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1.0 Introduction

The three parts of a fiber-reinforced composite (FRC), also
known as an interface, are the matrix as the continuous phase,
the fibres as the discontinuous or dispersed phase, and the
fine interphase zone. This category of advanced composite
group uses plastic, rice hull, and rice husk as materials. In this
technology, natural fibres from cellulosic waste streams are
refined, blended, and compounded to create a high-strength

fibre composite material in a polymer matrix. The waste
thermoplastics and various cellulosic waste categories, such
as rice husk and sawdust, are the designated waste or base
raw materials in this case.

FRC is a high-performance fibre composite made feasible
by a unique molecular re-engineering process that cross-links
cellulosic fibre molecules with resins in the FRC material
matrix to produce a material with remarkable structural
qualities. This accomplishment of molecular re-engineering
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Abstract

Due to its enhanced strength, stiffness, and tensile qualities, fibre reinforced composites are being employed more and more
in the aerospace, automotive, plastic and mineral processing industries. Kenaf, jute, Kemp, and other types of reinforcing
fibres are frequently utilized and come in strips. The design and analysis of the mechanical characteristics of the Kenaf fibre
reinforced composite is the primary goal of this project. Different combinations of fibre and resin are examined for their
various mechanical qualities, such as impact resistance, flexural strength, and tensile strength. By altering the fibre
orientation and boosting impact strength, the composite is created. By altering the fibre orientation and boosting impact
strength, the composite is created. The composite is personally examined using a variety of testing tools, and it is also
examined using design software like Ansys. This research aims to increase the composite’s impact strength by adjusting the
fibre length. The hydrogen peroxide solution is also coated on the composite before the tests are run. Comparisons are
made between the experimental findings for coated and uncoated composites.
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specified physical and structural characteristics of wood is
effectively cloned and vested in the FRC product, together
with other essential traits, to produce performance properties
superior to modern wood. Unlike other composites, this one
may be recycled up to 20 times, making it possible to keep
using leftover FRC. Jute and Kenaf fibres combined with
epoxy increase the materials’ tensile, flexural, and impact
strength. Natural fibres are used as reinforcement because
they can reduce tool wear, respiratory discomfort, and serve
as alternatives to artificial fibre composites in the face of an
expanding global energy crisis and environmental dangers.

In general, two procedures are used to create composites
of PVC and inexperienced coconut fibres. The authors used
dynamic modulus measurements to assess the mixer’s
homogeneity. They determined that there are no
physicochemical interactions between the matrix and the
fibers.1 examined the micromechanical calculation methods to
determine the stiffness and impact resistance of a fibre
reinforced epoxy-single-layer-composite. They used cotton,
ramie, and synthetic lyocell fibres in their work [2]. They
evaluated the bio-composites, technology, and environmental
suggestions. They investigated the variables that influence
the behaviour of such natural fibre composites [3] they
developed simplex perishable composites from Manila hemp
fibre bundles and starch-based emulsion-type biodegradable
resin. The experiments were conducted at the temperature
range of 10-200oC, 50-60% ratio conditions. The relationship
between the particular wear rate and also the friction constant
against the Kevlar pulp content were found for each dry and
water lubricated condition. Friction constant was reduced
with increase in filler content and optimum resolution was
obtained once Kevlar pulp content was 60%. A reduction in
the particular wear rate was seen once Kevlar pulp content
had 40% volume of filler content due to the optimum
resolution for the composites [5] abaca fibre reinforced
polypropene composites with totally different fibre loadings
and flax and jute fibre reinforced polypropene composites with
30% weight. The mechanical properties and structural
properties for these composites were investigated. They
found tensile, flexural and Charpy impact strength for fibre
loadings as up to 40% reduction [6]. The composites with
natural and thermosetting matrix made with compression
moulding and all chopped natural fibres up to 10 mm long
they studied each green composite system’s surface shear
strength, flexural characteristics, and dynamic mechanical
properties. The authors determined that integrating natural
fibres into the resin matrix significantly improved the
properties of the compound resins [7], reviewed ways for
determining the physical phenomena of natural fibres and
examined the merits and limitations of approaches used. They
determined that the physical phenomenon of the fibre
increased the cellulose content of natural fibers [8]. They
created a summary of the many factors in green composites.

They mentioned that composites supported vital perishable
matrices such as rubber, poly-carboxylic acid, etc and created
a special stress on natural rubber-based green composites [9].
Prepared factory-made green composites composed of long
size fibres and polycaprolactone perishable polyester matrix
and investigated the influence of varied parameters on the
tensile properties. They discovered the strength and
coefficient of elasticity of the composites in the hyperbolic
steady reckoning on the rise in fibre space fraction [10]. Did
work relating to the replacement of glass fibres by curaua
fibre and applied the same for automotive applications that
lead to economic, social and environmental benefits [11],
fabricated composite panel victimization virgin and recycled
High-density synthetic resin and five varieties of natural
fibres together with four rice straw elements. They
investigated the fibre characteristics and also the influence
of fibre sort and loading rate on HDPE crystallization
behaviour and mechanical properties [12]. By incorporating
sisal and oil palm fibres into a natural rubber matrix, they
investigated the influence of fibre quantitative relationship on
activity and also analysed the tensile properties of hybrid
fibre reinforced natural rubber composites [13]. In their review
work, they prescribed the various aspects of plastic fibres and
bio-composites. They praised the use of plastic fibre
reinforced compound composites in a variety of fields such
as industry, automotive trade, and so on [14]. They
investigated the mechanical properties of ethylene vinyl
acetate and cellulose acetate composites containing udal fibre
and attempted to explain them using fibre blending within the
composite. They discovered that the addition of fibre lowered
the strength of EVA composite [15].

2.0 Materials and Methodology

KENAF

Kenaf Hibiscus cannabinus is a plant of the Malvaceae
family. Hibiscus cannabinus belongs to the Hibiscus genus
and is probably native to South Asia, although its exact
natural origin is unknown. The name is also applied to the
fiber obtained from this plant. Kenaf is one of the related jute
fibers and shares similar properties. The fibers in kenaf are
found in raffia (bark) and kernel (wood). The bast makes up
40% of the plant. The “crude fibre” is separated from the bast
and becomes multicellular, consisting of several
interconnected individual cells. Individual fiber cells are 2-6
mm long and thin (6.3 m). The thickness of the cell wall. The
core, which makes up roughly 60% of the plant, includes fibre
cells with thick (38 mm) but short (0.5 mm) and thin walls (3
mm) walls. Paper pulp is created by using the entire stem, and
as a result, it contains both bast and core fibres. The pulp
has a comparable quality to hardwood. The fibres used to
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make Kenaf are blasted from the plant, pounded firmly to
remove moisture, and then dried for two to three weeks in the
sun at higher temperatures. Water retting has been used to
remove the fibres from their stalks over around 20 days. After
the water retting process is completed, the fibers were the
ncleaned with water and dried under the sunlight. Then the
fibers are undergone the alkali treatment.

Alkali treatment

Fibers are treated with the 6% NaoH solution. Fibers were
immersed in the 6% NaoH solution for 24 hoursat the room
temperature. Fibers were then dried in the absence of sunlight
until the fibers are dried completely. The fibers are the
nseparated and used for the manufacturing of the composite.

Preparation of Composite

The composite is synthetic with the aid of using the hand
lay-up method. A forged iron die of three hundred mm x three
hundred mm x four mm ismade. After the Moulds of required

dimensions had been prepared, wax became carried out to the
internal aspects of the mildew for clean launch of the
composite without sticking to the mildew walls. Then
hardener combined with epoxy. So matrix became prepared.
The epoxy and the hardener ratio had been maintained at 10:1.
The suitable amount of fibers became placed such that epoxy
combination absolutely spread over the fibers after initial
layer of the mildew became full of the epoxyres in and
hardener combination but again, epoxy combination became
poured at the fiber. As a result, the beginning and finishing
of the layers had been of epoxyresin.

A plastic releasing organization becomes positioned at the
pinnacle of the uncured mixture. Before software of
compression, efforts had been made to put off all bubbles the
use of roller. Then the compression stress of 0.05 MPa become
implemented and cured for twenty-four h at room temperature
evenly. In this, specimens containing 40% quantity fractions
of fiber had been prepared. The specimen is prepared
according to ASTMD 3039-76 is used for carryingout tests.

After the specimens were made according to the tests.
Some of the specimens are coated with the hydrogen peroxide
solution to compare the results of the mechanical testing of
the composites between the coated and the uncoated
composites.

3.0 Tensile Test

The hybrid composite samples S1, S2 and S3 of categories
C1, C2 and C3 were tested using a universal testing machine
to find the tensile properties. Table 1 shows the tensile values
of developed composites. Figure 2 shows the tensile test for
C1. The result shows the S2 having a higher tensile strength
of 36 N/mm2. Figure 3 shows the tensile strength C2 of S1 as

Table 1: Tensile test of samples S1, S2 and S3 of categories C1, C2 and C3

Category Samples Ultimate Average Ultimate Average
Tensile Ultimate Tensile Ultimate

Load (kN) Tensile Strength Tensile
Load (kN) (N/mm2) Strength (N/mm2)

1 C1 S1 2.18 2.4 31.00 34
S2 2.54 36.00
S3 2.52 34

2 C2 S1 3.79 2.96 22.00 18
S2 2.77 17.00
S3 2.33 15.00

3 C3 S1 2.90 3.2 37.00 38
S2 3.41 40.00
S3 3.29 38.00

Figure 1: Kenaffiber composite material
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22 N/mm2. C3 of S2 shows a higher tensile strength of 40 N/
mm2 (Figure 3). Figure 4 shows the tensile strength for the
hybrid composite having a higher tensile value of 38 N/mm2.
The combination of hemp and flax fibre demonstrated greater
tensile strength than the other two composites, according to
the tensile test results. The relationship between stress and
strain in a tensile test demonstrates a linear increase in stress

that corresponds to strain. Since, mechanical behaviour of
flax is comparably lesser than hemp, C2 shows less tensile
strength.

Flexural Test

The hybrid composite samples S1, S2 and S3 of
categorized as C1, C2 and C3 were tested using the universal
testing machine to find the flexural properties. Table 2 shows
the flexural value of developed composites. Figure 6 shows
the flexural test for C1. The result shows the S2 with higher
flexural, that is, 100.23 N/mm2. Figure 7 shows the flexural
strength for C2 and S1 as 40.36 N/mm2. S2 shows the higher
flexural strength of 89.66 N/mm2 in C3 in Figures 6 and 7.
Figures 6 and 8 show the flexural strength for the hemp
composite having higher flexural value with an average of
88.26 N/mm2. The flexural result revealed the hemp fibre
having impact on increasing the flexural strength. The stress
strain relation shows that there is linear increase in stress
corresponding to strain in flexural test.

Impact Test

The hybrid composite samples S1, S2 and S3 of categories
C1, C2 and C3 were tested in the Charpy impact testing to
catch out the impact strength. Table 3 shows the impact value
of the developed composites. Figure 10 shows the C2 having
a higher impact strength with an average of 4 J. This reveals
the exhibition of higher impact strength than the other two
composites for flax fibre. Since, strength normally depends on
fibre properties not much on fibre orientation, the impact
behaviour of all the three categories are nearer to each other.

Double Shear Test

Using a universal testing machine, the hybrid composite
samples S1, S2, and S3 of categories C1, C2, and C3 were
tested to determine the double shear properties. Table 4
shows the double shear value of fabricated composites.

Figure 2: Tensile strength of Composite 1

Figure 3: Tensile strength of Composite 2

Figure 4: Tensile strength of Composite 3

Figure 5: Average tensile strength of samples category
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Figure 11 shows the double shear strength for C1. The result
shows the S3 with higher double shear strength of 1.056 kN.
Figures 12 shows the double shear strength of C2 while S3
shows the higher double shear strength of 0.849 kN. Figure
12 shows the double shear strength of C3. The result shows

S3 with higher strength double that of that of 1.350 kN. Figure
13 reveals hybrid composite having higher strength of 1.273
kN than the other two composites. The stress strain relation
shows that there is linear increase in stress corresponding to
strain in double shear test.

Table 2: Flexural test of samples S1, S2 and S3 of categories C1, C2 and C3

Sl. No. Category Samples Ultimate Flexural Average Ultimate Flexural
Strength (N/mm2) Strength (N/mm2)

1 C1 S1 86.06 88.26
S2 100.23
S3 78.49

2 C2 S1 40.36 39.51
S2 38.94
S3 39.25

3 C3 S1 86.77 86.26
S2 89.66
S3 82.37

Figure 6: Flexural strength of Composite 1

Figure 7: Flexural strength of C2

Figure 8: Flexural strength of C3

Figure 9: Average flexural strength
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Table 3: Impact test of samples S1, S2 and S3 of categories C1, C2 and C3

Category Samples Energy Absorbed (J) Average Energy Absorbed (J)

1 C1 S1 2 2
S2 2
S3 2

2 C2 S1 4 4
S2 4
S3 4

3 C3 S1 2 2
S2 2
S3 2

Table 4: Double shear test of samples S1, S2 and S3 of categories C1, C2 and C3

Sl. No. Category Sample Break Average of Maximum Average
Load Break Load Displacement Maximum
(kN) (kN) (mm) Displacement (mm)

1 C1 S1 0.868 0.955 2.91 2.92
S2 0.941 2.83
S3 1.056 3.03

2 C2 S1 0.729 0.787 3.28 3.3
S2 0.784 3.22
S3 0.849 3.40

3 C3 S1 1.196 1.273 3.46 3.47
S2 1.274 3.36
S3 1.350 3.60

Hardness Test

Hardness depends on the material property which is about
the intended portion that tends to absorb the abrupt shock.
The Table 5 shows the hardness value for the all three
categories. C1 has hardness value of 92.6 HRL, C2 has 90.6
HRL and C3 has 94.8 HRL. Figure 14 show the Rockwell
hardness values. The hybrid composite C3 has higher
hardness value than the other composites.

Morphological Analysis after
Mechanical Test

Morphological analysis was performed using a scanning
electron microscope. The properties of the inner surface of
the tested material were examined by SEM. Samples wereFigure 10: Average impact strength
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Table 5: Hardness test of categories C1, C2 and C3

Sl. No. Category Hardness Value (HRL)

1 C1 92.6
2 C2 90.6
3 C3 94.8

Figure 11: Double shear strength of C1

Figure 12: Double shear strength of C2

Figure 13: Double shear strength of C3

Figure 14: Average break load

Figure 15: Hardness test
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taken from each test, dried and coated with a 15-20 nm thick
layer of gold using an ion sputter coater. Consequently, the
samples were examined by a scanning electron microscope.
The interfacial adhesion between the matrix and also the fiber
can be clearly seen in the SEM image.

Resin accumulation observed in the tested samples is
shown in Figure 16(a), is the result of improper distribution
and spreading of resin and hardener mixture. This can be
circumvented by a choosing suitable mixing ratio and also
proper curing time of laminates under weight. Fibre pullout
seen in Figure 16(b) is the result of improper packing of fibres
in the composite materials. Fibre breakage seen in Figure 16(c)
is due to improper treatment of fibres. This leads to the
reduction in tensile strength and some mechanical
characteristics of composites. This may be prevented through

fibre remedy and right fabrication procedure.
Fibre breakage observed in Figure 17(a) may be the result

of improper curing time given while fabricating the composite
laminate. Fibre shear observed is meant for implementation of
proper fabrication procedure. In Figure 17(d) the fibre
breakage is clearly noted. It is the result of a lack in
cohesiveness between resin and fibres used. This can be
avoided by proper selection of resin fibre volume fraction.

Figure 18(a) shows fibre layer movements while applying
a load. In general if proper packing and curing is done the
fibre layers should not shear like this. Hence, careful selection
of curing and load placed on the composite laminate is
required for avoiding this. Some fibre twisting also observed
is due to improper combining of fibres. If combining is done
properly, the fibres should not get twisted which in turn

a. At the magnification level of X20 b. At the magnification level of X100

c. At the magnification level of X250 d. At the magnification level of X400

Figure 16: SEM image of C1 after tensile test
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increases the strength of composite laminate. Resin
accumulation noted can be avoided by proper distribution of
resin during fabrication. Fibre crack is observed in the figure
18(c) which is the result of applied tensile load. Normally, fibre
crack should be avoided by proper packing of fibres in the
laminate while fabricating it. It may also be avoided by

treating the fibre before going for fabrication of composite
laminate. From the figure 18(d) accumulation of resin and
hardener mix is found which the result of improper mixing. It
can be avoided by proper selecting of resin, hardener mixing
ratio and also applying on fibre layers before their
solidification.

a. At the magnification of X30 b. At the magnification of X100

c. At the magnification of X150 d. At the magnification of X250

Figure 17: SEM image of C2 after the tensile test
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a. At the magnification of X30 b. At the magnification of X100

c. At the magnification of X250 d. At the magnification of X400

Figure 18: SEM image of C3 after the tensile test

4.0 Conclusion

In this work, the hybrid composite samples S1, S2 and S3 of
categories C1, C2 and C3 are tested with the universal testing
machine to sort out the tensile properties. The tensile result
shows that the C1 of S2 has higher tensile strength of 36 N/
mm2. It is also noted that the tensile strength C2 of S1 is 22
N/mm2. The C3 of S2 shows higher tensile strength of 40 N/
mm2. Hence, from this it can be concluded that the tensile
strength of the hybrid composite has a higher tensile value
of 38 N/mm2. Tensile results show that the combination of
hemp and flax fibers has superior tensile strength to the other
two composites.

Hybrid composite specimens S1, S2 and S3 of categories
C1, C2 and C3 are tested for bending properties in a universal
testing machine. The result shows the C1 of S2 with higher
flexural that is 100.23 N/mm2. The flexural strength of C2 of

S1 is 40.36 N/mm2. It is noted that C3 of S2 shows the higher
flexural strength of 89.66 N/mm2. Hence, it is concluded that
the flexural strength for the hemp composite has higher
flexural value with an average of 88.26 N/mm2. The flexural
result reveals that the hemp fibre has main impact in increasing
the flexural strength.The hybrid composite samples S1, S2 and
S3 of categories C1, C2 and C3 are tested in the Charpy
impact testing to find out the impact strength. The result
shows that all the three samples S1, S2 and S3 has the same
impact strength of 2 J. C2 also has an average of 4 J as an
impact value. C3 has the impact value of 2 J. Hence, it is
concluded that the C2 shows the higher impact strength with
an average of 4 J. This reveals that flax fibre exhibits higher
impact strength than the other two composites.

The hybrid composite samples S1, S2 and S3 of categories
C1, C2 and C3 are tested using the universal testing machine
to find out the double shear properties. The result shows that
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the C1 of S3 with higher double shear strength of 1.056 kN.
The double shear strength of C2 of S3 shows the higher
double shear strength of 0.849 kN. The result shows C3 of S3
with higher double strength that of 1.350 kN. The Figure 13
reveal that the hybrid composite has higher strength of 1.273
kN than the other two composites. Hardness especially
depends on the material property during which the intended
portion tends to absorb the abrupt shock. The C1 has the
hardness value of 92.6 HRL, C2 has 90.6 HRL and C3 has 94.8
HRL. The hybrid composite C3 has higher hardness value
than the other composites. The wear test result shows that,
experiment 1 gives best performance.
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