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ABSTRACT

Composite panels were manufactured from kenaf particles and treated with
two different alkali treatments using 2% NaOH and 2% KOH with resin
contents of 8% and 10% of phenol formaldehyde (PF) at medium density
of 650kg/m’. The objectives of this study were to determine the mechanical
properties in terms of its modulus of rupture (MOR), modulus of elasticity
(MOE) and internal bond (IB), and physical properties namely thickness
swelling (TS) and water absorption (WA) of treated kenaf board. The
mechanical and physical tests were performed according to the Malaysian
Standard (MS1787:2004). The minimum requirements value for MOE, MOR
and IB were 2000 MPa, 14 MPa and 0.45 MPa respectively for furniture
grade particleboards for use in humid conditions (PF2). According to
Malaysian specifications for physical properties, the maximum requirement
for thickness swell is 15%. Results indicated that both treated boards with
NaOH and KOH showed an increase in strength properties compared to
untreated particleboard. Particleboard treated with KOH exhibited the
highest MOR and MOE values, while board with NaOH treatment gave the
highest IB value. The boards with treated particles gave better performance
in terms of physical properties. There were no significant differences in
mechanical properties (MOR, MOE and IB) and physical properties for the
different alkali treatment. The values of bending strength and IB strength
increased with an increase in resin content, while TS and WA increased
with a decrease in resin content. In conclusion, NaOH and KOH treated
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kenaf particles improved board performance and could be considered as
an alternative material for particleboard production.

Keywords: alkali treatment, chemical treatment, kenaf particleboard,
potassium hydroxide, sodium hydroxide, exterior application

INTRODUCTION

The increase in urbanisation has stimulated the rapid growth in the
construction industry. The demand for particleboard is especially higher
as it is widely used in housing construction and furniture manufacturing.
Worldwide demand for particleboard has been steadily growing since then,
at rate between two to five percent per annum [3,4, 28]. This situation
demands continuous supply of raw materials to fulfil the demands. However,
the depletion of forest has contributed to the decreasing of solid wood as
the main raw materials.

Malaysia depends on rubberwood and hardwood species as the main
source for wood-based panels such as particleboard and MDF for furniture
industries. Rubberwood and other hardwood species are decreasing and
becoming expensive to obtain due to deforestation and cultivation of oil
palm trees [8]. Thus, researchers have been studying and exploring the
growing species and non-woody plants that can be used as raw materials
in particleboard manufacturing [18, 28].

Kenaf (Hibiscus cannabinus L.) has been considered as one of the
potential plants to replace solid wood in particleboard manufacturing [8, 10,
27]. Kenaf has been introduced to the Malaysia bio-composite industry by
National Kenaf and Tobacco Board (NKTB) in 2009. Kenaf is categorised
as a fast growing species since it can be harvested between four to five
months. Kenaf has a great potential as alternative materials to replace solid
wood in particleboard industry as the chemical composition of kenaf stem
is comparable to wood and rice straw [8, 24, 26].
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Kenaf plant has a single, straight and branchless stalk with a height
between three to five meters in four to five months [6, 10]. Kenaf stems are
generally round with thorns ranging from small to large and its stem colour
varies from pure green to deep burgundy. Kenaf flowers are large with 7.5
to 10 cm in sizes, bell-shaped and wide open with five petals. The colour
of flowers ranges from light cream to dark purple, with shades between
them. Many kenaf varieties have flowers with deep red or maroon in the
centre of the flower [2]. The whole kenaf stem consists of two parts, which
are bast fibre and woody inner core. Inner core fibres comprises for about
75% to 60% of kenaf stalk, while 25% to 40% of outer bast fibres based on
oven dry weight. These two fibres have a huge difference in its morphology
structure and chemical composition [1].

Although many studies have been conducted on kenaf plant, and it has
been proven to have great potentials in the particleboard industry, the study
on the use of kenaf plant for exterior purpose is still very limited. Thus, to
improve the performance, this study used phenol formaldehyde (PF) resin as
adhesive, since PF is well-known in the production of wood-based panel for
exterior use products. Kenaf particles were also treated with alkali (2% of
NaOH and 2% of KOH) to improve the adhesive bonding between particles.

MATERIALS

Wood Particles

Kenafwhole stem (bast and core) from variety V36 was used as wood
particles in this study and was obtained from a kenaf plantation located in
Chendor, Cherating, Pahang. Four-month-old kenaf plants with heights
ranging between 2.0 m to 2.5 m were chosen.

Adhesive

Phenol formaldehyde adhesive was used as a binder which was
obtained from Malayan Adhesive and Chemical (MAC) Sdn. Bhd.,
Shah Alam, Selangor. Different resin contents of 8% and 10% of phenol
formaldehyde were used in this study.
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Chemical Treatment

Sodium hydroxide (NaOH) and potassium hydroxide (KOH) were the
chemicals that were used to treat kenaf stalk particles and were bought from
Syarikat Saintifik Jaya in Glenmarie, Shah Alam. A total of 20 g of NaOH
and KOH were diluted in 1000 ml distilled water to make 2% of NaOH
and KOH solutions. The same steps were repeated for 2% KOH solutions.

Preparation of Raw Material

Preparation of raw material was mainly carried out at Bio-composite
workshop, Universiti Teknologi MARA (UiTM) Shah Alam. However, for
air drying process, it was carried out in a woodworking workshop at UiTM
Jengka, Pahang. It took a month for the kenaf stalk to fully dry. Kenaf
stalk were stacked vertically as shown in Figure 1. This is to ensure the
air circulate uniformly between kenaf stalk and dried at the same rate. The
dried kenaf stalks were cut into shorter length using a machete and were
placed in a hammer mill machine to produce kenaf particles. The particles
sizes ranging between 0.5 mm until 2.0 mm.

Figure 1: Air Drying Process
(Source by author)
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Composite Preparation

Kenaf particles were soaked in 2% NaOH solution for 30 minutes.
Then, the kenaf particles were oven dried to the desirable moisture content
(MC). The treated and untreated kenaf particles were placed in the oven
which was set at 60°C for both treated and untreated particles until the
particles reached an MC below 5%. This was to ensure that all the water
inside the particles were dried up. The treated and untreated dried kenaf
particles were poured into a mixer where the particles were mixed and
blended well with the resin. The amount of resin was based on the board
requirement and was calculated before blending it in the mixer machine.
After blended with the resin, the particles were evenly spread in a mould
to form a particleboard mat. The mould size was 400 mm X 400 mm. The
mats were placed in a hot-pressing machine to cure the resin and to obtain
the final thickness of 15 mm. The temperature and pressing time for the
hot-pressing process were 170°C and seven minutes, respectively. After
cooling, the boards were cut based on Malaysian Standard for Wood-Based
Panels — Part 2: Sampling and Cutting of Test Pieces (MS1787: Part 2: 2004)
to obtain the desired length and width [13, 14].

Mechanical Properties Tests

Bending test

Bending test is basically used to measure modulus of elasticity (MOE)
and modulus of rupture (MOR). MOE value is to measure the resistance to
bending related to stiffness of a beam. MOR is the measurement of the rate
of rupture of the particleboard specimen. Figure 2 shows an experimental
set-up of a three-point bending test of a kenaf particleboard. The load was
applied at the middle of the specimen until it deflected. The cross-head
speed rate was 10 mm/min. This test is important to determine the strength
of the particle. According to Malaysian Standard (MS 1036: 2006), the
minimum requirements value for MOE and MOR are 2000 MPa and 14
MPa, respectively for furniture grade particleboards for use in humid
conditions (PF2) [13, 14].
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Figure 2: Three-Point Bending Test of Kenaf Particleboard
(Source by author)

Internal bond test

Internal bond test determines the tensile strength of the particles by
determining the bonding between particles. A universal testing machine was
used to test the internal bonding between particles. Figure 3 shows a set-up
of the internal bond test. The machine gave a pull from upper and below
sections of the board. The test was continued until the board cracked and a
drop was shown in the graph. The minimum requirements value according
to Malaysian Standard (MS 1036: 2006) for IB is 0.45 MPa [12].

Figure 3: Experimental Set-Up of Internal Bonding Test
(Source by author)
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Physical Properties Tests

Water absorption and thickness swelling test

The dimensional stability of the board was determined by way of water
absorption and thickness swelling test. The objectives of WA and TS test
are to indicate how much the particleboard absorb water and to identify
the durability of particleboard to water. All samples were submerged in tap
water for two hours and 24 hours before measure the thickness and weight
of the samples. According to Malaysian specifications (MS 1036: 2006) the
maximum requirement for thickness swell is 15% and values that exceed
the maximum value was considered not meeting the standard [15].

S

A

Figure 4: Water Absorption and Thickness Swelling Test
(Source by author)

RESULTS AND DISCUSSION

Effect of Chemical Treatment on Mechanical Properties

Two different chemical treatments were used in this study to evaluate
the effect of chemical treatment on mechanical properties. Three tests that
involved for determining the mechanical properties of boards are MOR,
MOE and IB.
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Bending Properties

Figure 5 and Figure 6 show the values of MOR and MOE for each
chemical treatment. There was no significant difference for all the values of
MOR and MOE when treated with NaOH and KOH. However, there was
a significant difference between the untreated and treated particleboards.
Chemical treatment using 2% KOH had higher values for both MOR and
MOE which were 3.47 MPa and 938.55 MPa at 8% resin loading and 3.63
MPa and 956.06 MPa at 10% resin loading, respectively. These results were
similar to a previous study by [20] where, KOH treatment gave the best
mechanical properties compared to other treatment. The study [22] also
stated that KOH treatment was good in enhancing the mechanical properties
of the composite. Meanwhile, kenaf particle that had been treated by NaOH
showed the medium values of MOR and MOE between untreated and KOH
treatment particles. The values of MOR and MOE from NaOH treatment
were 3.19 MPa and 854.15 MPa at 8% resin content and 3.35 MPa and
955.82 MPa at 10% resin content, respectively. The values were higher
than the untreated kenaf but lower than KOH treatment. This could be due
to the different chemical characteristics of NaOH and KOH. Although both
NaOH and KOH come from the same group elements, they have different
chemical characteristic. Potassium hydroxide metal is heavier that NaOH
metal [17]. Untreated kenaf particleboard which acted as a control gave the
lowest values of MOR and MOE at both 8% and 10% resin content with,
2.64 MPa and 519.00 MPa and 3.16 MPa and 531.75 MPa, respectively.
This proves that chemical treatment by using NaOH and KOH improve the
mechanical strength of particleboard. Alkaline treatment causes the splitting
of hemicellulose and lignin which, will make the fibre become more porous,
thus, increasing the adhesion of fibre surface and the matrix [20]. However,
at 10% resin content, all untreated and treated particles show an increase in
bending strength and IB strength. This is because more resin is available to
cover all the surfaces of particles [25].
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Internal Bond

Figure 7 shows the effect of chemical treatment on IB. There was no
significant difference between the two treatments. The result trend in IB
strength was different than the MOR and MOE in the mechanical properties
test. In this result, NaOH treatment gave the best values in IB strength than
treatment by KOH with 10% resin loading, 0.16 MPa for NaOH and 0.10
MPa for KOH, respectively. However there was only a slight difference in IB
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values between NaOH and KOH treated particleboards, which was 0.06MPa
at 10% resin content. This shows that NaOH and KOH treatment have
similar effects on IB strength of kenaf particleboard. At 8% resin of loading,
treated particle showed the same values for both treatment, with 0.08 MPa.
Meanwhile, untreated kenaf particleboard had the lowest value of IB for
both resin contents of 8% and 10%. This is because both alkali treatments
remove lignin, hemicellulose and non-crystalline structure components
inside the fibre cell wall. The chemical treatment gave fibre better ability
to be wetted by resin, thus, resulted in improving the mechanical strength.
The removal of lignin and hemicellulose from fibre structure also causing
an improvement of fibre to blend well with adhesive resulted in better
IB strength. This could be due to the bond inside the fibre loosening and
cellulose structure changed after alkali treatment [5].

m 8%
m10%

Untreated NaOH KOH
Figl Note: Same letters indicate not significant at p<0.05

Effect of chemical treatment on physical properties

Physical properties tests which were thickness swelling and water
absorption were carried-out to determine the dimensional stability of the
boards. Figure 8 and Figure 9 show the values of thickness swelling and
water absorption after 24 hours of immersion. There was no significant
difference of the values for thickness swelling and water absorption
from the chemical treatment. There was a significant difference for resin
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contents of 8% and 10% for water absorption. The untreated particleboard
showed the highest amount of thickness swelling (109.81% and 86.39%)
and water absorption (253.77% and 251.55%) with resin content of 8%
and 10%, respectively. This is because untreated kenaf particles contain
hemicellulose that has many hydroxyl groups, which attract water molecules
[27]. Hydrophilic properties of hydroxyl groups in kenaf particles make
it easy to form a hydrogen bonding when reacting with water [21]. These
properties of untreated particle reduce the dimensional stability of the board.
Treated particleboards using NaOH gave the best dimensional stability,
with the lowest values of thickness swelling of 66.57% and 57.28%, and
water absorption was 170.88% and 144.21% for both resin contents of 8%
and 10% when compared to KOH treatment. This result was different with
previous study by [23], where KOH treated fibre gave better water repellent
properties than NaOH treated fibre. The values of thickness swelling of KOH
treated particle were 75.90% at 8% resin content and 67.86% at 10% resin
content, while water absorption values were 174.95% and 155.79% at resin
content of 8% and 10%, respectively. However, both alkaline treatments
gave better dimensional stability than the untreated fibre. Chemical treatment
using NaOH and KOH make better fibre-resin interaction, thus, increase
the polarity of the fibre to absorb resin which resulted in better physical
properties [5]. At 8% resin contents, thickness swelling and water absorption
increased for both untreated and treated kenaf boards. This could be due
the low resin contents which fail to prevent the water from being absorbed
into the board resulting in poor physical properties of kenaf board [21].
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Figure 8: Effect of Chemical Treatment on Thickness Swelling
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Figure 9: Effect of Chemical Treatment on Water Absorption

CONCLUSION

Mechanical properties and physical properties of kenaf particleboard showed
improvement after alkali treatment using NaOH and KOH compared to
untreated kenaf board. However, all the boards did not meet the minimum
requirement based on the Malaysian standard for mechanical properties.
This is due to all of the board properties did not achieve the standard values
according to MS1036:2006, PF2 type for exterior application particleboard.
Meanwhile for physical properties, the maximum requirement for thickness
swell is 15% and values that exceed these values are considered not meeting
the standard. It can be concluded that, the whole kenaf stem is suitable
and possible to be used for particleboard production. However, further
investigation and experiment with different parameters is needed in order to
meet the standard requirement for exterior type particleboard and produce
a better quality end product.
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