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24 (Review)

Research Trend of The Heat-Treatment of Wood for Improvement of
Dimensional Stability and Resistance to Biological Degradation'

Yeong-Suk Kim>'
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B ATolAE BRje] A bgel dstel, BF A8 Ealel olo} IR Fa ol W A& BFEL 2Ala
o} AJAS R o]fEE FQ A& UET=9] Plato-process, ZF9] Retification process, ZYUL
OHT-process, 2 FZ+=2] Thermowood process 50|31ttt GA 2] FTHAQ 2 FIANEL AT =&, 7Y 2%,
AZb, AR oG 371, AF, A 09 Flold, oF AASL WEE & HAxA P 5o ATt FRE
olgth gAY EAl= A4t 7 £ E A o, Bt it A el §lol, MM 3 sl tf
o] B8 A 59 EAS 7tk A 540 WA 3RS flal 4 el AP I 3R Az
A FAo F Aol AAFEIGIEE XErkset e RE 9 xRt doks Qe 9 HAY MRS &= Y 9
o]g Fff 2o wtEA] Hash Al AR At

ABSTRACT

This was investigated on the major issues and research trends regarding the heat-treatment of woods through liter-
ature reviews. The principal heat-treatment technologies utilized for industrial purposes include the Plato-process
(Netherlands), the Retification process (France), the OHT-process (Germany), and the Thermowood Process (Finland).
Factors that mainly influence the heat-treatment process are the wood species, process temperature, processing time,
and the heating medium (air, steam, vacuum, N2, oil, etc.). Researches on investigating the optimal conditions with
these process conditions being the variables stand as the mainstream. Heat-treated woods present dimensional stability
improvement, but mass loss and strength reduction, a wide variations for decaying inhibition, and insufficient resistance
against mold, wood borer, and termites. For further improvement in respects of durability or resistance to biological
degradation, necessity to search for more suitable heat treatment process and processing conditions fit for each wood
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species has been suggested. Exploiting new ways to utilize heat-treated wood and extending its range of use have been

considered to be important matters that need more effort put into for the sustainable and sound environment as well

as saving the wood resources.

Keywords : heat-treatment, heat-treated wood, biological resistance, dimension stability, modulus of rupture
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A ZH = i Sandberg®}t Kutnar, 2015; SandBerg
S, 2013; Esteves®?} Pereira, 2009). E2{2] FA ]
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ZgkA o] Retification
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(Ozkan -5, 2014; Talaei 5, 2013; Awoyemi &,
2012; Fojutowski 5, 2012; Navi®} Sandberg, 2012;
Rassam &, 2012; Acker -5, 2011; Anderson 5,
2010; Bazyar 5, 2010; Awoyemi, 2009; Awoyemi
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Viitaniemi, 1998).
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(Green) wood Process variables/parameters

Hydrothermal treatment (180°C, 10 bar)
To iy

intermediates
Wet intermediate

Drying 2. Drying

Type of drying, temperature, time, relative
Dry intermediate

humidity, final moisture content.

Curing(180°C) 3. Curing

Curing intermediates Time_, temperature, hea_tilng and cooling
gradients, gas composition
Plato wood product

Fig. 1. Schematic overview of the Plato process
(Boonstra, et al., 1998).

1. Hydro thermal treatment:
Time, pressure, heating and
coaling gradients, gas composition

EQJEkT, 2002 Qe FHgraT} o
7t AR ste] Aot W
42 F710% sk AR, Ago] Aa
Fhooll vls) 7w Ak BAS) AT, BFato]
T WA A FOPA beechol] Hie B
AotE] it} o] @]o| = Tjeerdsma 5(2000)0] 7|&2
Plato process®} AZIA S vlusle] 7|=9] thgt
A Ao W S At o Arkal Bk

Retification processi= XZgofx 7WdE HA e
FHonA Phgol A9 12% FER AT Uz
ol A EA R 7F ARME T 2= 200~240T H
Y2 A9 wjd= AaviaE 86t 7)eeltt
(Homan, 2004; Militz, 2002; Vernois, 2000; Dirol &
Guyonnet, 1993). 24 YA ASTIAEQ o)A Z
718571 2% miRte s AFHECE o] 7|9 A,
230~240CE AT W AT = S
U, MOR 77} 40%U E]o], Zrezbart 2o,
Tl et WEAel e 21008 Aeisis 4
7wk e 4SS S8 Aasks g
715 ARgskaL, GAE AR DA AAE A
£35l= “Bour perdure” TAo| AYslEr|= o)
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AstAl7l= AFtEILEC] o
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Aok B ugckMilitz, 2002). Awoyemi (2009)=
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pine, birch @ poplare]] Z+zZ} 2719 42](195T), &
AL A3 ATA (60T, rapeseed?} linseed
oil ARE), S7IEAZ(195C) F Y AHFAZ (60T,

N foh

— 460 —



BA1e) 24t WA A
rapeweed®} linseed ollA-)E 835 AlHNA F
7184 Y & edAdAYE AlER dxe A

Wede] Adider z3, 2o FiRol HeAe
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©olo] Fxol uj2 Axje] mte] Afojo] thalrE
el Aol ofs) m s gitKAwoyemi 5,
2012; Bazyar 5, 2010; Wang®} Cooper, 2005; Rapp
9} Sailer, 2000; Rapp &, 2000). &xj2] A|7+e] 7
- 77 90 mme] AW FHFIA] Do] AEE=
AlZFo] 4AZE A AgEoR ARe| Ao uwtet
7HEATHEAR O o dart UthRapp®t Sailer,
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%3 0ole] R nel Yol A4 A et
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Aok BRI Aol Fefslths BuE 9]
wlol EFAE Fo) okel@ge] AHgal) a1
= FA Aol 2 = cKEdlunde}, Jermer, 2007,
Welzbacher?} Rapp, 2005; Doi 5, 2004). ©]|3t 1
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3l ACQet -2 HEAREAY WIHA| 5= H7keto]
W/do] dAsH ZiAE ed A o] Ajte
71%= WcH(Wang 5, 2013; Simmon &, 2011).
Thermowood processx= 1990 o] HTAE=AF
AlEl VITS A= AFAAI7E o7 JfEste]
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oo|A 71 ATst ZAo
] 90% (20074 7]1%)2 2}k
1 thMilitz, 2002; Esteves?} Pereira, 2009). ©] 34
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Qe olgelo] 1000 $EOR A& o AL
gt o, AEA Y] dgol A9 0%7F E o
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Fig. 2. Principle of heat treatment process (Syrjanen,
& Kangas, 2000).
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Fig. 3. Reaction mechanisms of heat treated wood (ref: Mayes & Oksanen, 2002).
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Fig. 4. Chemical composition of untreated and heat
treated beech under different inert atmospheres
(Candelier et al., 2013).
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Fig. 5. Correlation between decrease in mass (dm)
and treatment time for different heat treatment tem-
peratures; each dot represents the mean value of 60
specimens (Welzbacher er al., 2009).
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Guyonnet, 1988; Hillis, 1984; Dietrichs &, 1978). &
e dA g oA WAgss EAe SRk As
A ZA] dHQl HollA wj$- Fagt asdo

= olo} paE QAUAAE T Lol ARYI7|%o
S57} Bastea s
42. 548 A xeHEd

A 57 e 2 AHew dg7] Fo
ALEwste] wa EAo) F5/do] FAE] EAj
H] 3l W1, Zpebg/d 3 A A== A

_ﬁ
e ot
2
ol

S 5 4 ok 2 B 3ake) Axae) og B 4
£o] 55t wigo] A& uje} Zol, Ao L

7 At BA7E A e 2ARe] At ut
ste] A4 Agto] Uojubein 1447 o] 2t
wo] F44o] FAAe] Hls) BA3| wrobxm
2 Qs ASergael Suel Aoz Wl
H gch t7] Fo] BAGESt A elE Scots pine

A Scots pine

®  Heat-treated adsorption © Heat-treated desorption

u

O Non-treatsd adsorption 4 Non-treated desorption

[}

8
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Equilibrium Moisture Content (%)
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Fig. 6. Sortion curves of non-treated and heat-treated
Scotch pine and Beech (Tjeerdsma et al. 1998b).

3} Beech®] BT BAES Fig 60 Lrehhict
(Tjeerdsma 5, 1998b). Fig. 694 EA9 E54S
& 3F=&-(Bquilibrium Moisture Content: EMC)Z
bl EMCS| Wake AXe] Baje R4 el
o Fztut gagd o s Yetfiqleh Fig. 60l A|A|
= ujel Zro|, FA 2% Scots pinex} Beechd] 7%,
T oF 2R A7 59 #ASET woHEaeE
EMC7} F-A 2] vls] @A A Ropr|= das B
Aok = aF BE, A 2AE o) EMC7E AL
sHA Fashal, o eF B FAHA v S5
gol oF 30~45% #askith. ey A 53
A AMEehe EAE 2S4S die A
sae] EMC Wisbh chEche Ae ekt
(Millitz, 2002; Guo er al., 2014). Guo S(2014)2
poplarg thA S 2 AJHeH A3} 7tg-2=71 1707l
A 230C7HA] ZE7FeH=E EMCY} &4 13% (170,
IAIZE Aol A 2 54.3% (230°C, 4A1%F A 2])7t
A Zashes AgFe] Qi gAe] o3t g5l

2% L AR b ek AXSHA aske
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©240°C; R*=0.9827

50 - 0220°C; R*=0.9861

£210°C; R*=0.9912
40 + mW200°C; R*=0.9848
#180°C; R*=0.9354

T - -
30 g

0 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16
decrease in mass [%]

Fig. 7. Correlation between anti swelling efficiency
(ASE) and decrease in mass of specimens heat treat-
ed at different temperatures (Welzbacher et al.,
2009).

AurE o T Fg4ol Pastel AfEskyol vto}
A A5y il FriEeh BAje] A4orgae

3} & a THanti swelling efficiency; ASE)= L}ERH
o ane Bae] FUaRT ASESHY] BAS
Fig. 70 Urepujoict. Fig. 7o) AAIE vie} o]
42 Sel SHERS 7Rl ol ASE )
sk, dxja] bR Al FYeEsl =8® ASE
o] olAich, 2, AHLEA ol BAlo
S40] ZaE A4orgel AT} Fobrks
& ojujgit. @A) BRje] ASEL AjE x|
2} o= FARh=o) A 4FISHE Thermowood2h=
A FA0] HANEF ASEx= FA Aol nlsf
50~90% Ax, U2 OHT ¥AT] EAj= 7192
Tof ug} 20~40%, ZFA9] Rectified wood:=
50%, YEde=2] Plato wood= 15~40% A= A58
7 Qe AoRr AVl ch(Mayes?} Oksanen,
2002; Rapp2} Sailer, 2001; Vernois, 2001; Homanx}
Jorissen, 2004). Ozkan 5(2014)%= E7|AF A5
OHTAH S e uf A9 dAejxo|A ASEZ}
50%0] o]2= AulE AA|5Fch Chaouch 5-(2012)

& 5390 YRt T HA) BAT 2oz

19 mﬁ =) >ﬁi mlov E“

=
2 ASEE 9F 34~48%= A2 thE x]_,_ AL
Buslch ® o2 @2 31150] z1 o oJ3t

BG4S QA sl At

X Aol BI AT 5F

A5l tK(Talei %5, 2015; Sandberg er al, 2013;
Bazyar 5, 2010; Fojutowski &, 2009; Sailer 5,
2000; Sakai 5, 2008; Welzbacher 5, 2009; Homan
5, 2004; Millitz, 2002). 218y 4& AR &S A
4& AT 7lsS e %0l A8YE W FE
3t ASEE €A XA WHolzt AR ZA7F
oz ARISE fsiAe St AR
Ao gt A9 Fasdo] Al Itk (Hamamda
S, 2015; Vidrine &, 2007).

43. 71AH g5 Het

g2 54 AR AE 7HAA sk Fagt
‘dAol 7IAA e Aol o] AR el o
nyo| pxgozol Agols AU otk W7}
Z "% Slth(Esteves$}t Pereira, 2009). £ H 4.1.
aoll AXE veh ol BRlo] A2l SEe A%
£ BpgolA] S Fugagol de 2ol uf
o oF 5%~30% A= sk Aol ArEh
ole o] BA| 4ol Arale] olg ATl
Spgsh WEsL s A MOE, MOR, 5487
0 w9 4w 5o A s Asht 2eEs
Zlo] drtAolty. d 2Lt 170~180C A =ollA
R 4 A% 7+A7) ksl vy
8k, 2000 olio A%k J1AH Akl G4
M Tadsh= AYS yehlciJiang 5, 2012;
Esteves?} Pereira, 2009). £3] X g A9 H=:=
TF, 58 243 7HE 2= el AA| &Stk
TS 71A4 e Aozt UEhd SIS Fig.
8] YEM lth(Tjeerdsma 5, 1998b). Fig. 8] LE}
W vk} o], A 2% beech, spruce, douglas fir,
scotch pine W radiata pine 5°f gt MORS #]g]
A 5 vlugt 4o, BE Folia A7
Fo MORZ Fof whe} 5~18% = o]
A=z QT %



S
9%

Table 1. Measured properties of heat-treated and control poplar woods by treating temperature and duration

(Guo et al., 2014)

Treating Temp. Treating SH. 4. SH..., SW_ar SW... EMC MOR MOE Den Color DR
duration (h) -
L a b
(%) (%) (%) (%) (%) (Mpa) (Gpa) (g/m’) (%) (%) (%)
Control 6.47 1098 263 11.52 1023 7332 1020 0446 853 092 1914 NR
170 °C 1 6.41 10.87 253 11.21 874 787 11.71 0443 7111 536 2386 NR
2 6.36 1082 249 10.84 .85 TRR3 11.81 0442 T2EO 641 2447 MR
3 6.27 1075 237 10.69 864  Bl159 11L.67 0437 86 727 2472 MR
4 6.0 10.34 1.93 10.53 245 7699 1135 0434 68.51 734 2552 MR
5 5.82 10.21 1.82 10.29 827 7648 1130 0430 65.91 773 2598 MR
185 °C 1 6.36 10.77 1.99 10.66 843 BD3O 11432 0441 7236 614 2517 MR
2 5.95 10.39 1.86 9.60 813 7389 1123 0432 6893 654 2520 MR
3 5M 9.90 1.65 9.53 774 73114 11.08 0429 6325 769 2556 MR
4 545 9.19 1.52 9.20 757 6648 1095 0424 62.51 7.86 2581 MR
5 5.40 8.96 1.48 9.1 741 6617 10,74 0421 6177 B03 2606 MR
200 °C 1 6.16 10.08 1.79 9.1 734 6444 1149 0433 5768 R72 2442 MR
2 5.14 8.56 1.77 8.16 631 59.63 1143 0427 4870 966 2299 MR
3 4.50 784 1.51 7.75 582 517 1138 0424 4368 964 2142 MR
4 4.25 754 .44 739 582 4871 1127 0416 4205 9.83 2125 MR
5 417 732 1.39 6.70 544 4751 1104 0411 4049 974 2045 R
215 °C 1 4.50 209 1.48 7.76 556 5488 1148 0424 4362 048 2131 MR
2 3.25 6.63 1.38 6.84 560 4910 1135 0417 4066 915 1989 R
3 318 6.37 1.27 6.12 539 4718 11.21 0413 4583 B66 2165 R
4 02 6.10 i.20 547 5.0 4163 1095 0409 3127 538 i6d0 R
5 2,53 547 1.14 5.81 502 3697 10.69  0.396 058 760 1401 R
230 °C 1 32 6.14 1.39 6.59 503 4332 1122 0412 3327 BO6 1587 R
2 2.66 533 1.33 570 476 4225 1.10 0411 932 TR0 1807 HR
3 243 520 1.25 553 489 37.69 10.81 0.397 2917 688 1275 HR
4 24 521 1.21 522 467 3601 1070 0392 2030 684 1281 HR
5 2,12 489 1.09 5.02 477 3358 1048 0385 2830 682 1245 HR

DR, HR, R, MR, NR are defined in Table 1

SH & volumetric shrinkage from water-swollen to air-dry condiion, SH ,, volumetric shrinkage from water-swollen to oven-dry condition, SW 4
volumetric swelling from air-dry to water-swollen condition, SW_, volumetric swelling from oven-dry to water-swollen condition, EMC equi-
librium moisture content. MOR modulus of rupure, MOE modulus of elasticity, Den oven-dry density, L lightness, a” chromatic coordinates on

the green-red axis, b~ chromatic coordinates on the blue-yellow axis

& Non treated
B PLATO-treated
o 0y - %

Fig. 8. Modulus of rupture of some wood species
before and after heat-treatment on whole plank scale
(Tjeerdsma et al., 1998b).

Jo] AJAFE] A ThHBrischke2} Rapp, 2004; Kamdem et
al., 1999; Tjeerdsma 5, 1998b).

dAe] sz gt FA A2 71AA A
s W3] gk AAS Table 1] AAISFHIAEHGuo
5, 2014). Table 1ol= thefdt 2= 7FEARES
zHoz AXT poplardie] 7|AH e WIS
LFEFH SAEE Table 194 & 4= Sl B8R} o] EA
2] 7hgolA 7R ;e TFAAIRe] SR &
Aol FA=gart AAe AFE 7Ktk Guo &
(2014)2- 170~2307T, 1~5A17ke] 70| wje} A3
2Rt A3, 170~185C ol A= 1~5AkS A 2|5t
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EA 9] At g WEg A

= @A FA419] FHf MOR F47} 1% ©]sto] 3l
=l 200T odolA= MOR rax7h Zf 50%7}
A TR |= @AS HI13} T} Candelier 5(2013)
= A A7 Aa Aol vE sY =3
(220C)olA EAEZES 37 7P YA, MOE,
MOR Y Brinell F= 47 7449 = J3S B3
SHATE E3 soy oil 0|83k SOTT F74o] dry air
£ 0]83F DATT 3% H]3[] MOR ¥ Toughness”}

Ao R =rh= Riu%: Qlti(Awoyemi, 2009). &
5 2Ue WA A%, ARAE FaTh vl 2
o2 yeht A5z Baps sl Arjolof she

L‘

FEE&oEE Hrt A5 A&7 dasihar sl
CHHale 5, 2005). o] Ho= tf4=2] Hilof|A] F7],
oil, A4, AL =0 AT ujFo] Az =
71A% sl o] @rol A4 2ichSandberg
@} Kutnar, 2015; Hale 5, 2005; Rapp?} Sailer,
2000; Syrjénen?} Kangas, 2000; Jamsa & Viitaniemi,
1998).

AAR ez de] dafA Sl
= e A 2Ae) gud WsE oew 2
o] A7fgttt. HHE Thermowood?] 7%
oA HI Lwo] M7} 150~240T
29 FAE FAEL 0~30%, YEHE=2] Plato
wood= 160~190C = A PS o 5~18%, LA
©] Rectified wood:= 210~240°C oA, oF 40%, =Y
9] OHT woodi= 220COllA, oF 30% ECo 2 e}
WTHRaggers, 2016; Homani} Jorrison, 2004; Militz,
2002; Mayes®} Oksanen, 2002; Rapp®} Sailer, 2001;
Vernous, 2001). o]} Zro] €} AFEA o) H|3f =]
A 3o o2 st YadH=2 plato woodS A
ofat uix /1S5 DL A g B

30% olge] g 2 BE $AbS ZePOR Tx
o2 AgstuATH: A9elt WaT A= 1

Q3 Aom nHE L.
oV} ol WAz hFolAE $%
yaase) el ssl A Al D

=017] flste] =gl A

Yolgor o5 KiEds
34 A% 2 A Az =29 dado] At
ar g g Qlok

g 9% 4

e

A2 kgl Byt A 53

5. @xfal SO LS

AP BAs 22 QA% 5A4ERe shehA st
2 ZAE 7Helishe AEasklAte] tigh AgH/dol
S7Ee marh acar a7iEal Qlck(Raggers,
2016; Homan} Jorrison, 2004). <, A AU Ado] W
o 5% AXE WoRA WEAHEEC A4S
£ wat geke Aelt,

dutdom Axe] =Ao YEHe BA 4,
A2 FHEACILLES} HAZh ALgEE o)
Aol 7 B9 GYS Ak HuSo] yrt
(Raggers, 2016; Acker et al., 2011; Welzbacher &,
2009; Sakai 5, 2008; Welzbacher2} Rapp, 2005;
Mayes®} Oksanen, 2002; Rapp and Sailer, 2000;
Tjeerdsma 5, 2000; Militz, 2002; Tjeerdsma 5,
1998b).

JYHos AgEE B8 AX BAel Y
Aol el ANt

Plato process] 7<%, HeeAMz kgt w4
g, %, 9AE AL Ak e pH, B
o F5, 7taa WA S ARk ey S
4 AP EE G Aol| JF3IcH(Talaie 5, 2013;
Anderson 5, 2010; Tjeerdsma 5, 2000; Tjeerdsma
5, 1998). Plato processol| ThoFst A g|2AS] H

G

& Agslel ARAAUAA G2 WAL L
BRI chet 22 Aol S4o] trehdeh 3
A, A A ARG 2R A4S, 2a

St ARSe] WiEg WA S o FHok
(Tjeerdsma 5, 2000). S, w22 pH7} A Y
L zhE s g el o] 21, A EX of
Zejo A= AME St AR o] thgh &g
o] AR 7S Lepitk(Talaie 5, 2013). A4,
g E AES =3t -9, radiata pine> Z+
Faole W& 155, HAaESdo= 1~45
, spruceo]| A= ZrA R SHof| gt FAdo] 1~5
O & radiata pinex} *"Oli‘i‘:} e F£FoAE
o Zo] =Fo wet Ry SR g W+
o] g} wjd Mol /\ﬂ“ﬂ /\}d A0 Faidol
A 71 = A ck(Tjeerdsma 5, 2000). E3F, UE O] alder

O ot i = pR
D:LJ
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9} ARFLRLo]| Plato processS Z-g-3lo] dx|2sh

Ay Foato] gt AuAE oFejAlR HFofA
AP FAl /o] YehtA] ehgkal, 7lm] A

P AlEollA= AHAE D ofAIY BF 23]
g Aol vlal dxz] HAfol o S4lg Erfu|g]
a7k B BE QthDoi &, 2004). =jollA= 3t
U 9 22 &) A st 67 Lt oFele
SAEE A Ao, S7julof &3t ojs7t AlstAl
UEHE= Ha(Y 5, 2012)3F B} Qlof, dAe] &
9] 2] MFge Bt 4Fe BHri Zagh
Ao 8 TAE S
Rectification processo] 2]3F x|z Exjo] W3
& olH Fol AgtleTtol wet Wy 5
o] AolstA| Urebdtt. Kandem 5(1999)2 G4 =&
poplar, spruce 9 firol] 2-83& vz A FE S tut
ARG o] sl pinex 2|27} spruce?} poplarof]
vl vlud o] o Al =% BE FA T
Aoy FHgaE A7E ZA Yot T WAool
FolEQtty & 4 A5 Ech Sakai 5
(2008)° YEAF L SR
o, YL} LOiE o
AVE HF9ar, 220C 2 240CE 244
gt JEARE 2 AR HAE dE FY+E
(JIS K 1571)e] &3 AWAIE 9 ofJA|d 3+ 4,
Satoll gk *‘LH/\WOH/Hi 34—74?45} EXHQ}

-
Sl

)
ic)
2

Thermowood®] 7%, WX S (Poria placenta)
1} MBS I(Coniophora puteana)®]] =% S
o 7tE2E 230ColA= FHFHEE 0%E UER
o, 180T oA WA RS SEol T4l 15.5%, Z
MBS Ho|A= 3.9%5 UeEh ZAE o] gt
A&7l Zith(Mayes?} Oksanen, 2002). Lzu}
H 2 4330 A Thermowood TAHCZE 230C
A AP o FAE Hdarh oF 40%0] o]t
= A5 AUTTd A4 RELFEET £ =
of AMES MRS ek 4 9ol AIAE S
t}. Thermowood= &3] &4 7ol 7hefish=

o]
[N
= T
oA~
T

2

A
=

Anobium punctatum, S35 ANMNEQ Lyctus bru-
neus, W S7mlo] Tt AFHE wijP W Hoew
A7) =] %I tH(Mayese} Oksanen, 2002).

OHT process2 #2|t Fxj2] HAjo] Foqto|
oat AR AP ewst o nedss Yeay
7Pt 23, 09 g g Ao uis) 0 2
gt B ZAMES 9] Coniophora puteana®)|
el A S7Heol 2A e o] 22 d4
2 scots pine, spruce, Y poplare] t3A A= 2
ARl ZAREFO] Aol Ze SAR
A HolFArHAwoyemi %, 2012; Fojutowski
, 2012; Rapp2} Sailer, 2000; Sailer 5, 2000).
Plato process®} mlzH7FA|2 OHT *]2]#|(Scots pine,
Norway spruce, Eucalyptus)o| A= &l7jujo] st A
ago] Zokt Ao WeiA AR FgolA W
ajof] tigt A Fde AT 7lsidol dasitt
3 2 FE K Nune ef al., 2006). AF&35F 240 =
%011 wel Y54 Zosh o 2olst Wi wa

T =g, Wang & Cooper (2005)+= ZedHT}H
Tgolo] gt deo] o & A
o &2 RSt 12y Mayes & Oksanen (2002)
o slgalgol g WAl die A el
eds AR g A2 57 sFeSol AR
Aol gle-2 B 13}¢ ). Welzbacher & Rapp (2005)
2 YdT=2] Plato process, HFE=2] Thermowood,
3zl A 0] Rectified wood 2 E=UQ] OHTZ A=
EAY HAE 497 kA R(ETHHS AAIR

Aol BE 3O AN BAY EFYE

=
[e)

=N
[e)

soy oilo] =&

e wAEel us) F7hE7)e stou Az &
% AHgol AHA Fshtia Bustech of 4
of LAGH BAe} o PBFEA, o3 T
o) e ulm A A obgatErleL
REA Ao gAY Belou) SAdX
2 BAL o] mAx] Fahs WS Bolx)
or], B3] A He| A We] Bg drka B

U YHEdlund & Jermer, 2007).

FEHe ARl FrFolFol it AA = aTH(180~
220, 2 B 4AIZHol il Aol tis AlRlRt
A}, Aspergillus nigeroll A= 72 T7E

— 468 —



EA 9] A4y WEY MAdES A @A Theel B' A+ §F

RO Rhizopus javanicus®} Gliocladium virenso)|
SN ool ARAS B ol wnHg)
th(Kartal, 2007).

ol 2ol AT BAlel FEAS AAY B
7, Az 9 % 5ol wet dolkes gt 4
Foll HA9 =3 /Lo ool e Atk= A
o] stk E7 @A BAL BE 2ERe] o
o SAREAS AT AL FAT BFHL Ut
WA 3ok, EQfolut & HFo] H= oA W

o
oX
£
e,
4
o
i
B
"
QE
ﬁ H
A
ol
)
ofy
e
=)
)
o
2
o

Ao B AH5H
A AbgElofof gho] AlAEIIT,

6. Ex{2|oll 2lst 7|t SFH=}

Zt ZAo|tkMilitz, 2002). &
EA0] Mt 20k FAAIT FES
= e dA Qlo], 2&=9F FAAIe
S7FE Aol HojAls B 7= AL

HUE 3 QIti(Welzbacher 5, 2009; Borges %,
2008). E3F A Fof] HAoA g A7 v=T
oz A 4& & EE6l A=<l furfuralo] Q1o
2 FHFE = Bi7) 9dthKotilainen, 2000; Mayes
9} Oksanen, 2002). AA|2 FAZEA] &2 HAf|
= terpene, a-pinene, camphene, limonene2} 72w
$70] wout AX@300) ol o5 2
ghipol 16 MR Fhasto] LHe] Ui 3
wi4o] QIckMllitz, 2002). ole} o] eixjezh
2289 oL % Sol et Aol

ol =2 AWH7|Z= Frk(Mayes & Oksanen,

ot

o 2 }-> _\9.05.
arl

>

AL ox O AN

2002).

dxelo] oFt =AM, RV, AR, a5
FA4 T 718 B4 #E W Aol gt Aol
2= ik A FA9 71dEst Aol #A
Ao} FARE pEor 9 AR AL B 59
#FH7LE0] FRF Aer HIUEGTHMayes &
Oksanen, 2002). Gxa] 7}ZolA 719 ex & A7+
= STHIASE 714493 AR/ 7 Eu MOR

o] Al 50%71A] ZHasks BApo] Leht B
A7 = AL RuskdokYildiz, et al., 2010).
Petric 5(2007)2 @A 2] FA9] 7144435}t AFEe
A7) Slef ohFet aHERE AMEEH A, of¢]
oflA = AA Y EAj7t ml=At FA ] HAfe] H]
o B 2 El, By ERNs BEYE
271w A8t W) ma) Aot AS Rueld
o E0 QA S0 YT AR
AR ols) MRS ROl BA| 4kl
of HAEA BAVE A, BAjele olat 4
q g AR Su WEsE AREE S4o)
glol WABH Mol ajEctm wusgich
(Sandberg®} Kutnar, 2015; Mayes®} Oksanen, 2002;
Rapp 5, 2000). Awoyemi 5(2009)2 soy oil2 &
Aele W owgee WY dugE e 2AS
Ast] §1s sola
lodgepole pine)ol slack wax®@} cobalt staine 7))
of AJ@%t 23, Spruceo] A-EaW7}F 7HE =YL
slack waxE 20% AE H7} L o) A7} &
A AMEI} Pee Wustsct

Jermer & Anderson (2005; 2012)2 HAZE=A] Hx
23200, 5AZHel o8l Helet 2 e 2ao
A9, 24, 9uizke] ofs|AHel A B3 B4
FA Al v wAThL Btk A 55 5
ofl A 17 (mild steel) % ot =g Ho| FAo]
7P w=0ka, ARl ATfo] FAo] M e 4
ARl Aegw Husta §lof 2T HFEE Tol €
o] AMgE= HEZ AT FA ol A&ste Aol
ARt 2071 et o] AJAbE QiTt.

e

52 —{o

Z=%(balsam fir, black spruce,

-111
1
oz

Ao} =2 - 7IAH 5 MK EERA,
d 2 AL, 7IAA e sk =gt
of gt AR, M WA Sl His =
Mgt b 22 28 Ik

E] >

1o
g
J%ﬂ
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A2 342 UdH=9] Plato-process, L2
Retification process, =% 2] OHT-process X
T=2] Thermowood process 5| %iTt.
A EAl= FHAdol daEe] At dol
AASHA F71E= ads vehdch
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7HE 2%, A7 dAY o R (air, AF, A
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anEl B4 HCIENE WA el o
3k ARl vtot sjFuat Selst S
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