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found that filler content and size of OPWF and EFBF influence mechanical properties of the
boards. The size and aspect ratio are believed to influence the rheology or the flow in the mixture
and in tum the mechanical perfonnance of the composites (Kulkarni et. al 2002). They expected
that fillers and fibres, when used in combination, not only complement each other's perfonnance
and result in better properties for the composite but also reduce the extent of matrix polymer
required in the system. On the other hand, Stark & Berger (1997) claimed that the effects of
particle size on the properties of polypropylene filled with wood flour do not affect specific
gravity but do affect some selected mechanical and physical properties of wood plastic
composites. They reported that increasing the fibre size improves strength and stiffness, but
reduces elongation and energy to break. In addition, Bouafif et. al (in press) stated that aspect
ratio, rather than particle size, has the greatest effect on strength and stiffness. However, particle
size does not affect specific gravity. According to Clemons (2002), most plastics processors
ignore wood fibre because of its low bulk density, low thennal stability, and tendency to absorb
moisture. The relatively high bulk density and free-flowing nature of wood flour compared with
wood fibres or other longer natural fibres, as well as its low cost, familiarity, and availability, are
attractive to WPC manufacturers and users. The moisture absorption by composites containing
natural fibres has several adverse effects on their properties and thus, affects their long-tenn
perfonnance. Wang et. al (2006) concluded that low fibre loading prevents the moisture of
composites. However, at high fibre loading, for example, 65%, this increases the moisture
absorption. Precautions are needed to prevent moisture absorption when high fibre loading is
applied. Several researchers suggest that coupling agents, compatibilisers or other chemical
modifications are used to improve the moisture resistance of composites (Clemons, 2002; Wang
et. ai, 2006; Jamaludin, 2006 & Khalid et. ai, 2008,).

The research and development into new uses of by-product for OPT residues display an
attractive approach as an alternative source of lignocellulosic material for the wood based
industries. The OPT residues have a great potential to be converted into value-added product.
Sumathi et. al (2008) reported that OPT residues have been successfully utilised as saw-wood
and plywood or lumber, core in the production of blackboard, interior furniture, particleboards
with chemical binders and some of the trunks are mixed with EFB and oil palm fibres to be
combusted and produce energy. The oil palms residues in this study are subjected to the sawdust
which remains after converting OPT into the lumber. Exploitation of this material is an effort to
reduce waste in oil palm plantation and moreover, to avoid pollution. Thermoplastic composite
from OPT residues has been expected to be more durable than other panel products due to less
moisture absorption. The purpose of this study was to investigate the potential of OPT particles
as a filler in thennoplastic composite. In addition, the effects of bulk density, filler ratio and
particle geometry toward the physical and strength properties of OPT sawdust filled PP were also
detennined.

Materials and Methods

Polypropylene (PP) was supplied by Polypropylene Malaysia Sdn. Bhd (a member of
PETRONAS Group and Companies). The OPT was obtained from Malaysian Palm Oil Board
(MPOB), Bangi, Selangor. Figure I shows the OPT sawdust that is produced from lumber
processing residue. Sawdust was ground into particles using Wiley milling machine. Particles
were then screened and classified into three geometry sizes (425, 250 and 150 /lm) using a
Gilson multi deck screener. Then, the particles were oven-dried at 80°C until they achieved
moisture content less than 5%. The particles were then identified using the bulk density
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Table 3. Results of the analysis of variance (F values) for physical and strength properties of
OPT particles filled PP

Source Physical properties Strength properties

TS WA Flexure Tensile Impact
FMOR FMOE TMOR TMOE

Corrected model 6.187 1.894"' 7.144 13.412 11.231 11.916 15.372

Ratio 2.965"' 0.248"' 1.993"' 0.073"' 20.868 30.880"' 56.422

Geometry 0.356"' 0.592"' 14.225 38.855"" 6.504 0.478"' 1.196"'

Ratio xgeometry 10.713 3.368 6.178 7.360 8.776 8.152 1.935"'

Sigmficant at 0.05; Slgmficant at 0.0 I; "' not slgmficant at 0.05

The results of filler ratio toward thickness swelling (TS) and water absorption (WA) are
given in Figure 4. It reveals that filler ratio significantly affected TS while it is comparable in
WA. The TS thermoplastic composite increases with the WA and thus, has similar trend to the
water absorption regarding the impacts of particles to plastics ratio. The impact of OPT particles
to plastics ratio on water uptake can be explained by the presence of vascular bundles,
parenchyma tissues and hydrogen bonding sites in the OPT particles. According to Adhikary et
al (2008), some researchers explained that this situation was influenced by the gaps and flaws at
the interfaces, and the micro-cracks in the matrix formed during the compounding process
resulted in poor compatibility between the hydrophilic wood flour and the hydrophobic plastics,
which increases the water absorption depending on the number of free hydroxyl groups, thus, the
amorphous regions are accessible by water. On the other hand, plastics are water repellent and
have much lower water sorption capability than wood. Wang et. al (2006) reported that moisture
only penetrate into plastic composites through natural fibre (rice hulls) after one year submersed
in the distilled water at room temperature. Samples made with lower ratio of OPT particles have
lower TS (1.4%) and WA (0.78%) while the higher TS and WA were approximately 2.0% and
1.0%, respectively. This fmding indicates similar dimensional stability properties without adding
the coupling agent which is consistent with previous fmdings by Chen et al. (2006) and Adhikary
et al. (2008).

As shown in Figure 4, the effect of filler ratio is significant for selected properties i.e. tensile
modulus of rupture (TMOR), tensile modulus of elasticity (TMOE) and impact strength of PP
OPT particles composites. In general, an increase of filler ratio increases both tensile and flexural
MOE but it decreases the MOR and impact strength. However, Khalid et al. (2008) found that
the effect of impact strength of PP-cellulose and PP-EFBF composites for notched samples
increased with the filler loading. The highest values of strength properties for MOR was 29.79
MPa with 10% filler ratio, for MOE was 2813 MPa with 30% filler ratio and for unnotched
impact was 8.93 k/J with 10% filler ratio. In previous study, it was that reported that high particle
ratio attributed to high rigidity and strength. Related to that statement, Adhikary et al. (2008)
found that TMOE and FMOE of wood fibre increased steadily with wood fibre content. The
results obtained are in agreement with the finding in this study. In the other study, PP-cellulose
EFBF composites appeared to have slightly lower TMOE at lower filler loading; however, as the
filler loading was increased, the TMOE increased significantly. This is a common phenomenon,
i.e. filler addition results in greater modulus, but the PP-EFBF composite modulus is still lower
than PP-cellulose composite (Khalid et a!., 2008). By adding filler ratio, it is expected to change

312







..

,

.........

SITI ZALIFAH ET AL.

that OPT particles is a potentially attractive thermoplastic filler due to optimising the utilization
of oil palm residues to be a value-added product in wood-based industry.
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