ELECTRICAL PROPERTIES OF HIGHLY ELONGATED POLYETHYLENE
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Introduction

_——EE;-;i;EEEI;al property of polye-
thylene has attracted much attention
from both the practical and fundamental
standpoints, because this polymer has
been used widely as insulating material
in high voltage machines and cables
and also it's molecular structure is
the simplest among various polymers.
However, there still exist many un-~
solved properties. Recently, it has
been recognized that a morphology of
polymer has strong influence on it's
property.

In this paper, electrical properti~
es like conductivity, mobility and
breakdown, in high density polyethy-
lene are investigated as a function of
elongation ratio.

Experimental

By applying a roll elongation meth-
od to additive free high density poly-

ethylene at 114°C, films with the
elongation ratio of 500%, 700% and

900% were prepared. The sample was
around 25um in thickness and was washed
in ethanol under ultrasonic radiation
for 10 minutes., Evapored gold on bath
surfaces of the specimen surved as the
electrode,

Electrical conductivity of the
sample was measured by a vibration ~
reed electrometer(TR-84M).

The carrier mobility was evaluated
by a time of flight method utilizing a
N, laser of 5 nsec pulse width as a
light source. In this case, thin evap-
orated selenium layer on the polymer
film served as the carrier - generating
region. Details of a time of flight
method and the procedure for mobility
evaluation was already reported in our
previous papers 1) 2) 3},

The breakdown strength was measured
by applying voltage pulse of 6) usec
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width(rise time is 0.l usec) to the
specimen immzrsed in the appropriate
liquid ; silicone cil (300 - 400K},
dry icemethanol{200K), liguid nitrigen
(77K) and liquid helium(4.2K) also.
Detailed procedures of the study of
breakdown were already reportad in our

previous paper 4).

Results and Discussion

1. Electrical Conductivity
Fig.l indicates the relation be-

tween the electrical conductivity and
the ratio of the elongation of the
polyethylene film. As evident from this
figure, the sample with higher elonga-
tion ratio indicated lower conductivity
is determined by both the charge carri-

er density and the carrier mobility.
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Fig.1 Dependence of electrical
conductivity of high density
polyvethylene on the ratio of
the elongation.

From the study of the photocoduction
spectrum in ultraviolet and vacuum
ultraviolet regions, the band gap of
the polyethylene is found to be not

influenced remarkably by elongation,

which suggests the independence of the
carrier density on elongation,
Details of photoconduction in elongated
pclyethylene will be reported in future.
2. Carrier Mobility

Then we have studied the carrier
mobility in some of these polymer films.
In the current signal which was obtain-
ed by differentiating the N, laser in-
duced current signal graphically, any
clear knee corresponding to the carrier
transit between electrodes was not
observed. In such a case, Scher -
Montrall analysis 5), logarithmic plots
of current i versus time t, has been
used. In the present case, a clear knee
was observed at time T, in log i vs log
t curve, from which carrier mobility
u was evaluated by the relation of u=
d2(VTI)_I, where 4 and v are electrode
distance and applied voltage.
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Fig.2 Dependence of carrier
mobility of high density
polyethylene on the ratio

of the elongation.

Dependence of the observed carrier
mobility on the ratio of the elongation
is shown in Fig.2. As evident from this

figure, with increasing elongation ratio
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the carrier mobility becomes smaller,
The decrease of the carrier mobility
should be explained either by the in-
though

detailed origin of this center in not

creased carrier scattering,

clear at this stage of experimenent.
At least from these results the de-
crease of the carrier mobility should
explain the decrease of the conductivi-
ty in the elongated films. By the e-
longation of polyethylene, re-orient-
ation of lamella, unfolding of lamella,
alignment of polymer chains and an
arrangement of the amorphous part are
considered to be induced, which should
influence on the electron scattering.
3. Dielectric Breakdown

This difference of the carrier mo-
bility by elongation should explain
the breakdown characteristic in the

elongated polyethylene films in Fig.3.

the sample with the larger elongation
ratio indicated higher breakdown
strengths compared with those of the
samples of lower elongation ratios.
The temperature insensitive breakdown
strength in the low temperature region
seems to suggest an electronic break-
down process in these polymer films.
This interpretation is also consistent
with the high breakdown strength of
highly elongated sample in which lower
mobility was observed, because the en-
ergy input from electric field is re-

duced in the sample of lower mobility.

_Conclusion_

The carrier mobility decreases with
increasing elongation ratio due to the
increase of the carrier scattering or
trap. Therefore, the increase of the

breakdown strength by the elongation

8
el & 1 d
b I 4 5
< 6 I 4 ; 3
@ Sh— :
Y4t
& ] HOPE
v o:Elongated(500°/.)
UQ:' 2 4 Elongated(700°%.)
N C:Elongated(800°/) £
: S
Q . . .
J 100 200 300 400

Temperature(K)

Fig.3 Temperature dependence of breakdown strength

of the clongated high density polyethylene.

As evident from this figure, the
breakdown strength in the elongated
sample is almost independent of the
temperature between 4.2K and 300K, but
falls remarkably at higher temperature
just as the case of the non-elongated

sample. In the low temperature region,

can be explained by the decrease of the
carrier mobility by the elongation.
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