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Abstract: Research on composite have been widely done throughout the world. Incorporation of reinforcing
materials into matrix can one day replace the use of conventional materials such as polymers, metals, ceramics and
woods. In this research, a composite made of oil palm frond fiber and urea formaldehyde is fabricated. As oil palm
frond fiber can be obtained in great amount due to high amount of wastage generated, composite can be a way to
reduce this wastage. There were two different type of fiber loading prepared which were 40% and 50%. The fiber
and UF were mixed until homogenous. It is then placed into the hot press machine to undergo hot press process.
After the fabrication, the mechanical properties of the composite will be tested and observed. The mechanical test
includes flexural and tensile test. Both tests are done in accordance to the ASTM standard which are ASTM D-790
and ASTM D-638. The morphological characteristic of the composite will also be observed in this study. The
results showed that the composite with higher fiber loading, which is 50 %, have better mechanical properties. The
composite with 50 % of fiber has a flexural strength of 1.4306 MPa, a modulus of elasticity (MOE) of 1248.9516
MPa and a tensile strength of 3.874 MPa. These composites can be used as an alternative for wood and automotive
application.
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1. Introduction

As the world is advancing so fast, countries or nations are competing with each other on their technology [1].
Research and development on new products or materials are widely being done around the world. Slowly, conventional
materials will be replaced by composites. Conventional materials include polymers, metals, ceramics and woods [2].
Composite consists of two constituents which are the matrix and the reinforcing materials [3]. As composites exhibit
anisotropic behavior, they will have different properties when force or stress is applied from different directions [4]. In
this study, fiber will be used as the reinforcing material. It can contribute to the strength and stiffness of the composites.
Compare to the matrix, fiber carries majority of the load [1]. There are various type of fibers, for example, carbon,
aramid, glass and natural fibers [1]. In this study, natural fiber will be used. Natural fiber possesses its own natural
characteristics; thus, it is unique [5]. Some of the properties of natural fibers include renewable source, biodegradable
and light weight [6]. Natural fiber also uses 60% less energy in the production process compare to glass fiber [7]. There
are few categories under natural fiber, which are plant fibers, animal fibers and mineral fibers [8].
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Oil palm business has contributed a lot to the agriculture and economy of the country. However, when the
production of oil palm products increases, the wastage also increases significantly. When it is not handled properly, it
could affect the environment. The oil palm tree has many different parts, for example empty fruit bunch, fresh fruit
bunch, oil palm frond, oil palm trunk and so on. From all of these parts, the one with the most amount of waste
generated is oil palm frond where they contribute to 70% of the waste [9]. By the year 2020, the OPF waste generated
may reach to 110 million tons [10]. The peak season of cutting the oil palm frond is during the pruning of oil palm tree
and harvesting period [11]. The objective of this study is to study the effect of fiber loading on the mechanical
properties of oil palm frond and urea-formaldehyde (OPF/UF) composite. In this study, the reinforcing fiber used is the
oil palm frond fiber. Oil palm frond fiber consists of 40 to 50 % cellulose, 34 to 38% hemicellulose, 80 to 84 %
holocellulose, 20 to 21 % lignin and 4.5 % of extractive [12]. During the harvesting or pruning period, oil palm frond
can be obtained easily and in great amount. Thus, by incorporating it into composites as a reinforcing material, oil palm
frond waste can be converted into something useful and the wastage can also be reduced.

2. Methodology

2.1 Materials

Oil Palm Frond (OPF) were supplied by Szetech Engineering Sdn Bhd which is shown in Figure 1. The fiber were
crushed using a Low Speed Mini Granulator (Model: AA-150) to obtain fibers with smaller size. Then it was sieved by
using a sieving machine to obtain a mesh size of 0.28mm. Urea Formaldehyde used as matrix was supplied by

Hexzachem Sarawak Sdn Bhd which is shown in Figure 2. Urea Formaldehyde has a melting point approximately
30°C.

2.2 Fabrication of the Composite
The OPF fiber and UF samples were weighed using a weighing machine to obtain two different fiber loading,

which were 40% and 50% fiber. The size of the mold is 200 x 200 x 6 mm. A targeted density of 0.7 g/cm3 is used. By
using the general formula of density where m is the mass of fiber and UF, and V is the volume of the mold, the mass of
total fiber needed can be calculated. Table 1 shows the mass distribution of fiber and UF with different fiber loading.
The total mass of the fiber and the UF is 140g. For 40% fiber loading, 56g of fibers and 84g of UF were used. While
50% fiber loading, 70g of fiber and 70g of UF were used. The fiber and UF sample were mixed together using a
mechanical stirrer until homogenous. Grease were applied onto the mold for ease removal of the composite after
fabrication. The mixture of fiber and UF were poured onto the mold and hand pressed to make it more compact. The
mold was then placed into the hot press machine for hot press process. The composite was hot pressed for 1200s at
175°C, then cold pressed for 1200s at 28°C. Both hot and cold press were done under a pressure of 5 MPa. After the
composite has formed, it was cut into several samples for flexural and tensile test. Prior to the testing, the samples were
conditioned.

Fig. 1 — Oil palm frond fiber Fig. 2 — Urea formaldehyde
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Table 1 — Mass distribution of fiber and urea formaldehyde

Total Wt% of Mass (g)

Mass (g) Fiber Fiber UF
40 56 84

140 50 70 70

2.3 Mechanical testing
In this study, the mechanical properties of OPF fiber and UF composite were tested. The fiber loading of 40 and 50
% were used for a fiber mesh size of 0.28mm.

For flexural test, Hegewald & Peschke Universal Tensile Machine (UTM) 10kN was used. The schematic diagram
of flexural test is shown in Figure 3. The dimension of the sample for flexural test is shown in Figure 4 with total length
of support length 80mm. The composite were then cut into rectangular shape with dimension of 96 x 20 x 5 mm.
Before testing, the samples were conditioned at 23+2°C and 50+5% relative humidilty for at least 40 hour. The flexural
test was done based on the ASTM D-790 standard with crosshead speed of 2.13mm/min.
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Fig. 3 — Sample for flexural test Fig. 4 — Flexural test sample dimension

For tensile test, the same UTM machine for flexural test was used. The samples were also conditioned prior to
testing. The tensile test was done in accordance with ASTM D-638 standard. The samples were cut into dog-bone
shape with a gauge length of 50mm. The setting of crosshead speed was 0.lmm/min. For tensile test, 2 samples with 5
replicates were tested. The sample used for the tensile test is shown in Figure 5.
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Fig. 5 — Dog bone sample for tensile test

2.4 Morphological Observation

Jeol JSM-6000 Plus, which is shown in Figure 6 was used to observe the morphology of OPF/UF composites. Prior
to the observations, the composite was cut into smaller size and coated with a thin layer of gold by using the smart
coater. The composites were observed using 10 kV with magnification of 50.
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Fig. 6 — Scanning electron microscope (Joel JSM-6000 Plus)

3. Results
3.1 Flexural and Tensile Strength of Composite

In this study, the mechanical properties of two different fiber loading composites were evaluated. Figure 7 shows
the comparison between flexural and tensile strength of the composite results. Based on flexural strength result, the
composite with 40% fiber content have flexural strength of 1.396 MPa, whereas for the board with 50% fiber content,
the flexural strength is 1.4306 MPa. Comparing both result, the composite with higher fiber content has higher flexural
strength. In a studied done by Abdul Khalil et al. on recycled polypropylene and oil palm biomass has also reported that
as the fiber loading increases, the flexural strength also increases [13]. Ojaswi Panda [14], which conducted a study on
the effect of fiber parameters on the mechanical behaviour of bamboo-glass fiber reinforced epoxy based hybrid
composites discovered that the samples or composite with higher loading of bamboo fiber to glass fiber gives better
performance in terms of flexural strength. In another study [15], when the fibers in the medium density fiberboard
increases, the flexural strength will increase too. However, in a separate study done by Azmi [16], the properties of
composite decrease when the fiber content has reached its limit. When the fiber amount exceeded its limit, the interface
will become weaker and it could also led to insufficient wetting.

4.0 1 3.874

3.0
w40 Wt% m50 Wt%

1396 1.4306

Strength (MPa)
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Flexural Strength (MPa) Tensile Strength (MPa)

Fig. 7 — Flexural and tensile strength of composite with different fiber loadings (40wt% and 50wt%)

Based on the tensile strength result, the composite with 50% fiber content have higher tensile strength which is
3.874 MPa whereas the composite with 40% fiber content have lower strength which is 2.750 MPa. The same results
were reported by Ojaswi Panda [14] who did comparison study on the effect of fiber loading to the tensile properties of
bamboo fiber composite. This may be due to the stiffness of the fiber which contributes to the strength of composite.
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In this study, it was found that the strength is quite low. The low strength of the composite may be due to poor
fiber dispersion or distribution during the fabrication process. When the fibers are not properly mix with the resin, it
could affect the mechanical performance of the composite. During the tensile and flexural test, the stress does not
distribute evenly, thus affect the strength [17]. The fibers which have irregular shape may also affect the properties as
they may not be able to support the loading or stress applied to the matrix [18]. Based on previous study [19], the
tensile strength of the composite depends on three factors which are the strength, the bonding strength effectiveness
between the matrix and fiber during the stress distribution, and the modulus of fiber. There are three factors which will
affect the mechanical properties of the composites, which are the size of fiber, fiber-matrix interface adhesion and the
fiber loading [20]. The performance of the composite might also be affected by the hot press parameters. By using
different heating time, cooling time and pressure applied to the mold, the results of the strength could varies.

During the flexural test, the modulus of elasticity (MOE) of the samples were also recorded. The value of the
modulus of elasticity is presented in Figure 8. Based on the MOE values obtained from the flexural test, it can be
observed that the MOE for composite with 40% of fiber content is 640.2464 MPa.While for composite with 50% of
fiber content, the MOE value is 1248.9516. Based on the results, we can conclude that the MOE values for 50% fiber
content is almost two times higher than composite with 40% fiber content. As the fiber content increase, the MOE
value also increase.

Rozman et al. performed studies on different filler loading for empty fruit bunch/polyethylene (EFB/PE) found that
the MOE increases as the percentage of filler increase. However, once its reached a certain percentage of filler, the
MOE will drop [21]. In another study [15], when the fiber loading which is the coconut coir increases, the MOE value
increases. This was also due to the stiffness of the fiber which then contributes to the value of MOE.
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Fig. 8 — Modulus of elasticity of composite with 40wt% and 50wt% of OPF Fiber
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Fig. 9 — Composite with 40wt% of OPF fiber
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3.4 Morphology

All the broken composites after tensile test were observed in the SEM. It showed that fiber breakage, voids and
holes were observed from the SEM pictures shown in Figure 9 and Figure 10. From the morphology, it was found that
fiber breakage or pullout occurs. This may be due to the mixing process of the fiber and UF. When the UF and fiber
does not mix homogenously, fiber breakage or pullout can occur. It was stated in a study done by Anuar et al. on
comparison of the morphological and mechanical properties of oil palm fibers and kenaf fibers in nonwoven reinforced
composites, insufficient wetting between the fibers and matrix can affect the strength of the composite [22].. Studied
done by Chern et al. on methacrylate silane treated oil palm mesocarp fiber reinforced biodegradable hybrid
composites, there are no fiber pullout or cavity present in the silane treated oil palm mesocarp fiber [23]. In this study,
the fiber used were not treated, thus this one factor that may contribute to low mechanical properties of composites that
lead to fiber breakage.

Fiber

004290

Fig. 10 — Composite with 50wt% of OPF fiber

5. Conclusion

In this study, the effect of different fiber loading with 0.28mm mesh size OPF fiber and urea formaldehyde were
studied. From the study, it was concluded that the amount of fiber loading is crucial to produce a composite with high
mechanical properties. After comparison between the two fiber loading, it is concluded that the composite with 50%
fiber loading have better mechanical properties. The highest flexural and tensile strength that can be achieved were
1.4306MPa and 3.874MPa respectively. However, the performance of the composite were expected to drop once its
reached a certain loading.
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