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Abstract Finding supplements to wood and curbing
environmental effects of waste disposal have become glo-
bal topical issues. We investigated density, dimensional
stability and bending properties of particleboards from
mixed-wood sawdust and Cocos nucifera (coconut) husk
fibres in respective mix ratios of 100%: 0; 70%: 30%; 50%:
50%; and 0%:100% using cassava starch and urea-
formaldehyde (UF) binders. 1993 BS EN protocols 310 (for
density and bending properties) and 317 (for water
absorption and thickness swelling) were employed. Particle
sizes were 1— < 3 mm based on sieving with 3 mm mesh.
Density was low to medium range (~ 397-~ 666 kg/m>)
though UF bonded boards were relatively and continuously
higher with increased coconut fibres proportions compared
to CS bonded ones. Also, UF bonded boards absorbed less
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water and exhibited dimensional stability relative to CS
bonded boards. Bending strength of UF bonded boards was
higher (MOEs ranging from =~ 40%. to 1097%., and
MORs being &~ 125-652% higher) compared to the CS
bonded counterparts. Materials mix ratio, binder type and
their interactions had significant effect (p < 0.01) on den-
sity, MOE, and MOR. In conclusion, producing particle-
board from coconut fibre and mixed-wood sawdust is
possible with CS and UF as binders, but 0%W:100%C
mixed ratio exhibited better MOE and MOR. Hence,
efforts should be made to convert Cocos nucifera husks
and sawdust into particleboard production to make avail-
able more alternative/supplementary materials/products to
wood to reduce deforestation rate and curtail the environ-
mental problems associated with the residues’ disposal.

Keywords Particleboard - Wood sawdust - Cocos
nucifera - Cassava starch - Urea-formaldehyde

Introduction

Globally, the strive for economic development and its
associated expansion in the building, construction, farming
and other industrial sectors has led to astronomical demand
for materials/products and the generation of substantial
quantities of residues. The wood products sector appears to
be one worst affected area leading to continuous defor-
estation and other environmental consequences including
CO, emissions. Meanwhile, reducing deforestation to a
lower level is found to be the surest way of reducing CO,
emissions and also the least costly method of mitigating
climate change- a big environmental issue of global con-
cern (Millennium Ecosystem Assessment 2005; Gorte and
Sheikh 2010). Thus, it is evident that some of the steps to
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mitigate this global environmental problem of climate
change, which include efficient utilization of harvested
wood, recycling residues/waste into energy and other pro-
duct explorations and finding alternative/supplementary
products/materials to wood have all continuously engaged
the attention of world leaders and researchers in recent
years (Gorte and Sheik 2010; Charis et al. 2019).

Particleboard, as one of the manufactured prod-
ucts/materials in the wood products subsector that makes
use of residues/waste and therefore, offers significant
contribution towards efficient use of harvested wood and
agricultural products (due to their ability of adapting to the
use of a large proportion of what otherwise would have
been residue/waste) (Shmulsky and Jones 2011; Ahmed
et al. 2016). Interestingly, it is reported that demand for
such manufactured boards as glued-wood or composite
products like particleboards, hardboards, veneer boards,
oriented strand board (OSB), medium-density fibreboards
and plywood is high and continue to rise significantly in
recent years around the globe (Youngquist 1999; Sellers
2000; Ahmed 2016). For instance, demand for particle
board in 1998 stood at 56.2 Mm? and continues to rise,
possibly due to its applications in light structures particu-
larly in the building and construction industry (especially
for bracing walls, flooring, cladding, wall partitioning, wall
sheathing, ceiling panels and furniture production)
(Youngquist and Hamilton 2000; EST 2006; Fiorelli et al.
2013; Bertolini et al. 2013; Santos et al. 2014; Ahmed et al.
2016).

In the past, particleboard was mainly produced from
wood particles but in recent years, several reasons spanning
from the attention on efficient wood utilisation, environ-
mental issues through to health and economic conse-
quences of agricultural and wood residues/waste, have
necessitated the need for converting residues/waste into
value-added products especially particleboard. This has led
to series of research including some recent ones of Fuwape
(2001); Erakhrumen et al (2008); Zheng et al. (2006);
Bamisaye (2007); Olorunnisola (2007); Ahmed et al.
(2016) who have conducted research on the possible util-
isation of varied wastes/residues for particleboard
production.

Mixed wood sawdust is wood waste/residue that is
abundant in Ghana. It is reported that in 2008 about
142,080.00 m* of sawdust was generated in Ghana (Duku
et al. 2011; Mitchual et al. 2014) and the quantum con-
tinuous to rise due to the use of obsolete wood processing
machines among others. What is most worrying is that
about 20-70% of the sawdust generated in developing
countries such as Ghana, Nigeria etc. end up in various
dumping sites, river bodies, streams etc. (Erakhrumen
2008; Charis et al. 2019). Similarly, agricultural residues/
wastes, especially Cocos nucifera (Coconut) husks are also

disposed off almost indiscriminately, with just a small
proportion being used by some few kenkey producers as
fuel in developing countries such as Ghana (Busi-
nessGhana 2017; Zafar 2019). This apparent indiscriminate
disposal of residues like sawdust and coconut husks,
among others ends up affecting the environment greatly by
chocking gutters and leading to flooding during rains as
well as becoming breeding places for mosquitoes thereby
posing health challenges such as the spread of malaria
almost on continuous basis annually (Zafar 2019; Busi-
nessGhana 2017).

Meanwhile, Cocos nucifera (coconut) husks are reported
to be 40% of the entire coconut fruit (Zafar 2019) and
comprise averagely 30 wt.% coir fibers and 70 wt.% pith
and can contain about 24.1% lignin that can be used as
meltable binder acting as a strong and stable resin-like
adhesive and therefore, these husks can be converted to
particleboards even alone without the incorporation of any
synthetic binder (van Dam et al. 2004, and van Dam et al.
2003 in Ahmed et al. 2016). The husks also contain
chemicals such as cellulose, tar, tannins and potassium
which make it resistant to bacteria and fungi (Zafar 2019).
Such attributes of coconut husk could contribute to better
bonding in particleboard production even when synthetic
resins are less or not used at all (Ahmed et al. 2016).

The similarities in the chemical compositions of wood
and coconut (especially the presence of cellulose, lignin
tannins etc.) offer the two materials better compatibility to
be mixed together for value-added products such as parti-
cleboard manufacturing. Also, compared to particleboards
from massive wood, those manufactured from waste/resi-
dues have other advantages that include: the elimination of
anisotropy effects (since the particleboards have similar
resistance across the width and length); elimination of
resistance reducing factors; control of physical and
mechanical properties (resulting from the variables of the
process such as adhesive, particle geometry); and improved
durability (Czarnecki et al. 2003).

In particleboard production, formaldehyde-based adhe-
sive including Urea Formaldehyde (UF), Phenol-
Formaldehyde (PF) and Melamine Urea Formaldehyde
(MUF) are the most commonly used binders due to their
bonding strengths (Moubarik et al. 2010). However, the
formaldehyde in these resins is considered to be pollutant
whose emissions into the environment and its implications
upon exposure to workers continue to generate major
safety and health concerns (Myers 1990). Cassava starch,
however, is one of the most abundant natural polymers and
such adhesives are reported to spread uniformly in a thin
film which wet the polar surface of cellulose, penetrate
cervices and pores and thereby forms strong adhesive
bonds (Imam et al. 1999). It is reported that the edible
cassava in Ghana has 20-30% starch, 2-3% protein,
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75-80% water, 1% fat and 1-1.5% ash (Kochar 1986, in
Sekyere et al. 2014). Other major advantages of using
starch-based resin for particleboard production are that; it
has excellent affinity for polar materials such as cellulosic
materials, and also it has little or no effect on workers’
health and the environment (Moubarik 2010).

Research works that have assessed starch-based adhe-
sives in plywood and particleboard production include
Sekyere et al. (2014), Valarelli (2014), Sellah et al. (2014).
Papadopoulos et al. (2002) have also evaluated particle-
board from coconut fibres but using isocyanate resins.
However, information on particleboard produced from
coconut and wood sawdust either separately or in varied
mix ratios either with UF or cassava starch (CS) is either
limited or unavailable in the literature. It is for these rea-
sons that this study was conducted to ascertain whether or
not the physical and mechanical properties of particle-
boards produced from the two residues/waste (sawdust and
coconut husk) using urea formaldehyde and cassava starch
are comparable. Specifically, we sought to compare the
density, dimensional stability (using water absorption and
thickness swelling), modulus of elasticity (MOE), and
modulus of rupture (MOR) of particleboard produced from
the two lignocellulosic residues/waste and bonded with the
two adhesives as a contribution towards providing more
alternative/supplementary materials to wood towards
reducing deforestation rate and also curtailing the envi-
ronmental problems posed by the residues’ disposal.

Materials and methods
Materials collection site (Sefwi-Bibiani)

Except for the Urea Formaldehyde (UF) adhesive, all
materials used (i.e. sawdust, coconut fibres, cassava for the
cassava flour), were sourced from Sefwi-Bibiani -Ghana
(District area map as in Fig. 1). This is one area/district in
Ghana where over 70% of solid waste including sawdust
and coconut husks are indiscriminately dumped in open
spaces to lead to environmental challenges (Ghana Statis-
tical Service — GSS 2014). Detailed descriptions of the
study site are presented in Table 1.

Preparation of materials

The Cocos nucifera (coconut) husk fibres were obtained
from coconut fruits from matured trees (average age = 23
years) from local coconut plantation farms. Mixed-wood
sawdust (i.e. sawdust from different wood species) was
also obtained from wood sawmills in the study area. The
coconut husks were air-dried to 15 &+ 3% MC (Fig. 2a)
before milling in a corn mill machine to obtain the fibres.
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After milling, coconut husk chips (fibres) and sawdust
particles were all screened/sieved with 4 mm sieve to
obtain particle sizes of 1 mm to < 3 mm upon sieving with
3 mm mesh for the panel boards’ production (Fig. 2b). On
account of the objectives of this research, there were no
separations of different particle sizes of either the sawdust
or the coconut fibres. Hence, for each of the two residues,
all sizes that passed through the 4 mm sieve were all
together. It was rather the proportions (mix ratios) of the
prepared mixed particles of the two residues to be used to
produce a particular board that were varied and bonded
with either of the 2 binders. These final materials (i.e., the
mixed particle sizes of each residue) were further dried to
6 + 2%MC separately before formulating them into the
various mix ratios after which the adhesives were applied
to them.

Preparation and formulation of adhesives

In producing the Cassava Starch (CS), the Cassava flour
was sieved with 0.1 mm sieve mesh to reduce impurities as
much as possible. Water was then poured on the flour to
produce the cassava starch as described in Sekyere et al.
(2014). The Urea Formaldehyde (UF) adhesive was pre-
pared by mixing the powder with water and hardener in the
required proportions in accordance with manufacturer’s
instructions. For uniformity and fair comparison of results,
similar hardener and water proportions as used for the UF
were also used for the Cassava Starch (Table 2). The cas-
sava flour produced had starch/solid content of 88.4%, pH
of 6.88 and Titratable acidity of 0.38%, 2.8% Protein, 1.3%
Fat, 1.2% Ash content which was within the ranges found
by (Apea-Bah et al. 2009; Sekyere et al. 2014). The vis-
cosity of the cassava starch formulated was 2806.5 cen-
tipoise (cP). The UF had 65% solid content with pH of 7.68
and obtained viscosity of 2490 cP. The relatively high
viscosity of the CS could be understood in the context of
the solid content differentials as opined by Derkyi et al.
(2008) and Osemeahon et al. (2013) that high solid content
of adhesive influences viscosity positively as resulting
effect of the relatively higher surface interactions among
the solid particles.

Composite panels’ production

The prepared wood sawdust (W) and coconut husk fibres
(C) were used for the experiment in respective proportions
of 100%W + 0%C; 70%W + 30%C; 50%W + 50%C;
and 0%W + 100%C (by weight) to produce the various
one-layer particleboards of same thickness of 20 mm and
measured with electronic digital vernier calipers with
precision of 0.01 mm. The boards were designed to have a
target density of 600 kg/m> (within the medium density
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Fig. 1 Area map of Bibiani-Ahwiaso-Bekwa District and as situated in Ghana. https://docplayer.net/docs-images/49/25914722/images/52-0.png

category of particleboard made under industrial conditions
— Tsoumis 1991). The resins were applied to the single-mat
configuration at a 9% wt (usually used for surface layers of
3- and 5-layer boards- Tsoumis 1991). The masses of the
various board formulations and the resins contents were

estimated using steps 1-6 (Shmulsky and Jones, 2011;
Cosereanu and Cerbu 2019; Tawasil et al. 2021) and pre-
sented in Table 3.

1. Board Volume (cm®) =L xBx T
2. Wet Mass of Board = Target Density x Board Volume

@ Springer
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Table 1 Characteristics of the site (Sefwi-Bibiani) from where material samples were taken

Parameter Description
Size (Km?) 873
Coordinates Latitude (6° 3 N): Longitude (2°3 W)
Range of/average annual 23 °C-32 °C
temperature
Annual humidity range Averages 75% (afternoons)-95% (nights and early mornings)

Range of annual precipitation Bimodal rainfall (i.e. March—August, and September -October) averaging 1200 mm and 1500 mm

Vegetation Moist deciduous forest with commercial tree species such as Odum, Mahogany, Sapele etc. within eight forest
reserves covering 264km? (i.e. 30.24% of total land area) making the area suitable for establishment of timber
firms

Fig. 2 Preparation of Coconut
Fibres for the Study; a = Dried
Coconut husk, b = Sieving of
milled Coconut husks, and
sawdust to obtain mixed sized
of the fibres

Table 2 The Mix schedules of
Cassava Starch and Urea

Formaldehyde Adhesives used Material Volume (Lit.) ~ Material Volume (Lit.)
in this study

Cassava starch (CS) Urea-formaldehyde (UF)

Cassava flour (CF) 10 Urea-formaldehyde (powder) 10
Distilled water 20 Wax emulsion 0.5
Hardener (ammonium chloride) 0.5 Hardener (ammonium chloride) 0.5
53% Ammonia solution 0.5
Distilled water 20

Andoh (2009)

3. Dry Mass of Board = Wet Mass x The various materials proportions were thoroughly
[(1 + (%MC = 100)] mixed into uniform mixture before adding adhesive solu-
4. Resin Content Mass = [(Design Content = Resin  tions to form the mats. Each type of adhesives formulation
Solid Content) x Dry mass of Board] 4+ 2% (wastage) =~ was used to produce four panels of 400 mm x 300
5. Mass of Sawdust = % Sawdust in mix design x Dry  mm X 20 mm in size using FAMA hot press at 110 °C and

Mass 300 MPa constant pressing pressure with 30 min pressing
6. Mass of Coconut fibre = % Coconut in mix design x  time as prescribed in the EN 310 -1993 protocol used,
Dry Mass which was also to allow for better curing of the adhesives
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Table 3 Materials and Resins Masses in the Respective Mixed Ratio of Particleboards Produced

Materials proportions in particleboard mix (%W: %

Mass of materials @ 8%

Mass of resins @ 9% design content (g) + 2% waste

C) (Thickness = 2 cm) MC (g)
Wood Coconut Urea—formaldehyde (UF) Cassava starch (CS) with
sawdust (W) fibre (C) with 65% solid 88.4% solid

100 W: 0C 1333.33 0 188.20 138.46

70 W: 30C 933.33 400.00 188.20 138.46

50 W: 50C 666.50 666.50 188.20 138.46

0 W: 100C 0 1333.33 188.20 138.46

as intimated by Viswanathan and Gothandapani (1999).
The obtained composite panels were cut according to the
standard test dimensions and conditioned in a room at
20 °C and 65% relative humidity for 3 days before testing.

Testing and statistical analysis

Physical properties (density, thickness swelling-TS, and
water absorption-WA) were evaluated using BS EN 317
protocol of 1993. These parameters were measured each
day after twenty-four hours of soaking in cold water for 7,
14, 21 and 28 consecutive days, and the values after each
period were calculated using Eqgs. 1 and 2 (Fiorelli et al.
2012, 2016).

W, — W,

1

Water absorption (%) x 100

= (1)
where:

W, = Initial weight of sample before immersion in
water.

W, = Sample new weight obtained after specific periods
of immersion (i.e. 7 days, 14 days, 21 days and 28 days).

T, — T,
2
1 (2)

Thickness swelling (% ) = x 100

where:

T; = Initial sample thickness.

T, = Final thickness after specific period of immersion
(i.e., 7 days, 14 days, 21 days and 28 days).

Mechanical properties, specifically bending modulus of
elasticity-MOE and modulus of rupture —-MOR of the
particleboards so produced were estimated using BS pro-
tocol EN 310 of 1993. The values were recorded by the
testing machine set at a span of 254 mm with crosshead
sped of 6 mm/min. Ten (10) replicates of each sample
group were prepared for testing. In similar particleboard
studies by Papadopoulos et al. (2002), Moubarik et al.
(2010), Salleh et al. (2014) and Valarelli (2014), 3 repli-
cates, 8 replicates, 5 replicates and 10 replicates were,

respectively, used. All the obtained results in respect of
whether or not material mix ratio in a board and the
adhesive type used affect particleboard density, MOE,
MOR, TS and WA were statistically analysed using SPSS
17.0 version. Specifically, One-Way Analysis of Variance
(ANOVA) and Duncan multiple comparison test with 5%
level of significance (p = 0.05) was performed to evaluate
differences in physicomechanical characteristics of the
particleboards produced from the varied mix ratios of the
residues, and also the influence of the two different adhe-
sives on the estimated properties.

Results and discussion
Physical properties
Density

Densities exhibited by the boards from all the material mix
ratios and binder types (i.e., from =397 kg/m’ for the
100%W + 0%C to ~666 kg/m® for the 0%W + 100%C)
could be described as low to medium (Leng et al. 2017).
However, urea-formaldehyde (UF) bonded particleboards
of all the material mix ratios generally exhibited higher
density comparative to the cassava starch (CS) bonded
ones, except for the 0% W:100%C which behaved opposite
to this trend (Fig. 3). The CS bonded boards, however,
showed consistent increases in density as the proportion of
Cocos nucifera (coconut) fibre increases. This corroborates
the findings of Akinyemi et al. (2016). It also appears that
boards from wood sawdust alone (i.e., 100%W + 0%C)
had the least density for both CS (521.67 kg/m®) and UF
(396.50 kg/m3) resins—an indication that coconut fibres in
the mix appear to contribute largely to the observed
increases in the density of the boards (the only exception is
the 50%W + 500%C mix ratio boards). Again, the density
trends appear to suggest a possibility of the boards
exhibiting similar density close to 550 kg/m® irrespective
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Fig. 3 Mean densities at 10%MC of the composite boards produced from Wood sawdust and Coconut fibres using two different binders. N = 30;
Error bars are standard deviations; W = Wood sawdust, C = Coconut fibre; UF = Urea-formaldehyde and CS = Cassava starch

of the binder type, should the materials mix ratio be a little
lower than 50% W + a little greater than 50%C (as indi-
cated by the imaginary point ‘T’ in Fig. 3).

The high density of UF bonded boards could be
attributable to the high reactivity and fast curing of UF
resin and the accompanying high bonding strength that
ensures relatively much-compacted boards with low
porosity compared to the CS bonded boards (Zhang et al.
2013). Also, CS can contain some impurities (i.e., 2-3%
protein, 75-80% water, 1% fat and 1-1.5% ash) all of
which could affect density and other properties of boards
bonded with the resin. Meanwhile, the lower density reg-
istered by boards with materials ratio of 0%W + 100%C
and bonded with UF relative to its CS bonded one appears
consistent with findings of Salleh et al. (2014).

This study’s density range (396.50-665.75 kg/m’) is
higher than ones reported by Loh et al. (2010)-
394-511 kg/m* and Adjovi et al. (2013)-319-586 kg/m”.
Our range, however, was lower than 497-897 kg/m3
reported by Tomas (2013), and 731-761 kg/m® reported by
Papadopoulos et al. (2002) who used EMD isocyanate resin
for coconut fibres. It is however worth mentioning that
density range found in this study is positive pointer towards
achieving the objective of finding supplementary materials/
products to massive wood particleboards since the range
(396.50-665.75 kg/m®) is within the standard range
(350-800 kg/m?) specified in BS 1142 (1989) for medium
density boards as was targeted.

@ Springer

The foregoing discussions, however, appear to suggest
that resin type and materials mix ratio in particleboard
production could have significant influence on board den-
sities. Two-Way ANOVA (Table 3) affirmed this, and that
Mix ratio and binder type explained about 69% of the
variation in the densities among the boards produced (as
indicated by the R? values beneath Table 4).

Water absorption (WA)

The particleboards of all material mix ratios bonded with
cassava starch (CS) absorbed relatively higher moisture
(ranging from 16.62-29.5 g indicating a resultant in
47.36% and 94.02% weight increase due to water uptake)
and indicating low resistant to moisture compared to the
16.34-22.81 g which indicate a resultant 15.85% and
61.14% weight increase due to water absorbed by UF
bonded boards over periods of 7-28 days (Fig. 4). This
could be attributable to the impurities existing in cassava
starch that contributed to the low resistance of CS bonded
ones to water penetration and uptake (Sekyere et al. 2004;
Salleh et al. 2014). Similar trends were reported by
Valarelli et al. (2014)—physical and mechanical properties
of bamboo waste particleboard bonded with UF and castor
oil-based adhesive; Papadopoulos and Hague (2003)—using
flax (Linum usitatissimum L.) shiv as a lignocellulosic raw
material for particleboard and Salleh et al. (2014)—evalu-
ating particleboard properties using starch-based adhesives.
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;zbgﬁfgthY%&Xaitﬁ)NigA of Source Sum of squares DF Mean square F-value Sig
Binders on board densities Corrected Model 652.550.686° 7 93.221.527 77.578 0.001
Intercept 23,420,000 1 23,420,000 19,490 0.001
Mix Ratio 315,051.623 3 105,017.208 87.394 0.001
Binder 120,318.828 1 120,318.828 100.128 0.001
Mix Ratio * Binder 217,180.234 3 72,393.411 60.245 0.001
Error 131,425.143 80 69,324.814
Total 24,160,000 88
Corrected Total 353,257.814 87

a. R Squared = .725 (Adjusted R Squared.687)
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Mean initial Mean Final Weights (W,) at specific days of immersion in water (g)
Sample type Weights (W) (g) 7days 14 days 21 days 28 days
CS W, UF W, CS W, UF W; CS W; UF W; CS W; UF W, CS W UF W,
100%W+0%C | 13.31 14.10 16.62 16.34 17.43 18.61 21.04
70%W+30%C | 13.89 14.18 21.60 19.62 22.73 20.82 21.02 22.04
50%W+50%C | 15.21 14.15 23.81 17.71 25.34 19.03 19.92 22.81
0%W+100%C | 14.32 14.25 26.64 18.04 28.23 19.21 29.19 19.53 29.52 20.13

Fig. 4 Average water absorption of composite panels made of Cassava Starch and Urea Formaldehyde after 7, 14, 21 and 28 days of immersion.

N = 10; Error bars = standard deviation; W = Wood sawdust; C = Coconut fibre

Except for the boards made with 0%W 4 100%C
material mix ratio, many of the CS bonded boards could
not survive beyond 14 days in water as against other
material mix ratio boards bonded with UF which survived
for the entire 28 days in water with the 0%W + 100%C
boards being the most resistant to moisture uptake. Similar
findings on 0%W + 100%C specimens have been reported
in the literature (Tawasils et al. 2021). It could be deduced
therefore that WA depends largely on the binder type and
some other factors rather than the material mix ratio.

Thus far, Iwakiri et al. (2005) have reported that higher
WA could be caused by particles geometry for their
responsibility in creating larger or smaller superficial areas
for adhesion. Thus, since individual particle sizes of the
materials were beyond this study, it could be possible that
relatively larger sizes of coconut fibers might have pro-
vided larger superficial sites that created bigger contact
surface area for adhesion. In such instances, there appears
to be relatively lower availability of adhesive per particle
which subsequently allowed for relatively higher
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absorption of water. Rahman et al. (2013), Abdul Khalil
et al. (2006), Clemons (2002) and Tsoumis (1996) also
argue that WA and resin bonding strength could be mainly
attributed to the chemical and anatomical composition of
the materials that determine their hydrophilic nature. Cel-
lulose and lignin are, respectively, about 44.2% and 33% in
coconut which can be higher than 31-64%, and 14-34% in
some wood species (Abdul Khalil et al. 2006). Such
dynamics could be responsible for the relatively enhanced
bonding strength and the consequent water-resistant capa-
bility of the boards produced with coconut fibre only
(especially for those bonded with CS) compared to those
boards produced with wood. In the case of mixtures of both
materials (wood and coconut), it could be argued that the
combinations could have increased the cellulose content
(which is responsible for hygroscopicity) than the lignin
content (which is responsible for enhancing bonding and
reduces WA) (Sellers et al. 1988; Khedari et al. 2004).

Thickness swelling (TS)

Thickness swelling is a major measure of dimensional
stability of particleboard upon exposure to moisture. Sim-
ilar to what was observed with WA, TS for all material mix
ratios were much more for CS bonded boards (i.e., from
25.4 mm in 7 days to 27.64 mm by 28 days representing
25.1% to complete disintegration by the 21st day of
immersion in water) compared to their UF bonded coun-
terparts that swelled from 20.34 mm (0%W + 100%C) at
7 days to a maximum of 23.82 mm (70%W + 30%C) at
28 days)-Fig. 5. Thus, it could be said that the UF bonded
boards proved to be dimensionally stable compared to the
CS bonded ones. The 100%W + 0%C, 70%W + 30%C,
50%W + 50%C and 0%W + 100%C material mixes
bonded with CS swelled respectively by 23.3%, 9%, 20%
and 33.5% than their UF bonded counterparts upon 7 days
immersion in water. Thus, the particleboards manufactured
from coconut fibre alone (i.e., 0%W + 100%C) had the
highest thickness swelling difference, but interestingly and
surprisingly, this same material mix ratio survived
throughout the entire 28 days of immersion even with CS
adhesive without collapsing totally. This apparently could
mean that in panel board manufacturing involving the use
of wood sawdust and coconut, CS could be suitable for
bonding panels to be produced with coconut only and not
for those to be produced from wood sawdust only or
mixtures of the two materials. Apparently, these also agree
with Wang and Winistorfer (2003) that thickness swelling
increases with increasing exposure period, but starch-based
adhesive-bonded boards, have higher water sorption
capacity and making it absorb much moisture and leading
to greater expansion/swelling compared to UF bonded ones
(Salleh et al. (2014).
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Researchers have offered varied reasons for differences
in TS of particleboards. Rahman et al. (2013), Nonaka et al.
(2013), and Adefisan and Amiandamhen (2012) state that
lower TS could be attributable to pressing temperature,
particle orientations and sizes, air space and void sizes
within materials cells, many of which are responsible for
water uptake and subsequently accounting for differences
in thickness swelling irrespective of any pre-treatment
practice adapted, and higher compatibility of the particles
during mat formation; Boquillon et al. (2004) augured that
TS could be affected by adhesive properties due to type,
formulation and presence or absence of impurities; and
Sallers et al. (1988) and Khedari et al. (2004) who posited
that lignin is a natural wood binder and therefore thickness
swelling values of boards made from high lignin content
materials are usually relatively lower because of the
improved bond formation between particles during mat-
forming process. Coconut has relatively higher lignin
content (33%) for better natural bonding than most hard-
woods (from 14 to 34%) as well as relatively larger spe-
cialised vessels (lacuna) which though can lead to
relatively higher WA and TS in coconut but also give it an
urge in adhesive uptake and better bonding than for most
hardwood (Abdul Khalil et al. 2006). These could be
responsible for the relatively better bonding of the boards
made with coconut alone (i.e., 0%W + 100%C) which
sustained them throughout the 28 days of immersion
though such panels swelled relatively higher than the other
material mixes, especially for the panels bonded with CS.

Mechanical properties

From static bending test results (Table 5), all the four
material mix ratios bonded with UF adhesive recorded
higher Modulus of Elasticity (MOE) ranging from 218 to
439 MPa compared to their respective counterparts bonded
with CS with MOEs ranging from 50 to 235 MPa. Similar
trends occurred for MOR and the UF bonded boards were
again higher than their CS counterparts by 456.3%,
6523%, 220% and 124.6%  respectively  for
100%W + 0%C, 70%W + 30%C, 50%W + 50%C, and
0%W + 100%C. However, in spite of the findings that
MOE and MOR for the four materials mix ratios differed
between the two binder types, it appeared that the
0%W + 100%C mix ratio stood out in exhibiting
mechanical strength superiority over the other three
material mix ratios (with CS, MOE = 234.66 MPa and
MOR = 1.75; and with UF, MOR = 3.93 MPa). The only
exception to this trend about the 0%W + 100%C mix ratio
is the MOE value for the UF bonded type that rather ranked
the 3" highest value (237.56 MPa).

All these apparently indicate that, though binder type
can have effect on the bending properties of the



J Indian Acad Wood Sci (December 2021) 18(2):128-140 137
40
®|100% W +0% C
35 | 370%W +30%C
50% W +50% C
mO0%W + 100% C
. 30
X
§° 25 | m 11
= | A
] g/
2 72
2 20 ] %
(7]
: 7
g %
S 15 ] é o
< TR
= A
10 | B ?
5 | g
CS -7days UF -7days CS -14days UF -14days CS -21days UF -21days CS -28days  UF -28days
Binder type and days of immersion
Mean initial Mean Final Thickness (T.) at specific days of immersion in water (mm)
Sample type Thickness (T;) (mm) 7days 14 days 21 days 28 days
CS Ty UF T, CS T UF T2 CST UF T» CS T UF T CST UF T»
100%W: 0%C | 20.34 20.26 25.40 20.62 20.83 20.91 21.04
70%W: 30%C | 20.44 20.86 25.50 23.43 25.83 23.62 23.72 23.82
50%W: 50%C | 20.63 20.70 25.80 21.51 26.23 21.70 21.80 22.04
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Fig. 5 Average thickness swelling of composite panels made of Cassava Starch and Urea Formaldehyde after 7, 14, 21 and 28 days of

immersion. N = 10; Error bars = standard deviation; W = Wood sawdust; C = Coconut fibre

Table 5 Mean mechanical properties of panels bonded with cassava starch and urea formaldehyde

Materials mix ratios (i.e. wood sawdust: coconut fibre) N MOE (MPa) MOR (MPa)

CS (+ SD) UF (+ SD) CS (+ SD) UF (£ SD)
100% W: 0% C 10 49.9 + 14.65a 439.38 + 106.35a 0.48 £ 0.17a 2.67 + 0.48a
70% W: 30% C 10 50.81 + 21.34a 608.32 + 127.38b 0.44 + 0.28a 3.31 + 0.61b
50% W: 50% C 10 51.25 + 11.62a 218.03 £ 55.44c¢ 0.45 + 0.00a 1.44 + 0.27¢
0%W: 100% C 10 234.66 + 49.5b 327.56 £ 74.93ac 1.75 + 0.46b 3.93 4+ 0.68b

CS = Cassava starch, UF = Urea formaldehyde. W = Wood sawdust, C = Coconut, (SD) = standard deviation

Means with different letters indicate significant difference at 5% level of significance

particleboards, the 0%W + 100%C material mix ratio
appeared to have maintained its mechanical superiority
over the other mix ratios regardless of binder type.
Similar patterns of static bending strength properties
(MOE and MOR) have been found by some researchers
including Valarelli et al. (2014) who studied bamboo waste
particleboards bonded with UF and castor oil; Salleh et al.
(2014) who found significant differences in MOE and
MOR of particleboards bonded with UF, wheat starch and

oil palm starch; Ndiwe et al. (2019) who concluded that
internal bond (IB) strength of particleboard bonded with
UF is higher than with bio-based adhesives. All these
apparently point out that binder type could have effect on
particleboard MOEs and MORs.

A number of researchers have provided varied reasons
for differentials in MOE and MOR of particleboard pro-
duced with different binders and materials. Valarelli et al.
(2014), Papadopoulos et al. (2002) and Maloney (1977)
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posited that the values of MOE and MOR depend much on
levels of compaction of the boards, pressing temperature,
particle geometry, type and percentage of adhesives, and
density of the cellulosic materials used. Again, Hwang
et al. (2006) and Bekalo and Reinhardt (2010), further
reported that in any approximate specific gravity range of
boards produced from residue materials, the resin contents
and interfacial adhesion highly and positively correlate
with the mechanical properties of the boards so produced.

The foregoing suggests a possibility of the materials mix
ratios and binder types having some influence on both
MOEs and MORs of the panel boards. A Two-ANOVA to
probe further into this apparent finding confirmed that
material mix ratio, binder type and their interactions had
significant influence (p < 0.01) on both MOE (F-values
from 27.841 to 368.79) and MOR (F-values from 16.82 to
462.11)-Table 6.

Conclusion

This study investigated some physical and mechanical
properties of particleboard produced from some mix ratios
of two lignocellulosic material residues {i.e., wood saw-
dust and Cocos nucifera (coconut) husk fibers} using two
binders (i.e., Cassava starch—CS and Urea-formaldehyde—
UF). The rational was to assess the feasibility converting
such residues into useable materials/products to contribute
to the search for alternative/supplementary materials/
products to wood towards reducing deforestation rate as
well as the environmental problems associated with the
disposal of such residues/waste. From the results, the fol-
lowing conclusions and recommendations were made:

Table 6 Two-Way ANOVA of the influence of mix ratio and binder
type on density and mechanical properties

Source of variation Df  F-values of properties

MOE (MPa.) MOR (MPa.)
Corrected model 7 84.147%** 102.515%**
Intercept 1 992.833 %% 1436%#*
Mix Ratio 3 27.841%%* 68.340%**
Binder type 1 368.792%** 462.114%**
Mix ratio * binder type 3 45.571%** 16.824%**
Error 80
Total 88
Corrected Total 87

Adj. R* = 961  Adj. R*=.734

The statistical analyses are significant at 95% confidence interval.
#xxp < (0.01; **P < 0.05; *P < 0.1; and non-significant, P > 0.1;
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1. It is highly possible to produce particleboards from
wood sawdust and coconut fibers using both CS and
UF as binders, but UF bonded boards were denser than
the CS bonded ones and all density, generally
increased with increases in the quantity of coconut
fibers in the mixture.

2. UF bonded boards exhibited better dimensional stabil-
ity by proving strong resistance to water absorption
(WA) and thickness swelling (TS) relative to the CS
bonded boards, but Cocus Nucifera husk fibres in the
mixes appeared to have contributed to relative
increases in WA and TS.

3. Cocos nucifera husk fibres alone (i.e., mix ratio of
0%W + 100%C) bonded with both binders exhibited
mechanical strength superiority over all the other
material mix ratios, though best MOE was exhibited by
the 70%W + 30%C bonded with UF resin.

4. We recommend that for better bending strength
properties, coconut fibers should either be alone (i.e.,
0%W + 100%C) or be the major proportion in the mix
(perhaps 20%W + 80%C or 30%W + 70%C or
40%W + 60%C).

5. Particleboards from the two residues/waste, especially
if bonded with CS should be used for indoor or interior
application to avoid getting into contact with moisture
so as to avoid water absorption and associated
thickness swelling that may destroy them.
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