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Abstract: The objective of this research was to evaluate the effect of wood shaving added to improve the mechanical
properties of particleboard. Wood types were using in this research included of Meranti, Cempedak, Mahagony, and Durian
wood. Ratio of Sorghum bagasse and wood shaving was 50/50 (%w/w). Amount of 10% urea formaldehyde (UF) resin used
for binding in the manufacturing process. Furthermore, hot pressing of mat at 130°C temperature for 10 minute and 30 kg cm™
pressure. The final step was conditioning process for 7 days at room temperature before testing of sample. The results showed
that the thickness swelling (TS) parameter did not met of JIS A 5908 (2003). Overall the present of wood shaving resulted in
decreasing of TS value. Combination of Cempedak and Mahagony wood resulted of the lower TS value compared with control
and other treatment. For bending properties, combination of sorghum bagasse and Cempedak wood shaving resulted the best of
bending properties. However for the MOE parameter had not met JIS A 5908 (2003). The internal bond (IB) parameter showed
that the utilization of wood shaving to produce of particleboard caused of increasing the IB value. The IB value was resulting
from this research had met of JIS A 5908 (2003).
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surface laminates.

The present of wood in non wood particleboard had
increased of board properties. Wood shaving added in
manufacture of Jatropha fruit hulls particleboard resulted of
improvement the strength properties (Iswanto et al. 2014).
Furthermore, Bektas et al. (2005) reported that combination
wood chip, fiber modification from agriculture plant and
water repellent materials were promise to produce the better
properties of particleboard. Russell et al. (1999) stated high
stressed lumber was used as surface laminates and low stress
lumber for core laminates resulted of high strength lumber.
According to that described, the research to improve of
inferior properties had been conducted. The objective of this
research was to evaluate the physical and mechanical
properties of particleboard made from combination of
sorghum bagasse and wood shaving.

1. Introduction

Sorghum bagasse as an agriculture material waste had
bulky characteristic, bark part of Sorghum bagasse is smooth
relatively has hydrophobic which can disrupt the adhesive
penetration into particles and weaken the particle bonding.
This material will result the low properties of particleboard
when using as raw material in the manufacturing of board. In
the previous research, Iswanto et al. (2014) reported that
Sorghum bagasse particleboard with Urea Formaldehyde
(UF) resin for binding resulted low dimensional stability and
mechanical properties. Many researchers had conducted of
research to improve the particleboard quality. Iswanto et al
(2012) reported the effect of wood particle and Jatropha fruit
hulls combination to improve of strength properties of board.
While for Subiyanto et al (2008), Norvydas and Minelga
(2006), and Iswanto, (2014) using veneer or thin plywood for
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2. Materials and Methods
2.1. Materials

Sorghum bagasse was collected from SEAMEO-
BIOTROP Bogor, wood waste of Meranti (Shorea leprosula),
Cempedak (Arthocarpus integra), Mahagony (Swietenia
macrophyla), and Durian (Durio zibetinus) were collected
from small sawmill industry in Medan-North Sumatra,
Indonesia. UF resin (UA-140) for binding was obtined from
PT. Palmolite Adhesive Industry, Probolinggo-East Java,
Indonesia.

2.2. Methods

2.2.1. Material Preparation

Sorghum bagasse was cut into 3 cm in length size. Wood
shaving of Meranti, Cempedak, Mahagony and Durian wood
were prepared by planer machine. All the particles namely
wood shaving and shorghum bagasse were dried up to 4%
moisture content

2.2.2. Particleboard Manufacturing

One layer particleboard was produced with the size of 25
cm by 25 cm, thickness and density target were 1 cm and
0.70 gcm'3 respectively. The mixture ratio of Sorghum
bagasse and wood shaving in this research was 50/50
(%w/w) refers to Guler et al. (2006). They reported that in
50/50 mixture ratio able to improve of particleboard made
from sunflower stalks and Calibrian pines mixture. Similar
research was also showed by Iswanto (2014) reported that
50/50 ratio of wood shaving and Jatropha fruit hulls
resulting the improvement of bending properties.
Furthermore, amount of 10% urea formaldehyde (UF) resin
used for binding. Rotary drum blender was used for mixing
particle and adhesive. After mat forming, mat was pressed
using hot press machine at 130°C for 10 min and 30 kgem™

pressure. Triplicate boards were prepared for each treatment.

Total of boards were produced in this experiment amount of
fifteen.

2.2.3. Determination of Physical and Mechanical
Properties

Prior to physical and mechanical tests, specimens were
conditioned for 7 days in a room temperature. The board
parameters measured were air—dry density, moisture content
(MC), water absorption (WA), thickness swelling (TS),
modulus of rupture (MOR) and modulus of elasticity (MOE)
in bending, and internal bond (IB). For all the sample size
and evaluation of specimens refers to JIS A 5908-2003 (JSA
2003).

2.2.4. Data Analysis

Completely randomized design in three replicated for
physical and mechanical properties. The treatment in this
experiment namely Sorg (Sorghum bagasse as Control),
Sorg/Mer (Sorghum bagasse and Meranti wood mixure),
Sorg/Cem (Sorghum bagasse and Cempedak wood mixure),
Sorg/Mah (Sorghum bagasse and Mahagony wood mixure),

Sorg/Dur (Sorghum bagasse and Durian wood mixure).

3. Results and Discussions
3.1. Physical Properties

The physical properties of particleboard that were
evaluated such as density, moisture content (MC), water
absorption (WA), and thickness swelling (TS).

3.1.1. Density and Moisture Content

The density and MC value of particleboard ranged
between of 0.62 to 0.66 gcm'3, and 4.66 to 5.48%,
respectively (Fig 1 and 2). The density results from this
experiment was lower than the target of 0.70 gem™. It was
due to a spring back (reversible thickness). After
conditioning process, board thickness exceeded the thickness
target of 1.00 cm. Furthermore, according to Bufalino et al.
(2012), lower density due to loss particle during the
manufacturing of particleboard. Kelly (1977) reported that
several factors were influencing of board density such as
wood species, hot pressing pressure, particles, adhesive and
aditive quantity. Statistical analysis showed that all type of
board in this experiment was not significantly affected the
density parameters. Over all, the density of board had met
standard. According to JIS A 5908-2003, the requirement of
density value ranged between of 0.40 to 0.90 gem™ (JSA
2003). The boards were classified into medium density
particleboard (Maloney 1993).
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Fig. 1. Effect of wood shaving mixture on board density and Moisture
Content.

The lowest MC values were produced from sorghum
bagasse and mahagony shavings mixture, then the highest
MC value resulted from pure sorghum bagasse. According
to the figure 2, over all the combination of sorghum bagasse
with wood shaving had lower mositure content. This similar
phenomenon was also showed by Garay et al. (2009) was
reporting that wood had greater resistance of moisture so
that will result the better stability in particleboard.
Statistical analysis showed that the analysis of variance for
boards type was significantly different to MC parameters.
In generaly, almost all of the sample had fulfilled standard
except of boards type made from sorghum bagasse
combination with cempedak and mahagony wood shaving
resulted below the standard. According to JIS A 5908-2003,
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the requirement of MC value ranged between of 5.00 to
9.00% (JSA 2003).

3.1.2. Water Absorption and Thickness Swelling

The WA and TS value of particleboard ranged between of
79.73 to 126.95%, and 22.08 to 26.46%, respectively (Fig 3
and 4). The lowest WA values were obtained by sorghum
bagasse mixture with Cempedak wood shaving and then the
highest value resulted from sorghum bagasse and Durian
mixture. Furthermore, the lowest and highest TS values were
obtained by sorghum bagasse mixture with Mahagony wood
shaving and Durian, respectively.

Wood shaving had a significant effect on the WA and TS
parameter. Gatchell et al. 1966; Clad 1967 cited in Bufalino
et al. (2012) reported that high-density particleboard will
result in higher contact between particles and improvement
of their glue bonds which will reduce of TS. The similar
trend was also in WA parameter. High contact particles will
become physical barrier to water intake, and it will cause of
decreasing the void among particles. Wood shaving and
sorghum bagasse mixture resulted the lower TS value
compared with pure sorghum bagasse particleboards. The
increasing of wood per unit volume caused of increasing of
resin efficiency to improve glue bonds, and the consequent
will decrease of TS value. If compared with other wood type,
Durian wood shaving treatment resulted the highest of TS
value because the Durian wood has high specific gravity of
0.62 and also has medium shringkage classification
(Krisdianto and Dewi, 2012). High density wood have
greater swells and shrinks compared with low density wood
to respond of moisture content change (Sellers et al. 1988
cited in Bufalino et al. 2012; Tsoumis 1991).

Hsu (1987) stated that WA and TS of board were
determine by wood swelling itself, spring back effect, and
furnish separation. Wood density is also another factors that
influence of TS and WA value. Kelly (1977) High density of
boards resulted high compression ratio, and it can absorb
more water compared with low density at the equilibrium
state. Similar statement was also stated by Febrianto et al
(2010) stated that at the same board density target, a lower
wood density will results high compression ratio of board
and it caused of increasing the TS and WA value. Thickness
swelling also described the strength of interparticle bond that
is more pronounced as the internal bond (IB). Good
compatibility among adhesive and particles will results
strong particle bonding. The correlation of IB and TS showed
that in Fig 5. Negative correlation was showed by TS and IB.
The higher of IB value caused of decreasing of TS. It
indicated that well bonding will be resulting better of
dimensional stability.

Statistical analysis showed that all type of board in this
experiment did not significantly affect to the TS parameters,
but the contrary for WA parameters. Over all, the TS of
board had not met JIS A 5908-2003 that requirement of
maximum TS value of 12% (JSA 2003). It was due to
sorghum bagasse was bulky materials. Kusumah et al (2016)
reporrted that sorghum bagasse has bulk density amount of

0.125 gem™. Further more UF resin for binding in this
research was another factors which also caused of the
higher TS value.
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Fig. 2. Effect of wood shaving mixture on thickness swelling and Water
Absorption of board.
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Fig. 3. Correlation of Internal Bond and Thickness swelling of
particleboard.

3.2. Mechanical Properties

The average values of MOE, MOR, and IB ranged
between of 10,140 to 16,353 kgem™, 73.21 to 104.75 kgem™,
and 1.70 to 3.78 kgem?, respectively (Fig 4 and 7). The
lowest and the highest MOR values were resulted form
sorghum bagasse mixed with Meranti and Cempedak wood
shaving, respectively. The similar trend was also showed on
MOE parameter. Over all, the present of wood shaving in
manufacturing sorghum bagasse particleboard able to
improve the bending strength. Sorghum bagasse is one of
agricultural waste materials which had problem in bulky and
lower strength properties. However, sorghum plant have
short harvesting periods, similar chemical contents with
wood (cellulose and lignin content). Thanapimmetha et al.
(2011) reported that cellulose, hemicellulose and lignin
content of sorghum stalk were 58.23%, 25.42% and 14.95%,
respectively. According to the fact, sorghum stalks have great
potential to be developed as particleboard materials.

According to the Fig 4, wood shaving mixture showed that
the low MOE value because the wood shaving used in this
research was categorized into fine wood shaving. Maloney
(1993) stated that fine wood shaving resulted the higher of
IB, meanwhile for coarse wood shaving resulted the higher of
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bending. Homogenous particle size also affected the MOE
value. The difference of size among sorghum bagasse and
wood shaving as aone of factore which caused the low of
MOE value.

Sorghum bagasse and Cempedak wood shaving mixture
resulting of the best MOR value compared with other type of
boards. It was predicted by Cempedak wood had lower
density, so that resulted of higher compaction ratio at the
same density target. Maloney (1993) stated that minimum 1.5
compression ratio will results better strength properties.

According to Fig 5, Density and MOR value had strong
correlation. High density of board result in higher MOR
value. Hiziroglu et al. (2005) also stated that board density
was one of important factor affecting the physical and
mechanical particleboard. Similar trend was also showed in
MOE parameter (Fig 6). Several researchers reported that
density had important role to affect of mechanical properties
of board. The increasing of mechanical properties were
resulted by increasing of board densities (Barboutis &
Philippou 2005; Zheng et al. 2006 cited in Bufalino et al.
2012). Kelly (1977) reported that the increasing of board
density described of greater volume of wood particles which
was compacted and the increasing of interparticle contact.

Over all, refers to JIS A 5908 (2003) the MOE of board did
not fulfilled standard. While the MOR value had fulfilled
standard excepted of mixture with Meranti wood shaving.
This standard required of minimum MOE and MOR value of
20,400 kgem?and 82 kgem™, respectively (JSA, 2003).
Statistical analysis showed that all type of board in this
experiment significantly affected the MOE parameters,
however it did not significantly affected of MOR.
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Fig. 4. Effect of wood shaving mixture on Modulus of elasticity and modulus
of rupture of particleboard.
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Fig. 5. Correlation of Density and MOR of particleboard.
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Fig. 7. Effect of wood shaving mixture on internal bond of particleboard.

In the previous research, Iswanto et al (2014) reported that
the main problem in sorghum bagasse particleboard was the
low of IB parameter. This problem had been solved in this
experiment. According to the Fig 7, the present of wood
shaving resulting of improvement IB value. Panels which
was produced from sorghum bagasse and Durian wood
shaving mixture resulted the highest IB values of 3.78 kgem™.
The utilization of fine wood shaving had been success to
improve IB of board. This statement was stated by Maloney
(1993). Cempedak shaving resulted the lower IB compared
with other wood shaving, it was presumed by higher
extractive content in cempedak wood. In the adhesion
process, the extractives content caused of blocking of wood
to absorb the adhesive, so that resulted bonding weakness
between of wood and adhesive.

All the panels had met of JIS A 5908-2003 that
requirement minimum IB of 1.50 kgem™ (JSA 2003)
excepted of pure sorghum bagasse particleboard. UF resin
had better compatibility with acid materials. Pan et al. (2007)
stated that acid condition particles more suitability with UF
resin and resulted in good performance of bonding quality.
Park et al. (2001) reported that pH and buffering capacity had
strong influence on curing time and bonding strength of UF
resin. Malanit et al. (2009) reported that UF resin curing time
and bonding strength will increase or decrease respectively
depend on pH and buffering capacity of particle. Over all
materials (wood and sorghum bagasse) which used in this
research have acid condition, for example Mahagony wood
and sorghum bagasse pH were 4.88 and 6.98 respectively
(Iswanto et al 2011; Iswanto 2014). Fengel and Wegener
(1984) stated that subtopic and tropical woods have average
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pH Dbetween of 3.30-6.40 and 3.70- 8.20, respectively.
Statistical analysis showed that all type of board in this
experiment do not significantly affected the IB parameters

4. Conclusion

Wood shaving and sorghum bagasse mixture resulted
improvement of board thickness swelling value. Combination
of Cempedak and Mahagony wood resulted of the lower
thickness swelling value. The bending properties, Cempedak
wood shaving resulted of better improvement of bending
properties except of the MOE parameter had not met of JIS A
5908 (2003). The present of wood shaving caused of
increasing the internal bond (IB) parameter. All the
treatments resulted of IB value which had met of JIS A 5908
(2003).
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