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Dimensional Stabilization through Heat Treatment of
Thermally Compressed Wood of Korean Pine'@®
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ABSTRACT

Post-heat treatment experiments were carried out for complete dimensional stabilization of thermally compressed
wood (Pinus koraiensis). An absorption test was carried out to evaluate the dimensional stability. The specific gravity
increased from 0.43 to 0.79 by therma compression at a compression ratio of 50% thickness. Through the post-heat
trestment of compressed wood, the water absorption and thickness swelling decreased with increasing the heat treatment
temperature and time. In the case of the thickness recovery rate, when the heat treatment was performed for 24 hours
at 120 °C, 140 °C and 160 °C, the thickness recovery was less than 1%. Therefore, it can be confirmed that the
method of dimensiona stabilization method of the thermal compression wood can be carried out very effectively through
post heat treatment process.
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1. INTRODUCTION

Wood is the most in-demand construction material
worldwide and widely used in various areas from civil
engineering to landscaping, furniture and flooring
materials. Its demand is on the rise. According to the
forest industry dtatistics by Korea Forest Service (2018),
wood self-sufficiency has been maintained at around
16% for the last three years. While it depends on the
economy or the price of import materials, wood
self-sufficiency is expected to gradually increase as
various measures are actively promoted to activate the
use of domestic wood materials, including forest green
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policies. Accordingly, it is necessary to efficiently use
wood and promote high value addition. However, the
universal use of wood as industrial materias is limited,
and the main reason is the change of physical and
dynamic properties caused by moisture. If problems
caused by the contact with moisture are solved, the
value of wood can be highly improved, and in terms
of the material use, it can be used instead of plastic,
inorganic materials, or metals. In addition to physical
properties, the dynamic properties of wood limit the
use of wood as materias. Still, wood is known to be
as useful as other materials thanks to its lightweight
and high strength while its absolute strength is weak.
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Wood density, the primary evauation standard of wood
properties, has a decisive effect on the physical and
dynamic properties of wood. Thus, a method that could
promote density improvement and dimensional
stahilization, which would lead to the increase in wood
strength, may allow wood to be used in various areas
more efficiently in terms of environmenta and economic
perspectives.

As such, the specific gravity of wood, the primary
property in testing the quality of wood, has a direct
correlation with the dynamic properties of wood, and
the improvement in the specific gravity will lead to
the improvement of its dynamic properties. As a method
that would promote the mechanica properties of wood,
therma compression of wood reduces the volume of
the materia in the same mass, which results in the
specific gravity and increases the mechanic properties
of wood. As the results of such research, the research
team of this study confirmed the marked improvement
of the strength properties when the specific gravity of
the domestic soft wood species was improved by the
thermal compression process (Hwang et al., 2014).

Thermal compression aims to acquire high specific
gravity by changing and fixing the shepe of wood, which
has low specific gravity and consequently has weak
mechanical properties, by applying heat and pressure.
This method is one of the forming processes often used
to improve the mechanical properties as the specific
gravity increases. In Japan, active research has been
conducted on the therma compression of Jgpanese cedar
(Inoue et al., 2008). Furthermore, it was very impressve
that Hida Industries in Japan used bending processing,
one of the forming processes, on furniture. The most
important property of wood when its specific gravity
is improved by forming processes like thermal
compression or the bending process is dimensional
stabilization. It is well-known that the dimensional
recovery of processed wood by the penetration of
moisture causes fatal mistakes, resulting many problems

in the use of wood. The heterogenous properties of
wood, which is a bio materia, causes irregular shrinking
or swelling, making it difficult to manage wood at stes.
Without guaranteeing the dimensional stabilization of
thermally compressed wood, the elastic energy stored
in the wood is resolved by heat and moisture, and wood
becomes memory-forming material whose shape is
recovered. Such form recovery causes defects on the
floor when thermally compressed wood is used as
flooring materials like deck materials. To overcome
this issue, various methods, such as resin process (Inoue
et al., 1991), chemical process (Inoue and Norimoto,
1991), thermal process (Inoue et al., 1991), or steam
process (Inoue et al., 1993), had been attempted. Thus,
it is important to restrict the form recovery force of
thermally compressed wood if it is to be used.

The previous study by the present research team
(Hwang et al., 2015) reported that when thermal
compression was performed for 10, 20, or 30 minutes
at 140, 160¢C, 180C, and 200C, the specimen at
200°C-30min showed the most superior dimensional
gtahilization. Another previous study (Cho et al., 2015)
conducted the thermal compression at 180°C for 60min
of compression period at the pressure of 80kgf/cm?,
and later, the thermal process a 80°C, 100, or 120
was performed for 2, 6, 12, and 24 hours. The results
showed that the thickness recovery raio of the thermaly
compressed wood at 1207C-24h was 3.8%, and when
compared with the specimen without thermal process,
the thickness recovery ratio was reduced by about 67%.
As such, since there is clearly the different properties
by wood species, it is absurd to say that the results
of a certain wood species would represent the process
condition of all species.

Toward this end, in this study, Korean pine was
selected for the material considering the effective use
of Korean pine in future, which has been widdy planted
in Gangwon and Gyeonggi regions. The test aimed to
acquire the dimensional stability by the thermal
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compression and air-dry process of Korean pine and
examine the optimal conditions for the dimensional
stabilization and reviewed the result of the test.

2. MATERIALS and METHODS

2.1. Specimen

This study used Korean pine (Pinus koraiensis)
among Korean soft wood species. Flat-sawn Korean
pine were cut in 60mm(L) x 60mm (T) x 24mm (R)
to create a specimen. The air-dry specific gravity of
the specimen was 0.43 (+0.01), the moisture content
was 12.8% (+0.31%), and the average annud ring width
was 4.59mm (+0.55).

2.2. Method

2.2.1. Thermal compression

The thermally compressed specimen was created in
the same way as in the previous studies (Cho et al.,
2015; Hwang et al., 2014; 2015). A Korean pine
specimen in 24mm thickness was thermally compressed
by 50% to creste a pecimen in 12mm thickness. Before
the therma compression, the material was sedled with
polyethylene film to soften it and was put into a 700
W microwave oven for 90 seconds. Then the thermal

Microwave

plate press was used to perform the thermal compression
in the radia direction a 200°C of the therma
compression temperature and 80 kgf/cm? with different
thermal compression durations at 60 minutes and 90
minutes.

During the therma compression, the swelling of the
surface was observed when the process was completed
while the moisture inside the heated specimen could
not be extracted out. To prevent this and to alow the
internal moisture to be extracted fully, the initial thermal
compression, in which the compression in one minute
was followed by the disengagement of the compression
for another 30 seconds, was performed twice. Later,
a five minutes before the completion of the thermal
compression, the pressure was removed without taking
the specimen out so that the internal stress generated
in the process could be dowly removed. The resulting
specimen was placed in a desiccator with silica gel
for one day.

2.2.2. Heat process

The post-thermal process of the specimen after the
thermal compression was performed with a hot air
drying oven. Five specimens were processed at 120°C,
140°C, and 160°C for 2, 6, 12, and 24 hours for each
condition. The control group was set based on the data
from the previous study (Hwang et al., 2015).

Air-drier

700W 200 ¢ 120 ¢, 140 ¢, 160 ¢
90s 60min, 90min 2,6 12, 24 h
80kgf/cm?

Fig. 1. heat-treatment after thermal compression.
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2.2.3. Moisture absorption test

To verify the dimensional stability of the specimen,
a 24-hour absorption test was conducted based on KS
F 2204. In KS F 2204, the waterproof paint is applied
to the sde that is not the absorption Sde so that moisture
cannot be absorbed. However, in this study all sides
were exposed to moisture to conduct the test under
the same conditions as those of the previous studies.
A total of 20 specimens were used for each thermal
process temperature setting. The three sides of all
specimens were exposed to the air and placed in a
desiccator, and using a load plate with holes, they were
submerged about 50 mm below the water. To measure
the amount of absorption and the swelling ratio based
on the absorption time, the weight and thickness of
the specimens were measured in every 30 minutes from
the start to two hours, in every one hour from two
to five hours, in every two hours from five to nine
hours, and in every three hours from nine to 24 hours.
Before each measurement, the specimens were wiped
with dry towel to remove the moisture on the surface.

To examine the dimensional recovery ratio, the
thickness recovery ratio of the specimens of which
thickness had been reduced by thermal compression.
It was measured along with the measurement of the
weight and thickness during the 24-hour absorption test.
After the 24-hour absorption test, the specimens were
dried & 105°C, and then, the thickness of each specimen
was measured to determine the final dimensional
recovery ratio (Hwang et al., 2015).

3. RESULTS and DISCUSSION

3.1. The change of the specific gravity
after thermal compression

The specific gravity of the specimen after the thermal
compression was 0.79 (+0.06), an about 84% increase
from 0.43. This increase of specific gravity will improve

the dynamic performance of Korean pine. In a previous
study (Hwang et al., 2014), the thermal compression
of Korean pine by reducing its thickness by 50%
increased the specific gravity by about 71% compared
to the control group, and the internd dendty digtribution
verified the evenness of the material quality of the
lumber. Furthermore, the lateral compression strength
increased by 76%, the flexura strength by 83%, and
the surface hardness by 55%. Thus, it is determined
that the increase in specific gravity will contribute to
the improvement of the dynamic performance of Korean
pine.

3.2. Moisture absorption

Shown in Fig. 2 is the moisture absorption of
specimens based on the 24-hour absorption test.
According to a previous study (Cho et al., 2015), the
maximum absorption was shown in the first hour of
the absorption test in dl thermaly trested samples, and
later it fell dragtically so that after five hours, it tended
to stabilize. Such a pattern was also observed in this
study. In the first hour, the maximum absorption was
recorded, and after five hours, the absorption tended
to stahilize, similar to the result of the previous study.
Furthermore, the dimensional stabilization by thermal
process also showed a similar pattern, decreasing by
temperature and time.

To examine the change of absorptiveness by the
thermal process temperature, the test compared the
amount of absorption by surface area at the point when
the first hour of the absorption test passed, which showed
the highest amount of absorption. The thermally
processed specimen at 120°C after the thermd
compression of 200°C and 60 minutes showed the
amount of absorption between 0.567-0.485 g/cnm?h. At
140°C and 160°C, it was 0.479-0.365 g/cmzh and
0.580-0.344 g/cmz-h, respectively. And, the amount of
absorption after five hours when the absorption started
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Fig. 2. Amount of water absorption per unit time of heat-treated samples after thermal compression.

to stabilize was 0.028 (£0.004) g/cmzh on the average.

Moreover, the amount of absorption by the duration
of therma process generdly decreased. At the firgt hour,
the amount of absorption by unit hour based on the
thermal process condition of 120°C and 2, 6, 12, and
24 hours was 0.567, 0.496, 0.561, and 0.485 g/cn?h
respectively, reflecting no drastic difference within

120°C. At 140°C, however, it was 0.479, 0.488, 0.475,
0.365 g/lcn?h respectively. Also, at 160°C, it was 0.580,
0.418, 0.375, 0.344 g/lcm2h respectively. Except the
gpecimens a 120°C for 12 hours, the amount of moisture
absorption per unit hour decreased as the duration
amount of heat treatment increased, and after five hours
when the absorption stabilized, al specimens showed

- 475 -



Jeong Min Lee - Won Hee Lee

similar amount of absorption regardless of the duration.

The specimen thermally compressed at 200°C for
90 minutes showed lower amount of absorption than
the specimen treated for 60 minutes. This result
confirmed that in a previous study that performed
thermal compression by temperature and time verified
that higher the compressed temperature, or longer the
thermal compression duration is generally associated
with less amount of moisture absorption (Hwang et
al., 2015). The amount of absorption of the specimen
at 120°C for the first hour was 0.389, 0.353, 0.278,
and 0.312 g/cmzh, by the duration of the thermal
process. At 140°C, it was 0.323, 0.318, 0.285, and 0.380
g/lcmh, and a 160°C, it was 0.266, 0.192, 0.110, 0.068
g/lcmz-h. While the specimen at 160°C showed some
dragtic change by time, the pecimen a 120°C and 140°C
did not. Furthermore, the amount of absorption after
five hours when it became gsabilized was lower a 160°C
than at the other temperature settings, and particularly,
the specimen at 160°C for 24 hours showed that the
amount of absorption was initially 0.019 g/cm?-h and
decreased to 0.006 g/cm?-h when the test completed.

The reduction of the absorption by thermd treatment
changed the properties of cellulose, hemicellulose,
lignin, and other extracts at high temperature, which
was known to affect absorptiveness, stability, diffusion,
and moisture permeability (Hillis, 1984). Moreover, it
has been reported that the deteriorated hemicellulose
by thermal process would grestly affect the reduction
of the absorptiveness of wood (Hillis, 1984; Inoue et
al., 1993).

Gerhards (1982) conducted a strength test on wood
based on moisture content and showed that in the zone
of lower moisture content, the strength increased by
8 to 35%, and in the zone of higher moisture content,
it decreased by 13 to 35%. The higher the moisture
content, the more reduction of the mechanical strength
resulted. Such reduction of the mechanical strength
works againgt the am of this study, which is to propose

Korean pine as flooring materials, and therefore, the
reduction or minimization of moisture in wood is
considered essential.

Therefore, only considering the amount of moisture
absorption, the thermally compressed wood at 160°C
for 24 hours after the thermal compression at 200°C
for 90 minutes, which alows the least amount of
moisture absorption, is believed to be the mogt suitable
condition.

3.3. Swelling

It is generdly known that the swdling of the thermally
compressed wood by the absorption test shows the most
steep graph dope in the initial period and tends to
stabilize afterwards (Jung and Lee, 1998; Laine et al.,
2013). As opposed to the above prediction, the previous
study showed that a higher swelling dope was observed
a one to two hours then a the firg hour. It is determined
that such a phenomenon is because a large amount of
resin included in Korean pine wood was extracted out
during the therma compression and the therma process
and coated the surface of wood. It was determined that
such coating somewhat delayed the swelling of the
specimens (Cho et al., 2015).

Shown in Fig. 3 are the swelling ratios of the
specimens by moisture resulting from the 24-hour
absorption test. The thermally compressed specimen
at 200°C for 60 minutes showed a rapid swelling speed
for the firgt two hours Smilar to the result of the previous
study. Except the specimen processed at 120°C, there
was a reduction of swelling by the temperature of the
thermal process. Particularly, the specimen at 160°C
for 24 hours showed the swelling ratio at 7.56%
(£1.44%).

There was a dradtic difference among the specimens
under another thermal compression condition at 200°C
for 90 minutes. As the temperature increased, the
specimens showed marked differences at 160°C than
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Fig. 3. Swelling of Thickness of heat treated Korean pine after thermally compressed wood.

at 120°C or 140°C. Particularly, the specimen at 160°C
for 24 hours showed the swelling ratio at 3.24%
(+0.34%). Compared to the previous study, a clearly
reduced swelling ratio was observed with the specimen
at 160°C.

The determining area of microfibril during the
thermal compression often shows elasticity. At this

point, the elastic energy is stored in high molecules
of cellulose, and it is believed that the emission of
this elastic energy generates internal stress, which is
stored in the non-crystalized areas of hemicellulose,
lignin, and the non-crystalized area of cellulose. The
therma compression process causes restructuring of the
wood structure, and the hydrogen bond between
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Recovery of compression set(%)

120 140 W 160

Temperature(°C) of heat treatment

01

. 120 140 B 160
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Recovery of compression set(%)

Thermally compressed condition

(Ieft) 2007-60min

(right) 2007C-90min

Fig. 4. Recovery of compression set by water absorption.

cellulose and hemicellulose and the covalent bond
between hemicellulose and lignin change. Because this
change is not completely stable, reversible swelling
occurs, which can be recovered by the contact with
moisture and heat. However, if the cell wals are
damaged by the defect in the bond between micro-fibril
and matrix, the internal stress generated in the thermal
compression process is partialy resolved. Thus, the
irreversible swelling decreases, and as a result, swelling
also decreases (Morsing, 2000; Laine et al., 2013).

The thermally compressed wood is a process materia
deformed by applying pressure in the radia direction,
and thus, at swelling, the dimensiona change in the
redia direction should be carefully observed. Thus, the
specimen with the most stable swelling ratio was the
one with the thermal compression a 200°C for 90
minutes and heat treated & 160°C for 24 hours It showed
the most stable swelling ratio at about 3%.

3.4. Dimensional stability

To examine the degree of thickness recovery that
had been reduced during the thermal compression
process during the 24-hour absorption test, a heat
treatment was conducted for 24 hours, and shown in

Fig. 4 are the thickness recovery ratios of the specimens.

According to the results of a previous study,
dimensiona stability generally improves by a heat
treatment process after the thermal compression (Cho
et al., 2015). Cho et al. showed that the thermally
compressed specimen a 180°C for 30 minutes and then
pasxd to a heat trestment & 120°C for 24 hours showed
a 3.8% of thickness recovery ratio, but all of the
specimens subjected to heat treatment for 24 hours
showed a thickness recovery within 1%. There was a
dragtic difference by temperature, and particularly, at
160°C, the thickness recovery ratio reached amost to
0%, showing very stable dimensiona stability.

It has been reported that dimensiona fixation by the
process of thermal compression is affected by the
reduction of absorptiveness and the increase in the
degree of crystalinity, the crossink formation between
molecules and improvement of cohesiveness, and the
weskening recovery from the deformation due to the
decomposition of components (Dwianto et al., 1997).
In addition, Norimoto et al. (1993) pointed out that
to prevent the compression recovery of thermally
compressed wood, one would need to watch out for
the crosslink formation between the molecules in the
matrix components, the resolution of interna stress

- 478 -



Dimensional Stabilization through Heat Treatment of Thermally Compressed Wood of Korean Pine

formed inside wood, the high molecular components
in wood, particularly, hemicellulose, from moisture and
heat. Therefore, it appears that the securing of
dimensiona stability based on the heat treatment after
thermal compression is the result of the crosslink
formation that prevents the form recovery of the
thermally compressed wood, and the covaent bond at
the softened and compressed state of lignin during the
heat treatment process (Inoue et al., 2008).

Such results showed that the post-heat process after
the therma compression was very effective in securing
the dimensiond stability of thermaly compressed wood.
Also, the heat treatment of thermally compressed wood
a 160°C could reault in very gable thermaly compressed
wood. Compared to the results of the previous studies,
those of this study showed that the heat trestment after
the therma compresson resulted in thermaly compressed
wood with better dimensiona stability than those with
only the thermal compression. As a reault, the specimen
with the best dimensiona stability was the one heat
treated at 160°C for 24 hours.

4, CONCLUSION

The study examined the dimensiona stability of
thermally compressed wood of Korean pine after the
post-heat treatment based on each of the thermal
compression conditions and the heat treatment
conditions. The wood of Korean pine of which specific
gravity was 0.43 was thermaly compressed by the
thickness compression ratio at 50%, resulting in
thermally compressed wood with the specific gravity
a 0.79. The higher the therma compression temperature,
and the longer the duration of the process, the more
reduction of absorptiveness and swelling resulted.
Furthermore, the higher the temperature of the post-heat
process, and the longer the heat process, the more
reduction of absorptiveness and swelling resulted. The
dimensiona stability of thermally compressed wood

improved with the post-hest treatment after the thermal
compression. Particularly, the thickness recovery ratio
of the specimen hest-treated at 160°C for 24 hours
reached dmost to 0%. Therefore, when dl of the results
of the aforementioned moisture absorptiveness,
swelling, and dimensional stability were examined, the
thermally compressed specimen at 200°C for 90 minutes
and post-heat treated at 160°C for 24 hours showed
the highest dimensional stability.
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APPENDIX

(Korean Version)
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T 4 9k e HoR Q8 Wsks B} S0l Bk, BAE wrh nRvk /s 4 glov] AR o8
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(Hwang et al., 2014).

HU

]11_1

et 3o

UYL= vl WL, IR 3 71412 S0l ot SAE B Y LR TR AA FEiE HE F A4S AHORA
HFBRE EREh= Aotk o] M H|Fo] Fopylof wiet 71414 49 e HRE T o] F2 ARSh i"é7 59

SILOIE, Sl AP ARaE S i) Sush] olRolrime d, 209, 3 2 o)
B 3 o) RS ol kol Beote mie o olae. 19 dghlst Aol 448 ve s

Bolol 3] 947 245 A3 9219 i Bge) B8 SIS o) Y 58 Sde Aol S
ARl 12 hE A9 AT A A Bl 0oH o8 BE BAS Ao AS 2 A Aol

).HJ

AEAEQ FA9] oAl *éxa‘c’l AR 5 BES WA @A FA A T E ofHA wheth U
EA7F 2| etrg o] Rt ER] oh=thd, Bl Gt Rl el A Uil AgE o] Jd B OﬂLVVP B A EHA
Ao s=rle P42t Hek oleld B4 BB AYUIAS t A2} 22 v o)% A] viet] ZFHE
HPPAI7 = Rle] Hrf o] & S5t dRoAe USRS o 549 AeetESkE fldf A 2 (Inove et al., 1991),
3}stA 2](Inoue and Norimoto, 1991), & 4] 2](Inoue et al., 1991), A€ A 2](Inoue et al., 1993) 5 thoFst Wi o2 A3t
Hh Qlct. mhebd] dadsiA o] P4 BUEE A= Aol AUIAE ol8sh= dl o] T8 EJEDL T 4 Qirh

B olAlo] A3 Q7 (Hwang et al., 2015)04%=, 140C, 160C, 180C, 200C 2] Lwolx| AuE 7+ 108, 203,

- 481 -



Jeong Min Lee - Won Hee Lee

3152w, 200C-30min®] 27102 HALUIE g AlFHAA 7P $4-3 A8 4d & e sinta

A8) A7HCho et al., 2015)0f 4= Aeker 180°C, 7}kA|7F 60min, &2 8Okgf/omPe] A0 & AQtuslE
encuncLmoqiiﬂﬁz6Jzzuuy?ﬁgﬂaenq4ﬁq:1ﬁ41mczm£wa@ag
Aol Al FAREE] 38%S HERLL, EAEE sHA] &S AR HIS vluolA FA R EEC] oF 67%
QAT 4 QAT o]k o] B At 7kl QlojA ol whet 42 thE 5A4S Urhlle #5540
7] o], ojE B4 4250 ANE 7IA| 1 WA 50| 7IERAL hETha B 4 9S> At Yolck
Zamet A7)w Aol ol AAE sEA o] Ao faeldS HEE Ao st & AT
mﬁiéﬁﬂ%ﬂrﬁ%$ﬂ “mmﬂﬂ*’W4ﬁ§ﬂﬂefﬁﬂﬂ /] St o] mE Aaehste] (A 21
1 ANE HEsgrh

w*&ﬁﬂm

7

=

ol

-

)
o
B[

3|
fu

>
o9t
o i
rzi m

Oh

2, Mz 3 Uy

2.1, TAA=

£ Aol B4 5% FolA SR (Pinus koralenss) S A8t ek, BT A2E AR TS 60mm(L)
60mm(T) 24mm(R)&] 7= AP HE AASHATE shbrA AldHE 9] 7173052 0.43(x0.01), 382 12.8% (+0.31%),
Hit JFZL 459mm (+0.55) ¥t

2.2, AFIH

221 s

SYULSA A2 A A7H(Cho et al., 2015, Hwang et al., 2014; 2015)2t 5ot {0 2 Y= glet. 77| 24mme]
FUFAE AT S0%=E APU} stof 77 L2mmE 7H= SULESAE AlRskaTh 9Tt A, AldEs

(

|

2 LR
Sistol Eelol=d WHOE WEI F 700 W 29| vo|aznt 0 HO 2 90E7} nolARE ALK oF AB
T LS ol gafe] ULE 200C, WY 60K, 0%, Y BOkgilenee] 2A0R AN PAIFOR AunE
YA,

QPSS UAIGe Slol, 198 B AFHo] TN AT e Sio] ulx hEuA) Fotn debust FAol
Fasiglg o) wele] Yol e2t WS WY 5 sl o8 AT 91, 5 ol el a4 93,
kst 2710 138 59k A F 027 YL HASH: AL 28] AN olF Ak FR 58 A, APAL w2
AR b el 2] srelut jjste] Akl A7 R S HA LA B AT 9IS
AASHL o AFHS Wio] HeAHAS Hol £ dAAole wel 19 = uuss

222 9A=

Agtusle AAat AgHe) = o | Az o8e ool AXS AAseh. GHe) LEE 120C, 140€,
160C9] L2 AHe] ALHE 2, 6, 12, 244 59 7t AR S/ E ARg ik tlaTE A% A7(Hweng @ dl., 2015)0]
CBEEETTRTE

223 Z4AE

AlFHE Y] At de Elsh7] 9fs KSF 220401] of7ste] 2447t FAIEE AAISHATE SHAIRE KS F 22040 A=
B4eo] of Hollis Wy wRE mEsto] frRo] BHEA RIS s Hol QAT B AToHE 4 AT FU
24 A APstr] st WA EvE EE&W WAL RE WS =2 FFAES 4 QA REEE F
20719] Al A QST B AlFEE 3ol B S AR 20714 Eﬂ*lf’ﬂolEi el & %1“401 Eiiloriss
oj-g3to] AldHo] +H O R E oF 50 mm Zolo] YpAZTh FAlte] whE EFd 3 BaES S5 fl8 271
~ M7= 0L A OR, 2*]7J~ SAIZE 7= 1A A 0., BAIRE ~ AR 7kA]= 2413 {Z%QE At ~ 2477k
N Ao AIRHY FF 9 FAE SHSIAT AlREE 245 A, niE iR AFE 299 57185 AAT
1;].9_ =3 0}011:]—

ApalEEe GUEs] s i APHY A AEES Stk 2447 Aol APEE Bt ST St

© AR FYE ATkl FAE @A S48k 2447t S¢

ol
i
>
ot
filo
=)
S
>
ot
r =
filo
)
al
3
1o
flo
b
2
>

N
a)
>
s
o
lo



Dimensional Stabilization through Heat Treatment of Thermally Compressed Wood of Korean Pine

7 @R TS 24ele] AFH A5slRES 2459rhHwang ¢ al., 2015)

3. Zm o nE
3.1 Aust F ulFo] wst
Agrash 3 AHUO) UL 079 (H0.06) 0.2 Lhehdet. vl BBH: 04304 0.795 oF 84%7} F7tEIglc vl%o]
57RO 24 ALPRAYe] Slaka A AR Aolth AHAT(Hweng et al, 2014004 StAle] FlE dekust 3o
2 50% 9% Al thE o] HlFo] o 71% F/ekln, R UERE $42 Bl ABUe] 4o] FUNAt: A
sflstele). Telm st AS FUSAE} 76%, BAE} 83%, HUAES} 55% F7bshdch. olele Mo F7hs
ofsby A%l o] 7leld Aoz BerHn

284X FAIR] SR Al o S Fg. 20 Yehdiole A9 d+H(Cho et al., 2015)0] uf=w, RE FA e
AZNA FAE 27] 1ARE S8te] Hdf Fpigo] Yebdon], ofF F4hE S48 fasto] F= BARE o5 o elE=
S R ole & Aol A= BEE 27] A7 A F4EE UEAL SARE HAstEE A=
Hoj= A Aot Al & Aol A SARE o] = Fgol sPget dofuke e Bk 12]al g
of e Aaebgst A Zkob ARt wt Aol HiAlR Hashs Fde HolFdl

A ] o] whE F/de) Hetel] s A E] A 7 w2 FeEE BT S LARE A Aol o] A
9 S wlaselth 200C-60min A Us} £ 120Co A dA2|E 3 Al H 0567-0485 glorh o] J4-3 Hoj3ql
t}. 140C 9] 79+ 0479-0.365 glcmh, 160C = 0.580-0.344 glemthz UERgTh 2|3 452 oHAshrt B& AJ-9l
FFAE SAIRE o] %o T2 ot 0.028 (+0.004) glamrhe] ks Hogl
EZ FA AR whE 4Tl disiA e qiAA o Fadte FFE otk 27] 1A A4 120Ce)A
6, 12, 24X 7t AA ] Ao W& vy A)7td 45k Z2} 0567, 0.496, 0.561, 0.485 glcnmhz ¥ #g] &= 120C
A 2 Zpo]E Ho|z|= gkgtth ey 140C 9] 4 9= 0.479, 0.488, 0.475, 0.365 glcmh & Urelgth %3t 160T 9
folli= 0.580, 0418, 0.375, 0.344 glonPhz UEfLh= 218 Ehelshinh 120C- 1241759t AA12)E Aaysh A HS A|2lsh
s GAE AREe] S7Rtl wheb B9 A 2 FeEol s, Sl SAstEE SARE ol ole 4 2
1ol Azt 2 BARLO] Bl S5 HofFiinh
200C-90min®] @gfxzloz HAYUILE AT AFHS 49 60minzt FEss YA AgHE o He 48 55
o 2otk ol EULIE 2=EN ARMEE AR Aol SYUSE UM Y 2Tt moHdeE, Ee
§F Azto] Aojda5 tH o F F4e] davithe A& S)lstglti(Hweng e al., 2015). 120To|4 dA2E
A A EE A AR ER AR 27] 1A <t 0.389, 0.353, 0.278, 0312 glomPhd: &7 2102 Uehylth
140°C 2] #$- 0.323, 0.318, 0.285, 0.380 glcme-hS Z4=3 Ao & Uelytal, 160C-2 0.266, 0.192, 0.110, 0.068 glcnm?he
T Aoz yepylth 160C= AR 2 ghdst 2jo]E HojE Hh, 120C9} 140Co A= B ARt R 2 ZolE
HolA] ggkek. 11 Fgol ePgslzt Hls ARl BAIZE o] Fwke 160CAIA FA S Jet AldHo] thE AlEH
£ Hrf 5 Ugron, 53] 160C-24h @425 233t A7 He| 9= 0019 glarehd F4-51th7} 0.006g/cmehe] &4+
< HAFHA Ade TR

Ao o3 T Hae A BN LAY AERe s, udERes, Bad, FEHEEY 48
HSAIZAL, olefRt Maks 54, 8, Sl Bl 9% 71ddaL EeA Sltk(Hillis, 1984). E7F, A2
o3 dapd FrdER LA BAY] 54 Aadl 2 F¥e 7IAtaL Bad vp loi(Hillis, 1984; Inoue et al., 1993).

SA ] gt wheh FrEAdS o Gerhards (1982)= tA| 4 0.2 gp&o] W2 oA = 7S it =7t 8~35%
e BN, ol w2 R E 13-35%0] gads Rtk iy dAtold =4 W Rl w25, 7144
B HaE EPeh ofRt A A fas & ol FEQ v R A 9] Z-88et AlAf disiA A<
| Wzol, =4 Ul 29 AA &2 Hashks ozt & 4 Atk
uebA ESEIeR B v, S 7P AA Seshs 2000-90ming] 2702 AYUskE A & 160C-24nF
oF FAEE A AT A Agsprlol 7 A 23oletal AztEh

of

oy £ I

>

- 483 -



Jeong Min Lee - Won Hee Lee

3.3. &4

it o s FeAdS S0 ALY Be2 AR 27IDAAM 7 ThE I 7127)7F e, o] %
= S Hole A2 dA Arkdung and Lee, 1998; Laine et al., 2013). A3 7ollA= 99 2=
9] 27] A 5 FE A 1 Hok L2AE SeAEE Asle W 8 2 Bad BAE Btk
ol2igt @A thEFe] $Ao] =A AR Aol e o] 9lal, Falo] APt ¥ A E AYsh= A A A
S&Eo] o 2HE AY Aolkal HAEick. offet 2Y 280l T 2710 AP U BES vha A DA At
A5 t(Cho ¢ al., 2015).
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