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Abstract: Kelempayan is a lesser-known, fast growing species and can be cultivated in Malaysia. This
species has the potential as an alternative resources for the coming years due to shortage of rubberwood
which is the most popular raw material for Malaysian furniture and panel board industries. This study was
conducted to explore the potential of kelempayan for particleboard manufacturing and to characterize
mechanical properties and water resistance of kelempayan particleboard as affected by various levels of
hot pressing temperatures (HPT) and board densities. Single layer particleboard was fabricated from 2.0
mm particle size and bonded with 7% phenol formaldehyde (PF) adhesive. Variation of HPT (145°C and
165°C) and board densities (500, 600, 700 kg/m3

) were used as variable factors. The experimental panels
were tested for modulus of elasticity (MOE), modulus of rupture (MaR), internal bonding strength (IB)
and thickness swelling (TS) according to the procedures defined by Malaysian Standard (MS). Overall
results showed that samples made from density 700 kg/m3 had the highest MOE, MaR, IB and TS values
whereas the physical and mechanical properties of boards with different HPT were insignificantly
different. However, boards with l65"C HPT are slightly higher in mechanical properties but lower water
resistance. It appears that thickness swelling values in this study exhibited insufficient results for furniture
in accordance to MS. We concluded that kelempayan possesses potential for particleboard manufacturing
with promising qualities.
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1. Introduction

The demand for tropical timbers as raw material in wood-based industries has increased
dramatically. However, wood based industries nowadays are facing difficulty in obtaining raw
material because of the prime natural forests species becoming scarce. In order to meet the
increasing demand of wood resources, there is a need to rely on lesser known and plantation
grown species. Continued research efforts also should be made to look for alternative species to
reduce pressure on the most popular species, rubberwood. Shorter forest management periods
and short rotational plantations have been practiced all over the world to overcome such
problem (GuIer et aI., 2007). These can help to protect natural resources like soil, water and
wildlife and also reduce the demand on natural forest (Nourbakhsh, 2010).

Neolamarckia cadamba is locally known as Kelempayan and belongs to the family of
Rubiaceae. It is a fast-growing species with a tall and straight bole. The timber is light creamy
yellowish colour. This species is categorized under Light Hardwood with a density 290 to 465
kg/m3 air dry (Lim et aI, 2005). Ismail et ai. (1995) mentioned that this species grows well in
exploited and denuded areas. According to Lim et ai. (2005), kelempayan is distributed from
lowlands to mountain forest with an upper limit of 1000 m. This species is mostly found by
streams and in open sites in the forest. Kelempayan has the potential to be commercialized for
sawn timber, veneer, chips pulp and composites (Lim et aI., 2005). As it is a fast-growing
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2.2 Mechanical and dimensional stability testing
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Finished particleboards were cut into required sizes for modulus of elasticity (MOE),
modulus of rupture (MaR), internal bond strength (fB) and dimensional stability testing. The
samples were evaluated based on Malaysian Standards (MS). Three samples (30 x 5 x 1.2 cm
dimensions) from each board were used for bending strength test according to MS 1787: part 10:
2005 and MS 1787: part II: 2005. Bending strength included MOE and MOR. Seven samples (5
x 5 x 1.2 cm dimensions) from each type of panel were used for fB test. Both tests were
conducted using an lnstron Universal Testing Machine Model UiTM-5569 with movable
crosshead speed 10mm/min for bending strength test and 1.5 nun/min for IS test. The thickness
swelling (TS) tests were carried out on seven samples cut from each particleboard (5 x 5 x 1.2
cm dimensions). Determination of dimensional stability was done in accordance to MS 1787:
part 6: 2005. Samples were soaked in water for 24 hours. The thickness of the samples was
measured before and immediately after soaking.

3. Results and Discussion

Properties of particleboard from vanatlOns of board density and hot pressing
temperatures are presented in Table 2. Table 2 also shows the comparison properties of
particleboard from variations of board density and hot pressing temperatures with classification
of particleboard for furniture grade set by MS 1036:2006. According to these classifications,
furniture grade particleboard is to be used as furniture components used in dry (PF1), humid
(PF2) and high humid (PF3). Boards produced from target density of 700 kg/m3 and pressed
under 165°C of hot pressing temperature gave the highest bending strength (MOE; 3189 MPa
and MOR; 26 MPa). At a density of 500 kg/m3

, the board had very low IB strength. The ill
strength increased as the density increased, and the highest value (0.64 MPa) was recorded at a
density of 700 kg/m3 under 165"C of hot pressing temperature. The mechanical properties of the
boards manufactured at 600 kg/m3 and more for both levels of hot pressing temperatures met the
standard requirement. TS values varied between 25% and 41 % after soaking for 24 hours. The
boards produced with the density of 500 kg/m3 under a hot pressing temperature of 145°C gave
the lowest percentage ofTS. Poor dimensional stability (41%) was indicated by the boards with
target density of 700 kg/m3 and pressed under 165°C hot pressing temperature. None of the
boards fulfilled the minimum requirement of TS for furniture grade particleboard. This standard
requires a TS value less than 12% and 15%. Overall, boards with target density of 700 kg/m3

performed better than 500 kg/m3 and 600 kg/m3 and higher hot pressing temperature also
contributed to the better performance. Table 3 illustrates the analysis of variance (ANOYA) of
the effects of hot pressing temperature, board density and their interactions with the board
properties. All the main factors of board density and hot pressing temperature were found to
affect the board properties significantly except for hot pressing temperature on modulus of
elasticity (MOE). Interaction effects between board density and hot pressing temperature
showed significant difference and thus affected board properties.

Table 2. Properties of Particleboard from Yariation of Board Density and Hot Pressing
Temperature

BOARD HOT PRESSING
DENSITY TEMPERATURE MOE MOR IB TS

(kg/m3
) ("C) (MPa) (MPa) (MPa) (%)

500 145 1516 11 0.36 25

500 165 1422 10 0.32 30

600 145 2291 18 0.48 34
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