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Abstract

This paper attempted to investigate the temperature characteristics and elect-
rical conduction when low density polyethylene is irradiated. It was found that
the log o versus 1/T in irradiated polyethylene specimen resulted in different
characteristics when it was heated upto above the melting point from when it
was heated at the beginning stage. It was also found that the relation between
the temperature and volume resistivity represented jumping phenomenon and that

crystallization by thermal change was closely related to the fusion of crystalline

region,
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1. Introduction

Many valuable researches'"? and experi-
ments have been made after the report on
the improved high polymer by irradiation of
radiation as an organic insulation material;
however, the phenomenon of electric con-
duction known as the basic electron process

has still remained as unclear. Some have
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suggested that most of high polymer could
be explained as a phenomenon of ionic con-
duction, but in reality, it was not at all
clear what the ions are composed of as cha-
rge carriers.

The electric conduction in an insulation
meterial has generally been considered as
the result of the absorption and decay cur-
rents over a long period of time, and it has
been observed that the current depends on
such experimental conditions as the intensity

of electric field and temperatures.
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In this study polyethylene has been sele-
cted as sample material that represents cross
linked material with the most fundamental
structure, among high polymers, to find out
the generally recognized phenomenon of
electric conduction and absorption current.
And the characteristics of the temperature
change before and after the irradiation of
80Co 7-rays has been described. Changes in
electric properties and the decay of condu-
cted current as well as the temperature dep-

endence were also observed.
II. Experimental Methods

1. Specimens

Unirradiated polyethylene as a low density
sheet which was (sumikathene G201) pre-
pared through high pressure method was
solidified, without additives, by being cooled
down at the normal temperature of 130-140°
C. Its melting point was recorded as 106°C,
and the molecular weight was 40,000. The
degree of crystallization analyzed through
X-rays was 65 percents, and it formed a
film of 0.5-1 mm thick.

Radiation-irradiated polyethylene was irra-
diated on this film in the open air by the
80Co 7-ray sources (intensity: about 500 ci)
to decide the amount of the absorbed dose
after the irradiation. Total dose was com-
puted with the aid of existing value of the
source intensity measured by the Korea
Atomic Energy Research Institute.
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2. Experiment

The arrangement of the equipment for
measuring the electric conduction is shown
in Fig. 1.

The electrode for the measurement of the
sample material has two rounded gold leaves.
of 40mm in diameter, applied on both sides.
with vaseline® . Silver guard-rings were also:
attached on both sides so that the errors.
occurred during the measurement due to
damages of the electrode’s surface might be
counted. If this process comes just before
the irradiation, those closely adhered mate—
rials will be easily changed in their qualities.
by the irradiation. Then it will be difficult
to distinguish the changes of them from
those of the sample material; eventually the
repeated use of the same sample would also
be impossible.

However, in this experiment, the experi—
mentor insertel guard-rings after forming
two electrodes, the main and the guard, as.
shown in Fig. 2 on the surface of the pol-
yethylene to get a satisfiable result®.

Sometimes when the magnitude of meas-
ured current reached less than 107'?A, the
Keithley Multirange Electrometer 610B or 610
BR was employed. The highest degree of
sensitivity of this electrometer was turned
out to be 107*A while the measured curr-
ent by it ranged from 107“A to 107°A. The
degree of precision of measured current also
ranged from 4-2% at 107°A to 4% at 107?A.
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Fig. 1. Block Diagram of Measuring System
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Fig. 2. Electrodes for Measuring Electrical
Conduction
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Fig. 3. Effect of Irradiation on Tempera-

ture Characteristics of Conduction
Current in Polyethylene

For measurement of the temperature of
the sample, a thermocouple was used with
a direct current VITVM.
was attached to the inside of the electrode.
At the same time, the lead which protruded
from the mass electrode was thrown outside
so that it could be
connected to a gu-electrometer.

The thermocouple

of the vacuum vessel,

III. Result and Discussion

1. Measurement ef temperature

Fig. 3 represents the resulting current
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Fig. 4. Dependence of Conduction Current in

Polyethylene on Absorption Dose

density after the voltage application through
the electric field of 3.2X10°v/cm for 15
seconds on the sample material irradiated
with 1.39X10° rad in the air. In this figue,
curve A represents the results obtained with
the sample including additives, while curve
B gained with no additives. It was found
that the sample showed very little tempera—
ture depencence at the normal temperature
whether it had additives or not. And it
developed a new process that had an outward
activation energy neared almost O eV. Me-
anwhile, at the high temperatures, activa—
tion energy as well as the electric current
increased when the sample included additi-
ves.

From the result, it seems clear that electric
current decreases at the normal temperature
and increases at the high temperatures, in
the case of radiation-irradiated polyethylene,
without any relationship with the presence
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of additives.

2. Absorption dose and temperature
dependence

After sample materials of 2 Mrad, 12 Mrad
and 35 Mrad were individually irradiated,
they were put into an electric field for the
heat-treatment at 100°C. In the same electric
field of 3.2X10%/cm, the absrption dose was
measured at the temperature of 20°C and
100°C respectively. The result is shown in
Fig. 4.

If the electric current dependence of the
absorption dose (R) would be expressed like
JocR», the value of » turned out to be about
Q. 88.

When the temperature was fixed at 20°C,
the value of current showed a slow increase.

3. Volume resistivity and temperature
dependence

Fig. 5 shows the relationship of volume
Tesistivity versus 1/T when the low density
polyethylene was irradiated in the air. The
volume resistivity of the irradiated sample
material has shown a decrease in accordance
with the increasing radiation dose of irra-
<diation at the room temperature.

Changes in log (p) versus 1/7 characteri-
'stics were observed:

When the temperature kept below 60°C,
the observed characteristic curve exhibits
decrease of the value of log p with increa-
'sing temperature. The decrease of the curve
slowed down before it increase rapidly along
with the temperature near the melting point
-of crystalline region. This phenomenon was
closely observed when the absorption dose
recorded more than 10° rad. This can be in-
terpreted as the collapse® of the crystalline
regions when there exists a large dose irra-

dition. Furthermore, there is a report® that
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Fig. 5. Temperature Dependence of Volume

Resistivity of Gamma Ray Irradiated
Low Density Polyethylene
the low density polyethylene begins to melt,
against the parts of crystal, at the melting
point; while in the lower temperature range,
the crystal parts begin to melt.

Compared with these findings, the jumping
phenomenon® of (p) has a tendency to the
changes in the degree of crystallization, and
one can conclude that there is a close rela-
tionship between the jumping phenomenon
and the melting in crystalline regions.

Another different characteristics in log (o)
versus 1/7T relationship was observed when
the irradiated sample of polyethylene was
heated above melting point. As shown in
Fig. 6, there appeared no jumping in this
circumatances; the reduced (p) by irradiation
and the activation energy both developed
another phenomenon quite different from the
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of Gamma Ray Irradiated Low Den-

sity Polyethylene with 2.5x10" rad
result gained during the initial heating pro-
cess. And when the irradiated material which
was once heated was cooled down,
suspension period of

after a
initial heating, and
when it was reheated, the (p) versus 1/7T
characteristics recorded a value similiar to
that gained during the initial heating pro-
cess. This can be explained as having close
relationship with the temperature increase
up to the malting point of crystals by the
effect of annealing. In the figure 6, curve
A represents the results gained during the
initial heating process, while curve B during
the cooling down process.
4. Measurement of the infrared
absorption spectrum

When analyzing the effect of irradiation

11

on the structure of the 0.08 mm thick unir—
radiated polyethylene film, as seen through
the infrared absorption spectra, carbonyk
radicals of 5.8 ¢ were found after the pre—
irradiation with 7-ray of 1.39Xx10°rad/hr.
This formation of carbonyl radicals was
thought to be closely related to the solubi—
lity, diffusion™®
polyethylene and at the same time to the

of the oxygen against

degree of crystallization of polyethylene it-
self. As shown in Fig. 7, the act of absorp-
tion of OH-radical was observed at around
2.9 . It was recorded 2.95 4 when the irra—
diation was 3.4X107 rad and 2.92 when 10.
48 10% rad, increase as the
absorption dose increased. This increase is
believed to be caused by the fact that the
sample material was so thin and it was irra-
And the
creation of oxidation product from among
the molecules of polyethylene also played a.

showing rapid

diated over long period of time.

part of role.

5. Decay of conduction current and
dependence of temperature

As the effect of the orientation polariza-
tion caused by the polar groups was very
insignificant during the decay process of
current in polyethylene, meanwhile another
decaying current was considered in relation
with the transport phenomenon of the electric
charge for polarization.

Recently, there have been many reports
made on the electronic states of noncrystal-
line materials. With the recognition of the
importance of the localized states®, two
possible mechanisms have been proposed to
describe the charge transport phenomenon;
these are referred to as a band type conduc—
tion due to the excitation of unlocalized
states and a hopping type conduction due to
the phonon assited tunneling of an electron
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from one localized state to another'®. In the
material which shows random state of var-
ious structures like polyethylene, the band
type conduction is more favored than the
hopping type. According to McCubbin!?,
the intermolecular mobility of holes reached
more than 50 10~°cm?/v.sec. by the theoretical
calculation. It was found, however, in the
experiment to be 10~°cm?/v.sec. and this
opened up a new possibility of the presence
of the localized state.

The current density!? [J for the hopping

type conduction was expressed by Pollack
and others briefly as follows:
J=ne({xp—<x2p) (1/7) X [ fi(o0)
—£1(0)Jexp(—2/7) )
In this formula x, and x, represent coordi-
nates of the carriers toward the electric field

in each state; r is the single decay constant;
n is the density of the charge carrier and f
is the occupation probability,

From this fomula, it is clear that the
charge in electric current depends on the
single(z). Various transitions between hop~
ping are expected to be possible and they
would be expressed by single(r). This same
fomula shows that when )z, the contribution
of the electric current through the transition
related to (zr) would rapidly be cut short.
Temperature dependence of the transition
probability, when the simple barrier caused
by 1/(z) in Eq. 1 is considered, would be
expressed in the following:

o (transition probability)

=vexp(—u/kT) (2)
In which # indicates the height of the po-
tential barrier and v represents the vibration
frequency. The contribution resulted from
the relationship existing between r and « on
the electric current is rapidly reduced with
the time. Accordingly, if there exist various
transitions, their contribution on the current
near =t would also be reduced with the
time spent.

Characteristics of the electric conduction
of the radiation irradiated polyethylene can
be summarized as follows:

It created smallervalue of current than
the unirradiated polyethylene during the
process forming the initial activation energy
of O eV after the voltage application. This
current was increased until it exceeded that
from the unirradiated polyethylene with the
time lapse. In the radiation irradiated pol-
yethylene, a trap level was introduced for
the hopping organs whch have small gaps
of energy, and the effect of trap nlayed an
important role during the transition pro-
cess!®., ’
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Transition probability can be counted thr-

ough the following fomula:
w=wn,r,/(n.c.-+nrc) 3

where n, corresponds to the trap density;
n,t, represents the time spent in trap: .z,
is the time spent outside of the trap. Accor-
ding to this fomula, the current value is
continuously being reduced although some
contribution can be made from the transi-
tions of great energy gaps. However, a con-
siderable amount of doner seemed to be in-

troduced by the radiation irradiation.

IV. Conclusion

The electrical conduction of the irradiated
polyethylene in relation to the temperature
changes, and the influence of temperature
©on the volume resitivity at the melting of
crystalline would be summarized as follows:

1) In the case of low density polyethylene,
irrespective of the presence of the additives,
the electric current is small and nearly con-
stant at temperatures near room temperature
and below, while it increases rapidly with
temperature at higher temperatures.

2) In case the absorption dose remains
constant, the electrical conduction proceeds
more actively at high temperatures than it
does at lower temperatures. And the relati-
onship between the absorption dose and the
electrical conduction can be expressed as
J< R,

3) As for the temperature dependence of
the volume resistivity, the rapid increase of
(p) at the melting point of crystal and the
effect of annealing seemed to be closely rel-

13

ated to the trap caused by the degradation
of crystals by radiation.
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