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Abstract: The formation of space charge in
Crosslinked Polyethylene (XLPE) cable has always
been related to the byproducts such as acetophenone,
a-methylstyrene and cumyl alcohol. In this paper, the
argument is to be justified. Space charge formation in
cumyl alcohol soaked Low Density Polyethylene
(LDPE) is presented and compared with that of
acetophenone and o-methylstyrene soaked LDPE.
Cumyl alcohol causes charge accumulation of both
charge polarities with heterocharges appeared when the
sample is stressed at low voltage. The total charge
accumulated as well as the charge decay in the clean
LDPE sample are then compared to that of the
chemicals soaked LDPE films. Charge mobility values
in all samples were calculated from the decay
characteristics and the results reveal that the byproduct
chemicals accelerate the decay process in LDPE film,
due to their high charge mobility. Since the byproduct
chemicals change the space charge decay behavior of
LDPE, it is suggested that the chemicals modify the
trapping characteristics of LDPE. This is possible
either by superseding the deep traps in insulator with
shallow traps from the chemicals, or simply adding up
the number of shallow traps in the insulator.

Keywords: space charge, mobility, LDPE, Dicumyl
Peroxide, cumyl alcohol, acetophenone, alpha-
methylstyrene, crosslinking byproduct.

INTRODUCTION

In the crosslinking process of polyethylene (PE) using
the crosslinking agent, Dicumyl Peroxide (DCP), three
main  byproducts are produced which are
acetophenone, cumyl alcohol and a-methylstyrene.
Some properties of the byproducts are simpilfied in
Table 1. During recrystallisation process after PE
undergoes the crosslinking processes, the byproducts
are ‘forced’ into the new amorphous region and spaces
in between the polymer chain in XLPE. It was
suspected that the space charge which was found in the
XLPE cable is due to the byproducts that reside in the
polymer. Space charge formation in the cable has
always been related to the deep traps from the
byproducts [1]. In the present paper, the real effect of
the main crosslinking byproducts on space charge
formation and charge mobility are investigated in
referring to our previous work [2] that discussed on the
effect of acetophenone and o-methylstyrene on space
charge formation.
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Tablel. Physical properties of the crosslinking

byproducts
Byproduct | acetophenone cumyl a-methyl
alcohol styrene
Chemical
structure oH -
— 14 ?H’ [
=0 ?—m C=CH,
9 Ot | U
Melting 19 -20°C 32-34°C -24°C
point
Boiling | 198 -204 °C | 88-90°C 164-168
Point °C

EXPERIMENTAL PROCEDURE

The samples with a thickness of 180um were cut into
small circular film with a diameter of 36 mm. In this
project, LDPE was chosen over XLPE to eliminate any
possibility of having more than one byproduct in the
sample. The samples are soaked into a-methylstyrene
and acetophenone at room temperature and into cumyl
alcohol at 80°C for 2 hours.

In the space charge measurement, a pulse voltage of
600V with duration of 5 ns is applied to the sample to
generate an acoustic signal wave. These samples are
stressed at three different positive dc voltages; 5kV,
8kV and 10kV. Readings were taken for every 10
minutes for one hour and after that the charge decay
pattern was observed for another one hour. Before the
sample was aged at the specified voltage, 2kV dc
voltage was applied across the sample for calibration
purpose which had been discussed elsewhere [3].

RESULT AND DISCUSSION

Fig. 1 shows the space charge pattern of cumyl alcohol
soaked LDPE. Volts Off measurements are included to
eleminate the fast moving charges that exist in the
Volts On measurement result. After comparing the
space charge patterns in clean LDPE and the soaked
samples, all byproducts have different effect on the
space charge pattern.

Cumyl alcohol causes charge accumulation of both
charge polarities with heterocharges appeared when the
sample is stressed at SkV and 8kV. Both positive and
negative charges were introduced into the sample near
the cathode and anode respectively. After 10 minutes



charging, the negative charges in samples stressed at
5kV and 8kV, migrated into the bulk, reducing the
height of the positive peak. After 20 minutes, the
positive peak totally disappears and negative charges
are now accumulated in the bulk of sample. Similar
observation is seen for the negative peak near the
anode. The formation of heterocharge can be seen
clearer in the Volts Off measurement result.

At 10kV, heterocharges have not appeared. However,
only after 5 minutes charging, negative peak is
observed in the sample bulk and the peak hight is
lowering by charging time. It is not surprising to see
that due to the high voltage applied to the sample, the
number of homocharges that are injected from the
electrodes is big enough to overcome the heterocharges
formed due to cumyl alcohol.

Conversely, the space charge result of acetophenone
and a-methylstyrene soaked LDPE show that only
homocharges appear in the stressed samples.
Acetophenone causes high domination of negative
charges in sample bulk. Meanwhile the charge profiles
for a-methylstyrene soaked LDPE and un-soaked clean
sample are almost similar except that the positive
charges in LDPE increases gradually compared to the
easy domination of positive charge in the soaked
sample [2].

Trap control Mobility

The quantities that are extracted from the space charge
measurement can be translated into an estimation of the
trap-controlled mobility values. As in Fig. 2, the
charges in the soaked samples decay very fast. After 20
minutes of decay, almost three quarter of the initial

becomes gradually slow. Conversely, after one hour
discharging, the clean LDPE still has 75% of the initial
charges remaining in the sample. The rate of charge
decay is very much dependent on how mobile the
charges are in the spesific material.

A method to estimate the trap-controlled mobility from
the space charge measurement has been proposed in
[4]. The simple procedures of this method enable
measurement at any charging or poling field and
provide the apparent mobility of charges in the
insulator which then can be associated with the trap
level distribution. In order to analyse the mobility
value, the ratio of Q(t) to the stored charge value at the
beginning of depolarisation, Q,, is considered. This
ratio term will be represented as gy and is defined as;

99 = ((%) foL Qp(x, )dx) /Qo (1)

Qo is obtained immediately after the sample is short
circuited and this value is crucial to represent the
reference value associated to the applied field and the
type of sample. A very simple but highly approximate
expression for mobility, which is extensively described
in [5], is given below:

ut) = 3¢ (=1/4o(®))| @)
where ¢ is the material permittivity. This equation is
applied to estimate the value of trap controlled mobility
from the evolution of —1/q, characteristic as shown in
Fig.3. Some assumptions were made in order to
impliment this mobility equation such as any charge
recombination is neglected, the trapped charge is so
much more than the conduction charge and the charges
are uniformly distributed in the insulation [4] .
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Fig. 1. The space charge density of cumyl alcohol soaked LDPE for Volts On (top) and Volts Off (bottom) measurement.
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Fig, 2. Total charge decay of soaked and
unsoaked samples after stressed for one hour.

As in Fig. 4, the mobility values are time and
electric field dependent. The apparent mobility
curves shift to lower values as the decay time
increases. The mobility values of soaked samples is
higher than that of the clean LDPE film.
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Fig. 3. Time behaviour (-1/qo) characteristics for
samples stressed at 10kV.

Among the three byproducts, o-methylstyrene
proved to have the highest apparent mobility value
and like clean LDPE film, the mobility value
decreases in respect of the applied stressing
voltage. On the other hand, mobility value for
acetophenone soaked sample increases with the
increase of the stressing voltage. Nevertheless, the
increment is not very significant.

Last but not least, cumyl alcohol response towards
the applied field is inconsistent as the field is
increasing. The highest mobility value is observed
in the sample that contains a-methylstyrene. The
mobility value decreases dramatically in the
sample that was stressed at 5kV. However, at
elevated stressing volatge, the curve becomes
more linear giving constantly high mobility value
during the 60 mintes of decay. In contrast,
acetophenone mobility curve becomes more
nonlinear as the volage is increased. No big
change is seen for the charge mobility value for
cumyl alcohol soaked LDPE.

The mechanism in which that the byproducts
mobilise the movement of the charges is still
undiscovered. However, it is suspected that some
chemical bonds in the byproducts molecules may
introduce shallow traps that ease charge
transportation especially at the regions that are
originally populated by the deep traps.
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Fig. 4. The mobility of the charges in clean and
soaked samples charged at a)SkV, b)8kV and
c)10kV.

CONCLUSION

The effect of crosslinking byproducts on the space
charge patterns and charge mobility in soaked
LDPE was investigated. Cumyl alcohol causes
heterocharge to form in LDPE.

The apparent mobility of charges in the presence
of crosslinking byproducts is very high compare to
the clean unsoaked sample. The mobility value is
time and field dependent. As the mobility value is
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being related to the trap depth, the high mobility
value is due to the shallow traps that increase with
the existance of the crosslinking byproducts.
Meanwhile the low mobility value is attributable
to the deep traps which present in the polymer
structure.
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