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ABSTRACT

An investigation of the electrical characteristics of banana leaf reinforced Polymer
composites made by resin transfer molding (RTM) has been carried out, with special
emphasis on the effects of fibre loading, frequency and temperature. Every parameter,
including the dielectric constant (gg), dissipation factor (tan 9), loss factor (eq), and
conductivity, increases with increasing fibre concentration over the whole frequency range. A
minimum fibre content of 50 % is required for composites to achieve excellent performance
values. This increase is large at low frequencies, minimal at middle frequencies, and
negligible at extremely high frequencies, according to the results of the study. At low
frequencies, the volume resistivity fluctuates in response to fibre loading, while at high
frequencies, the resistivity blends together. When the temperature rises, the dielectric
constant values rise as well, however once the glass transition temperature is reached, the
dielectric constant values fall. This fluctuates depending on the amount of fibre present.
Finally, an attempt is made to establish a relationship between the experimental value of the
dielectric constant and theoretical expectations.

Keywords: Electrical properties; Resin transfer molding; Banana leaf; Polymer composites;
dielectric.

1. INTRODUCTION

Recently, both academic and industrial researchers have shown a strong interest in natural
fibres in both macro and microforms as reinforcement for polymers. This has occurred in

both the industrial and academic sectors during the previous few decades. Many different
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fibers and plants are used as reinforcements in the production of composites. Some of the
most commonly used fibers and plants are flax, hemp, oil palm, coir, jute, kenaf, and banana
[1-6]. Natural fibre composites have several advantages over synthetic fibre reinforced
composites, including the use of renewable raw materials, low cost, light weight, and high
specific strength and stiffness. Natural fibre composites are also more environmentally
friendly than synthetic fibre reinforced composites. These composites can be made using a
variety of fabrication techniques, including resin transfer molding (RTM), compression
molding (CM), and manual lay-up. Throughout this essay, we'll talk about a breakthrough
processing technology that can be used to fabricate high-performance composites. Our
laboratory has previously showed that RTM can be used to fabricate randomly oriented short
banana leaf-Polymer composites with excellent fiber-matrix adhesion using short banana
leaves. However, the vast bulk of research in the field of RTM has concentrated on the
visualization of the flow front, modeling of void creation, and numerical simulations of

curing using natural and synthetic fibres, rather than on the process itself [6-12].

In recent years, there has been an increase in interest in the creation of electrically conductive
polymeric composite materials. In order to successfully employ these materials, it is essential
to understand more information about their dielectric constant, volume resistivity, and loss
factor. The composition, chemical structure, physical texture, and shape of the materials all
influence their physical and mechanical properties. A large number of studies on the
electrical properties of filler reinforced polymers have been reported in the literature. Natural
rubber and ethylene vinyl acetate that have been packed with conductive carbon black and
short carbon fibre have excellent shielding properties [13-16]. To better understand the
electrical characteristics of fibre reinforced rubber composites, Thomas and colleagues
undertook considerable study. In their research, Cabral et al. looked at the dielectric
characteristics of short jute fiber-reinforced polypropylene composites. It was discovered that
when the fibre content reached a threshold level, the dependence of dielectric properties on
fibre loading shifted. Many studies on the electrical properties of thermoset composites with
filler reinforcement have been published in the past few years. Find out how well epoxy
composites with 0.004 - 0.4 weight percent single-walled or multi-walled carbon nano tubes
carry electricity and heat. An investigation into the electrical properties of glass fibre
reinforced epoxy composites containing 0.4% amino-functionalized double-wall carbon nano
tubes was conducted [17-19].
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An anisotropic conductivity was observed in the composite, with conductivity in the plane
being one order of magnitude larger than conductivity out of plane for the material. The
electrical properties of randomly distributed banana leaf-Polymer composites made via RTM
have not, however, been thoroughly investigated. In this respect, the purpose of this paper is
to shed light on the effects of fibre loading, frequency, and temperature on the electrical
properties of banana leaf-Polymer composites.

2. EXPERIMENTAL
2.1 MATERIALS

ICAR- National Research Centre for Banana, Tamilnadu, India provided the banana Banana
leafs. BohriAli Enterprises, India, supplied cobaltnapthanate, and methyl ethyl ketone
peroxide with a purity of 96 %.

2.2 PREPARATION OF COMPOSITES

Isophthalic polymer composites with banana leaf fibre reinforcement have been created using
RTM technology. The banana leaf fibers were randomly oriented and had an ideal fibre
length of 30 mm, which was used to fill the mould. Injection of the Polymer resin was carried
out at an finest pressure of 1 kg per cm? in conjunction with 1% cobaltnapthanate and 1%
methyl ethyl ketone peroxide, with the mould being closed and clamped after each injection.
Vacuum was provided simultaneously with the resin impregnation in order to minimize the
creation of voids. At room temperature, the mould should be sealed to keep out air
throughout the curing process (28° C). This was followed by de-molding and post-curing the
composites for 3 hours in a free standing mode at an temperature of 80° C.

2.3 ELECTRICAL ANALYSIS OF BANANA LEAF RTM COMPOSITE

DEA 2970 dielectric analyzer equipped with a liquid nitrogen cooling accessory was used for
the dielectric relaxation experiments. Parallel plate sensors were employed to examine the
samples, which were exposed to a 300 N force in order to ensure appropriate contact between
the specimen and the electrodes during the testing process. The studies were carried out at
frequencies ranging from 1 Hz to 400 kHz and at temperatures ranging from 28°C to 150° C.
A sinusoidal voltage was used to generate an alternating electric field, which was then
reversed. In this study, the discs under investigation have a diameter of 25 mm and a one

millimeter thickness.
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It is possible to derive the volume resistivity (q) from the resistance by use the equation.
p=RA-t (1)

where V represents volume resistivity, R represents resistance, A represents the cross-

sectional area of the sample, and t represents the thickness of the sample
3. RESULTS AND DISCUSSION

It is defined as the ratio of the capacitance of a material-containing condenser to that of the
same material containing condenser in vacuum when a material is used as the dielectric
constant of a material. Figure 1 depicts the dielectric constant of banana leaf-polymer
composites as a function of frequency for various frequencies. Fiber content increases the
dielectric constant in the sequence Polymer R20, R30, R40, R50, and this is true for all
frequencies over the whole frequency range. Found a similar tendency in mineral-filled

epoxy composites, which was confirmed [20].

The interfacial, orientation, atomic, and electronic polarizations present in the material play a
significant role in determining the gy values of composites, as well as their composition. It is
possible for interfacial polarization to arise as a result of the matrix and filler having differing
conductivities or polarizations from one another. The orientation of the filler and the
interfacial polarizations are also affected by the amount of filler present. The considerable
increase in g with increasing fibre loading was due to an increase in orientation and
interfacial polarization produced by the presence of cellulose polar groups in natural fibers
(which they found to be true) [21].

In Figure 2, the relationship between the composite dielectric constant and the matrix
dielectric constant is shown as a function of fibre content, and this is illustrated more clearly.
While this is true in Polymer, the ¢ value is modest since it only takes into account

immediate atomic and electronic polarizations, which are less important.

Also revealed is that, for a given fibre loading, ¢ exhibits high values at lower frequencies,
which is related to the decrease in orientation polarization with increasing frequency.
Complete orientation of molecules can only be achieved at lower frequencies, and orientation
polarization takes longer to reach equilibrium static field values than electronic or atomic

polarizations, indicating that it is more difficult to achieve complete orientation. The result is
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that when frequency increases, e, drops as a result of the time delay in polarization
orientation [22].
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Figure 1.Banana leaf-Polymer composites in different dielectric constant with different
frequencies at 30°C.

It is defined as the ratio of the capacitance of a material-containing condenser to that of the
same material-containing condenser in vacuum when a material is used as the dielectric
constant of a material. Figure 1 depicts the dielectric constant of banana leaf-polymer
composites as a function of frequency for various frequencies. Fiber content increases the
dielectric constant in the sequence Polymer R20 R30 R40 R50, and this is true for all
frequencies over the whole frequency range.

The interfacial, orientation, atomic, and electronic polarizations present in the material play a
significant role in determining the gy values of composites, as well as their composition. It is
possible for interfacial polarization to arise as a result of the matrix and filler having differing
conductivities or polarizations from one another. The orientation of the filler and the
interfacial polarizations are also affected by the amount of filler present. The considerable
increase in g with increasing fibre loading was due to an increase in orientation and

interfacial polarization produced by the presence of cellulose polar groups in natural fibers.

In Figure 2, the relationship between the composite dielectric constant and the matrix
dielectric constant is shown as a function of fibre content, and this is illustrated more clearly.
While this is true in Polymer, the g value is modest since it only takes into account

immediate atomic and electronic polarizations, which are less important.
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Also revealed is that, for a given fibre loading, €, exhibits high values at lower frequencies,
which is related to the decrease in orientation polarization with increasing frequency.
Complete orientation of molecules can only be achieved at lower frequencies, and orientation
polarization takes longer to reach equilibrium static field values than electronic or atomic
polarizations, indicating that it is more difficult to achieve complete orientation. The result is
that when frequency increases, e, drops as a result of the time delay in polarization

orientation [1].
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Figure 2.Dielectric constant of banana leaf composites with different RTM at 30° C.

The orientation of the filler and the interfacial polarizations are also affected by the amount
of filler present. When fibre loading was increased, there was a significant increase in
orientation and interfacial polarizations, which was attributed to increased orientation and
interfacial polarizations brought about by the presence of cellulose polar groups in natural
fibers [22]. In Figure 2, the relationship between the composite dielectric constant and the
matrix dielectric constant is plotted as a function of fibre content, and this is illustrated more
clearly. While this is true in Polymer, the g, value is small because it only takes into account

immediate atomic and electronic polarizations, which are less important.
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Figure 3.Loss factor of banana leaf-Polymer composites with different frequency at 30°
C.
Furthermore observed is the that, for a given fibre loading, &, exhibits high values at lower
frequencies, which is due to the decrease in orientation polarization with increasing
frequency. Complete orientation of molecules can only be achieved at lower frequencies, and
orientation polarization takes longer to reach equilibrium static field values than electronic or
atomic polarizations, indicating that it is more difficult to achieve complete orientation. So as
frequency is increased, g, decreases due to the time delay in the orientation of the polarization

vector.

The loss factor (eqo) is a mathematical representation of the average power factor over a
specified time period that is used in the energy industry to express transmission and
distribution losses. It is derived from the average power factor over a specified time period.
As shown in Figure 3, composites exhibit fluctuation in the number ey as a function of
frequency. Because of this, the ey is highest in the lower frequency zone and highest for

composites with a fibre concentration of 50% at a particular frequency, as can be seen.

The value of ¢g9 decreases rapidly as the frequency of occurrence increases, but the slope of
the curve increases as the frequency increases. This demonstrates that the gqo is dependent on
the fibre content in the lower frequency range, whereas the e is absent at higher frequencies
due to the polarization of the fibers in the higher frequency range. The amount of fibre in the
composite increases the heterogeneity of the composite, resulting in an increase in the amount

of polarization in the composite. This phenomenon, which is similar to interfacial
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polarization, is caused by ionic conduction and dipole orientation in the same way.
Additional to this, a multiphase system composed of banana leaf and polymer contains two
dielectrically distinct materials: the polar and hydrophilic banana leaf and the non-polar and
hydrophobic polymer, respectively. A system with discrete inter-phase will be loss at low

frequencies and exhibit significant interfacial polarization if the inter-phase is discrete.

The dissipation factor (tan d) is defined as the relationship between the amount of electrical
power wasted by a material and the total amount of electrical power flowing through the

circuit.
The dissipation factor can be calculated with the help of the equation.
tand=¢"’/e’ (2)

Where the loss factor is 9o and the dielectric constant is &.
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Figure 4.Dissipation factor of banana leaf-Polymer composites with different
frequencies at 30° C.
In order to determine the amount of electrical energy converted to heat in an insulator, it is
necessary to measure the loss tangent of the material under consideration. Due to the heat
generated, the temperature of the insulator rises, hastening its decomposition. For various
fibre loadings in composites, Figure. 4 shows the influence of the dissipation factor as a
function of frequency for various fibre loadings. It has been discovered that the dissipation
factor decreases as the frequency of the event grows in frequency. With an increase in the

fibre content, there is a significant shift in the low frequency zone, with Polymer being the
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lowest frequency and R50 being the highest frequency for a given frequency. However, as
can be seen from the loss factor, the tan curves become closer together as the frequency range
increases. As the amount of fibre in a cell grows, the number of polar groups grows as well,
resulting in an increase in orientation polarization. This has the effect of increasing the
dissipation factor. Additionally, because of their ability to absorb moisture, the addition of
fibers improves current flow through the amorphous region of the material. As frequency
increases, it becomes more difficult to polarize polar groups, and as a result, the dissipation

factor decreases significantly.

A comparison of volume resistivity variations for composites with different fibre loadings
can be seen in Figure. 5. It's important to note that the resistivity of the volume decreases as
the frequency of the signal increases. This decrease is caused by the interfacial polarization
that occurs as a result of the system's heterogeneity, which is responsible for the decrease.
Also demonstrated is that the volume resistivity varies with fibre loading at a specific
frequency, with the variation being the most pronounced in the low frequency range. This
suggests that when banana leaves are added to a matrix, the conductivity changes as a result
of the presence of polar groups, which allow current to flow through the matrix to the outside.
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Figure 5.Volume resistivity of the banana leaf composites with different fiber
loading and different frequency at 30° C.

Aside from that, elongated fibers and flakes have the potential to significantly increase
electrical conductivity. When moisture is present, it is well established that the majority of

current flows through the crystalline areas of polymers and that current flow through the
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amorphous regions occurs when moisture is absent [23]. The hydroxyl groups in the banana
leaf absorb moisture, increasing the conductivity of the matrix as a result. Figure 6 depicts the
electrical conductivity variation of composites with fibre loading as a function of frequency
for composites with fibre loading. The conductivity of the composite material increases in

proportion to the increase in frequency and fibre loading.

It is greatest for composites that have a fibre composition of 50% or more by volume of the
composite. Figure 7 illustrates how this is due to an increase in the number of polar groups
present in banana leafs as a result of an increase in polar groups present in banana leafs.
Conductivity in composites is also dependent on the dispersion of fibers within the material.
When the volume fraction of fibers is small, there is a chaotic dispersion of fibers. Increasing
aggregate packing density and squeeze against one another result in a reduction in internal
contact resistance as the fibre loading increases in density. As a result, the net resistance
decreases as the level of fibre loading increases. There is too much variation in the fibre
orientation for current to flow through it effectively. A large number of fibers in a small
volume fraction results in the population of fibers being optimal for uniform dispersion and

current flow.
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Figure 6.Electrical conductivity of the banana leaf composites with various fiber
loading and different frequencies at 30° C
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Figure 7.Electrical conductivity of banana leaf composites with fiber loading at lower
frequency (300 kHz) at 30° C.

3.1 EFFECT OF TEMPERATURE

The effects of temperature on the dielectric constant of natural fibre reinforced composites
are expected to manifest themselves in two ways. The first is the effect of temperature on the
concentration of sobbed polar species, which are primarily composed of water. An additional
characteristic of orientation polarizability is that it is affected by temperature (from
permanent dipoles). As previously stated, the polarizability of a material is determined by its
dielectric constant, which is composed of a variety of components, including electronic,
atomic, orientation, and space charge. Only the orientation polarization (i.e., the contribution
of the material's permanent dipoles) is affected by changes in the temperature. Figure 8
depicts the fluctuation in dielectric constant for banana leaf-polymer composites with varying
fibre loading at a lower frequency than the previous Figure (5 Hz). As the temperature rises,
the ¢ values tend to increase in size in general. In RTM-produced composites, the g value
increases at first and then decreases over time. The amount of variation is determined by the

amount of fibre present.
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Figure 8.Effect of fiber loading of banana leaf-Polymer composites with different
temperatures

Because the orientation of the fibers varies, this is most likely due to the fact that the overall
physical and chemical texture of the composites varies as well. In addition, an increase in the
mobility of water dipoles results in an increase in the &, values of the polarization. Our
previous research on the thermal stability of these composites demonstrated that increasing
the fibre content of the composite results in an increase in the moisture content of the
composite, as shown in the Figure [1].

3.2 DIELECTRIC CONSTANT MODELING

A linear relationship is shown in Figure. 9, shows that the reciprocal dielectric constant of
composites (1/¢;) plots against the volume percent of fibre is linear. This is the series

combination of the dielectrics that make up the composites' constituents.

In the case of V¢ = 0, we obtain 1/¢. = 1/¢n,, where £, is the dielectric constant of the Polymer
matrix at a frequency of 5 Hz and c is the length of the plot. There was only a slight
difference between the empirically determined value (3.1) and the graphically determined
value (3.1), which was discovered (3.4). On the graph in Figure 10, you can see how the

composites' specific polarization varies in relation to their fibre content.

Volume 23, Issue 10, October - 2021 Page-190



Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

0.34 -
0.33 - &
0.32 -

® 031 - PN
o

0.29 -

0-28 T T T T T T 1
15 20 25 30 35 40 45 50

Fiber content (vol%o)

Figure 9.Reciprocal of dielectric constant of volume fraction of fiber with different
frequencies of 5 Hz at 30° C.
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Figure 10.Specific polarization and volume fraction of banana leaf fiber loading (5 Hz)
at 30°C.

When specific polarization is plotted against fibre content, a linear pattern is obtained, which
is consistent with the Clausius Mossotti Equation's prediction [1]. The intercepts of these
charts at Vs = 0 can be used to calculate the dielectric constant of the polymer using
theoretical calculations. When the graph was extrapolated to the y axis, the intercept was
3.98, which was the same as the comparable experimental value of 3.98 in the original

experiment.
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4. CONCLUSION

RTM's investigation into the electrical properties of banana leaf reinforced polymer
composites revealed that increasing the amount of fibre in the polymer matrix increases the
dielectric constant, loss factor, dissipation factor, and conductivity of the composites, among
other things. It is more noticeable in composites that contain 50 % or more natural fibers, due
to the increase in orientation and interfacial polarizations caused by the presence of cellulose
polar groups in natural fibers. Natural fibers have a higher orientation and interfacial
polarization than synthetic fibers. Additionally, the presence of these polar groups allows
current to flow within the polymer matrix, resulting in a decrease in the volume resistivity of
the polymer material. Also discovered is that increasing the temperature of composites results
in an increase in the dielectric constant values of the materials. It has been discovered that the
measured values of the dielectric constant are within a small range of the values calculated

using various theories of heterogeneous dielectric materials.
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