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A thermal gravimetric analyzer analyzed the thermal adsorption properties of developed composites with the temperature range of
28°C-650°C at a 20°C/min constant heat flow rate. The epoxy hybrid composites were synthesized using natural jute/sisal fibre
hybridized with the addition of synthetic E-glass fibres at 0-degree, 0/90-degree, and intralaminar orientations through the wet
filament-winding process. The effects of orientations on tensile, flexural, and impact strengths of epoxy hybrid composites were
studied using ASTM D3039, D790, and D6110. The evaluated results were compared, and the epoxy hybrid composite
containing intralaminar orientations found better thermal stability with reduced weight loss at 650°C. Similarly, the test result for
mechanical studies of the hybrid composite showed superior tensile, flexural, and impact strengths. The epoxy hybrid composite
with intralaminar orientation was found to have a maximum tensile, impact, and flexural strength of 61.91 MPa, 770.61 J/m, and

83.90 MPa, respectively.

1. Introduction

The polymer matrix hybrid composites are prepared with
natural and synthetic fibre grouping, facilitating good tough-
ness, high strength, better thermal stability, and high corro-
sion resistance compared to conventional plastic materials.
The interfacial bonding strength between the fibre and
matrix mainly depends on the enhancement of the compos-
ite. More than one reinforcement fibre makes an effective
hybrid composite with superior performance applied to var-
ious engineering applications [1-6]. The hybrid composites
are cheaply prepared with natural and synthetic fibres [7,
8]. The hybridization composite can achieve the desired spe-
cific properties with the appropriate selection of natural and

synthetic fibres. The applications of hybrid composites have
increased in recent years in the fields of structural engineer-
ing, construction, sports, and defence [9-15].

Natural fibres are the best alternative for conventional
artificial fabric fibres bonded with a poly material that is
high strength, nontoxic, renewable, and eco-friendly [16,
17]. Moreover, the ecological behaviour of natural fibres
facilitates low density and better damping capability in com-
bination with glass fibres [18]. The epoxy composite was
hybridized with jute/sisal fibre via the conventional tech-
nique to find the composite’s increased tensile strength
which had an increase of 77% when compared to the non-
reinforced jute composite [19]. The water absorption and
mechanical performance of the sisal/stalk fibre hybrid
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composite were evaluated based on ASTM standards. The
results found that the tensile and flexural strengths of the
composite were enhanced by 20% and 49.5%, respectively.
The effect of water absorption was limited by adding sisal
fibre [20]. The hybridization effect of the hybrid composite
was enhanced using different jute/banana fibres that showed
high flexural, tensile, and impact strengths and good thermal
stability at 50 wt% of jute/epoxy [21].

The polymer composite was developed with jute and
glass fibres via the conventional technique. The results
showed that jute and glass fibre combinations showed better
mechanical characteristics and good thermal behaviour [22].
The different volumes (30-50) of a banana/pineapple/glass
fibre-reinforced hybrid composite were studied for their
mechanical and thermal characteristics. The composite com-
posed of 40vol% showed better mechanical performance,
and TGA analysis revealed that the composite has optimum
thermal adsorption compared to others [23]. The effect of
sisal fibre on jute-reinforced thermal and mechanical prop-
erties of the epoxy hybrid composite was evaluated. The
experimental results showed that the presence of the sisal
fibre in the epoxy composite results in superior thermal
properties like high-storage modulus and limited weight
loss. The mechanical strength is higher than in the ordinary
jute fibre-reinforced epoxy composites [24]. The polypropyl-
ene composite was prepared with glass/sisal fibre, and its
thermal characteristics were studied via TGA. The decom-
position ratio at higher temperatures limits the thermal
adsorption properties of the polypropylene composite. This
is due to the incorporation of the glass fibre as part of
hybridization with the composite [25]. Researchers synthe-
sized the hemp fibre-bonded polymer matrix composite via
the conventional technique. Hemp fibre in the polymer
matrix resulted in good thermal properties compared to
the polymer matrix composite without hemp fibre [26].

Similarly, other researchers reported that the thermal
conductivity of the polymer matrix composite was enhanced
by the presence of hemp fibre [27]. Moreover, the E-glass
fibre-reinforced epoxy composite showed better thermal
behaviour and enhanced thermal stability between 25°C
and 1000°C [28]. The present research investigates enhanc-
ing the thermal adsorption and mechanical properties of
epoxy hybrid composites bonded with different orientations
of natural jute/sisal/E-Glass fibres. The impacts of the exper-
imental results of different orientations on thermal adsorp-
tion and mechanical performance are compared. Finally,
the enhanced value of the composite sample is recom-
mended for insulator applications.

2. Materials and Methods

Epoxy resin and hardener are chosen as the base polymer
resin matrix. The continuous natural jute/sisal is considered
the reinforcement fibre, and synthetic E-glass fibre is the
choice for hybridizing the epoxy/jut/sisal fibre composite.
However, natural jute/sisal fibres have higher stiffness, low
density, and good thermal properties [21, 22]. The sisal fibre
constitutions in the epoxy composite hybridized with E-glass
fibre result in increased mechanical and thermal adsorption
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TaBLE 1: Physical, mechanical, and thermal properties of jute/sisal/
and E-glass fibre.

Fibre Density Tensile strength Elastic modulus corflgircrgiity
glcc MPa GPa W/mK
Jute 1.5 390-770 15 427.3
Sisal 1.29 570-710 22 0.205
E-glass  2.54 3400 72 0.03

characteristics [5, 9, 16]. The physical, mechanical, and ther-
mal properties of jute, sisal, and E-glass fibres are mentioned
in Table 1.

2.1. Fabrication of Jute/Sisal/E-Glass Fibre-Bonded Epoxy
Hybrid Composites. Figures 1(a)-1(c) illustrate the fabrica-
tion setup with a fibre mandrel wrap, epoxy resin pool,
and filament-winding robot arm. The continuous jute/sisal/
E-glass fibres were held separately using the fibre mandrel
wrap configured with a stepper motor. Similarly, the 60:40
volume fractions of the epoxy resin and hardness were
mixed uniformly in the wet filament resin pool container.
The individually wrapped continuous jute, sisal, and E-
glass fibres were dipped into an epoxy resin pool. The tipped
continuous fibres have been winded with the help of a robot.
Based on the specified orientations, epoxy hybrid composites
were developed.

Finally, the prepared epoxy composite was naturally
dried at ambient temperature. ASTM test standards shaped
the synthesized composites. All the fibres are formed via a
shuttle and part filament-winding axle as per (a) zero orien-
tation, (b) 0- and 90-degree cross-orientation, and (c) intra-
laminar model block diagram as shown in Figure 2.

2.2. Evaluations of Developed Composite Samples. The epoxy
hybrid composite was contained in a thermal gravimetric
analyzer that experimentally measured the jute/sisal/E-glass
fibre’s thermal adsorption and heat deflection properties at
a constant heat flow rate of 20°C/min. The developed com-
posite samples were evaluated based on ASTM standards.
The tensile and flexural strengths of the composite were
evaluated via an FIE-made UTM machine with a cross-
slide speed of 5mm/min according to ASTM D3039 and
ASTM D790. The IT-made Charpy impact tester measured
the impact toughness of the composite based on the ASTM
D6110 standard.

3. Results and Discussions
3.1. Thermal Characteristics Study

3.1.1. Thermal Adsorption Characteristics Study. The ther-
mal adsorption performance of hybrid composites is studied
with different fabric orientations, following Figure 2. The
composite was a 5 mm x 5 mm sample and kept in the ther-
mal gravimetric analyzer apparatus. During the thermal
gravimetric analysis, the temperature is varied from 28°C
to 650°C at a 20°C/min constant heat flow rate. Figure 3(a)
indicates the thermal adsorption-mass loss curve of a hybrid
composite with different laminates. The 0-degree orientations
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FIGURE 1: Actual fabrication setup of wet winding machine. (a) Fibres are placed in roving roller, (b) resin bath, and (c) filament-winding

robot arm with a fabric mat.
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Ficure 2: Different arrangements of fibre in epoxy composite: (a) zero orientation, (b) 0- and 90-degree cross-orientation, and (c)

intralaminar.
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FIGURE 3: (a) Thermal adsorption behaviour on mass loss of epoxy hybrid composites. (b) Heat deflection temperature of epoxy hybrid

composites.

of the jute/sisal/E-glass fibre-bonded epoxy hybrid composite
sample a show a significant decomposition rate with 20% mass
loss on more than 400°C, and the sample b (0/90-degree orien-
tation) epoxy hybrid composite shows a similar trend of the
decomposition rate with improved thermal stability at 25%
mass loss during examination at high temperature (more than
400°C). The materials degrade at high temperatures via mass
loss due to the volatility of the fabric material in epoxy
[23, 24]. It is observed from Figure 3 that the epoxy hybrid
composite with intralaminar orientation of sample ¢ shows a
minimum mass loss during the high thermal adsorption stud-

ies as compared to that of sample b. The decomposition due to
mass loss of the glass fibre is more significant than the decom-
position of natural fibre. However, all the composites are
shown with a downtrend inclination curve. The maximum
thermal stability was observed on the intralaminar composite
that is used as a good insulator for energy storage applications.

3.1.2. Heat Deflection Temperature. Figure 3(b) represents
the heat deflection temperatures of epoxy hybrid composites
using various fibre orientations of jute/sisal/E-glass fibre.
The heat deflection of the epoxy hybrid composite sample



a has a higher value of 65.21 +.09 o C/kg. The higher heat
deflection is due to the 0-degree orientations of the jute/
sisal/E-glass fibre being able to transfer a large amount of
heat, resulting in variations of the internal structure like
decomposition. The heat deflection of sample b is limited
by 11% compared to that of the epoxy hybrid composite
sample b. The most negligible heat deflection is 55.82 +
1.02 o C/kg found on epoxy hybrid composite sample c,
which is limited by 17% compared to sample a. The 0- and
90-degree cross-positioned fibre has to delay the heat trans-
fer and be stable at varied temperatures. However, the epoxy
laminate’s heat deflection depends on the selection of fibre,
orientations, and processing [24, 27]. Control of the thermal
behaviour is the primary reason for the thermal stability of
the E-glass fibre’s intraorientation. It may depend on ther-
mal aging and reinforced fibre processing [28].

3.2. Tensile Strength of Hybrid Composites. The
300 mm x 25 mm x4 mm test samples were evaluated based
on the ASTM D3039 standard using the UTM tensile test
machine with a 5mm/min cross-slide speed. The tensile
strength of the developed epoxy hybrid composite using
different fibre orientations of jute/sisal/E-glass fibre is shown
in Figure 4. The three trials from each sample (a, b, and ¢)
are considered for the tensile strength evaluation, and their
mean value is taken. It is noted from Figure 4 that the tensile
strength of the hybrid composite significantly varies due to
the orientations of the fibre in the epoxy matrix. However,
the fibre orientations are one reason for enhancing mechan-
ical properties [7-9]. The tensile strength of sample a is
found to be 48.12 + 1.78 MPa, and the tensile strength of
the composite is increased by 15.8% on the 0- and 90-
degree orientations of the fibre (sample b). The improve-
ment in tensile strength of the composite is due to the orien-
tations of the fibre and processing of the composite [24]. The
maximum tensile strength of 61.91+ 2.1 MPa is measured
on the intralaminar composite (sample ¢) fabricated with
the jute/sisal/E-glass fibre-bonded epoxy. It was the intrafab-
ric combinations that resist the maximum tensile load and
the tensile fracture. The maximum tensile strength was
enhanced by 28.65% compared to that of the sample a epoxy
hybrid composites as shown in Figure 4.

3.3. Flexural Strength of Hybrid Composites. Figure 5 depicts
an epoxy hybrid composite’s flexural strength with different
jute/sisal/E-glass fibre orientations. The flexural strength of
the epoxy hybrid composite sample a is 56.91 + 1.44 MPa,
and 77.85 + 1.40 MPa is obtained by the 0- and 90-degree
orientations of the jute/sisal/E-glass fibre-bonded epoxy
hybrid composite sample b. The improvement of flexural
strength is due to the adequate bonding strength between
the matrix and fibre, thus resisting the high tensile force.
The composite’s flexural strength may vary due to fibre com-
positions, laying method, and the second phase reinforce-
ment selection [11-13]. However, the flexural strength of
the composite has been related to the selection fibre and its
sequence [15, 16]. The flexural strength of the epoxy hybrid
composite sample ¢ synthesized using the jute/sisal/E-glass
fibre as the intralayer is found at a maximum strength of
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FIGURE 4: Tensile strength of epoxy hybrid composites.

90
80

70
60 -
50
40
30 4
20
10
0 1 T T 1
a b c

Sample

M Flexural strength in MPa

FiGure 5: Flexural strength of epoxy hybrid composites.

83.9 + 1.21 MPa. Flexural strength enhancement is mainly
attributed to the content of E-glass fibre presence in the
jute/sisal laminate. The intralaminate is one of the primary
reasons for the increased flexural strength of the composite.
One of the researchers reported a similar report while evalu-
ating a polymer composite bonded by natural fibre/E-glass
fibre [18, 19]. The highest flexural strength is found on the
intralaminar composite with good bonded structure. The
results revealed that the intralaminar composite flexural
strength is higher than the value of others. The flexural
strength of the intralaminar composite is increased by 47%
compared to that of the sample a epoxy hybrid composites.

3.4. Impact Strength of Hybrid Composites. The impact
strengths of the different orientations of the jute/sisal/E-glass
fibre-bonded epoxy hybrid composite are represented
Figure 6. Similar mechanical behaviour is observed in the
impact strength of the epoxy hybrid composite. The impact
toughness of the epoxy hybrid composite sample a is evaluated
as 560.78]/m, while the that of the epoxy hybrid composite
sample b is increased by 18.22%. The presence of natural jute
and sisal fibre is the primary reason for increased impact
strength, because natural fibres have naturally good toughness,
high energy-absorbing capacities, and high stiffness compared
to synthetic fibres [18-24]. The highest impact strength is
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FIGURE 6: Impact strength of epoxy hybrid composites.
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observed in Figure 6, in which the composite contains intrala-
minar orientations resulting in good impact strength of
770.61 £ 1.31 J/m and improved energy-absorbing capability
of 37.41% compared to those of sample a. This is due to the
effective layer having been enhanced in the laminar fabric.
Thus, the intralaminar-fabricated hybrid composite can with-
stand high-impact energy during the high-impact loading.

3.5. Density of Hybrid Composites. The densities of the dif-
ferent orientations of jute/sisal/E-glass fibre-bonded epoxy
hybrid composite are represented in Figure 7. It is observed
from Figure 7 that there are no significant variations found
on the epoxy hybrid composite. The density of the epoxy
hybrid composite sample a is found to be 1.7 +0.81 g/cc,
and 1.71 +0.78 g/cc is measured for the 0- and 90-degree ori-
entations of the jute/sisal/E-glass fibre-bonded epoxy hybrid
composite sample b. For sample ¢, minor variations of 1.11%
in its density were observed compared to sample a. The
minor variations in density are due to similar constitutions
but with changes in orientations.

4. Conclusions

The epoxy hybrid composite was successfully synthesized via
the wet filament-winding process using different orienta-

tions of the jute/sisal/E-Glass fibre, and its thermomechani-
cal behaviour was studied. The following conclusions are
mentioned:

(i) Consistent among the fabric orientations of the
epoxy hybrid composites, the intralaminar compos-
ite enhanced thermal adsorption and mechanical
properties

(ii) The density of the sample ¢ epoxy hybrid composite
is the least (1.72 g/cc)

(iii) The thermal gravimetric analysis of the thermal
adsorption properties of sample ¢ found that the
reduced decomposition rate due to mass loss of
the epoxy hybrid composite was less than 20% at
more than 400°C

(iv) The sample ¢ showed that the minimum heat
deflection is 55.82 +1.02 o C/kg and is limited by
17% compared to sample a

(v) The tensile, flexural, and impact strengths of the
epoxy hybrid composite sample ¢ is higher than
those of sample a and sample b. They were
improved by 28.65%, 47%, and 37.41%, respectively,
compared to the sample a epoxy hybrid composite

(vi) The enhanced sample ¢ epoxy hybrid composite is
recommended for thermal insulator applications
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