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Effects of Particle Sizes, Wood to
Cement Ratio and Chemical

Additives on the Properties of
Sesendok (Endospermum Diadenum)

Cement-bonded Particleboard

Jamaludin Kasim, Shaikh AbdulKarim Yamani,Ahmad Firdaus MatHedzir,
Ahmad Syafiq Badrul Hisham andMohdArifFikri MohamadAdnan

Department ofWood Industries, Faculty ofApplied Sciences
Universiti Teknologi MARA, Jengka Campus

26400 Bandar Tun Abdul Razak, Jengka, Pahang, Malaysia
Email: djamal@pahang.uitm.edu.my

ABSTRACT

An experimental investigation was performed to evaluate the properties of
cement-bonded particleboard made from Sesendok wood. The target board
density was set at a standard 1200 kg m". The effect offarticle size, wood to
cement ratio and the addition ofsodium silicate and aluminium silicate on the
wood cement board properties has been evaluated. A change ofparticle size
from 1.0 mm to 2.0 mm has a significant effect on the mechanical properties,
however the physical properties deteriorate. Increasing the wood to cement
ratio from 1:2.25 to 1:3 decreases the modulus ofrupture (MOR) by 11% and
the addition ofsodium silicate improves valuesfurther by about 28% compared
to the addition ofaluminum silicate. The modulus ofelasticity (MOE) in general
increases with increasing cement content, but is not significantly affected by
the addition ofsodium silicate or aluminium silicate, although the addition of
their mixture (sodium silicate andaluminium silicate) consistentlyyields greater
MOE values. Water absorption and thickness swelling is significantly affected
by the inclusion ofadditives and better values are attained using higher wood
to cement ratios.

Keywords: Sesendok, particle sizes, wood to cement ratio, additives, cement­
bonded particleboard.
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Introduction

Panels composed ofparticles or wood fibers held together by a Portland
cement matrix are gradually gaining importance in a number ofcountries
around the world in interior and exterior structural and construction
applications [1]. The increased importance of these wood cement
composites is due their inherent properties; strong, stiff, and resistant
to moisture, fire, fungi and insects. In addition to the construction offlat
panels, the same basic concept can be used to produce other products
such as bricks, blocks and roof tiles.

Wood cement bonded particleboard was first introduced in Malaysia
by CEMBOARD in 1982 [2] and primarily uses rubber wood as a raw
material in its production. The supply ofrubber wood will dwindle and
ultimately will be unable to satisfy the future demands of the cement
board industry. Consequently, new wood sources will be required to
address this shortfall in rubber wood. The objectives of this research
are to study the suitability ofEn dospermum Diadenum as an alternative
wood source in cement board manufacture and the effect of particle
size, wood to cement ratio and the addition ofchemical additives; namely
sodium silicate and aluminium silicate, on board properties.

Materials and Methods

Material Preparation

Three Sesendok trees were acquired from the UiTM Pahang forest
reserve. The trees had an average diameter greater than 20 em at breast
height. The logs were debarked and cut lengthwise by a resaw to produce
lumber measuring 1 inch x 1 inch x 8 feet. Chipping produced wood
chips which were then fed into a Knife Ring Flaker to reduce them into
particles. The particles were air-dried before screening produced particles
of 1 and 2 mm in diameter.

Cement Board Manufacturing

The particles, with a moisture content of about 45%, were fed into a
mixer and homogeneously combined with cement, sodium silicate
(Na2SiO)(1.5O/o) and/or aluminium silicate (AI2(Si04)2) (3.0%) and
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water. The ratios of wood to cement used in this investigation were
1:2.25, 1:2.5 and 1:3. The resultant particles were mat formed into
cement boards and a cold press was then employed to reduce the mat
thickness. The target board density was set at a standard 1300 kg rrr-.The
mats were then stacked in a clamp carriage and compressed to the
required thickness of 10 mm. The whole carriage was then placed in a
hardening chamber and the mats left to harden for 24 hours. The cement­
bonded particleboards were then removed, stored and conditioned at
room temperature for two weeks in order to ensure that they had fully
hardened.

Board Evaluation

The conditioned boards were cut into specific dimensions to enable
evaluation oftheirmechanical and physical properties: modulus ofrupture
(MOR), modulus of elasticity (MOE), internal bonding (IB), water
absorption (WA) and thickness swelling (TS). All tests were conducted
in accordance with the Malaysian MS 934 (1986) standard [3].

Results and Discussion

Properties of Cement-Bonded Particleboard

The properties of Sesendok Cement-Bonded Particleboard (CBP) are
presented in Table 1. The highest MOR recorded was for the boards
manufactured using I mm particles, a wood to cement ratio of 1:2.5
and with the addition of sodium silicate. The highest MOE recorded
was for the CBPs using 1 mm particles, a wood to cement ratio of 1:3
and with the addition ofboth sodium and aluminium silicates. The lowest
thickness swelling was exhibited by the CBPs made using 2 mm
particles, a wood to cement ratio of 1:2.5 and with the addition of
aluminium silicate. All CBPs manufactured using 1 mm particles, a
wood to cement ratio of 1:2.25 and with the addition ofeither silicate,
but not both, meet the requirements for the MS 934 standard [3].
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Table I: Properties ofWoodCement BoardAccordingto Particle Size, Wood
to Cement Ratio andChemicalAdditive

PARTICLE WOOD ADDITIVES MaR MOE IB WA TS
SIZE RATIO

2.0 1:225 AL 9.40 2710.45 0.45 1720 1.93
NA 11.76 2298.40 0.50 16.45 3.76
MIX 12.34 3258.11 0.11 13.77 1.85

1:2.5 AL 6.40 1751.87 0.31 20.00 0.96
NA 928 258627 0.31 21.11 1.50
MIX 12.01 3236.34 0.51 10.89 2.42

1:3.0 AL 7.50 2491.32 0.12 18.34 1.40
NA 9.63 1896.03 0.47 13.39 2.98
MIX 10.64 3403.45 0.63 15.43 2.02

1.0 1:225 AL 9.49 262324 0.68 15.91 1.64
NA 12.17 3022.64 0.56 11.96 1.46
MIX 11.18 2830.00 0.88 15.60 2.02

1:2.5 AL 9.19 2920.09 0.41 15.71 2.16
NA 12.49 3650.96 0.72 11.95 1.13
MIX 12.17 3715.37 0.42 9.74 1.51

1:3.0 AL 9.07 3205.01 026 11.87 1.09
NA 10.20 3099.11 0.88 11.82 1.08
MIX 11.82 4132.44 0.47 7.81 1.88

MS934 1986 >9.00 >0.50 <2.00

Notes: AL - Aluminium silicate, NA- Sodium silicate, MIX - Mixture ofAL and NA.

Statistical Significance

Table 2 presents the ANOVA for the board properties with respec' to
particle size (PS), wood to cement ratio (W:C) and additives (ADD).
The relatively high ANOVAvalues for PS, W:C and ADD indicate that
they have a significant effect on board properties, although combined
effects are generally less pronounced. However it is apparent that W:C
has little effect on MOE and lB.
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Table 2:A NOVA Summary of'Board Properties

::DV DF ~ IOR MOE 18 \VA 1'5

1'5 5.60* 13.12· 15.15* 21 .20· 8.58*
W:C 2 3.13* O.99ns 0.S5ns 2.36* 2.59*
A DD 2 21.54* Ill.02* 4.71 * 9.66* ., -1*_ .)-

1'5 X WC 2 2.5-l* 2.5t)* I.S3ns 2.57* 1.95n5
r 5 X ADD 2 1.25ns 1.96ns 0.60n5 1.12n5 7.68*
WC X ADD 4 O.99ns 2.2X* 2.9-l* 2.26* 1.92ns

1'5 X WC X A DD -1 O.57ns O.26ns 5.05* 2.67* 2.45*

Notes: SOV M Sourceof'vuriaucc. DF- Degrees of freedom. PS - Part id e size. we- Wood
10 cement ratio. ADD - Additi ves, *. Signi ficance and ns M No signiflcnncc.

Effect of Part ic le Size (PS)

Th e aff ect of r S on the mechani cal and physical properties arc presented
in Figures I and 2, respecti vely. A change in rs from I mm to 2 mm
significantly affects the mechanical properties: whereby the MOR and
MO E decrease by 9% and 18%. respect ivcly, The decrease in mech anical
propert ies with increasing PS is due to increased cement bonding with
the wood part icles through cncapsulat ion. which ensures cont inuity within
the cement matrix.

Particle size (mm)

I 8 1 III 2 I

MPa

MOR MOE

'" .0co "-
'" <")a a

18

Figure I: Effect o f' Puniclc Size 0 11 Mcc hanicul Properties
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Th c \VAand TS are also significant ly affected by thc PS. Incrcasing
thc PS ca uses the \VAand TS to increase by 30% and 35%, respect ively,
Higher \VAand TS values arc a consequence ofla rgcr PS, which ca uses
incomplete cove rage of thc part icle surfaces, i.e. reduced protect ion and
insulation, thus enabling absorptio n ofhighcr volumes ofwatcr.

Particle size (mm)

~
~

18

16

14

12

10
%

8

6

4

2

0
WA

.c
io

'"

IB

eo
o

N

Figure 2: Effect of Particle Size on Physical Propert ies

Effect of Wood: Cement Ratio

Fig urcs 3 and 4 present thc effects oft hc wood to cement rat io (\V:C)
on thc mec hanical and physical propert ies. respecti vely, Increasing thc
cement content from 2.25 to 3 decreases thc MaR by II %, but the
MOE increases margi nally. This decrease in thc l'vIOR may be attr ibuted
to thc product ion of a more frag ile wood cement-board st ruct ure.
whereas thc highcr MOE is duc to thc greater proporti on of cement
uscd [4].

Fig urc 4 presents thc effec t o f thc \V:C rat io on thc physical
propert ies o f thc Scscndok wood cement-board, The WA and TS arc
significantly affected by an increase in W:C ratio; as the ratio increases
from I :2.25 to 1:3 there is an improvement of about 13% and 17.5'% for
\VA and TS, rcspccti vcly, WAdccrca scs with incrca sing \V:C ratio duc
to fewer woo d part iclcs exposed to thc cement and therefore less water
is abso rbed and swelling decreases, which is in acco rdance wi th t hc
work of Marzuki et al. [5].
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Fig ure 3: Eflcct of\V :C Ratio on M echanical Propert ies
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Figure 4: Effec t of\V:C Ratio on Physical Properties

Effects of Chem ical Additives

T he affect of addit ives on the mechanica l and physical pro perties arc
present ed in Figures 5 and 6. respect ively, Th e addit ives have bee n foun d
to significant ly influence MO R values as reported by Rahim et al. [6].
Th e addi tion of sodium silicate (Ni\) consistent ly yields better MOR and
MO E values than aluminium silicate and thc addit ion o f thcir mixture
further increases MOR values, Figure 6 clearly indicates th at WA and
TS arc significantly affected by the presence of thc addit ives. but that
the mixtu re has less affect than pure sodium silicate .
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Additives

o at I1na 0 mix

Mpa

MOE

.0
o
~o

18
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Figure 5: Effect ofAddit iveson Mechanical Properties

Additives

I C al IJ na tJ mix

.0 '" '"'" io

'" "! "!'" - .-•
WA TS

Figure 6: Effect of Addit ives on Physical Propcrt ies

Conclusions

Part icle size, wood to cement ratio and the presence of addit ives with
respect to the ANOVA results all affect the mechanical and physical
properties of the Scrcndok CBPs. Changing the particl e size from I mm
to 2 mm decreases the MaR and MOE values. but increases thc \VA
and TS value s. Higher cement contcnt causes a general decre ase in
MaR, \VAand TS values, but MOE values tend to increase. Thc addit ion
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ofsodium silicate yields better MOR valuescompared to aluminum silicate,
but their mixture further increases the MOR and MOE values.
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