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ABSTRACT

Kenaf fiber has been cultivated as an industrial crop. In this paper, we present the on-
going works of an assessment on the mechanical properties of its fiber composites.
Tensile, flexural and impact tests were executed on untreated short kenaf fiber reinforced
epoxy composites. Its fiber content is varied from 5% up to 20%, and was compared to
neat epoxy (NEAT). Using a hand lay-up technique, a mixture of kenaf fiber and epoxy
is poured into a mould and left to dry at room temperature for 24 hours. Seven specimens
were cut according to ASTM D3039, ASTM D790 and ASTM D256 for the tensile test,
flexural test and impact test, respectively. The results showed that the tensile, flexural and
impact strengths of the kenaf fiber are lower compared to NEAT. Samples at 5% kenaf
fiber content shows the highest tensile strength, flexural strength and impact strength at
27.1 MPaand 18.2 MPa and 0.56 kJ/m2, respectively. The 5% fiber content was finalized
as the fiber content that can be applied in archery.
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INTRODUCTION

Kenaf fibers (Hibiscus cannabinus, L. family Malvaceae) are widely used because it has
been appraised as environmentally advantageous and has high commercial interests [1].
Kenaf fiber reinforced polymer is reported to have better mechanical strength and thermal
properties compared to other bast fiber reinforced polymer [1-5]. However, there is a need
for a study on various kenaf fiber content for utilization in sports equipment.
Reinforcement of kenaf fiber with polymers such as the reinforcement of kenaf with
unsaturated polyester, kenaf with polypropylene and kenaf reinforced epoxy have been
widely presented by researchers [6-11]. Nonetheless, the usage of kenaf fiber for various
applications such as in the automotive, construction and sports fields have only started to
get the attention of many researchers, and the trend is increasing according to market
demand [12, 13]. A study on the effect of various kenaf fiber content on its mechanical
properties may increase the demand of kenaf fibers, especially in Malaysia.

The use of kenaf fiber has surprisingly increased worldwide due to its contribution
to the development of eco-friendly material in automotive, sports application and food
packaging fields [1, 14]. Many researchers have presented work related to the properties
of kenaf fiber composites. Khalil et al. [15] studied the basic characteristics and physical
properties of kenaf fiber. Salleh et al. [16] examined the effect of water absorption on
long kenaf hybrid woven glass using the cold press technique. The study showed that
deterioration of composite occurs due to the presence of liquid. Improvement in the
mechanical properties of natural fiber composites may be obtained through the
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hybridization of natural fiber with glass fiber [17]. Davoodi et al. [18] reported that
kenaf/glass fiber produces similar tensile strength, Young’s modulus, flexural strength
and flexural modulus with glass mat thermoplastic (GMT), the material used for car
bumper manufacturing.

The objective of this paper is to determine the effect of various fiber content of
kenaf fiber on the mechanical properties of its composites. A thorough study on the
mechanical behavior of untreated kenaf fiber composites in terms of tensile, flexural and
impact is discussed in this section. This paper presents the experimental set-up of the
composite materials and its respective mechanical testing. Results of the mechanical
behavior on kenaf fiber are discussed in the next section. Finally, the study is concluded
in the last section of this paper.

EXPERIMENTAL SET UP

Materials

Short kenaf fibers with the density 1.2 g/cm®were used for this study. Epoxy DER 331
and Jointmine 905-3 were chosen for matrix and hardener, respectively. The resin and
hardener were mixed in a ratio of 2:1. Five formulations of volume fractions were used
for the composite, which are 0% (NEAT), 5%, 10%, 15% and 20% short kenaf fiber.

Preparation of Composite Material

A hand lay-up technique was used during the fabrication of the natural fiber composites.
The natural fiber composites were made up using a glass mould with dimensions of 200
mm x 200 mm x 3 mm. Figure 1 shows the illustration of the hand lay-up technique used
to prepare the samples. The mixture of the kenaf fiber and epoxy resin with hardener was
poured gently on the glass mould to ensure that no air bubbles were trapped. A plastic
cover was placed on the semi-solid kenaf fiber reinforced epoxy. The function of the
plastic cover is to reduce the presence of bubbles at the surface of the natural fiber
composite. The composites were left at room temperature for 24 hours to let it harden.
After the composites hardened, they were cut according to ASTM standards as depicted
in Figure 2. For NEAT, the samples were prepared using the same procedures as the
natural fiber composites, but without the addition of kenaf fiber.
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Figure 1. Hand lay-up technique.
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Figure 2. Sample of natural fiber composites according to ASTM Standards; (a) Tensile
test (ASTM D3039), (b) Flexural test (ASTM D790), (c) Impact test (ASTM D256).

Mechanical Testing

Tensile and flexural tests were respectively performed according to ASTM D3039 and
ASTM D790 standards using a universal tensile testing machine INSTRON model with
a maximum load of 50kN [19, 20]. For the flexural test, the crosshead speed and span-to-
depth ratio were set up to 1 mm/min and 16:1, respectively. Seven specimens from each
condition were used for both types of tests. The flexural average and flexural modulus
were calculated. An impact test was conducted on the seven specimens of each condition
using the Charpy impact test. The impact tests were performed using Zwick Roell with a
maximum impact energy of 50 J. The procedures for this test followed ASTM D256 at
room temperature [21]. The impact energy and impact strength values were obtained from
the testing. The impact strength obtained from calculations suggested by [22, 23] is shown
in Eqg. (1):

Impact energy(J) y 1

Impact strength (kJ/m?) = =
P gth ( ) Crosssectional area(m?) 10° (1)

RESULTS AND DISCUSSION

The effect of volume fraction on the mechanical properties of kenaf fiber will be
addressed in the next sub-section. The mechanical properties involved in this study are
tensile, flexural and impact properties.

Tensile Properties of Kenaf/Epoxy Composites

The effects of volume fraction on tensile modulus and tensile strength are shown in
Figure 3 and 4, respectively. These results show that 5%, 10%, 15% and 20% untreated
kenaf fiber have slightly lower tensile modulus compared to NEAT epoxy (see Figure 3).
It can be noted that the addition of kenaf fiber decreases the tensile modulus. This is
because the increment of kenaf fiber content in composite material reduces the interfacial
bonding between epoxy and kenaf fiber. This results supports the finding by Davoodi et
al. [18] who found that the tensile modulus of composite materials increased due to the
strong adhesion between the matrix and its reinforcement. Figure 4 shows the huge
difference of tensile strengths between NEAT and 5%, 10%, 15% and 20% kenaf fiber.
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Still, as the kenaf fiber increases, the strength of the composites decreases. One possible
explanation is that the addition of random natural fiber in epoxy does not fully reinforce
the matrix. This result is in agreement with Monteiro et al. [24]. However, a few studies
have shown contrary results, claiming that the strength of natural fiber composites
increases as the volume content of natural fiber increases [25].
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Figure 3. Effect of various kenaf fiber content on tensile modulus.
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Figure 4. Effect of various kenaf fiber content on tensile strength.
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Figure 5. Effect of various kenaf fiber content on flexural modulus.
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Flexural Properties of Kenaf/Epoxy Composites

The flexural modulus and flexural strengths of NEAT and untreated kenaf fiber reinforced
epoxy are shown in Figure 5 and 6, respectively. The 5% kenaf/epoxy composite have
the closest flexural modulus value with NEAT. The flexural modulus value was reduced
7.05% when 5% kenaf fiber was added. Meanwhile, the flexural strength for all fibers
show obviously lower values when compared to NEAT. The difference of NEAT with
20% kenaf fiber is 62.48%. The reason is that an increase of fibre loading leads to the
agglomeration of natural fibre in the composite materials. This could cause the stress
transfer to the fibre gets blocked and reduces the performance of flexural modulus and
flexural strength [26, 27].
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Figure 6. Effect of various kenaf fiber content on flexural strength.

Impact Properties of Kenaf/Epoxy Composites

Figure 7 and 8 show the effect of kenaf fiber fraction on impact energy and impact
strength. Impact energy is the highest at 10% kenaf fiber content and impact strength is
the highest at 5% kenaf fiber content. However, in Figure 7 and 8 as compared to NEAT,
they both have extremely lower values. This is contrary to normal expectations that
impact strength increases as kenaf fiber content increases, such as shown by Shanmugam
and Thiruchitrambalam [28]. The data variation could be due to poor interfacial adhesion
between the fiber and the matrix. This can be explained by the fact that natural fiber is
hydrophilic in nature, while the matrix is hydrophobic in nature. This results support the
findings of Narendar et al. [29] who proved this statement using scanning electron
microscope (SEM) images of hybrid coir pith and nylon fabric reinforced epoxy.
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Figure 7. Effect of various kenaf fiber content on impact energy.
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Figure 8. Effect of various kenaf fiber content on impact strength.
CONCLUSIONS

The effects of various kenaf fiber content on the mechanical properties of composite
materials were investigated. The results revealed that tensile strength, flexural strength
and impact strength of kenaf/epoxy composites are highest at 5% volume fraction of kenaf
fiber. 5% volume fraction of kenaf fiber exhibits the highest tensile modulus and flexural
modulus in its composite materials. Meanwhile, impact energy is highest at 10% kenaf
fiber content. However, the randomly oriented kenaf fiber reinforced composites
produced lower mechanical strength compared to NEAT epoxy. Despite that, a short fiber
receives attention as it provides simple manufacturing procedures. The optimum strength
of short kenaf fiber differs for each fiber content as the fiber distribution is different.
Further study needs to be conducted on the development of natural fiber composites for
usage in various applications i.e sports equipment as it is reported to have exceedingly
low production compared to the automotive and construction fields. This is important if
new improved material can be produced to reduce the usage of synthetic fiber.
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