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Abstract

Rice husk and coconut husk a potentially cheap raw material are available in large quantities but are currently discarded as
agriculture residues. The rice husks and coconut husks are bumed after harvest. Hereby, I propose the usage of these "waste"
as potential raw material for particleboard so as to provide an alternative source as of replacement depleting wood particles.
This study determined the properties of particleboard made of a mixture of rice husks (50%) and coconut husks (50%).
The 50:50 mix were investigated for the effects of board densities (600kg/m3, 700 kg/rnJ and 800 kg/m3) and varying phenol
formaldehyde resin contents (8, 10 and 12 %). Based on ttle results, the modulus of rupture (MOR), modulus of elasticity
(MOE) and internal bonding (IB) were increased by increasing resin contents and boa:d densities. For thickness
swelling (TS) and water absorption (WA) the values decreased for each increasing board densities and resin contents. In this
study the highest value of MaR (11.12 MPa) and MOE (1238.51 MPa) is obtained from 800 kg/m3 with 12% of resin content.
The best value of IB is 0.125 MPa from 700 kg/m3 at 10% resin content. The particleboards were evaluated according to
the European Standard (EN 312:2003) requirements.
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1, INTRODUCTION

Malaysia is one of the world's largest tropical
timbers/timber products exporter and the 101h largest
exporter of furniture with over 160 destinations. In Asia,
Malaysia is the second largest. One of the divisions of
timber industries is composite sector. Composite, begin a
long time ago, is a resultant material with entirely different
properties compared to those two or more distinct
individual component once combined together (Fowler,
Hughes, & Elias, 2006).

These days, the developments of composite industry are
becoming al.tracted toward bio-based composite in both
commercial and non-commercial applications (Ndazi et
aI., 2006). Bio-composite are composite materials
comprising one or more phases derived from a biological
origin (Fowler et aI., 2006). In recent years, wood
based industries all over the world are facing difficulties in
obtaining wood raw malerial. The use of renewable
resources such as agricultural residues in the production
of composite panels is now gaining interest.

Particleboard panel is a common' and widely used
composite products in furniture manufacturing and house
construction (Youngquist, 1999). Bono et aI., (2010)
described that particleboard production involved wood
particles compression at high pressure with other
lignocelluloses materials and adhesive made from natural
or synthetic products to bind wood pieces. Particleboard is
usually produced from wood particles. Nowadays,
particleboard ought to be produced by using altemative

material in order to decrease deforestation issues, for
example in Malaysia. Solid waste material, agriculture
residues such as rice husks and coconut husks are
examples of alternative rnaterials that have potential to be
used as bio-based composite product.

In Malaysia, study done by Chan Chee Wan & Cho Meng
Chang (2012) stated that paddy (Oryza sativa) is the third
most important crop grown after oil palm and rubber in
term of acreage. Rice husk is the outer covering of rice
grain obtained during milling process. Currently, this
agriculture residue is burned and left in the field after
harvest (Ciannamea, Stefani, & Ruseckaite, 2010).
However, rice husks have very high external surface area,
unusually high in ash which is 92% to 95% silica. It is light
weight and can be potentially used for making
particleboard (Suleiman, 2013).

At the same time, the fourth most popular crops after
paddy is coconut (Cocos nucifera). Coconut produced
natural organic fiber that can be extracted from outer skin
coconut (Rozli et aI., (2011). Generally, only small
percentage of coconut husks are used for making ropes,
yarn, mats or brushes. The advantages of this natural
fiber are tough, durable, inexpensive, resistance to fungi
and rot and not easily combustible. Hence, the
combination of these both residues has the potential to
make particleboard. This will utilize the waste and with
likely reduce cost of raw materials (Hemsri et aI., 2012).

165





3.1 Bending test

The objective of bending testing is to measure the
strength of the particle. MaR is the measurements of the
rate rupture pieces of the particleboards sample and
MOE is to measure the resistance to bending from
stiffness of a beam. Using the Universallnstron Machine
with the marked number in sample, the boards were
tested until it broke and the result are measured in MPa.
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Where:

L = Length (mm)
Fmax = Maximum load (N)
b =Width mm
d = Depth (mm)
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L = Length (mm)
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b =Width (mm)
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the durable of the board to water. The thicknesses after
boards completed immersifln were measured. The
percentage of thickness swelling was calculated by used
the formula shown:

Thickness after -thickness before X 100
T8 (%) = Thickness before

3.4 Water absorption test

The samples were soaked into water to allow the board
samples to absorb water. The purpose of this testing is
to identify how much boards absorb the water and to
indicate the durability of boards towards water. The
weights after boards completely soaked in water were
taken. The percentages of water absorption were
calculated by using the formula shown:

Final weight -lilitial weight X 100
WA (%) = Initial weight

4. RESULTS AND DISCUSSIONS

4.1 Effect of resin content on mechanical properties

Figure 2 shows the effect of resin content on the MaR
and MOE. While, Figure 3 show the effect of resin
content toward lB. The resin contents of 8 %, 10 %
and 12 % have significant different for each mechanical
testing types. The increase of resin content showed
increasing values of MaR and MOE of particleboard.
The values of IB increased when the content of the
resin increased from 8% to 10% in the board (Ayrilmis et
al,2012).

3.2 Internal bond test

Internal bonding test (using Instron Universal Machine)
was to determine the strength of the board based on
bonding between particles. The specific test size
specimen is 50 mm x 50 mm. The formula to calculate the
18 is shown below:

Where;

18 =
Fmax

Lx W

According to Zheng et ai, (2006) higher resin content
values resulted in higher values of MaR, MOE and
lB. This indicates that the values of MaR, MOE and IB
are strongly influenced by the percentage of adhesives
and densities (AyeIe & Reinhardt, 2010). Higher resin
content would cover more surfaces providing better
bonding between particles (Gamage, et aI., 2008).
Another evaluated by Nemli et aI., (2003) showed
that increasing of adhesive usage caused an increasing
improvement on all mechanical properties.

L = Length (mm)
Fmax =Maximum load (N)
W =Width (mm)

3.3 Thickness swelling test

Before the test conducted, the thickness of samples was
measured by using Electronic Micrometer. Then, the
samples were immersed into water in 24 hours. All the
sample was ensure that the overall board surface was
properly immersed. The objective of testing is to indicate
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