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ABSTRACT

Abipolar plate is one of the most important components of a fuel cell with a proton exchange
membrane. Due to the requirement to retain high electrical conductivity, superior mechanical qualities,
and low production cost, the development of a suitable material for use as bipolar plate is crucial
from a scientific and technological standpoint. Graphite based composites are a viable substitute for
metal-based BPs because of their superior mechanical qualities, corrosion resistance,
recyclability and cost-effective manufacturing processes. In this work, we attempted to prepare
graphite-unsaturated polyester resin composites that would satisfy the technical goals set by the
US DOE for 2020 while also making sure that dielectric nature and mechanical strength were
well-balanced. Specifically, we tried to investigate how the filler to binder ratio affected the mechanical
and dielectric characteristics. With an increase in the amount of graphite up to 5%, the composites'
hardness and tensile strength climbed linearly whereas the overall elongation diminishes. The
composites' flexural and compressive strengths and the total elongation for compressive and flexural
strength increases upto 3% graphite and subsequently drops down as the graphite percentage
increases. Composites with 1% graphite have the maximum dielectric strength, while those with
3% graphite show the lowest. Based on these findings, we suggest that a composite that contains
between 1% and 3% graphite would work well as a bipolar plate.

Keywords: Rooflite, Unsaturated polyester resin, Graphite, Mechanical properties,
Dielectric strength.

INTRODUCTION has accelerated due to the growing need for
renewable energy sources in the transportation
Research on fuel cells for electric vehicles  industry. Fuel cells are considered a viable
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alternative because they offer a more efficient and
cleaner source of energy compared to traditional
fossil fuels. The most popular fuel cell, the proton
exchange membrane fuel cells (PEMFC), is one of
the alternative renewable energy sources that can
help minimize the harmful consequences of climate
change and air pollution brought on by the burning
of fossil fuels'. Solid polymer electrolyte membrane
fuel cells, or proton exchange membrane fuel cells,
or PEMFCs, are believed to have the highest energy
density of all fuel cells2. Bipolar plates are crucial
parts of PEMFCs because they connect the stacks,
support the membrane electrode assemblies, collect
and conduct electric current, distribute gases like air,
hydrogen, and oxygen, evenly, enable proper water
management, remove heat, and maintain pressure?.

Bipolar plates must be addressed since
it makes up 40-60% of overall cost and 80% of
weight*%6. Nevertheless, there is a paucity of
research on significant factors that might improve
the overall efficacy of bipolar plates. The hydrogen
fuel cell's bipolar plates can be constructed from a
variety of materials, including metal, carbon polymer
composites, and pure graphite. Metal plates are more
useful than other materials because of theirimproved
conductivity, lower gas permeability, simplicity of
mass production, and lighter and thinner design.
However, they fail because of their susceptibility to
corrosion in the harsh bipolar plate environment,
such as a low pH and water environment’8°,

By using non-metal bipolar plates, such as
carbon based bipolar plates the weight and corrosive
impact of metal based bipolar plates may be
decreased. Graphite-based composite plates, which
combine superior mechanical qualities and corrosion
resistance compared to metals, are beginning to
show promise as bipolar plates substitute materials
when combined with an appropriate polymer matrix.
Important considerations to be made include the kind
of polymer matrix used, the type of filler used, the
dispersion of fillers in the polymer matrix, the surface
roughness of the product generated, the necessary
molding temperature, the amount of pressure that
must be applied, and the appropriate curing time.

Taking into account the arguments above,
a review of the literature reveals some of the earlier
research on bipolar plates. Bipolar plates made
of phenolic resin matrix filled with carbon based
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materials were described™. Bipolar plates are
made of carbon black (CB), carbon fibers (CF), and
multi-walled carbon nanotubes (MWNTSs), which are
supposedly added to a tiny volume part of graphite
composites made with a powdered epoxy resin
matrix of the Bisphenol-F type''. There is a study
on composites made of an aromatic polydisulfide
resin matrix filled with expanded graphite (EG) at
varying expansion ratios that conduct electricity'2.
The multiwalled carbon nanotubes (MWCNTS)
and graphite powder with polypropylene resin
matrix nanocomposite, which were produced by
compression molding, were used to form bipolar
plates. For these polypropylene composites,
single fuel cell stack integration and performance
experiments were carried out and reported'®'. Using
a simple hot pressing technique, polyphenylene
sulfide and graphite composites for bipolar plates
were created, and their mechanical and electrical
characteristics were evaluated'. Based on the
literature research, it appears that the carbon
polymer composite is a good option and a reliable
replacement for the bipolar plate. The US DOE's
(Department of Energy) recommended objective
values for mechanical and electrical conductivity,
however, are seldom met by them. Therefore,
mechanical attributes like hardness, tensile strength,
flexural strength, and compressive strength, along
with dielectric properties, are examined in relation to
the effects of adding graphite to rooflite unsaturated
polyester resin in order to create a rooflite resin
graphite composite.

EXPERIMENTAL

Reagents

Roof lite unsaturated polyester resin,
accelerator, and catalyst, were acquired from
S. R. Resins in Coimbatore, Tamilnadu, India.
Fig. 1 illustrates the synthetic process of creating
this resin, which involved condensing propylene
glycol, monoethylene glycol, phthalic anhydride,
and maleic anhydride at 230°C. The resultant solid
60% is dissolved in 10% methyl methacrylate and
diluted with 30% Styrene to decrease the viscosity
of the medium. In Fig.1. the synthetic process
is displayed with cross link formation between
unsaturated polyester chains with either styrene
or methyl methacrylate. The technical data sheet
for the finished product states that Roof Lite resin
has an acid number of 24.0+4.0 mg KOH/g, a
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viscosity of 550+100 CPS, and a gel time of 16-24
minutes. 0.2% cobalt naphthanate (6% Co content)
was used as an accelerator, and 50% methyl ethyl
ketone peroxide (MEKP) combined with hydrogen
peroxide catalyzed the resin's gelling process. Loba
Chemicals Private Limited in India supplied extra
pure fine powder graphite (98%).

Preparation of Roof lite resin/graphite composites

The composites are made by combining the
desired amount of the roof lite resins with cobalt nano-
phthalates (1 mL for every 100 g of the resins) and
graphite powders in a mechanical agitation process.
The dispersion was ultrasonicated for 1 h at room
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temperature, degassed, and the required amount
of initiator, methyl ethyl ketone peroxide (MEKP)
(1 mL per 100 g of resin), was added and rapidly
stirred without the formation of air bubbles before
being poured into the glass mold. Before pouring the
dispersion into the glass mold, the inner surface of
the glass plate of the mold was coated with mansion
wax polish. The composite was poured into the glass
mold, allowed to cure for 24 h at room temperature,
and then post-cured for 2 h at 80° to 90°C in a hot air
oven. Ultimately, the heated mold was permitted to
reach room temperature, dried, and the mixture was
extracted from the glass mold. Table 1 displays the
percentage of graphite added to roof lite resin.
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Fig. 1. Synthetic process of roof lite unsaturated polyester resin
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Table 1: Percentage of graphite
in samples under this study

Sample code Wt. % of graphite added
C1 0
c2 1
C3 3
C4 5
Methods

The synthesized pure and composite
resin plates were tested for hardness. Rockwell
cum Brinell Hardness testing machine (M/s Saroj
Engineering Udyog PVT LTD, Jaysingpur) was
used for testing hardness. The following are the
specifications of the machine. The hardness
scale chosen in this machine for this study is of
category L, which is normally used to test polymeric
materials. The ball indentor used for testing the
hardness of the samples under study is %4”, which
indicates that this ball indentor is capable of
creating an indent of diameter %4” on the surface
of plate specimens of samples tested for hardness.
The capacity of this machine is 60 Kg (f) which is
60 Kilogram force. Hardness values were
determined at three different points for each plate,
and the average of the three values was taken as
the actual hardness value of the plate.

The tensile, flexural, and compressive
strengths of pure rooflite resin and its composites
were determined by using the instrument, Tinius
Olsen—Model H50 KL with Horizon software. The
maximum load capacity of this instrument is 50 KN.
Fig. 2 illustrates the configuration that was used to
ascertain the tensile strength of pure rooflite resin
and its graphite composites. Fig. 3 depicts the
apparatus used to measure the flexural strength
of pure rooflite resin and its graphite composites.
The apparatus used to measure the compressive
strength of both pure rooflite resin and its graphite
composites is shown in Fig. 4. The strain rate
for both tensile and flexural strength tests is 1
mm/minute. The strain rate for the compressive
strength test is 0.5 mm/minute. The specimens
of pure rooflite resin and its composites, used
for tensile and flexural strength tests, were of
diminution of 100 mm length x 25 mm width.
whereas for compressive strength tests, square
specimens of the same samples of diminutions
25 mm x 25 mm were used.

Fig. 2. The configuration used to determine the tensile
strength

Fig. 3. The 3-point bend test apparatus used to measure
the flexural strength

Fig. 4. The apparatus used to measure the compressive
strength

The dielectric strength determination
comprises the following two parts. a). Determination of
breakdown voltage and b. Determination of dielectric
strength. The determination of breakdown voltage
at which the dielectric resin plates transformed to
conducting resin plates was noted as the breakdown
voltage, which was measured using high voltage
tester at voltages from 0 to 50000 generated by
an alternating current (AC) transformer. The unit
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of breakdown voltage is volts (V). The dielectric
strength can be calculated by using the formula.

The thickness of the plate used in this
formula was the average of thicknesses measured at
three different points on the surface of the composite
plate. The unit of dielectric strength is V/mm.

RESULTS AND DISCUSSION

Hardness analysis

One way to think of hardness is as a
measurement of how much plastic deformation a
material can withstand when subjected to external
stress. Particle reinforcement, such as graphite, boosted
the material's resistance to plastic deformation, thereby
increasing its hardness'®. It has been observed that
increasing the reinforcement materials concentration
and subsequently the Cuffler fiber armament allowed
the material's hardness to increase'.

Since the measurement of hardness
belongs to the surface of the composite material, and
it is a surface property. The findings show that sample
hardness values are rising in tandem with a raise
in the fractional fraction of the supported particles,
such as graphite. If the particles are small and the
homogeneous distribution is distributed evenly
throughout the matrix will increase the hardness of
the composite'. Particle sizes have an impact on
hardness values because they are used in small a
quantity when compared with matrix resin material,
which makes it easier for the particles to penetrate
the base material'”. The filler material like graphite
which is a solid material is added to the liquid resin
to produce the composites. Since the composites
are prepared by mixing liquid resin with a small
percentage of filler material, the viscosity of the
medium will increase gradually. This will permit the
graphite particle to penetrate the resin matrix evenly
to occupy the interstices present in the resin matrix.
If the concentration of filler graphite percentage
increases, there is an increase in the viscosity of
the medium which will hinder the even distribution
of the filler. Due to the increase in the viscosity of
the medium, the penetration of the filler in the resin
matrix is difficult, which leads to agglomeration of
graphite filler, which in turn reduces the hardness
of the synthesized composites.
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Table 2: Hardness determination results for
roof lite resin and its graphite composites

Sample Code  Trial 1 Trial 2 Trial 3 Average Unit (L)
C1 431 43.6 43.2 43.30
c2 53.4 53.4 53.8 53.53
C3 74.7 74.9 74.5 74.70
C4 84.1 84.8 84.6 84.50

The hardness of pure roof lite resin and its
graphite composites was measured using a Rockwell
cum Brinell hardness testing machine as a function
of graphite content and the results are given in
Table 2 and in Fig. 5. From this figure it is clear that
the hardness of the roof lite—graphite composites
are higher than that of pure roof lite resin. More
increasing % of graphite as filler content will increase
the hardness of all the synthesized composites. The
concentration of graphite used in this study may be
below the optimal level which will hinder the even
distribution of the filler. One possible explanation for
the enhanced hardness properties of graphite could
be its large surface area'. A material's hardness
may be correlated with its intermolecular relationship
particularly those between the filler and the polymer
matrix. Therefore, the more uniform the dispersion
of graphite in the polyester matrix, the higher the
hardness?°. Another reason for increasing the
hardness of the polyester composites due to the addition
of graphite to the polyester matrix, the "interlocking
mechanism" with the graphite powder promoted and
obstructed the movement of the polymeric chains. Thus,
the composites offer greater resistance against external
indentation via the hardness tester apparatus, leading
to increased hardness measurements?'. In this study
composite's hardness values were elevated. It may
be the result of an even dispersion of graphite within
the polyester matrix. The even dispersion of graphite
assists in avoiding deformation when subjected to
external loads?.

Fig. 5. Hardness test results of roof lite resin and its
composites
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Tensile strength

In order for synthetic composite plates used
as bipolar plates to withstand the high clamping
force of stacking and vibrations during automotive
applications, they need to have acceptable
mechanical properties?*24. The tensile test was
used to determine the amount of force needed to
stretch and elongate the composite until it reaches
the break point. Tensile tests were conducted on
both the neat polymer and all of the synthesized
roof-lite-graphite composites. Typical stress-strain
curves obtained for tensile strength determination
measurement are shown in Fig. 6. The curve derived
for pure rooflite resin in Fig. 6(a). exhibits a linear
deformation behavior, wherein the stress increases
to a maximum value that indicates yielding before
to fracture without plastic deformation?52627, As can
be observed in Fig. 6(b), the curve produced for
the rooflite-graphite composite exhibits nonlinear
deformation behavior. These curves have a plateau
between initial and the final.

Fig. 6. Tensile strength analysis—Stress Vs Strain graph for
roof lite resin and its composites a) Pure rooflite resin b)
Rooflite-graphite composites raise

These curves show that all of the specimens,
both with and without graphite filler, exhibited brittle
behavior. Nevertheless, the strain acquired by all
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the specimens under examination were around
10.4% at the moment to exhibit brittle behavior,
regardless of the samples. The graphite reinforced
composites exhibit a bilinear response, according
to the experimental results. It is evident that the
qualities of the filler utilized affect a composite's
mechanical properties. As observed in the current
study, the tensile strength of all composites was found
to be lower than that of pristine rooflite resin®. The
interfacial contact between graphite and the polymer
matrix is essential for improving the mechanical
characteristics of graphene composites®. However,
in this work, the inclusion of graphite filler results in a
reduction in tensile strength, which can be attributed to
inadequate graphite interaction within the rooflite resin
matrix. J. A. Pandit et al., also offered the argument
that the creation of an interfacial connection between
the graphite and the rooflite resin matrix may be the
cause of the drastic decrease in tensile strength.
Moreover, the graphite filler can impede the polymer
chains' ability to move. As a result, the composites
shatter instead of dissipating the externally supplied
mechanical energy, which lowers their tensile strength
value®. The clustering of the graphite particles causes
periodic local stress concentration, which affects the
polymer's inclusive strength®'.

Fig. 7. Tensile strength analysis results for
roof lite resin and its composites

The findings indicate that the tensile
characteristics of the neat rooflite were lowered by
76.2% (from 35.2 MPa to 8.37 MPa) upon the addition
of 1wt% graphite. This decrease may be explained
by the fact that graphite is a brittle substance and
that the composite becomes more brittle when it is
included into the roof lite resin matrix. The tensile
strength reported for general purpose unsaturated
polyester resin (GPR) is 42.25 MPa®. In the GPR
resin synthesis, the unsaturated polyester sold mass
is dissolved in 33 + 2% styrene monomer. The styrene
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is used as solvent for dissolving unsaturated polyester
and act as a cross linking agent. In this study, instead of
GPR, rooflite resin is used. The unsaturated polyester
sold mass is dissolved in 10% methyl methacrylate
monomer and 30% styrene monomer during the roof
lite resin manufacturing. Here, methyl methacrylate
and styrene monomers work together to serve as
both a solvent and a cross-linking agent. In this
instance, 35.2 MPa is the measured tensile strength
for pure rooflite resin. There is a 16.7% decrease in
tensile strength when compared with GPR. It may be
attributed that the decrease in the tensile strength
may be due to the addition of methyl methacrylate
monomer. The difference in the molar masses and
structures of styrene and methyl methacrylate, may
affect the cross linking behavior of the roof lite resin.
There by the mobility of the polyester chain may be
further restricted. When graphite filler is adds to pure
roof lite resin, the graphite distribution in the resin
matrix may be affect by the different cross linked
patterns is the reason for reduction of tensile strength
of the roof lite—graphite composites. Suresha et al.,
investigation on the impact of micro/nano particles
on the mechanical and tribological characteristics
of polymer composites revealed a similar pattern3.
The increasing the concentration for 1% to 3% or
5% of graphite as filler in the roof lite composite will
further reduce the tensile strength and increase the
brittleness. Tensile strength values for composites
with graphite contents of 3% and 5%, respectively,
were determined to be 7.68 MPa and 7.45 MPa for
C3 and C4 respectively. The increased concentration
of stress regions and the decreased bonding between
the matrix and filler are the reasons for this increased
brittleness. Higher graphite concentration causes
agglomerates to form, which aid in the development of
air bubbles and micro cracks when there is a greater
interfacial distance between the filler and matrix.
Furthermore, if fractures emerge in the composite,
the graphite micro particles may function as barriers,
making the fracture brittle and producing a less
convenient crack route.

Elongation

The tensile analysis findings of the pure
resin and its graphite composites demonstrate the
elastic properties of the resin and its composites.
The elongation at break will give an idea about the
material's elastic nature. High values of elongation
at break are often a sign of a very elastic material.
The material becomes more brittle, and the matrix
loses its elastic characteristics when graphite filler is
added. According to the analytical results displayed

in Fig. 7., elongation at break (%) steadily decreases
as filler loading increases. The stiffening of the
polymer matrix by the filler is the root cause of the
decrease in elongation at break. When the quantity
of filler is increased further, a substantial physical
link between the filler particles forms, which reduces
molecular mobility. This may make the polymer chain
stiffer, which would reduce the elongation at break.

Flexural strength analysis

The 3-point bend test according to ISO
178 is used to calculate flexural strength using
the Tinius Olsen Model H50 KL with Horizon
software. Every flexural test is carried out at room
temperature with a fixed strain rate of one millimeter
per minute. The stress-strain curve for pure rooflite
resin is first displayed in Fig. 8(a). In the Fig. 8(b).,
represents stress-strain curve for rooflite-graphite
composites. From the flexural analysis illustrates
that a maximum flexural strength of 78.7 MPa was
produced by pure rooflite resin with designated
sample code C1, whereas rooflite resin-graphite
composites with designated sample codes C2 to
C4 achieved flexural strength values lower than
those of pure rooflite resin. The flexural strength
of composite designated as C2 which contain 1%
graphite has 26.1MPa. This decrease might be
accounted for by the filler material's high hardness®.
This reduction may also be explained by the fact
that, the filler is uniformly distributed throughout the
polymeric matrix of the composites, which results
in high stiffness®2. This shows that in order to
allow mechanical stresses to be passed between
the two components, moderate filler amounts are
necessary. The composite known as C3, which
contains 3% graphite, has a flexural strength of 31.1
MPa. Good contact between the filler particles and
the polymer matrix, as well as the increased rigid
characteristics of graphite relative to the polymer
matrix, are responsible for the increase in flexural
strength. The flexural strength of the composite
known as C4, which contains 5% graphite, will drop
to 20.3 MPa with a further increase in filler. As the
filler quantity increased, the flexural strength began
to decrease. It is possible to presume that there is an
increase in interfacial adhesion between the filler and
matrix, which decreases as the filler concentration
increases due to the formation of agglomeration. This
filler aggregation and agglomeration increases the
amount of voids, which may result in microscopic
flaws®®. Due to the aggregation of filler in the matrix
lead to increase in microscopic structural defects
that reduces the performance. It is important to
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mention that the flexural strength is higher than that
of tensile strength. It is because the whole volume
of material experience uniform stress while 3-point
bend test is performed®. The mechanical properties
of rooflite resin composites varied in this work, which
is consistent with other research that demonstrated
that adding more carbon filler to the polymeric matrix
enhanced the mechanical properties and adding
even more carbon filler decreased the mechanical
properties of the polymer composites3®3°40. To
confirm the mechanical property, the samples
developed with the same proportion are tested with
flexural strength. In the axial loading, the sample with
graphite particle dispersion (3%) has high strength
compared to other compositions*'. When there is
an increase in the dispersion of graphite particle (in
the matrix), the brittleness increased. Corresponding
fractured surfaces are observed with the help of
electron microscope to study. The resin matrix is
pulled and detached in the plain composite material.
The graphite particle may have super conducting
nature and high surface bonding strength. However,
while applying the mechanical load, it is does not
have superior modulus to resist shear or tear, hence
leading to fracture with brittle nature.

Fig. 8. Flexural strength analysis—stress Vs strain graph
roof lite resin and its composites a) Pure rooflite resin
b) Rooflite—graphite composites

Fig. 9. Flexural strength analysis results for roof
lite resin and its composites

Elongation

Elongation at break (%) increases for
composites designated as C2 and C3, and decreases
for composite designated as C4, as per the results
shown in Fig. 9. The reduction in elongation at break
is mostly caused by the filler hardening the polymer
matrix. It could be explained by the fact that as
the filler particle concentration is raised, a strong
physical link forms between the particles, reducing
molecular mobility. This might minimize the elongation
at break by stiffening the polymer chain. Numerous
investigations have demonstrated that improving
a polymer matrix's mechanical characteristics is
achieved by adding carbon filler. However, there is a
decrease in the elongation characteristic beyond a
particular filler level, which is dependent on certain
matrix-filler systems*2.

Good mechanical qualities are necessary
for synthetic composite plates used as bipolar plates
in order to survive vibrations and the high clamping
strength of mounting in automotive applications.
Flexural strength of at least 25 MPa is necessary
for a composite to be a bipolar plate, which is one
of the many crucial parts of the Proton Exchange
Membrane (PEM) multifunctional fuel cell. Based
on the findings of this study, it can be concluded
that the composite C2 & C3 has a flexural strength
greater than 25 MPa. These two plates can therefore
be considered as bipolar plates.

Compressive strength analysis

Using Horizon software and the Tinius
Olsen Model H50 KL, the compressive strength
was ascertained. At room temperature, each
compressive test is conducted at a constant strain
rate of 0.5 millimeters per minute. First shown in



SUBBAN et al., Orient. J. Chem., Vol. 40(3), 815-828 (2024) 823

Fig. 10(a) is the stress-strain curve for pure rooflite
resin. The stress-strain curve for composites made
of rooflite and graphite is shown in Fig. 10(b). The
computed compressive strength and total elongation
for pure rooflite resin and its graphite composites are
displayed in Fig. 11. According to the compressive
analysis, pure rooflite resin with sample code C1
produced a maximum compressive strength of
70.5 MPa, while composites of rooflite resin along
with graphite with sample codes C2 through C4
produced compressive strength values that were
lower than those of pure rooflite resin. The reason
why 100% rooflite resin has a greater ultimate
strength in compression testing is because it is a
solid, hard polymer that weakens as the filler fraction
increases along the specimen's cross section. The
composite known as C2, which contains 1% graphite,
would exhibit a 74% fall in compressive strength to
18.4 MPa when compared to pure rooflite resin.
The increased hardness of the filler material might
be the cause of the drop'®. The size of the graphite
particles also affects how drastically rooflite resin
graphite composites' compressive strength varies.
The compressive strength of the composites
increases as the filler graphite content reaches 3%,
and drops when the filler concentration reaches 5%.
The compressive strength of the composites C3 and
C4, which contain 3% and 5% graphite, respectively,
is 41.4 MPa and 32.9 MPa. But according to the
data depicted in Fig. 11, when compared to pure
rooflite resin, the total elongation at break (%)
rises for composites labeled as C2 and C3, and
falls for composite designated as C4. Perhaps the
initial increase in compressive strength was due to
the complete dispersal of graphite filler in rooflite
resin matrix that allowed uniform distribution of
applied compressive load to the dense composite
specimen. A possible explanation for the decline in
compressive strength of rooflite resin composites
with an increase in the %weight of graphite is the
inadequate dispersion of the graphite filler within
the rooflite resin matrix. Higher filler graphite
concentrations might generate fine agglomerates
and less bonding between the filler and matrix
materials, which lessens the uniform distribution of
compressive force*®. Compared to other composites
with designations C2 and C4, the C3 rooflite resin
composite has the maximum compressive strength,
making it a material appropriate for use in practical
situations where the selected material must be able
to handle significant compressive stresses.

Fig. 10. Compressive strength analysis—stress Vs strain
graph roof lite resin and its composites a) Pure rooflite
resin b) Rooflite-graphite composites

Fig. 11. Compression strength analysis results for
roof lite resin and its composites

Dielectric properties
Determination of dielectric strength of rooflite
resin and its graphite composite plates

The highest voltage that an insulating
material can tolerate before experiencing electrical
breakdown, at which point it is electrically
conducting, is known as its dielectric strength.
The electrical stress that an insulating material
experiences is caused by the applied voltage.
An insulating substance's breakdown voltage
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is the highest applied voltage that results in
electrical breakdown of the material. An insulating
material undergoes electro-thermal breakdown
at higher breakdown voltages as a result of
increased leakage current, heat dissipation, and
local temperature rise. The breakdown process
is irreversible, catastrophic, and caused by an
electrochemical collision and corrosion working
together. The material near the two test electrodes
is punctured and decomposed by the breakdown,
which causes an electric spark to be generated
that pierces the material's weak areas and is
known as the "treeing effect"+4%. Placing one or
more barriers between the two test electrodes,
either butting or overlapping, lengthens the time
it takes to reach the breakdown voltage and slows
the spread of the electrical tree that results from
the treeing effect*.

An inherent and crucial characteristic of
insulating materials used in the electrical industry,
energy storage devices like capacitors, and thin
films in high-speed digital electronic circuitry is their
dielectric strength. Improved insulation qualities
and increased electrical resistance of an insulating
material are correlated with higher dielectric strength.
A few key characteristics of dielectric or insulating
materials are resistivity, which is the resistance to
the flow of electric charge, arc resistance, which is
the resistance to the flow of electric charge on the
surface or through thickness, dielectric strength,
which is the maximum voltage before electrical
breakdown occurs, dielectric constant, also known
as permittivity, which is the ratio of a material's
capacitance to its capacitance of vacuum, indicating
how good a dielectric capacitor a material is, and
dissipation factor, which is the potential to release
thermal energy generated as a result of applied
electrical energy.

Table 3: Breakdown voltage and dielectric strength
determination of Rooflite resin and its graphite

composites
Sample code Graphite Breakdown Dielectric
(%weight) voltage (V) strength (V/mm)
C1 0 16,500 4342.10
c2 1 16,000 4597.70
C3 3 15,000 4297.99
C4 5 18,100 4444 .44
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Fig. 12. Breakdown voltage and Dielectric strength
for rooflite resin and its composites

The dielectric strengths of pure rooflite
resin and its synthesized composite plates were
measured; the findings are shown in Table 3 and
Fig. 12. When comparing the breakdown voltage of
rooflite resin composites with the designations C2,
C3, and pure rooflite resin, the voltage dropped as
the proportion weight of graphite increased from 1%
to 3% , as shown in Fig. 12. But when the graphite
weight is increased to 5%, it hits its maximum. The
dielectric strength of the rooflite resin composites
named C2 and C4, rose while the composite called
C3 decreased when compared to that of pure rooflite
resin. The composite material identified as C1 for
dielectric strength and C4 for breakdown voltage
were the highest values attained by the rooflite
resin composite. The material becomes electrically
conductive and least resistance at its lowest
dielectric strength value. The distance between
interfaces, also known as the inter-layer distance,
increases when there is less density in the polymeric
matrix and less graphite filler present. This results
in an enhanced flow of electric charge between
the two test electrodes at high electric stress, as
demonstrated by the pure rooflite resin designated
C24. Rooflite resin composite C2 has the maximum
dielectric strength and may be chosen as an electrical
insulator. The dielectric strength and the breakdown
voltage hits its maximum when the graphite weight
is increased to 5%. According to percolation theory,
high dielectric constant can only be obtained at
filler loadings very close to the threshold*. The
filler loading level required to reach high dielectric
constant in graphite composites is much lower than
that of composites, which enables the graphite
composites to possess good mechanical properties.
It was observed that as the graphite percentage
increases a good number of graphite aggregations
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were seen in the composite. The dielectric strength
of graphite composites is a function of filler loading.
The dielectric properties of graphite composites
are strongly dependent on the particle size and
aggregate structure of the graphite. The dielectric
strength of graphite composites is attributed to three
effects, i.e. the dispersion of graphite, the polarization
effects between isolated graphite aggregates, and
the anomalous diffusion within aggregates. In the
presence of an electrical field, the charges move
inside the graphite aggregates according to the
direction of the electrical field in each half cycle and
the charges accumulate in the interfacial boundaries
between graphite aggregates and the resin, and a
dipole moment is imparted to a whole cluster for an
isolated which account for the high dielectric strength
of the composites.

CONCLUSION

The synthesized pure and composite resin
plates were tested for hardness. The tensile, flexural,
and compressive strengths of pure rooflite resin
and its composites were determined. Among the
unsaturated polyester resin composites prepared
with 1,3 and 5% of graphite composite that contains
between 1% and 3% graphite exhibited optimum and
desirable characteristics and would work well as a
bipolar plate. The hardness of the roof lite — graphite
composites are higher than that of pure roof lite
resin. More increasing % of graphite as filler content
will increase the hardness of all the synthesized
composites. The tensile strength of all composites
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was found to be lower than that of pristine rooflite
resin and exhibited a bilinear response. Also the
elongation at break (%) steadily decreases. The
flexural strength values lower than those of pure
rooflite resin and elongation at break (%) increases
for composites containing 1 and 3% graphite and
decreases for composite with 5% graphite. A similar
trend was observed when compressive strength
was determined. But, compared to other composites
with designations C2 and C4, the C3 rooflite resin
composite has the maximum compressive strength,
making it a material appropriate for use in practical
situations where the selected material must be able
to handle significant compressive stresses. With
respect to the dielectric strength while comparing the
breakdown voltage of rooflite resin composites with the
designations C2, C3, and pure rooflite resin, the voltage
dropped as the proportion weight of graphite increased
from 1% to 3%. Rooflite resin composite C2 has the
maximum dielectric strength and may be chosen as
an electrical insulator. Based on these findings, we
suggest that a composite that contains between 1%
and 3% graphite would work well as a bipolar plate.
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