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ABSTRACT

This study focused on processing of various oil palm derived cellulose (OPDC) loading ranging from 0 to 30
wt % into low density polyethylene (LDPE) biocomposites (100 % LDPE polymer act as control) and the
material was characterised for mechanical and physical properties. Prior to compounding, biomass oil palm
empty fruit bunch fiber (OPEFBF) was derived to cellulose via chlorination and mercerization processes. The
cellulose was compounded with LDPE using Brabender twin screw compounder. The processability or mixing
characteristics of the biocomposites and pure LDPE polymer during compounding were monitored from their
mixing torque curves. The result showed that higher torque value was required to sustain the stable flow of
mixture as the cellulose loading was increased. It is also observed that incorporation of 30 % cellulose loading
has slightly improved the tensile strength. Whereas, the elongation at break and impact strength were found
decreased monotonically with the increasing of cellulose loading. Less than 6 % of water absorption was
measured by the composites.
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INTRODUCTION

In the development for better performance of biodegradable composites, many research has been focused on the
utilisation of various types of natural fibers such as wood [1], hemp [2], ramie [3], flax [4], oil palm empty fruit
bunch [5] and kenaf [6] treated by irradiation technique namely e-beam [7], chemical treatment [8] and coupling
agent [9]. These various approaches were sought with aims to reduce the large consumption of the
nonbiodegradable polymer materials by industries in their manufacturing as it causes high level of pollution due
to a long process of degradation at landfills and the shortage of landfill space, and the rose of petroleum-based
polymer prices due to depletion of it resources which requires minimum utilisation of these materials.

The advancement in biocomposite technology has tremendously increases the processing and production of
natural fibers composites. In Malaysia, oil palm is one of the most important commercial crops. Currently, there
are about 3.6 million hectares of oil palm plantation producing annually over 10 million tonnes of crude palm oil
(CPO), making Malaysia to be one of the major producer of palm oil. However, there are many biomass wastes
from the whole process of palm oil. These biomass wastes include oil palm trunks (OPT), fronds (OPF), kernel
shell, EFBF, pressed fruit fibers (PFF) and palm oil mill effluent (POME) [10]. From all of these wastes, the
majority waste is EFBF, which is estimated around 2.8 — 3.0 million tons per year and about 20 % of the fresh
fruit weight [11, 12]. This waste has been converted into reusable products such as particleboard, fiberboard,
block board, solid fuel pellets, and pulp and papers. However, the drawback of natural fiber is its high water and
moisture uptake [13]. Recently, a study has shown that chemically modified cellulose of oil palm
biomasspolymer composite had improved the mechanical properties as opposed to the composite incorporated
with untreated biomass composites [8].

In this study, oil palm fiber derivative type of cellulose which compounded with food packaging grade LDPE
polymer was produced and the biocomposites were characterised for their properties namely mechanical and
physical properties. Thus, the purpose of this study was to investigate the potential of the derived cellulose
biocomposites for packaging application. For comparative studies, pure LDPE was employed.
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MATERIALS AND METHODS

Materials

Clean oil palm empty fruit bunch fibers (OPEFBF) were obtained from Malaysia Palm Oil Board (MPOB).
Homogenous low density polyethylene (LDPE), Lotrene® FD 0374 was provided by Nuclear Malaysian
Agency (MINT). It has a melt flow index of 3.5 g/10min and density of 0.992 g/cm3. Reagent grade sodium
hydroxide (NaOH), acetic acid (CH3COOQOH), and technical grade sodium chlorite (NaClO2) were purchased
from Fisher Chemicals Sdn. Bhd. (Malaysia) for cellulose preparation.

Methods

Preparation of cellulose

Preparation of cellulose involved two steps. The first step is the preparation of holocellulose by chlorination
method (ASTM D1104). Then, the cellulose was further treated by mercerisation method in order to activate the
hydroxyl groups of the cellulose. The detail of the procedure is reported elsewhere [8].

Preparation of biocomposites

Prior to mixing, cellulose fibers were dried for 12 hours in a vacuum oven at 105 °C to remove the moisture.
The dried cellulose were cut ground using a Hung Chuan Machinery grinding mill (China) and was passed
through 500 m sieve to uniform size. The compounding of LDPE and cellulose was carried out using Brabender
Plasticorder PL 2000 at 145 °C for 20 min at roller speed of 50 rpm. The compounding of LDPE only was also
done as the control in this study. The composition of composite (wt %) is tabulated in Table 1. Molded sheets
with 1 and 2 mm thickness respectively, were prepared at 155 °C and 100 kg/cm3 pressure. This process
involved 15 min of preheating and 3 min of complete pressing in hot press followed by cooling for 1 min under
pressure.

Table 1: Compositions of cellulose-LDPE biocomposite

Biocomposite LDPE (wt %) Cellulose (wt %)
0 100 0
5 95 5
10 90 10
20 80 20
30 70 30

Mechanical testing

Tensile test

All tension testing specimens were cut into dumb-bell shape by using Dumb Bell Cutter (Model SDL-100). The
tests were conducted according to ASTM D-1822-L using Instron Universal Testing Machine (Model 4301)
with load cell of 1 kN at crosshead speed of 50 mm/min. Each testing was performed until tensile failure
occurred. Seven specimens were tested and at least five replicate specimens were presented as the mean of
tested specimens.

Impact test

All notched Izod impact test specimens were cut into rectangular shape with thickness of 3.0 mm. The impact
strength was conducted according to ASTM D256 (ASTM 2006) using Impact Pendulum Tester (Model Ceast
CE UM-636), performed at 7.5 Joules. Seven specimens were tested and at least five replicate specimens were
presented as the mean of tested specimens.

Physical testing
Water absorption test
All water absorption testing specimens were cut into square shaped with dimention of 10 x 10 x 1 mm. Each

specimen was oven-dried until a constant weight obtained. The specimens were immersed in distilled water at a
room temperature. Next, the specimens were periodically taken out of water, surface dried with absorbent paper
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and reweighed. Immediately, after the measurements were taken, they were placed back into the water. Seven
specimens were tested and at least five replicate specimens were presented as the mean of tested specimens.

RESULTS AND DISCUSSIONS
Mixing torque

Figure 1 shows the mixing torque curves obtained from pure LDPE and EFBF derived cellulose-LDPE
composites prepared at various loading of cellulose. The curve for pure LDPE demonstrated that highest peak
was detected during the first min of the processing time followed by a rapid decrease within the next 2 min
before the curve start to decreasing gradually until the mixing torque reaches a constant value which is known as
a stabilization zone. For processing the 10 and 20 % of cellulose biocomposites respectively, it is clearly shown
that after the torque values were dropped from their maximum peak the curves shown to rise up to their second
maximum peak with some fluctuations. Then, the mixing torque gradually reduces to reach their stabilisation
zones. The curve for 30 % of cellulose biocomposite demonstrates almost similar trend to the 10 and 20 %
cellulose biocomposite, except for a huge drop in torque value before rise up to its maximum peak.

In order to understand this behaviour, the compounding process of 100% LDPE polymer is explained. Initially,
the LDPE pellets were loaded into high temperature zone of compounder, this was shown by a rapid increase of
the mixing torque to the maximum peak. All of the pellets absorbed the heat inside the compounder and rapidly
melted as indicated by a rapid decrease in the torque value before it gradually reduces to a constant value due to
the completing of the LDPE melting process. In the case of processing the biocomposites, the second peak was
appeared due to the loading of the cellulose fiber into the compounder. This peak indicates that higher torque
was recorded to mixing the cellulose with the molten polymer. Once the cellulose has dispersed well in the
LDPE, the torque decreased gradually until reached the constant torque value until the end of the processing
time. This reflected that the cellulose and matrix LDPE has been completely mixed [14]. Noticed that, a higher
mixing torque value at the second maximum peak was observed for the higher % of cellulose loading which
indicated that greater amount of energy was required to process the composite.
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Figure 1: Mixing torque curves of biocomposites and LDPE polymer.
Tensile strength

Figure 2 illustrates the effect of cellulose loading on the tensile strength of the biocomposites. Incorporation 5 %
to 10 % of cellulose loading in the biocomposite appeared to show lower tensile strength as compared to pure
LDPE. Nevertheless, at 20 % of cellulose loading the tensile strength was equalled to pure LDPE then further
increased at 30 % cellulose loading. Incorporation of the natural fibers in the polymer matrix caused an
interruption in stress transferring along the applied force. Irregular shape of the ground cellulose fibers were not
able to support the stress transferred from the matrix, thus weakened the biocomposite properties [8]. The slight
increased shown by 30 % cellulose loading biocomposite could be due to a good interaction of fibers to the
matrix. Removal of hemicelluloses during mercerization reduces the cellulose fiber diameter and increases the
aspect ratio. In addition, this treatment produces fibers that is less dense and rigid but rougher surface [15], thus
allows the fibers to rearranged themselves along the direction of tensile deformation. This was an agreement
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with the previous several studies which have shown that the natural fibres treated with chemical treatment had
resulted a significant improvement in tensile strength [8, 16].
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Figure 2: Tensile strength of biocomposites and LDPE polymer

Elongation at break

Figure 3 illustrates the elongation at break for the biocomposites produced at different cellulose loading as
compared to pure LDPE. It shows that the elongation at break decreased monotonically as the cellulose loading
increases from 0 to 30 %. This is a common observation in biocomposites materials where a similar trend is
observed elsewhere [17-19]. The 100 % LDPE matrix has an ability to elongate more due to its elasticity. As the
OPEFB derived cellulose loading increased, the elasticity of HDPE has been suppressed by the presence of the
derived cellulose. The reduction may be attributed to the decreased deformability of a rigid interface between
the fibres and the matrix material [20]. At higher fibre loading, the domination of fibre-matrix interaction can be
expected to diminish and being replaced by filler-filler interaction.
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Figure 3: Elongation at break of biocomposites and LDPE polymer
Impact strength

The effect of various cellulose loadings on the impact strength for notched samples is shown in Figure 4. It can
be clearly seen that the impact strength decreases monotonically with the increasing of cellulose loading. High
impact strength demonstrated by 100 % LDPE is due to the flexible, plasticity and less brittleness of LDPE,
which allows it to absorb and distribute the impact energy efficiently [13]. However, increasing the cellulose
loading decreases the impact strength. The stiff cellulose fibres will act as stress concentrators in the polymer
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matrix thus reduced the crack initiation energy and consequently the impact strength of the composites [21]. The
presence of fibres has also reduced the energy absorbed by the composites during fracture propagation [19].
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Figure 4: Impact strength of biocomposites and LDPE polymer
Water absorption

Figure 5 shows the water absorption of biocomposites and LDPE polymer. For 100% LDPE polymer, it is
clearly shown that less than 0.2 % of water absorption was measured. This is not surprising since the LDPE was
compounded prior to pressing into sheet. During this process, it is possible that voids may be trapped within the
polymer matrix. Consequently, the water would penetrates through the voids upon immersion in water. This
figure also shows that higher water absorption was observed for the higher cellulose fiber loading. Indeed, a
sharp increase in their water absorption curves prior to reaching a constant value was also observed as compared
to the lower cellulose loading of biocomposites. This type of curve is typical for higher loading of natural
fiberpolymer materials [22]. At the beginning of soaking time, the extent of water absorption will take place
depending on the amount of cellulose to interact with the water. This process occurs in a short period (rate of
water absorption is high) until all cellulose have been interacted with water. At this stage, the biocomposites
become saturated and the water absorption has levelled off. Interestingly, the highest loading of cellulose in
biocomposite absorbed less than 6 % of water upon immersion in water. It is believed that the mercerization
treatment of the derived cellulose from EFBF has reduced the hydrophilicity of cellulose, thus interact less with
water [16]. Hence, the water absorption of the biocomposites decreased in their water absorption study on
biocomposites.
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Figure 5: Water absorption of biocomposites and LDPE polymer.
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CONCLUSIONS

This study suggests that incorporating the cellulose that derived from OPEFB has a great potential to reinforce
the LDPE polymer and to reduce the amount of polymer in order to obtain a similar tensile strength. The
mechanical and physical properties may be further improved by incorporating suitable coupling agent such as
maleic anhydride grafted polyethylene (MAPE) to enhance the interfacial adhesion between the cellulose and
LDPE matrix.
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