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Abstract
In this study, agro-waste materials, specifically coconut husk fibers and palm kernel shells, were utilized as
fillers alongside low-density polyethylene to produce particle boards. The research employed Taguchi design to
evaluate the effects of various process parameters on the performance of the particle boards. The findings
highlight that the developed boards possess robust properties, with hardness values ranging from 45.31 HB to
58.0 HB, impact energy from 0.980 J to 1.401 J, and acceptable rates of water absorption and thickness swelling,
confirming their suitability for applications requiring durability and moisture resistance. Optimal mechanical
properties are achieved at a moulding pressure of 10 MPa, a moulding temperature of 70 °C, and a curing time
of 10 minutes, while optimal physical properties for water absorption and thickness swelling are attained at a
moulding pressure of 8 MPa, a moulding temperature of 70 °C, and a curing time of 8 minutes. Furthermore, the
analysis of variance indicates that curing time is the most significant factor affecting performance characteristics,
contributing 42.5% for hardness, 39.3% for impact energy, and 44.91% for thickness swelling; moulding
temperature primarily influences water absorption with a contribution of 40.9%. These results suggest that
optimizing these parameters can enhance both mechanical and physical properties of the boards for various
applications.
__________________________________________________________________________________________
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INTRODUCTION
Forests, crucial for maintaining biodiversity and
ecological balance, are facing unprecedented threats.
The world loses approximately 10 million hectares of
forests annually, a rate equivalent to about 27 soccer
fields per minute. This alarming decline is
exacerbated by factors such as deforestation for
agriculture and urban expansion. Moreover, more
than one in three tree species globally is at risk of
extinction [1]. To mitigate these environmental
impacts, there is an urgent need to transition towards
sustainable alternatives that reduce the reliance on
forest products [2]. Sustainable and eco-friendly
materials are increasingly utilized in construction to
minimize environmental impact, conserve natural
resources, and reduce carbon footprint. However, the
rising demand for these materials has sparked
increased interest in utilizing agro-waste products
across various industries, particularly in the
production of composite materials like particle
boards [3]. These particle boards, derived from agro-
waste, have garnered significant attention due to their
ability to lessen dependence on traditional wood
resources and alleviate environmental degradation.
By-products of the agricultural sector, such as
coconut husk fibers and palm kernel shells, are often
discarded or underutilized, contributing to
environmental pollution. Converting these waste
materials into valuable composite products not only
addresses waste management challenges but also aids

in the development of sustainable building materials.
Moreover, incorporating agro-waste into particle
board production aligns with global sustainability
objectives by enhancing resource efficiency and
curbing deforestation [4].

Several researchers have explored innovative ways to
utilize agricultural waste materials in the production
of composite materials. Eyide et al. [5] focused on
optimizing the production of particle boards from
wood chips. The study utilized Box-Behnken design
to analyze the effects of stacking time, resin loading,
and agro residue amount on the mechanical
properties of the boards. The optimized conditions
resulted in a modulus of elasticity (MOE) of 1114.09
N/mm² and a modulus of rupture (MOR) of 9.34
N/mm², meeting the ANSI/A208.1-1999
specifications for general-purpose particle boards.
Mitchual et al. [6] utilized plantain pseudostem,
cocoa stem and pod, and Ceiba sawdust to produce
particle boards. The research compared the effects of
two adhesives: urea-formaldehyde (UF) and cassava
starch. The particle boards produced with cassava
starch exhibited higher density (497-598 kg/m³)
compared to those made with UF (421-557 kg/m³).
The study concluded that cassava starch adhesive
resulted in stronger bonds between biomass particles,
leading to denser structures and better water
absorption properties. In addition, Akinwumi et al. [7]
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explored the potential of using rice husks, sugarcane
bagasse, and corn cobs in particle board production.
They found that these agro wastes could effectively
replace traditional wood sources, providing an
environmentally friendly alternative while
maintaining adequate mechanical properties suitable
for construction applications. Also, Gupta et al. [8]
investigated the use of sawdust and other agricultural
residues in the production of particle boards bonded
with different adhesives. The findings highlighted
that the choice of adhesive significantly impacted the
physical and mechanical properties of the boards,
emphasizing the need for selecting appropriate
binding agents to enhance performance. Rodrigues et
al. [13] developed particleboards using eucalyptus
capsules and revealed that eucalyptus capsules can be
effectively used in particleboard, offering a
sustainable alternative to traditional wood sources.

Additionally, Silva et al. [14] developed
particleboards from mahogany leaves and wheat
straw and found that both mahogany leaves and
wheat straw are suitable for particleboard
manufacturing, with acceptable strength and
durability for certain applications while Cangussu et
al. [15] investigated the surface roughness and
mechanical properties of particleboard panels made
from bagasse and found that bagasse-based boards
achieved satisfactory mechanical properties,
supporting their use as a wood substitute. Hence, this
study focuses on the performance assessment of
particle boards developed from palm kernel shell
powder and coconut husk fibers. These materials are
increasingly being utilized in the production of
particle boards due to their abundant availability and
potential for sustainable development. The study also
aims to evaluate the physical and mechanical
properties of developed particle boards made from
these natural fibers, considering factors such as water

absorption, thickness swelling, hardness, and impact
strength.

By exploring the properties of particle boards
developed from palm kernel shell powder and
coconut husk fibers, this study contributes to the
optimizing the use alternative materials for
construction and furniture applications. The findings
demonstrate that agro-waste materials such as
coconut husk fibers and palm kernel shells, when
used as fillers with low-density polyethylene and
optimized through process parameters, can yield
particle boards with enhanced mechanical and
physical properties, making them ideal for durable,
moisture-resistant uses and promoting sustainable
resource utilization and value-added waste
management. However, a key limitation of this study
is its reliance on the Taguchi experimental design,
which, due to its fractional factorial approach,
restricts the ability to analyze interactions between
process parameters like moulding pressure, moulding
temperature, and curing time. While this method
effectively identifies the individual effects of each
factor, it does not capture potential synergistic or
antagonistic interactions that may influence the
mechanical and physical properties of the particle
boards.

MATERIALS AND METHODS
Materials
Palm kernel shell (Figure 1a) and coconut fibres
(Figure 1b) were utilized separately as filler materials
while low density polyethylene (empty water sachet)
wastes (Figure 2) was used as binder. Palm kernel
husk fibres was locally sourced from Bosso, Niger
State-Nigeria while coconut husks were sourced from
a coconut trader in Jalingo-Nigeria. Also, the empty
water sachet wastes were picked from the main
campus of Federal Polytechnic, Bida-Niger State,
Nigeria.

(a) Palm kernel shells (b) Coconut husk fibers

Figure 1: Filler materials

Figure 2: Low density polyethylene (sachet water) wastes
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Material Preparation
The palm kernel shells (PKS) were thoroughly
washed with tap water to remove contaminants,
followed by rinsing with deionized water to eliminate
any residual impurities. The cleaned PKS was then
dried in an oven at 50 °C for approximately 72 hours
to ensure complete moisture removal. After drying,
the PKS was crushed into a fine powder using a
stable arm grinder and sieved through a 125 µm sieve.
In addition, the collected coconut husks were cleaned
to remove any attached fibers, dust, or contaminants
and soaked in water for 7 days to facilitate fiber
separation. Following this, the fibers were manually
extracted from the coconut husks and dried in an
oven at a low temperature of 50 °C until fully dry.
Finally, the fibers were cut into smaller lengths (≤0.3

mm) and ground using dry hammer miller to achieve
a sieve size of 200µm.

Experimental Design
Experimental design was carried out in accordance
with Taguchi L9(3)3 design using Minitab 20
software. A constant composition of Palm kernel
shells (200g), Coconut husk fibers (100g) and LDPE
(200g) were used throughout the experimental
process while varying production parameters
consisting of moulding pressure (8-10MPa), muldong
temperature (70-90˚C) and curing time (8-10min)
were utilized in this study. The factor levels of
experimental factors are shown in Table 1 while the
Taguchi design matrix is shown in Table 2.

Table 1: factor levels of control factors
Control factors Unit Level 1 Level 2 Level 3
Moulding pressure (MP) MPa 8 9 10
Moulding temperature (MT) ˚C 70 80 90
Curing time (CT) min 8 9 10

Table 2: Coded and experimental design matrix
Sample number Coded matrix Experimental matrix

MP (MPa) MP (˚C) CT (min) MP (MPa) MP (˚C) CT (min)

1 1 1 1 8 70 8

2 1 2 2 8 80 9

3 1 3 3 8 90 10

4 2 1 2 9 70 9

5 2 2 3 9 80 10

6 2 3 1 9 90 8

7 3 1 3 10 70 10

8 3 2 1 10 80 8

9 3 3 2 10 90 9

Production Procedure
Particle boards were produced using palm kernel
shell (PKS) and coconut husk fibers (CHF) as filler
materials. The prepared PKS and CHF, along with
low-density polyethylene (LDPE), were measured in
constant proportions of 200g, 100g, and 200g,
respectively. For each sample, a two-roll mill located
at the polymer workshop of the Nigerian Institute for
Leather Research in Samaru, Zaria-Nigeria, was
utilized to blend the mixture and form the composite.
After blending, the compounded mixture was
removed and placed into a square mold for hot
pressing. The hot-pressing process was conducted
using a compression molding machine (Model: 0577-
86365889, Wenzhou) situated at the workshop, with
varying process parameters as outlined in Table 2
throughout the compression molding process.

Following the compression molding, the boards were
taken out and subjected to heat treatment for one
hour in a hot air oven operating at a temperature of
100 °C. This procedure was consistently applied to
produce an additional eight samples.

Performance Evaluation
The produced particle board samples were
characterized by assessing their performance in terms
of impact energy, hardness, thickness swell, and
water absorption. The impact energy and hardness of
the boards were evaluated using standard testing
procedures outlined in ASTM E23 and ASTM
D2240, respectively. The hardness test was
conducted at six points on each sample using a
Brinell hardness tester (Model: MV1-PC, Serial No:
07/2012-1329). For the impact test, specimens were
prepared and tested in the Charpy mode using an
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impact tester, with the absorbed energy recorded to
determine the fracture surfaces. Three test specimens
were prepared from each sample to ensure reliable
results, and the average values were recorded.
Specimens for the water absorption and thickness
swell tests were prepared according to ASTM D570,
which specifies a specimen size of 20 x 20 x 3 mm
for each sample. The water absorption and thickness
swell for each sample were calculated using Eqns. 1
and 2, respectively [9].

x 100 (1)

x 100
(2)

A1 and A0 represent the weight of the specimen after
and before immersion in distilled water, respectively.

S1 and S0 denote the thickness of the specimen after
and before immersion in distilled water, respectively.

RESULTS AND DISCUSSION
Experimental Results
Table 3 summarizes the experimental results for the
properties of the developed particle boards, along
with their corresponding signal-to-noise (SN) ratio
values. The experimental results presented in Table 3
is represented in Figure 3. The hardness values
ranged from 45.31 HB to 58.0 HB, indicating a

generally robust material suitable for applications
requiring durability. Higher hardness values suggest
improved resistance to surface wear and indentation,
which is beneficial for furniture and flooring
applications. Also, impact energy values ranged from
0.980 J to 1.401 J, demonstrating the boards' ability
to absorb energy during impact without fracturing.
This property is crucial for applications where
mechanical stress or impact is expected, such as in
construction and packaging materials. In addition,
water absorption values varied from 0.421% to
0.734%, with lower percentages indicating better
resistance to moisture uptake and thickness swell
ranged from 0.542% to 0.802%, which measures the
dimensional stability of the boards when exposed to
moisture. However, lower water absorption and
thickness swell values are preferable as they indicate
minimal change in dimensions due to moisture
absorption [10]. The results suggest that while the
boards exhibit some degree of swelling, they remain
within acceptable limits for most practical
application as reported in the work of Mirindi et al.
[11].
Larger-the better: S/N =









  

n

i
iyn 1 2

11log10 (3)

Smaller-the better: S/N =
  


n

i iyn 1
21log10 (4)

Where, n = number of experimental samples and y =
responses of given factor level combination

Table 3: Experimental results and SN ratio values

S/N Experimental results Signal to noise ratios (dB)

Hardness
(HB)

Impact
Energy
(J)

Water
Absorption

(%)

Thickness
Swell (%)

Hardness
(dB)

Impact
Energy
(dB)

Water
Absorption

(dB)

Thickness
Swell (dB)

1 57.17 1.321 0.421 0.542 35.1434 2.4181 7.5144 5.3200

2 55.0 0.980 0.603 0.733 34.8073 -0.1755 4.3937 2.6979

3 58.0 1.352 0.674 0.802 35.2686 2.6195 3.4268 1.9165

4 56.5 1.313 0.623 0.743 35.0410 2.3653 4.1102 2.5802

5 57.75 1.362 0.644 0.763 35.2310 2.6835 3.8223 2.3495

6 45.31 1.284 0.595 0.642 33.1239 2.1713 4.5097 3.8493

7 58.5 1.401 0.612 0.720 35.3431 2.9288 4.2650 2.8534

8 55.5 1.296 0.68 0.781 34.8859 2.2521 3.3498 2.1470

9 57.0 1.331 0.64 0.743 35.1175 2.4836 3.8764 2.5802
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a) b)

c) d)

Figure 3: Experimental results of (a) hardness (b) impact energy (c) water absorption and (d) thickness swell

ANALYSIS OF EXPERIMENTAL RESULTS
Main Effect Plots
The main effects plot presented in Figure 4(a-d) was
utilized to investigate the influence of individual
factors (moulding pressure, moulding temperature,
and curing time) on the response variables (hardness,
impact energy, water absorption, and thickness
swelling). As shown in Figure 4(a), optimal
mechanical properties, including hardness and impact
energy, can be achieved by setting the moulding

pressure to 10 MPa, the moulding temperature to
70 °C, and the curing time to 10 minutes. Conversely,
the optimal physical properties for water absorption
and thickness swelling are obtained with a moulding
pressure of 8 MPa, a moulding temperature of 70 °C,
and a curing time of 8 minutes. These results verify
the need to carefully balance moulding pressure,
temperature, and curing time to optimize either
mechanical properties for strength and durability or
physical properties for moisture resistance in particle
boards, depending on their intended applications.

a)

d)

b)

c)

Figure 4: Main effect plot of (a) hardness (b) impact energy (c) water absorption and (d) thickness swell



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 16(6):167-173 (ISSN: 2141-7016)

172

Analysis of Variance
The results of the Analysis of Variance (ANOVA)
presented in Tables 4-7 present the factors that affect
the performance characteristics of the developed
particle boards. Conducted at a confidence level of
95% and a significance level of 5%, the ANOVA
findings are essential for determining which
processing parameters have the most significant
impact on various response variables, including
hardness, impact energy, water absorption, and
thickness swelling. In this context, DOF, SS, MS, F,
and P represent degrees of freedom, sum of squares,
mean square, F-value, and percentage contributions,
respectively. The results indicate that curing time is
the primary factor influencing hardness, impact
energy, and thickness swelling, with percentage

contributions of 42.5%, 39.3%, and 44.91%,
respectively. In contrast, moulding temperature
significantly affects water absorption, contributing
40.9%. Longer curing times facilitate improved
chemical bonding and cross-linking within the resin
matrix, resulting in enhanced mechanical properties
[12]. This extended duration allows the resin to fully
cure, creating a denser and more cohesive structure
capable of withstanding greater mechanical stress.
Additionally, the percentage error of less than 5%
across all performance variables indicates that the
experiments were performed with minimal noise
effects, reflecting high reliability and precision in
both experimental design and execution [9].

Table 4: ANOVA for Hardness
Factor DOF SS MS F P (%)
Moulding pressure 2 37.13 18.565 10.857 28.5
Moulding Temperature 2 34.34 17.17 10.041 26.4
Curing time 2 55.38 27.69 16.193 42.5
Error 2 3.42 1.71 2.63
Total 8 130.27 16.2838 100

Table 5: ANOVA for Impact Energy
Factor DOF SS MS F P (%)
Moulding pressure 2 0.03456 0.0173 21.873 28.7
Moulding Temperature 2 0.03705 0.0185 23.4493 30.7
Curing time 2 0.04740 0.0237 30 39.3
Error 2 0.00158 0.0008 1.30
Total 8 0.12059 0.0151 100.0
Table 6: ANOVA for Water absorption
Factor DOF SS MS F P (%)
Moulding pressure 2 0.0136 0.0068 25.077 28.8
Moulding Temperature 2 0.0193 0.0097 35.562 40.9
Curing time 2 0.0138 0.0069 25.322 29.1
Error 2 0.0005 0.0003 1.1
Total 8 0.0472 0.0059 100.0

Table 7: ANOVA for Thickness swelling
Factor DOF SS MS F P (%)
Moulding pressure 2 0.0087 0.0043 3.1426 16.93
Moulding Temperature 2 0.0168 0.0084 6.0803 32.76

Curing time 2 0.0230 0.0115 8.3351 44.91

Error 2 0.0028 0.0014 5.39

Total 8 0.0513 0.0064 100.00

CONCLUSION
In this study, agro-waste materials, specifically
coconut husk fibers and palm kernel shells, were
employed as fillers in combination with low-density
polyethylene to produce particle boards. The research
also utilized Taguchi design to examine the effects of
various process parameters on the performance of the
resulting particle boards.

Based on the findings, the following conclusions can
be drawn;

i. The developed particle boards exhibit robust
properties, with hardness values

ranging from 45.31 HB to 58.0 HB,
impact energy from 0.980 J to 1.401 J,
and acceptable water absorption and
thickness swell rates, confirming their
suitability for applications requiring
durability and moisture resistance.

ii. Optimal mechanical properties, including
hardness and impact energy, can be
achieved with a moulding pressure of
10 MPa, a moulding temperature of
70 °C, and a curing time of 10 minutes,
while optimal physical properties for
water absorption and thickness swelling
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can be attained at a moulding pressure
of 8 MPa, a moulding temperature of
70 °C, and a curing time of 8 minutes,
highlighting the necessity to balance
these parameters based on the desired
application of the particle boards.

iii. Curing time is the most significant factor
affecting the performance
characteristics of the developed particle
boards, with percentage contributions
of 42.5% for hardness, 39.3% for
impact energy, and 44.91% for
thickness swelling, while moulding
temperature primarily influences water
absorption with a contribution of 40.9%,
suggesting that optimizing these
parameters can enhance the mechanical
and physical properties of the boards
for various applications.
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