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ABSTRACT : There has been a growing interest in utilizing natural fibers as reinforcement in
polymer composite for making low cost construction materials in recent years. The present
paper surveys the research work published in fiber reinforced polymer composite materials with
reference to electrical properties such as volume resistivity, dielectric constant, dielectric
dissipation factor and dielectric loss factor. Such studies are important because fibrous
reinforcements in polymer matrices lead to composite materials with good mechanical properties
and electrical properties. The electrical properties such as dielectric constant, dielectric
dissipation factor and dielectric loss factor were determined with respect to temperature and
frequency. The studies showed that dielectric constant and dielectric dissipation decreased with
frequency and increased with temperature, where as the dielectric loss factor decreased with the
increase of frequency at fixed temperature and increased with temperature at lower frequencies.
It is also observed that the dielectric loss factor decrease with chemical treatment.
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INTRODUCTION

In recent years, polymer composites pollution by finding new uses for waste

containing natural fibers have obtained
considerable attention. The interest in the
natural fiber reinforced polymer composite
arises rapidly due to the high performance in
mechanical properties, significant
processing advantages, low cost and low
density [1,2]. Natural fibers are renewable,
cheaper, pose no health hazards and finally
provide a solution to environmental

materials.  Furthermore, natural fiber
reinforced polymer composite form a new
class of materials which seem to have good
potential in future as a substitute for scarce
wood and wood based materials in structural
applications. Many plant fibers have found
applications as a resource for industrial
materials [3,4]. In addition to cellulose,
plant fibers contain different natural
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substances. The most important of these is
lignin. The different cells of hard plant
fibers are bonded together by lignin, acting
as cementing materials. The lignin content
of the plant fibers influences its structure,
properties and morphology. The composites
mainly consist of cellulose fibrils embedded
in lignin matrix. These fiber exhibits high
electrical resistance. It can be expected that
when these fibers are incorporated into low
modulus polymer matrix, they would yield
materials with better properties suitable for
various applications. The properties of
natural fiber composites were influenced by
fiber loading, dispersion and fiber to matrix
adhesion [5-10]. The uses of composites as
dielectric are becoming more popular,
therefore the electrical properties of natural
fiber reinforced polymer composites are
very important. The electrical properties
such as volume resistivity, dielectric
strength of some natural fibers and
composites have been studied [7,8].

Saxena et al. have studied the variation of
thermal conductivity and thermal diffusivity
of banana fiber reinforced polyester
composite caused by addition of glass fiber
[22]. They observed that the thermal
conductivity of composites increased when
compared to matrix. However, the thermal
conductivity of the composites with
increased percentage of glass fiber decreases
in comparison to composite of pure banana
fiber. Mai et al. have studied the effect of
fiber length and fiber orientation angle on
the thermal conductivity of short carbon
fiber reinforced composite materials [23]. It
is observed that the thermal conductivity of
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the composite increased with fiber length
but decreases with fiber orientation angle
with respect to the measured direction. The
polymeric interfaces act as charge carrier
generation sites [24]. So it becomes essential
to study the effect of interfaces on the
change carrier generation, transport and
storage in polymeric system. The physical
structure of polymer composites in the solid
or viscoelectric state is of great importance
in determining the dielectric behavior [25].
The dielectric properties of polymer
composite materials have been studied with
a view to modify the properties of polymer
system for practical applications. The
inorganic insulators and dielectrics have
been largely replaced by polymers on
account of their unique ability for specific
needs. Epoxides and polyestershave been
used in electronics as insulators, dielectrics
substrates, potting compounds, embedding
materials and conformal coating [26]. Fiber
reinforced composite materials have wide
range of applications in aircraft automobile,
chemical, medical and electrical industries.
In the electrical or electronics industry, these
composite materials are used for making
panel, switches, and insulators.

Electrical property determination

The capacitance, resistance, dissipation
factor and dielectric loss factor have been
measured directly by using LCR meter by
varying frequencies at room temperature.
The square samples of thickness 3mm,
length 10 mm and breadth 10 mm have been
used for study. The test samples were fixed
between two electrodes.

The volume resistivity ([1) :
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It can be calculated from the resistance

using following equation,
p= RAlt
where,
A - area of cross-section of the sample
R - resistance
r - thickness of the sample.
The dielectric constant [51} :
It can be calculated from the capacitance using equation
g = ctle A
where,
€, - pemmittivity of air (8.85 x 10

—12

Fm_l)

C - capacitance with dielectric

A - area of cross-section of the sample

t - thickness of the sample.

The dielectric dissipation factor (tan 3) :

It can be determined as follow

tan(3) = ee!
where,

€T - the diclectric loss.

The dielectric loss factor [EH) :

It can be determined as follow

el = C/Cym

DISCUSSION
The resistivity of fiber reinforced
composites depend on the moisture content,
crystalline and amorphous component
present, presence of impurities, chemical
composition, cellular
microfibrillar angle etc. The shapes of

reinforcement determine the interparticle

structure,

contact, which affect the conductivity of the
system. Fibers and flakes having elongated
shapes affect the electrical conductivity [27].
The moisture content in fibers increased the
conductivity [16]. The hydrophilicity of
cellulose fiber is responsible for greater
conductivity of the composite. In polymeric
materials most of the current flow through
the crystalline regions and non crystalline
region allows current to pass through it
mainly when moisture is present [15]. The

International Journal For Recent
Developments in Science & Technology

hydroxyl groups in the hydrophilic fiber can
absorb moisture and hence the presence of
the natural fiber increases the conductivity
of the resin. It has been found that heat
treatment increased the resistivity of the
composites as heat treated fiber reinforced
composites have lower moisture content
than untreated fiber reinforced composites.

It has been observed that dielectric loss
factor decreased with the increase of
frequency at fixed temperature. The loss
peaks were observed at about 1 kHz at high
temperature in composite materials, which
may be due to the temperature glass
transition in polyester [33]. In the composite
materials the absorbed moisture at the fiber
resin interface acts as a politicizing agent for
the polymer, which increases the mobility of
the polymer chain and hence brings the loss
peak due to temperature glass transition of

polyester at higher frequency value [34].
Joseph et al. have observed that in banana
fiber composites, at low frequencies,
dielectric loss factor increased with increase
in fiber loading [21]. They observed that at
high frequency, a reverse behavior occurs
and the values come closer. This was due to
the polarization of the fibers at low
frequencies, which was absent at higher
frequencies. The dielectric loss factor
increased with temperature, particularly at
lower frequencies at which dielectric loss
due to chain motion of polymer is more
effective due to glass transition temperature
of the polymer. At higher frequencies, the
dielectric loss factor is low and remained
more or less constant with increasing
orientation

temperature  because  the
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polarization due to chain motion of polymer
can not keep phase with the rapidly
oscillating electric field [35].
CONCLUSION

The electric properties of natural fiber
reinforced composites were reviewed. The
electrical properties of natural fiber
reinforced polymer composites are very
important. Due to their unique the inorganic
insulators and dielectrics have been replaced
by polymers for specific needs. Epoxides
and polyesters have been used in electronics
as insulators, dielectrics substrates, potting
compounds, embedding materials and
conformal coating. The moisture content in
fibers increases conductivity of the
composites. . It has been found that heat
treatment increased the resistivity of the
composites as heat treated fiber reinforced
composites. The increase of dielectric
constant with temperature is due to greater
freedom of movement of dipole molecular
chain at high temperature. It has been
observed that dielectric dissipation factor
increased with temperature and decreased
with frequency. It has been further observed
that dielectric loss decreased with the
increase of frequency at fixed temperature.
It can be concluded that with systematic and
persistent research there will be good scope
and better future for polymer reinforced
composites for suitable electrical boards etc.
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