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EXPERIMENTAL INVESTIGATION OF THE
EFFECT OF TITANIUM DIOXIDE AND BARIUM
TITANATE ADDITIVES ON DC TRANSIENT
CURRENTS IN LOW DENSITY POLYETHYLENE.
M. S. Khalil, P.O. Henk, H. Johannesson
M. Henriksen NKT Power Cables
Electric Power Eng.Dept. Denmark

Technical University
of Denmark, Bldg. 325,
DK-2800 Lyngby

ABSTRACT

The effect of titanium dioxide as a semi-
conductive additive and barium titanate as a
highly polar additive on the d.c. transient
currents in low density polyethylene is inves-
tigated. Experiments were made using thick spe-
cimens under high electric field (> 25 x 10¢
V/m) and constant temperature of 40°C. Results
indicate that the incorporation of the foresaid
additives has a remarkable effect on the d.c.
transient currents in low density polyethylene.

INTRODUCTION

Transient electric currents flow from solid
insulators, even though the insulators are
under the influence of a constant potential
difference. These currents are usually referred
to as polarization, anomaleus charging or dis-
charging, absorption, after effect, residual or
d.c. transient currents [1]. The measurement
of these currents represents one of the methods
in investigating the conductive properties of
polymers. Despite the proliferation of litera-
ture on d.c. transient currents and the conduc-
tive properties of polymers, there is still
little agreement about the mechanisms involved
in the first [2,3], while no unified picture
exists as yet in the 1latter [3,4]. Addi-
tives have been extensively used in polymers,
not only as a means for improving certain pro-
perties such as thermal and electrical resi-
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stivities, but also to provide an insight into
the nature and origin of charge carriers as
well as their transport mechanisms in polymers.
Recently, it has been shown that additives can
have a remarkable influence on space charge di-
stribution in polymeric insulation [5,6]. The
present paper describes an attempt to wuse
titanium dioxide and barium titanate as addi-
tives to provide an insight into the mechanisms
of d.c. transient current in PE and, generally,
on the charge conduction and transfer in
polymers.

EXPERIMENTAL DETAILS

The specimens were discs of about 2 mm
thickness and 17.5 cm diameter. They were
manufactured by pressing the material in a hot
platten press. The materials were of plain
LDPE and LDPE 1loaded with 1% by weight of
either TiO, or BaTiO,. Mixing of the ingredi-
ents was accomplished by means of a double
screw extruder prior +to pressing. The discs
were provided with thin insitu gold electrodes
which were applied by evaporation in wvacuum.The
samples were thermally conditioned by placing
them in an evacuated chamber (2-3 x 103 torr)
at 40°C for 24 hours.

After thermal conditioning they were mounted
in the test set up and electrically conditioned
by applying 60 kV for 24 hours and then short
circuited for 24 hours at 40 °C before starting
the measurements. All current measurements were
conducted at 40°C and a voltage of 50 kV.
Details of the measuring technique are describ-
ed in [7].
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Fig. 1. Current-time dependence in plain LDPE.
D.C. voltage V = 50 kv, T = 40°C.
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Fig. 2. Current-time dependence in TiO,-doped
LDPE. D.C. voltage V = 50 kv, T = 40°C.
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Fig. 3. Current-time dependence in BaTiO,-doped
LDPE. D.C. voltage V = 50 kv, T = 40°C.

RESULTS AND DISCUSSION

Fig.1l shows the current time dependence in
plain LDPE. It is evident that the current
passes through a well defined maximum after
6300 sec. achieving a value of 102 n.A. The
current then decays exponentially towards a
constant final value of about 14 n.A. after
about 1 x 105 sec.

Fig. 2 shows the current time dependence in
TiO, doped LDPE. In this case the current pass-
es through its maximum after 1262 sec. with a
value of 48 n.A., and then decays towards a
constant value of 35 n.A. after 1less than
5 x 103%sec.

Fig. 3 shows the current time dependence in
BaTiO, doped LDPE. The current has the same
pattern, arriving at a maximum value of 189 n.A.
after 1982 sec. and decaying to a value 40 n.A.
after about 1.7 x 105 sec.
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D.C. transient currents in insulating solids
can be attributed to one or more of the follow-
ing mechanisms: (i) electrode polarization,
(ii) dipole orientation, (iii) charge injection
leading to trapped space charge effects (iv)
tunneling of charges from electrodes to empty
traps, (v) hopping of charge carriers through
localized states. The assignment of the domi-
nating mechanism(s), 1is by no means an easy
task and will require experimental data cover-
ing an adequate range of field, temperature and
other parameters.The transient electric current
flowing in a solid insulator upon the voltage
application is known, in most cases, to decay
approximately by t™R where t is the time after
voltage application and n<€l. However, there
are a few papers reporting the observation of
d.c. transient current in PE passing through
well defined maxima and decreasing monotonical-
ly with time of application of the voltage.
[8,9]). Those maxima are also similar to the
current transients maxima, according to the
theory of transient space charge-limited cur-
rents in solids, earlier suggested by Many
et.al. [10]. Those peaks are explained by the
build up of space charge of injected carriers.
The present results show a decrease in the time
to maxima due to the presence of both TiO,
and BaTiO,. According to this theory, the time
to maximum is in reverse proportionality with
the charge carrier mobility. Thus the addition
of those additives has increased the charge
carrier mobility in the polymer.

As a consequence of weak molecular interac-
tions in insulating polymers, charge transport
through such materials may occur by tunneling
between localized molecular electron states.The
energies of these states are modified by local
polarization, and this is particularly import-
ant at a metal electrode/molecular solid in-
terface where charge transfer to the molecular
states will occur. Polar additives, which will
modify the energy states via their effect on
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the polarization energy, will profoundly affect
local charge transfer at an electrode boundary,
where charge transfer will be facilitated [11].

The present results can be partly explained
in terms of the previous theory. It is clear
that both TiO, and BaTiO, have remarkably in-
creased the conductivity in the polymer. The
effect on Ti0O, is twofold. TiO, is considered
to be n-type excess metal semiconductor with
Ti*3 ions and anion vacancies occupying inter-
stitial positions. In that case electronic re-
laxation polarization arises due to the ther-
mally excited excess electrons. [12]. Thus the
energy states of the polymer will be modified
and the local charge transfer at the electrode/
polymer interface will be encouraged. In addi-
tion to that, the existence of excess electrons
in TiO, will increase the electronic conduction
in the host material.

The presence of BaTiO, as a strong polar ad-
ditive will again modify the energy states via
its effect on the polarization energy and thus
profoundly affect the local charge transfer at
an electrode boundary.

REFERENCES.

[1] Munick,R.J., "Transient Electric Cur-
rents From Plastic Insulators”,J.Appl.
Phys. Vol. 27, pp. 1114-1118, Oct.
1956.

[2] Wintle,H.J., "Absorption Currents and
Steady Currents in Polymer, Dielec-
trics", J. Non-Crystalline Solids, 15,
pp. 471-486, 1974.

[3] Fischer, P., "Electrical Conduction in

Polyolefins", J. Electrostatics, 4,
pp. 149-173, 1977/1978.

Authorized licensed use limited to: Danmarks Tekniske Informationscenter. Downloaded on July 01,2010 at 09:16:05 UTC from IEEE Xplore. Restrictions apply.



466

[4] Ieda, M., "Electrical Conduction and
Carrier Traps in Polymeric Materials",
IEEE Trans. Elect. Insul. Vol. EI-19,
pp. 162-174, June 1984.

[5] Sekii, Y., "Development of a New In-
sulating Material for d.c. XLPE Cab-
les"”, International Conf. on Polymer
Insulated Power Cables, France, pp.
283-287, March, 1984.

[6] Khalil,M.S., Zaky,A.A. and Hansen,B.S.
"The Influence of TiO, and BaTiO, Ad-
ditives on the Space Charge Distribu-
tion in LDPE",Ann.Rep.Conf. on Electr.
Insul. & Dielectri. Phenomena, N.Y.,
pp. 143-148, 1985.

[7] Henriksen, M., Larsen, E. and
Johannesson, H., "D.C. Cable Insula-
tion Conductivity as a Function of
Temperature, Polarity Changes and
Time", Ann.Rep.Conf. on Electr. Insul.
& Dielectr. Phenomena, Ntl.Acad. Sci.,
Washington D.C., pp. 375-381, 1987.

[8] P. Fischer and P. Rohl, "Transient
Currents in Oxidized Low Density Poly-
ethylene", Progr. Colloid & Polymer
Sci. 62, pp. 149-153, 1977.

[9] M. Ieda, T. Mizutani, T. Tsukahara and
Y. Suzuki, "Oxidation Effects on Elec-
trical Conduction in Polyethylene", A.
Rept. Conf. Electr. Insul. & Dielectr.
Phenomena, pp. 106-113, 1979.

[10] A. Many and G. Rakavy, "Theory of
Transient Space-Charge Limited Cur-
rents in Solids in the Presence of
Trapping", Phys. Rev. Vol. 126, No. 6,
pp. 1980-1988, 1962.

Authorized licensed use limited to: Danmarks Tekniske Informationscenter. Downloaded on July 01,2010 at 09:16:05 UTC from IEEE Xplore. Restrictions apply.



467

[11] T.J. Lewis, "The Role of Electrodes in
Conduction and Breakdown Phenomena in
Solid Dielectrics", I1EEE Trans. Elect.
Insul. Vol. EI-19, No. 3, pp. 210-216,
1984.

[12] N.P. Bogorditsky, V.V. Pasynkov and
B.M. Tareev: Electrical Engineering
Materials, Mir Publishers, Moscow,
1979, Chapter 1.

Authorized licensed use limited to: Danmarks Tekniske Informationscenter. Downloaded on July 01,2010 at 09:16:05 UTC from IEEE Xplore. Restrictions apply.



