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EXPERIMENTAL DETERMINATION OF THE EFFECTIVE
CONDUCTIVITY OF POLYVINYLIDENE FLUORIDE (PVDF) FILMS

Prof. A. E. Sergeeva, D.Sc. and Prof. S. N. Fedosov, D.Sc.
Odessa National Technology University, Odessa

Conductivity plays essential role in formation and relaxation of the ferroelectric polarization
in PVDF [1]. Therefore, its experimental finding is very important. In this regard, we describe
developed by us two methods for determining the conductivity of PVDF 1) by using residual
voltage on the measuring capacitor after repeated polings of the polarized sample and the following
short circuiting and 2) by measuring the inclination of the displacement curves during the prolonged
poling.

If a constant voltage V' is applied to the specimen of thickness d and area 4 for the time ¢,
and then the sample is short-circuited for sufficiently long time, then the following residual voltage
AV, remains on the measuring capacitor C,

V-t-A
AV, =
C,d

It should be noted that this does not postulate the applicability of the Ohm law, which
implies the constancy of the specific conductivity and the proportionality between current and
voltage.
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Fig. 1 — Effective conductivity of PVDF calculated on the basis of experimental Kkinetics of
displacement under influence of different voltages applied during 50 and 150 s by the method
of residual voltage on the measuring capacitor and by the displacement slope method

We conducted our experiments on biaxially stretched PVDF 12 um thick films produced by
Kureha Co. Poling of fresh samples was conducted in the set-up described elsewhere [2]. The g(E)
dependence is shown in Fig. 1. Despite the scattering of experimental points, the dependence of
conductivity on the field strength is close to the linear one, which confirms the quadratic
dependence of the current on the voltage characteristic for injection currents, limited by the volume
charge.
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Fig. 2 — Influence of conductivity on the form of the electric response at different duration of 2
kV polarizing pulses. The voltage of the same polarity was applied to already polarized films

As follows from Fig. 1, the value of conductivity in PVDF is in the range of (1-2)-10'?
Sm/m that corresponds to the specific resistivity of (0.5-1.0)-10"> Q'm independently on the
method.

In the second method of determining the effective conductivity, we used linear sections of
the kinetics displacement graphs obtained during prolonged application of DC voltage to already
completely polarized samples. It is supposed that the growth of the measured displacement D was
caused by accumulation of charges on the measuring capacitor due to the conductivity current

O T
dt d

(i)
5\ ar )y ©®

Experimental D) curves obtained at a voltage of 2 kV over different time intervals are
shown in Fig 2. It is evident that the slope of displacement curves remains constant (dD/dt=0.0185
uC/cm?s) irrespective of the voltage application duration in the range from 5 to 250 s. This
indicates the constancy of effective conductivity and its dependence only on the voltage (field
strength). By substituting numerical values in (1.4) we obtain the conductivity g = 1.16-10'? Sm/m,
being very close to the data shown in Fig. 1.3 at the same conditions.

In conclusion, we developed two experimental methods for finding the -effective
conductivity of PVDF films. We are sure that the methods can be applied to other ferroelectric
polymers.

I=gAE= A 3)

where
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