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1. INTRODUCTION

The study of polymer biocomposite has been recognized has an important area of research for over a
decade. Polymer biocomposite is a combination of natural fibres and matrix with addition of compatibilizer
and coupling agent. Matrix can be classified into fully degradable and partly degradable [1].
Polymer biocomposite is being implemented in many industries such as automotive [2], tissue engineering
[3], aerospace application [4], high voltage insulator [5] and many more.

The utilization of natural fibre in polymer or hybrid composite is well known due to the electrical
insulating properties. An excellent cable insulator possesses good electrical, physical and mechanical
properties. The lower the dielectric constant of an insulator, the better it is [6]. All the natural fibres are
hydrophilic in nature with moisture content that reaches 8%-12.6% [7]. However, natural fibre that
contributes to water absorption increases the dielectric constant of the composite. This problem can be
overcome by alkali treatment.

The electric applications using natural fibre reinforced hybrid composite has been trending lately.
The natural fibre reinforced composite materials have been used as dielectric materials in microchips, parts of
transformers, terminal, connectors, switches, circuit boards, etc. Therefore, studies of dielectric properties of
natural fibers reinforced composite materials and the factors that effect the dielectric constant has been
carried out lately [8].
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The polarizeability of matrix and fillers are determined mainly by interfacial, dipoles, atomic and
electronic polarizations [9]. Dielectric constant occurs when material is subjected to an external electric field
which causes the material to polarized and store charge [10]. Whereas, the loss tangent (tan 3) or dissipation
factor is the ratio of the dissipated electrical power in a material to the total power circulating in the circuit.
In other words, measurement of heat that is converted from electrical energy in an insulator [10]. The loss
factor (') is usually used to express the losses in industrial energy transmission and distribution and can be
defined as the average power factor over a given period of time. Dielectric loss factor is measure of loss of
energy in a dielectric material through conduction, slow polarization of currents and other dissipative
phenomena [6]. It is reported that, most of the elastomer in room temperature have lower dissipation factor.
The the dissipation factor (tan 8), loss factor (dielectric loss, E”) and the dielectric constant (E’) [11]

tan§ = —;
an o

2. HYBRID COMPOSITE

Hybrid biocomposites are usually designed and processed by the combination of a synthetic fiber
and natural fiber (biofiber) in a matrix or with combination of two natural fiber/biofiber in a matrix [12].
Hybrid effect is based on the rule of mixture which then produces an average between those individual fibres
utilize. The advantages of using two or more fibre in a single matrix is that the advantages of one type of
fibre could complement with what are lacking in the other [13]. The study on natural/natural fibre hybrid
composite has been reported by researcher [14].

It is proven that the main advantage of hybridization is it is applicable for many applications such as
marine application, power generation, electronic industry, telecom applications, civil construction and
thermoplastic application [15]. In general hybridization enhances the mechanical and electrical properties of
the composite. However, study on electrical properties of natural fibre reinforced hybrid composite are still
not sufficient.

Electrical parameter that can be measured from natural fibre reinforced hybrid composite are
dielectric constant, volume resistivity, thermal conductivity, breakdown voltage, water absorption rate,
dissipation factor and loss factor. These electrical properties can be influenced by the percentage of fibre
content, alkali treatment, fibre length, fibre orientation and frequency [16]. Research on factors that affects
the electrical properties of the composite has been reported by a small group of researchers.

3. ELECTRICAL PROPERTIES OF HYBRID COMPOSITE
3.1. Water Absorption

The percentage of water absorption was calculated by the weight difference using the following
equation:

Wy — W,
w, (t) = 100 X (t—‘))
Wo

where w, is the relative weight change or water absorption percentage, wt is the weight at the time t, and wo
is the initial weight at t=0, and t is the soaking time.

Journal reported that water absorption of EFB/Kenaf hybrid increases with increasing immersion
time. Hybridization of EFB/kenaf fibre decreases water absorption [17]. This is mainly attributed by packed
arrangement of hybrid composites and the less hydrophilic nature of kenaf fibre as compared to oil palm EFB
fibre. In contrary, journal [18] reported that pineapple-sisal/HDPE composite exhibits highest water
absorption rate. Besides that, journal reported that water absorption rate increase with increasing percentage
of cair fibre in the composite [19]. The main drawbacks of composite are increased in fibre content which
leads to fibre pull out. High fibre content increases the probability of fibre agglomeration which results in
regions of stress concentration requiring less energy for crack propagation.

Other than that, for banana/sisal hybrid composite with fibre content ratio 50:50 shows the lowest
water uptake percentage [20]. Investigation on effect of fibre content that influences the water absorption
characteristic of hybrid composite has been reported by researcher [21]. Roselle/sisal hybrid with 50mm fibre
length and 10%fibre content shows the lowest water uptake percentage. Thus, it is proven that fibre length
and fibre content plays an important role in water absorption characteristic of a composite. Figure 1 displays
the lowest water absorption percentage by natural fibre reinforced hybrid composite based on
discussed journal.
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Journal reported on effect of compsite strength based on natural fibre age [22]. It is proven that
adhesion property of matured fibre are superior. This is because aged fibre has less moisture absorption.
Natural fibre reinforced composite material displays superior mechanical properties under wet conditions
when aged fibres are utilized. Stronger composites are invented by adding fibre to to the polymers which is
less susceptible to to cracks. However, the composite becomes more prone to moisture absorption due to
addition of cellulosic fibres in a polymer. Rate of moisture absorption increase with increasing fibre content.
Fibre content should be limited in natural fibre reinforced composite for outdoor condition uses only to attain
its intended strength which increases the robustness of the composite and reduce moisture absorption
rate [23].

W EFB:Kenaf (1:4) ® Banana:Coir (15:5) Banana:Sisal (0.5:0.5) M Roselle:Sisal {1:1)
20
=t
1915
a
S
w
2 10
5
Z s
=
E 2 3 4 5 6 7 8 9
Days

Figure 1. Water absorption percentage by natural fibre reinforced hybrid composite

3.2. Dielectric Constant

Dieletric costant is the ratio of the permittivity of a substance to the permittivity of the space.
The polarizability characteristic of a material determines the value of dielectric constant. Dielectric properties
of material can be categorized into relative permittivity (€r), electrical conductivity (k) and dissipation factor
(tand). Dieletric constant demonstrates the ability of an insulator to store electrical energy. Whereas,
dissipation factor measures the inefficiency of the insulating material which is the reciprocal of the ratio
between the insulating material capacitive reactance to its resistance under required frequency. The dielectric
constant of the insulating material has to be low in order to achive an excellent insulator property.

3.2.1 Effect of Fibre Content

In general, dielectric constant of hybrid composites is based on contribution of interface, atomic,
orientation and electronic polarization within the material. Journal reported that dielectric constant increases
with increase fibre content over entire range of frequency [11, 24]. On top of that, the higher percentage of
jute fibre in the composite contributes to higher dielectric constant due to higher moisture absorption
capacity. Dissimilarity in polarization and conductivities of fibre and matrix leads to interfacial polarization.
Treated fibres display lower dielectric constant due to increase in hydrophobicity of the fibre [24].
Researcher [11] reported that dielectric constant is the highest when percentage of sisal is 100%. Sisal fibre
acquires higher moisture absorption rate compare to coir fibre. Figure 2 display the effect of jute content
from two different journal on dielectric constant of hybrid composite [10, 24]. The dielectric constant of a
material is defined as the measure of the material’s ability to become polarized and to store charge when an
external field is applied to it through parallel plate acting as a capacitor. At very low frequency, the dielectric
properties of the composite materials is influenced by the interfacial polarization due to heterogeneous
nature [10].

Journal reported that dielectric properties of oil palm fibre is lower than oil palm shell.
The dielectric properties of pineapple leaf fibre reinforced epoxy composite vary with sodium hydroxide
treatment and fibre loadings. Dielectric constant of a material is influenced by many factors such as
temperature, branching, crystallization and frequency of applied voltage. Furthermore, dielectric constant of
the composite increase as the concenteration of mobile dipoles increase due to presence of moisture content
in the composite [25]. Chemical treated composite contributes to reduction in water uptake thus leads to
reduction in dielectric constant. In addition, studies on dielectric properties of kenaf fibre filled rigid
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polyurethane foam has been reported by researcher [26]. It shows that the dielectric constant is higher with
higer fibre content. The dielectric constant of kenaf fibre reduce as the frequency increases provided with
different fibre content value. Besides that, the dielectric constant of kenaf fibre increases as the temperature
increase with constant frequency of 100Hz. Moreover, the dielectric constant of kenaf fibre with highest fibre
loading is lower compared to jute, palf [16] and bamboo fibre [24].

Dissipation factor of jute/bamboo hybrid composite decreases as the frequency increase and fibre
content decrease [24]. It is noticed that the dissipation factor and loss factor increase with fibre loading but
decreases with increased frequency. Journal reported that dissipation and loss factor of PALF/Epoxy
composite decreases at all frequency but increase with increased in fibre content [16]. Figure 3 display the
effect of fibre content of PALF and jute on dissipation factor of hybrid composite. Figure 4 display the effect
of fibre content of PALF and jute on loss factor of hybrid composite.

Journal reported that increase in dielectric constant of a composite is caused by higher fibre loading,
which was more significant during low frequency. It is proven that dielectric constant decrease when
frequency increases in all case. This is because at high frequency, the molecular vibrations are high and
hence complete orientation of dipoles does not take place [10]. The dielectric constant, dissipation factor,
conductivity and loss factor increases as fibre content increase [27].

Besides that, increase in fibre loading reduces tensile strength and increases the water absorption
rate. In addition, increase in fibre content increases the loss modulus and storage modulus. Researcher [28]
reported that increased in coconut shell powder (CSP), decreases the elongation at break of PLA/CSP
biocomposite and tensile strength. However, it increases the elasticity and the thermal stability.
Journal reported that increase in PALF content in PALF/HDPE composite decreases the tensile strength of
the composite [29].

3.2.2 Fibre Orientation

Fibre orientation can strongly influence the dielectric properties of and interfacial polarization
process in composite [30]. Journal [31] reported that under composite structure loading circumstance, short
and random fibre orientation forbids the oil palm empty fruit bunch fibre to represent as a strong fibre due to
low surface interfacial adhesion competency.

3.2.3 Fibre Length

Fibre length is an important factor to be considered to determine the stress distribution and
interfacial adhesion. Thickness of oil palm frond fibre is higher than empty fruit bunch and oil palm trunk
which leads to poor inter fibre bonding compared to the other two oil palm fibre [32]. Aspect ratio of fibre is
the length to diameter ratio. Researchers reported that aspect ratio has a significant effect on the composite
properties [32, 33].
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Figure 2. Effect of fibre content on dielectric constant of hybrid composite
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Figure 3. Effect of fibre content on dissipation factor of hybrid composite

—4—10% PALF ——15% PALF 10% Jute/Bamboo 15% Jute/Bamboo

e s
Oy 0

4

o
(S}

Loss Factor
e

L L e
2 Bk O ®
#
&
|
»
|
|
|
4
|
|
|
|
¢
|

I}

o

3 3.5 4 4.5 5 5.5 6
Log frequency (HZ)

Figure 4. Effect of fibre content on loss factor of hybrid composite

3.2.4 Effect of Surface Treatment

Void spaces that are created around the fibres due to weak adhesion between fibre and matrix causes
higher water absorption in composite [34]. Aid of fibre modification through alkalization process can reduce
the moisture absorption. Alkaline treatment such as sodium hydroxide (NaOH) has the ability to eliminate the
hydroxyl groups that bonds with water molecule and reduce the capacity of cellulose hydrogen bonding.
Hemicellulose in a fibre is the most hydrophilic compared to lignin and cellulose. It is eliminated partially via
alkaline treatment which reduces the ability to absorb moisture content [35]. In general, chemical treatment
decreases the rate of moisture absorption but the tendency of water absorption reduction depends on the
nature of the chemicals [36].

Surface treatment on natural fibre are mainly done to reduce the hydrophilic characteristic. By doing
s0, the hydroxyl group (OH) reacts with water molecules and exits the fibre. Besides that, surface treatment
improves the adhesion between fibre and matrix. Thus, leads the proper interaction between fibre and matrix.
Surface treatment can be divided into few types such as alkali treatment, silane treatment, benzoylation
treatment, acetylation treatment, peroxide treatment, isocyanate treatment and many more. Additionally,
the the process of coupling between the two constituent are challenging due to different chemical structures
of the fibres and matrix. Thus, it leads to ineffective stress transfer throughout the interface of the
composites. Therefore, certain chemical treatments on the surface of natural fibres are necessary to overcome
this problem. The reagent functional groups of different alkali has different reaction which changes the fibre
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composition and capability of reacting based on the types of fibre [37]. Delignification of fibre occurs when
the alkali concentration is higher then optimum condition which leads to fibre damaging [38].

Researcher [10] reported on the dielectric constant of jute/PP yarn composite. As a result,
the dielectric constant was reduced after surface treatment. Reduction in number of polar groups and
moisture absorption in the composite is achieved by chemical treatment which reduces the hydrophilic nature
of jute yarns. Thus, it reduces the dielectric constant owing to reduction in the orientation polarization.
Number of voids that exist in jute yarns and matrix can be decreased via chemical treatment by increasing the
interfacial adhesion between matrix and fibre. Many research of hybrid composite or polymer composite
reports on reduction of dielectric constant after surface treatment. Figure 5 shows the dielectric constant
properties of treated jute/bamboo hybrid composite reported by researcher [24]. It displays the same result
has previous studies on dielectric constant of treated fibres.
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Figure 5. Dielectric constant chemically treated hybrid composite

4.  CONCLUSION

In hybrid composite, the dielectric constant values decreased with an increase in the frequency.
The maximum values of dielectric constant in the lower frequency region were attribute to the interfacial
polarization. Alkali treatment specified lowering of % hemicelluloses and % lignin. Lower dielectric constant
and loss tangent can be seen in alkali treated fibre compared to untreated fibre. However, these values
decreased with increase in frequency. This is because at high frequency, the molecular vibrations are high
and hence complete orientation of dipoles does not take place. The tendency of water absorption of alkali
treated fibre composite is reduced. Whereas, the water absorption properties of hybrid composite increased
with immersion time. However, the water absorption rate stops until it reaches saturation point. Thus, alkali
treatment is an alternative to overcome water absorption problem. Besides that, by adding fibre content it
provides a pathway through matrix to absorb moisture by enchancing matrix porosity. Presence of void space
around fibre particle causes poor adhesion between polymer matrix and fibre particles. The loss factor,
dissipation factor dielectric constant increased with increasing fiber content. This is because high orientation
polarization is caused by increasing in number of polar groups. Last but not least, the dielectric strength
being a unique feature of kenaf fibre composite, can be suggested for electrical insulation applications as it
posseses lowest dielectric constant value.
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