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Abstract

The aim of this study was to investigate the use of Kelempayan species in manufacturing three layer particleboard panels. The
boards were fabricated with three different densities (500 kg/m3, 600 kg/m3 and 700 kg/m3). The sample also has different level
of the resin content (8 %,10 %and 12 %). The boards produced were evaluated for its' modulus of rupture (MOR), modulus of
elasticity (MOE), internal bond (IB), water absorption (WA) and thickness swelling (TS) in accordance with the Japan industry
Standards (JIS) A 5908:2003. The result meet requirement and passed standard value based on JIS A 5908:2003 Type 13 for
mechanical properties is board at density 600 kg/m3 with resin 12 %, the result shown in MOR (14.94 MPa) and IB (0.29
MPa). For density 700 kg/m3 with resin 8 % and 10 %only MOR and IB passed the standard..At the same density for resin 12
%, the all mechanical properties passed the standard value of JIS. For physical properties, only one parameter combination
passed in thickness swelling (11.90 %), I.e. density 600 kg/m3 and 12 % resin content. It is concluded that the boards with
density of 700 kg/m3 were able to fulfil the JIS requirements.
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1. INTRODUCTION

In current situation, demand for wood and wood based
composites is rising.The scientists are working hard to
find suitable substitute of timber through researches.
Basically the development of particleboard has been
based largely on the use of softwood timbers. Wood
panel product are used widely in the manufacture of
furniture, home constructions, speakers, sliding doors,
lock blocks, interior signs, displays, table tennis, pool
tables, electronic game consoles, panelling, kitchen
worktops, and work surfaces in offices, educational
establishments, laboratories and other industrial product
applications (Anon., 1996).

In the wood industry, the word composite and
reconstituted wood is usually used to explain any wood
product that is "glued together". ParticleboCird is typically
made in three layers. The face of the board consists of
fine particles, and the core is made of coarse particles.
Producing a panel this way improves utilization of the
material and the smooth surfaces presents better
surfaces for laminating, overlaying, painting or veneering
(Ayrilmis, Kwon & Han, 2012).

In view of the need to increases the utilization of wood
resources, the industry has diversified into the production
of high value-added reconstituted panel products such as
particleboard and medium density fiberboard. The
particleboard industry has grown and currently there are
16 mills in operation in Malaysia. The industry, over the
years has successfully exported its products particularly
for use in the furniture industry (Nations, Peninsula &
Independence, (2012). Normally in Malaysia,

particleboards are generally available as platen pressed
with board densities between 600 kg/m3-800kg/m3 and
thickness between 6 to 40 mm (Biswas, Kanti & Hossain,
2011).

Kelempayan (Neolamarckia cadamba) is a pioneer forest
species which is currently considered as less-utilized
species that normally grows wild in the gaps of selective
felling, wind damaged areas and by the logging roads or
the riving in abandoned shifting cultivation plots (Noar
Azrieda et aI., 2009). It is light weight hardwood that has
good mechanical and working properties and suitable for
various utility purposes. This tree has potential to be
utilized for sawn timber, veneer, chip, pulp and
composites. The timber airs dries rapidly with little or no
degrades. The wood is easily preserved by using either
open tank or pressure-vacuum systems (Ismail, 1995).

2. MATERIALS AND METHODS

2.1 Field Procedure

Particle preparation starts after felling and moving logs to
sawmill for cutting to billet length with chain saw.
Debarking was done with cleaver to remove the barks
that are useless. The billet was then feed to wood chipper
to obtain a desirable thickness and length. Chipped
particle were air dried and screened using vibrator
screening machine to 0.5 mm, 1.0 mm and 2.0 mm. The
fine and dust like particle were removed. Fines tend to
absorb more glue and reducing the strength of the board.
The face and back was use 0.5 mm, 1.0 mm and core is
0.5 mm, 1.0 mm, 2.0 mm (mixed).
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Lastly in conditioning process, the samples were left in a
conditioning room with a relative humidity of 60 ±5%and
the temperature Of 20 ± 2 %.

2.3 Sample Cutting

For sample testing, the panel boards were checked for
bonding conformance and thickness tolerance before the
side trimmed and cut to accurate dimension using the
table saw machine. The line must be drawn on the board
according to Figure 1 for the particle board sampling.

Figure 1: Particleboard sampling pattern
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2.2 Board Manufacture

After screening, the particles were oven dried to make
sure the particles below 5% moisture content (MC), If not,
the boards was blow in the hot press section cause by
present of excess water in the particles. The temperature
of the oven needed is 80°C and was kept it for 24 hour.

The amount of resin in a product and how effectively it is
mixed detenmines the strength of the board. For this
project, Urea formaldehyde (UF) was used as a binder.
According to Table 1, the resin specifications are solid
content 49.5 %, viscosity 1.38p and free fonmaldehyde
0.90%. Resin was used at different ratio in board
manufacture for surface and core, The face and back
used 8%, 10%, and 12% and core is constant at 10%
resin content. Prepared dried particles were then used in
the blending process. For this step, surface/back was
mixed first and continued with core. Blending is the
process of mixing resin adhesive with particles using glue
mixer.
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Table 1: Resin Specifications

After blending, a mat former with steel slots or slits was
used to form the board manually. Before forming, silicon
release agent is sprayed onto the tray, so that the
particles do not stick on the tray and mould. The size of
mould is 350 mm x 350 mm. Target board thickness is 12
mm. The objectives of fonming are to lay a mattress which
is even in weight along its length and across its width.
The production of three·layer boards requires three or
more forming stations. The two outer layers consist of
particles that differ in geometry from those in the core.

3. TESTING METHODS

3.1 Bending Strength

Bending test is important to obtain Modulus of Elasticity
(MOE) value and Modulus of Rapture (MOR). For
bending test, the board was marked individually. All
measurement of sizes dimension of board such as length
and width, and the weight was taken. By using the
Bending machine (Instron machine), put the board with
the load support of more than 240 mm span width. Test
the board until it broke, the results detenmined in MPa and
calculate the bending test by the formula below:

b. (I') 3PLJJ endmg strength ---: =-
~I:l" 2C}f.

\\11~(~, P: lU:lximum load (1'1)

The process was continued to cold press. The
advantages of cold press were to reduce the mat
thickness and enabling the mat to be handled easily
before hot pressing process.
After cold press process, hot press machine was used to
press the board at temperature of 165°C for six minutes.
In this process, three levels of pressure were used. Table
2 below shown the pressure time and pressure used in
making board.

Steps Tilnel(mmut~;l Pltllute(p")

1 .' ISOO

1
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Table 2: Hot press time and pressure

L: span (mm)

1>: width ofteslpi~ce (mm)

(: thickn~ss of test pi~ce (mm)

3.2 Internal Bonding

The purpose of intemal bonding (IB) is to determine the
tensile strength of the board panels. For IB, the board
was sized to 50mm x 50mm, marked and all of its data
recorded before testing. For testing preparation, board
surface was sanded to avoid surface failure during the
test. Then, test samples must be glued to glue the steel
test block. For this testing, two part epoxy glue at mix
ratio 1:1 was used. Glued sample was allowed to cure for
2 hours. Lastly, it was tested by using Inslron machine
where the machine pulled the two sides of block until it
break at the middle of sample. We can calculate the IB
using the formula below:
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P' :: ~bxiUlum load tNJ 31 the timt of failing fcrct

b = \\"Idth (mill) of s3mp!<

L = Length (lOW) of sample

3.3 Thickness Swelling

For thickness swelling (TS), all of the samples must be
precisely soaked into the water to make sure that the
overall of the samples were properly soaked. The board
sized was about 50 mm X 50 mm and all the data
recorded. Then after the board had been marked it was
be soaked in the water unlil all part of the board
submerged for 24 hours. The formula that was used in
calculation to know the TS is as given:

Thickness swelling: Final dhnensirn - lnitiaJ di/llcj!1i.ru..:': 100
lnitiaJ dimension

3.4 Water Absorption

The purpose of water absorption (WA) lesting is basically
to determine how much water was absorbed by the
particles. This w.A. testing also indicates how durable the
particleboard is to the water. The formula that used in
calculation to know Ihe percentage of WA is as shown
below:

Water absorption: Final w~ight - Initial
Initia.l weight
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highest of MOR (21.94 MPa), MOE (2692 MPa) and IB
(0.49) is for the board density 700 kg/m3 with 12 % of
resin content. The board with density 500 kg/m3 had the
lowest of MOR, MOE and IB for mechanical properties in
board with 8 % of resin content. The result is 5.64 MPa
(MOR), 903 MPa (MOE) and 0.12 MPa (IB). The folloWing
results passed requirement standard of JIS A 5908:2003
Type 13 for mechanical properties. Board with 600
kg/m3 with resin 12 %, for in MOR (14.94 MPa) and IB
(0.29 MPa), density 700 kg/m3 with resin 8 % and 10 %
for in MOR and IB and density 700 kg/m3 for resin 12 %
passed all mechanical properties.

In physical properties, for TS, density 600 kg/m3 with
resin 12 % have lowest value at 11.90 % while the
highest was 25.46 % for density 700 kg/m3 with 8 % of
resin content. Lowest WA of 77.6 % was for board
density 700 kg/m3 with rtisin 12 %. Then for highest WA
(151.58 %) the value was for board with density 600
kg/m3 and 8 % resin content. For physical properties,
only board with density 600 kg/m3 and 12 %resin content
passed the TS for JIS requirement.

4.2 Statistical significant for Particleboard

Table 4 shows the analysis of variance (ANOVA) of the
effect resin content on board density. The result shows
that the resin content significantly affects the MOR, MOE,
IB and WA values. TS effect was not significant.

T~blt ~: TIlt sumUlary Analysis o(\'3.l1Jnc( (ANOVA) (01 p3J1icltOO3l'd &001

M.l'y.!!.IlY..\~tl!.I.JP
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COoltnl
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4.1 Mechanical and physical properties of
particleboard from Kelempayan sp

Table 3: i\lechanica1211d physiC'31 preVtrtie$ Clfparucltbolfd itom

Kf.!S!IU!fl1.w:PP.

Board ReslD ~IOR ~JOE IB (0." TSl o
.) WA

dtnsity content (~lP~) (~lP3\ l~D)

SOO • S."" S~3 0.12 ~3.~9 139.72

10 S.M 9n. OJ~ 1S.1~ 131.10
12 5.93- US) 019 :J.l~ 114.48

6<l0 & 7.97 121: 007 25.22 1US!
10 12.02 1755 0.18 IS 56 11420
12 )4.94 "76 02' U90 97J1

00 S 1.8.017 =.~~" 021 ~5."6 103.67
10 19.61 ~J7'; 0.52 22.61 oo.SI
12 11.94 ::)92 0" "Sl 71.60

Trpe 13 )013.00 ,.:500 >OJ <12 CoO 0·>

(Sources: lISA ;90S·~OO3)

Table 3 show the mechanical and physical properties of
particleboard from Kelempayan species. The result were
compared to meet minimum requirement for strength
properties of particleboard panels based on JIS A
5908:2003 particle Boards. Based on Table 3, the density
of particleboard affected the strength of board. The

DenSIty ~ ) 4S7·" .)66..... . 5.. 1'" 1.65:;U 3. H ....
x Ruin
content

Xou "-significant," ··\'ef)'slgruficant, ns- notslgnltiCanl.

4.3 Effect of board density on mechanical and
physical properties

Effect on increasing the strength of board based on board
density can be seen in Figure 2. The highest of MOR,
MOE and IB is 20.3 MPa, 2543 MPa, 0.33 MPa at board
density 700 kg/m3. The lowest in density 500 kg/m3, the
result being 6.9 MPa (MOR), 1076 MPa (MOE) and 0.16
MPa (IB). For density 600 kg/m3, the result is 11.3 MPa
(MaR), 1619 MPa (MOE) and 0.17 MPa (IB). The
increase in the mechanical properties is due to more resin
being available for bonding of particles ( Deng et aI.,
2014).
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5. CONCLUSIONS
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In this study of effect of resin content and board density
on the properties of three layer particleboard from
Kelempayan sp, the mechanical properties of board at
density 700 kg/m3 and 12 % resin content give the best
performance for MaR, MOE and 18 based on Japan
Industry Standard, JI8 A5908:2003. The mechanical
strength value increased significantly as resin content
changed from 8 % to 12 %.
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For effect of resin content on board, the result of physical
properties (TS and WA) for density 600 kg/m3 with 12 %
resin meet requirement standard. However, for thickness
swelling and water absorption, the result showed
decrease when the resin contents were increased from 8

Figure 5 shows the effect of resin content on thickness
swelling and water absorption. From the result, increasing
in resin content can affect the WA and TS values. Higher
amount of resin available increases bonding between the
particles and decreases Ihe ability of water absorption.
Based on Figure 5, the trend was decreased for treatment
with 8 %,10% and 12 %, with values of 25.48 %, 21.64 %
and 13.08 % respectively. Low resin content gives higher
value of physical properties of board. The decrement in
the UF resin content resulted in higher TS values
because swelling induced stresses which caused the
separation of the particles within the board and hence
failure of the resin bond between particles occurred (
Ayrilmis et ai., 2012). Same affected is seen in WA
values. the resin content 8 % (138 %) show the high of
percent of water absorption, followed by 10 % (110 %)
and 12 % (95 %)
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Figure 3: Effect of board densit)' on physical ploperties

4.4 Effect of resin content on mechanical and
physical properties

From Figure 4, increasing in resin content can increase
the MaR, MOE and IB values. It was shown with an
increase in resin content; all mechanical properties were
significantly affected. Figure 4 show that, 12 % of resin
content gives high strength compare with 10 % and 8 %.
The value for 12 % of resin content is 15.7 MPa, 10 % is
13.5 MPa and 8 % is 9.5 MPa. For MOE result, the
values for 8 % of resin content is 1359 MPa, for 10 % is
1811 MPa and 12 % is 2060 MPa. Testing for 18 also
increases when the applied resin on board increased. For
8 % is 0.11 MPa, 10 % is 0.24 and 12 % is 0.32 MPa.
According to Akyuz et ai, (2010) the value of 18 increases
if resin content increase, the resin content 12% were
significantly higher than 10% and 8%.

Figure 3 showed the effect of board density on physical
properties of particleboard from Kelempayan sp. There is
no significant effect for T8. For WA, it is significant. The
lower value of board density had higher percentage of T8
and WA. Based on Figure 3, the value decrease when
then board density increase. The trend indicates in WA is
same with T8. The larger board density will give the
lowest WA value. Therefore, the lower density will give
bad perfonnance toward WA. According to the Nemli &
OztGr\( (2006), the lower density board, easily absorb
water compared to higher density board.
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% until 12 %. This study also proved that different board
density can give affects the strength of board. The higher
the board density, the higher is the strength especially
with suitable resin content. Board density is a priority of
factor in manufacture of particleboard as it is related with
mechanical and physical properties of particleboard.
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