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Abstract: Natural fiber-reinforced epoxy composites have attracted the attention of researchers around the globe
owing to their inherent noble attributes such as eco-friendly nature, lightweight, and low cost. However, these
composites suffer from inferior mechanical properties and thus, continuous efforts are being made to improve the
mechanical properties of these composites. The present work focuses on the tensile and flexural properties of jute
(J)/glass (G)/carbon (C) fiber hybrid epoxy laminate composites in inter-ply and angle-ply configurations fabricated
using the conventional hand lay-up technique. The impact of stacking sequence and orientation of fibers on the
tensile and flexural behavior of epoxy laminate composite samples were evaluated. The results show that the hybrid
arrangement of JCGs composite laminate has excellent tensile and flexural properties compared to the GJCs
composite laminate at both 0° and 45°/-45° orientation of fiber layers. Therefore, it is possible to manufacture eco-
friendly hybrid epoxy composites with encouraging mechanical properties.

Keywords: natural fibers, carbon fibers, glass fibers, mechanical property, epoxy-resin based hybrid composite, stacking
sequence, fiber orientation.
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Introduction

The upliftment of the living standard of the human being is
closely related to the development of customized materials.
Nowadays, people’s interest has considerably increased in
epoxy-based composite material because of its better mechan-
ical properties like high tensile strength, lightweight, increased
surface hardness, high impact resistance, higher insulating
property, and reliability. Generally, natural fibers have lower
strength and are easily degradable but when it is mixed with
synthetic materials like epoxy, glass, and carbon fibers, the strength
of the material becomes greater.! Among the developed mate-
rials, composite materials are one of them. These materials are
composed of the combination of two or more distinct com-
ponents, made for obtaining properties that are different from
the properties of the individual components.” These materials
possess properties that may not be found in traditional poly-
meric materials, ceramics, and metal alloys. The classification
of the composite materials is done based on the usage of the
matrix (i.e. polymeric, metallic, and ceramics) and usage of the
reinforcement material used (i.e. fibers or particles).” Composite
materials are very much ideal for numerous engineering appli-
cations for their desired strength-to-weight ratio or stiffness-to-
weight ratio. The matrix and reinforcement traditionally used
are synthetic in nature. Epoxy resin is generally used as a most
common matrix for the fabrication of composite material.*®
Apart from the usage of synthetic resins, synthetic fibers are
also used as a reinforcement material for the development of
composite materials. However, following the practice of using
synthetic fibers as reinforcement with synthetic matrix, the
fabrication of composite materials is found to be less effective
in terms of cost and eco-friendliness. To overcome these chal-
lenges for developing cost-effective composite materials, hybrid
composites have been taken into consideration for obtaining
significant mechanical properties. The application of natural
fiber-reinforced composites is growing rapidly due to their
inherent properties of lightweight, easy availability, and envi-
ronment friendliness.” The combination of natural fiber with
synthetic fiber provides enhanced mechanical properties, hence
it is found to be a good alternative for reinforcement material.
The mechanical properties of the carbon-jute-glass fibers rein-
forced epoxy laminate composites can be enhanced by using a
combination of these reinforcement materials along with dif-
ferent stacking sequences.®*’ Sujon et al. collectively worked
on the placement of different layers of jute and carbon fiber in
different positions inside the composite and investigated exper-

imentally the change in tensile strength and flexural strength of
the material along with the change in stacking sequence.'
Velmurugan ef al. suggested that with the addition of glass
fiber in a glass fiber-based hybrid composite, there is a sig-
nificant enhancement in the mechanical properties of the com-
posite material.'’ Manikantesh ef al. studies have implied that
the fiber stacking sequence and orientation play an important
role in the tensile properties of the composite. In the case of
jute/glass/hemp epoxy-based composite, the maximum tensile
strength is obtained for the horizontal orientation of the jute
fiber.? El-baky et al. have investigated the physical exam-
ination of the mechanical behavior of hybrid reinforced com-
posites of jute, glass, and carbon fiber and pointed out that the
void content of composites decreases when jute-reinforced
composites are hybridized with glass and/or carbon fiber."
Pothan et al. have studied banana-glass hybrid composites and
found the overlay model or geometry of the composite has a
deep impact on the dynamic behavior of composites.'* Onal et
al. have studied the impact of stacking sequences on the
mechanical properties of Glass-Carbon hybrid epoxy composites
pre and post-impact.”® Jawaid et al. examined the mechanical
behavior of the hybrid jute-based composites with oil palm
fiber. It has been pointed out that the utilization of a hybrid
system was effective in enhancing the mechanical properties of
oil palm hybrid epoxy composite due to improved bonding of
the fiber-matrix interface.'®

The works of literature that are available point out that jute
fiber-reinforced composites are chiefly hybridized with glass
fibers.'” However, in the current research work, the jute fiber
is hybridized with carbon and glass fiber in the epoxy-resin
matrix. In this context, the major objective of this research is
to fabricate and study the new hybrid composite laminate by
the hybridization of jute, glass, and carbon fiber with help of
epoxy-resin at different stacking and orientation of fiber with-
out varying the fiber content. The effect of stacking sequences
and orientation of fibers on the tensile and flexural properties
have been investigated. The obtained mechanical properties for
the newly manufactured hybrid composite with environmen-
tally friendly attributes are best suited for a wide range of engi-
neering applications that are more economically and functionally
structured.

Experimental

Materials and Methods. Typically, composite laminates
are fabricated using the conventional hand lay-up technique.
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Figure 1. Surface texture photographs of (a) jute fiber (bidirec-
tional); (b) glass fiber (symmetric); (c) carbon fiber (symmetric).

For the fabrication of hybrid composite laminates, jute fiber
(bidirectional), carbon fiber (unidirectional), and glass fiber
(unidirectional) have been used as the reinforcement, and epoxy
resin as a matrix material. The glass fiber, carbon fiber, and
jute fiber have been provided by Vihan Techno Trade, Gujrat,
India. Epoxy resin matrix and corresponding hardener are sup-
plied by Herenba Instruments & Engineers, Chennai, India.
The surface texture of the fibers is shown in Figure 1. For the
fabrication of the composites, epoxy resin is mixed with a hard-
ener in a 9:1 ratio and cured at room temperature. The prop-
erties of the epoxy and fibers are listed in Table 1.
Sample Preparation. In a typical experimental procedure,
for the fabrication of composite samples S;, S,, S;, and Sy,
firstly the fibers were prepared and cut into the desired dimen-
sions & orientation i.e. 0° and 45°/-45°. The fabrication of the

Table 1. Properties of Fibers and Matrix Material'®

hybrid composite laminate structures is performed using the
conventional hand lay-up technique." Initially, the fibers are
manually placed in a layer-by-layer form on the galvanized
iron (GI) metal plate which was primarily coated with a mold
release wax.?” The brush is used to apply the mixture of epoxy
resin and hardener on the reinforcing material. The grade used
for the epoxy-resin matrix and hardener is LY556 and HY 590,
respectively.”’*? Furthermore, a hand roller has been used for
the even distribution of the mixture of epoxy resin and hard-
ener on the reinforcements to improve the interaction among
the fibers and the matrix and to achieve the required thickness
of the hybrid composite laminates.” After this, the curing pro-
cess was carried out in an open atmosphere for 48 h at room
temperature.”* After the curing process, the fabricated hybrid
composite laminates were removed from the metal plate. In one
case, laminate composites of 150x100x3 mm with glass fibers
at the top and bottom layers and jute and carbon fibers in the
intermediate layers have been fabricated for the inter-ply (fibers
are stacked at 0°) and angle-ply (fibers are stacked at an angle)
laminates. In another case, laminate composites with jute fibers
at the top and bottom layers and carbon and glass fibers in the
intermediate layers have been fabricated for the inter-ply and
angle-ply laminates. The fabricated laminate composites with
their designation, desired orientation, and composition (Wt%)
of fibers are illustrated in Tables 2 and 3. Also, the layering
arrangement of fabricated hybrid composite laminates has been
represented in Figure 2. The room temperature cured laminate

. Fibers (Natural & Synthetic) Matrix
Properties -
Jute (J) Glass (G) Carbon (C) Epoxy Resin
Density (g/cm’) 1.22 2.75 1.85 1.125
Young’s modulus (GPa) 17.2 75.5 263 1.26
Poisson ratio 0.37 0.252 0.288 0.342
Shear modulus (GPa) 7.1 3.25 102 1.25
Table 2. Designation of Composite Laminates with Corresponding Color Coding
Layer-1 G (0°) 1 (0°) J (45°) G (45°)
Layer-2 T (0°) C (0°) C (45°) J (45°)
Stacking sequence & Layer-3 C (0°) G (0°) G (45°) C (45°)
orientation of the
fabric layer Layer-4 C (0°) G (09 G (-459) C (-459)
Layer-5 J(0°) C (0°) C (-45°) J (45°)
Layer-6 G (0°) 1 (0°) J (45°) G (-45°)
Laminate code GJCO JCGO JCG45 GIC45

Composite type

Inter-ply laminate

Angle-ply laminate
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Table 3. Composition of Composite Laminate

Weight of fabricated

Compositions (wt%)

Composite laminate code

composite laminate (2)  Epoxy-resin matrix ~ Jute Fiber Glass Fiber Carbon Fiber
GICO (GJCCIG), Inter-ply 71.3 53 12 24 11
JCGO (JCGGCYJ), Tnter-ply 713 53 12 24 1
GIC45 (GICCIG), Angle-ply 71.3 53 12 24 11
JCG45 (JCGGCY), Angle-ply 713 53 12 24 11

GJCO, Inter-ply laminate

Jute Fiber  (EEED

JCGO, Inter-ply laminate

Glass Fiber (]

Carbon Fiber S558

GJC45, Angle-ply laminate

JCG45, Angle-ply laminate

Figure 2. Schematic representation of the sequence of jute, glass and carbon fiber layers in the fabricated inter-ply and angle-ply composite

laminates.

Figure 3. (a) GJCO (Inter-ply); (b) JCGO (Inter-ply); (c) JCG45
(Angle-ply); (d) GJC45 (Angle-ply) laminate composites.

composite samples have been shown in Figure 3.

Results and Discussion

The purpose of the mechanical testing of composite mate-
rials is to identify the various mechanical properties such as
tensile strength, flexural strength, and breaking strain. In this
research, the investigation has been done on the tensile prop-
erties and flexural properties of samples of GJCs and JCGs
laminated composites at 0° & 45°/-45° fibers orientation.

Tensile Test. The ASTM D638 is the standard test procedure
to identify the tensile properties of rectangular composite lam-
inate.”” A strain gauge is used to determine the strain extension
and tensile modulus of the specimen. The loading arrangement
of the test sample for the tensile test is shown in Figure 4. The
following Table 4 has shown the loading condition of com-
posite laminate for the tensile test.

The tensile test was conducted for rectangular specimens of
the composite laminates of size 150x10x3 mm. The variation
of tensile properties of composites is shown in Figure 5(a) and

Polym. Korea, Vol. 47, No. 5, 2023



578 R. K. Dewangan et al.

Table 4. Loading Conditions for Tensile Test

Sample ID Orientation (Degree) Width (mm) Thickness (mm) Yield force (N) Ultimate force (N)
GJCO 0° 10 3 563 682
JCGO 0° 10 3 11200 11200
GJC45 45°/-45° 10 3 4230 4230
JCG45 45°/-45° 10 3 2420 2530

(b). It has been observed from Figure 5(a) that the tensile
strength of the GJCs composite is lower than the JCGs com-
posite at 0° orientations and higher than at 45°/-45° orientations.
Usually, this variation is caused due to poor adhesion between
the fibers and the epoxy-resin matrix.”® It has also been observed
that with an increase in the orientation of fibers from 0° to 45°/
-45°, the tensile strength increases for GJCs composite and
decreases for JCGs composite. JCGO sample exhibited higher
tensile strength compared to JCG45 because all the fibers are

Figure 4. The loading arrangement of the test sample in the tensile
test machine.

350 ( a)

250

Tensile Strength (MPa)

-

0° 45°/-45°
BGICs 284 88.3
DJCGs 300 59.5

Orientation of the fabric layer (Degree)

oriented in the direction of the applied load in case of JCGO
imparting higher resistance against the deformation. However,
at 45°/-45° fiber orientation, there is not effective transfer of
stress from the matrix in case of JCG45. From Figure 5(b), it
has been noticed that the tensile modulus of the JCGs com-
posite is much greater than the GJICs composite at 0° as well
as at 45°/-45° orientation of fibers. It can be easily seen that
with the increase in the orientation of fibers from 0° to 45°/-45°,
the tensile modulus decreases for GJICs composite as well as
for JCGs composite. Generally, the variation of the values of
tensile modulus of both the composite is due to the improper
adhesion of the fibers and the epoxy-resin matrix.”® It can be
observed from the result that, the tensile strength and tensile
modulus of the JCGs composite are greater than the GJCs com-
posite by 90.53% and 40.67%, respectively, at 0° orientation of
fibers. The strength of the glass and carbon fibers are much
higher compared to jute fibers. Therefore, due to the presence
of high strength carbon and glass fibers in the core, the JCGO
composite laminates exhibits good tensile strength compared
to GJCO where weaker jute fibers are placed in the core. The
tensile modulus of the JCGs composite laminate is higher than
the GJCs composite laminate by 55.46%, but the tensile strength
of JCGs composite laminate is lower than the GJCs composite
by 32.61% at 45°/-45° orientation of fibers.

Flexural Test. The purpose of the flexural test is to deter-
mine the ability of a material to resist bending before reaching

¥ (b)

Tensile Modulus (GPa)
(%]

05
0
0 45°/-45°
GICs 245 1.06
BICGs 4.13 238

Orientation of the fabric layer (Degree)

Figure 5. Variation of the (a) tensile strength; (b) tensile modulus of the composite laminates with the fiber orientation.
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Force
Loading Pin

Sample

Supporting Span

Figure 6. Free body diagram of test sample for flexural test.

the point of failure. Usually, the test sample is placed onto the
supported staff and the load is applied at the center of the test
sample with the help of the loading nose, which produces
three-point bending at s desired feed rate.”” The specimens were
cut (120x10x3 mm) and flexural test was carried out (sup-
ported span length 51 mm) according to ASTM D790 stan-
dard.”’ Figure 6 shows the free-body diagram and Figure 7
shows the experimental setup and loading arrangement of the
specimen for the flexural test. The average depth for the flex-
ural test has been taken as 5 mm. The loading condition for the
flexural test has been illustrated in Table 5. The effect of load-
ing, stacking sequence, and orientation of fibers on the flexural
strength and flexural modulus of the composites are illustrated
in Figure 8(a) and (b). It is evident from Figure 8(a), at the 0°
orientation of fibers, the flexural strength of GJCs composite is

Table S. Loading Condition for the Flexural Test

Figure 7. The experimental setup and loading arrangement of spec-
imens for the flexural test.

lower than the JCGs composite and at the 45°/-45° orientation
of fibers, the flexural strength of GJCs composite is higher
than the JCGs composite. It is also seen that with the increase
in the orientation of fibers from 0° to 45°/-45°, the flexural strength
increases for GJCs composite and decreases for JCGs com-
posite. It is noted that both the stacking sequence and orientation
of fibers have a substantial impact on the flexural strength of
the composite materials. From Figure 8(b), it has been observed
that the flexural modulus of the JGCs composite is much

Sample ID Orientation (Degree) Width (mm) Depth (mm) Yield force (N) Ultimate force (N)
GICO 0° 10 5 46.2 52.36
JCGO 0° 10 5 253 285.66
GJC45 45°/-45° 10 5 232.66 238
JCG45 45°/-45° 10 5 115 115

160

140 (a)

120

100
80
60
40
20

Flexural Strength (MPa)

0° 45°/-45°
BaGICs 25.1 142.6
oJCGs 1373 69.2

Orientation of the fabric layer (Degree)

12 (b)

g
g 10
z 8
=
2 6
= 4
[
2 2
o
= 0
0° 45°/-45°
BGICs 1.66 7.55
oJCGs 457 9.46

Orientation of the fabric layer (Degree)

Figure 8. Variation of the (a) flexural strength; (b) flexural modulus of the composite laminates with the fiber orientation.
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@JCGs 16.5 9.99

Orientation of the fabric layer (Degree)

Figure 9. Variation of breaking strain of the composite with the ori-
entation of fibers.

higher than the GJCs composite at 0° and 45°/-45° orientation
of fibers. It is also observed that with the increase in the ori-
entation of fibers from 0° to 45°/-45°, the flexural modulus
increases GJCs as well as JCGs composite. From Figure 9, it
is seen that the breaking strain of GJCs composite is much
higher than the JCGs composite by 88.06% at 0° and 13.6% at
45°/-45° orientation of the fibers respectively. As a result, the
ductility of JCGs composite is much higher at 0° as compared
to 45°/-45° orientation of the fibers, but for GJCs composite,
the ductile is much lesser at 0° as compared to 45°/-45° ori-
entation of the fibers. It can be seen from the results that, the
flexural strength and flexural modulus of the JCGs composite
are higher than the GJCs composite by 81.71% and 63.70%
respectively at 0° orientation of fibers. The flexural modulus of
the JCGs composite laminate is higher than the GJCs com-
posite laminate by 20% but the flexural strength of JCGs com-
posite laminate is lower than the GJCs composite by 51.47%
at 45°/-45° orientation of fibers.

Conclusions

The impact of effective stacking sequence and orientation of
jute(J)/glass(G)/carbon(C) fiber epoxy-based hybrid composite
laminates in terms of tensile and flexural properties were
investigated. The JCGs hybrid composite laminate fabricated
with 0° orientations at the inner glass fabric layer exhibited
increased tensile and flexural properties than the GJCs hybrid
composite laminate at the same orientation. The hybrid arrange-
ment of GJCs composite laminate fabricated with 45°/-45° ori-
entation at the inner carbon fabric layer exhibited increased
tensile and flexural strength as compared JCGs hybrid com-
posite laminate at the same orientation. JCGs offered a sig-

Za), A4778 A 535, 20234

nificant increase in tensile and flexural modulus nearly about
55% and 20%, respectively at 45°/-45° orientation as compared
to the other arrangement. The JCGs composite is more ductile
than the GJCs composite. Also, the stiffness of the JCGs com-
posite is much greater than that of the GJCs composite at both
orientations of fiber layers. The JCGs composite exhibits excel-
lent mechanical properties such as tensile strength (at 0° ori-
entation of fabric layer), tensile modulus, flexural strength (at
0° orientation of fabric layer), flexural modulus, stiffness, and
ductility at different orientations and stacking sequences with-
out varying the epoxy-resin matrix compositions. This enhanced
mechanical performance of JCGs (at 0° and 45°/-45° orientation
of fabric layer) hybrid laminate was owing to the glass fiber’s
inherent ability to maintain some characteristics such as bond-
ing between the carbon fiber and jute fiber. As the jute fibers
have weak interaction with the carbon fibers, the placement of
jute fibers in the core of the laminate composites severely affects
the performance of the carbon fibers. The placement of jute
fibers in the core of the composite laminates generally leads to
problem of delamination and debonding inside the laminates
resulting in deterioration of the mechanical properties. The
improved tensile and flexural properties of the JCGs composite
laminate, which has an inner layer of glass fabric and an adja-
cent layer of high modulus carbon fabric at 0°orientation por-
tray potential for industrial applications.
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