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ABSTRACT

Sengon is classified as low density wood. It is widely planted in the plantation forest so that it has a high potency for
industry. Therefore, it is necessary to increase the strength of its wood through densification as one way. The results
showed that fluctuation in water-content reduction were only about 1% of the control. Based on the result of the
Dunnet test, which tested the average of control compared with the average of treatment results, it showed a
significant increase in wood density in all initial thicknesses. Dunnet test on the firmness of parallel press fibers
showed that the compaction treatment was significantly affected the initial thickness of 3.0 cm and 3.5 cm, while at
the initial thickness of 2.5 cm it did not give a significant effect. In the hardness test of parallel wood, the given solid
compaction has a significant effect on the initial thickness of 3.0 cm and 3.5 cm, while at the initial thickness of 2.5
cm does not give a real effect. While for the hardness test of wood perpendicular to the compressed press that was
given only had a significant effect on the initial thickness of 3.5 cm and did not give a significant effect on the initial
thickness of 2.5 and 3.0 cm. Based on the result of this study, it can be concluded that the optimal treatment of several
combinations of initial thickness, the bestresult of treatment is on wood of an initial thickness of 3.5 cm and the best
heating time is of duration of 6 minutes, because it was found that in these conditions there is a significant increase to
some value of criteria that were tested.
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1. INTRODUCTION The weakness of sengon when used as construction
law material is because of its low specific gravity. A

Wood as forest main product can be utilized in Variety of wood management techn0|ogy has been
various needs for supporting life. The rapid growth of developed and available in accordance with todays’
population and advanced technology causes the  advanced science and technology that various products
increasing need against wood raw material; however,  of different technology of wood processing technology
wood availability is declining. both from their original materials and in the form of

dimension, nature and quality are well-known. The
technology currently being developed that aims to
increase wood density is by means of wood
densification.

The fast growing type of wood and the medium
growing one is still majorly found and available which
makes them possible to be utilized as the replacement
for high qualified wood that is scarcely found; this
research used sengon. Sengon tree has quite high USDA (1999) in [1] describes that densification
potential and is spread all over Indonesia which is enhances the properties of wood strengths such as
included into fast growing tree. Sengon is less interested flekstural (MOE, MOR and tension at the proportional
in craftsmanship world due to its low strong level (level limit), compressive strength, tensile strength, shear
IV strength). strength, stiffness and strength of the average beat

greater than 150%. The wood densification process is
influenced by several factors such as wood type, early
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wood density, pre-treatment before the pressing process,
wood plasticity, moisture content, temperature, and
felting time. The purpose of this research was to know
the influence of the initial thickness and pressing time as
well as the interaction of these two factors toward the
physical and mechanical properties of sengon wood
which is densified and know the correct pressing time to
obtain better physical and mechanical properties of
sengon wood. The benefit of this research was to
provide information on the densification process of the
sengon wood species so that the quality can be
improved so that the nature of its use is broader biased.

2. MATERIALS AND METHODS

Wood hardness test parallel and perpendicular to the
pressing parallel and compressive strength parallel to
the fiber were tested by Universal Testing Machine
(UTM), while to determine the moisture content and
density used oven and weighing method and the result is
calculated by the formula of Moisture content and
Density.The material used was sengon wood
(Paraserianthes falcataria).

2.1. Wood Sample Preparation Procedure

The sengon tree (Paraserianthes falcataria) used was
about 80 cm in diameter. Samples were taken on the
straight part in the middle of the stem, then a board
measuring 4 cm thick and 2 meters long was made. For
the needs of this sample the wood used was between the
radial and tangential plane (about 10 cm from the pith
and 10 cm from the edge of the stem). This board was
left for about 3 months and placed in the open air.
Furthermore, from the board, a sample material was
made measuring: 40 m x 40 cm x 2.0 cm for 1 chip
(control), 40 cm x 40 cm x 2.5 cm for 1 chip, 40 cm x
40 cm x 3.0 cm for 1 chip, and 40 cm x 40 cm x 3.5 cm
for 1 chip.
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Before the densification process, the boards were
dried until the moisture content reached 12 - 18% for
about 6 weeks.

2.2. Densification Process

Pre-densification treatment was boiling the
board samples for 45 minutes at 100 °C (wood was
put after the water boiled) and after that the boards
were directly wrapped with aluminum foil and
inserted into the pressing machine for the process
of pressing. The pressing was done after the
temperature reaches 150 C. There are three heating
times which are 0 minutes, 3 minutes, and 6
minutes and three initial thicknesses are 2.5 cm,
3.0 cm and 3.5 cm. The machine is turned off after
the specified thickness and time have been reached
and allowed to stand for 24 hours. After the
densification process, the densified boards were dried
again for about 6 weeks until the moisture content
reached 12-18%.

2.3. Densification Process

From the wood samples of the densification process
was made an example of physical and mechanical
properties test according to predetermined size.The
physical properties measured were moisture content,
and the density, and the mechanical properties tested
were compressive strength parallel to the fiber and
hardness of wood.

The sample size for this physical properties test
refers to JIS Z 2102 (1957) and JIS Z 2103 (1957)
standards, while the sample size for testing mechanical
properties refers to JIS Z 2113 (1963) standards.

Explanation

ﬂm Compressive Strength // Fiber samples (2 x 2 X 6) cm

%ﬁ Wood Hardness samples (2 x 2 x 6) cm

Moisture Content and Density samples (2 x 2 x 2) cm

Figure 1 Position of each type of samples on the densified board
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2.4. Data Analysis

This research used a completely randomized design,
with a factorial experiment of 2 factors: initial thickness
as factor A (2.5 cm, 3.0 cm and 3.5 cm), and the heating
time as factor B (0 minute, 3 minute and 6 minutes),
whose each of samples under 5 repetitions.

3. RESULT AND DISCUSSION

3.1. Physical Properties of Densified Sengon
Wood (Paraserienthes falcataria)

3.1.1. Moisture Content

Based on the results of the variance analysis showed
that the initial thickness and the pressing time generally

Table 1. Dunnet test results and MOE increase value
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had a significant influence on the moisture content of
sengon wood, and so did the interaction of both.

Based on the results of advanced dunnet test (Table
1), the moisture content of 16.42% on the densified
board of the initial thickness of 3.0 cm with a moisture
content of 17.61% control was significantly different.
Differences of moisture content against the control for
other thicknesses of 2.5 cm and 3.5 cm were not
significantly different. This is in accordance with what
was proposed by (2), that the heat will push water vapor
out of the wood. Raised moisture content at the initial
thickness of 3.5 cm was caused by the boiling process
before densification so that boiling water comes in due
to the widening of wood pores when it gets high
temperature. When dried, some of the water trapped
inside the pores cannot go all out without open
treatment.

pl (Moisture

Treatment Content) p2 (Control) [u2 - pa| DLSD Increase (%0)
2,5¢cm 17.03 17.61 0.57 0.98 -3.26
3,0cm 16.42 17.61 1.19@ 0.98 -6.77
3,5cm 17.28 17.61 0.33 0.98 -1.88

0 minute 17.37 17.61 0.46 0.98 -1.33

3 minutes 16.98 17.61 0.34 0.98 -3.55

6 minutes 16.37 17.61 0.22 0.98 -7.03

3.1.2. Wood Density

Based on the results of the variance analysis showed
that the initial thickness and pressing time generally had
a significant influence on the density of sengon wood,
and so did the interaction between both.

Based on the result of dunnet test (table 20 which is
an advanced test that serves to test the average of
control with the average of treatment result showed that
there has been an increase of density in all thickness
against the average of control significantly.

According to [3], the density increases if the
moisture content decreases to the saturation point of the
fiber. The results showed that the density value of
densified sengon wood increased compared to control
sengon wood. Meanwhile, according to Tomme et al
(1998), densification of wood can increase the density
of wood because cell cavity and cell walls become
denser and contain only a few hemicellulose in primary
cell wall and middle lamella. Wood density correlates
linearly with the strength of wood.

3.2. Mechanical  Properties  of
Densified Board

Sengon

3.2.1. Compressive Parallel to Grain

Based on the results of the variance analysis showed
that the initial thickness and pressing time in general
had a significant influence on the compressive strength
parallel to sengon wood fiber, and so did the interaction
between both.

The results of advanced dunnet test showed that the
densification treatment given significantly influenced
the initial thickness of 3.0 cm and 3.5 cm, while the
initial thickness of 2.5 cm did not give a significant
influence. This indicated that with a 20% densification
target it has not been able to increase the compressive
strength parallel to fibers of the studied type of sengon.
The result of this research (for 43% densification target)
showed that the value was not much different from the
result of research done by [4] to the type of agathis
which showed that the compressive strength parallel to
fiber with 50% densification increased almost 2 times or
about 50%. According to [4] the increase in value was
smaller than the research conducted by [5], where
densification in radial direction of 50% in Scub
plywood can increase the
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Table 2. Dunnet test result and density increase value
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Treatment pl (Density) p2 (Control) [M2 - 1] DLSD Increase (%0)
2,5cm 0.3996 0.3483 0.05* 0.02 14.71
3,0cm 0.4718 0.3483 0.12* 0.02 35.44
3,5¢cm 0.5476 0.3483 0.20 * 0.02 57.19

0 minute 0.4832 0.3483 0.13* 0.02 38.70
3 minutes 0.4541 0.3483 0.11* 0.02 30.37
6 minutes 0.4817 0.3483 0.13* 0.02 38.27
Table 3. Dunnet test result and compressive strength parallel to fiber value
Treatment ul (%(;T:::’;Sfcl)vfeié;l:;ngth p2 (Control) [M2 - pl| DLSD Increase (%)
25¢cm 302.85 287.75 15.11 41.57 5.25
3,0cm 333.87 287.75 46.12 * 41.57 16.03
3,5cm 384.43 287.75 96.69 * 41,57 33.60

0 minute 341.08 287.75 53.33* 41.57 18.53

3 minutes 320.93 287.75 33.18* 41.57 11.53

6 minutes 359.15 287.75 71.40* 41.57 24.82

3.2.2 Hardness Parallel to Pressing

Based on the results of the variance analysis showed
that the initial thickness and pressing time in general
had a significant influence on the wood hardness
parallel to the pressing, and so did the interaction
between both.

Based on the results of advanced dunnet test it was
seen that the treatment did not significantly influence
the initial thickness of 2.5 c¢cm, indicating that the 20%
of densification target has not been able to increase the
hardness of sengon wood from the studied densification
result. The result of this research (for 43% of
densification target) the percentage value of wood
hardness was the same as that done by [4] who
examined the increase of hardness of agathist wood
using densification, if in this research value increased
almost 2 times, in Sulistyono research the value
increased twofold more because the target of research in
this research was also smaller than the research target of
Sulistyono. [4] also said that the increase in hardness
supports the results of previous research by [6].

In Table 4, it is seen that the hardness parallel to the
pressing tends to increase from the pressing O minutes to
6 minutes; the increase is due to the increase of the
heating time given so that the wood gets dry, and
consequently, the wood becomes harder and stiffer.
Such detail can be seen in the following histogram.

3.2.3 Hardness Perpendicular to Pressing

Based on the results of the variance analysis showed
that the initial thickness and pressing time in general
had a significant influence on the wood hardness
perpendicular to the pressing, and so did the interaction
between both.

Based on the results of advanced dunnet test, it is
seen that the initial treatment of 3.5 cm had a significant
influence on the increase of hardness perpendicular to
pressing of the densified sengon wood and no
significant influence on the initial thickness of 2.5 cm
and 3.0 cm. This indicated that the initial thickness of
2.5 cm and 3.0 cm is considered unable to increase the
hardness perpendicular to pressing of densified sengon
board. There are three cases of test results that are
significantly  different (marked with asterisk),
insignificant (no asterisk) and insignificant (signed @),
in the latter case if the MOE of densified board < MOE
of control. This situation can be explained from the
results of [7] research on the agathis and sengon
densification showing that densification only occurs on
the surface only because only the cells in that section
are visibly flat, and the cell shape returns to normal in
the center of the densified board.

It can be seen from Table 5 that the average hardness
perpendicular to the pressing tends to increase from the
pressing time of O minutes to 6 minutes, due to an
increase in the amount of time the heating is given so
that the wood becomes dry, resulting in the wood
becoming harder and stiffer. All of the above can be
summarized in Table 6.
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Table 4. Dunnet test result and hardness parallel to pressing value

ul (Hardness

- 0,
Treatment parallel to pressing) p2 (Control) [M2 - pl| DLSD Increase (%)
2,5¢cm 200.13 171.00 29.13 35.41 17.04
3,0cm 211.13 171.00 40.13 * 35.41 23.47
3,5cm 326.00 171.00 155.00 * 35.41 90.64
0 minute 251.87 171.00 80.87 * 35.41 47.29
3 minutes 227.33 171.00 56.33 * 35.41 32.94
6 minutes 258.07 171.00 87.07 * 35.41 50.92
Table 5. Dunnet test result and hardness perpendicular to pressing value
Treatment ul (Hardr;)ersesss;))erpend to K2 (Control) [u2 - pa| DLSD Increase(%o)
2,5cm 157.13 171.00 13.87 @ 41.25 -8.11
3,0cm 203.07 171.00 32.07 41.25 18.75
3,5¢cm 261.67 171.00 90.67 * 41.25 53.02
0 minute 206.87 171.00 35.87 * 41.25 20.97
3 minutes 193.27 171.00 22.27* 41.25 13.02
6 minutes 221.73 171.00 50.73 * 41.25 29.67
Table 6. Dunnet test result based on the initial thickness & heating times
Physical and Initial Thickness Heating Time
No Mechanical . . . DLSD
Properties of Wood 25cm 3,0cm 3,5cm 0 min. 3 min. 6 min.
1  Moisture content 057 @ 1.19@ 033 @ 0.46 @ 034 @ 022 @ 0,98
2 Density 0.05* 0.12* 0.20* 0.13 * 0.11+* 0.13 * 0,02
3 Compressive
Strength Parallel to 15,11 46.12* 96.69*  53.33* 33.18 * 7140 * 41,57
Fiber
4 Hardness //to 2013 40.13* 15500* 80.87* 56.33*  87.07* 3541
Pressing
5 Hardness | to 1387@ 3207  90.67* 3587* 2227*  5073* 4125
Pressing
4. CONCLUSION ACKNOWLEDGMENTS

Compaction (densification) of sengon wood with the
treatment of variation of thickness factor and variation
factor of heating time based on the analysis of diversity
indicates that not on all test of both factors have a real
effect. Based on the results of dunnet test against the
criteria of physical and mechanical properties tested
then the best initial thickness to produce the compacted
board type of sengon is 3.5 cm, while the best effective
seismic time is 6 minutes. The increasing moisture
content at the initial thickness of 3.5 cm was caused by
the boiling process done before the pressing takes place,
so the wood boiled expands and the pores enlarges as
the water enters and absorbs into the wood. The water
that gets stuck in the pressing process takes longer to get
it out.
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