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Abstract

The wood dealt with in this work is Swietenia macrophylla, with four groups:
untreated (control), heat treated by 170 °C, 190 °C and 210 °C for 1 h. The color
changes were determined by the color meter and showed that L*, a* and b* were all
decrease when heat-treated at higher temperatures. AE is also shown to increase when
heat-treated at higher temperatures. Results show that after heat treatment the samples
all darken and change to greenish and bluish tints.

Analysis using the FTIR (Fourier transform infrared spectroscope) spectra shows
the chemical changes after heat treatment. When treated, there is found a decrease at
the 1743 cm™ mark peak, and an increase at thel1513 cm™ mark peak, meaning there
is a degradation of hemicellulose causing the relative content of lignin to increase.
The peak areas of 1503 cm™ and 1106 cm™ both increase when treated, showing the
new formation of cross-link of lignin and causing a decrement of shrinkage and
swelling in the treated sample. On the other hand, the ratios of the 1335 cm™ and 1316
cm™! peaks represent a degradation in the amorphous region of the treated sample.

The DVS (Dynamic vapor sorption) can be used to analyze the sorption
properties of water of materials. The results of DVS (Dynamic vapor sorption) show
that the EMC (Equilibrium moisture content) and equilibrium time decrease when
treated. There is no significant difference in the equilibrium rate when treated. The
highest EMC in untreated, treated at 170 °C, 190 °C and 210 °C are 18.85, 18.81,
17.44 and 14.04 %, respectively. Which gives a negative correlation between the
heat-treated temperature and the highest EMC.

Numerical analysis of the hysteresis loop via the GAB model(Guggenheim
-Anderson-de Boer) shows that the volume of adsorbed water of dry wood (untreated
—0.04697, 170 °C — 0.04864, 190 °C — 0.04314, 210 °C — 0.03372 cm? /g) decreases

when treated, as does the monolayer capacity. (untreated — 179, 170 °C — 185, 190 °C



— 164, 210 °C — 129 m? /g) In Curve fitting all the experimental data of adsorption and
desorption kinetics curves, and plotting the parameters for division into the fast and
slow curves by using the PEK (parallel exponential kinetics) model. The results
shows that the fast curve, which represents the monolayer of water in the woods
internal surface, is higher than the slow curve, which represents the multilayer of
water in the woods external surface, in adsorption. It is also shown that the fast curve

is much closer to the slow curve for the desorption process.

[Keyword] Dynamic Vapor Sorption, Hysteresis Loop, Heat Treatment, Color

Difference, FTIR

vi



O E B G B R T e L i
£ SRR UTRRTUUUUOUUURRURRRRRRRRRTTN. L0, f | N | § ii
T A iil
A DS ACT . ..ot A\
I SUTTT OO TP PUPURRTRRRREN vii
B B e, ix
B, XV
B B BT B e 1
B B BRI BB oot 3
2.1 R EEHETE AT AR 3
200 REBRIECRERE I oo 3

212 REHIECRIIR oo, 4

213 KEHIESRARMPEE oo 5

214 REBIE S RIEBIRE I oo 6

2.2 R B oot 7
220 AR BLE BT oo 7

222 MIEME R E BRI oo 8

223 BRI ZAEZ BB e, 13

224 BB AL IR I IE AT oo, 18

23 R Z BT B oo 25
2301 AMIBEHIZBIZIE T oo, 25

232 AMBERREFRF E——RELT H o, 27

233 AMBHEREARFT E-FEARDBIIE e 27

vii



24 BT G T ettt 39

241 BB HEA DI -GAB B e 39

242 R KRB ERZHEA AT -PEK A 41

B B R L T e e 43
3.0 RERM A AR E B AT I oo 43
301 BB BT IR oo 43

302 BRI T e 43

303 BURIZUCE e, 44

B4 B A oo 45

305 B LA IR B M oo, 46

32 FRE K TR BT AR oo 47
33 BRI oo 47
B0 E A B 3 o oo, 49
41 BRIZZUE et 49
42 BETIE B, EAH oo 49
43 BRI AT TN IR e 51
N X A = s OO 55
4.5 B REK S BIEAL DA —I GAB B M oo 69
4.6 B &K BRI EAL 5 HT—IA PEK BT 5 HF oo 73

B BT Ao 80
R UK oottt ettt ettt ettt ettt et ettt et enenn 82
B A% v 87

viii



B B %k

1~ REBIESAREIELE > 1994)

Fig 1. Swietenia macrophylla.................ccoeceeeviiiiiieiiiiiieiieeeee e ee s st et e 3

2~ REMIESRENRNZE S HCHELEEFA > 2010) (a 1997-2005 F2 K,
HEMRES) 5 b. 2002-2005 F-T & 4K 4E BHIE F))

Fig 2. Distribution of Swietenia macrophylla in Taiwan (a. within People

Reforestation Movement in 1997-2005; b. within Afforestation Award

Movement in 2002-2005) .....ccoiieeiiieeiieeeie et e 6
3~ AMEERE
Fig 3. Different treatments of wood. (Homan ez al., 2000) ..........ccccooveieviiriiienienneenen. 7
4~ B AR
Fig 4. The process of thermal treatment. (Navi and Sandberg, 2012) ...........cccceeuenee 10

B 5~ #hR 32 RE A

Fig 5. Reaction mechanisms of heat-treated wood. (ThermoWood Handbook, 2003) 11
B 6 2R3N E LA

Fig 6. Temperature evolution to achieve thermal treatment. (Candelier ef al.,2015)..12
B 7-UBEHIEE AR BRARARZIEZEX

Fig 7. Relative area from temperature kinetic representing Pinus radiate heat

treatment to obtain a mass loss of 12%.(Candelier et al.,2015) ...................... 12
8~ B FEHTERE
Fig 8. Chemical structure of cellulose. (Mohan ef al., 2000) ..........cccceeveveeecieennenns 13
O~ ¥tk XL UREH
Fig 9. Main components of hemicellulose. (Mohan et al., 2006)..........ccccccceeveruennnee 14

10~ RE F= AT ein(He k5 S8 - M08 - 5 F8)

Flg 10. Three precursors of lignin, p-Coumaryl, coniferyl, and sinapyl structures.
(Mohan ez al., 2000)........cc.oeeeuireeiie ettt 15

B 11 -aGfRib ey AR E A&k @B EHEZE B ERES%{L Fig 1l

Temperature history of the furnace (Gas) and the wood sample for (a)Birch

and (b)Aspen. (Kocaefe ef al., 2008)........cccoeveiriiiiiiiiieieiieeeeee e 17
12 ~ 2 dh 47
Fig 12. Hysteresis loop. (Bertotti and Isaak, 2005) .........ccccoevvireiiieniiiiiienienie e 25

13 ~ GEAMAR T 32.2 °C Z B BRI H dh 41
Fig 13. Sorption hysteresis curves for Douglas fir at 32.2 °C. (Walker et al., 1993)...26
14~ BEZAARMEREILT EE

X



Fig 14. Diagram showing the basic working principles of the surface measurement
systems dynamic vapor sorptionapparatus. (Xie ef al., 2010) .......ccccvoevreeeenn. 28

B 15~ #A B K £ 45 (Stika spruce)# 24.1 °C F RAL & & 3,

Fig 15. Plot showing data from a typical DVS isotherm run for Sitka spruce at 25 °C.
(Xi€ € Al.y 2010) .ot e 29

B 16~ &KX TA7" 24.1°C FTEREBREHAE

Fig 16. Adsorption kinetics curve for Sitka spruce at 24.1 °C showing change in

sample moisture content and relative humidity against time. (Xie ef al., 2010)

17~ Z 5 HATREBRLFZBRZAHEETZIE2REZABMORRBE 5
KEMCr)(a. REEAM b REA TSN WEN»FE05%c. KREH
FEHWELHE60% d REZLESIEWESL 20.9 %), 32

18~ & BARARERE T TRAMENARE (. 2KE b PFHER  cBRIARFR)

Fig 18. Moisture content (MC) increment and decrement (a), equilibrium time (b),
and moisture adsorption and desorption rate (c) of untreated and treated wood
at each given RH level over the full RH range. (Xie et al., 2011)................... 33

19~ Ry BRI AL QR RIBEZSKEZAME bR RBEZIBE KR EK
R CARMBREZSKEZAME  ARBHREZ L E R EKE)

Fig 19. Moisture adsorption (a, b) and desorption (c, d) behaviour of wood. (Xie et al.,

B 20~ RIS FREEUARRIZSZ A Z@FE (. AGKREZRMEIE
b E &2 KFEHE)

Fig 20. Hysteresis of untreated and modified wood during the sorption process. (a.
Calculated from measured moisture content, MC; b. calculated from reduced
moisture content, MCR) (Xie ef al., 2011) ccccoovviviiiiieiieeieeeeeee e 35

21 - R F P EFHROLBHEES I mEZHILR

Fig 21. Change of isotherm loop area of wood modified to different weight per cent
gain (on the basis of area of untreated wood) during the sorption process. (a
Calculated from measured moisture content, MC; b calculated from reduced
moisture content, MCR.) (Xie ef al., 2011) .c.oooouiiiiiiiiiiiiiieieeeeeeee 36

B 22 RS THRAEEERRERREAZEFLL (2. LS KEFAMEITE:
b.o4 2 B 14k % 35

Fig 22. Hysteresis ratio of modified wood to untreated control at given RH level

during the sorption process. (a. Calculated from measured moisture content,



MC; b. calculated from reduced moisture content, MCRr) (Xie et al., 2011)...37
23~ NIRRT T ZAKEHREGFAT @ » 5-95% RH)ER BT T X2k
X E(HIEH795-5% RH) (a. k& 32 b. /L2 20 % K% WPG0.5% ;
c. b2 Y RrIE% WPG8.6% ; d. /L& 2 ik 2214 WPG 20.9%) Fig 23.
Moisture increment in the adsorption run(arrowdirection, RH from 5 to 95%)
or moisture decrement in the desorption run(arrow direction, RH from 95 to
5%) of untreated and treated wood at each RH level. (a. Untreated control, b.
treated to WPG of 0.5%, c. treated to WPG of 8.6%.d. treated to WPG of
20.9%) The moisture content is derived from the modified wood(MC) (Xie et

AL, 20T1). oottt 38
24 ~ U FTEBE S T kA GAB B A 2 # A E Z KK 5 R IR &
Z dh 4

Fig 24. The experimental data for water vapour sorption by lime wood are compared

with the curve calculated from the least-square regression of data to the GAB

isotherm. (Bratasz ef al., 2012) .......cccvevieeiiieiieeiieeieee e 40
25 ~ HIL R N F IR AR
Fig 25. Types of physisorption isotherms(Sing ez al., 1985) ......ccccevvveriiviniiniinncnens 41

26 ~ Ep B g AR AR A 0-9.25 % T RIAMIEZ It At i
Fig 26. Nonliear curve fit to adsorption data (25 °C) for Endospermum malaccense

exposed to a change in relative humidity from 0 to 9.25% and results in

inaccurate values of characteristic times. (Zaihan et al., 2010)....................... 42
27 ~ B A2
Fig 27. The process of heat treatment. ........c.c.oveevierienieiienienenieneeeeeeeee e 44
28 ~ CIELab & ¥ 2 X &R ZH T &
Fig 28. CIELab system 3D color space. (Bekhta and Peter, 2003)..........cccceeevveennennns 46
29~ BEAZE
Fig 29. Flow diagram of eXperiment...........c.cceeruerienienienienienienieeiesiceie e 48
30 ~ Hhit s R #R 328 4 CIElab 2 B 4%
Fig 30. Relative between temperature of heat treated and CIELab value. .................. 50

31~ MR R KRR IR LA 170 ~ 190 ~ 210 °C # R F Ak A
Fig 31. Samples of untreated and heat treated by 170, 190 and 210 °C for Swietenia
TACYOPAYIIA. ..ot e st e e e e e bee e 51

32~ BRIE S R KRR IZ A B &8 & #hR 2 FT-IR #3%E
Fig 32. FT-IR spectra of untreated and all treated Swietenia macrophylia.................. 54

X1



33~ BRI AR 25.0°C T oA AN B ZRAE KT

Fig 33. Plotting a typical DVS isotherm run for Swietenia macrophylla at 25 °C. .....55

34~ Befe s AR 25.0°C FAREAKE 0 10 %R R IR S) At d &%

Fig 34. Adsorption kinetics curve for Swietenia macrophylla at 25.0 °C showing
change in sample moisture content and RH within 0 — 10 % against time......56

35 ~ BRFE SRR 25.0 °C FARER L 25 - 30 Y% f] RIA By AE o 4%

Fig 35. Adsorption kinetics curve for Swietenia macrophylla at 25.0 °C showing
change in sample moisture content and relative humidity within 25 — 30 %
AGAINST TIMNIC. 1ovvvieiiiieeiieeeieeeeiee et ee et e et e e et e e s tee e saeeeabeeenseeeesseeessseeessneeensns 57

36 ~ BRIES RE S PUTRBRZFZ BRABHBAETAKREYEIL @ RRE D
24 170°C # 2 3E 1h ~ ¢. 190°C # R 22 1h ~ d. 210°C # % ¥2 1h)

Fig 36. Measured MC of Swietenia macrophylla during the sorption run under

stepwise target RH. ..o 58
37 ~ Beibs K& P R AEAZF ¥ AEMC
Fig 37. AEMC of Swietenia macrophylla at each given RH level................ccccooeeni. 59

38~ BhEe RS T A A P T8 1

Fig 38. Equilibrium time of Swietenia macrophylla at each given RH level over the

FULL RH TANEE....eovviiiie ettt et et enaeas 60
39 s i RE S BRRERF FRMAER R
Fig 39. Absorption rate of Swietenia macrophylla at each given RH level. ................ 61

40 ~ BRIE S ARAE 25°C T ARMBRIMBARZFZEFdE (A RRIHE ~b.uL 170°C
AR EE 1h~ c.24 190°C 2 22 1h ~ d.2x 210°C #& & 22 1h)

Fig 40. Hysteresis curves in adsorption and desorption process for Swietenia
macrophylla wood powder at each given RH level at 25 °C.(a. untreated
control, b. heat treated by 170 °C for 1 h, c. heat treated by 190 °C for 1 h, d.
heat treated by 210 °C for 1 h.) coeeeeiiiiiieiece e 62

41 ~ Brie o R AR &R dh 4

Fig 41. Moisture adsorption behaviour all treatments for Swietenia macrophylia. .....63

42 ~ Brie s AR AR LR dh 47

Fig 42. Moisture desorption behaviour all treatments for Swietenia macrophylia......64

43 ~ B AR T R R IR AR B FAR AL S R 2 a2 AL

Fig 43. Hysteresis of untreated and treated Swietenia macrophylla during the sorption

PIOCESS . ttteeeeuitreeeesutteeeesetteeeeasaseeeeensssaeeesasssaeeeansseeeeaasssaeeeasnsseeeeanssaesennssseesannes 65

44~ IS AR RIEUR R R 2R IZRE 2 B d e mFtbd

Xii



Fig 44. Ratio of isotherm loop area of Swietenia macrophylla treated to different
treated teMPETATUTE. ... .cccuvieeeiieeie e et et eeeetee et e et eeereeesereeeese e st bre e earrasessneens 66
B 45~ BRAC S RBMHAR T F & RH KR 32 8 3R 344 2 500 LE

Fig 45. Hysteresis ratio of treated Swietenia macrophylla to untreated control at given

RH level during the SOrption ProCesS. ......cccuveerveeeriieeiiieerieeeeieeeieeesiinessseeenns 67
B 46 ~ phit o R KRR IR R BB E R IENRIEAE T T B HARTF T RE
gk EF

Fig 46. Moisture increment in the adsorption run or decrement in the desorption run
of untreated and treated Swietenia macrophylla by different temperature. .....68

Bl 47~ R AR B #hg 3L B A FE s R 25.0 °C KB g B B L R 2 B T
®

Fig 47. Adsorption and desorption isotherms of water for untreated and different
temperature of heat treatment Swietenia macrophylla at 25.0 °C.................... 71

48 ~ KR B MK IE S R(Swietenia macrophylla)$1 % # X gk (Bratasz et al., 2012)#k
FErs R 25.0 °C 7K 5 R i B i3 B 7B 248 i o 4%

Fig 48. Comparison of adsorption and desorption isotherms of water for untreated
mahogany in reference (Bratasz ef al., 2012) at 25.0 °C. .....cccooovevivvvnienennn. 72

B 49 Bkt AR 25.0 °C BEAZ A RH30-40% F 4K S b e (A4 EHE
LA B oA PEK #4 A1 5% 4-18)

Fig 49. Example of a curve fit to adsorption data at 25.0 °C for Swietenia macrophylla

exposed to a change in relative humidity from 30 to 40 %. (Inclusion of all

experimental date and the curve fitting data by using the PEK model.).......... 73
B 50~ Bkitw AR 25.0 °C & &42 - RH30 — 40%F 4 7k % #4618 & PEK g #i
EU &L

Fig 50. Example of a curve fitting for Swietenia macrophylla at 25.0 °C exposed to a
change in relative humidity from 30 to 40 % showing the slow and fast
exponential KINetiC PrOCESSES. .....ccuueruieriieriiieiieriie et ettt ettt siee e eeaas 75

51~ BRfEs R 25.0 °C RIB BN EAZF PEK R R & 12 dh 427~ & RH T =
BTt &t 81k

Fig 51. Variation characteristic time (t1 and t2) for Swietenia macrophylla at 25.0 °C
exposed to a change in relative humidity for fast and slow process in
adsorption and deSOTPLION. ....cc.uieeuiieeiieeciiie ettt e e e 76

52 ~ BIE S R &R R AR PEK g sh @ N &R ZHeKE

Fig 52. Plots showing the cumulative content values associated with the PEK

xiii



processes of adsorption for untreated Swietenia macrophylla sample. ........... 77
53~ it R &R IR AEAZ F PEK Hrdig sh g N &M B2 R k&
Fig 53. Plots showing the cumulative content values associated with the PEK

processes of adsorption for untreated Swietenia macrophylla sample. ........... 78

Xiv



* B

& 1~ REMILC AW RIEERE(E/K 0 1983)

Table 1. The physical and strength properties of Swietenia macrophylla. .................... 5]

& 2 -DMHEZHABRRELERA

Table 2. Comparison of five main commercial heat treatment processes(Yildiz et al.,
2007; Bak and Németh, 2012; Kariz et al., 2013). ....ccceeevveeeeiieeiieeieeeieeea, 9

® 3 AEAKRARKEDEZECMARERARERZEZ IR LIFEIFR -
(LA 2910 em™ Xk C-H Bs By sk B A 56 B 2 i m L B A2 AL S (A
(A/A2910))

Table 3. Evolution of the normalised area adsorption peaks Birch samples with
maximum thermal treatment temperature and holding time. *The area of the
peak of the C-H aliphatic stretching around 2910 cm™! was used for
normalization(A/A2910) (Kocaefe et al., 2008) .......cccevvieviiiiiiiiieieieee, 19

i b A ARARIE BERECEARERRRIZEE Z SR LR -
(M#BMmJﬁ%CH%%%ﬁ@ﬁ B2 g mE M A REISE A
(A/A2910)) (Kocaefe et al., 2008)

Table 4. Evolution of the normalised area adsorption peaks Aspen samples with
maximum thermal treatment temperature and holding time. *The area of the

peak of the C-H aliphatic stretching around 2910 cm™ was used for

NOTMAlIZAION(A/A2910) +vveervreriieeiieeiie ettt ettt ettt ettt saee e e seaeenneas 21
% 5~ #HEBHEA (Picea orientalis) ¥ B 3 ¥ R (Fagus orientalis) # & 32 2 FTIR
R 3R L
Table 5. Summary of heat-treated spruce and beech absorption intensity change by
FTIR detecting. (Yildiz ef al., 2005)......cccvveriiieiiieeiiieeieeeee e 22

& 6 FTIR At Rid d RAL 2 S5 3 B &
Table 6. Summary of assignments indicated to a set of FT-IR spectroscopy(Popescu et

AL, 2011). v 23
& 7~ IR AN AM R AZHFHIRS

Table 7. Characteristic bands of the infrared spectra of the wood samples studied
(Colom e al.; 2003) ..cueeeieieeieseee e e 24

A8~ BIE S AR PR R B R B A E

Table 8. Yield of different temperature heat treatment for Swietenia macrophylla. ....49

F 9~ MIES KRR B E R B 2 A 454 FT-IR 3270 A 1A

Table 9. The area of all characteristic band in FT-IR for Swietenia macrophylla

XV



different temperature of heat treatment............c.occeevvieiieniiiiieniie e 52
% 10~ BkiboA# FT-IR 5£3% 1335 em™ 2 f &£ 3R
Table 10. Characteristic of band 1335 cm™ in FT-IR spectra for Swietenia macrophylla.

........................................................................................................................ 53
F 11~ BIE S KRR #UR I8 BN HIRE 95 %2 T4 K%
Table 11. The EMC of different treatments for Swietenia macrophylia. ..................... 63
& 12~ REVBE B ILAM K0 R R BRALEF AT GAB 28418 T & mg

&

Table 12. GAB constants and specific surface areas obtained from the regression of
the experimental data for water vapour sorption by different temperature of
heat treated. .......ooouiiiiiie e 69

* 13 ~ tb# RFF % ¥ (Bratasz ef al., 2012) k& & 32 34 K 5 R it B B A 18 57 743
GAB #8185 T Ak M A

Table 13. Comparison of GAB constants and specific surface areas obtained from the
regression of the experimental data for water vapour sorption between this

work and reference(Bratasz er al., 2012). .......cccveeeiieeiiieeiiee e 72

Xvi



F—% A

i

NHEE £ EARM R IRZAR T AR NSRS A EIREER T AM  NEKTR
AREEM UEAMHOHERBERRFERA BREFRAYHBRANH L
B AL ARM > DA ARG R E G R I BB E 0 AR @ LR
LM A ESIREMEA —RREQRM -

KAt & B AR RO RAR BRI A T AR A& LA A e mM 8
KIREBRT > AMAT AR S 2 R TR KB P o4 & B s PIRFERE
FIRA BB RIGERERA T =R 2 am P HMEE I AE— T HERTR
bR E—KEMNE R BT EKAEF A LA AW o #EE( Popescu et al., 2011)-
ERLETREZGREME RIFOHIGFR - BEMET -RITMY RAMY
BRABRIIBE SR ITHA EARALERZEDR S -

AMBRBEAR F LA A RAARAM wTHA LR AZEBEYFAARTREN
AMBAHEFRRENOR S €RBRIMHEEFLMBAE RGO EKE &
3 R~F B ey 84 > RAD e THI A 0 FRb 2 5h » AWk oy B % Rt 4R 28
Z— Ak BB AR KM KRS RN EMNIEE o BRI
IH @A E A > kot m RA R+ R T ZBAFAE S FRARM RN
@R A A ke BB AT LS AL o — AL T R MUK A ARM IR R
o BAMEAKEBRE2% AT THARIPH A - mBdE R WRRER
BERAELAZO TR BERRMANPL T A EREHED B H - &
S HAMETRERE ARARE S FA P ER LR BT RIE
MEMUEREREHBRBARE EY AREAMEMRET FLRETY
o BRI G KM AL B — A R R AR IEM R F R AR - B
RHAR S SR E > EENEINA SR AR - (Yildiz ef al., 2007; Popescu et

al., 2011)



A A& T BRBRAEN  EMPBERTREMN > MRS R T
REMEEDEARM T HAES  c ARHBRRBRR  MBAKSEHRM E
MERFAR - BRARHLNERETBH K ORBELZR R ARTH
Ko Z AR BL K (E A K > 1983 5 Walker et al.,1993) © =T 3 b 547 R4t Bt %
Z B i g B AR B R F R M e A A & B B4R R - (Hill, 2008; Hill
etal.,2010; Xie et al., 2011) o

—RAMBEFREZIAR S DR ERR HICEFR R BHELTR S
HAH TR AE) R Ky BRI R RIS R BRIZM X RIAR R - 54838 170
190 ~210°C # 232 1 h 1 kR B Z BRI RBEM > & £ 2R £33 L*(BAs%
18) ~ a*(4r s fd) ~ D*(REAMA) > MRAE (& £E)XBREYFZ 4L > E
FTIR(Fourier transform infrared spectroscope)& /8] H &l 5638 » 87 2534 % R 32
HEH B A 2 2% 5 % 2L DVS(Dynamic vapor sorption » &) A& 7K 5 9% [
M B P BIRBBURAR T T 287 dh 4 £ & BB AL A M (Hygroscopic
properties) ; K 24 GAB(Guggenheim-Anderson-de Boer)4s Al 747 i /45 oh 42 45 M
22 & PEK(parallel exponential kinetics)# 7 45t &~ 3X B & AR 7% Bh A ob 47 > 38 DAL 7

MM IR R
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211 KREMIESAKEREH

1~ REMIESAEE& > 1994)

Fig 1. Swietenia macrophylla

R EMRIE & KR(Swietenia macrophylla » 45 % mahogany ~ big-leaf mahogany -
acajou 3 caoba B 1)ABRANTHEMN - 2B~ THLLZ AR BE EEE B3
TARGBIEREAN > 1994) > F A &7515 18 (Negreros-Castillo et al., 2003) » 4 #8%
L+ Ak F(Melicaceae) ~ kit o KRB (Swietenia spp.) * B A 4 #Ekit o R » KE

Mo REP B HE— - CEYH®EEA > 2010)



—A >~ BHE-6 H)MRAE  RRPHBREHH > AIBRD > KARR
276 0 FEIEI A - BRIPMEIELF A 1994) o B A F &4 EAAE 0t
B#30-35m XAHTEASTme BEER > RIARFHARARR 518 # R T 2 35-60
BfF  AFBEREVAERE  BRGHE  BFARELNERE T TARRK
VR AR (2P MR PSR AT 0 7 B — AR HIE S R
f o 3 s 7L & (Hypsipyla grandella) k8 - £ 2H A R ILEFTOER - CBYE
% A > 2010)

BA 1899 i FEANAAE  RAARRRARY > £2EF
BIRABRIBE R EREM 0 FIAHE RS MBEZ — -

BRrAESME -G KR BESE -HBAR-FE - gEKR-EMFELT - &
PR FRERAT 2 2002 FAEBANEFLAGENBZIHACHERARE S
(International Trade in Endangered Species of Wild Fauna and Flora, CITES)f4 £ 11
(Appendix IT) F » BkfE & RART A R BRI SLRAMAS P SN 8H 0% > HIABL R AAARA R

— A2 7K 4k 42 % % 32 (Sustainable management) - /& JF & £ #] & (Non-detriment
finding, NDF) & Br e e § 5 BB R GHR T 2 A2 E-(CHBYBREA

2010)

212 REBIECKAR

TR BHRAR > BB AR BT RAEEEA XEFRES - TER - £ LR
BEENAF KRBT HIC R IR S A DRI R B B+ 5
HIRIE -

AL S RIEBAM - EM R e~ SHRFBE  RBEAREAFE  KER
BERREBAAK RBKRERKE - HE - & RARZJEHM > BTk
ERFGHRASAFEE MK 1983)c ANHLEZE ~ EMWAE -~ iR - BHERS

A5 A | 4
RN

CREZ G TR BARY - Bk AR B A R 5

%)*“



AR ~ BAR ~ B4R ~ B AR ~ B4R ~ BN B SR FE o (B3 5-F A 0 2003

FEMBEA 1999 ; B EE A - 2010)

213 REMIESKAMEE

B REAE L R AN S RE S R ERAZARZ IS AN BB
WH > 48 Fl &R R4 (& 1) (Wood Handbook, 2010) « 48 8 AL A 341 - BiE
AR et Ao SRR AT (B4R K 0 1983) o ik | PTAASARHES

11-15% > 45 8| B8R -

1 REMIESKRYERBEMEE (EK 0 1983)

Table 1. The physical and strength properties of Swietenia macrophylia.

Bending
Species MC Full shrinkage(%)
strength(kgf/cm?)
(Origin) (%)
radial  tangential  volume MOR MOE
S. macrophylla
12 3.2 5.0 12.0 875 83000
(Martinique)
S. macrophylla
11 3.5 4.8 8.4 842 106000
(Colombia)
S. macrophylla
15 3.2 4.5 8.6 924 -
(Brazil)
S. macrophylla
12 4.0 5.6 11.4 1185 92000
(Martinigue)
S. mahagani
12 - - 8.5 1330 -

(Cuba)

*crude vegetable oil: e.g., rape seed, linseed, sunflower oil.



2,14 REHIE-SAREH BMH

HARERECAKREEZEARPBERLALREBME AERESHHE T E%7
= REMRIEOKR

RAEBEHRBEZ — o RIFBHY %A 2010 Fey RAEH

oA 4amAE A 3110.50 ha » H & &4 1997-2005 F 2 RiEHEH R L BH A
213240 ha > THE 2a AHAREERT M EN > EZ5HN T &I UK
2002-2005 4 3,36 ph 4% Bh3E 8y SR AE 48 @ A% 852.49 ha([E 2b) £ 5 A N3 H
K& LA A BT By 4 2010 B A AR BEb AR 6 IR B R 43t A m A A 125.61

ha -

A HEBEAE LA R PG PRGE B R 1 53 16l

[]reawesn @ 10012436 G wus 0 WK
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. 0B [ X 08 =us 0 aws
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2 REMILSCRERNZE>HCHEEEE A > 2010)

(a. 1997-2005 £ 2 REMRIES) 5 b. 2002-2005 F-F 335 4R 42 B iE &)

Fig 2. Distribution of Swietenia macrophylla in Taiwan

(a. within People Reforestation Movement in 1997-2005; b. within Afforestation

Award Movement in 2002-2005)




22 RMEHE

At T AR Lk BE @R AR Z R TR K4 B A B A RBLUEY
Ry FRBRZMEBRESILMBEE RS EKE > M R T Loyt
RAA e TH R > R A A B LR RM X — > Gk E@
b B Y SEE 0 RM PR Bk o A AR A e A7 5 > B e B 918 K R A B 4 P
RAE A — B RF RAMUE B RM LR IR I AR SR EEE 20% AT
THBIMHAER mBt Rk WRREABRREASELARN T 2ELR
MRRP S AR ARAEHER B -

221 ARMHERIE

AMBEEREE F KXRE > o AICRE AR Y IEE R Y - LR EE
& RACZ BB R ILAM B RM AR BB RS KB R m i 15 Rk
HinFVER > EmERB e o (B 3T A E T8 - #hah F KK
BEPAARAM » EMERBHY ©

O]

The untreated cell wall

@ ®
0o®
®
Water molecules between
cell wall polymers

Cell wall polymers with
OH-groups

Unaltered cell wall
polymers

Bulking chemicals in the
cavities

Filled lumina

The bulked cell wall

z
o

The modified cell wall

Cross linking

o]

Substituting of OH-
groups by more
hydrophobic groups

ko 1]
I |

Removal of OH-groups
and cleavage of chains

Bl 3~ AMEEHRE

Fig 3. Different treatments of wood. (Homan et al., 2000)



AL 2 M KAt 20 8 4o B#{b(Etherification) ~ &5 4t (Esterification) ~ £ &5/t
(Urethanes) ~ #.4b(Oxidation) ~ ¥ &7 %z & 1b(Silylation) ~ Z, & 2 ft(Acetylation) ~
.k P2 (Ammonia treatment) ~ %245 K J& (Crosslinking) ~ ¥ i 16(Cyanoethylation) ~
3% 4, ¢ % (Ethylene oxide) ~ # 44 4% B2 44 #4 (Irradiated wood) ~ H & —EF i 22
(Treatment with polyethylene glycol) ~ 44k % A-(Branched polymerization) % - #| F
L2 B B R 38 5 R a8 P & 91 2 RF Ko Aa ZAE A R S8R 69 MK M s Bk R
B B R AE X AL B R AR K T RTR SR A B B A AR,
852 R BIEENRMEE R 5T HIIEBES R > B R A AM B R AR
BT R ABIR B ERMR T REM - BH B BICEE DAL AM 0B > [§
IREBALRAE R M R R TR R Tk EABE R RT =8 -
H o~ EyBAS - UM~ CERAEELR RS -

DAL BB RIZH TR MR ARM B AR - d - ASFEAENA
TORR 2B LA MBI AL A R ROBE bz b BEILE#
BIAARS  HBRECAEAHBFLRE FRAKRAIEL P ER R L& F
s W ENFREHN - BRE - BBGELNLGHA R EHAEZ A (R

wmARE F > 2011) o

222 IEMERM TR IE

RREAH—RERAMAERE  AME A REFZALAUATES oL
Fdm o B AARM RTREN S RIFA R R HIREA T @0 B4
ML A AR S BN — AR 6Y 2R BB $5 8 A 160 —260 °C(Kariz et al., 2013) >
K % R 180-280 °C » Bk skdtbitdg ~ R+ K0~ 8k % > LRI I2 1% TAHA
WG E AR TRERE RS LREFRF  HFREELE A 15 min
24hr e ARAMEZRERDZ— I F B4 EERPRAEMEAMBITHRRE
HRE - H—E AR AR T 47T #R E(Yildiz ef al., 2007)

#1990 F4X B 45 0 20 B RM & ¥ AR 25 B A %2 P o (Finnish Research Center,



VIT)F4 2 M BN RBRIEM » REHFREHESM 0 TERILIFBAR
32 R # 2> & (Finnish Thermowood Association)323% & ¥ Fr 4 & 89 & 5 0 fbfriprad
S BRI AR R AR A BB KA ALY 0 2008 SF 403 B R 2 BN T 90%
Wy AR FEAL o

SRR ARM G BTRAEG BN ERFHELEAER  AREALAZR
% #% & Retification(7k X Les Bois Predure) » 2k & 32 44 #% 44 Retified wood ; 42477 B
#h R 32 4% % Plato process » # & ¥ 4+ 4 Plato wood ; &£ B B] A Oil heat Wood(Hill,
2011) > G thimk 2P  c KA LA ER AN ARRERMI > L10H
F A% F+ 4 89 WTT(wood treatment technology) ~ & #.#] & Huber Holz 2 B 4% B &4

Barkett (Bak and Németh, 2012)

R 2 -ZMAEXEHARRELEL
Table 2. Comparison of five main commercial heat treatment processes. (Yildiz et al.,

2007; Bak and Németh, 2012; Kariz et al., 2013)

item\nation France Netherlands Germany Finland
treat process retification les bois plato oil-heat thermal
process predure/ process treatment,  treatment
obis OHT,
perjure Menz Holz
treated wood retified - plato wood  oil heat thermowood
wood wood,
OHT wood
medium inert steam - crude vege water
nitrogen, Table oil*  vapour,
0:2< 2% air < 3-5%
PRI 210240 230 190 200 180-250
temperature(°C)
cost(€/m>) 150-160 100 20 265-295 -

*crude vege, rape seed, linseed, sunflower oil



4 % Thermowood # & 34t X K42 -8 » % — 5B (stage 1) & & B 300%
MR (stage 2 ) AR IZ 5 5 = MR (stage 3 ) AABTSL B o f8 HAE AR IR A2
F& ¥ 5 — ISR RAL BB AR IR AR P iR R GG EFR] > R &R I B R AR
FERERRZR REMG R~ BHHE - o KEME > KREMELIER
WERY REBEAHEI00°C £4 > HIFRFVLELE GRRARE 130°C
BARMBKEFEEZH L% wRAE EH EHATRLRRABNTX - B A
PR IR SRR (2T R B R & A IR - F B F ST
BEI85-215°C > R ERILBEAF AL 2-3hr o RA R ARG K&
Thermowood 1% A T A A S B RIE - HFZMERUKEFZ2AEER T8

B3] 80-90°C #F » A RIEM B ESAKRE AT % BT UMER SR -

250,
g 2004
2
2 1504
o3
3]
=W
5 100
=
g stage 1 stage 2 stage 3
50+
0 10 20 30 40

time (hour)

B 4 RERLF

Fig 4. The process of thermal treatment. (Navi and Sandberg, 2012)

Mtk Aok o7 @0 A M Ak 2 A G 0 — B A e N R 6O K
(8H7K) = BB se e o K (4 K) © HIRBEE > ftale N RE A 10
W 6t A B R TR AR T AU £ o fedo 3 — {4
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He P R E] 5 — 18 b il I RERT B9 BEFL R 38 8 > Ky TR SECAR > BRI BliEARM
I LBba T R D Hbafp » BIFB RS REH G AB G B KIES BRI 54
KA LA KA IR B e B BE SR BE M A TR 0 B A £ E HE R ia N RE -

B %54k 4 (Vernois, 2001) 32 ] » £4-230-240 °C 532 K4 7T 42 5 Rt 45 2 M
fefEMARPEE T Sl E FTHERETE 40 % > B 2 EARMEH
o A 201 °C 8 E R AR AR T AR 3R o R 6 RA R BRI LR ) MR E
HEBRFELBEAR A AMBEERELBIA - B rARERE -

BhR FE B R ~ Ah R FE R B R L AR JE Ao DA > LU SEM R e A R o Ao BBk
RIE B AR R M b E RO FERMEERER Pl EE R
Retification & #2 8951 50 4k & 7 45 th 1230 °C TH BB KRG A 84T THRJE -
#£230°C AT REBENAFBETHRLER  UARMBEIERR 230 °C 5
Fgs o (B 5)

120 §

equilibrum
. . 80 % moisture
acetic acid. jam I
230 °c RS ALEL dlmensmnal
mannose stability

increase of

hemicellulose

amorphous [EENEENS durability

\ biological
cellulose : . \
crystalline mcreased size { ‘ L
of crvstalls ‘_
| toughness |
120, 230°C j structural changes

m g free radicals weather

resistancy
120, 180°C

' increase ’—
extractives paintability
v g decrease glueabilit

Changes in the cell wall structure — Effects on
5 AR IEZ R B

Fig 5. Reaction mechanisms of heat-treated wood. (ThermoWood Handbook, 2003)
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AR #% Candelier & A(2015) % & # /% 32 % 48 ¥ @ & (relative area)(B 7) > #R

HARBBRET » A= AME(E 6): F— P& <105 °C 301k B & (Drying) ; % —
M 105 - 220 °C #.45 & #A(Thermal stabilization) ; % =& Fx >220 °C #h % #2 27

(Thermal degradation) * 48 ¥ & % & % — S B A R B = FE B 0 #UR IE R P AREF IR
HE % FRECC)HEREIFR(min)A8 ZREZ AAE BHE > AHOHETHHE
d 2R I H R A g BhAE o A8 H AR RO ROT B AE A AR 3842 F P A
BRAAME BRANE - A EF EER AR TN F > WA BN ER
(thermodegradation)#k #&(exothermic) 4 & #4 #4 %4 (enthalpy) - T 48 H @ T &K A

ZECE

A

‘ Thermal degradation |
220°C

[ Thermal stabilisation |/

170°C |
Drying

105°

p Time (min)

B 6~ #h R IR E KRS

Fig 6. Temperature evolution to achieve thermal treatment. (Candelier et al.,2015)

250
= Température of wood

= Relative Area
200 -

150

Temperature (°C)

120
240
360
480
600
720
840
960
080
200

2

4

6
800
920
2040
2160
2280
2400
2520
2640

- A B T - o= o -

time (min)
B 7-UBEHIEE AR BRARARZIEZHEX
Fig 7. Relative area from temperature kinetic representing Pinus radiate heat

treatment to obtain a mass loss of 12%.(Candelier et al.,2015)
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223 #HREM AL G

A B8R = K E A A 4 4 % (cellulose) ~ ¥ 4k 4 % (hemicellulose) ~ K& &
(lignin) - B4 % - FBEFRREFLLERAMEFLFHH 5% FTFTERA
Fs #a(fats) ~ ¥ (waxes) ~ #th5(resins)#L f§ ¥ &y #8(simple phenols) °

Y FAME S B DoV BB R E D-F & #(D-glucose) E 7L 2A B-O-4
B bE 42 (B-O-4 glucosidic) 48 rz #4 43 M K 42 B &40 B 4 & (degree of polymerization,
DP #j 5000-12000) > 1532 & #) 45% » RIENK © AR S 4EF S AAAE B
J& ] g % BE#a(Homopolysaccharides) » BB &t L B A &) @ 84 » B3 ki k
42 A R 42(H-bond)H rx, » Féd sl Kok AL MRE BTG AT A B Z 4 70% 0 A8
# K 4 5 & cellulose I, (crystalline) > 4 & & 49 &5 4% 7T IbL2h 50 A% 0 K% 240-350

°C AT HM (Bt B4k B % > 2011 5 Mohan ef al., 2006) °

Cellobiose unit

S~ B FEHTER

Fig 8. Chemical structure of cellulose. (Mohan ef al., 2006)

Fuk e E 2% D-3) H #(D-glucose) ~ D—H #E ##(D-mannose) ~ D3 4%
(D-galactose) ~ D— AR ##(D-xylose) ~ L1 #(L-arabinose) 48 sz, * & B # & 100
200 > EEH R LB E 25-35%(4H E BT A 28% 5 B KA 35%) 0 K4 200-260
°C g BATRA » thAesi sk £ 54 M (volatiles) ~ 70 & (tars) LA & B2V 1 &
(chars) » % #BE % (acetic acid)fE R R AR F o th R - HMEMSAR S IARBEUR

YENRNE BRI HEBMFBESAE D EHORBURKEYFANHERSE
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(galacto-glucomannan ) o 345 4 Z R4 2 AR 09 R E BB 4 R 4 B & B4 A AR 698
Bk e ER LSRR BE S 130-194°C i K S B HBBE L
180 °C - (Rowell, 1984)45 4% b ¥ 4k 4: % % A » % (branched) » R4k 4 % A 1t
EEBES N RSEAR B Lk 0 B FE % & #A(heteropolysaccharide) « ¥
BHEFRAREEBSEFE > AT KE - IRBHEIL KM &M & -4 F
HHEFER AR EFHME (glucomannan) ~ M ¥ B FEBEFTA X R B H HEHA

F ¥ (glucuronoxylan) #1 % H % F#% (glucomannan) & F o

HE"DH ':' 'DHE':IH O ":H.?W ,:,
DH
HD
Glucose Galactose Manose
) Ho COCH
]
MW A
O
| oM
CH.OH GH
Kl Arabinose Glucuronic ackd

9~ gk EREREM

Fig 9. Main components of hemicellulose. (Mohan et al., 2006)

KRG % % JF 4 5P (amorphous) > £ & 14 = 4 cinnamyl alcohol( P9 #:52) 48 A%,
» % % p-coumaryl alcohol(#} 3¢ % % 5 &%) ~ coniferyl alcohol(#»44 &) #2 sinapyl
alcohol(3+F &%) > #2444 L0 Bl #A & Bl # 2 £ X3 b o) F A K (methoxyl
group)BUX AR (B 10)- 4+ E B ARE F45 32 F 23-33 % B EBIARE F46 16-25 % >
RNE FH MBS ILA P& R IBBHE  EEERRURRE G AR EY
Mo BRAAMANBRREENRE BN ARE FELAE LA RRK R H
REWARERELA S B B ARBBATERGIFEFMRERE S RIE
(condensation) - & &% Pl 64 4 4 ¥ 2 1E s (covalent)d B LG A ARG 0 S 8EF >

e 3% 45 e F 8 e Fo R H ¢ potting matrix(B H) #9658 &

14



OCH; OCH; OCH,

QH OH OH
p-Coumaryl Coniferyl Sinapyl
alcohol alcohol aleohol

B 10~ RE F=MAArses(H R AL T8 - INMABF ~ I-FE8F)
Fig 10. Three precursors of lignin, p-Coumaryl, coniferyl, and sinapyl structures.

(Mohan et al., 2006)

RE FAMICHE 69 2 BBUGAME R BB R 5B ey T 7 X0 e 5 B R
fi5 ¥ 5% % A A B (modified) AR IR 5[5 AR o T o BEAR AT BN B 0 AR R — A
BER B yEEORE FFREREEEARRANITAHBA - £ 280-500°C £
REFEROGBE MBEAROEBTRELARBE ILRBEFTAE SO EELE >
LA B A B4 & (pyroligneous acid) » H & KBRS K AER ~ B4EE ~ K ~ BySER 24
FIt ~ Tt ~ — fAbw o

B 2 R 38 15 A2 RUE A 8400 453 84 Bruno % A(2009)45 & > £ 4&5% 20150 °C
B AR 30)% R R B AT A &G /KARBER A4 5 42 180-250 °C — AR 2k R F2 78
BE s AM@ER ¥ TSI — B 5N 250°C s Bp pA4m AL > B4 =&
Abss A B R AR E )

(Dubey et al., 2011)2% 160~180~210 °C # & 32 136 hr 7% &tk (Pinus radiata
D. Don)#F 3] A4+ 19 B R 251 R B % (acid insoluble lignin, Klason lignin)~ 4~ 4k %4 % ~
BEFUARFHEFTLEWLE > THOEREREAD  2EEET - BEETUR
FHREFTLHETH  KREF oAy Mo AR FE R F B EF R
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ARG HHESFWLH THE-

(Popescu et al., 2011)45 2k iR B AM A E A7 > EARM B BB T B&F
5 RRAK FH N FHAR &P T M E(charr) o ££ 30-150°C R » R &
Prdm — FAbmg ~ BRI EHO R G ~ KARER - £H 170°C — b R
fRo B AR FSRE TR FIRRRR YA 190-380 °C BB B M Kk X F 44
FoOREERB T BRAEERRAERKGRE 170°C 22 RY 25 A EA0E
EEBRAAK » # 170-600 °C % 345 5 IR IEH A -

(Kocaefe et al., 20085 72 B8 5T X b 2k I 8508 B $1 66 B Pl 69 1L » tmax & 6L
GATBECIR ~ kAP BB B RAE o t RO R TR ey m B AT R AR
At tmax BYLLE SR EAFE 11 TRE R AM A DA TR E LR > £
100°C ZAT4F 2 A AKREE » KR EZHABRAPEH - 4 140°C 059 5 L ik
FEORBAAR A > VT ARFR A KA TRER T R R 69 B ARAEE RHM M a9 KA RS T R &
EEANGREIZ o EARAM NG K DEMBRE > RENREZRBLE ) &
B EEBAMAE 170°C ~ @544 180°C > A A @B E B AN ERBE » &7

WAT R R E » (Kocaefe et al., 2008)
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Birch (a)
250
aWood suface - Wood center  + Fumace l ﬁf_"ﬁis
— 200 - §Fh
2, 7
2 150 - gt
2 ,'_+++I;3I
2 T a0
$ 100 rptaassstss
5 st
]
= 50 - ;ﬁ‘ﬂ;
| aat
0 T T T T
0 0.2 0.4 0.6 08 1
t/tnax
Aspen (b)
250
| aWood center  =Wood surface  x Furnace
AJL
200 A 2%
o xn*ﬁgﬁ
) x§8
o i xxXEE
5 150 o x:gaa
B <X L™
2 100 4 Lk Ama e
5 s
[ AR AT
50 A xﬁxﬁzﬂ
P
0 T T T T
0 0.2 0.4 06 08 1
t/ tmax

B 11~ &R b Atk B kM & @8R 5% AR R AL
Fig 11. Temperature history of the furnace (Gas) and the wood sample for (a)Birch

and (b)Aspen. (Kocaefe et al., 2008)

AMBMEM EZE T & RN EEEE K 48 M L 2ok kN7
380-780nm fi - 4 & B L ARA ey ARG 5 FARE &£ 0 K KkA 500nm AT
By $Adh A Ay 4e ¢ 8 % (tannins) ~ % &3 (flavonoids) « = 3 Z Ki(stilbenes) ~ BL%A
(quinones) * & &4t 500nm 2 b o S FEFHEFTERREM PR ERUEL
TRABEROG K ATAR G ARAEHIL - X BT DT TR

BAE % - (Kocaefe ef al., 2008)
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224 B EaIhGRESH

b 5P AT BB B AR 0 #E BIREI B AL 1L 5 T & A IR B (vibration) & # 8
(rotation) k& 84t © T i ¥4 & WAL R )3 Hy 4L X 2 1 /& E §) (stretching) ~ 4 é
By (bending) » REIRGH A EREEZRFILE - FE» FAERERRGEZER
bR E A GEFIL - N REM T LA SRR LBEHG IV FER
FBITREHIEIRA EWAREE R ERAFA S FRAFFEI > T2E -

I 4T S AR AR P AR A — 1B B 69 B T BRI AT B AR 3R AR R A
RATEAM B AL Z LB R e — A THERAN SN BEKMERD E
BH S 0 TR d4a o (Popescu et al., 2011)

FTIR &3 B A B Ak A R AR e 81 > 22X B IREF A
1738 cm™ ~ 1650 em™ ~ 1510 cm™! ~ 1430 em™ ~ 1374 cm™! ~ 1267 em™ ~ 1165 cm’™! ~
1113 cm™ ~ 1060 cm™ £A & 1030 cm! = ££ 1738 ! &Y 47 4 B8 2 69 [E4&, » T A3k A
Fu s RRAR 1650 e KD SA R AL RS ROME RS R 308 B 84 b AR K Rk
b REREERKE 1510cm™ £ RIEAE 210 °C 85 H HH L - £ 1510cm
WAoo 15 BB F A R ARE R oo S TR H M RIEUBRA R H
£ SR X B FE o 1060 cm™ LA B 1030 em™ AR RS 4 R L i F
¥ 4% P &) C-O BrAd (stretching)ilk b » & o~ % 8% &4 #2 1% A (depolymerization)
# 4 - (Dubey et al., 2012)

Kocaefe % A(2008) KBr # R #2 Ry oA & F tefp] 100 & 1 R A4 #0813 £
% B4 B2 T A R %47 h (Beckman pellet): & % 5 K E /& 13mm Fv 2 & Imm
89 /N & F - 4000-1300 cm! 89 & 3% # & 2] B 4t A (functional groups); 1300900 cm'™
¥ JE £ 45 & & 3 (finger prints) » #H BN & 3 -

2910 cm™ ( C-H aliphatic stretching) &% % #% & 1F 4% & » & 3t £ R bk ey
B 2910 e ey EmAR LA o BPRE AR A HE ) 2910cm™ - REEHEFE

FRA kg4 E L o i E sy C-OH » C-O-C ~ R-COO-R 2, Ar-OCH3 #R:& %

RAFER MR ARA G - EFFELECHYTRALREEE Y LR GE
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BT MBEEMR A EMEEL 4-6% > thlERE - 1736 cm™ (C=0
stretching in the carboxyl group) & * — Lb 82 BABA A £ R a9 R T K4 44
FLLaBARAE RSN CEHmRAL - BE REBERABBERAANLEEDE
IR 3k - PR fe BORFE AT AR 9 S TASHE 08 RM S ARE R BN 1% 4 3420
em™ Bk H A MG E R o RE BEE R T AL 0 OH Thek - wR B X
A A Al 4 OH & > kB Ay -

% 3 AEARARLE BETECEARERRAREBE X SR LB -
(LA 2910 em™ Xk C-H A5 By 2 B A 36 B 2 0 @ #5402 4% BB AL 4 8. (A/A2910))
Table 3. Evolution of the normalised area adsorption peaks Birch samples with
maximum thermal treatment temperature and holding time. *The area of the peak of
the C-H aliphatic stretching around 2910 cm™ was used for normalization(A/A2910)

(Kocaefe et al., 2008)

220 °C
peak(cm'l) 25 120 160 200 220 230

45min
1736 0.772 0.712 0.603 0.594 0.494 0.442 0.459
1507 0.084 0.093 0.116 0.106 0.114 0.145 0.145
1373 0.090 0.083 0.088 0.080 0.082 0.066 0.064
1244 0.437 0.447 0.461 0.429 0.404 0.343 0.303
1106 0.020 0.037 0.061 0.052 0.088 0.182 0.119

895 0.056 0.055 0.057 0.047 0.045 0.039 0.025
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1507 cm! (splitting of the aliphatic side chains in lignin #v cross-linking
formation by condensation reactions of lignin)fe 1106 cm™ w184 & 7% b 3258 B
F & M3 e o B A ARE F R T FEAKARALE D 0 ) B & R AN W LA
TR > do F & 4 f£ 1106 cm™ & 5T C-O 938 o AW AL R B8 B 4R 3238
RYAARBIRIERE TR AL KBRS LT REBRR > Fah4Li
AE Fw 8ARM B S04 - 1373 cm SR @ 0Y 1320 cm™! thAe sk 0 R
Ao AR T o8t ik 1507 cm! Fo 1106 cm™ 48 & » C-O carbonyl band 42 1244
cm! (cleavage of acetyl groups in the hemicelluloses) B #& i 32 f & 2 > 7 AR o B
(carbon acid) - 1736 cm™! [41& » cleavage of the acetyl side chains in hemicelluloses -
e ey LA IRIE ARG E M A& A B o A% F B (carboxyl acids) o 13 b BE G FERF
B FEHRAE > B AZ®EGBILKRRIE - 895 cm (asymmetric ring
stretching band of cellulose) {2 A2 1% 200 °C B B 44 FEAK A& ¥ 4k 4 T oy s FE (R 5

RE)HE 25 649 T % - (Kocaefe ef al., 2008)
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® 4 OB ABRARARKEDRIZECEARERAREREZ IR LFH BRI
(LA 2910 em™ Rk C-H A5 By 2 e A 36 B 2 4 & #4020 4% BB AL 4% {8 (A/A2910))
Table 4. Evolution of the normalised area adsorption peaks Aspen samples with
maximum thermal treatment temperature and holding time. *The area of the peak of
the C-H aliphatic stretching around 2910 cm™ was used for normalization(A/A2910)

(Kocaefe et al., 2008)

220 °C
peak(cm'1 ) 25 120 160 200 220 230

45min
1507 0.061 0.105 0.087 0.100 0.105 0.110 0.130
1244 0.419 0.438 0.373 0.371 0.324 0.321 0.311
1106 0.012 0.071 0.079 0.091 0.084 0.078 0.080

Yildiz % A(2007)4 ¥ & F E 4 (Picea orientalis)F» R 7 K % B (Fagus
orientalis)VE 3% 4 » #1 A FTIR 48 %2 A4+ 4& 150 ~ 180 ~ 200 °C > A 1 ~ 10 hr 24
RIBIZ KBS B RBTKRE FEARORIBARRA 220°C > &4 & REpFA1L
A% o 4o % H B (vanillin) ~ 4248 8% (coniferaldehyde) ~ T % B%(syringyl aldehyde) -
Fu i F AR R R PP 2 i F AL BFE R E TR - £ 120-160 °C & 4
BIERRIE > & B AR AT AT AR B R AR R 8 oty o T IARE B AERM
RMAeEgEE  SREMAREEEMABHEIEIE 0 - §240°CHERESETHE
RR M e o R AR AR o A FTIR A A RS LT & 5 432 ¢
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* 5-&¥ R F EH5(Picea orientalis) .7 K H B (Fagus orientalis)# ik ¥ 2 FTIR
RO 55 L R 3
Table 5. Summary of heat-treated spruce and beech absorption intensity change by

FTIR detecting. (Yildiz ef al., 2007)

peak(cm™) assignment absorption intensity

1740 +
O valance vibration of COOH

1635 adsorbed water -

1430 CHz: scissoring -

1370 CH bending +

1280 CH deformation -

670 C—OH out of plane bending mode -
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Popescu % A4E 2011 524 FTIR 5 #7 24 R 3 RA 0 JF LA B — 9B Wil g ] By o

T TR Bl RAE - PNl > RN R BB E > AT & 6 %32 ¢

% 6 FTIR 3R jigide iz 3 {6 £ & 4% 4 B8 & (Popescu et al., 2011)

Table 6. Summary of assignments indicated to a set of FT-IR spectroscopy.

peak(cm™) assignment

3591/3579 absorbed water weakly bound and intramolecular hydrogen
bond in a phenolic group in lignin

1595, 1510, 1270  C=C/C-O stretching or bending vibrations of different groups
from lignin.

1460, 1425, 1335,  characteristic C—H, C—O deformation, bending or stretching

1220, 1110 vibrations of different groups for lignin and carbohydrates.
1735 C=0 stretching vibration of carboxyl and acetyl groups in
hemicelluloses

1735, 1375, 1240,  characteristic C=0, C-H, C-O-C, C-O deformation or

1165, 1060, 1030 stretching vibrations of different groups from carbohydrates

Populus tremula %0 Buxus sempervirens > Fi Xenon 4% 1b& ¥4 A FTIR 14
Bl H A2 %4 o A 1036 cm™ (C-O stretching) % 48 £ # % > KBr A 300mg »
1800-800 cm™ A 45 X & » dok 7 %32 - B ¥4 A G lignin ~ S lignin & > 5+ 3 4
% % G lignin > FroAfe 1595 om™ w2 B R4l > A A 4% 4t E R A B
% B B R &8y G lignin € R B 89 44 o

SR RO R B A B E A HA K200 F Ak (metoxyl) 8 B AE A& - B B4R
MR A AR KRB RAPREEA W > ARE AR RARE RS C-O-CHs

PR Bty RIBRAPBLRE A R 2L 4E B -
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Z£ 1595 em™ 2 1510 cm™ W B (R &7 R Y £ o983 & > AEEY
aspen B 5B BB £ R % 5% B > @ S lignin B X Hibfy 5 M4t ey HEE L
#AL R 1510 cm™! #y& #2737 G lignin(trans-coniferyl alcohol)tk # % © 1335
cm” fu 1316 em™! gy B R Rk SRR [ REAHM 0 F 1335
em /1316 e e A8 AL 5 45 S ME3E v o 4R R Mk 4 F C-O-C 424 0 38 5 B A 45 o
RECREZHEAB SO T O  BEFLELBHEER%AL 1163 em” > @
FEREMHEL 1156cm™ - 1335 em R AR F%E S RESE L] S/ 11 &
B ho @543 R gk A 1335 om™ 2 1316 em py g s R A THBE N S E S
BB 148 - a4 1335em /1316 cm™ ey bbfd - T8R4k 4 T M

A TRl 2R B BHEE 16948 - (Colom et al., 2003)

# 7~ IR AN KM AR ZF AT
Table 7. Characteristic bands of the infrared spectra of the wood samples studied

(Colom et al., 2003)

wavenumber (cm™ ) assignment

1740 C=0 stretching of acetyl or carboxylic acid

1610-1595 C=C stretching of the aromatic ring (lignin)
1510 C=C stretching of the aromatic ring (lignin)
1465 asymmetric bending in CH3 (lignin)
1426 CH: bending (cellulose)
1385 conformational changes in the glycosidic bridge
1335 OH in plane bending (cellulose)
1316 CH: wagging

1158-1162 Asym. bridge C—O—C stretching (cellulose)
898 Asym., out of phase ring stretching (cellulose)
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23 AMZEBEHRAL
231 RMBHBRLBEIEN

JB w5 3 % (magnetic hysteresis) & B4 4 (ferromagnetism) 2 4 3244 3k} 15 5%
I R mtilAz P A B A Y43 2R % 0 w082 A ma M R % — S w514 0 M
PR T 2 4% 48 T (dipole) Bk 5 HE 5] o Br 4B 3E Sh ok B 1S > SRk A RHR
BRI HET] 0 R mEAL o £ LR S o — R\ EEYy 0 P homk 3 5% L A R K
FEEFE A B IR LR MR > LA RE T/ S A e > ol 120 B2 A

% i dh 4% (Hysteresis loop) °

J(T) (Hp, Jy)

(-H, -J,)

12 ~ zg i dh 4

Fig 12. Hysteresis loop. (Bertotti and Isaak, 2005)
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MAMBSZIMBLER TR Sy FH A RRASREAR B BUR R
A EEER P EER RIBEARBEZ Ky FHR L -8R R E
T ARAMERSPFEHRZEKREAAE BT RAR - SRERERSEE %48
HRE 0 KM BITBUR(FLR) R — 2K FE > TR €48 048 HR BRI S
EZARHRE AMBITRBE A — KR PRPESKERARE - £
Bl — BB ET » BURPTEN FH 2K R BRBIRATEN KRS - A HE
B ARM P K FERE M AAGME » THARRBAZEFHLE(E 13)-

32
A
28 — I
= O First cycle /]
S ® Second cycle N
@ 24 ]
2 /
&
°
§ 20
>
o
]
£ 16 B
7
= -~
§ 127 e
[&] —
o A —
- |
5 87
o
=
4-.
0 1 T T T T T T T T

0 01 02 03 04 05 06 07 o8 09 10
Relative humidity

13 ~ JEHEANBE 32.2°C 2 BELRE % dh 4

Fig 13. Sorption hysteresis curves for Douglas fir at 32.2 °C. (Walker et al., 1993)

Rt FEAB$E L A 100%0F 84 2 K R A 20-50% R » % Buktfg &4 28-30%

BRIAN - A BT B B R TARRRAZNAK @A REREK -
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o

ba L BEROK & B HARM BB WIR b et B R S ke UL mE W T £
R P > B R & A R~ Lay4% 4t - (Rowell and Banks, 1985)

EAEAM ABRIEF ST X RTREN - BERTRL  BEHRK
S8 FIRZRREATEAMGEFRR S BEL SN AR IE M L B 6 %12

B RAB—AEZHFEIEAZ o (Korkut and Budakei, 2010)

232 AMBBRAEFHARI E - —REKT &

— AR R IBNMERERAR IR P 2 R B B FAZ & CNS6715 02025 2 KM iR R AR
7%(Wood determination of hygroscopicity)—%# f& % & X5 © 15 £ 8] R4 8 4E A 30 X
30 X 60 mm & @b 2 H R o ST

l. TABR  NERTEANEMHMEESABRRELSAKE 10%ATF -
2. BB ARBERE A0E]D CABHIBRE 7512 %X ERIE ARG E
g PIRAEEAARRRE > HERBEM
3. B A E 4021 T Aa¥HAK 9012 % EREAMAE > &P
R BTERAE ERARR KA - EANERE RN AT v — AT R I
U5 70 °C R AR A AR OR AN > CBNKRE

% ﬁik]ﬁ/ﬂ]ﬁ/é égﬁ 6‘24‘72(")&%5%:‘)’1‘5% > %//E'J;E\;g

=

- ©

2
4. REEFNHE BB E(g/om?)
A b T AR AR A K F AR SR 09 B 5 A3 E AR M AT R K 2
BHEAARE MG LB AAMRRAZ BN RE -

233 AMBFRREARI L - BEAKS R X

PR SAAR 877 7 o AT K o R i S AR B BT o T B — TRRT BT A B BE K R A
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&) FE 7% AR 1t 3% #5 (dynamic vapour sorption apparatus, DVS)(E 14)A € & 5 #7 7%
(gravimetrics) 2R 8] &y K AK 89 AR BUR RS ) BT R LR E » RBE S AR A £
DI A IR AR R 0 PR Z B T i IR A RPOK 2R R X R
2 9% B 0% h £ U8 47 (water sorption isotherms)

o 14> DVS HENA 2@EHME - E—ARERAZHERH R B — AR
EHRBE BRBREPEEHINNERNTEZERMERT
(Cahnultra-sensitive microbalance) + > T {8R] 3| i N T E X — 9T 44 A
BRSARZAEBIERGRBG T  BRRB IR AR RAKERLLILR
RRRAEY RAE 0 RUEFRERAG P AT T AR R 0 AR HEE LA (RIB)
#50~5~10~15~20~30~40~50~60~70~80~85-~90~95RH%) > F&
2 (BB R 8748 #E . 0 % (relative humidity, RH)» f & & % LA B AL I& 42 /- 4R
R 25°C PHAT  LABTHEEF BRABHEE L3RRS KREE 4

24 44 (dm/dt) b # 0.002 %/min #2i@ 10min B 4 € 34T T —18 B AZ A ¥R -

Temperature Controlled Incubator Microbalance

~.

s
.
-

Humidifier

—d  Mass Flow
=1 Controlicr1

Regulated Dry
Gas Flow

— Mass Flow
=== Controller 2

Temp/Humidity
Probes

14~ B EARRMAERRIETE
Fig 14. Diagram showing the basic working principles of the surface measurement

systems dynamic vapor sorptionapparatus. (Xie et al., 2010)
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FRE SR IFENCEER AT PFHME 2 P45 K FRE A 8RR
TRARHEETFHME - $UTHR - BARABHEZE - AT AHRE LR AEA £

PATBRE PR TR - AN BEARBENRIRER  MTRETTEENR

SN

)
BEE R CE R T FA RS FEERBRAREAREE

~

& 3% 4+ (probes) & B 18R =) £ » T3 B BRAS T o — B AN SRR A TR L
FAhBRE LS FREMMLINE A3 RGP LABALDE FRIBE
HE0%EMA AR T RAARBE LHEH R — 2B %R a8 FHFDE
BAE 30 %3t B PAT EPUTATIR 5 G4 0% 4 B A 25 F 1% do/dt

ZABABEFE A —REFEHG AR ENETHIATRTE L5

15 -
100 Y T ¥ T ¥ T Y T Y T Y T Y 25
80 RH 20
Sha / i
- =
2 )
T 60- \ L 15 @
E =
S ®
= MC 0
@ 40 - - 10 ©
2 3
: 3
o 20 - - ““_9..‘
Q

0 " ¥ T ¥ T ¥ T Y T Y T Y T y 0
0 500 1000 1500 2000 2500 3000 3500
Time (minutes)
15 ~ 2 B ) E A4S (Stika spruce) 7t 24.1 °C F BB AR B
Fig 15. Plot showing data from a typical DVS isotherm run for Sitka spruce at 25 °C.

(Xie et al., 2010)
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B 16 7T RARAR BT R b2 K R ABRARH B AR dh sk X dy i — 18
— BB R AT R, B B T R ABHIREAE 0—4.8%F % 0 % 4.8 10.4%85 B 7+
@ MRS KREREGEI RART AL R NAEBET RMOH > 5K
FR R ARG T EPE S KE BG-GB AR EIFRG R
HMH O REATR @R REEIL BB REALSTRED Ry Edk Mg
HEINEMBTAIBSHRE AKX HE R

12 _— 4
10 4
3 . 3 _
£ 7 =)
£ £
S 6 -2 o
o g
2 4 =
5 g
2 , — L1 =~
o —o— Relative humidity 3
2 - —e— Moisture content <
0 . ; . ' . . . . 0
0 20 40 60 80

Time (minutes)

B 16 ~ B X EHN 24.1°C FEFRLHARE
Fig 16. Adsorption kinetics curve for Sitka spruce at 24.1 °C showing change in

sample moisture content and relative humidity against time. (Xie ef al., 2010)

B R R EA BT R E MRS BRI AR BB H I B S ATE
A8 % & & 0 5] 4o iR KR ¥E (waste water treatment) ~ 7,82 2, % £ 7K (gas/air
dehydration)4v % 38 % ~ # # (pharmaceuticals) ~ £ Ja 4% 17 (food preservation) » LA &
&, # (packaging)(Schult, 1996) o 7 H I F B EILF X047 B B E S > 48 8n
HAbAbi > i KRR ER B8R > £RET @A RKERA » o4 B in

KR GGIEE - Btrthir ~ 2T HEHE - (Rahman, 2007)
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Xie et al., 201 1)BF % % > LAE) RE K R MR R € Rt 48 % — B2 (gluta-
raldehyde) & B AT/ w9 M B b B 17 Ban A R B4 2 et HIRE T AR A
R B SREREMAEALREFHSREGHEHE B 17a~ B 170 B
17c~ B 18d 23 AKRRIE - REZLEZHWEHFH05%  REBZLE S v
BrEAH86% REZLEETHMME N F A 209 % > w4 KFE 2 A{E(measured
moisture content, MC) XA & 2% B 14 47k % (reduced moisture content, MCR) » ] B, &
WS KEMC LR B G465 KE MCrIZ WPG ¥ nS ABABA T » B

MC <MCr - i[5 WPG 3 juinh R A% 4 £ % >
B 18 &~ &4 B2 AR T 2RMEMKE B 18a A4 KFERMEEL

(AEMC) ; B 18b &3] T45e5p B8R 5 B 18c ARIMBZRE > e &

-

%
B RAAMHEEERIKO%RHZI R %95 %RH 97K B & 7T 2 a8 3R 4

>~
~

A

B ARIABIRRT A LZAREBREMS LR AARRE S AR

F

PR BBURRRT > AL RO ARH IR AR - AR o B 18a a5k
Z G E(AEMO) PR A t8 #HE B 18b & P48 ] Bp o] 47 8] 18c 9 R AL B ik &
18 -

B I8 TUAHBGF A EERE S mEE  EITHMRT
BRIEEAM LEEEEHRARSADVS PAERGE 2 A SR
AMEERYRE 20mg > B A HATZ R L GEMey b A T FhBikpEs)

AR RO P2 RERELENFR REFRZAUMEANEAT 2R
TR EAL(E 18b) > sboh o 3t B BEE R YA HIRE T RIA SR R0 IR
FURMBRF RGO RERELLE(E 18a) - B ¥ HA~ATA AR L 5%
T RENEET AR R AR 0 A TR A

BE S5-20%RHEEEN » EHRBAERETRE -
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17~ 25 PATRERFZ BRAAHBETZ2REEAEMORRBE &2
7K & (MCr)

(a. RERFEAM D RIEZL TN WEN»F0.5%c. RIEZLEZHNMWESL 8.6%;
d RIE#H EFEMMmEH 209 %)

Fig 17 Measured moisture content (MC) and reduced moisture content (MCRr) of
wood during the sorption run under stepwise target relative humidity (RH).
a.Untreated control, b. treated to WPG of 0.5%, c. treated to WPG of 8.6%, d. treated

to WPG of 20.9%.(Xie et al., 2011)
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18~ & BAZA¥EE T ERMANRE (2. 47KFE 5 b 4R c.RIMIAERF)
Fig 18. Moisture content (MC) increment and decrement (a), equilibrium time (b),
and moisture adsorption and desorption rate (¢) of untreated and treated wood at each

given RH level over the full RH range. (Xie et al., 2011)
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19~ Rt BB EE (AR RIEZ2SKEZAE b RHRBEZBE % 2K
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Fig 19. Moisture adsorption (a, b) and desorption (c, d) behaviour of wood. (Xie et al.,

2011)
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20 A RMBIEB LR 0 KRN FEREABRBEF VT 24K E ERE
URBERGREGEZ T ER GO AR RERERAHBRE) - £HAFGE
ahi8A2 T 0 A S B 9 AR (B a)th R & e E ARr(B b) ey Ras 4 T 1%
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—a— Ctrl
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= 1t L 20
2 i @2
w
o 4 F - 1.5 g
% 9
2 1T -1.0 ¢
£ B3
1 F - 0.5
. : . — ————————————400
0 20 40 60 80 100 0 20 40 60 80 100

Relative humidity [%] Relative humidity [%]

B 20~ RIMARF T RREABRRIESZ A2 £ (2 A KEZAENE S
b. LA & Ak R E)

Fig 20. Hysteresis of untreated and modified wood during the sorption process. (a.
Calculated from measured moisture content, MC; b. calculated from reduced moisture

content, MCR) (Xie et al., 2011)
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AR BHRT R » RELESKE S AMEMO)RZL B 44K FEMCr)
[ 48 $& E (RH)3E ho iy 5+ M b AH{E M R 22 8 (WPG)3E hm i F I+ 35 55 Al b 3%
Gk FEFRMEMC) R E %4 KEMCRGE > 2 KFEZABMMO)F EFH @B
EARHBUE %A KEMCr) R > B 21 BPRBIE - B 21 BRWRFFRA
B 19 PRAVESH LK T @EMCTE 0 RIER A0 BRAE SR T 8 &L
100 % > M3t A AR RIEEHRBBHE T OHEIER ALy > Lokt

BN AZE RGO BEEILE -

110 | y T

100 - —Mm—Based on MC i}
| "‘\ —@—Based on MC_
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50 T T T T T T T T I '
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21 - R A P EFHROLDHEE S wEZHILR
Fig 21. Change of isotherm loop area of wood modified to different weight per cent
gain (on the basis of area of untreated wood) during the sorption process. (a

Calculated from measured moisture content, MC; b calculated from reduced moisture

content, MCR.) (Xie et al., 2011)
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B 22 A~ EE a4 HIRE T LR B4 R IRIYE o F LA R LR R
VERAELERES TR AHERL) BT AMHEIRE 5-70 % RH % F 9 RIRIE A
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Fig 22. Hysteresis ratio of modified wood to untreated control at given RH level
during the sorption process. (a. Calculated from measured moisture content, MC; b.

calculated from reduced moisture content, MCr) (Xie et al., 2011)
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0 T T T T T T T T T T T T T T 0
0 20 40 60 80 1000 20 40 60 80 100
Relative humidity [%] Relative humidity [%]

23~ NBRBRIFTZAKEHREGTRAT @ » 5-95% RH)EARRZF T 287K
EREGFHFHEF® » 955%RH) (a. kR ; b. ILL UG KREH WPG0.5% ; c. 1k
2% R IE1% WPG 8.6% 5 d. /b2 2 E ik ¥ 1% WPG 20.9%)

Fig 23. Moisture increment in the adsorption run(arrow direction, RH from 5 to 95%)
or moisture decrement in the desorption run(arrow direction, RH from 95 to 5%) of
untreated and treated wood at each RH level. (a. Untreated control, b. treated to WPG
0f 0.5%, c. treated to WPG of 8.6%,d. treated to WPG of 20.9%) The moisture

content is derived from the modified wood(MC). (Xie et al., 2011)
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2.4 A HH

UBETETHERER THREANRREHV AR -HEEEZ AR A =
b LA B M b B BARF] o SATF B R AE 4 ) 41 $HE R dh S A R E) RE K SR TR
HROED R R ER -

241 B2 E 5 H-GAB E A

GAB(Guggenheim-Anderson-de Boer)# A! i 2R & 7~ RIE AR ARL B F B & (&
BT hBEABALSESE > K P 3EARZHKA D - 3EFREE
Thm N FHEREGEFORITRAE RS TEHERL 3 BLBE R L E
e AR o LA R F A AR SFR L AR RER £ ML RN BET
#2 A (Brunauer—-Emmett—Teller) » GAB #£ & A7 i A 89 5 & %2 ] £ A (Timmermann,
2003;Prothon and Lilia, 2004; Ricardo ef al., 2011) °

DR E R L S Va(cm'/g) R A E X RBIAMBRABHM > S H
Vi(em¥/g) & TR AL BHAM BB BREKZBRKEME SR By THEL
(B g R 2% K L & R % & 7K)A B (an energy constant related to the difference
of free enthalpy of water molecules in the upper sorption layers and in the monolayer) ;
S3 k k2 B BB sk R % % &)A M (related in turn to the difference
of free enthalpy of water molecules in the pure liquid and the upper sorption layers) ;
%% RH(%) % =48 /& & 8 » tbfd o (Timmermann, 2003; Bratasz et al., 2012)

UEHER L 28 c TEATERBLLYE 30 % RH £ 4 4 4 dh £ (knee)
ZRRERRE S o 5Bk T FOTE TR A P BRI B R B B A R (B
£ 80 % RH A b)ey ey 42 (B 24) -

THURE P 2 Vin(em®/g)st B B & % % Kk & @k Scas(m¥/g)(X 2) - %3
M(g/mol) & Tk £ F5F 2 5 23 p(glem’) & T AKE K 5 S8 L &5 B v Bk
(Avogadro’s number) ; %# o(nm?) &~ EMEA N TS HES FRZ T @H -

(Bratasz et al., 2012)
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RH
Vm><c><k><—

Vads = 100 % ¥
adS men mmw mms smm % mnl
(1 kxm)[1+(c 1)><k><100]
SeaB = Vi X P XLX0/Muiiiiiiiiiiiiiiininiiinn. A 2
0,25 | | | | —
0,20 ©
—_— 8]
3 0,151 ©/
€
S
% o0,104
0,00 ; ; Z ; ; : ; ; i
0 20 40 60 80 100
RH [%]

24 ~ ABCF B AR 1 AN T ik A GAB B 2 3% A X AR K 0 B R
Z #h 4

Fig 24. The experimental data for water vapour sorption by lime wood are compared
with the curve calculated from the least-square regression of data to the GAB

isotherm. (Bratasz et al., 2012)

#& 4% IUPAC(International Union of Pure and Applied Chemistry) ¥} 7 4 32 % [t
EREH TERZPANKRE - RRAERMZINERMEBL AR RME L
Z IR R dh 40 R BB TUPAC 2 5 #A % & > 7T FI BT H 57 8 7 % B Fa(type IV)(E 25) »
FRBYERMERGBHAENLE B SR > 54 £ P FL(mesopore) 8y £ 4m Bk
BIRE > UARERTRQ/P)HE TR BRSE - hRABREKRESTRAES S
TFREBEMBASL > THEE F —Ja(type M)z dhsp(B 25) F AR FmiadR g
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FPABAERARBERAREr FRAKES TR KX ML BEAAES TR
BRI TAE B BRI S TR RN o F B R KRR 6 R EAR A
B A S AU R R WERM F RS o U BET A A 5 —$ A & % = % (type
II ~ )= #32 R M % % 42(Sing et al., 1985; Timmermann, 2003; Kitagawa ef al.,

2004; Zapata et al., 2014) -

Amount adsorbed ——»

Relative pressure —»

25 - R R E BRI

Fig 25. Types of physisorption isotherms(Sing et al., 1985)

242 B Bl EE R 2 547 -PEK A

B — HRIFIRM AKX S RIRFERARUIS TE-FIRAER K
LB % eKZ B - BBURAKE R RMZ R RIBRZ KA MNILR®
BIRA R > HE B Iy R @ MAURR  KBER A 4o 0 6y Rt aaskid

P& AR AR & 4 B IR % - tA PEK(The Parallel Exponential Kinetic model)
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BANH B AR EZERER AR ERBIAEESREFLEZ
v AR AR AR 2 A e &R 0 o3 A Bk dh 4R (fast curve) B 42 12 #h 42 (slow curve) @ B &
AAE BRI R (B AR dh AR AR AR T X IR R (B IR AR AT E S
K &G o PEK A 2 A X2 EA FH R 6 b RARBHSKE MC)

MCa(X, 3~ B 26)

—t —t
MC = MC, + MC, [1 - e(tl)] + MC, [1 — e(tz)] ............. % 3
25 &S T 7 L ¥ T kg 1 % T ~ T
X 20- 4
£
Q E
c
Q Data: Data1_B
o 197 Model: ExpA880c T
& j (Chi"2/DoF  -0.00026) 4
e P (R'2  -0.99881)
= 1l T
5 | i MC, -0.15417  +0.00889 !
5 : MC, 226352  +0.01791
= t, 477307  +0.0657
& 057$0002-2.194% EMC | yc, 176079 ~ 2593625 | T
¢ 0.14-9.25% RH t,  961.41571 +14733.24363
1e <
0.0

B 26 ~ Ep & RARN AR B 0-9.25 % F RIAIE 2k sp bt & dh 4R
Fig 26. Nonliear curve fit to adsorption data (25 °C) for Endospermum malaccense
exposed to a change in relative humidity from 0 to 9.25% and results in inaccurate

values of characteristic times. (Zaihan et al., 2010)

42



F=F MREFX

3.1 RERAHEAREE RATRIE

3.1.1  mkAgRAT R 3E

ARRERAE B R A B K E B IE S R(Swietenia macrophylla) » vAxa#s s 3)
#RISE SM2-225 2 A RAK AT R AR B 32 0 A BRTE O R AR T B A 2% Ak

ik o

312 #gR

B48 % #) 20 g LA 16 mesh (FL4& 1 mm ; ATSM No.18) & 4918 & K Jg » LA 105
CHERZRY  FHRL T HLBHEREsR4E BUEZH 52 AU
IR E TN 3) Bt 2 A (CH-10T) % 4% % /8 ) (Furnaces) # 47 3 #& & B 1% (170 ~
190 ~210°C)x R 32 » FR &M E B 3t H & mi F -

Bt Ada RAREEN  ERZBEXCHLBRRE  H4B
RREFBGE S A lhr HEFRBERLZEHFELSC T TR T BT
RIE-IFEEHBZZ FERGBEATETRTEAM B ERSTEENRY
BRI E 27
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Target temp.

raising speed

8 =200°C/hr
z
g 1054 \x falling speed
2 =2007C /hr
g
E_. S
raising speed
=100°C /hr
1 1 1 I |
1 73 735 74.5 75.5

Time (hr)
B 27~ #R IR B

Fig 27. The process of heat treatment.

3.1.3 #g I E

U3FERFFEEEETHRIT AL RIEANB EETHIL > B3 E 170 ~
190 ~210°C pplz e % > L BERUFWAER - 3t B R FEFL2FE LXK

4:

yield (%) = 2 5 100, * 4

0

Mo A M AR EATRILE(Q) s m ARM L BRRITZBILE(Q)
8 (Dubey ef al., 2012) 7] 40 B & 305 ] & 1hr 893% 4t 4 (Pinus radiata) i3 X4+ +

RIZEFE A 160~ 180 ~ 210 Y EF VR FARF L A 14~ 10 ~ 3% » KB RIT Y

BEAS  HREFHMAOK ZERALS -
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314 &£

BERLUARRBEFEABLRREL RAKRAZE &
(Commission International del' Eclairage » CIE)% 1976 pr@ % L* » a* ~b*E R
ETBEEREZ K UG ETRBIEARAZ LY (AF{E) ~ a* (4o4kfE) ~ b* (7
Efh) FEMIE - LA THAEAERE 100 AR HEE -0 HBRHIE ; a*
RTHRGLKERE  +a*BARSALEREMD  -a *HEMS L TRER
BEAG  b*AREMA O REAMZIAREREMS > -bIRAKSATES
FEAS o (B 28)

BRAUAT AR EREEYILATE > BHE X & £ {8 (color difference value,

AE) > BB EATHBREFILLBITILE  E2BHEH LKL THX S K 6~

£ 7K APL, va", b ASILEBME L, Ty by AL AT -
AL = L oL pee e, £ 5
AQ* = a8 e X6
AB* = B b e X 7
AE = /(AL)24(Aa*)2+(Ab*)2 ... X 8
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L*=100
White

A

AEFab / L *

' Yelbte:
A « 11=90"
B +hH*

Green / +q*—» Red

- _(l* - ]
1=180" ;/b =0
x’
- Gret
Blue Y

h=270"

Black
L*=(0)

28 ~ CIELab &% 4 4z &% 2~ E B

Fig 28. CIELab system 3D color space. (Bekhta and Peter, 2003)

AHF 5 A TES ZafE ) 3) & 3 A 58 TES-135 2 &, £ 3t 28] 54 R &8 10 18

LIS € S Ok R o

3.1.5 B ¥Ea s g

18 31 3 4x SR e 3 o 47 44 24 Bio-Rad R i& 2 A 3% FTS-40 4% 31 3 4x sh s st
4% (Fourier transform infrared spectroscope, FTIR) % #7 » # 78] 35 2 DTGS (Deuterated
triglycine sulphate) » 47 4%k 8 & 64 =% > 378 % B S E A 4000 — 400 cm™! > AR A7 B
% 4cem B AL R 4 B & Graseby specac # % 2 Selector $4 & 4t M4 (Diffuse

reflectance accessory)
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15 4 & 483 LAAE 8 A PR 3] B3 A 5% D3V-10 2 4848 Koy a4k > -5 4
KRB B E fmpydk 0 B UAFLAE 0.420 mm (Mesh No.40) & 4838 6 » SAfH L Eskihsr

I 45 e B AR T4 R BN 400 — 4000 cm 2 9B 8 4R o

32 FHEADARRMR

WARBRABMAR G RIBEFE BRI > BF4o T L B4 20 mg 6§ Kb
HEARARAREN > AFARDEFERRIFTALLRIT > BFARIRE 2042
BErH(REES (0-5-10~15~20~30~40~50~60~70~80~85~90~95
RH%) » i A RIBE AR RAZ 4R € 42 25 °C F 4T »

#2481 R4 4 20 mg > LA TA Instruments 2 5] % 1% A 58 VTI-SA 2 #) &K o
K AR 7 4% (Dynamic vapor sorption analyzer, DVS)E4F &) 88 7K 7 B L & B3 -

AR REEIEA A 3,000 £ > 3L 12,000 £ R4 BAFEAT HHT -

33 EERmiZHE

AHE I A B K B E RS IAC S R BRI Z BRI R - 454238 170 ~
190 ~210°C #4832 1 h #L R R B Z HRiL o RWEM > A& £330 4F3F L*(AE
) ~ a*(48kf) ~ b*(REAME) » RRAE (B EB)XHREDEZ YL > B
FTIR(Fourier transform infrared spectroscope) & 8] H & ik o3 - #7 K3HAM % 2k 32
FEARW SR 2 8 B 2L DVS(Dynamic vapor sorption > #j A& 7K 4% it
R R 7R IB B BRAR T B dh 4 £ B R R AR (Hygroscopic
Properties) ; & 2 GAB(Guggenheim-Anderson-de Boer)# 7 4 #7 18 i wh 42 435 1
2L & PEK(parallel exponential kinetics) 4% A 5t 43X 5% 9% AL 7 ) At dh 47> 32 ABA{E 7
SR AT RM AR RBL RS o 45 A MATLAB 1F A4 A 35t A A 2B o R R ge~T

2 BE BRI E(E 29)
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[ Swietenia macrophylla
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=

2

=

b

<
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E

s
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= Preheat

O
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E

o

=
grinding
40 mesh

Analysis

29 ~ BEinALE

Fig 29. Flow diagram of experiment
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¥uE SFRaH

4.1 PRIz F
D3RARHRBERTHRRIE A CHRENZ EES L B E L E
BRBTAER 8 BRBTARBESRELA SN 90 %ol & > RILE KM

MR Z R T AE4 5095

& 8 BRI R UAR )8 BRI R

Table 8. Yield of different temperature heat treatment for Swietenia macrophylia.

Temperature (°C)

170 190 210

Yield (%) 94.36 93.89 92.83

4% (Candelier et al., 2015) 5T & # % & (°C) 1 & ¥ 8% Fil (min) 48 & R 4414 A 48
¥ @ #4 (relative area) » 48 ¥ B 7T &7 B AR EH KM AR F B AR
Beit s RRBERAR AL 170 ~ 190 ~ 210°C #R B iZ 2 /A @Ag 4 102~ 11.4~ 12,6
(°C - min/10%) > fA Rl R R A SR B2 F P AE B84k - RILRENE 2 AE 2 AR
MERNE BB K &P &F KD B EMAR 2 )5 (enthalpy) » & RT R > 48
HaEE AR IR ERADER RBELE S LR THERARRIEZ H BB
I R 2B E A M B

S ARE AR IR A BRRE 2R ARG AR AEA 095 Ao
AR B Y BB A EGFA DA M At AR @A AR A B R 6 T K,
HHRAE BB K 0 214 H 48 B A F(Candelier er al., 2015) -

42 MRS EME
Mt o RBEBARFEBEHKIZ > UL CIELab & 2@ A T/ 2A 6 L2 %1t -

RARAEAL) LGl ) FEAOGHHNAREBEGILEY A S E aMHML
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EEBAEREARITREA HEEMMN > A rQBMRIBHIM ERFE -
MEBEARREBEETH LB LEA ThE 30~ 8 31 BEZHE -
HEe sRlE R A(E 30) L* - a*  b*SREAR T8 E AR BRI EE
T o &R 8 AB R 8 AT A#F %.(Dubey et al., 2011; Tuong and Li, 2011;
Bilgin, 2012; = &% 7R X > 2013)F At RME - A TRHAREERE L2

RN - Bk - BETH > UREEEH -

y= 06852 + 172.32 ' y=-0.0963x +33.108
R*=09123
30 19
* 4 +
= =
15
5
-0.3828x + 39.876
a0
R*=0.2316 ,5 ¥
95 =
5
5
5 =05 i
15
B
K 4
y=104528x - 70.191
B*=0.9684
5
Temperature (') Temperature ()
Vid Wi d

B 30 ~ Bkito kR 328 8 CIElab = B 14

Fig 30. Relative between temperature of heat treated and CIELab value.
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31~ BRIE O R KRR E R LA 170 ~ 190 ~ 210 °C # % HE AR A
Fig 31. Samples of untreated and heat treated by 170, 190 and 210 °C for Swietenia

macrophylla.

4.3 Mo kiR

FT-IR 3% B A By ARk A B BEAR S e b R O LB 32 ST ¥ iR
1743 cm™ (carboxyl group)tg 48 % 88 5 69 4K - ST AR2E A R B E oy 58 s RE KR
%% %3269 1513 cm’! (benzene ring) L #+ > A8 E) 45 ) F 4k 4 E 09 ERR AR KR
FHE BRI e Sao R G FIE & Y e B A4 2F L #1RT A B F(Dubey et al.,
2012)4 48 B 4 £ - 1503 cm™ (splitting of the aliphatic side chains in lignin)F= 1106
cm!(cross-linking formation by condensation reactions of lignin) /184 & #% 5 & 32
S W Ao M A RS F R F KRR 0 ) B & T R W 4 LR
ey &K > 42 1106 cm! (-C-0,-C-C stretching) & 5= C-O #4938 v & KM 4 R B8 B
BRI EBRFAREGRIEE A TRr AL RBEEREEERE L TREBRR > F
i EfRE B AT RES BR824 - 1743 cm!(cleavage of the acetyl side

chains in hemicelluloses) A% > #8584 L 7RG AF 8] & 0 & A Bl » 12 2 4 BR
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(carboxyl acids) » & @18 {1 K AR R JE i T SR E 4k £ 09 B A4 2 897 em’!
(asymmetric ring stretching band of cellulose) F& 1 » & ¥ 4% 4 % &) 5 (AR R R )
W24 44 F % 9137 AR (Kocaefe er al., 2008) 74 48 ) 4 & - & 3420 cm™! (hydroxyl
group stretching) &k F3E E AR £ R > BEE R T KGO RE Ak

FEoAE R T AMBE TR A AIER PR -

& 9~ MRIE SRR BB E 2R 2 S 45 FT-IR S8 % s A
Table 9. The area of all characteristic band in FT-IR for Swietenia macrophylla

different temperature of heat treatment.

Peak Heat Treatment (°C)

(cm™) ctrl 170 190 210
3420 5,424.56 7,252.01 6,971.28 6,205.38
1743 332.94 322.56 334.33 310.05
1503 129.97 130.96 133.71 133.91
1106 1,461.91 1,801.40 1,539.09 1,791.48

897 40.11 38.80 37.80 35.52

1335em™ RAARE  HREHEF IR/ A Lo ERRES A%
#1335 cm™ #2 1316 cm™ gy ik R TRBEF R BB I W HE - #d3tE 1335
em /1316 cm™ By LT AR R BB E T H S B LA B & &
ho LERETEBEFER R 10 AR EAERBTILERAREREAS
M b R IR R B EHRRIZEFM » #9137 A% (Colom and Carrillo,

2002; Colom et al., 2003)4 2/ 4& & -

52



* 10 ~ kit A FT-IR 2 1335 em™ 2 5% (3]

Table 10. Characteristic of band 1335 cm™ in FT-IR spectra for Swietenia

macrophylla.
Heat Treatment (°C)
Control
170 190 210
1335/1316
1.0178 1.0205 1.0277 1.0309
(cm™/em™)
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Ctrl

Kubelka-Munk

170°C

190

210

[ [ [ [ I [ [
3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™%)
32~ BRIES KRR E AR &8 E R E 2 FT-IR R 3EE

Fig 32. FT-IR spectra of untreated and all treated Swietenia macrophylla.
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4.4 EREAKGRMIEFE S

BAHRIE s R AR LA DVS 25450 £ 25 °C TR B KR R4 B 33 # 5 (Xie et al.,
2011) BABK M A A (Pinus sylvestris) Ay B3kt 2 B0 R & HAa b % RH £ 3]
100 %% » EfEAH EMC (%) AME > 4% 15% 5 B Ak R4 % 23 % kit
AR Z EMC (%)48 #8501 » 7T 2ok it o R 2 R M S BN A& » B bidhE
Z 47 85 B (min) ] 4o 0 BRAE S K TR — RIBBLRAE R AT F TR 4 A 4,500
min 3 B Ak B & % 3,300 min o R £ B HAR B A4S E R KRR A
NER  BMERBMALLABERR  UAKEHEERRA -

AT (Xic et al., 201 D)2 Bk Fr i 2 6T 34+ AP RIGE A B34 5 ISR
PR A 0 AT 4R A 20 mesh £ 488 £ 0 AFR AR A 40 mesh FH4iBE o AR £ E
% AT T B RH MBS I4 03 M £ 28 4 F 404% & (dm/dt) & 10 min /< 0.002
%/min > AEE PAZEEE A 5min )9<0.005%/min ; RPN EZHBTELE
AT ¥ 48 A 4k 5 2 F SUE (+/- low/high ng) i #47 B (+/- low/high ug) %1 4 5/
<50~0.1/1.0> M AEHRER KRB 5% % 0.1/0.5~0.01/0.05> 48 £37 3 {8

BR - AR R PFHEFR R LRRBLEESBE MK

25 _ 100 _
- _‘r"'- -'.,_. —  Weight(%) é
R L. — — - Sample Temp('C)

am
20 I—' - s == Sample RH(%) 80 o
I )
| E
® 151 65 &
Z 5
'g 104 40—
o
g
5 -20 T)
=
=
=
0 T T T T 0 »n

0 1000 2000 3000 4000 5000

Time (min)
33 ~ BRAESARH 25.0 °C F oA B FE K5 R ZRILIE KB

Fig 33. Plotting a typical DVS isotherm run for Swietenia macrophylla at 25 °C.

55



AR IR %102 MC 8 RHAEE > TR REABRGRE BERELS
Mz B4R RH #3% > TR R B R RIFR ST A B 69 & B F — T2 -
TEE 16 HE o @R (Xieeral,2011) ¥ ey RIEEIAE e R4 LLER 0 Bl A&
~BAR0-5%RH #2510 %RH st ®FE &+ MC [ 8% f] 2 48 4L » B P42 0-4.8
%RH 2 47k % EF » # 4.8-10.4 %RH 8] MC #4% » B~ A% B2 RH T4
Fa T oA > E MC 80 B0 P KR 2 dheg > RH &Ik L Bp A2 58 2
MEE Rl a0 B R AT A XM EBRIEXE ERE
FER2RSMA TEPH - AERER(E 34 %7 > 2KEN0-437%RH £
F 0 #437-9.97 %RH A4 - 1 5% XFRA & E AR - KR & R
g (Xie et al., 2011) > A EE3XM MC EARE > BERHIE O RBRIRKR E 84K

Je T AT R T R 2 R B AR -

- 2.0
10
g - 15
EE s
i - 1.0 o
=
_.1_ -
- 035
’ — RH
— MC
‘} ‘ 1 1 1 1 T T Gﬂ

0 20 40 60 80 100 120 140 160 150 200

Time (min)
34 ~ Befe o RH 25.0°C TARERAAE 010 %P R IR H) A dh &1
Fig 34. Adsorption kinetics curve for Swietenia macrophylla at 25.0 °C showing

change in sample moisture content and RH within 0 — 10 % against time.
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PA 25 -30 %RH 2 At dh 42 B BI(B 35) fisf i (Xie et al ,2011) P 48 Lk

Faom B B FRMAE R M BF R 3 o o MC S Bk 38 o M iR A 4% - {2 P[] 33 PL#F -

7N N

RIST & [ ¥ 4442 RH 4446F MC $fcdhsp A RAFT A B A% RH &9 BRA R E © &
MEET 89 MC #406€ ~ @R » MC 33 EFFONRBREF T - RRERTF T

A ATHE)EUE MCMER  $AGE T -

1.0 32
31
30
29

28

MC (%)
RH (%)

27

26

25

O,
0 10 20 30 40 50 60 70 80
Time (min)

35 ~ BRAE s AR 25.0 °C T A8 #IAE 25 — 30 Yofd] B iR B AE o &1
Fig 35. Adsorption kinetics curve for Swietenia macrophylla at 25.0 °C showing
change in sample moisture content and relative humidity within 25 — 30 % against

time.
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36 BT AMEALBAZ RH F MC 2% A#8313% RH = EMC £ & 4 o
“oa-brc~dBYAETREI L 170~190~210°C #5532 Thia 2 &R >
B~ feA8E RH FTX EMCEAREREF S MEBAK  AAHEZEE 210°C |

K APARE > EMC B Ba 7 2R 3245 (K > ROBMM AR IZRE LA mARR T % -

25 - - 100
gt — Weighti%) mant —  Weight{%)

a = l_I Sample Temp( b ! ! l._, ——-  Sample Temp{C)

204 - -1 == SampleRUG [ 1 i~ = == swperiica 80

63

40

Weight (%)

20

Sample Temp (C) / Sample RH (%)

0

100
S )
L55
H40

20

Sample Temp ('C) / Sample RH (%)

L, _ o
1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

Time (min) Time (min)

36 ~ MhiEs KBS RITRAARF 2 B IRAERE T 4k E 2t
(a. kR E ~ b.2A 170°C # & 22 1h ~ ¢. 190°C #4822 1h ~ d. 210°C #t & 22 1h)
Fig 36. Measured MC of Swietenia macrophylla during the sorption run under

stepwise target RH.
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37 %A~ & B RH FAEMC» T ¥ —H5 A= AR ARERF B4
% /& RH 84K - ARIBIRZ ARIBEFRF > &4 2 4 RH MAK o 24 2R 308 b8
T R 328 AR H RIAEMC TF % > 1 LA A 20k 32 PR RR M & RAR4E R - L
B(Xieetal ,2011)F » B4 E M BH L HER RO R AR EBEAMEA
—H M BBZF P 4 0-20%RH T AEMC % & F & 42 20 -30 %RH T >
AEMC Bt 2 — 484 % 250 80 %RH X —A8 ¥ 3 25> £ 95 % % & & 15> M 80 %RH
Al 248 #1526 5 AR 2 R 4 30 - 80 %RH F » AEMC * 4 ik (Xie et al., 2011)
FRATHERRA  MAFELASHTHE - RERLFF > £ 90-80 %RH &KL
B £EMFRKRT0%RH Ata #3144 0 70 - 20%RH 2K F F & > 3] 20 %RH
HH—rHGME 0 15 %RH KA > XBk(Xie et al., 2011) ¥ Kk B A R ALS
RIZILEE B HEHw 0.5 %% 4 15 %RH F ARIAME > AR AL RRIE ~ 2
BRI 170~ 190°C A fifd - 28 LB 37 BF AL HBN > MELFRREL

JrP e EeE B 0 MARA R ILEBER(E 46) -

35 is
—a—ctrl

1.0 —&— 170 °C 10
——210°C

25 - 190 °C 25

inerement (%)
(]
=
&
=
decrement (%)

1.5 1.5
= o
= =
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Fig 37. AEMC of Swietenia macrophylla at each given RH level.
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38 %A% BAZ RH F P48 R > PHreffl L AR 3R B b > dh 47
KL ERRMEMS > BEARWINEEZR  ARXieeral,2011)4& R w0 L2
RIETRAEAREZGEAE SRS - ERERAARREARIZEEATEH G
B—HM bR TFEFHNCEF ERAEIENE S HEATEAETL  HE
Wimz ZENTERFEFHZZE 25 H5ME FHBRMERK 80§ 8%
Bl VE AR AL - $i(Xie et al., 2011) /88 F » LR 70 2288 K E48 ) "BRI&
PLRLIRAZ B 20 %RH R AR S48 B2 4L & A 71 20> #8138 W18 RH & R A %
BRI R FHE SRR > Mg HEXRARECG S ey 2B

S Po%: St FARLELI G AR &

25 25

20 20
I "ol
E E
E E
=15 15 =
@ @
£ z
& B
E E
= =
.E 10 ]U IE
= =

5 5

0 0
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RH (%)
38 ~ BRIE O KBS RELVEARF T 4785 R
Fig 38. Equilibrium time of Swietenia macrophylla at each given RH level over the

full RH range.
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39 &~ AM4aE RH 2 EMC(E 37)#24% B 4utk 09 P75 k(B 38)48 /%
K5 B 0 AFEHFLEREBERE  AFEFEHEMERE - BT RAE - RE
2P AR A - A8 HRE AR Uik (Kieeral ,2011) P 4 2 24 RH & > £ &
£ BNRBRILR RIS P ATE(<20 %RH)E A% > (Xieetal,2011)fimis 24
RH fii2 £ 2 A48 - AARRERRE > A RERIECARETEARIELR
BILRLEARZ R P % 20 %RH & CRH 1R EUER R W & A8l - K& R (Xie et
al ,2011) A2 R RABHEEZR > &h X B R ANRRILE FHFR6E > £RE
PRRARF TR 20%RH R EA£EE S - @R (Xieetal, 2011) A8 LT >
AFRARIE S RAEMC 818 » AR AL FATBF R BB Bk - RIVAR R RIZ -

L 37~ 8 38 E 39 T4 RimA& EMC ~ F4785 M LR AR &R
R E#REERXieetal ,2011)F B RE /MM KRR A RIE S k2 £

A BRGALEMHES L MARBABRBEREL -

0.30 0.3
—a—ctrl
—&170°C

025 | g 190°C 02
—e-210°C

0.20 0.2

0.1

0.1

Adsorption rate {%'mg / min)

0.05 0.0

0.00 0.0
0 20 40 60 80 100 50 60 40 20 0

RH(%)
39 ~ Bhie S RE S BRELRAZ T T BAERF

Fig 39. Absorption rate of Swietenia macrophylla at each given RH level.
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40 42 25°C TRIVBREAFZE BB KRIE R MRIEZ Bk d 42
BB AR 2B A G S dhag 0 BUR R 69 R s AV E S R R wh R R BRER
WEELAMER - & RHARRAERF FRSHME IS %WRAGG - A EZHILE 5 F
(BP EMO) B R E /N AKRBRIEM ~ UAKIE 170~ 190 » AR 210°C » Th i EF
GILBFHMREEEF ARHM METHILE > FHRAMRTRZERA K
(Dubey et al., 2011; Tuong and Li, 2010) - /£ RH #+ 58 € 28 o FIRHE L T4k
RS H RN T LEMETHRRARBRBERAAELE | R4 B MK

#FH(Bilgin, 2012) - @BARLLERIFR TR AHEE > BF R RS RHZE

25

—o—  Adsomption —a—  Adsorption
- Desorpiion ], #--  Desorplion b

Weight (%)
— — =)
S & 3

wh

=

2
wh

— — b
= LA =
L M L

Weight (%)

wn
L

=
e

0 10 20 30 40 50 60 70 80 90 1000 10 20 30 40 50 60 70 80 90 100
RH (%) RH (%)
40 ~ BRIES RAE 25°C T AW RIVAERZF Z BT dh 4}
(a. kR F ~ b.2A 170°C # 8 22 1h ~ c.24 190°C #p 22 1h ~ d.2A 210°C # % 32 1h)
Fig 40. Hysteresis curves in adsorption and desorption process for Swietenia
macrophylla wood powder at each given RH level at 25 °C.(a. untreated control, b.

heat treated by 170 °C for 1 h, c. heat treated by 190 °C for 1 h, d. heat treated by 210

°C for 1 h.)
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B 41~ B 42 ALLB AR REBAIZZRMEEE > R ARE RS RN
BRIy —HREE 41) 0 F I BIAE 42) 0 LLBRRREAR R
BREREZ BB IABRIE B - AR HE R Xieetal,2011)48F] » &
WAMEST RH FREEM A EMC R 214 & > #8B & 11 A7F - ko8 EMC R
B FAm TS - TEHES RARITH 170°C 2R A LIRS £ BE R
A BB HyRE > @ 190°C 2 EMC BHEE4E /) » 210°C 2 EMC & #2 o
1~ BRIES KRR E 2R I8 ENARHIERE 95 %2 FHr4 K%

Table 11. The EMC of different treatments for Swietenia macrophylla.

Heat treated temperature (°C)

Ctrl 170 190 210

EMC(%) 18.84 18.80 17.44 14.04

20

—8—ctrl
18 1+ 170°C
16 | -m—190°C
—-210°C

Weight (%)

RH (%)

41 ~ Brie o R AR B R dh 4

Fig 41. Moisture adsorption behaviour all treatments for Swietenia macrophylla.
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Weight (%)

RH (%)

42 ~ BRAE S AR A LR dh 4R

Fig 42. Moisture desorption behaviour all treatments for Swietenia macrophylla.
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B 43 TR RRBERS F&E RH B &RZEFE > Brfe48E RH ZRBEZ
EMC 12 7% 2 EMC A8 4T @ RIBREBLA EMC &89 £ 87T A BRI A AR L&)
KE S RRREBHAZE > BHER— A LA Z4 5070 %RH 42 F XK
Al 47 60-80 %RH AR S B&H RO BAEATRMERSR - L EBELTUZ
BHRALZEE TR - REOREEFEME > a8 dh g | (Xie et al., 2011)F 7 © =T
SR ARRIZARIBZ ZEBRATRARBEAARIVBEAERAMBLE

ENCREVAIELEEFbi ok
5.0
—e—ctil
3 a170°C
40 —®-190°C
°C

——210

Hysterenis (%)
e
4] = Ln = en

'y
=

=
in

*0 0 10 20 30 40 50 60 70 80 90 100
RH(%)
B 43 ~ REAZTF P R 3T DR SR IR AR R AE & R Z Ak i £
Fig 43. Hysteresis of untreated and treated Swietenia macrophylla during the sorption
process.

RAF(Hill et al., 2009) b # 7S #& R AR 8R4 > 57 Rk~ MRAR ~ B2k ~ B A (Sitka
spruce) ~ FL ARG 0 & RBTESARE FZHBAEGTR ~ MR EBON k)AL E
a5 A BE( - RRMERIC)ZBERLZABRS A RERE D) EFE
ERARTERLCHREAMBLEA THALKRET FTRHE S ZEHRRER

A LAY AR FT-IR & RE - -
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AARFREZEFREERBABRER TRANET ORI IABLEHLEZ
ML ER LB EVMELE B MUALAERTRE AN REEE L%
WA tLfE °

Xie et al, 2011 b2 et RIEAM L » LR EZTHILE 5 FRLL @M
G ERERGH AN - AARAREDIER LRI AERWE 44
B BORIEBEAOKDEEABAKM T REREFHRLLBREAL
BREREZERIAREZSFFIRE -

1.30

123

—
[ ]
=

1iz2

109

Hysteresis ratio { %o )

—
-
=]

1.03

1.00

170 190 210
Treated Temperatare ( °C)

B 44 > PRIt SRR I AR F) i 3208 2 VB I o 47 & M EL R
Fig 44. Ratio of isotherm loop area of Swietenia macrophylla treated to different

treated temperature.
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PAE S RZ B R TNE 450 k7 & RH REBERIERMH K
RIEAMBFEZILE  ¥RERTH FRBELARLABLEEL £ RHAT&
AT B> RH # &AL (2R E£ZBERK - U740 HMF & RH AR B 2k 2278
EAMBFE B ERE  BF  FRABELZEBRRAZE Kok
M 210°C 2 B iFtbfe4a B RH T eA#AE] » Fom st 42 80 — 95%RH 8% » 4£49
R K REN X HRIEFHERBTHE > K 170 ~ 190 °C R F AL -

#eE R (Xieetal,2011) LT » &R IFE A 48 0 - 70 %RH &y Lbfa 84 1L R 8
b LR TO%RH EERRBETHE A RERGEEHBELRR0-70 %RH &4
LI E B AR > £ RPN T0%RH B &SI E B8 c FR S IbR BB IRk
oA REAMEAEEY -

1.6
—— 170 *C
L5 190 °C
——210°C
_ 14
g
_ﬁ
=13
=
3
2 1.2
=
=
1.1
1.0
0.9
0 10 20 30 40 =0 60 70 80 20 100

RH (%)
45 ~ BRIt s KRR P & RH KR 32 91 2R 344 2 B Lh

Fig 45. Hysteresis ratio of treated Swietenia macrophylla to untreated control at given

RH level during the sorption process.
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B 46 #A~ /A8 E 69 RH F LRI 4B AR RIEIE w8 RBIBRD & > #
37T BIERFAAE > B EZE A B 37 A LGB &OT RIR M AR BUA )
%1t B 46 Rl At 4aF) RH FTRIERZAF TRIBARERZAF TRENERR £
BT R AL o 5 RETAE 570 %RH §5H W RIAE T H DN BRE > R
% 70 %RH B A BRI AE E & AR TR IRAG 0 R R IR 4B A R 3 AE e 3 1 42 70 %RH
R RRXBRBEE L SPRBEMA > LHE AR S 95 %RH 05 £ 2 A - 5 5h
B (B 46)HRET R > BRIAMERBURE S M 208 2208 E & M K

#M(Xieetal,2011) &R LB T » RIRA SN BUAMERT X 42548 B 42 70
%RH > & AR EHBHE - AR REARAZEF R B - BAHRIATH HBREZ
BB 23 W B & AL

35
Ctrl —e-Increment in adsorption run 170°c —=Increment in adsorption run

—e-Decrement in desorption run -+ Decrement in desorption run

-
éz.a
o
s

10

0.5

0.0

a5

190°Cc = Increment in adsorption run 210°C —=Incrementin adsorption run
3.0 . .
—=-Decrement in desorption run —+Decrement in desorption run

25
-
éz.a
E!.S /

1.0 /

0.5
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RH(%) RH(%)

B 46 ~ BRIEo AR IR R RS E AR IENR R T ERRBRTF T IRE
2 pRE
Fig 46. Moisture increment in the adsorption run or decrement in the desorption run

of untreated and treated Swietenia macrophylla by different temperature.
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4.5 B RE KRN BAL 5 A4 GAB B A 54

LA GAB R A 547 i dy 6 T LAJE & RH S B AT RIBR KD B9 48 5 B 1A Vads
RFERAZEEEMA Vn(em'/g) » T BHBONER AN LR BRER KK
c(an energy constant related to the difference of free enthalpy of water molecules in
the upper sorption layers and in the monolayer) » ¥ 22 k $1-Kk 2 B & ¥ (7 &b K7
& % % & )# B (related in turn to the difference of free enthalpy of water molecules
in the pure liquid and the upper sorption layers)» S & B & K45 & % @4 Scas (m?/g)
BREANE 12
£ 12~ REEB A #E R A RE R R 55713 GAB % #0845 % & @k
Table 12. GAB constants and specific surface areas obtained from the regression of

the experimental data for water vapour sorption by different temperature of heat

treated.
Adsorption Desorption
Sample Vi c k ScaB Vi Cc k
(cm’/g) (m?/g) (cm’/g)

ctrl  0.04697 4.617 0.8059 179 0.09731 6.198 0.5786
170 0.04864 3.695 0.8006 185 0.09781 6.445 0.5764
190  0.04314 3.698 0.8104 164 0.09492 6.843  0.5552
210 0.03372 424  0.8151 129 0.08998 7.698 0.4793

UFRERERRIEAMF R 12 2BE(MEK14) TLER KX BESHE
Vi 2L 20 #E#14E k& & 32 A7 GAB 547 &4 18 (Bratasz et al., 2012)48 b #R &2 /]s » A#F
%% PR 444 (min — max) Z 0.03372 — 0.04864(cm?/g) » M Xk PR 4F 2 A5 % 0.045 —
0.071(cm’/g) ; A £ Bt c 1t » AARATIFZAE L 3.695—4.617 > M KA
FAH63-150; Ky TFEEBELKALERUENZA MO SHKER

BEWER ) AFRASZE A 0.8006-0.8151 5 M XELAFAE A 0.66—0.81 ©
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GAB 41 8RR Y lta ¥ BER K LR RUB Koy FXBEE c K
5 F B e (b k- BRI E)A M e H ko 5 B S BT R BTl e 4F
o 2Bt ¢ T R R B A 4R 69 4 dh B (knee) BA BE A2 L #T R B (B 47) 4 £ 30 %RH
AAGHE  ZREABEOEE w28 kTR TE R b RA FEFEF LA
BED GRS GGREZE - HREME 47)44 80 %RH LAk » 2R A
B &R -
BRREARFARERENERBELE BRBESF Vn FTHcE TR
k@ ESA REARAEY Vi THcEEA KETH - HF Vo BHRARAEL
MERFTETH BrEOBRREZERKZOEHETATHE  ARAKRIZE
BEidmm T fcEABM LA RSk d RABRE > TRAEMBFFRF K
R EME  BREZRGRIINEZRAR  BONERMAR > BARFES > THES
BWARIEBEAMEHERERAR KM RH¥E % HRAZEEMARITE
BEAmTRE PEMAZMMBRIZRE LA M TFE kb b B4t e 2 A #H
RIEBE AR TR L cEFH - RAKBEHRMARITEE EAMEEIL 24
fEREFK k(R 12)Fpr B 47 oA 4R &REx~ & RHE2] 80 %
LA b wF o B b SHAZ SR TR IR R 4 90 AR AR B
B RTHALH GABBEANGEAMFZERKE Tk mBERERE A
MEABRT M A TEBRRERGDEERKRULEBH > ok 12 /77 > A&
HAHEBHRITEE 210°C > A RIFARLE B B KRWIFE A @A T EHT
28.1 % o
R E R DVS RAERF Z BB R &SGR BMER  RREAR
DAE 32 170 °C 42 RHOS % T BB KR BRW KB EHELARKEZSF FTRERFT)
%] % 0.1879 (0.1909) (cm’/g) #2 0.1872 (0.1916) (cm’/g) » ¥k 328 B 190 °C &4
0.1734(0.1776) (cm’/g) & » mE I8 & 210 °C AR KB K& % 0.1398 (0.1430)

(cm’/g) » A RIZMLIK 253 %ty BRAKE - &R THRL L DA FEARG -

70



0.20 -
—o—ctil_adsorption  —@—ctrl_desorption
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47~ R T R R B B 3208 B B AE & R 25.0 °C K 4 B i RIB AL R Z B T iy
Fig 47. Adsorption and desorption isotherms of water for untreated and different

temperature of heat treatment Swietenia macrophylla at 25.0 °C.

* 13 Bt# st 5t (Bratasz e al., 2012)$2 K 55 GAB 28 A B4 € & @A 1A >
EHMMEEZBRRE A/ B 2E 348 ZTATAMEA XIS RIEAL RH AT &
(<20 %) R % EBRAFFTAMER ZHIECRIEAS > ™ RH #£(20-80 %) 5
RHAZREEFIbmFEAM ATHFEATERBE PRI RBEEFILRLE R 8
Bhc A BEM(E 4 Lo THREIMEMER - B 48 AEik 1324
BafrmbzER -

BB ABRKBERERER KRIFE BRLRERR R AR RRATE
ZAEAE R 6.4% MR AHBEBEEER  AARERBRIESRAEMRIESRKE F

% Swietenia macrophylla » 7 AT & ¥ £ A ZHIE-S RAI RAFHERAE L -
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& 13 ~ b EARH R #L(Bratasz et al., 2012) K j& 32 384 K 9 R Mt R SR AL 57 P 45

GAB 2 #t iy R R @A
Table 13. Comparison of GAB constants and specific surface areas obtained from the

regression of the experimental data for water vapour sorption between this work and

reference(Bratasz et al., 2012).

Adsorption Desorption
Sample Vin c k ScaB Vin c k
(cm®/g) (m?*/g) (cm®/g)
ctrl 0.04697 4.617  0.8059 179 0.09731 6.198 0.5786
ref  0.050 14 0.81 190 0.112 7.86  0.59
0.25 -
—S—ctrl_adsorption —@—ctrl_desorption
—#—ref adsorption  —#—ref desorption
0.20 -
B 0.15
]
[
= 0.10 -
0.05 -
{]-{]u . T T T T T T T T T 1
0 10 20 30 40 S0 a0 70 80 a0 100

RH ( %)
48 ~ kR FE MK IE s R(Swietenia macrophylla) $1 %% X gk (Bratasz et al., 2012)#k
FErs RA 25.0 °C 7K 5 R Fd B 7B B 7B 2 B T oy 41
Fig 48. Comparison of adsorption and desorption isotherms of water for untreated

mahogany in reference (Bratasz et al., 2012) at 25.0 °C.
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4.6 B RE K5 R HAL 5 H— 24 PEK B A 547

BiE— SR ARAMAKRZEEY > RIFETER KR TE—FRFER K
R % R AKZ R DR o PEK AT 547 3 & 4 42 4 85 79 3 & @ DA R 1% 4739
MmZ I EE o AKEEFZRIBARF T o B PR (fast) R IR AR B 9182 1% (slow) &
BAZF BLIBRAZ IR 8K o B4 PEK BE Y 458 & F BRAE &0 47 B /K R RE 0 R b2 b 41
THRYAHRRBRUREIZ SR > B 49 B ET 0 B RFHHEFRN G

t2 0 LERAFHM A K EFE MC ~ MC; o

6.5 -
O experimental data
64 1 fitting data a Sri)
i ST
6.3 =i
6.2
6.1
= 60 Data:pek ctrl ad 30-40
E s SSE : 0.0006272
R-square : 0.9998
58 - RMSE : 0.003347
57 - f MCO=0%0
MC1 =2.277386 * 0.006786
5.6 t1 = 45.745654  0.001163
s MC2 = 1.940241 + 0.001194
- 12 = 7.4738412% 0.002857
54

0 10 20 30 40 50 60 70 80 90 100
Time (min)

49~ Bk it s AR 25.0 °C & &A2 - RH 30 —40% F 4k F b (L4 F A
LA B 2L PEK AR 5% 418
Fig 49. Example of a curve fit to adsorption data at 25.0 °C for Swietenia macrophylla
exposed to a change in relative humidity from 30 to 40 %. (Inclusion of all
experimental date and the curve fitting data by using the PEK model.)

H PR R RBRAR A SLEAR A B — RH PR 47K FRE 0 R} 8 1b 2 dh 42 20
PEK A4 > -k AR O LRBERLF LA 25 BMEK > AR P EARIE
FEIBE 3 ik AEA 100 5 » ATA FE&RE T kNP A ga S iE

0.99 A b 35t S E (6% 5-12) o "RIAE & - #t6-1A 69 B s IF LAA8 B ME B 5 KA
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BRI BAPIFZEREBREEHZE G —ark R e i S ERBERRE
R RAT LM AR R ZWITETE > HETE LT - LS BURE 2 KNBAHS
(A3 AT 0 H BTk IE > AR AS{EATE > 3T AFF R (Hill et al., 2010;Zaihan et
al.2010)4, 2 3E A Lk B3 A8 o &P ER PEK 23t &E b o ik 2848 > BA)
AAHEsHBERBREUAREG BB 50 /T

DB R MIEE R AT BRI T RH LA - MC hag Assa ey -F
e Pk R BRI R R B AF P8 R EMC Btk dhég - AR T ER
A BREEE T RH LA MC s g A8k TR N2 KE EA&IR
EEBRERETRGT(RFOF-FHEREMC %154 > A TSREEGK- &
R B4 7 80 %RH BB T ¥ 2 B8 456K Z45 T 414K F % #o K7 80%RH
B F R A % % 45K B % Bk A 45 B 9137 % (Zaihan ef al., 2010; Hill ez al., 2010)
MBRZT > AR EKFELEABRTHRGEE —HHE BREREESKE T4
BRAEWATFATZAEESF  HE ZHEE a9 % > £ PEK BA# 4 0F
BRBESHAERE

DB bR HER dh SR LA R b AR R B AE e A A 0 BP B — e R e Rk
R SKRERERGBRKEKREZ L/ SKET M - AR E S S BN 6

tr ARBFMASKEMC ~MCy o HLliR ~ ZISdh BT B EL A ik Hhsg
PR R] t s A K E MCr AR 1% s &R AT R > B e K FE MC,

BB o RIBRARF T 0 % BT A MR o R P AT S 1R b ST 1 T
MRARFFPRARGGHEEOR R FRERERS BEEL B RPR DM
SR AR THEKREZE TR - oA BRE P RBERF TRSMGEA @) I

Sl
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6.5 -
O experimental data

6.4 -

fitting data _ e e

63 | === fast

{i.Z J 11111510\.\."

6.1 -

6.0 1 AT e mmmmsmmmm e m e s ———————

(%)

1

50 -

MC

54 T T T T T T T T T 1

0 10 20 30 40 . 50 60 70 80 20 100
Time (min)

50 ~ BEAE & AP 25.0 °C & EAZ F+ RH30 —40%F 47k 4t 418 & PEK Bk ¢
1% dhaR

Fig 50. Example of a curve fitting for Swietenia macrophylla at 25.0 °C exposed to a
change in relative humidity from 30 to 40 % showing the slow and fast exponential

kinetic processes.

B S1BETAERAMABBRES THREAGGAZIG R TZHHUFM 0RO
&P RH 24k F 80 RS oA RE ERmin oK E S ey
BAM &SRB TERGRT  RIERF TR SRR AR
Pk wh 48 T X RIRAR T BLBURAR T R A BA RONBA 4% o

#1 (Hill et al., 2010)5F F bt » R 4H# 0 — 25 %RH #4005 i a9 47 > A
B 50 B AR RAR - LI R AR R R A BB R M TR R BT B A TRAR R
BIR R AR AR AONEERIZ B EREMN BB E A ST
)38 RANA S BCFHT R Z5 0 0 3 3R RE 6 & 38 A B0 ] R P o il

H BT BT BB T F RAINY ho A
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B 51~ dkieo ARp 25.0 °C BIBRFARIEARF PEK hig R&E1Z dh 4272 & RH T
AR 6 A 81k
Fig 51. Variation characteristic time (ti and t2) for Swietenia macrophylla at 25.0 °C

exposed to a change in relative humidity for fast and slow process in adsorption and

desorption.

B 51 44 2A PEK #2247 AT BRAT PRk d 67 DA R 4219 d SR A5 802K & MC »
MC, > &M 8 RH 24K F Affta i - H ¥ RIEZA (B 52)F RH S %E 428
ZoKERTERYT 0-5%RH M2 4K%E5%RH BH B2 4KERTER
¥ 5 - 10%RH M2 47K % » LAk - BERZF(B 53)% 0%RH Bt gz 4

KEXRTEHRY 0—5%RH B2 4 KE -

ERERR ESHRRAEREFRARTREE IR ARERF T HRR G
MR ERGRATEFHE SRR B S2 TR REESR L RBERF

TRAZRREERGRATENPFEEKRELERS > HE 53 7T R Rk R
ARHTHES -
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FRrRREBERFEY  %I28sax EMC Mk dgx EMC & > LHEZ &
A7 80 % RH 5421 th 4k EAHib ik dh 42 543 % > KR FE ~ 10 170190210 °C
IR AR A BRAR 17 80 % RH 55 B 4 RH K 2K & F A8 55 % 0.14 »
0.10 ~ 0.11 ~ 0.09 MC/RH(%/%) 5 2 R B A2 7 K7 80 %RH 8545 ¥4 RH #
Ak & EFHE B A 034 ~ 0.42 ~ 031 ~ 0.26 MC/RH(%/%) > 4 27T R LBtk
AP ERARF P 80 % RH #2 K7 80 %RH BFe] A48 £ 2 — 4 4% - RIBAZF P
Ak FE E A (HR/ER)E RRIE ~ B 170 ~ 190 ~ 210 °C 2R B A A 5 5
21.14 (4.98/16.16)~20.69( 6.03 / 14.66)~18.22 (4.57 / 13.65) ~14.27 (2.89/11.38)
(%) $1 DVS W% R4 B P 95 %RH 852 4 R4k % 18.8518.10~ 17.44 ~ 14.04

()RR &R > Rk A E B 4 #514E -

ceeafast e fast
Ctrl -—— 170°C
18 --e--slow ; --¢--slow
;/ »
14 K /
/ /
2
12 Fd
-
& 10 -
— R
g s
E . -
L
= Lo - g
- - R i
) - - .o
............................ -
. ’_'__- PIIR L] P - .
- - SO e *
P S -~ PR -
20 e L e
_____ *
g ®” g ®®
0 L
18
190°c T 2100c T
16 slow ---s]
14 -
¥
12 7
/ -
9 ] /
& 10 o /
o ‘ 2
8 -
= - o
= s e -~
- L
-------
F e U . e
.... . P
........... AT - - TR
........ Lok o e ®
24 et ettt e e
—”TT ettt e PRvestitl A
e - - . '
0 — , eneeecen® T
] 10 20 30 10 50 60 0 80 90 100 0 10 20 30 10 50 60 ] 80 90 100
RH (%) RH (%)

52~ Bt o K& R IZR AR A PEK HRiLig shig it &R R 5K F
Fig 52. Plots showing the cumulative content values associated with the PEK

processes of adsorption for untreated Swietenia macrophylla sample.
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(Zaihan et al., 2010; Hill et al., 2010)# 52 35 i BRIBRAZ -+ 69 & R LR R A48
FJ4E 80 %RH B4 A > (B 52)4 R T & 24 80 %RH & F A& wfl k%
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processes of adsorption for untreated Swietenia macrophylla sample.
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R mim o A PEK A 547 DVS I &R 6 S BN FE LS - 45
B RS ABIE T 0 G W B AFEOT R R LPE BT AT e B 0 ST
RAB BFRAFBRESEASHATRAZTEDEGR B 1) LHERZFHIEZR -
3 8] $1(Zaihan ez al., 2010; Hill ef al., 2010) 77 4% FA 3k 3% B 7 AR 3715 A 2 2 47
BARAR R A B o ATE TR S8 A Origin > A N ZBRATER © A LA
A #cBE & MATLAB » R % & BT FHACEAEMER o RRT S H pd

NAEFZHARBITRBON > ATAHERBEOERTEZREA -
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ELE &%

FARZBAECERERA LY ~a* b*EREARILEE LA RSB IEEE M
T MAE 2R B8 F L3 b RO RM R AR L 0 B R Rk
BE > AR & EMGIBE o -

FT-IR k34 R AMMRIERE LA > HEUEF 1743 e RO M BAK
1513 em™ R W 45 M3 Ao FOT F R T W IERURRE A4 E 3o - 1503
e’ $2 1106 cm™' ¥4 & A% KR B8 E 7 & M3 e 0 #e9 R E F R T FHKR
WO D o ) Bk T R A 4 SR 0 TR AR o B 1335 cm! $2 1316 cm! g i L
BHEAREBESSM LA ATBEFFLELEEHRITHLBEM -

B REK DRI EZ ST 0 £48F RH T2 EMC [ #hk 328 B 7% 8
& > EMC B BN R B4 [RAK > R RIBMEME AR IE R A MmBARA T 45 o &t
HRARET EZ £ R BRBLEZTBRRERLZF T Z EMC ~ P47 0% [ 2R B A
BREY > MARBREBEREL BRRERFZEFTHRLERT L L&z & EMC
KR IER R IE 170 ~ 190 ~ 210 °C 53] % 18.849756 ~ 18.807966 ~ 17.441886
B 14.042916 % » %5+ K EMC 2R 325 5 A A 48 BitE o

LA GAB 5 #7 Y8 i dh 42 B8 4 RBRT > LB RILHR R KX B8 T A
RIS EAZH T TS 5% 4 0.04697 ~ 0.04864 ~ 0.04314 & 0.03372 (cm’/g) » A
B R KB R DHE LB > 23 5 179 ~ 185 ~ 164 & 129 (m*/g) » K&
R FS AT & W K

U PEK A AE S RIEEARBRZERE > RERF T ZHEALARK
EAMFERESRZ IR BRATETFHE SHRERAMEBEESRZER G
BATETAE S AR R BRABEZIZBRMERS c REBELF T 2K
R EABA(HRR/ER)ERRIE ~ 24 170 ~ 190 ~ 210 °C ZA R Ak A5 5] & 21.14
(4.98/16.16)~20.69( 6.03 / 14.66)~18.22 (4.57 / 13.65) ~14.27 (2.89/ 11.38) (%) °

#1 DVS AR R A T 95 %RH B Z A R4 7K % 18.85 ~ 18.10 ~ 17.44 ~ 14.04 (%)
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% A& % RH T2 EMC &% > #2 FTIR & RAa 44 > Rorpit o R il
BRI RIF AR RIBBAE S M RT R AR A ERLE - B
AR K D RIVEZHFE > BB R R EA BRAF R~ Fa BTy 7k
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Frt 6%

M4k 1~ #1 A MATLAB #; i 2 GAB #t & £ $03% £ (RIREF)
Fitting equation = ((v*c*k*x/100)/((1-k*x/100)*(1+(c-1)*k*x/100)))*100

SSE R? DFE  AdjR? RMSE  #Coeff SSE
Ctrl 0.3214 0.9993 11 0.9991 0.1709 3 0.3214
170°C 0.1425 0.9996 11 0.9996 0.1138 3 0.1425
190°C 0.1778 0.9995 11 0.9994 0.1271 3 0.1778
210°C 0.1009 0.9996 11 0.9995 0.0958 3 0.1009
MH4% 2 ~ #1F MATLAB # % 2 GAB ## 4 2308 £ 2 (REREF)
Fitting equation = ((v*c*k*x/100)/((1-k*x/100)*(1+(c-1)*k*x/100)))*100
c k \%
(Min, Max) (Min, Max) (Min, Max)
Cirl 4.617 0.8059 0.04697
(3.633, 5.602) (0.7887, 0.8232)  (0.0434, 0.05055)
170°C 3.695 0.8006 0.04864
(3.154, 4.235) (0.7877,0.8136)  (0.04575, 0.05153)
190°C 3.698 0.8104 0.04314
(3.035, 4.361) (0.7956, 0.8252)  (0.04011, 0.04616)
210°C 4.24 0.8151 0.03372

(3.539, 4.942)

(0.8022, 0.8279)

(0.03172, 0.03573)

M4k 3 ~ #1 A MATLAB #; i 2 GAB %t 4 £ 303% £ (R EEF)

Fitting equation = ((v*c*k*x/100)/((1-k*x/100)*(1+(c-1)*k*x/100)))*100

SSE R? DFE  AdjR? RMSE  #Coeff SSE
Ctrl 0.3862 0.9992 11 0.9991 0.1873 3 0.3862
170°C 0.4186 0.9991 11 0.9990 0.1950 3 0.4186
190°C 0.5383 0.9987 11 0.9985 0.2212 3 0.5383
210°C 0.4769 0.9983 11 0.9980 0.2082 3 0.4769
M4k 4 ~ #1F MATLAB # & 2 GAB #t A %3033 £ R (AR F)
Fitting equation = ((v¥*c*k*x/100)/((1-k*x/100)*(1+(c-1)*k*x/100)))*100
c k v
(Min, Max) (Min, Max) (Min, Max)
Cirl 6.198 0.5786 0.09731
(5.238,7.157) (0.5401, 0.617) (0.08727, 0.1074)
170°C 6.445 0.5764 0.09781
(5.425, 7.464) (0.5371, 0.6157) (0.08763, 0.108)
190°C 6.843 0.5552 0.09492
(5.581, 8.105) (0.5053, 0.6051) (0.08286, 0.107)
210°C 7.698 0.4793 0.08998

(6.295, 9.101)

(0.41, 0.5486)

(0.07549, 0.1045)
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M4k 5 ~ A1 A MATLAB # i 2 PEK #t & % #(ctr])

Fitting equation = f(x) = b*(1-exp(-x*c))+d*(1-exp(-x*e))

0 b c d e
RH(%) (Min, Max) (Min, Max) (Min, Max) (Min, Max)
0-5 1.579 0.0371 -0.6532 0.08394
(1.506, 1.652) (0.03622, 0.03797) (-0.728, -0.5784) (0.08007, 0.08781)
5-10 0.9277 0.06704 -0.2114 0.3745
(0.9102, 0.9452) (0.06561, 0.06847) (-0.2303, -0.1925) (0.3324, 0.4165)
10-15 -0.1676 0.6636 0.7374 0.08888
(-0.1987, -0.1365) (0.443, 0.8841) (0.7087, 0.7661) (0.08448, 0.09328)
15-20 0.1994 0.01294 0.3875 0.1206
(-0.03642, 0.4352) (-0.02264, 0.04851) (0.3107, 0.4643) (0.1036, 0.1375)
20-30 -0.1912 1.225 1.038 0.09248
(-0.2308, -0.1516) (0.1074, 2.343) (1.001, 1.075) (0.08792, 0.09704)
30-40 0.4391 0.02186 0.5154 0.1338
(0.4258, 0.4524) (0.01957, 0.02414) (0.4921, 0.5388) (0.1282, 0.1394)
40-50 0.8032 0.01402 0.5266 0.09167
(0.7893, 0.8171) (0.01317, 0.01488) (0.5023, 0.5509) (0.08744, 0.09591)
50-60 1.325 0.01491 0.4208 0.08521
(1.307, 1.342) (0.01445, 0.01538) (0.3954, 0.4461) (0.08027, 0.09015)
60-70 1.027 0.007614 1.234 0.0296
(0.976, 1.079) (0.006704, 0.008524) (1.152, 1.315) (0.02856, 0.03063)
70-80 0.2251 0.1017 2.35 0.01428
(0.1994, 0.2509) (0.0859, 0.1175) (2.329,2.371) (0.01405, 0.01452)
80-85 1.5 0.007681 0.2359 0.07381
(1.493, 1.507) (0.007505, 0.007858) (0.2231, 0.2486) (0.06855, 0.07906)
85-90 2.103 0.008613 0.1501 0.1037
(2.1,2.1006) (0.008565, 0.008661) (0.1456, 0.1546) (0.09796, 0.1094)
90-95 3.441 0.007535 0.06471 0.07996
(3.436, 3.447) (0.007486, 0.007585) (0.05571, 0.07372) (0.06175, 0.09817)
95-90 0.175 0.6879 -1.178 0.0446
(0.1454, 0.2045) (0.2546, 1.121) (-1.204, -1.152) (0.04271, 0.04648)
90-85 -0.7668 0.05406 -1.563 0.001953
(-0.9016, -0.632) (0.04647, 0.06165) (-7.76,4.634) (-0.007623, 0.01153)
85-80 -0.5345 0.0842 -0.844 0.007873
(-0.5469, -0.522) (0.08182, 0.08658) (-0.8553, -0.8328) (0.007415, 0.008331)
80-70 -1.192 0.007978 -1.187 0.05783
(-1.228, -1.156) (0.006401, 0.009555) (-1.274, -1.1) (0.05378, 0.06189)
70-60 -0.9038 0.08405 -1.167 0.01061
(-0.9199, -0.8876) (0.08216, 0.08593) (-1.177, -1.157) (0.01029, 0.01092)
60-50 -0.994 0.01284 -0.7445 0.1034
(-1.004, -0.9843) (0.01224, 0.01345) (-0.7635, -0.7256) (0.1003, 0.1065)
50-40 -0.7584 0.09661 -0.9809 0.01432
(-0.7852, -0.7315) (0.09294, 0.1003) (-0.9971, -0.9646) (0.01354, 0.0151)
40-30 -0.8462 0.01356 -0.8167 0.09321
(-0.8625, -0.8299) (0.01254, 0.01458) (-0.8464, -0.7869) (0.08966, 0.09676)
30-20 -0.8129 0.01914 -0.7908 0.1136
(-0.8281, -0.7977) (0.01834, 0.01994) (-0.8119, -0.7698) (0.1105, 0.1167)
20-15 -0.4641 0.01448 -0.4617 0.1079
(-0.4682, -0.46) (0.01366, 0.0153) (-0.4713, -0.452) (0.1056, 0.1101)
15-10 0.06775 2.459 -0.9075 0.05827
(0.05008, 0.08542) (-10.52, 15.44) (-0.9234, -0.8917) (0.05608, 0.06047)
10-5 -0.5383 0.01441 -1.072 0.04995
(-0.5651, -0.5115) (0.0133,0.01552) (-1.107, -1.037) (0.04911, 0.05079)
5.0 -0.8256 0.005955 -0.9408 0.0249

(-0.8389, -0.8124)

(0.00565, 0.006261)

(-0.9653, -0.9162)

(0.02454, 0.02525)
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MH4% 6 ~ 1A MATLAB # 4 2 PEK 5t A % 313% £ & (ctr])

RH(%) SSE R? Adjusted R?  RMSE
0-5 0.0001787 1 1 0.001554
5-10  0.0004922 0.9998 0.9998 0.003271

10-15  0.001603 0.9988 0.9987 0.006673
1520 0.0004639 0.9993 0.9993 0.003807
20-30  0.00787 0.9975 0.9973 0.01353
30-40  0.0006272 0.9998 0.9998 0.003347
40-50  0.002278 0.9998 0.9998 0.005059
50-60  0.003113 0.9999 0.9999 0.005394
60-70  0.002165 1 1 0.003947
70-80  0.02109 0.9997 0.9997 0.01134
80-85  0.00441 0.9998 0.9998 0.005593
85-90  0.002111 1 1 0.003453
90-95  0.008568 1 1 0.006298
95-90  0.01736 0.9973 0.9972 0.01634
90-85  0.01369 0.9981 0.9981 0.01351
85-80  0.001721 0.9998 0.9998 0.004108
80-70  0.05072 0.9987 0.9986 0.01998
70-60  0.004903 0.9998 0.9998 0.006118
60-50  0.003125 0.9998 0.9998 0.005705
50-40  0.0044 0.9997 0.9997 0.006735
40-30  0.004617 0.9997 0.9997 0.007008
3020 0.001691 0.9999 0.9999 0.00446
20-15  0.0001794 0.9999 0.9999 0.001649
15-10  0.006461 0.998 0.9979 0.01148
10-5  0.0001603 1 1 0.001335
50 0.0002745 1 1 0.001335
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4%k 7 ~ #1 A MATLAB #; i 2 PEK #t 4 4-%((170 °C)

Fitting equation = f(x) = b*(1-exp(-x*c))+d*(1-exp(-x*e))

0 b c d e
RH(%) (Min, Max) (Min, Max) (Min, Max) (Min, Max)
0-5 -0.3767 0.1299 1.153 0.03951
(-0.3925,-0.361) (0.1264, 0.1333) (1.139, 1.168) (0.03909, 0.03994)
5-10 0.7664 0.08008 -0.1712 0.4071
(0.7487, 0.784) (0.07799, 0.08218) (-0.1906, -0.1519) (0.3579, 0.4563)
10-15 -0.2604 0.5026 0.7625 0.1092
(-0.3277,-0.193) (0.3519, 0.6532) (0.6978, 0.8271) (0.1012, 0.1173)
15-20 0.6299 0.09539 -0.1734 0.5773
(0.5978, 0.662) (0.08971, 0.1011) (-0.2082, -0.1386) (0.4035, 0.7511)
20-30 0.6844 0.1228 0.3889 0.01388
(0.6685, 0.7002) (0.1199, 0.1257) (0.3771, 0.4007) (0.01179, 0.01597)
30-40 0.627 0.01378 0.6212 0.084
(0.6021, 0.6519) (0.01153,0.01603) (0.5722,0.6702) (0.07818, 0.08982)
40-50 0.4202 0.1213 0.9354 0.01748
(0.4071, 0.4333) (0.117, 0.1256) (0.9268, 0.944) (0.01702, 0.01794)
50-60 0.4662 0.09115 1.167 0.01444
(0.439, 0.4935) (0.08519, 0.09711) (1.146, 1.187) (0.0139, 0.01497)
60-70 0.3132 0.1207 1.609 0.01463
(0.3021, 0.3242) (0.1149, 0.1265) (1.601, 1.616) (0.01443, 0.01483)
70-80 1.965 0.02288 1.026 0.004159
(1.886, 2.045) (0.02238, 0.02339) (0.9832, 1.068) (0.003065, 0.005254)
80-85 1.464 0.008779 0.2132 0.1163
(1.46, 1.468) (0.008669, 0.00889) (0.2074,0.219) (0.1107,0.1219)
85-90 0.2151 0.08371 2.209 0.008205
(0.2048, 0.2253) (0.0775, 0.08992) (2.203, 2.215) (0.008109, 0.008301)
90-95 3.346 0.007569 0.1595 0.1014
(3.343, 3.349) (0.007539, 0.007598) (0.1545, 0.1645) (0.09482, 0.1079)
95-90 0.1816 0.655 -1.159 0.04875
(0.1499, 0.2134) (0.2947, 1.015) (-1.186, -1.132) (0.04649, 0.051)
90-85 -0.7111 0.01234 -0.5442 0.08689
(-0.7209, -0.7012) (0.01119, 0.01348) (-0.5688, -0.5196) (0.08328, 0.0905)
85-80 -0.61 0.0676 -1.106 0.004314
(-0.6682, -0.5517) (0.06155, 0.07365) (-1.574, -0.6381) (0.001224, 0.007404)
80-70 -1.265 0.01085 -1.096 0.07197
(-1.278, -1.252) (0.01038, 0.01133) (-1.122, -1.071) (0.07031, 0.07363)
70-60 -1.169 0.01214 -0.8473 0.09057
(-1.18, -1.158) (0.01172, 0.01255) (-0.8661, -0.8285) (0.08822, 0.09293)
60-50 -0.9839 0.01103 -0.8506 0.08187
(-0.9994, -0.9684) (0.01018, 0.01187) (-0.8822, -0.8191) (0.07862, 0.08513)
50-40 -0.8963 0.0119 -0.8135 0.09271
(-0.9062, -0.8863) (0.01127,0.01254) (-0.8332, -0.7938) (0.09016, 0.09527)
40-30 -0.7858 0.09572 -0.8427 0.01516
(-0.8106, -0.761) (0.09266, 0.09877) (-0.8583, -0.8271) (0.01433, 0.01599)
30-20 -0.6566 0.01103 -1.096 0.06809
(-0.6651, -0.6481) (0.01036, 0.0117) (-1.114, -1.078) (0.06711, 0.06907)
20-15 -0.4495 0.01367 -0.4463 0.1203
(-0.4582, -0.4408) (0.01232, 0.01502) (-0.4585, -0.4342) (0.1169, 0.1236)
15-10 -0.915 0.01132 -0.4181 0.114
(-0.9436, -0.8863) (0.009504, 0.01314) (-0.4616, -0.3747) (0.09895, 0.129)
10-5 -1.355 0.03759 0.1283 0.8683
(-1.368, -1.343) (0.0368, 0.03839) (0.114, 0.1426) (0.3909, 1.346)
5.0 -1.297 0.02146 -1.743 0.0008794
(-1.37,-1.224) (0.02067, 0.02225) (-5.354, 1.867) (-0.001349, 0.003108)
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4% 8 ~ #1 1 MATLAB #; i 2 PEK #t & % 33% £ % (170 °C)

RH(%) SSE R? Adjusted R?  RMSE
0-5 0.00006422 1 1 0.001002
5.10  0.0002356 0.9998 0.9998 0.002558

10-15  0.001505 0.9984 0.9983 0.006858
1500  0.000829 0.9989 0.9987 0.005257
20-30  0.0004623 0.9999 0.9999 0.002823
30-40  0.004365 0.9994 0.9994 0.007387
40-50  0.00104 0.9999 0.9999 0.003478
50-60  0.007904 0.9996 0.9996 0.008082
60-70  0.002286 0.9999 0.9999 0.004421
70.80  0.001678 1 1 0.003333
0-85  0.001713 0.9999 0.9999 0.003658
500  0.006895 0.9999 0.9999 0.006295
90-95  0.005116 1 1 0.004706
95.90  0.01158 0.9977 0.9976 0.01464
90-85  0.001249 0.9998 0.9998 0.004001
g5.80  0.007577 0.999 0.9989 0.009856
0-70  0.004378 0.9999 0.9999 0.006091
7060 0.00411 0.9998 0.9998 0.006005
60-50  0.006951 0.9997 0.9996 0.008175
5040  0.003073 0.9998 0.9998 0.005571
40-30  0.002668 0.9998 0.9998 0.005386
3020  0.000886 1 1 0.002977
20-15  0.0002534 0.9999 0.9999 0.002109
15-10  0.01539 0.9982 0.9981 0.01362
0.5  0.00717 0.9993 0.9992 0.01012
5.0 0.003131 0.9999 0.9999 0.004712
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FH4% 9 ~ #1 A MATLAB #; i 2 PEK #t 4 4-%((190 °C)

Fitting equation = f(x) = b*(1-exp(-x*c))+d*(1-exp(-x*e))

RH(% b c d e
) (Min, Max) (Min, Max) (Min, Max) (Min, Max)
0-5 -0.2145 0.1179 0.9293 0.0392
(-0.2299, -0.1991) (0.113, 0.1227) (0.9147, 0.9438) (0.03873, 0.03966)
510 -0.067 0.5475 0.6049 0.07952" (0.07742,
(-0.08032, -0.05369) (0.3884, 0.7066) (0.5927,0.617) 0.08163)
10-15 0.0886 0.00536 0.4514 0.09619
(-3.334,3.512) (-0.2785, 0.2892) (0.2883, 0.6146) (0.07197, 0.1204)
15-20 0.4539 0.1049 -0.04467 1.74
(0.4406, 0.4672) (0.09955,0.1103)  (-0.05952, -0.02983) (-1.549, 5.028)
20-30 0.9765 0.09615 -0.197 1.201
(0.9306, 1.022) (0.09001, 0.1023) (-0.2458, -0.1481) (-0.03707, 2.439)
30-40 0.5011 0.01755 0.5547 0.1124
(0.4947, 0.5074) (0.01666, 0.01844) (0.5427, 0.5668) (0.1101, 0.1147)
40-50 0.792 0.01622 0.4702 0.1157
(0.7815, 0.8024) (0.01559, 0.01686) (0.4541, 0.4863) (0.1111, 0.1203)
50-60 1.072 0.01601 0.3361 0.1302
(1.064, 1.081) (0.01556, 0.01647) (0.3219, 0.3502) (0.1231, 0.1374)
60-70 1.488 0.01347 0.4227 0.07954
(1.462, 1.514) (0.01297, 0.01396) (0.3875, 0.4579) (0.07265, 0.08644)
70-80 1.136 0.02678 1.453 0.008135
(1.04, 1.232) (0.02566, 0.02791) (1.376, 1.53) (0.007547,0.008723)
80-85 1.408 0.007175 0.2401 0.1082
(1.403, 1.412) (0.00708, 0.00727) (0.2342, 0.246) (0.1031, 0.1133)
85-90 0.2451 0.09404 1.927 0.006478
(0.2388, 0.2515) (0.08948, 0.09861) (1.922,1.932) (0.006407,0.006549)
90-95 3.207 0.006414 0.1905 0.06237
(3.203,3.212) (0.00638, 0.006447) (0.1832,0.1977) (0.0587, 0.06604)
95-90 0.1809 0.7279 -1.03 0.05339
(0.154, 0.2078) (0.3705, 1.085) (-1.053, -1.006) (0.05117, 0.05561)
90-85 -1.092 0.003417 -0.5736 0.07667
(-4.224, 2.04) (-0.00918, 0.01601)  (-0.6689, -0.4784) (0.06727, 0.08606)
85-80 -0.7897 0.006754 -0.5446 0.07613
(-0.8406, -0.7389)  (0.005554,0.007954)  (-0.5684, -0.5209) (0.07271, 0.07955)
30-70 -1.131 0.0121 -0.8905 0.09044
(-1.137,-1.125) (0.0118, 0.01241) (-0.9024, -0.8786) (0.08913, 0.09176)
70-60 -0.8357 0.08238 -1.09 0.01217
(-0.8638, -0.8076) (0.07943, 0.08534) (-1.107, -1.073) (0.01154, 0.01279)
60-50 -0.7051 0.1081 -0.9468 0.01274
(-0.7183, -0.6918) (0.1056, 0.1107) (-0.954, -0.9396) (0.0123,0.01317)
50-40 -0.6946 0.1271 -0.8736 0.01518
(-0.7083, -0.6808) (0.1239, 0.1304) (-0.8815, -0.8657) (0.01463, 0.01573)
40-30 -0.8358 0.01664 -0.6781 0.1155
(-0.8474, -0.8242) (0.01591, 0.01738) (-0.6968, -0.6593) (0.112,0.1191)
30-20 -0.9581 0.07828 -0.6858 0.01386
(-0.9761, -0.9402) (0.0771, 0.07946) (-0.6947, -0.6769) (0.01312, 0.0146)
20-15 -0.4509 0.01376 -0.4505 0.1017
(-0.4594, -0.4423) (0.01206, 0.01547) (-0.471, -0.4299) (0.09724, 0.1061)
15-10 -0.5788 0.08037 -0.6132 0.006774
(-0.6964, -0.4611) (0.0697, 0.09105) (-1.574, 0.3472) (-0.0109, 0.02444)
10-5 -1.471 0.03488 0.05353 0.7189
(-1.483, -1.458) (0.03431, 0.03546) (0.0399, 0.06716) (0.08465, 1.353)
5.0 -0.7707 0.00575 -0.947 0.02498
(-0.7868, -0.7547)  (0.005232,0.006267)  (-0.9831, -0.911) (0.02446, 0.02549)
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4% 10 ~ F1 A MATLAB #i & = PEK #t 4 % $3% £ %(190 °C)

RH(%) SSE R? Adjusted R?  RMSE
0.5 0.00003976 1 1 0.0007944
s.q0 00003112 0.9997 0.9997 0.002862

lo.1s  0.001727 0.9978 0.9976 0.007126
1500  0.0006455 0.9986 0.9984 0.00489
20.30  0:00965 0.9963 0.996 0.01553
3040 00002411 0.9999 0.9999 0.001911
10.50 0001794 0.9998 0.9998 0.004464
so.c0 0002085 0.9998 0.9998 0.004787
c0.70 0012 0.9996 0.9996 0.009571
0.8 0-003271 1 1 0.004453
g0.gs  0-003239 0.9999 0.9999 0.004542
g5.00  0-004097 0.9999 0.9999 0.004924
90,95 0006781 1 1 0.005187
9s.00 0008321 0.9979 0.9978 0.01241
o0.gs  0-001724 0.9994 0.9994 0.005932
g5.q0  0-002337 0.9997 0.9996 0.005243
g0.70  0-001023 1 1 0.003167
70.60  0:006266 0.9997 0.9997 0.00748
c0.50 000192 0.9999 0.9999 0.004449
so40 000181 0.9999 0.9999 0.004535
1030 0001932 0.9998 0.9998 0.00474
3000 00004066 1 1 0.002227
20.15  0:0007917 0.9998 0.9998 0.003438
1s.10  0.0009439 0.9996 0.9996 0.004685
lo.s  0.01014 0.9994 0.9993 0.01061

5.0 0.0004495 1 1 0.001767
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4% 11 ~ #1 B MATLAB #; i 2 PEK #t 4 4 (210 °C)

Fitting equation = f(x) = b*(1-exp(-x*c))+d*(1-exp(-x*e))

o b c d e
RH(%) (Min, Max) (Min, Max) (Min, Max) (Min. Max)
05 -0.1873 0.1302 0.8133 0.03582
(-0.2092,-0.1655)  (0.1199.0.1405) (0.7937.08328)  (0.03492, 0.03672)
<10 0.5073 0.07971 20.04347 0.5123
(0.4948.05199)  (0.07696, 0.08245)  (-0.05757,-0.02936)  (0.2927. 0.7319)
013 20.0283 0.9474 0.4004 0.1117
(-0.04522.-0.01138)  (-0.02478, 1.92) (0.3942. 0.4247) (0.1054. 0.1179)
1520 03612 0.1038 20.01387 0.8923
(03503.03721)  (0.09846,0.1092)  (-0.02649.-0.00125)  (-0.4644, 2.249)
50.30 20.1968 1008 0.8579 0.1602
(-0.2508, -0.1428) (0.0951, 1.921) (0.8062.0.9096)  (0.09305, 0.1074)
20.40 0.444% 01329 0.3929 0.0174>
(0.4208. 0.4676) (0.1254.0.1403) (03819, 0.404)  (0.01486, 0.01998)
10-50 0.3701 0.1348 0.6038 0.01735
(0.3584, 0.3818) (0.1297.0.1399) (0.597.0.6106)  (0.01663, 0.01808)
$0-60 0.7961 0.01708 03167 0.147
(0.7893.0.8029)  (0.01645,0.01771)  (0.3044, 0.3291) (0.135. 0.1489)
070 1166 0.0129 03913 0.1036
(1.153, 1.18) (0.01248,0.01332)  (0.3715,04111)  (0.09649, 0.1107)
0.8 7 0.01041 0.3024 0.1169
(1.71.1.73) (0.0102,0.01061)  (0.2876, 0.3173) (0.1064. 0.1273)
20.85 01782 0.1467 1.139 0.006658
(0.1741, 0.1822) (0.1402, 0.1531) (1.129,1.149)  (0.006509. 0.00681)
25.00 1,836 0.006334 0.1866 0.1758
(1883.1.89)  (0.006289.0.006379)  (0.1828,0.1904) (0.1197.0.1319)
90.05 5587 0.00502 02794 0.09983
(2.58.2.585) (0.005001, 0.00504)  (0.2269.0.2318)  (0.09732, 0.1024)
95.90 0.07939 0.6848 20.5912 0:08617
(0.05856,0.1002)  (0.3796.09899)  (-0.6084.-0.5741)  (0.08159, 0.09064)
00.85 20,6142 0.05114 0.004633 “0.09724
(-0.7391,-0.4893)  (0.03919.0.06308)  (-0.06323,0.0725)  (-0.1537. 0.09923)
25.80 203938 0.09311 1135 0.002083
(-0.4297.-0.3579)  (0.08471.0.1015) (-4356.2.086)  (-0.00481.0.008975)
2070 “0.7447 0.01156 20.6093 0.1026
(-0.7585.-0.7308)  (0.01035.0.01277)  (-0.723.-0.6755)  (0.09876, 0.1065)
20-60 20.8076 0.01247 20.6597 0.1069
(-0.8129.-0.8022)  (0.01207.0.01288)  (-0.67. -0.6493) (0.1049, 0.109)
£0-50 -0.7746 0.01232 ~0°6389 0.116
(-0.7812,-0.768)  (0.01185,0.01279)  (-0.6506. -0.6272) (0.1131,0.119)
040 07012 0.01314 20,6005 0.1204
(-0.7077.-0.6947)  (0.01253,0.01375)  (-0.6127.-0.5882)  (0.1172.0.1236)
10.30 20,7084 0.01512 20,6358 0116
(-0.7176.-0.6993)  (0.01434.0.01591)  (-0.6523.-0.6193)  (0.1125.0.1195)
300 20.6712 0.01609 207376 01137
(-0.681.-0.6615)  (0.01632.0.01766)  (-0.7523.-0.723) (0.1112, 0.1161)
50.15 20.3556 0.1301 “0.3784 0.01708
(-0.3681. -0.343) (0.1257.0.1345)  (-0.3837.-03731)  (0.01646.0.01951)
1510 20,4495 0.01683 -0.4961 0.09316
(-0.4635. -0.4354)  (0.01289.0.02077)  (-0.4693.-0.3828)  (0.08666. 0.09966)
Lo 1555 0.03335 0.06013 0.1276
(-1307.-1.198)  (0.03197,0.03473)  (0.001137,0.1191)  (0.03143, 0.2238)
<o 20.884 0.03502 207519 0.004136

(-0.9052, -0.8627)

(0.02469, 0.02536)

(-0.7697, -0.7342)

(0.003681,0.004591)
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4 12 ~ #1 A MATLAB # & = PEK #t 4 % $3% £ %(210 °C)

RH(%) SSE R? Adjusted R?  RMSE
0.5 0.000127 0.9999 0.9999 0.00152
s.0 00002146 0.9997 0.9997 0.00255

lo.1s  0.0003845 0.9991 0.999 0.003846
1500  0.0001863 0.9994 0.9993 0.002786
2030 0:009489 0.9946 0.9942 0.01485
3040 0001235 0.9995 0.9995 0.004537
10.50 00006515 0.9998 0.9998 0.003008
so.c0  0-0009523 0.9998 0.9998 0.003587
070 0008058 0.9996 0.9996 0.008094
70.80 001759 0.9996 0.9996 0.01045
g0.gs  0-0006891 0.9999 0.9999 0.002652
9500 0002778 0.9999 0.9999 0.00394
00,95  0-00172 1 1 0.002835
9s.00 00004219 0.9994 0.9993 0.004028
o0.gs  0.02322 0.9894 0.9888 0.02093
gs.q0 000171 0.9989 0.9988 0.005681
g0.70  0-002619 0.9997 0.9997 0.005758
T0.60 00009607 0.9999 0.9999 0.003231
c0.50 0002041 0.9998 0.9998 0.004541
soq0 0001354 0.9998 0.9998 0.003992
1030 0001493 0.9998 0.9998 0.004294
0.0 0001082 0.9999 0.9999 0.003568
50.15 00001898 0.9999 0.9999 0.001893
15.10  0-0003763 0.9999 0.9998 0.002716
lo.s  0.003441 0.9997 0.9996 0.006517
0.000117 1 1 0.0009637

5-0
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