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Reinforcement of epoxy-carbon-Kevlar fabric composite with the addition of nanosilica
has resulted in the evolution of new hybrid polymer nanocomposite, which results in the
improved mechanical properties of polymer hybrid nanocomposite. The current
investigation concentrated on the dynamic mechanical behavior of unfilled and
nanosilica filled carbon-Kevlar-epoxy polymer composite with five and four layers of
carbon and Kevlar woven fibers respectively with epoxy matrix (5C4K). Nanosilica was
mixed into the epoxy at different weight percentages (wt.%) of 0, 0.5, 1.0, and 1.5. The
laminates were fabricated using the vacuum-assisted resin infusion moulding (VARIM)
technique. The dynamic mechanical properties, storage modulus, loss modulus, damping
factor (tan delta), and glass transition temperature was investigated using a dynamicmechanical analyzer at temperature ranging from 25 to 165 degrees Celsius. The test
specimens were prepared in accordance with the ASTM D4065 standard to investigate
dynamic mechanical analysis (DMA) of the hybrid polymer nanocomposite. The results
of the tested specimens for dynamic mechanical behaviors of carbon-Kevlar-epoxy
hybrid nanocomposites are very much influenced by the presence of nanosilica. The
storage modulus, loss modulus for nanosilica added hybrid polymer composites were
more than the unfilled ones and the damping factor (tan delta) was observed more in an
unfilled composite.
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1. INTRODUCTION

reinforced in a single matrix is referred to as a "hybrid polymer
composite", which provide a synergistic effect such as
enhanced mechanical properties. Hybrid composites offered,
strength and stiffness, reduced weight/cost, better fatigue
resistance, balanced thermal stability, fracture toughness,
impact resistance compared to mono fiber composite [6, 7].
Hybrid Polymer nanocomposites have received very much
attention from nanoscience academics and industries due to
their great physical, mechanical, and tribological properties.
The addition of nano-sized inorganic fillers such as silica,
titania, aluminium oxide, multiwall carbon nanotube,
halloysite, nanoclay has reformed the mechanical and physical
properties of the hybrid polymer composites extensively [817].
Nanosilica is white and comes in crystalline and amorphous
forms. Nanosilica is porous, has a large surface area,
containing several hydroxyl groups as well as unsaturated
residual bonds. The addition of nanosilica can enhance the
strength, flexibility and durability of polymers composite [1820].
The mechanical properties of polymer composites are
significantly influenced by manufacturing procedures. The
methods like hand layup, vacuum bagging method, vacuum
assisted resin infusion molding, autoclave are mainly used for
manufacturing the polymer composite. Among these methods,
the mechanical properties are found to be high in autoclave
method, but it is an expensive method of manufacturing. On
the other hand, vacuum assisted resin infusion molding

Polymer composites with nanofiller find extensive
engineering applications in aerospace, space, automobile,
marine, infrastructure, sports, oil and pipe industries due to
enhancement in mechanical, electrical and thermal properties
as compared with the conventional materials [1, 2]. These
properties of polymer composites still can be enhanced by
hybrid polymer composites with nanofillers. The selection of
matrix material and reinforcement material plays an important
role for the production of polymer composite material which
will have higher mechanical, electrical and thermal properties
than the conventional one.
The commonly used matrix material for the fabrication of
polymer composite is epoxy resin, which has low shrinkage
after curing, impact resistance, low weight, ease of
manufacturing and processing, excellent chemical resistant,
excellent adhesion, electrical resistant, and heat resistant
properties. Reinforcement of epoxy matrix with nanofillers
improves crack propagation resistance as well as the
thermomechanical properties of nanocomposites [3].
Fibers are a powerful strengthening material in polymer
composites. Carbon fibers has good properties like high
strength, high modulus, good electrical and thermal properties.
Kevlar fibers possess better properties like good impact
resistance, low density and good toughness. These fibers are
hydrophobic, the moisture absorption content is low [4-6].
A composite with at least two different types of fibres
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technique produces the polymer composite with similar
mechanical properties like autoclave in a reasonable cost of
manufacturing the polymer composite [17].
Certain factors like aging in the type of liquid, aging time,
type of polymer and reinforcement, curing rate of resin, filler
content and diffusion coefficients are very much influence for
the degradation of the polymer composite. The hybridization
of polymer composites provides good resistance to the
degradation of the properties as compared to normal
composites [6]. The flexural properties of hybrid polymer
nanocomposite having five layer of carbon and four layers of
Kevlar with addition of nanosilica with 0.5 wt.% to epoxy
matrix enhance the flexural properties as compared to unfilled
nanosilica [20].
Presently dynamic mechanical analysis is more
predominantly used to analysis viscoelastic properties, storage
modulus, loss modulus, damping factor (tan delta) and glass
transition temperature of the polymer composites. Dynamic
mechanical analysis entails applying an oscillatory force to the
test specimen to generate sinusoidal stress and strain. Which
provides complex modulus, with storage modulus as real part
and loss modulus as imaginary part. The real part corresponds
to elastic portion and imaginary part corresponds to viscous
portion of the polymer composite. The applied force leads in a
sinusoidal strain that lags the force applied by a phase angle,
and its measurement helps in finding the damping property of
the polymer composite. This test also provides a safe range of
working temperature with the help of the glass transition
temperature (Tg) of the material. These measurements form
the dynamic mechanical analysis help in assessing the
composite material's capability to recover from the
deformation and their damping property in the form of
dissipating the energy as heat, to a sinusoidal force as a
function of time and temperature. Also, the variations in the
viscoelastic properties of polymer composites allows for the
measurement of long-run changes that may take place in
polymer composite material structures subjected to raised
temperatures under the dynamic loading condition [21-23].
Sudarsharao [24] studied the addition of nanofiller graphite
for dynamic mechanical behavior of carbon-epoxy polymer
composite. The graphite filler was added in different wt. % 0,
2, 4 and 6. The presence of nanofiller influences the dynamic
mechanical behaviour of the polymer composite. The storage
as well as loss modulus increases as weight % of graphite
increases and the highest value of tan delta are observed in an
unfilled composite. Bommegowda et al. [1] The impact of
micro and nanofiller hybrids on the dynamic mechanical
behaviour of glass-reinforced epoxy polymer composites has
been investigated. The micro and nanofillers used in the
research work were aluminas, silica, graphite, silicon carbide,
molybdenum disulfide and cenosphere. The test results show
that the storage and loss modulus in the composites without
micro and nanofiller have a minimum value as compared to
those with micro and nanofiller. When hybrid cenosphere and
molybdenum sulphide fillers are added to a base epoxy
composite, the glass transition temperature rises by 2℃.
Muralidhara et al. [25] focused on the effect of graphene
nanoplatelets on dynamic-mechanical analysis of carbonepoxy polymer composites. The test results reveled that the
addition of graphene nanoplatelets influences storage modulus,
loss modulus, and damping factor (tan delta) as compared to
base composite. Ahmad et al. [26] studied the influence of
graphene nanoplatelets/glass-reinforced epoxy polymer
composite on dynamic mechanical analysis. The composite

laminates were fabricated by adding graphene nanofiller to the
epoxy matrix with 0.5 and 1.5 wt.%. The results revealed that
1.5 wt.% of graphene with glass-epoxy composite shows
better dynamic mechanical properties due better interfacial
bonding between the graphene nanofiller with epoxy matrix.
Present work investigating the significance of adding
different weight % 0, 0.5, 1.0 and 1.5 nanosilica into carbonKevlar reinforced epoxy polymer composite on dynamic
mechanical properties.
2. EXPERIMENTAL DETAILS
2.1 Materials
As reinforcement, 200 GSM and 220 GSM plain weave
(0/90o) carbon and Kevlar were employed. Epotec-YD535LV
epoxy resin, hardener TH7257C as a matrix material. The
nanosilica having average particle size of 30-50nm used as
nanofiller in the present work.
2.2 Composite fabrication
Table 1. Fiber stacking sequence were used in fabricating the
hybrid polymer nanocomposite laminates
Laminate
5C4K

Sequence of fiber
C/K/C/K/C/K/C/K/C

C: Carbon layer K: Kevlar layer
Figure 1. Fiber stacking sequence of 5C4K
Table 2. The Hybrid polymer nanocomposites with
nanosilica
Laminate
5C4K-NS0
5C4K-NS0.5
5C4K-NS1.0
5C4K-NS1.5

Laminates containing nanosilica wt.%
Laminate unfilled with nanosilica.
Laminate filled with 0.5 wt. % of nanosilica.
Laminate filled with 1.0 wt. % of nanosilica.
Laminate filled with 1.5 wt. % of nanosilica.

Hybrid polymer nanocomposites laminates were made up of
five and four layers of carbon and Kevlar woven fiber
respectively with epoxy matrix (5C4K), along with nanosilica
weight percents of 0, 0.5, 1.0, and 1.5. Table 1 and Figure 1
show the fiber stacking sequence used in the present research
work and Table 2 provides the polymer hybrid
nanocomposites employed in the current study. The mixing
ratio of YD535LV epoxy resin, and hardener TH7257C is
100:35 is used in the present fabrication process, as per the
standards recommended by the Epotec for resin infusion
technique [27]. The nanosilica was mixed with matrix material

142

by high-speed shearing method. Vacuum-assisted resin
infusion moulding (VARIM) technique was used to fabricate
the hybrid polymer nanocomposite laminates. The hybrid
polymer nanocomposite laminates were first cured at room
temperature for 24 hours before being post-cured in an oven at
80 degrees Celsius for 5 hours [20]. The ASTM D 4065
standard was used to prepare the DMA test specimens [28].

5C4K-NS0
5C4K-NS0.5
5C4K-NS1.0
5C4K-NS1.5

Storage modulus(MPa)
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DMA is popularly used technique to measure the
viscoelastic properties of polymer composite [21]. The
analysis was carried with DMA instrument ‘‘TA instruments
Q800’’. with the dual cantilever method. The samples were
prepared and the test was conducted according to ASTM
D4065 standard. The dimensions of the test specimens used in
the present work were 50mm x 10mm x 2.3mm. Initially, the
test samples were kept at an isothermal temperature for five
minutes, to achieve the thermal stabilization at 1Hz. The
viscoelastic properties were found by heating samples from
25℃ to 165℃, at frequency of 1 Hz with 4℃/min heating rate
and the flow rate of nitrogen 20 ml/min. The five test
specimens were tested and the mean values were considered
to discuss in the present work.
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Figure 2. Storage modulus of 5C4K with different wt.% of
Nanosilica

3. RESULT AND DISCUSSION

The enhance in storage modulus could be related to the
presence of nano silica, which increases the surface area
between fibers and epoxy, and the blending effect of nanosilica surface on the motion of the matrix molecular chain, as
well as the friction between them increased. As the
temperature starts increasing, the molecular motion also starts
to increase, which results in, loss of stiffness, hence reducing
the storage modulus of the polymer hybrid nanocomposite is
observed after the glassy region [24, 26, 29].

3.1 Storage modulus (E’)

3.2 Loss modulus (E”)

Storage modulus (E') is a measure of a material's elastic
response that indicates the material's potential to the store
energy elastically. The storage modulus curves for the hybrid
nanocomposite 5C4K with different wt.% 0, 0.5, 1.0 and 1.5
of nanosilica varying with temperature from 25℃ to 165℃ is
shown in the Figure 2. The storage modulus of the polymer
hybrid nanocomposites gradually decreases as the increase in
temperature. The polymer hybrid nanocomposites undergo a
three-phase change as the temperature rises, which can be
explained as a glassy, a transition, and a rubbery region [21].
Figure 2 is divided into three regions: the first glassy region,
which ranges from room temperature to 60℃, the second
transition region, which ranges from 60℃ to 110℃, and the
third rubbery region, which is above 130℃. It is observed that
from the Figure 2, the storage modulus is almost constant until
60℃, then starts decreasing. The decreasing curve indicates
that with an increase in temperature, the composites change
their state from glass to rubber region. The temperature at
which the storage modulus decreases give an indication of the
polymer hybrid nanocomposite's glass transition temperature.
This temperature represents the polymer hybrid
nanocomposite's transition from a glassy to a rubbery state, or
vice versa [1]. High storage modulus in the range of 7709 to
11546 MPa was observed in the glassy region for the polymer
composites, since the molecules are closely packed with a less
mobility. The storage modulus increases by the addition of
nanosilica as compared to unfilled composite. The highest
storage modulus was found in 0.5 wt.% of nanosilica addition
polymer hybrid nanocomposite as compared to 0, 1.0 and 1.5
wt. % nanosilica filled polymer hybrid nanocomposite. The
storage modulus trend in the polymer hybrid nanocomposites
is
as
follows
5C4K-NS0.5>5C4K-NS1.0>5C4KNS1.5>5C4K-NS0.

The loss modulus (E") is a measure of the polymer
composite's viscous response. Which mainly influenced by the
interfacial bonding between the matrix and fiber. With
temperature fluctuations, the loss modulus can be used to
determine the glass transition temperature (Tg). At Tg,
polymer hybrid nanocomposite changes its state from glassy
to rubbery region, and temperature at the peak of loss modulus,
corresponds to the temperature at which the glass transition
occurs (Tg) [1]. Figure 3 shows, loss modulus of polymer
hybrid nanocomposite for 5C4K with different wt.% of
nanosilica varying with temperature from 25℃ to 165℃.
From the graph, the loss modulus in polymer hybrid
composites is minimum at room temperature, as the
temperature rises the loss modulus also increases up to glass
transition temperature and then it starts to decrease. It has been
observed that the loss modulus for nanosilica filled composites
shows better values as compared to unfilled ones in the entire
temperature range. This indicates that the energy dissipation
capacity of the polymer hybrid nanocomposite increases with
the addition of nanosilica into the carbon-Kevlar-epoxy
polymer composite. The highest value of loss modulus of
1518.351 MPa was found in 0.5wt.% of nanosilica added
polymer hybrid nanocomposite due to strong interfacial
adhesion and the lowest 1084.763 MPa in unfilled nanosilica
composite. According to the graph, the loss modulus values
are nearly constant at lower temperatures, but after 60℃, until
the peak value, a steep increase can be seen. After reaching the
peak value, a sharp decrease is observed until the very low loss
modulus values which are maintained until 165℃. The loss
modulus trend in the polymer hybrid nanocomposites is
observed as follows 5C4K-NS0.5>5C4K-NS1.0>5C4KNS1.5>5C4K-NS0.
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Loss modulus(MPa)

factor results in higher energy dissipation capacity, the
addition of nanosilica to the polymer composite reduces the
damping factor results in lower energy dissipation capacity,
which means the addition of nanosilica to the polymer
composite acts like an elastic to store the load rather
dissipating it and also restrict the molecular movement during
the transition [30].
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3.4 Cole-Cole plot
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The Cole-Cole graph depicts the relationship between the
heat energy stored and dissipated by the viscoelastic material.
The cole-cole graph is based on the variation of loss modulus
to storage modulus. The graph depicts the homogeneous and
non-homogeneous properties of a hybrid polymer
nanocomposite structure. The polymer nanocomposite is
homogeneous with a well-dispersed nanofiller, if the ColeCole graph remains smooth and a semi-circular arc forms.
Conversely, the divergence from the semi-circular arc shape
to the irregular shapes indicates that the nanofiller has not been
dispersed uniformly, also an indication of the existence of
phase heterogeneity, phase segregation, and nanofiller
particles aggregation due to immiscibility [1].
Cole-Cole plot helps in analysing the structural changes in
the polymer nanocomposite due to the addition of nanosilica.
The nature of the polymer nanocomposite can be analysed
based on the shape of the curve. Figure 5 shows the cole-cole
plot for the polymer nanocomposite 5C4K with different wt.%
of nanosilica. The results reveal that, adding nanosilica to
epoxy reduces the imperfections in the polymer hybrid
nanocomposite, which can be observed in cole-cole plot. This
indicates that the interfacial bonding between fibers and epoxy
is enhanced due to the addition of nanosilica and also it
depends on the weight percentage of nanosilica.
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Figure 3. Loss modulus of 5C4K with different wt.% of
nanosilica
3.3 Damping factor (tan delta)
The damping factor, is the ratio of loss modulus to storage
modulus of a polymer composite. It is a method for
determining the energy dissipation of a material as well as its
energy absorbing capacity. Figure 4 depicts the fluctuation of
damping factor with temperature. Up to 60℃, the damping
factor (tan delta) is practically constant, then it begins to
increase, reaches a peak value at the transition temperature,
and then begins to decline. Which is the most common
behaviour of epoxy in the transition state. The value of the
damping factor is heavily influenced by interfacial bonding
and reinforcements. The glass transition temperature (Tg) can
also be computed by plotting the damping factor (tan delta) as
a function of temperature [1].
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Figure 4. Damping factor (tan delta) of 5C4K with different
wt.% of nanosilica

Figure 5. Cole-Cole graph of 5C4K with different wt.% of
nanosilica

From the graph, the higher value of tan delta was observed
in unfilled nanosilica composite and the lower value in 1.5
wt. % nanosilica filled composite. The tan delta peak, and the
lower values exibit, the non-elastic, and the elastic behavior of
the hybrid polymer nanocomposites respectively. The glass
transition temperature is considered at the peak point in the
curve, many researchers proposed which is the best way to get
the Tg [25]. The glass transition temperature and
corresponding damping factor for 5C4K-NS0, 5C4K-NS0.5,
5C4K-NS1.0, 5CK4-NS1.5 are 90.12℃, 89.13℃, 89.05℃,
89.44℃, and 0.327, 0.286, 0.279, 0.274 respectively. By
adding the nanosilica, the damping factor decreases. The
unfilled nanosilica polymer composite has higher damping

4. CONCLUSION
The dynamic mechanical behaviour of an unfilled and
nanosilica filled polymer hybrid nanocomposite containing
five and four layers of carbon and Kevlar woven fibre
respectively with epoxy (5C4K) was investigated in this study.
i)
In the glassy area, the storage modulus of the hybrid
polymer nanocomposites ranges from 7709 to 11546 MPa,
with the basic hybrid polymer composite having the minimum
value and the maximum value in hybrid polymer
nanocomposite contains 0.5 wt.% nanosilica.
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ii)
The highest value of loss modulus of 1518.351 MPa
was observed in 0.5wt.% of nanosilica filled composite and
the lowest 1084.763 MPa in unfilled nanosilica composite.
iii) Glass transition temperature and damping factor
values were greater in unfilled composites as compared to
nanosilica filled ones.
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