDF) and BaTiO3 ceramics are studied experimentally. It has been found that the decrease in conductivity is related
to the formation of the ferroelectric polarization. The information on parameters of the relaxation processes is obtained
by the Relaxation Map Analysis (RMA) method. The experimental results are consistent with the model of the polari-
zation development in ferroelectric polymers.
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ÏÐÎÖÅÑÈ ÅËÅÊÒÐÈ×ÍÎ¯ ÐÅËÀÊÑÀÖ²¯ Â ÊÎÌÏÎÇÈÒÀÕ ÏÂÄÔ-ÂàÒiÎ3

Åêñïåðèìåíòàëüíî âèâ÷åí³ ñòðóìè òåðìîñòèìóëüîâàíî¿ ïîëÿðèçàö³¿ (ÒÑÏ) ³ äåïîëÿðèçàö³¿ (ÒÑÄ) êîìïîçèö³éíèõ
ìàòåð³àë³â íà îñíîâ³ ïîë³â³í³ë³äåíôòîðèäó (ÏÂÄÔ) ³ ïîðîøêó ÂàÒiÎ3. Âñòàíîâëåíî, ùî çìåíøåííÿ ïðîâ³äíîñò³
êîìïîçèò³â ïîâ�ÿçàíî ç ôîðìóâàííÿì â íèõ ñåãíåòîåëåêòðè÷íî¿ ïîëÿðèçàö³¿. Ìåòîäîì òåðì³÷íèõ â³êîí (ÌÒÂ) îòðèìàí³
äàí³ ïðî ïàðàìåòðè ðåëàêñàö³éíèõ ïðîöåñ³â. Åêñïåðèìåíòàëüí³ ðåçóëüòàòè çíàõîäÿòüñÿ ó â³äïîâ³äíîñò³ ç ìîäåëëþ
ôîðìóâàííÿ ïîëÿðèçàö³¿ â ñåãíåòîåëåêòðè÷íèõ ïîë³ìåðàõ.
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ÏÐÎÖÅÑÑÛ ÝËÅÊÒÐÈ×ÅÑÊÎÉ ÐÅËÀÊÑÀÖÈÈ Â ÊÎÌÏÎÇÈÒÀÕ ÏÂÄÔ-ÂàÒiÎ3

Ýêñïåðèìåíòàëüíî èçó÷åíû òîêè òåðìîñòèìóëèðîâàííîé ïîëÿðèçàöèè (ÒÑÏ) è äåïîëÿðèçàöèè (ÒÑÄ)
êîìïîçèöèîííûõ ìàòåðèàëîâ íà îñíîâå ïîëèâèíèëèäåíôòîðèäà (ÏÂÄÔ) è ïîðîøêà ÂàÒiÎ3. Óñòàíîâëåíî, ÷òî
óìåíüøåíèå ïðîâîäèìîñòè êîìïîçèòîâ ñâÿçàíî ñ ôîðìèðîâàíèåì â íèõ ñåãíåòîýëåêòðè÷åñêîé ïîëÿðèçàöèè. Ìåòîäîì
òåðìè÷åñêèõ îêîí (ÌÒÎ) ïîëó÷åíû äàííûå î ïàðàìåòðàõ ðåëàêñàöèîííûõ ïðîöåññîâ. Ýêñïåðèìåíòàëüíûå ðåçóëüòàòû
íàõîäÿòñÿ â ñîîòâåòñòâèè ñ ìîäåëüþ ôîðìèðîâàíèÿ ïîëÿðèçàöèè â ñåãíåòîýëåêòðè÷åñêèõ ïîëèìåðàõ.


