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a b s t r a c t

The use of nanocomposite polymers as electrical insulating materials has been growing rapidly in recent
decades. The base polyethylene properties have been developed by adding small amounts of different fill-
ers to the polyethylene material. It is economically to get polymer development by using cost-fewer
nanoparticles; therefore, polyethylene dielectric properties are trapped by presence cost-fewer nanofil-
lers like clay and fumed silica which are importance in development manufacture of power cables prod-
ucts. Dielectric strength is a vital pointer for quality of insulation materials of electrical power
applications; hence, experimental measurements have been investigated on ac high voltage breakdown
of new cost-fewer polyethylene nanocomposites materials. All experimental results of the new
polyethylene nanocomposites have been compared with conventional polyethylene insulation materials;
therefore, it has been specified the influence types and their concentrations of cost-fewer nanofillers on
dielectric strength of polyethylene nanocomposite insulation materials.

� 2014 Elsevier Ltd. All rights reserved.

Introduction

Polymeric nanocomposites have gained importance in the man-
ufacture of products of high performance properties like light
weight, material transparency, enhanced stiffness and toughness,
increased barrier properties, decreased thermal expansion,
decreased flammability and increase in dielectric properties of
electrical and electronics industries [1–8]. Polyethylene (PE) is
widely used as an insulation material, particularly cross-linked
polyethylene in electrical power transmission cables. Much theo-
retical and experimental work on its electrical properties has been
published over the last 50 years [1–8]. Although its basic chemical
composition (–CH2–)n is simple, its semi-crystalline morphology is
very complex, and thus charge injection at the electrodes and
transport through the volume are also complex processes. It is of
interest to note that crystalline polyethylene has a negative elec-
tron affinity, i.e. the bottom of the conduction band is approxi-
mately 1 eV above the vacuum level, and electron traps with
depths in the range 0–0.3 eV formed by the conformations of the
polymer chains themselves are to be expected in semi-crystalline
polyethylene [9–11]. The dispersion of a very low ratio of inorganic
particles having at least one dimension smaller than 100 nm can
creates a network of chemical-physical interactions inside an
organic matrix, leading to a dramatic change in the macroscopic

properties of the material. This can be translated into the enhance-
ments of some very important characteristics of organic dielectrics,
such as the thermal stability and the mechanical strength, together
with many electrical properties [12–16].

In recent decades, the use of polymers as electrical insulating
materials has been growing rapidly. The base polymer properties
have been developed by adding small amounts of different fillers
but they are expensive to the polymer material. Recently, great
expectations have focused on costless nanofillers. However, there
are few papers concerning the effect of types of costless nanofillers
on electrical properties of polymeric nanocomposite. In different
production processes, the interface is in various thickness and
layer numbers. In this way, the results of Nano-dielectric proper-
ties have little comparability and poor reproducibility, which has
been confirmed by the reported data [17–21]. It has been discussed
that dielectric material performance, whether conventional or
nanocomposite dielectric, it is aging, degradation and breakdown
present a strong patio-temporal hierarchy relationship [22–25].
For equipment typified by transformers, cables, generators, motors
and gas insulated switchgears (GIS) [26–29], the dielectric break-
down of an insulation element and the voltage–time characteristic
(V–t characteristic) can be well approximated with the inverse-n-
power rule [28],

Vnt ¼ K ð1Þ

where K is a constant, ‘‘t’’ stands for a time-to-breakdown, and ‘‘V’’
is the applied voltage.
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The cumulative fault probability P generally conforms to the
Weibull distribution, P can be expressed as given by the following
equation [26,27]:

P ¼ 1� e�AVm � ta ð2Þ

where A is a constant, ‘‘a’’ is a time shape parameter, ‘‘V’’ is the
applied voltage, and ‘‘m’’ is a voltage shape parameter.

With a continual progress in polymer nanocomposites, this
research depicts the effects of types and concentration of costless
nanoparticles in electrical properties of power cables insulation
materials. Also, the current research focus on the electric break-
down failure of low and high polyethylene as a matrix base for var-
ious costless nanoparticles added (clay, and fumed silica). All
experimental results have been investigated and discussed to
detect all effects of nanofillers on electrical properties of nanocom-
posite Polyethylene (PE) power cables materials.

Experimental setup

Nanoparticles

Spherical nanoparticles shape (Dia.: 10 nm) have been used in
our research and in the most polymer applications. Cost less of clay
catalyst is the best filler among nanofillers industrial materials. On
the other wise, nanoparticles of fumed silica are fluffy white pow-
ders with an extremely low density, marketed. And so, fumed silica
powders used in paints, coatings, silicone sealants, adhesives, cable
compounds and gels, and plant protection.

Polyethylene

It is divided to Low-density polyethylene (LDPE) and high-den-
sity polyethylene (HDPE), LDPE is a thermoplastic made from
petroleum and it contains the chemical elements carbon and
hydrogen. LDPE has more branching than HDPE, its tensile strength
is lower, and its resilience is higher. The base of all these polymer
materials is a commercially available material already in use in the
manufacturing of high-voltage (HV) industrial power cables prod-
ucts and their properties detailed in Table 1.

PE nanocomposites

Polyethylene nanocomposites have been prepared and fabri-
cated by using recent nanotechnology procedures and devices for
melting pure type’s polyethylene (low density and high density),
mixing and penetrating nanoparticles inside the base matrix (PE)
by modern ultrasonic devices. Thus, TEM photos illustrate penetra-
tion of nanoparticles in polyethylene for LDPE nanocomposites and
HDPE nanocomposites as shown in Fig. 1.

Measurement devices

HIOKI 3522-50 LCR Hi-tester device measured characterization
of nanocomposite insulation industrial materials as shown in

Table 1
Dielectric properties of pure and nanocomposite materials.

Materials Dielectric constant
AT 1 kHz

Resistivity
(O m)

Pure LDPE 2.3 1014

LDPE + 1 wt.% Clay 2.23 1015

LDPE + 5 wt.% Clay 1.99 1015–1018

LDPE + 10 wt.% Clay 1.76 1018–1020

LDPE + 1 wt.% Fumed Silica 2.32 1013

LDPE + 5 wt.% Fumed Silica 2.39 1013–1011

LDPE + 10 wt.% Fumed Silica 2.49 1011–109

Pure HDPE 2.3 1015

HDPE + 1 wt.% Clay 2.27 1016

HDPE + 5 wt.% Clay 2.21 1016–1019

HDPE + 10 wt.% Clay 2.16 1019–1021

HDPE + 1 wt.% Fumed Silica 2.35 1014

HDPE + 5 wt.% Fumed Silica 2.42 1014–1012

HDPE + 10 wt.% Fumed Silica 2.51 1012–1010

(a) Clay/LDPE                                   (b) Fumed silica/LDPE 

(c) Clay/HDPE (d) Fumed silica/HDPE 

Fig. 1. TEM photos for polyethylene nanocomposites.
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