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A percentage of natural fibers is used for developing a composite, the materials are quite increasing in recent trends, and they can
be a potential replacement of synthetic fibers in the reinforcement phase of hybrid composite. In this research, the combination of
natural fibers and synthetic fibers can be used as reinforcement, and epoxy polymer can be used as matrix material. The fibers of
Kevlar and Napier grass are reinforced with epoxy matrix to develop a new composite by using conventional hand layup
fabrication process and to quantify the effect of this hybrid composite laminate, with five different sequences following. To identify
the mechanical properties of this hybrid composite through tensile, flexural, compression strength, impact strength, and hardness
tests, among all five samples, sample A was given the maximum mechanical strength, such that the tensile strength is 210 MPa,
flexural strength is 165 MPa, the impact energy absorption is 23 J, the average is 40% over the other samples, and, at the same time,
the compression strength of sample E is 19 MPa, revealing the negative influence of hybrid composite. The SEM morphology was
carried out to identify the failure mode of the hybrid composites.

1. Introduction

The combination of natural fibers and synthetic fibers can
give unique properties in physical and chemical categories in
a developed composite material [1]. These unique properties
are quite increasing the product efficiency and can reduce the
environment impact. Composites can be developed either
naturally or synthetically. Wood, a characteristic composite,
is a mix of cellulose or wood fibers and a substance called

lignin [2]. The fiber strengthens wood; lignin is the lattice or
normal paste that ties and balances them out. Different
composites are engineered (man-made). Compressed wood
is a man-made composite that consolidates common and
manufactured materials; a composite made of neem and
banyan fibers reinforced with epoxy polymer was given a
maximum tensile strength of 25MPa; therefore, the utili-
zation of natural fibers with synthetic fibers can improve the
mechanical properties of the hybrid composite [3]. Designed
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structures are probably going to be presented to affect
loading by outside courses, and this could be relied upon to
occur during the maintenance, assembling, and adminis-
tration tasks. Impact resistance is one of the significant
uncertainties in matrix polymer composites [4]. Composites
are exceptionally delicate to loading; in this way, after this
sort of stacking, they are genuinely harmed, and their me-
chanical properties are decreased. The term hybrid is defined
as combining one or two matrix elements, which resulted as
hybrid composites [5]. Hybrid composites are made to join
the upside of one fiber with the other. For instance, high
modulus fiber like graphite has outstandingly high solidarity
to weight proportion, yet their effect quality has commonly
been seen as moderately low contrasted and traditional steel
and aluminum alloys, and, furthermore, with glass fiber
strengthened composites [6]. Henceforth, the utilization of
natural fibers alone in the polymer matrix is lacking in
sufficiently handling all specialized needs of a fiber-
strengthened composite. With an end goal to build up an
unrivalled, yet sensible composite, a characteristic fiber can
be combined with a manufactured fiber in a similar network
material to exploit the properties of both filaments. This
results in a characteristic manufactured hybrid fiber com-
posite [7]. The most well-known engineered fiber utilized in
these hybrid composites is the glass fiber as a result of ease
and simplicity of accessibility contrasting other synthetic
strands [8]. The measure of the power required to break
material and the sum it reaches out before breaking are
significant properties. For most materials, the underlying
protection from power or modulus and the purpose of
changeless distortion are got from plots of power against
elongation [9]. Examination of elongation force or stress-
strain curvatures can pass on much about the material being
tried, and it can help in anticipating its manner. It is usually
estimated in units of force per cross-sectional zone. This is a
significant idea in design, particularly in the fields of material
science, mechanical structure, and basic design [10].
Hardness test strategies utilize an indenter test that is dis-
lodged from a surface under a particular burden. Space was
regularly characterized as stand time. Large scale hardness
covers testing with an applied burden more than 1kg or
around 10 Newtons (N). Microhardness testing with applied
loads under 10N is commonly utilized for small sample
sizes, plated surfaces, or thin films [11]. Microstructure
examination is finished by utilizing the optical magnifying
instrument; however, these days, there is improvement
finished with a computerized investigation utilizing image
processing techniques. By utilizing this examination, we can
discover that the yield quality and extreme flexible or
compressive quality are not also settled predominantly,
because of the high hardness and low malleability that make
the declaration of solid data of the material a difficult task.
Fibers have been delivered utilizing various materials, for
example, steel, polypropylene, and glass, among others,
slowly across the board in various applications, specifically in
the creation of fiber-strengthened cement, [12]. Composites
reinforced with plant fibers are especially intriguing, par-
ticularly flax fiber strengthened polymers (FFRP). Build up a
vacuum packing technique to investigate the mechanical

Advances in Materials Science and Engineering

properties of covers arranged on various pieces of banana
and E-Glass fabrics. The mechanical properties assessed are
elasticity, flexural quality, sway quality, and hardness. Por-
trayed mechanical property assessment of glass—jute fiber
reinforced polymer composites. Glass—jute fiber strength-
ened polymer composite is created, and the mechanical
properties are examined, the reinforcement (60%) and
matrix (40%) of the composite laminates are different weight
fractions of reinforcement, and the natural fibers utilized to
assess the effect of the hybrid composites are chopped
bamboo fibers and kenaf fiber in the matrix and type of
woven fabric, conducting a dynamic mechanical analysis to
determine the storage modulus (DMA) and the results of the
chopped bamboo laminates [13, 14]. The materials chosen
for the investigations were jute fiber and glass fiber as the
support and epoxy sap as the matrix. The hand layout
strategy was utilized to manufacture these composites.
Cracked surfaces were exhaustively analyzed using SEM to
decide the microscopic crack mode [15]. Results indicated
that, by fusing the ideal measure of jute filaments, the general
quality of the glass fiber strengthened composites can be
expanded, and cost sparing of beyond 30% can be accom-
plished. It would, thus, be able to be surmised that jute fiber
can be an exceptionally potential up-and-comer in the
manufacture of composites, particularly for the incomplete
substitution of significantly expense glass fibers for low load
bearing capacities [16]. In comparison with other hybrid
composite samples, the hardness and water absorption
values of the hybrid composite increased with 83 hardness
numbers and 1.2 percent water absorption capacity when
equal weight fractions of neem and banyan fibers were used.
When the applied loading is applied to the hybrid composite,
the matrix failure rate and fracture are predominant, as
indicated by the micrographs [17]. Portrayed hybrid com-
posites of glass/bamboo fiber were fortified to assess the
impact of stacking arrangement on ductile, flexural, and
erosive wear properties of mixture polymer composites. The
outcomes demonstrated that the properties of bamboo
composite can be altogether improved by consolidation of
glass fiber in polymer composite. The layer succession has a
more prominent impact on the mechanical and tribological
properties of the hybrid composite in the developed com-
posite made of neem fiber and banyan fibers are analyzed
with dynamic mechanical behavior, and it shows that the
solidness of the material with high temperature ratio and the
glass transition temperature of 89°C can withstand the
material with the storage modulus of 1150 MPa; therefore,
reinforcement of natural fibers can give good dynamic
properties, and, at the same time, the addition of synthetic
fiber can improve the materials behavior in static and dy-
namic loading conditions of hybrid composite. [18].

From the above details about the hybrid composite, the
research gap was identified; in the present work, the com-
bination of natural and synthetic fibers is Napier grass and
Kevlar fibers selected for reinforcement, using epoxy
polymer as matrix material to identify the effect of this
hybrid composite with varying layers of fiber sequence to
conduct the mechanical behavior and analyze the surface
morphology of hybrid composite.
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2. Materials and Methods

2.1. Materials Used. The hybrid materials are selected on the
base of material properties such as mechanical strength and
dynamic strength [19]. The common materials are selected
over layup with various arrangements. Kevlar is a synthetic
fiber, and Napier grass is a natural fiber, which is collected as
woven fabric from go Green Pvt. Limited, Chennai, India,
and the epoxy resin araldite LY 556 type and hardener HY
951 type were selected as matrix materials, and they were
collected from Javanthi enterprises Chennai India. The
general properties of reinforcement materials, Kevlar fiber
and Napier grass fiber, are given in Table 1 and the epoxy
matrix material properties are given in Table 2.

2.2. Experimental Methods. In this work, the reinforcement
of Kevlar and Napier grass fibers is selected with epoxy
matrix to fabricate the hybrid composite by traditional
hand layup technique. Steel mould box 30 cm x30cm is
selected for the fabrication process; initially, the steel
mould box is cleaned thoroughly, and it keeps the thin layer
of polythene sheet and applies the wax to this thin sheet for
releasing agent [20]. As per the fiber volume fraction 40%
of reinforcement and 60% of matrix material is selected. A
thin nonreactive laminate is used to cover the steel board to
attain a decent superficial finish. After the process, the
mould releasing mediator is applied for sticking the
polymer resin to the surface [21]. The resin material is
functional as layered by a brush, and the Kevlar fiber mat
and Napier grass mat were placed accordingly on the steel
board. The stacking sequences of these fibers are varied and
develop five different laminates of the hybrid composite.
The completely wetted fiber laminated composite is then
allowed to cure for 4 hours at a temperature of around 75°C
in a hot air furnace at a very slow rate of heating (10°C per
minute), followed by 2 hours of postcuring at a temperature
of 120°C [22]. Schematic image of the hand layup fabri-
cation process is shown in Figure 1 and the production of
Kevlar/Napier grass fiber hybrid composite is shown in
Figure 2.

2.3. Mechanical Properties of Hybrid Composite. Weight
concentration and stacking sequence of K/N hybrid com-
posite laminates are given in Table 3. The most widely
recognized and thoroughly utilized testing is tensile testing.
Different tests are kept away from for a homogeneous
material, and there is an immediate connection between the
tensile and compression. The testing samples of Kevlar/
Napier grass fiber hybrid polymer composite are shown in
Figure 3.

Tensile Testing: The tensile test is performed as per ASTM
638 standard on the hybrid composite at ambient temper-
ature with a slow rate of loading (1 mm/min), and the
compressive test is performed as per ASTM 3410 standard
on the hybrid composite using the same UTM as the tensile
test [23].

Izod Impact Test: As per ASTM D256, the Izod impact
test is used to evaluate the impact resistance of hybrid

TaBLE 1: General properties of Kevlar fiber and Napier grass fiber.

Properties Kevlar fiber Napier grass fiber

Category Synthetic fiber Natural fiber

Type Bidirectional woven Bidirectional woven
fabric fabric

GSM 200 200

gi:re;eter 50 micron (avg) 40 micron (avg)

Density 1.44g/cc 1.25g/cc

TaBLE 2: Properties of epoxy polymer resin.

Matrix material: epoxy polymer resin

Aspect (visual)
Density at 30°C 1.23 g/cc
Viscosity at 30°C 10-12Pa s
Curing temperature 75°C
Glass transition temperature (Tg) 120°C

Clear liquid

FIGURe 1: Schematic image of hand layup process.

FIGURE 2: Fabrication of K/N fiber hybrid polymer composite.

composites. The impact test is done on hybrid composites to
assess the impact energy absorption capacity of the hybrid
composite based on the fiber weight fraction and stacking
sequences of the constituent fibers [24].
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TaBLE 3: Stacking sequence of hybrid composite laminates
Weight of ~ Weight of Napier Weight fraFtlon of Weight of epoxy Weight .Of Stacking sequence of

Sample . . Kevlar/Napier grass o composite .

Kevlar fiberin g  grass fiber in g matrix in g - Kevlar/Napier grass mat

fiber laminate

A 150 0 4:0 220 370 K-K-K-K
B 112 38 31 220 370 K-K-K-N
C 75 75 1:1 220 370 K-K-N-N
D 38 112 1:3 220 370 N-N-N-K
E 0 150 0:4 220 370 N-N-N-N
K, Kevlar fiber mat, N, Napier grass fiber mat.

FIGURE 3: Testing samples of K/N hybrid composite.

Flexural Testing: The ASTM Standard D790-03 was used
to create the flexural test specimens, which were fabricated
from a composite plate. The specimen was
127mm x 12.7 mm x 5mm in dimension. The flexural test
was performed at 28°C with a relative humidity of 50 2%
using the Lloyd instrument LR 100kN. The crosshead
moved at a rate of 2 mm/min. The sample was loaded until
the core cracked, as shown in Figure 3, 64.1, and the flexural
strength and flexural loads were recorded. The values of the
flexural modulus were determined [25]. For each compo-
sition, three samples were evaluated, and the mean value was
reported.

Hardness Testing: The Rockwell hardness test is used to
determine the hardness of the hybrid composite in this
study. The specimens were prepared in accordance with
ASTM E 18-07. The load range for the Rockwell hardness
testing equipment is 60 kgf-150 kgf, using a 1/16 inch steel
ball indenter. The load value of 60 kgf is used in this study,
and the impression is detected in the hybrid composite. The
hardness value of the hybrid composite is measured using
the dial gauge in the testing equipment based on the im-
pression [26]. The same method is repeated three times for
each sample of natural fiber hybrid composite and the av-
erage hardness values of hybrid composite, and three trial list
samples are taken. Scanning Electron Microscope is used to

examine the surface interaction and morphology of the
hybrid composite. The hybrid composites are sputter coated
with gold particles prior to surface microanalysis to improve
visibility.

3. Results and Discussion

3.1. Tensile Strength of Epoxy Composite. Tensile strength of
epoxy composites with different weight fraction is shown in
Figure 4. The hybrid composite is made of synthetic fibers
of Kevlar mat, and natural fibers of Napier grass mat are
selected for reinforcement with 40%, and epoxy resin with
harden used as matrix is 60% for the samples. Weight
fractions of Kevlar/Napier grass fibers varying in the
samples are as follows: 150/0, 112/38, 75/75, 38/112, and 0/
150. Based on this tensile experiment, increasing the weight
ratio of Kevlar fiber has given significant values of tensile
strength compared to the increasing Napier grass fibers;
however, the variations in the results are higher in amount.
Therefore, the comparison between synthetic fibers with
natural fibers can give unique properties for lower tensile
applications. Regarding the output from this tensile
analysis, sample A has given higher tensile strength of
210 MPa, and this value shows 89% higher than sample
E. Sample E contains a total composite laminate, which is
made with the reinforcement of Napier grass fibers. For the
comparison between samples B and D, sample B has 69%
higher tensile strength compared with sample D due to the
higher weight ratio of Kevlar fibers present in sample B
containing 112 g Kevlar fiber and 38 g Napier grass fiber.
The results can also depend on the stacking sequence of
these fibers, the bonding of the Kevlar mat with epoxy
matrix is a high covalent bond, and it can resist more
during tensile loading, and the stress distribution also is
high when increasing with Kevlar fiber mat.

In the above graph, it is revealed that the variation
between samples A to E is decreasing the tensile strength
when the equal weight ratio of K/N indicates that the 61 MPa
of tensile strength is 71% lower than sample A and 51% lower
than sample B. The major reason for the lower tensile
strength in sample E is that all layers contained Napier grass
fibers with epoxy matrix and are bonded thoroughly;
however, the composite laminates can release the bonding
when applying of tensile load, and this indicates that the
fiber properties can play an important role during the tensile
experiment [27]. Therefore, Kevlar fibers can be suitable for
higher tensile applications compared to Napier grass fibers,
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FIGURE 4: Tensile Strength of K/N hybrid composite laminates.

because they withstand higher tensile loading. The failure
mode of the hybrid composite can be identified during the
morphological analysis.

3.2. Compressive Strength of Hybrid Composite. Similar to
tensile strength, the compressive strength of hybrid
composite can be identified from five different samples of
Kevlar/Napier grass fiber composite laminates. In this
result, to quantify the effect of hybrid composite during
compression test, the compressive strength of the hybrid
composite is shown in Figure 5. The graph revealed that
when the increase of Kevlar fiber mat has been given, a
positive influence of hybrid composite in sample A shows
higher compressive strength of 150 MPa, compared to
other higher samples, and it contains four layers of Kevlar
fiber; in sample B, it shows 81 MPa of compressive strength,
and it contains three layers of Kevlar and one layer of
Napier grass fiber mat giving 46% reduced compressive
strength compared with sample A.

Adding equal amount of Kevlar/Napier grass fibers can
give 42 MPa of compressive strength, and it is 72% lesser
than sample A, and, at the same time, sample D containing
equal ratio with different sequences of fibers compared with
sample B can give 23 MPa. It shows 71% lesser than sample
B. In sample E, all layers of natural fibers of Napier grass
fiber show the least value of compressive strength of 19 MPa,
and it shows 87% lesser than sample A. Therefore, it can be
determined that the decrease of Kevlar fiber mat and the
increase of Napier grass fiber mat gave the negative influence
of hybrid composite laminates. In another work, the neem
and banyan fibers are used to calculate the compressive
strength of hybrid composite showing the better result of
23 MPa [28]. The present study reveals that the addition of 3-
layer Napier grass with one layer of Kevlar fiber mat can
compensate for the same results.

3.3. Flexural Strength of Hybrid Composite Laminates.
Flexural strength of this hybrid composite can be identified
from the different stacking sequence effect, and it is the
gradual load applied on the direct contact of materials; it
was performed under three-point bending test. In this
work, the flexural strength was calculated for 2mm de-
flection of the hybrid composite during this experiment.
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F1GURE 5: Compressive strength of K/N hybrid polymer composite.

The result showed that sample A was given a significant
result over other samples, and it shows 42% more flexural
capacity when compared with sample B, and it is contained
in three layers of Kevlar and one layer of Napier grass fiber
mat with epoxy matrix. It can withstand 70% more flexural
load compared with sample D, in this category, samples B
and D are sample weight fraction with different fibers of K/
N; however, Kevlar fiber mat can improve the flexural load
capacity compared with Napier grass fiber mat. The flexural
strengths of the hybrid composite of K/N laminates are
shown in Figure 6.

When applied, the equal amount of natural and synthetic
fibers of K/N composite laminates has been given 51 MPa
flexural strength; this value is 69% lesser than that of sample
A. The impact of adding two layers of Napier grass fiber mat
shows a negative influence of hybrid composite compared
with four layers of Kevlar fiber composite laminate. In
another work, banyan/ramie fibers are used as reinforce-
ment in equal amount, with epoxy matrix polymer com-
posite being developed and giving the good flexural behavior
of 35 MPa [29]. This result can be compared with that of the
present study, where the equal amount of Kevlar/Napier
grass fibers gave 51 MPa flexural strength, and it shows 31%
higher flexural strength, and it can be developed for an
alternate material for gradual loading applications of hybrid
composite.

3.4. Impact Energy of Hybrid Composite. Impact strength was
calculated from the Izod impact test for this hybrid com-
posite, the material can withstand gradual load normally,
and it can be an important analysis to check the impact
energy absorption for a new material [30]. In this study, two
fibers are selected to quantify the effect of impact energy of
this hybrid composite, the results are the same like other
mechanical properties of the sample, and A is a higher
impact energy of 23] and can absorb during the sudden
force applied on the K/N composite specimen. When the
addition of one-layer Napier grass fiber mat was given 197, it
shows 25% weight fraction impact of 17% lesser impact
energy compared with all four layers of Kevlar fiber mat;
however, it can be an improved result because of 8%
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F1GURE 6: Flexural strength of K/N hybrid composite laminates.

deviation in the results of material weight fraction. When
adding two layers of Napier grass fiber with two layers of
Kevlar fiber was given 13] impact energy absorption, it
shows 32% negative influence over sample B. The impact
energy of K/N fiber hybrid composite laminates is shown in
Figure 7.

Impact energy results can be compared with other
mechanical properties of tensile, flexural, and compressive
strength, and it shows good response to gradual deviation
between the samples of hybrid composite. Sample D con-
tains 3 layers of Napier grass fibers and one layer of Kevlar
fiber, and the mat was given 127, and this can be compared
with the same sequence with more Kevlar weight fraction in
sample B that is 37% more impact energy and in sample E
also 57% lesser impact energy compared with sample A. It
can be calculated when increasing Napier grass and de-
creasing Kevlar fiber weight fraction show the negative
influence of hybrid composite laminates.

3.5. Hardness Value of Hybrid Composite Laminates.
Hardness values of hybrid composite laminates are calcu-
lated from Rockwell hardness experiment; in this study, to
quantify the hardness capacity of Kevlar and Napier grass
fibers, the composite was identified, and the results are
shown in Figure 8. Among the five different samples, sample
A was given higher hardness number of the hybrid com-
posite. The output of this experiment is majorly depending
upon the top layer of the hybrid composite material and in
samples A, B, and C having Kevlar fiber mat, the top layer of
composite laminates can reflect the results of hardness
values. In sample B, we got 86 of RHN, and it is 8% lesser
than sample A, so the hardness values are depending on not
only the top layer, but also the impact of the top layer that is
more on the hardness value output of this hybrid composite.
When the equal amounts of both fibers of Kevlar and Napier
grass fibers are the same, 8% lesser than sample B, however,
sample B of three layers of synthetic fiber and one layer of
natural fiber.

In another work, a developed composite with jute fiber
was given, 87 RHN with the addition of fillers can impact on
this material [31], and, at the same time, this work reveals
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that, without any filler, the materials can reach higher values.
The deviations between the samples are also less with other
properties, sample D has 12% lesser RHN compared with
sample B with the same sequence and different weight
fractions, and the top layer of Napier grass can resist the
gradual loading in hardness capacity. Sample E shows the
least value of 71 RHN compared to sample A, 24% lesser
hardness value of hybrid composite laminates.

3.6. Morphological Analysis. The conclusion from the
Scanning Electron Microscopy (SEM) micrographs is ob-
vious from the pictures that the fiber pull-outs, cracks, and
failure are the major causes of hybrid fiber failure when
subjected to tensile loading [32]. These failures are usually
produced owing to the weak contact between the matrix
orientations, which leads to the stress concentration pro-
ducing catastrophic failure in the hybrid composite. Because
of the increased level of stress concentration in the material,
increasing the weight fraction of Napier grass fiber in hybrid
composites results in a more complex level of cracks. The
SEM micrographs of the hybrid composite are shown in
Figure 9.
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FIGURE 9: SEM micrographs of K/N hybrid composites.

4. Conclusion

Towards the improvement of natural fibers with synthetic
fiber reinforcement, we can give the unique properties of
hybrid composite for light weight applications. The fol-
lowings are the main findings from the above works:

(i) The utilization of Kevlar fiber weight fraction in the
sample A gave higher tensile strength of 210 Mpa,
compressive strength of 150 MPa, flexural strength
of 165 MPa, and impact energy of 23 ]. The average
of 40% improved the mechanical properties in
sample A and 89% higher than sample E of the
hybrid composite.

(ii) In sample B, three layers of Kevlar fiber mat and one
layer of Napier grass fiber mat gave significant re-
sults over sample D in different weight fractions.
Equal numbers of fibers also can give significant
results for light weight applications.

(iii) Therefore, synthetic fiber layers can give the positive
influence of these mechanical properties of the
hybrid composite. Natural fiber layers increased the
fajlure rate compared to synthetic fiber composite.

(iv) Surface morphology reveals the failure rate and
failure mode of hybrid composites, and the increase
of Napier grass fiber composite laminates occurred
with more stress concentration leading to material
failure during the gradual loading.

(v) It can be determined that the amount of Napier
grass fibers can utilize the light weight application
with the addition of synthetic fibers, can improve
the results, and can be used in aerospace applica-
tions of hybrid composite.
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