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Abstract— The objective of this study is to investigate the mechanical properties of different resin type at different loaded 
density. The particle used was rubber wood at 20 to 30 mesh screened particle. The density of board is various at 550 kgm-3 
750 kgm-3 and 950 kgm-3  at loaded density. The resin content used which is urea formaldehyde (UF) and melamine urea 
formaldehyde (MUF) were set at 10% resin content. Hardener was added at 1% during the mixing process. The 
particleboards stored in a conditioning chamber set at 20±2˚C and 65% relative humidity before testing procedure was done. 
The testing procedure followed the EN Standard of specifications. The results indicated increases across the board physical 
and mechanical properties with higher board density. The highest modulus of rupture (MOR) and modulus of elasticity 
(MOE) value achieved in this study are 33.188 Nmm-2  and 4011.573 Nmm-2 which is rubberwood bonded with UF at 950 
kgm-3  also with highest value for internal bonding which is 1.292 Nmm-2 . Both boards with different resin type at density at  
750 kgm-3 and 950 kgm-3 met the standard requirement according to the stated. In conclusion the board density and resin 
type applied to the manufacturing of rubberwood particleboards influenced the board in terms of its mechanical properties.  
 
Keywords— Rubberwood, Particleboard, Urea Formaldehyde, Melamine Urea Formaldehyde. 

 
I. INTRODUCTION 
 
Particleboard is defined as a panel product 
manufactured from lignocellulosic materials, 
primarily in the form of discrete particles, combined 
with a synthetic resin or other suitable binder and 
bonded together under heat and pressure. 
Particleboard was intended to be a replacement. 
Particleboard is cheaper, denser and more uniform 
than conventional wood and plywood and is 
substituted for them when appearance and strength 
are less important than cost. The wood from rubber 
tree stem Hevea brasiliensis has become the raw 
material for a wide variety of end products of varying 
quality, substituting timber from the natural forest 
[1]. Urea–formaldehyde (UF) resins are 
predominately used for the production of 
particleboard [2]. However, there are issues 
associated with UF resins. UF resins are derived from 
non-renewable petrochemicals.  Formaldehyde based 
adhesives is well known for its performance which 
technically working well. However, they need to be 
alter and carefully used to results in sufficiently low 
formaldehyde emission level of the final product. 
Formaldehyde based adhesives is superior in strength 
and water resistance despite it is harmful to the 
environment and cause dangerous health problem to 
human. Urea–formaldehyde (UF) resins are 
predominately used for the production of 
particleboard. However, there are issues associated 
with UF resins. UF resins are derived from non-
renewable petrochemicals. The wood panels industry 
heavily relies on the use of synthetic resins and 
adhesives, adhesively bonded products of some kind 
or other constituting about 80% of the wood products 
on the market to-day, among them melamineurea-

formaldehyde (MUF) resin [3].  The objective of this 
research is to investigate the mechanical properties of 
different resin type at different loaded density. 
 
II. MATERIALS AND METHODS 

 
A typical particleboard manufacturing process begins 
with the preparation of wood particles. The 
rubberwood was processed into particles with 
appropriate sizes 20-30 mesh using hammer mill. The 
ideal wood particles for making particleboard are 
long and thin and have similar sizes [4]. The particle 
was screened to remove oversized and smaller 
particles to obtain more uniform particles. The reason 
removing very fine particles is that they have very 
large surface area and consume a high amount of an 
adhesive. Oversized particles are often the weak parts 
of particleboard and have to be removed for 
providing uniform properties. Then, moisture content 
of wood particles were reduced to about 2% to 7%. 
After drying, the particles were blended with an 
adhesive UF and MUF and hardener. Mixed the 
adhesive and hardener with the particle . Adhesive 
used was 10% of resin content and 1% of hardener. 
Wax was omit in the preparation of particleboard 
since it can result in lower internal bonding[5]. The 
adhesive-coated wood particles formed into an even 
mould of sized 40cm x 40cm. After that,   it was 
transferred into a hot-press with aid of frame and the 
temperature was set at 1750c for 6 minutes. The hot-
press is a very important step of making particleboard 
panels. The hot-pressing brings the particle surfaces 
together for bonding, and provides heat to cure the 
thermosetting adhesive. The hot-pressing also 
controls the thickness and thus the density of the final 
particleboard products. The estimated thickness is 
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15mm. After hot-pressing, particleboard panels go 
into a finishing step which trimming and sanding. 
Three targeted board density were produced 550 kgm-

3 750 kgm-3 and 950 kgm-3 . All boards produced 
according to European standards EN(312 2003). The 
mechanical measurement carried out was static 
bending test including modulus of rupture (MOR) 
and modulus of elasticity (MOE), and internal 
bonding test. All the test were done by using the 
universal testing machine in accordance to European 
standards EN310 and EN319. The samples prepared 
were kept in conditioning room which was set at a 
temperature 200c and 65% RH for 3 days before 
testing procedure was held. The purpose of 
conditioning was to ensure the particleboard resin 
content were already cured uniformly [6]. Increasing 
conditioning time can improved the mechanical 
properties as well as reducing the formaldehyde 
emission [7]. 
 
III. RESULTS 
 
A. Static Bending (EN310) 
Modulus of rupture (MOR) indicates the ability of a 
specimen to overcome the transverse force 
perpendicular to its longitudinal axis. The board is cut 
into rectangular sized specimen with the dimension of 
(350mm x 50mm x 15mm). MOR analysis was done 
by placing the board sample on flat surface of 
universal testing machine where the load is applied. 
Table 1 shows MOR results of the rubberwood 
particleboard at the density of 550 kgm-3 750 kgm-3 

and 950 kgm-3 . The table shows an increasing MOR 
value with increasing density for both of the resin 
type used UF and MUF. However it was noted that 
the MOR value of MUF is slight lower compared to 
UF because the addition of melamine content in the 
adhesive. The highest mean of MOR value obtained 
was from sample board 950 kgm-3 UF with the value 
of 33.188 Nmm-2  followed by 950 kgm-3  MUF which 
have almost the same value with 750 kgm-3  UF that 
states the value of 23.887 Nmm-2   and 23.577 Nmm-2   
respectively. The MOR value for 750 kgm-3   MUF is 
11.219 Nmm-2  . Finally the board density 550 kgm-3 

has the value of MOR 7.143 Nmm-2   for UF and 
3.251 Nmm-2  for MUF which is the lowest value for 
MOR obtained .Both resin at 950 kgm-3 density pass 
the British standard requirement. Board sample at 750 
kgm-3 density pass the British standard requirement 
for UF only. The other board samples fail to achieve 
British standards with value less than 13 Nmm-2   as 
required by standards EN310. The higher the density 
the larger amount of particle used and were known to 
minimise voids between particles in the 
particleboards therefore increase its properties to 
resist rupture. 
The results for MOE presented in table 3 refer to the 
slope of tangent line at the stress point to its 
proportion limit. It is shown that when the value of 
MOE is high the board tend to be brittle and if it is 

low it will be ductile or flexible [6]. The value of 
MOE has an increasing value when density of board 
increases for both resin UF and MUF. The highest 
density is 950kg UF has the MOE value of 4011.573 
Nmm-2   followed by board MUF 3533.991 Nmm-2   . 
Boards at density 750kgm-3 have the value of MOE 
3018.256 Nmm-2    and 1745.579 Nmm-2    for UF and 
MUF respectively. The board with lowest density 
550kgm-3 has value MOE 1118.516 Nmm-2    for UF 
and 565.900 Nmm-2    for MUF. Resin type, resin 
content and adhesive bonding can effects the MOE 
value of particleboard  [8].  
 
Table 1: Modulus of rupture (MOR) and modulus of 

elasticity (MOE) of rubberwood particleboard. 

 
Standard deviations are shown in the bracket. 
 
B. Internal Bonding (EN319) 
Internal bond test was conducted to determine the 
interfacial bonding strength between particles in the 
boards [9]. The specimen sized (50mm x 50mm x 
15mm) were glued using epoxy resin on metal blocks 
before being inserted to the testing machine. Test 
runs by the universal testing machine shows results as 
presented in table 2. The board with density 950 kgm-

3 has the highest value of IB with value at 1.292 
Nmm-2   for UF and MUF has a lower value of IB 
which is 0.851 Nmm-2   . For board 750 kgm-3 the 
value of IB for UF is 0.917 Nmm-2    which is slightly 
higher than 950 kgm-3 particleboard bonded with 
MUF. This shows that UF which has lower density 
still shows better IB properties as compared to MUF 
a much lower density. MUF bonded Particleboard at 
750 kgm-3 density has the value of IB 0.619 Nmm-2   . 
All particleboards density ranged at 950 kgm-3 and 
750 kgm-3 pass the IB standard for particleboard 
which is 0.35 Nmm-2   . However, board with density 
550 kgm-3 did not provide values of IB accordance to 
the standard. For UF the IB value is 0.283 Nmm-2    
whereas MUF states a slight higher reading which is 
0.319 Nmm-2   . Incorporation  of  urea into resin tend 
to decrease the properties of particleboard 
[7].Increased in resin content and pressure during 
manufacturing of particleboard enhanced the 
properties of particleboard[10]. 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Volume- 4, Issue-3, Jul.-2016 

The Mechanical Properties of Rubberwood Particleboards Bonded With Different Resin Type at Different Loaded Density 
 

121 

Table 2: Internal bonding(IB) of rubberwood 
particleboard. 

 
Standard deviations are shown in the bracket. 
 
CONCLUSIONS 
 
The density of particleboards and resin type used 
during manufacturing were the contribution factor 
which influenced the overall properties. The highest 
modulus of rupture (MOR) and modulus of elasticity 
(MOE) value achieved in this study are 33.188 Nmm2  

and 4011.573 Nmm-2 which is rubberwood bonded 
with UF at 950 kgm-3  also with highest value for 
internal bonding which is 1.292 Nmm-2 . Both boards 
with different resin type at density at  750 kgm-3 and 
950 kgm-3 met the standard requirement according to 
the stated Bitish standard. 
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