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Relaxation Processesin Thin Films of PVDF-BaTiO3; Composites

Sergeeva A.E. and Fedosov S.N.
Odessa National Academy of Food Technologies, Odessa, Ukraine, aeserg@ukr.net

Polymer-ferroelectric composites have advantage over ferroceramics due
to their better mechanical properties. In this work, the PV DF-BaTiOs; composites
were subjected to thermally stimulated polarization (TSP) and depolarization
(TSD) for obtaining information on electric relaxation in the composites.

The samples of 300 um thickness were prepared by hot pressing of PVDF
powder mixed with 10 um BaTiOs; particles. After the TSP, the samples were
subjected to the TSD in a short-circuit mode. The samples annealed at 140 °C
were aso studied by the relaxation map analysis (RMA) method at the
SOLQMAT 91000 Spectrometer. The fractional analysis of the relaxation
processes was also performed by the method of thermal windowing. The
activation energies of the relaxation processes were calculated.

During the TSP experiments, the linearity of the logG-(I/T) curves was
distorted at 70-80 °C and the abrupt decrease in the apparent conductivity (G)
was observed. The divergence between the direct and the reversed G(T) curves
indicated that the change in conductivity was irreversible and related to the
polarization buildup.

The fractures at the reversed curves corresponded to 120°C, being actually
the Curie point of BaTiOsz. The activation energy of the conductivity in the
paraglectric phase (0.53 eV) was much smaller than in the ferroelectric phase
(0.98 eV). The phase transition was also seen at the TSD curve as a splash of
current during heating and cooling.

The TSP during poling was essential, because the polarization was not
formed at room temperature even under high fields of the order of 20 MV/m.
Moreover, the I(V) characteristic at 20 °C was super-linear and typical for the
space charge limited currents.

The similarity in the TSP curves of the PVYDF-BaTiO; and PVDF has
been found indicating that the mechanism of correlation between the
polarization buildup and the decrease of conductivity is the same in both cases.
The charge carriers were probably trapped at the boundaries of the polarized
particles compensating the depolarizing field and providing for the lasting
stability of the polarization.

The activation energy Q slightly decreased in the range of 20-80 °C from
1.17 eV to 1.09 eV. Then Q increased abruptly reaching the highest values of
1.23-1.55 eV at 105-110 °C. The magnitude of the energy correlated with the
content of the ceramics filler being 1.23 eV at 40%, 1.40 eV at 50% and 1.55 eV
at 70% of BaTiOs in the composite. Moreover, the temperature of the peak was
very close to the Curie point of BaTiOs, proving that the relaxation behavior of
the composite near this temperature is governed by ceramics.

Similarity of electrical relaxation in PV DF-BaTi0O; composites and PVDF
can lead to the development of a generalized model capable to interpret and
even predict the electrical properties of the polymer-ceramics ferroelectric
composites.
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