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%e propose a new method for the study of the dielectric-relaxation phenomena called
piezostimulated current, analogous to the one of thermally stimulated current. A dielec-
tric is prepolarized and subjected to a very high hydrostatic pressure. The electric
field is then removed and the depolarization current recorded as the pressure is lowered.
The piezostimulated-current peak obtained for 6-polyamide enables one to calculate the
following characteristics: activation volume 4V, activation enthalpy &H, and activation
energy E.

The dielectric- relaxation phenomenon in solid
insulators has so far been studied either by the
determination of dielectric losses under alternat-
ing fields at variable frequencies, ' by means of
charging- or discharging- current measurements
of dielectrics subjected to a direct electric field, '
or else by the thermally stimulated-current
(TSC) method. ' These methods enable us to de-
termine the relaxation time of dipoles as well as
their activation enthalpy, or that of the traps, as
a function of the temperature. The new method
that we propose, analogous to the TSC method,
introduces another thermodynamic parameter,
the pressure.

To obtain the simplest explanation of the prin-
ciple, assume that the dielectric contains one
type of dipole only. (I) An electric field E, at
atmospheric pressure P, and at temperature T,
is applied to the dielectric for time t sufficiently
long to enable the dipoles to be completely polar-
ized. (2) Then, the sample is subjected to a very
high hydrostatic pressure P» P, that keeps the
dipoles in their previous configuration. (3) There-
after, the electric field is suppressed and the
pressure is decreased progressively. The rate
of the pressure decrease h =dP/dt is known. The
dielectric remains short circuited as the pres-
sure decreases, and consequently, the dipoles
can reorient, resulting in a depolarization cur-
rent [a piezostimulated current (PSC)]. This
PSC has one or several peaks depending on wheth-
er the dielectric under consideration has one or
more types of dipoles.

An analysis of a single PSC peak allows one to
determine the relaxation time v for the corre-
sponding type of dipole as a function of the pres-
sure only, at a given temperature, [v(P))r. Fol-
lowing the application of an electric field at a

If the depolarization current is defined as

i(t) = dtI'/dt where 6'(t) = f, i(t) dt,

we obtain

v(t) =6'(t)/i(t).

(2)

The value of 6'(t) is determined from the partial
area bounded by the curve i(t) and the time-axis
between time t and ~. Knowing the relationship
between the pressure and the time from the rate
b at which the pressure decreases, one can find

r(P) =+(P)/i(P) (4)

for a given temperature T.
In a first experiment, we examine the influence

of b on the position and the form of the peaks ob-
tained at 35 C for 6-polyamide (glass transition
temperature T, =48'C; crystallinity 20%%uo, water
absorption rate = 3.5% for a rela. tive humidity of
65%%uo). The sample was polarized with an electric
field of 22 kV/cm for 5 h.

We note on the curves of Fig. 1, obtained from
the curves of i(t) and P(t), the displacement of
the peaks towards the low pressures and the de-
velopment of three of four relaxation peaks when
the rate h decreases from 4 to 2 bar/sec. It is
obvious that this method is precise enough to
study the va.rious types of dipoles separately, by
methods comparable with those used for TSC.

In this paper, we shall limit ourselves to study-
ing the highest peak; this enables us, in an ini-
tial approximation, to use the highest rate b =4

temperature T and pressure P, the dielectric ac-
quires a polarization 6'. During the depolariza-
tion, the variation of 6', as a function of time, is
expressed by

df'/tf'= dt/v.
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FIG. 1. Shape and the shift of the PSC for a test sam-
ple of 5-polyamide with pressure decrease rate, 5 =d&/

Curve 1 obtained with 5 = 4 bar/sec; curve 2 ob-
tained with 5 =2 bar/sec. Temperature T =35 C; sam-
ple thickness, 40 pm; sample diameter, 20 mm; crys-
tallinity, 20%; glass transition temperature, 48'C.
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FIG. 2. Variation of relaxation time v with pressure
P obtained from the PSC curve for temperatures 20,
35, and 49 C, with 5 = 4 bar/sec.

bar/sec.
Figure 2 shows the curves of 7(P) computed

from curves i(P) and from relationship (4) for
three different temperatures, 20, 35, and 49 C.
They show a linear segment for P& 1000 bar.
For pressures less than 1000 bar, their curva-
ture is perhaps due to the fact that the dielectric
contains two or more types of dipoles and that at
the relaxation time chosen, we partially take in-
to account their existence. If we consider only
the linear part of the curves, we can compute
the activation volume AV, the activation enthalpy
4H, and the activation energy E of the dipoles
from the experimental results of Fig. 2.

We find that for a pressure of 1500 bar and a
temperature of 20'C

EH=0. 23 eV,

ay=50. 5x10 "m', i.e., 30.4 cm'/mole,

E =0.19 eV.

These results are to be compared with those ob-
tained by Loussier' on the absorption currents of
6-polyamide under pressure, with use of Fourier

series, which give an activation volume of 36
cm'/mole.

This method enables us to make a rapid and
precise evaluation of the characteristic values
of 6-polyamide under pressure compared with
other methods. Moreover, it is possible with
low rates and with the washing trick analogous
to that of the TSC method to separate the peaks
and to study the various types of relaxation in
the solids separately.
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