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Abstract

A series of study have been conducted to analyze the effect of pretreatments and particle
sizes on physical and mechanical properties of binderless particleboard (BP). The BP made
of particles from sengon wood (Paraseranthes falcataria L Nielsen) and pine wood (Pinus
merkusii Jungh et. de. Vriese) which passed through 10 mesh sieve, were used to analyze
the effect of particle pretreatments. The pretreatments were: immersion in boiling water for
30 minutes; the immersion in boiling water followed by oxidation using hydrogen peroxide
and ferrous sulphate; and oxidation using hydrogen peroxide and ferrous sulphate without
immersion in boiling water. The results showed that the best phisycal and mechanical
properties was found in board made from sengon wood particle with oxidation using
hydrogen peroxide without immersion in boiling water; It had the internal bond (IB) of 6.95
kgf cm?and the thickness swelling (TS) of 5.74%. In the next step, the sengon wood with
several particles sizes namely; passed through 20 mesh, 10 mesh, 5 mesh, 2.5 mesh, and
shaving were used to produced BP. The results indicated that the MOR decreases when the
particle size increases, while the IB, MOE, and TS were relatively similar for all particle
sizes.
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Introduction of the conventional particleboard

The development of manufacturing
technology of binderless particleboard has
been conducted by several researchers.
The methods used such as steam injection
pressing (Kawai et al. 2002, Xu et al.
2003, Widyorini et al. 2005a, 2005b,
2005¢c, Xu et al. 2005, 2006), the
enzymatic activation (Kharazipour et al.
1998, Hiittermann et al. 2001, Widsten et
al. 2004, Miiller et al. 2007) or by
oxidation using hydrogen peroxide and
catalyst (Karllson & Westermark, 2002,
Widsten er al. 2003). These efforts have
been conducted to overcome the weakness

technology using adhesive. According to
Maloney (1993), about 90% of the wood
panel products were made by using urea
formaldehyde adhesive. Whereas
formaldehyde compounds were potential
causes of cancer, eye and throat irritation
and respiratory problems (Marutzky 1989;
Meyer et al. 1986; Henderson 1979;
Baumann et al. 2000; in Li 2002).

The  oxidation method used in
manufacturing the binderless particleboard
was one of the most interesting methods
because of its simplicity in the process and
the characteristics of its product. The
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result of Karllsson & Westermark (2002)
research by using norway spruce and scot
pine woods indicated that particleboard
which was made with this method had the
internal bond of 14.5 kgf cm™, far above
the standard which was determined in
Japanese Industrial Standard (JIS) A 5908
2003. While its thickness swelling was
11% or under the JIS (Max. 12%). On the
other hand, Widsten et al. (2004) reported
that the particle which was oxidized using
radiation method showed that hardwood
group was more reactive than softwood,
though there was no significant difference
for oxidation using chemical material.

Although somewhat potential, so far there
was no report about tropical wood usage in
manufacturing binderless particleboard
with oxidation method. Whereas it is
possible that characteristic of the product
will be strongly determined by the type of
material used. Therefore the development
of particleboard technology using tropical
woods needs to be done. In Indonesia, the
potential of wood utilization seem shifted
towards usage of woods from community
forest. Therefore this research was more
focused on the utilization of woods which
was more likely found in community
forest, such as sengon. Furthermore, to
evaluate the comparison  between
hardwood and softwood, pine wood was
also used. Pine wood was preferred
because it was much more developed as a
community forest; whilst there was very
limited kind of softwood found in
Indonesia, mostly were agathis and pine
wood.

In the oxidation method, accessibility of
the wood chemical component was
presumably considered as one of the key
factor in determining the success of
oxidation process. As presumed, the
smaller the particle size, the accessibility
of chemical component by the oxidator
will be higher. This is proven in Karllson

& Westermark (2002) research which
indicated that omission of 24% of fine
particle component (less than 0.25 mm in
size) would reduce internal bond value
about 1/3 in comparison with the board
made from combination of coarse and fine
particle. However, if the size of the
particle was too small, it was potential to
reduce mechanical strength of the product
because of the lack of overlay area
between particles. The objective of this
research was to study the characteristics of
binderless particleboard which was made
with oxidation method, and to analyze the
influence of particle size on the
characteristic of its products.

Materials and Methods
The influence of particle pretreatments
Materials preparation

The samples used to analyze the effect of
particle pretreatment on the properties of
binderless particleboard, were two wood
species namely sengon wood and pine
wood. The woods in the air dry condition
were then converted into shavings
particles. The particles henceforth
converted into fine particle using a
hammer mill machine. The particles used
in this research were particles which
passed through 10 mesh sieve.

Pretreatments

Air dried particles were treated in the
following way: 30 minutes immersion in
boiling . water named treatment (R-30);
treatment (F-H) where the air dried
particles directly oxidized with 20%
hydrogen peroxide based on weight of dry
particle and 5% ferrous sulphate based on
weight of hydrogen peroxide, and the last
one is (R30-F-H) consecutively following
this: immersion in boiling water, air
drying, oxidizing with 20% hydrogen
peroxide and 5% ferrous sulphate.
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Board manufacturing and testing

The oxidized particles were conditioned in
room temperature for 90-120 minutes.
Each type of particles had been made into
a mat and hot pressed at temperature of
180°C for 20 minutes with a pressure of 25
kgf cm™. The sizes of the board were (30 x
30 x 0.7) cm® with a target density of 0.75
g cm™. The boards were then conditioned
for 10 days before being cut into test
samples. Parameters tested including water
absorption (WA), thickness swelling (TS),
modulus of rupture (MOR), modulus of
elasticity (MOE), and internal bond (IB).
The tests were carried out according to JIS
A 5908 2003.

The influence of particle size

The material used in this research were
sengon wood particles with different sizes,
i.e. particles which passed through 20
mesh, 10 mesh, 5 mesh, 2.5 mesh, and
shavings. Each type of particles was
oxidized by hydrogen peroxide and ferrous
sulphate as a catalyst at the same levels of
previous research. Oxidized particles were
then conditioned for 90-120 minutes and
hot pressed at a temperature of 180°C for
15 minutes with a pressure of 25 kgf cm™.
The size, density targets, and test
procedure were similar to the previous
stage.

Results and Discussion
The influence of particle pretreatments

The results showed that the dimensional
stability of binderless particleboards using
oxidation pretreatment were much better
than the binderless particleboard using
only immersion in boiling water pretreated
without oxidation pretreatment. The TS of
binderless particleboard using oxidation
pretreatment were only 5.74-5.97% for
sengon wood and 5.08-10.58% for pine
wood in 24 hours water immersion. The
TS was even better than the particleboard

made of sengon wood using 6%
waterbased polymer isocyanate (Suhasman
et al 2007) and 10% melamine
formaldehyde adhesives (Suhasman ef al.
2008). This was an excellent indicator,
since dimensional stability was considered
a serious problem in commercial
particleboard products.
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Figure 1 TS of binderless particleboard.
(R-30: 30 minutes immersion in boiling water,
F-H: Oxidation using hydrogen peroxyde and
catalyst, R30-F-H: Combination of 30 minutes
immersion in boiling water and oxidation).

The value of WA of binderless
particleboard had the same pattern with
dimensional stability. The WA of
binderless particleboard with immersion in
boiling water pretreatment without
oxidation was 40% higher than the
binderless particleboard using oxidation
pretreatment for sengon wood, while for
the pine wood was 17% higher.
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Figure 2 WA of binderless particleboard
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Mechanical strength of board made from
oxidation particle pretreatment were much
higher than the boards made from particles
treated with just immersion in boiling
water. The MOR and MOE value of
particleboard made of sengon particle
were two times higher than the particle
board using immersion in boiling water
particle pretreatment, while the value of
internal bond was 15 times higher. MOE
and IB value of the board were even
higher than the boards of the same type of
wood that used water-based polymer
isocyanate (Suhasman et al 2007) which
only reached 16,000 kgf cm? for the value
of MOE and 0.7 kgf cm™ for IB, as well as
the particleboard using  melamine
formaldehyde (Suhasman et al. 2008) the
MOE had only reached 12,060 kgf cm?
and IB 1.71 kgf cm™. However, for pine
species, the values of mechanical
properties were extremely low, leading to
no prospect of further development.

In comparison to JIS A 5908 2003, it
appeared that the particleboard made of
sengon wood almost fulfilled all the
parameters standard of the 8 types of
particle board in terms of its TS (max
12%), MOR (min. 80 kgf cm?), MOE
(min 20 000 kgf cm™), and IB (min 1.5
kgf cm 2. Only the particle board made
with method of oxidation without
immersion in boiling water pretreatment
that had a lower MOR values from
standard.
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Figure 3 MOR of binderless particleboard
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Figure 4 MOE of binderless particleboard
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Figure 5 IB of binderless particleboard

However, for particleboard made of pine
wood, its mechanical properties were very
low. The distinction was caused by
differences of wood density, where the
pine wood had a density of 0.55 g cm’
and sengon 0.33 g cm 3. Having a lower
density, sengon wood would possibly
achieve high compression ratios, so that
the contacts between particles will also be
more intensive. In addition, another
important factor was the difference of
lignin structure. Pine wood is grouped as
soft wood i.e. the overall lignin was
composed by guaiacyl units, while sengon
is in the group of hard wood which lignin
was composed by guaiacyl and siringyl
units. Widsten et al. (2003) indicated that
the reactivity of the two types of lignin
units were different, in which siringyl
lignin tend to be more reactive compared
to the guaiacyl lignin.

The physical and mechanical properties
were presented in Fig. 1-5, it also showed
that the oxidation pretreatment without
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immersion in boiling water to produce
particleboards, had the best properties in
terms of dimensional stability and IB; but
on the other hand, the combination of
immersion in boiling water and oxidation
pretreatment produces binderless
particleboard with a better MOR and MOE
parameters. The facts in this study
indicated that the oxidation pretreatment
using hydrogen peroxide and the catalyst
had successfully activated the chemical
components of wood, especially lignin,
causing it to bond directly when hot
pressed. The bonding possibly occurred
because the hydroxyl radical that was
produced from hydrogen peroxide and
ferrous sulphate, the resulted electrophylic
would attack the group electron-rich
lignin. The results of this reaction were
lignin phenoxy radical, hydroxylation, and
demethoxylation (Nguyen 1982).
Therefore, when the oxidized particles
were hot pressed, the covalent bonds
would be formed (Widsten er al. 2003,
Pantze et al. 2008).

The influence of particle size

Material used in this step were particles in
several sizes, i.e. passed through 20 mesh,
10 mesh, 5 mesh, 2.5 mesh, and shaving.
Distribution of particle size for each group
could be seen in Table 1.

Particle size groups were obtained from a
number of particles taken of certain sizes.
For example, particles that passed through

the 10 mesh sieve consisted of several
particle sizes as shown in Table 1. The
proportion of particle size distribution
indicated that the majority of the particles
will be restrained in the most coarse sieve.
However, each group had a small particle
size powder. In the Karlsson &
Westermark (2002) experiment, when
small particles (less than 0.25 mm) were
removed, it would decrease the IB of
about 1/3 and were observed at similar
density of the boards.

Fig. 6-9 showed the effect of wood
particle size on the physical and
mechanical properties of particleboard.
Dimensional stability as well as MOR and
MOE tend to decrease when particle size
increases. However, the IB values tend to
increased.

The effectiveness of the material surface
oxidation process would be determined by
the level of lignin  components
accessibility that existed on wood
particles. In the context of this study,
variations in the size of the particles that
passed through 20 mesh, 10 mesh, 5 mesh,
2.5 mesh and shaving particle showed
high dimensional stability and mechanical
properties. The result showed that in the
range of particle size, lignin was still quite
easy to reach by the oxidant, although this
approach in laboratory experiments which
using wafer (larger size), showed that the
bonding failed.

Table 1 Particle size distribution for each particle size group

Proportion of particle distribution (%)

No Particle size Pass 2.5 Pass § Pass 10 Pass 20 Pass 40 Pass 60 Pass

’ group mesh/of mesh/of mesh/of mesh/of mesh/of mesh/of 80
5 mesh 10 mesh 20 mesh 40 mesh 60 mesh 80 mesh mesh
1 Pass 20 mesh - - 58.32 14.50 17.52 9.66

2 Pass 10 mesh - - 66.31 23.46 4.12 3.81 2.31
3 Pass 5 mesh - 55.62 11.47 21.64 3.50 5.11 2.66

4 Pass 2.5 mesh 47.60 24.97 4.43 14.33 2.82 3.74 2.1

5 Shaving no data
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Figure 6 TS and WA of binderless
particleboard, (P20m: pass 20 mesh, P10m:
pass 10 mesh, P50m: pass 5 mesh, P2.5m:
pass 2.5 mesh, Sh: Shavings)
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Figure 7 MOR of binderless particleboard
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Figure 8 MOE of binderless particleboard

Decomposition of hydrogen peroxide to
produce hydroxyl radicals in the presence
of a ferrous sulphate was exothermic
reaction that generated a high temperature
(>100°C). This condition might cause the
burning of particles as observed in several
experiments by using any small particles
that passed through 20 mesh sieve.
Therefore, despite the fact that the

tendency of particles that passed 20 mesh -

would produce a board with high MOR
and MOE values, the use of this size was
not feasible. Therefore, the use of particle
size that passed through 10 mesh or
coarser were more feasible to be
developed, but this method was only
effective until particles had passed through
shaving.
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Figure 9 IB of binderless particleboard

Conclusion

This research had successfully developed a
binderless particleboard manufacturing
methods through oxidation pretreatment
using hydrogen peroxide and ferrous
sulphate. The best results obtained on
particle board using sengon wood species.
Combination of pre-treatment of particle
board by immersed in boiling water for 30
minutes and followed by oxidation
produced a board with the best MOR and
MOE values. But in terms of internal
bond, oxidation pretreatment without
immersion in boiling water produced
better particle board. The dimensional
stability values and the IB of the board
were far above the minimum standard as
specified in JIS A 5908 2003.

In terms of board characteristics
relationship with particle size, the results
of this study showed a tendency to
increase dimensional stability, MOR and
MOE board when the particle size
decreased, but the opposite occurred for
the IB. However, given the exothermic
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reaction that could cause burning of wood
particles, the use of very fine particles (20
mesh pass) was not recommended.
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