Polymer Bulletin 8, 15-20 (1982) Polymer Bulletin

© Springer-Verlag 1982

Thermally Stimulated Currents

in Methacrylonitrile-Styrene Copolymer Films
Bogdan C. Simionescu', Eugen Neagu?, Monica Leanca’

and Cristofor I. Simionescu'

1 Department of Organic and Macromolecular Chemistry, Polytechnic Institute of
Jassy, R-6600 Jassy, Romania

2 pepartment of Physics, Polytechnic Institute of Jassy, R-6600 Jassy, Romania

SUMMARY

Measurements are reported on thermally stimulated
discharge current in methacrylonitrile ~ gtyrene eopo-
lymer filma. The values of activation energy and re-
laxation times were calculated.

INTRODUCTION

Various kinds of polarizations are pregsent in polymera
and affect their electrical conduetion and break-down
properties. In this econtext, the experimental invesgti-
gation of electrets have been confined to the study of
the nature of the charge developed, its magnitude and
duration, as well as to the mechaniam responsible for
the formation of electrets.

Lagt years, many researchers have used the thermally
stimulated discharge current (TSC) technique for ana-
lyaing the electret effeet quantitatively. The most
important features of TSC method were proved to be

the faet that there is no applied field during the
meagurements and its high sensitivity.

The purpose of this paper is to present gome prelimi-
nary results on TSC investigation of high molecular
weight methacrylonitrile (40.83) ~ styrene (59.17) co-
polymers.

EXPERIMENTAL

The synthesis and the microstructural aspeets of the
copolymer were previously described (SIMIONESCU et
al., 1981).

TSC measurements were performed with the experimental
device pregented in Figure 1, Small dises were cut out
from the copolymer film (55 mm diameter, 0.9 mm thiek-
ness); the discs were coated on both sides with alumi-
nium eleetrodes (50 mm diameter) in a vacuum cocating
unit. The gample was then introduced in a thermesta-~
ting unit allowing the linear variation ofotemperature
frem liquid nitregen temperature up to 300°C by using
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a temperature programmer and a Fe-Ct thermocouple as
temperature transdueer, The gample was heated, during
30 min., up to 74°C, the intenaity of the applied e-
lectric field being 20 kV/om. The polarized disec was
maintained at 74°C during 60 min., and then cooled
down up to liquid nitrogen temperature in the pregence
of the eleetric field. The sample was then short eir-
suited for §2min., and the cireuit was e¢losed by means
of the R=10""n resistence, The fall of the tension
on this resistence was measured with an electrometer.
The experiment was repeated three times on the same
dise; by measuring the pelarization current it was
found that the polarization reached the gaturation
value.

All meagurements were performed at presgsures lower
than 10 ~ mmHg.

THEORETICAL

The low-temperature tail of the discharge current vs.
temperature is given by (BUCCI and FIESCHI, 1966)

1n I(T) = C - (W/xT) (1)
where C is a constant, W is the aetivation energy
which ean be determined from the straight line plot
of 1In I(T) versus 1/T (this is the initial rise me-
thod ef GARLICK and GIBSON, 1948), k is Boltzmann's
eonstant, and T is the temperature. The relaxation
time 3, can be obiained from

Bo= kT, / hWexp(W/kTm) (2)
where Tm is the temperature at whieh maximum current
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oecurs and h is the heating rate,
The total sharge released to the external circuit (Q)

is given by ©

Q =fI(mat (3)
and, on the other hand,

% (T) = Bo exp(W/kT) (4)

The plot of 1n 3 va. 1/T should then be a straight
line; the slope and intereept of this line will de-
termine W and &, , reapectively.

RESULTS AND DISCUSSION

T¢ obgerve the modifications of the TSC curves, ocou-
ring due to the thermal treatment, the measurements

were registered on the same sample; the intensity of
the polarizing field was 20 kV/em and the polarizing
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temperature 74°C. TSC curves are presented in Figure 2.
These curves were used to caleulate, with equations

(1) and (2), the relaxation time and the activation
energy. The obtained results are pregented in Figure 3,
One can see that for the first two experiments enly one
activation energy, as well as one relaxstion time for
experiment are yielded; the values differ only slightly
from the firast registration to the second one.

Maximum eurrents appear for all three curves at 81°c,
As concerns the maximum values of the intensity of the
eurrent, an important inereage for the second registra-
tion as eompared to the first one has to be noted. This
increase is important from the practical point of view,
for the obtention of electrets with as high as peggible
electrical charge.

The activation energies were also determined ascording
to equation (4), following the whele curve method.

For the firast two registrations the obtained values are
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in good aggreement with those resulting from equa-
tion (1); 1nG vs. 1/T curves are presented in Figure 4.
The use of the twe calculation methods yielded, in
other cages, distinect results (PILLAI et al., 1973;
NEAGU et al., 1979).
As concerns the third experiment, the intensity of the
current increages unsignificantly as compared with the
second one, this evidencing a stabilizing tendenecy of
the internal structure of the gsample, The plots corres-
ponding to the third experiment (Figures 3 and 4) show
two distinet parts, with distinet activation energies,
all of them being different from those determined for
the first two experiments. Data are given in Table 1.
TABLE 1.
Summary of results

Sample | Temp, eorr.| Garlick's method | Whele eurve
to peak _ method
(K) W(eV) %o(sec) W(eV)] Go(aee)
1 354 0.938 [1.51-20773| 1.10 f4.4+10772
2 354 1.057 8.21-10_7 1.12 4.4-10_27
3a 354 0.760 3.75'10_17 1.94 12,510 74
3b 354 1.440 3.03-10 0.80 [5.8°10
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From beth plots of the third experiment, one can nete
that the intersection point of the two lines appears

at the same temperature, 337 K.

Regeareh in progress in this field will be published

soen.
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