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ABSTRACT

This study was carried out to estimate the property of dimensional stability of heat compression of italian
poplar wood with low density. Firstly, two levels of pressure conditions were applied using the closed and
open-press system. The thermal treatment temperatures were 180°C and 200°C, respectively. Water
absorption tests were conducted in water bath at 25°C and 100°C for 35 hours and ! hour, respectively.
The compression rates of wood were 47 percent, 60 percent, and 73 percent, respectively. From these tests,
it was found that the dimensional stability of the closed-press system was superior to that of the open-press
system. Furthermore, the dimensional stability of compressed wood in the closed-press system was better
at 200°C than 180°C. In compression rate, dimensional stability of 73 percent compression rate was the
best result. Considering these results, the best conditions for the dimensional stability of compressed wood
were those of the closed-compressing system at high temperatures above 200°C and larger compression
rate. Therefore, it was concluded that the dimensional stability of wood is improved at higher temperature
and larger deformation.
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1. INTRODUCTION

It is commonly recognized that compressed
wood is perfectly recovered by soaking in water,
because the wood is composed of cellulose and
hemicelluloses with hydrophilic group, such as
the hydroxyl group. ‘

Therefore, to improve the dimensional stabi-
lity of wood, the hydrophilic group has to be

*1 Received on May 13, 2002; accepted on August 29, 2002.

removed or replaced. Generally, it is known that
steaming treatment of wood at temperatures
above 160°C improves dimensional stability
(Dwianto et al., 1998, Eiji er al., 1997, Nori-
moto et al., 1993). Closed-heating compression
treatment is well known to enhance dimensional
stability because the permeability is very good
and compressed wood's density is improved
(Dwianto er al. 1999). Therefore, if it was
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possible to utilize these two methods at the
same time, it could be the best method for
improving the dimensional stability of wood.
Korai er ai. (1999) reported that dimensional
stability and strength of particleboard which
was produced in the closed-press system was
improved.

In a closed-press system, the internal bonding
strength was improved and there was less
swelling than in an open-press system.

Therefore, the objective of this study was to
estimate the dimensional stability of closed-
heating compressed wood.

2. PROCEDURES

2.1. Materials

The specimens for this experiment were italian
poplar wood (Populus euramericana) from Book-
An Myun, Young-chun, Kyungpook Province,
Korea. The specimens were air-conditioned at
20°C and 65% relative humidity for about 6
months. The dimensions of the specimens were
30(T) x30(L) X 15 mm(R) and eight specimens
for each experimented condition were prepared
respectively. The total number of specimen
were forty eight.

2.2. Apparatus for Experiment

A square plate with iron was made for this
experiment (Fig. 1). Its dimensions were 170 X
170 X30 (mm, thickness) inside and 220 <220
X 30 (mm, thickness) outside. A thermometer,
pressure gauge, and air leak valve were attached
to this instrument. Heatproof rubber was also
installed for the air closed-system. Therefore,
the closed-press system was air tight condition
and the open-press system was opening condi-
tion by leak valve.

Fig. 1. Apparatus for experiment.

2.3. Control of Moisture Content

After water absorption (about 80~ 100 percent
moisture content), to control moisture content
for the fiber saturation point (F.S.P), thermal
treatment was performed by microwave heating
system (2,450 MHz, 700W) for 90 seconds.

2.4. Press Schedule

The thermal treatment temperatures were
180°C and 200°C respectively. The compression
rates of wood were 47 percent, 60 percent, and
73 percent for used of iron stopper with
different thickness. Compression pressure was
50 kgf/em’. The pressing time was every 20
minutes for heating compression and discharge
on two different systems respectively.

2.5. Boiling Test

In the boiling water for one hour, volume
swelling and the mass of specimens were
measured. The equations for swelling, shrin-
kage, and dimensional recovery were as follows:

Ve

Swelling (3) = —-—{,L X 100 )
¥4
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V=V

Shrinkage (@) = -—-~I—,—d—" X100 ()
Dimensional recovery (7 ) =

Va— V,

Voo V, x 100 (3)

Vu: Volume after boiling

Vp: Volume after compression

Vo: Volume before compression

Vg4 Oven-drying volume after boiling.

2.6. Water Absorption Test

Water absorption test was conducted at
constant temperature of 25°C in a water-bath for
35 hours. The measurement time were 30
minutes at the beginning and then 4 times at
interval of 2 hours, and the last 8 times at
interval of 3 hours. After the water absorption
test, swelling, shrinkage, weight increase, and
dimensional recovery were measured respec-
tively. The equations were as follows:

Swelling (A1) = Vfi’; Ve % 100 4
P
Weight increase (7 ) = —Wq)v; W » 100 (5)
b
Shrinkage (¢ ) = l”v_—vd x100  (6)
d
Vi— V
Recovery (p) = ﬁ %100 )

V. : volume of checking point
W, : weight of checking point

V e : Volume of final checking point

3. RESULT and DISCUSSION

3.1. Boiling Test

3.1.1. Coefficients of Boiling Swelling and
Shrinkage

The both conditions of the open- and closed-
press systems, there were low swelling values at
lower compression rates of wood. In the case of
the closed-press system, this phenomenon was
similar to 47 percent and 73 percent compres-
sion rates of wood. These results indicate stress
removal of the cell wall by steaming treatment
and composition degradation by higher com-
pression rate and water vapor at high tempera-
tures in the closed-press system. At two tem-
peratures, the coefficients of boiling swelling at
higher temperatures were lower at 47 percent
and 60 percent compression rates of wood. At
73 percent compression rate of wood, it was
observed that the void volume of compressed
wood did not exist at all. This compression
condition was a critical point of the compres-
sion rate of the wood specimens. In this condi-
tion, it was considered that the difference of
swelling was due to the difference of press
methods in the open- and closed-press systems.

In the closed-press system, it was considered
that the treatment with high temperature steam
was very useful method for dimensional stabili-
zation of compressed wood. From the results of
the boiling test, it was found that the effective
factor for lower swelling was not the treatment
temperature but the compression rate. Shrinkage
of compressed wood in the open-press system
was increased by compression rate of wood.
The value of shrinkage was larger at higher
temperatures. Shrinkage in the closed-press
system was about 20 percent, did not changed
the compression rate of the wood, suggesting
that there existed some restraint mechanism of
volume swelling and shrinkage by hydrophobic
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Fig. 2. Volume swelling by boiling.
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Fig. 3. Shrinkage after boiling.

bonding in the hot pressing process.

3.1.2. Dimensional Recovery

Dimensional recovery was measured to deter-
mine the recovery rate in the boiling test of
compression wood. In Fig. 4, the amount of
recovery below 60 percent compression rates of
wood was affected by temperature conditions
rather than press systems. However, recovery at
73 percent compression rates of wood was more
affected by press system than press tempera-
tures. In critical point of ultimate compression
set of wood, it was considered that dimensional
recovery in boiling conditions was greatly
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Fig. 4. Recovery by water absorption.

changed by the existent and the non-existent
void volume of compression wood. In boiling
water, the void volume of compressed wood
acts on water absorption or diffusion space for
swelling. Furthermore, compression treatment of
wood in the closed system generates many
small void volumes by degradation of the com-
position of the cell wall. Therefore, it is con-
cluded that recovery below 60 percent compres-
sion set of wood in the closed-press system was
larger than that of the open-press system.

3.2. Water Absorption Test
3.2.1. Swelling and Weight Increase

In Fig. 5, the large deviation of swelling with
compression rate of wood in the closed-press
system was found. In this condition, the coeffi-
cient of swelling at higher temperatures was
small. The coefficients of swelling at 73 per-
cent, 180°C and 60 percent, compression rate of
wood and heat temperatures were exponentially
increased in the closed system. Swelling at 180
°C and 60 percent compression was the largest
value in the closed-press system. Therefore, it
was concluded that treatment temperatures
affect swelling in the closed-press system. On
the other hand, coefficients of swelling in the
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Fig. 5. Volume swelling on absorption.
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Fig. 6. Weight increase on absorption.
Legend) -- closed-state, — open-state. <>:
47% (180°C), [ 60% (180°C), A: 73%
(180°C), x: 47% (200°C), *: 60% (200°C),
O 73% (200°C).

open-press system appeared between 30 percent
and 50 percent swelling. Weight increase with
water absorption was largest at 180°C and 47
percent, at 200°C, and 60 percent for compres-
sion rate of wood in the closed-press system.

3.2.2. Shrinkage and Dimensional Recovery

Coefticient of shrinkage in water absorption

30
O Closed 180T
QOClosed 200C
AOpen 180T
— 20 - [
7 X Open 200C ]
B [ O
g <o
£
S10fF ¢
75}
X A X
A
A
0 .
40 60 80
Compression set(%)
Fig. 7. Shrinkage by oven-drying.
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Fig. 8. Recovery by water absorption.

was 20 percent lower than in boiling. Shrinkage
in the open-press system was lower than in the
closed-press system. In the closed-press system,
shrinkage of compressed wood was increased
by compression set of wood. The value at 200
°C in the closed-press system was about 19
percent. However, shrinkage at 180°C in the
open-press system was very small. At high
temperatures, large compression of wood in the
closed-press system may generate new absorp-
tion sites and many small void volumes invol-
ved in small cracks by degradation of lignin
and hemicelluloses in the ceil wall.

Therefore, shrinkage at high temperatures in
the closed- press system showed the largest
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value in cold-water absorption. However, in
cold-water, what happened to compressed wood
by water absorption was unclear. The reason for
this phenomenon is not clear yet. As Fig. 8§,
recovery sets generally decreased with compres-
sion set of wood in all conditions. The recovery
amount was smaller at higher temperatures and
larger compression set. Furthermore, the recovery
value in the closed-press system was smaller
than in the open-press system.

Therefore, it was concluded that the dimen-
sional stability of compressed wood is improved
at higher temperature and deformation up to
critical point.

4. CONCLUSION

This study investigated the properties of the
dimensional stability of heat compressed italian
poplar wood. It was found that the dimensional
stability of the closed-press system was better
than that of open-press system. Considering the
results, the best conditions for the dimensional
stability of compressed wood were the closed
compressing system at high temperatures about
200°C and large compression. Therefore, it was
concluded that the dimensional stability of

wood is improved for higher temperature and
larger compression in the closed-press system.
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