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Abstract

The nature of the electrical conduction in polyvinyl chloride (PVC) containing 1-chloro-2,3-epoxy-propane has been studied
at a constant temperature of 297 K. In the first region of the I-V characteristics (slope = 1), the conduction is Ohmic because
there is no injection of carriers from the electrode contact. The Richardson-Schottky effect is the predominant conduction
mechanism in the second region (slope =2). The variation of dc conductivity, o, may be due to the combined effect of change
in o with temperature, and the nature of trap distribution in the sample. At higher temperatures, the increase in o may be due to

the sample softening.

1. Introduction

The current injection in polymers containing various
trap configurations is well known for a long time [1].
The presence of trapping sites in the forbidden gap of
an insulator strongly affects the current-voltage char-
acteristics of the polymer. The magnitude of the current
that flows is very much reduced due to the trapping
effect. The I-V characteristics depend on the type of
trap distribution [2]. Chand et al. [3,4] studied the
effect of iodine on the electrical conduction in polyvi-
nyl fluoride (PVF) and polycarbonate films. The aver-
age values of drift mobility and trapped carrier density
calculated from the -V characteristics have been found
to be strongly affected by the presence of iodine. The
activation energy is also affected by iodine concentra-
tion.

On the other hand, the nature of possible conduction
mechanisms in polymers containing organic com-
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pounds has not yet been fully understood, probably
because of their highly disordered structure. Thus we
have made an attempt to understand the nature of the
conduction mechanisms in PVC containing 1-chloro-
2,3-epoxy-propane by studying its electrical properties.

2. Experimental

Polyvinyl chloride (PVC) (Nippon Zeon Co. Ltd)
was used. 1-chloro-2,3-epoxy-propane was added to a
solution of the polymer in tetrahydrofuran (THF,
Aldrich). Polymer films were obtained by evaporation
of the solvent in vacuo. The PVC samples containing
no additives were treated under the same conditions.
The additive concentration in the polymer was ranging
from 5 up to 30 wt%.

Samples were cut in the form of discs of 25 mm?
area and 0.1 mm thickness. The samples were painted
with silver paste as electrodes. A temperature-con-
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trolled furnace was used for heating the samples. The
sample temperature was measured by means of a type
K thermocouple. Electric current was measured using
a Level type TM8 picoammeter.

3. Results

A plot of log I-log V at room temperature (297 X)
for PVC samples with different additive concentrations
(5,10, 15 and 30 wt%) is shown in Fig. 1.1tis observed
that the current I increases with the increase of 1-
chloro-2,3-epoxy-propane concentration. Moreover,
the curves exhibit two distinct regions. The first region
obeys Ohm’s law ([ V) with slope =1 whose ter-
minal is usually called the trapping voltage (V). At
higher voltages, the current increases rapidly (It V?)
up to 400 V with slope ~2. In region II, the I~V data
are further found to obey a linear log ] versus E'/2
relation (Fig. 2) which indicates that in this region the
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Fig. 1. -V characteristics for pure PYC and PVC doped with different
concentrations of 1-chloro-2,3-epoxy-propane.
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Fig. 2. log I versus E"? for pure PVC and PVC doped with different
concentrations of 1-chloro-2,3-epoxy-propane.

Table 1
Experimental values of Byg for pure PVC and for PVC with different
concentrations of 1-chloro-2,3-epoxy-propane

Sample (wt%) Brs

pure 2.63%X107%
5 347X10"%

10 3.73%107%
15 3.69%X10°%

30 327%X107%

current is governed either by the Richardson-Schottky
mechanism or by the Poole-Frenkel mechanism [5].
Table 1 gives the experimental values of B, for pure
PVC and PVC with different concentrations of 1-
chloro-2,3-epoxy-propane evaluated from the slopes of
the curves in Fig. 2.

Fig. 3 shows the variation of the dc conductivity, o,
of PVC with different concentrations of the additive
versus 1/7. In the low-temperature region, the values
of o for pure sample coincide with the values of con-
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Fig. 3. Temperature dependence of conductivity (o) for pure PVC

and PVC doped with different concentrations of 1-chloro-2,3-epoxy-
propane.

ductivities for all samples with different additive con-
centrations and the curves begin to split near the
glass-transition temperature region. The curves show a
peak at ~313.5 K for the pure sample. The peak shifts
to higher temperatures with increasing concentration.
Fig. 4 represents the effect of adding 1-chloro-2,3-
epoxy-propane to PVC on the activation energy AE
(eV). The values of AE are calculated for the temper-
ature region 337-372 K. It is observed that the activa-
tion energy is strongly dependent on the concentration
of 1-chloro-2,3-epoxy-propane. AE decreases as the
concentration increases, and reaches a minimum value
at a concentration of 10 wt%, then it increases again.
A similar behaviour was shown for polycarbonate and
polyvinyl fluoride both doped with iodine [3,4]. In
conclusion, 10 wt% concentration of 1-chloro-2,3-
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Fig. 4. Activation energy AE (eV) as a function of concentration of
1-chloro-2,3-epoxy-propane in PVC films.

epoxy-propane is an optimum concentration for which
minimum AE is obtained in PVC films.

4. Discussion

The first region in the -V characteristics, which
appears at low voltages, indicates that the current is
controlled by thermally generated carriers. The Ohmic
behaviour can be understood on the basis of the rea-
sonable assumption that at low voltages there is no
injection of carriers from the electrode contact,.and the
initial current is governed by the intrinsic free-carrier
motion.

In the second region, the current obeys the [ V2
law. To decide whether the carriers are generated from
the interior of the polymer (i.e. are of Poole—Frenkel
type) or injected from the metal electrode (i.e. are of
Schottky type); a plot of log I versus E*/? is shown in
Fig. 2. The experimental values of Bgs are in close
agreement with the theoretically calculated fgs
(2.45 X 10~ 2*) using the Schottky relation [6]:

Ber=2Ps =2(e*/4mee) vz

where e=1.6X10"°C, e=6and ¢,=8.85X 10" *F
m~%

Thus, it may be concluded that the RS type of con-
duction mechanism is suggested to be the dominant
mode of conduction in the second region.

The variation of dc conductivity shown in Fig. 3 may
be due to the combined effect of change in o with
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temperature and the nature of trap distribution in the
sample. O’Dwyer [ 7] has suggested that there are shal-
low traps (isolated) which are located just below the
conduction band edge and deep traps lie between the
conduction and valence bands. At 0 K, all the trapped
electrons must exist in the deep traps, with raising tem-
perature and in the presence of electric field some of
these trapped electrons can be excited to shallow traps
or to conduction band either due to the effect of tem-
perature or voltage. By increasing the temperature (i.e.
thermal energy), those excited electrons contribute to
the conduction process. The increase of temperature
does not alter the value of space-charge, but increases
the fraction of this space-charge in the conduction band,
which causes the exponential increase of ¢ with the
inverse of absolute temperature.

From another point of view, the increase of ¢rat high
temperatures may be due to the sample softening.
Because of softening, the charge carriers can move
more easily through the sample volume, giving rise to
a large current, so ¢ increases at high temperatures.
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