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Abstract: Particle boards were prepared from sawdust and urea-formaldehyde resin (UFR) on compression moulding
machine. The particleboards were produced at a compression temperature of 150°C; a pressure of 10tons was applied for 15
minutes. The amount of sawdust was kept constant at 20g while UFR was varied from 30ml, 35ml, 40ml and 45ml
respectively. The control sample (CS) was the 50ml UFR without any saw dust. The properties of the particleboards were
tested using ASTM methods. The results showed that the properties of the particleboards are a function of the percentage
composition of the binder (resin) and the filler (sawdust). The results showed that as the URF content increased from 30ml to
45ml, the mechanical properties increased. The hardness increased from 88.6 shoreA to 99 shoreA while the percentage of
water absorption decreased as the UFR content increased. The swelling thickness decreased as UFR content increased. The
density increased as URF content increased.
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1. Introduction
Particleboard has been defined as generic term for a panel
manufactured from linger cellulosic materials, usually wood,
primarily in the form of discrete pieces or particles, as
distinguished from fibers, combined with a synthetic resin or
other suitable binder and bonded together under heat and
pressure in a hot press by a process in which the entire
interparticle bond is created by the added binder, and to
which other materials have been added during manufacture to
improve certain properties [1].
Historically, the products from the light wood technology
were very expensive and exclusive. They were used in the
aeronautic field or in the automotive field. Over the time, the
light wood products could be produced cheap, but with a
better quality through increased efficiency in production
processes, research, and development. This trend is very
strong in the furniture industry [2-4].

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.
However, particleboard can be made more attractive by
painting or the use of wood veneers that are glued onto
surfaces that will be visible [5-7]. There are over a hundred
particle board plants in operation today worldwide and particle
board is one of the strongest reconstituted panel products and
is considered as an ideal substitute to wood and plywood.
Urea-formaldehyde is a non-transparent thermosetting
resin, made from urea and formaldehyde heated in the
presence of a mild base such as ammonia or pyridine. It is
characterized by high tensile strength, flexural modulus, and
heat distortion temperature, low water absorption, mould
shrinkage, high surface hardness, elongation at break, and
volume resistance [8-10]. It is used in many manufacturing
Processes. Examples include decorative laminates, textiles,
paper, foundry sand moulds, wrinkle-resistant fabrics, cotton
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blends, rayon, corduroy, etc. It is also used to glue wood
together. Urea formaldehyde was commonly used when
producing electrical appliances casing (e.g. desk lamps).
Urea-formaldehyde (UF) resin is extensively used as a
binder adhesive for the production of wood-based panels
such as medium density fiberboard, particleboard (PB) and
hardwood plywood for interior uses. UF resin is an excellent
adhesive with features such as virtually colorless glue lines,
low price, mold and fungi resistance, and ease of handling
(e.g.; mixing, applying and cleaning). UF resin can be
successfully bonded with most species of wood in many
combinations [11, 12]. However, formaldehyde emission is
the main disadvantage property of the UF resin. The lower
formaldehyde/urea (F/U) molar ratio, the lower the content of
free formaldehyde in the UF resins. The formaldehyde
emission of UF resin has been declining as a result of new
resins and resin technologies [13].
The use of Urea-formaldehyde for the production of
particle board and as an adhesive resin has been widely
reported due to its high reactivity, good performance, and
low price [14]. The use of Urea-Formaldehyde for the
production of particle board using saw dust has also been
reported [15]. Studies on the use of buckwheat stalk in
particleboards bonded with urea-formaldehyde resin adhesive
have been reported [16, 17]. It has reported that one of the
major difficulties in the processing of wood-based particle
boards with urea-formaldehyde is that urea-formaldehyde is a
volatile gas with strong odor [18-20].
Production of particleboards, as stated earlier, involves the
use of a binder (resin). A large amount of binder is being
used in particleboard industry for the production of highquality products. The binder accounts for up to 32% of
manufacturing cost in the glue-wood composite industry.
Various types of binders have been used in the manufacture
of particleboards and they are classified as satisfying interior
or exterior use requirements primarily on the basis of their
response to moisture and/or temperature. At present, the
principal ones are formaldehyde condensation polymers,
such as Urea-formaldehyde (UF), Phenol-formaldehyde (PF),
Phenol-resorcinol
formaldehyde
(PRF),
Melamineformaldehyde (MF) and their derivatives (i.e. modified
formaldehyde condensation polymers). Others include;
isocyanate adhesive, gypsum, nitrogenous modified
amylaceous binder, magnesia, etc. The relatively low cost
and proven performance of phenol-formaldehyde and ureaformaldehyde resins have made them the most important
adhesive systems for composite wood products. These two
resins are formed by step-growth (condensation)
polymerization reaction of formaldehyde (CH2O) with
phenol (C6H5OH) and urea (H2NCONH2) respectively
Urea is a colorless and odorless crystalline compound,
CO(NH2)2, with a melting point of 132.7°C, also known as
carbamide. It is found abundantly in the urine of humans and
other mammals. In lesser quantities, it is present in the blood,
liver, lymph, and serous fluids and is found in the excrement
of fish and many other lower animals. Urea is produced
mostly in the liver as the end product of protein metabolism.
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The nitrogen in urea, which constitutes most of the nitrogen
in the urine, is produced mainly from food protein, but part
comes from the breakdown of body cells. Urea is also present
in various fungus molds as well as in the leaves and seeds of
numerous legumes and cereals. The compound is soluble in
both water and alcohol and is slightly soluble in ether. Urea is
prepared synthetically by the Wohler synthesis, which was
devised in 1828 by the German Chemist Friedrich Wohler.
CO2 + 2NH3 → NH3CONH3 + H2O ↔ H2NCOONH4

(1)

Due to its high nitrogen content, commercially prepared
urea is used in the manufacture of agricultural fertilizers.
Urea is also employed as a stabilizer in nitrocellulose
explosives and is a basic constituent of synthetically prepared
resins. Urea-formaldehyde (UF) resins are composed of
molecules that cross-link into clear, hard plastics. Properties
of UF resins are similar to the properties of phenolic resins.
As the names imply, these resins are formed by condensation
reactions between urea (H2NCONH2) and formaldehyde
(CH2O). Two main steps are recognized in the reaction of
formaldehyde with amino compounds to form useful resins.

2. Materials and Methods
2.1. Materials
Sawdust, Glasswares, Thermostat hot plate, Fume
cupboard, Magnetic stirrer, Metal and Mould plate,
Compression moulding (20 tonnes) machine. Digital pH
Meter, Top loading balance, spatula, and thermometer.
400ml of 40% w/v formaldehyde solution (M & B
laboratory grade), Urea (200mg M & B, Ammonia (15ml)
solution, Ammonium Chloride.
2.2. Methods
2.2.1. Processing of Sawdust
The sawdust was obtained from a sawmill in Samaru,
Zaria, Nigeria. It was first dried in the sun for about 72hrs,
ground and sieved to obtain uniformed particle size saw dust
using a 72 m sieve.
2.2.2. Laboratory Synthesis of Urea Formaldehyde Resin
This was done by the condensation reaction of formaldehyde
with urea in the ratio of 2.0:1.0. 400ml of 40% aqueous solution
of formaldehyde was measured into a clean dried Pyrex 500ml
beaker standing on a thermostat hot plate and the solution was
stirred vigorously in a fume cupboard for 5minuites. 200g of
Urea was gradually added, followed by 15ml of ammonia
solution, the mixture was continuously stirred with a magnetic
stirrer for one hour at a temperature of 65oC. The solution
obtained was then concentrated by heating the solution at a
temperature slightly above 65oc for 5hrs to evaporate the water
content, pH was maintained at 8. The concentrate was allowed
to cool at room temperature to produce a viscous liquid.
2.2.3. Resinification and Formulation Stage
A constant weight of the sawdust was added to the
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synthesized Urea-Formaldehyde solution and thoroughly
mixed using an electric mixer. The impregnated moisture
material was then poured into a mould with dimensions
(120mm length, 60mm width, and 2mm thickness)
containing aluminum foil. The mould was then placed in a
compression moulding machine at a pressure of 10 tonnes
and temperature of 150°C for 15minutes. The procedure was
carried out for 30, 35, 40, and 45ml of urea formaldehyde
resin with the constant weight of the filler (sawdust). The
particleboard samples produced were allowed to cool at room
temperature, and their mechanical properties determined.
NOTE:-CS is the control sample with no filler content and
50% UF Content.
2.2.4. Shore Hardness
Hardness was done according to ASTM D 2240, which is a
measure of the resistance of a material to the penetration of a
needle under a defined spring force. It is determined as a
number from 0 to 100 on the scales A or D. The higher the
numbers, the higher the hardness. The letter A is used for
flexible types and the letter D for rigid types. Measurements
were performed at room temperature. Shore A hardness scale
was used and the average of 3 hardness values was taken.
2.2.5. Water Absorption
This was done using the kubrelka apparatus at room
temperature. The test was carried out by weighing the
specimens (20mm length, 10mm width, and 2mm thickness)
before and after soaking in water for 24hrs.
Q=W2-W1/W1×100

(2)

2.2.6. Thickness Swell
The thickness swell test was carried out by measuring the

thickness of the specimens before and after 24 hours in water
using the Thickness gauge with serial No 82; all were set at
room temperature. The ratio of the difference in thickness to
the original thickness of the specimens expressed as a
percentage is the percentage thickness swell of the sample.
2.2.7. Density
The density of each of the specimens was obtained by
dividing the weight of each specimen with its corresponding
calculated volume. Their weights were obtained using
analytical-weighing balance, while the volume was obtained
by multiplying their respective measured Length, width, and
Thickness.
ρ=m/v

(3)

In Equation 3, ρ= density. m=mass of the specimens in
grams. v = volume in cm3.
In Equation 2, Q=percent water absorption, W1= initial
weight, W2= Final Weight

3. Results and Discussion
3.1. Shore Hardness
Shore hardness is a measure of the resistance of a material
to the penetration of a needle under a defined spring force,
which gave an indication of the hardness of the particle
board. Figure 1 showed that the shore hardness of the UF
particleboard increased from the particleboard samples of
88.6, 90.0, 91.0, 92.0 and 99.0% respectively. The higher the
numbers, the higher the hardness of the particle board at
room temperature.

Table 1. Result for Hardness Test.
UF (ml)
30
35
40
45
CS

Filler (sawdust) g
20
20
20
20
-

st

1 test
89
91
92
91
95

3.2. Water Absorption
The results showed that there was a reduction in water
absorption of 16.67%, 10.00%, 6.95%, 5.55% respectively as
the quantity of UF utilized in the particle board increased, the
CS showed little or no affinity for water. This was as a result
of the hydrophobic nature of UF brought about by the strong
intermolecular cohesive bonding within the molecule of the
UF resin which prevented water from penetrating the UF.
However, as filler was introduced into the UF matrix, the
hydrophobic nature was reduced due to the high affinity of
the organic filler to water (hydrophilic), and this increased as
the amount of UF resin utilized in the composite reduced.

2nd
88
90
91
93
95

3rd
89
89
90
92
94

Average ShoreA
88.6
90.0
91.0
92.0
99.0

The response of a particleboard to humidity is a function
of the degree of water absorption or ability to resist moisture.
It is a sample rather than material property, and as such, it
depends on the composition and processing history of the
sample.
This is not unexpected because principally condensation
polymers are susceptible to degradation due to the effect of
water, filler content, and multiple exposures such as moisture
and heat can result in accelerated deterioration [21, 22, 23].
This is an indication that the cohesive and binding forces of
the UF resin are not stronger and less sustainable, even at
elevated temperature [24-26], the present work supports this
statement as shown in the result.
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Table 2. Results of Water Absorption.
UF (ml)
30
35
40
45
CS

Filler (sawdust) g
20
20
20
20
-

Weight (g)
1.2
1.9
2.3
2.7
2.9

volume of water absorbed (ml)
0.2
0.19
0.16
0.15
-

Percentage of water absorbed %
16.67
10.00
6.95
5.55
-

temperature and the resin composition. This could be
attributed to its weak and relatively less stable cohesive and
adhesive forces.

Figure 1. Hardness versus UF Composition.
Figure 2. Percent Water Absorption vs. UF Composition.

3.3 Thickness
Figure 3 showed the graphical illustration of the results of
the thickness swelling of the particleboards showed that the
degree of thickness swelling; a measure of the dimensional
stability of particleboards in a humid environment is a
function of the composition and the prevailing temperature.
At room temperature, the particleboards exhibited highest
thickness swell of 0.004mm, 0.004mm, 0.003mm, 0.002mm
and 0.000mm with the UF there was no significant change in
their original thickness as shown in Figure 3, implying that
the particleboards had less dimensional stability at the room

Figure 3. Thickness vs. UF Composition.

Table 3. Results of Swelling Thickness Test.
UF (ml)
30
35
40
45
CS

Filler (sawdust) g
20
20
20
20
-

Thickness before swelling
2.006
2.004
2.003
2.000
2.000

Thickness after swelling
2.010
2.008
2.006
2.002
2.000

Changes in Thickness (mm)
0.004
0.004
0.003
0.002
0.000

3.4. Density
The density of material connotes its mechanical
properties. Figure 4 Shows that the density of the UF
particleboard decreased from the particleboard samples
of 0.00065, 0.00104, 0.00126, 0.00148 and 0.00159,
However, at the 45% UF resin composition, there was a
significant increase in density. UF particleboards were
found to have a lower density due to weaker compaction
force that exists in the UF particleboards. However, at 40%
and 45% UF resin composition, the UF particleboards
are slightly denser.

Figure 4. Density vs. UF Composition.
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Table 4. Results of Density Test.
UF (ml)
30
35
40
45
CS

Filler (sawdust) g
20
20
20
20
-

3

Density (g/cm )
0.00065
0.00104
0.00126
0.00148
0.00159
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