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The quality of particleboard made from broad-leaved acacia branches and PVAc
adhesive was investigated. A non-factorial completely randomized design (CRD) with
adhesive contents of 10%, 15%, and 20% was employed. The parameters for testing
physical properties included moisture content, density, water absorption, and thickness
swelling. The parameters for testing the mechanical properties were modulus of
elasticity, modulus of rupture, internal bonding, and screw withdrawal resistance. The
results indicates that the concentration of PVAc adhesive has a significant effect on both
physical and mechanical properties of the fabricated particleboards. The LSD further test

indicates that particleboard with 20% adhesive content has the highest value in strength
tests and meets the Indonesian National Standard (Standard Nasional Indonesia/SNI) 03-
2105-2006. It is suitable for non-structural indoor (interior) element.

1. INTRODUCTION

Utilization of all parts of wood can be an effort to reduce
the rate of deforestation. Logging usually refers to branch-free
stem wood logging, while any part of wood is left as wood [1].
Branches are short, smaller compared to the central trunk of
tree, and crooked with number of knots [2]. Due to their high
lignin, branches are less suitable for pulping. They are also
characterized by thicker bark compared to the trunk. Therefore,
branches-based products relatively have different properties
than those made from the tree trunk [3].

The wood of broadleaf acacia (Acacia mangium) has high
economic value and environmental adaptability [4]. It is a fast
growing leguminous plant that is capable to grow on infertile
land and is less affected by the type of soil. It is generally used
as raw material for pulp and paper, as well as furniture. It is
also utilized as door frames, window components, and wooded
crate/box [5]. The physical and mechanical properties of seven
year-old Acacia mangium wood obtained from the South
Kalimantan Industrial Timber Estates were investigated,
showing a wood density of 0.60-0.62 gr/cm3 and specific
gravity of 0.59-0.61 (categorized into Strength Class I11) [6].
Principally, the lack of utilization of branches is mainly caused
by their low quality properties as raw material.

Despite the substantial forest loss and damage, the trend of
producing composite wood products such as particleboard is
increasing [7]. The manufacture of particleboard becomes an
attempt to utilize low-grade wood parts. These parts are
potential alternative source for particleboard [8]. It is made of
lignocellulose materials, i.e., wood, as the main production
material [9]. The wood particles are mixed with synthetic
resins under hot pressing. Particleboard has several advantages
compared to the real wood in which it is knot-free, void-free,

and crack-free [10]. The strength of particleboard is
determined by several variables, including the type and the
percentage of the adhesive. Particleboard made from the
branches of jabon wood had better quality than other parts [11].
Another study on particleboard made from Surian tree
branches yielded good physical and mechanical properties
[12].

Polyvinyl acetate (PVACc) is a thermoplastic adhesives
commonly used for the manufacture of particleboard and
panelboard [13]. PVAc, either modified or unmodified,
solution or emulsion, the properties of PVAc make it suitable
as a binder for various materials, particularly wooden products
and their derivatives [14]. The PVAc are easily operated, low
toxic, resistant to microorganism attack, and non-staining
adhesive, and have unlimited storage life, gap-filling similar
to animal glue, and low compression pressure [15].
Particleboards made from sea sengon wood with variations of
PVACc adhesive 54, 58, and 63% had been tested, showing all
of them met the SNI standard [16].

Based on the background and problems mentioned
previously, a study on the branches of Acacia mangium was
done. The physical and mechanical properties of
particleboards made from Acacia mangium branches using
different concentrations (10%, 15%, and 20%) of PVAc were
investigated.

2. RESEARCH METHOD

The research was conducted at the Laboratory Technology
of Forest Product, Faculty of Agriculture, Department of
Forestry, University of Palangka Raya. The material was the
wood branches of broad-leaved acacia (Acacia mangium) in
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the form of wood shaving with a mesh size of 4 mixed with
Fox PVAc adhesive with 40% solid resin [17]. Acacia wood
was obtained from the Arboretum of the Forestry Department,
Faculty of Agriculture, University of Palangka Raya, Central
Kalimantan. Since the trees were situated in the campus area,
the collected wood was taken from a tree on the thinning list.
The sequence of making the particleboard, from the
preparation of wood shaving to testing, is described below.

2.1 Preparing the wood shaving

Acacia wood was shaped or planed into wood shaving, air-
dried to approximately 12% MC, and subsequently sieved
using a 4 mesh sieve.

2.2 Fabricating the particleboard

Single layer particleboard of 30 cm x 30 cm x 1.5 cm was
fabricated at 0.5 gr/cm=ensity level. The wood particles were
mixed with PVAc and formed into a fiber mat at a temperature
of 110 +4°C for 15 minutes with a pressure of 25 kg/cm<14].
The mat was stored for two weeks before cutting into
specimen according to the SNI 03-2105-2006 [18].

2.3 Testing the particleboard

2.3.1 Moisture content

The specimen was weighed to determine its initial weight,
oven-dried at a temperature of 102 + 2°C for 6 hours, and
repeated until the weight was constant (as the difference in
weight was 0.1%). The duration for drying process was 6
hours, following the moisture content testing procedure in the
Indonesian National Standard (SNI) 03-2105-2006. The
calculation used the following equation:

MC=[(Wi-Wf)/Wf]x100% (1)

2.3.2 Density

The specimen length and width were measured on both
sides of 2.5 cm from the edge and with an accuracy of 0.01 cm.
Subsequently, the thickness of the specimen was measured at
the four corners (at the point of intersection of the length and
width measurements) with an accuracy of 0.01 cm. After the
measurement, the specimen was weighed with an accuracy of
0.1 g. The equation is as follows:

D=W/V 2

2.3.3 Thickness swelling and water absorption

The specimen thickness was measured at the center with an
accuracy of 0.01 mm and weighed to an accuracy of 0.1 g.
Subsequently, the specimen was immersed horizontally in
water at a temperature of 25 °C £1 °C, approximately 2 cm
from the water surface for £24 hours. The specimen was then
removed and wiped with a cloth. The thickness was measured

and the mass was weighed to an accuracy of 0.1 g. The
formulas for thickness swelling and water absorption are:

TS=[(T>-T:)/T1] x 100% 3)
WA=[(Wo-W1)/W:] x 100% @)

2.3.4 Modulus of elasticity (MoE) and modulus of rupture
(MoR)

The specimen thickness and width were measured. It was
placed horizontally on a support while a load was applied to
the center of the specimen at a speed of 10 mm/min. The
deflection and load (to the maximum load) were recorded. The
MOoE and MoR are calculated using the equations 5 and 6.

E(kgflcm3F=1*AP/4.wt®.AD (%)
MoR(kgf/cmF=3PIl/2wt= (6)

2.3.5 Internal bond strength (IB)

The specimen length and width were measured.
Subsequently, the specimen was glued to two iron blocks or
other similar materials and air-dried for % 24 hours. The
specimen was then pulled in a vertical direction at a speed of
2 mm/min and the maximum load was recorded. The equation
is as follows:

IB=P/I>w (7)

2.3.6 Screw withdrawal resistance (SWR)

The screws were installed on the left and right of the
specimen at its center. The depth of pre-drilled hole was 3 mm
with a diameter of 2 mm. Subsequently, the screw was pulled
in a vertical direction at a speed of 2 mm/minute and the
maximum load was recorded. The equation is as follows:

SWR=P/I>w (8)
2.4 Research design and data analysis

The research design was a non-factorial completely
randomized design (CRD) with adhesive contents of 10%,
15%, and 20%, all treatments replicated thrice. The collected
data was analyzed using SPSS. When the treatment had an
effect on the physical and mechanical properties, further test
(the Fisher's least significance difference test) was carried out.

3. RESULTS AND DISCUSSION

The quality of particleboard was tested based on eight
parameters. The mean value of all parameters is presented in
Table 1. The results of the analysis of variance are presented
in Table 2. The LSD further test is presented in Table 3.

Table 1. The mean value of the moisture content, density, thickness swelling, water absorption, MoE, MoR, internal bond
strength, and screw withdrawal resistance of particleboards with different adhesive contents

Physical Properties

Mechanical Properties

P

MC (%) D(glem®) WA (%) TS (%) MoE (10* kgflcm?®  MoR kgficm?) 1B (kgf/lcm?)  SWR (kgf)
P1 (10%) 13.51* 0.41* 127.09* 7.35* 1.32 73.61 1.34 31.28*
P2 (15%) 12.75* 0.44* 94.46* 5.89* 1.76 91.34* 1.53* 37.74*
P3 (20%) 12.54* 0.50* 84.71* 5.40* 2.47* 111.20* 1.75* 41.82*
SNI <14 0.4-0.9 - <12 Min 2.04 Min 82 Min 1.5 Min 31

Source: Previous study (2022), *Acceptable based on SNI 03-2105-2006



Table 2. Analysis of variance of the properties of particleboards with different adhesive contents

Factor Df SS MSS F-value  p-value 5%

Moisture content (%) 1.56 0.78 10.37**
Density (%) 1.19 0.60 8.856**
Water absorption (%) 2955.19 1477.60 12.056**

Thickness swelling (%) 8 6.22 3.12 7.98** 514

MOoE (10* kgf/cm?) 2.03 1.02 11.24%* '
MoR (kgf/cm?) 2121.02 1060.501 11.14**
Internal bond (kgf/cm?) 0.25 0.13 15.51*%*
SWR (kgf) 169.47 84.74 9.28**

Table 3. The result of the Fisher’s LSD test on particleboards with different adhesive contents

Variable

10% 15% 20%

Mean moisture content
Density
Water absorption
Thickness swelling

Modulus of elasticity (MoE)

Modulus of rupture (MoR)
Internal bond
Screw withdrawal strength

13518 12,75  12.54P
4.772 4.382 4.95°
127.09° 94.47°  84.71°
7.353% 5.89° 5.393°
1.322 1.762 2.47°
73.618  91.34® 111.19°
1.342 1.53b 1.747°¢
31.28%  37.740°  41.82°

3.1 Moisture content

The mean moisture content is presented in Table 1.
Particleboard with 20% adhesive content obtained the lowest
mean moisture content [19]. Table 1 also indicates that the
higher the concentration of PVAc, the lower the moisture
content of the particleboard. It is possibly due to the capacity
of adhesive particles in filling the cavities of particleboard—
which have the potential to absorb moisture from the air.
Principally, the adhesive covers the cavities on the
particleboard. Meanwhile, low moisture content will affect the
strength of the particleboard [7]. The moisture content value
obtained in this study has met the Indonesian National
Standard [18].
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Figure 1. Average moisture content of particleboards made
from broad-leaved acacia branches

The result of the analysis of variance on moisture content is
presented in Table 2. In general, it indicates that the adhesive
content significantly affects the moisture content of the
particleboard (Figure 1). To find out the treatment that gained
the best moisture content, an LSD test was carried out. The
result of LSD test is presented in Table 3. It shows that the
moisture content of particleboard with 15% adhesive content
is not significantly different from that of 20% adhesive content.
Meanwhile, particleboard with 10% adhesive content is
significantly different from those with 15% and 20% adhesive
content [20]. Particleboards with 15% and 20% adhesive
content have insignificantly different moisture content, while
particleboard with 10% adhesive content has significantly

different moisture content from others. It can be concluded
that the higher the adhesive content, the lower the moisture
content. Particleboard with 10% adhesive content has a greater
number of particles hence the voids between particles are not
optimally filled with adhesive [21]. The number of particles
affects the ability of the particleboard to absorb water during
the conditioning process. The moisture content of the
particleboard is determined by arranging the moisture content
of the particles. In the present study, the moisture content of
the particles is set at approximately 12%. A study on
particleboard made from rubber wood also found that
particleboard with moisture content of 12% has a higher
quality than that produced from fiber saturation point, and it
also meets the required standard [22].

3.2 Density

The mean density of the particleboards ranges between 0.41
to 0.50 g/cm? as presented in Table 1.
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Figure 2. Mean density of particleboards made from broad-
leaved acacia branches

They have met the standard required by the Indonesian
National Standard [18]. In general, the mean density of the
particleboard is included in the medium class [23]. Medium
density particleboard ranges from 0.4 to 0.8 g/cm? (Figure 2).
Particleboard with 20% adhesive content has reached the



expected density of 0.5 g/cm? [24]. Essentially, the higher the
concentration of adhesive, the higher the density value. In
addition, the moisture content also affects the density of
particleboard in which the lower the moisture content, the
better the quality of particleboard. It is due to the presence of
water in the particleboard affects the thickness and strength of
the particleboard. High density causes a decline in the
moisture content of the particleboard [25]. The result of the
analysis of variance on density is presented in Table 2. The
adhesive content treatment has a significant effect on the
density of particleboard. To find out the best treatment, the
LSD test was carried out. The result of LSD test presented in
Table 3 shows that the density of particleboard with 10%
adhesive content is not significantly different from the 15%
adhesive content, while the particleboard with 20% adhesive
content is significantly different from those of 10% and 15%
adhesive content. It can be concluded that the higher the
adhesive content, the higher the density of the particleboard.
The higher amount of adhesive will increase the bond between
particles, causing the board to become denser [19]. Moreover,
adhesive is able to reduce the occurrence of spring back during

compression and consequently, the board becomes denser [26].

Principally, the higher the adhesive content, the higher the
density and modulus of elasticity of the particleboard. It also
indicates the quality of the particleboard. The denser the
particleboard, the less elastic the particleboard.

3.3 Water absorption

The mean value of water absorption is presented in Table 1.
The highest value (127.09%) was obtained by particleboard
with 10% adhesive content, while the lowest value (84.71%)
was obtained by particleboard with 20% adhesive content
(Figure 3).
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Figure 3. Average water absorption of particleboards made
from broad-leaved acacia branches

The highest water absorption value found in particleboard
with 10% adhesive content was 127.09%, exceeding 100%. It
occurs because the water absorption value indicates the
amount of added weight of the particleboard. Consequently,
the weight of the particleboard can exceed 100%. Based on the
water absorption formula, this value was obtained from the
weight after immersion minus the weight before immersion
divided by the weight before immersion.

The values indicate that the water absorption capacity of the
particleboard decreases in line with the increase in the PVAc
adhesive content [20]. The addition of adhesive content can
reduce the particle porosity [27]. The higher the density of the
particleboard, the lower the porosity, because the high density
particleboard has fewer voids possibly filled with water [19].
Water absorption is affected by spring back that causes

interparticle space, allowing water vapor to fill the space and
particle surface. In addition, the decrease in water absorption
is also affected by the capacity of adhesive in coating the
particles, reducing the contact between wood particles and
water [20].

The result of the analysis of variance on water absorption is
presented in Table 2. The result indicates that the treatment of
adhesive content has a significant effect on the water
absorption of particleboard. Subsequently, the LSD test was
carried out to find out the best treatment as presented in Table
3. The result indicates that the 20% adhesive content is not
significantly different from the 15% adhesive content, while
the 10% adhesive content is significantly different from the 15%
and 20% adhesive content [20]. Particleboards with 15% and
20% adhesive content have insignificantly different water
absorption value, while particleboard with 10% adhesive
content has significantly different value from others. In
general, it can be concluded that the higher the adhesive
content, the lower the water absorption of the particleboard
[28]. Adhesive content has a very significant effect on the level
of water absorption. It is an important variable as it affects the
thickness of the particleboard [12].

3.4 Thickness swelling

The mean value of thickness swelling is presented in Table
1. The highest value was obtained by the particleboard with
10% adhesive content while the lowest was obtained by that
with 20% adhesive content, namely 7.35% and 5.40%,
respectively (Figure 4). The mean value has met the SNI 03-
2105-2006 [18].
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Figure 4. Average thickness swelling of particleboards made
from broad-leaved acacia branches

The increase of adhesive content reduces the thickness of
the particleboard [24]. The higher the PV Ac adhesive content,
the lower the thickness swelling of the particleboard [29]. The
thickness swelling also decreases in line with the increase in
the adhesive content. The thickness swelling value is directly
proportional to the water absorption value. The higher the
water absorption capacity, the higher the thickness swelling of
the particleboard. The thickness swelling 1is directly
proportional to the water absorption capacity in which the
higher the adhesive content, the lower the thickness swelling
[28].

Based on the analysis of variance on thickness swelling
presented in Table 2, the adhesive content treatment has a
significant effect on the thickness swelling of particleboard.
To determine the best treatment, the LSD test was carried out.
The result presented in Table 3 indicates that the particleboard



with 20% adhesive content is insignificantly different from
that with 15% adhesive content. Meanwhile, the particleboard
with 10% adhesive content is significantly different from those
with 15% and 20% adhesive content. It can be assumed that
the higher the adhesive content, the lower the thickness
swelling of the particleboard. The finding also indicates that
the PVAc adhesive of 20% has the optimal quality in resisting
thickness swelling compared to others as it has a lower
thickness swelling value and meets the required standard of
SNI [18] (maximum of 12%) [30]. The bond between the
adhesive and the particles reduces the amount of water vapor
entering the cavity, decreasing the potential in the dimensional
changes and eventually lowering the possibility of thickness
swelling.

3.5 Modulus of elasticity (MoE)

The mean value of MoE is presented in Table 1. The highest
value was obtained by the particleboard with 20% adhesive
content while the lowest was obtained by that with 10%
adhesive content, namely 2.47x10* kgf/cm? and 1.32x<104

kgf/cm?, respectively (Figure 5). While particleboard with 20%

adhesive content has met the required criteria of at least
2.04x<104 kgf/cm? [18], the particleboards with adhesive
content of 10% and 15% have not met the SNI criteria.
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Figure 5. Average MoE of particleboards made from broad-
leaved acacia branches

The modulus of elasticity (MoE) is affected by density [2].

The higher the density of the particleboard, the higher the MoE.

The modulus of elasticity measures the wood's stiffness and
indicates its strength level [31]. The higher the MoE value, the
stronger the [16] Based on the analysis of variance of the MoE
presented in Table 2, the adhesive content treatment
significantly affects the MoE of the particleboard. To figure
out the best treatment, the LSD test was carried out. The result
is presented in Table 3 [16]. The PVAc adhesive is directly
proportional to the MoE value of the particleboard. The higher
the content of PVAc adhesive, the higher the MoE value [26].
Adhesive is widely used to enhance interparticle bonding that
eventually increases the ability of the board to withstand the
load. Meanwhile, less adhesive content leads to low
interparticle bonding that potentially reduces the ability of the
particleboard to withstand the load.

3.6 Modulus of rupture (MoR)

The mean value of MoR of particleboard is presented in
Table 1. The highest was found in the particleboard with

adhesive content of 20% (111.20 kgf/cm?), while the lowest
was found in the particleboard with adhesive content of 10%
(73.61 kgf/cm?) (Figure 6). The mean value of MoR for
particleboards with 15% and 20% adhesive content is in
accordance with the criteria of the Indonesian National
Standard [18].

Meanwhile, the particleboard with 10% adhesive content
does not meet the criteria. Based on the analysis of variance
on the MoR presented in Table 2, the adhesive content
significantly affects the MoR of the particleboard. To
determine the best treatment, the LSD test was carried out. The
result is presented in Table 3, showing that particle board with
10% adhesive content is insignificantly different from that
with 15% adhesive content but significantly different from that
with 20% adhesive content. The higher the adhesive content,
the higher the MoR of the particle board [29]. It is allegedly
due the PVAc adhesive's binding power on the particles so that
the particles are coated and the cavities between the particles
are covered by the adhesive [16]. The PVAc adhesive content
is directly proportional to the MoR value of the particleboard.
The higher the PVAc adhesive content, the higher the MoR
value. The correlation between the adhesive content and the
MOoR value is noticeable [32]. The higher the adhesive content,
the higher the MoR value because the bond between particles
is maximized. The particleboard with 20% PVAc adhesive
content has the best quality in correlation with the modulus of
rupture since it has relatively high MoR value (111.193
kgf/cm?) and meets the required standard of SNI [18].
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Figure 6. Average MoR of particleboards made from broad-
leaved acacia branches

3.7 Internal bond (1B)

The mean IB value is presented in Table 1. The highest
value was obtained by the particleboard with adhesive content
of 20% (1.75 kgf/cm?), while the lowest was found in the
particleboard with adhesive content of 10% (1.3 kgf/cm?)
(Figure 7). The mean IB values of the particleboards with
adhesive content of 15% and 20% meet the criteria of the
Indonesian National Standard (SNI) 03-2105-2006 [18]
(minimum value of 1.5 kgf/cm?), while the 10% adhesive
content does not.

Table 2 shows the adhesive content treatment has a
significant effect on the IB of the particleboard. To find out the
best treatment, the LSD test was carried out as presented in
Table 3. The result indicates that the higher the adhesive
content, the higher the IB value of the particleboard [33, 16].
Among the factors contribute to the IB value of particleboard
is adhesive. It is able to fill the surface and interparticle voids,
creating a better bonding line between the particles [3].
Moreover, internal bonding is also affected by the addition of



adhesive, mat forming, and compression. The particleboard
with 20% PV Ac adhesive content shows the best quality based
on its IB value (1.747 kgf/cm?), which also in accordance with
the required minimum standard of SNI [18]. Principally, the
higher the IB value, the better the quality of the particleboard.
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Figure 7. Average internal bond of particleboards made from
broad-leaved acacia branches

3.8 Screw withdrawal resistance (SWR)

The highest mean value of the screw withdrawal resistance
(SWR) was found on particleboard with 20% adhesive content
(41.82 kgf), while the lowest was found on particleboard with
10% adhesive content (31.28 kgf) (Figure 8). The adhesive
content affects the screw withdrawal resistance of the
particleboard [28]. The SNI 03-2105-2006 [18] requires the
SWR of at least 31 kgf. Therefore, the particleboards
fabricated in this study have met the requirement.
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Figure 8. Average SWR of particleboards made from broad-
leaved acacia branches

Based on the analysis of variance on the SWR presented in
Table 2, the adhesive content significantly affects the SWR
value. To determine the best treatment, the LSD test was
carried out. The result is presented in Table 3, showing that the
significant and insignificant differences are allegedly
influenced by the capacity of PVAc in binding the particles. It
can be concluded that the concentration of PVAc adhesive
affects the screw withdrawal resistance. The correlation
between the amount of PVAc adhesive and the value of the

SWR is possibly due to the ability of adhesive in strengthening
the particle bond. Therefore, the higher the adhesive content,
the stronger the capacity to hold the screw inserted in the
particleboard [34]. The factor contributes to the SWR value
includes the internal bonding in which the higher the internal
bonding value, the stronger the screw withdrawal resistance [2]
The density of particleboard also affects the strength of
particleboard in holding nails and screws.

4. CONCLUSIONS

The particleboard made from broad-leaved acacia branches
with PV Ac adhesive content of 20% yields better physical and
mechanical properties compared to those of 10 and 15%. It
obtains the highest value in strength tests and meets the SNI
03-2105-2006. It is particularly suitable for non-structural
indoor (interior) element. The results of our study verify the
capacity of broad-leaved acacia branches as the material for
particleboard. In addition, it is a prospective material due to its
abundance since acacia is a fast-growing plant.
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NOMENCLATURE

MC  Moisture content (%)
Wi Initial weight (g)



Wq

TS
T
T
WA
Wi
Wh

Absolute dry weight (g)

Density (g/cm3F

Weight (g)

Volume (cmd)

Thickness swelling (%)

Specimen thickness before immersion (mm)
Specimen thickness after immersion (mm)
Water absorption (%)

Specimen weight before immersion (g)
Specimen weight after immersion (g)
Modulus of elasticity (kgf/cm=F

applied load (kgf)

AP
AD
IB
SWR

span (cm)

width (cm)

thickness (cm)

load difference (P1-P2) from the curve (kgf)
Deflection (cm) of load difference (P1-P2)
Internal bond strength (kgf/cm=

Screw withdrawal resistance (kgf/cm=f
maximum load (kgf)

length (cm)

width (cm)





