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Abstract

The main purposes of this study were to investigate the effects of extractives on
wood photodegradation and to clarify their roles during the process by observing the
changes in surface color and chemical structures of extracted and non-extracted
Cryptomeria japonica and Acacia confusa heartwoods. Results from the measurement
of color changes showed that yellowing induced by light occured on extracted C.
japonica and A. confusa specimens’ surface. Although the red color of non-extracted C.
japonica was faded and followed by turning into yellow gradually after irradiation, the
AE* value of non-extracted C. japonica specimen increased less than that of extracted
specimen. While the color of non-extracted A. confusa specimen became dark and the
AE* value of non-extracted specimen increased ‘more than that of extracted one after
irradiation. Nevertheless, the AE* walue of non-extracted A. confusa specimen changed
lesser than that of extracted one, aftér long term‘irradiation. The changes of chemical
structures indicated that the extractives w:g-!’ﬂd be oxidated or degraded after absorbing
light, thus the hydroxyl, carbonyl and[cart')&xylic colored derivatives produced. For this
reason, the degradation rate of 1ignfp fslow‘ew(i down and.the water soluble carbonyl and
quinoid derivatives produced lesser.‘ Additionally, fh'e different lignin types lead to the
higher degradation degree in A. confusa than that-in C. japonica lignin. In the bargain,
all C. japonica and A. confusa cellulose crystallinity index were downscaled by light.
Howbeit, the crystallinity index was decreased less when C. japonica extractives exist,
the opposite result showed in A. confusa. This result also exhibited the crystalline
intensity of A. confusa cellulose was much better than that in C. japonica extracted
specimen. In conclusion, extractives play an essential role in retarding the
photodegradation of wood and the rate of wood degradation was decreased by the
presence of extractives, but only C. japonica extractives can protect the crystalline

cellulose against light.

[ Keywords] Acacia confusa, Cryptomeria japonica, Crystallinity index, Extractive,

Lignin, Photodegradation

XIv



Fule

TR
L ?ﬁ EE L F A CRTEREIFUIAASHEREER IS
THURIRINAFES B A FPMEFREFIEEE > T LHBC
c AKEIE* Athe FEcFEZ A p PR e I AR ITR R
PBLERAPEEDELT > B LY AERSES - 0FEL > 2 5 55
Afebdel > BFIRE b B AF o BRICAFL LR o

%n\hg ol

(ESCEIDRERIEN SR E RS ERES EARE L BE-E
wuﬁay?ﬁ%‘lﬁﬁﬁ%uﬂ’%%%%f* LR
X 2ZRFhRe c@F v HZAE S FAoh BT LEF ~ S0V 8 -
= e A - %%ﬁaiaua&ua SRR U0 4 5
1’££7¢w\&vﬁw*ﬁﬁ1¢@m7%m°

« Lis it T 0 5T R S 40 5 -
St g il e 2D o o B g 2 5
ﬁéiﬁﬁ\?ﬂuﬂaﬂﬁltd% %i
o % é*ﬁrﬂxJ“”‘F%w’éé4adiﬁ@’ﬂi; .
FFBL AR MNF (Photoox1dat10n) ERAH L #AHE R

™

e RN

e it 11 2 *f M 4814 5 (Evans etal.; 2000 Heitner, 1993 ; Kuo and Hu, 1991 ; Chang
et al., 1982): % »“ﬁﬁ“f TR APDEF R TR A LG AL
BAQd 2 43 MR M AT GO E -

AFHA RS ? > AT EERLFE LA TE 97 80~95%
2 Mk RAR R BT, L Rk VR e & A b2 FIH G5 3F e
A %4 ¢ B (Chromophores) (Heitner, 1993 ; 3%& + 48> 1985) X/ » "f 1A
FEildz Ak vk ok BRI A S RS Feande I~ (Extractives) 7
¢ FlkMmpita &4 gpd it (@R 4> >2000; Changetal., 1999; 5 + 425 - 1998 ;
3 2 51994 5 Abeetal., 1994 ; Shibata et al., 1963 ; Funaoka et al., 1963 ) o & 1 34
A s BRI B2 7 BT A 2 K ( Polyphenols )~ %7 ( Terpenoids )
2 HuW v Edz xdg (Kai,1991) B¢ » Bassg< £ A4 F 3w H 2 A Y - 24



T2 k% L LA ﬂf“%‘f%’fﬁiﬂ%ﬁéfbgéix Fengit (£ 4%
1983)

5 AHE AT E LY

it IR G RV jk_é/g-ﬁ%g %\gﬁ;ljﬁ’g_'}{;‘ 9}; #Eé 5
TRy Ak BRIy Y H IR L p kit E RN SRS A Y
BRI Feop a2 AR AR R R
DAFFE Y

ABRFE T EEG
S s E 1Y & $2 s H 4 412 4 (Wuetal., 2005 ; Wang et al., 2004 ;
Wang et al., 2003) £ F A4 £F it 5 L G Frdlermed - F EEF ST o F]
RN EEIE R LN R

¥ 1L g

s HPENRC B R4 S A AR

T *'?'S

BFREY TFE T 5 R I‘Q’Eﬁ}f%?’rv PR RN

o
¢ 32

R

e

5

FegagEl

L ~
%{;@& | A7 4
Ly g

{E_"%qj 1:_--"l;é““_—-"-. . ]_# !:‘5“’1‘



o v‘gwﬂ}éﬁ

AT O RAPMT L FBEFFIALG R F FERBREDEL o A
HEm G~ F AR A S o STk 0 b 2 AF R el o K
Kz i B - LR AHSLE o gRAMPZIF S AL - Skt FRg R
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400 nm) > 4= C-H » C-C fr C-O 44 4 | ¥ =4z 292 nm ~ 354 nm £ 363 nm 136

£ (& 1) (364> 1984) ¢

BE AR kLK R AR 1~ 6% R H N R RIIRE S G
Edd R B F o FI g AHMX IR RRHE > Sl g AL ¥
BAAHPE T o R AT B F A BT 2 LA s A
BHBRF LF end A L AT A (SEFAL1985) Hi Buqckin g AW
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Table 1 Bonding energy of organic compounds

PP i (Kcal/mol) M & (nm)
C-H 98 292
N-H 96 308
C-C 81 354
C-0 79 363
C-Cl 77 372
C-N 62 462
N-N 36 792
0-0 ; 33 2 868

okt ez #ehk d g !80@%’%:@ kg e 5~20%d >
‘ T |
F9fc > @ ) E A 0 fc 2= 3% | (Heittter, 1993) > AHf2 342 R i 4]
; : 11
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Mo XA Cl 2 C4EALpd Ao pd AR F AT A EF LG
(Hydroperoxide ) FpF & Cl1 2 C5 =% % 24 " & i¥* (Dehydrogenation); ¥ ¢} »
A E 254 nm b2 kM RHRKEEL > €A L TERAFR

( Dehydroxymethylation ) » %t 3 2 Az 2 (Methylol group ) °
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Fig. 1 Scheme of photodegradation of cellulose (Heitner, 1993)
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™3 2URs gk e g gk -o- F Bl B (Non-phenolic phenacyl-a-O-arylether ) £ 4% ¢t 5k
% 3¢ 225 pd J (Ketyl free radical ) ~ f=fiep ¢ & (Phenacyl freeradical ) -
% pd A (Peroxyl free radical) ™ % fi=% p d & (Phenoxyl free radical ) » # %
Fefwprd hpd A F@GF LT § 7 hy jigfFay e
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Fig. 2 Scheme I of photodegradation of lignin (Heitner, 1993)
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Chang & + (1982) ™ 4% 7% 7 & B est (Scanning electron microscope, SEM )
BR Skt EEK 2 2 > (Pinusspp. ) 3276 0 A% bk BB &+ 500 hr {8 o
Hwre Bk (Middle lamella) ST - & fwfe 2 3> ‘wrz i m §2,F LR ¥
W HF i eni % 7 A Evans & 4 (2000 ) ¥% ' 7 ¥ (Pinus sylvstris var. mongolica )
zZEr P gm (B 6)- ¢ > Kuofr Hu (1991) # 3t =+ (Pinus resinosa )
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Fig. 6 Changes in the transection of Pinus sylvstris var. mongolica after irradiation

(a) 0 hr; (b) 35 days and (c) 100 days (Evans et al., 2000)
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Fig. 7 DRIFT difference spectra of (a) Qhamajecxparls obtusa and (b) Fagus crenata
]

after different light soprées 1rraﬁhat10n (i‘elvaj and MltSlll 2005)
A .-"I{d- - =
) N
G IS ‘?ﬁfﬁ-:"fzi% AR chy oo

¥- 2

-
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Fig. 8 Method used to prepare and spcﬂloﬂ wbod fpr IR depth profile analysis (Kataoka

etal., 2007)
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Fig. 9 Percentage transmission of monochromatic light with different wavelengths

through sections of varying thickness of wood (semi-logarithmic scale) (Kataoka

etal., 2007)

11



341 nm 372nm 403 nm

100 - - -

Depth (um)

200 T .

300 7 7 y

400_ T L} T X T L ¥ x 13 > LI il T T T = T

1800 1600 1400 1800 1600 1400 1800 1600 1400
Wavenumber fcm™)

Bl 10 7 Ik & RBEE M SR B B2 FTIR BIH % i

Fig. 10 FTIR depth profile spectra offwood irradiated with UV radiation at different

#

wavelengths (Kataoka et al., 2007) _—*

Colom % < (2003)u DRIFT“A 175 1‘%‘( Buxus ée‘mperviren )% v #(Populus

H-"n.ﬂ_l_f

tremula) < 3| % ¢ F”D%ﬁ"]’fgmz\ml}@b Jj‘l_\;:g‘P‘_?iﬁp}ar; e

Peik ey f2 (B 11) 0 2 29 Cel \[ seIrE‘Na‘uw cellulose) e W LS N w oot

B (Lisss/lisie) 7™ ¢ “ERR % H»*’F'&i‘g G (ﬁ]IlZ)
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Bl 2 FRAPFFLATZRAE2T (@) FH(A) 0
Fig. 11 Changes in the peak height ratio of the lignin absorption peaks of (4) Buxus

semperviren; (A ) Populus tremula after irradiation (Colom et al., 2003)
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Fig. 12 Changes in the cellulose I content of (€) Buxus semperviren; (A) Populus

tremula after irradiation (Colom €t al;, 2003)

S aE %8 AR (Crystallinity )sehEs i< 7% A $F:48 18 5% & *% < o Nelson fr
O’connor (1964 ) H| % ‘=2h a8 k%2 1}%‘%&&% e doig 1430 cm”! 2 898 em! 2
Pe i (Tigz0/lgeg ) » F 50 A fodp §£ (Cry:'tallinity index, Crl) » Colom % 4« (2003)
TRk AT L R R SRR "é‘ MG 2DBT Ahdd 2 E g e o AUk

A7 AT iE \.pﬂa;}ﬂﬁiﬁ "&3%}’1"52”7& BERR AT T AE -

22 ARPRAFRZFPEI PR hBESHREN
Table 2 Changes in crystallininy index (Crl) and crystallinity on Buxus semperviren and

Populus tremula after irradiation (Colom et al., 2003)

Irradiation Buxus semperviren Populus tremula
time (Weeks) Crl Crystallinity Crl Crystallinity
0 2.21 44.1 2.27 45.7
1 2.14 40.7 2.16 41.0
4 2.01 37.3 2.07 38.0
8 2.04 37.8 2.04 37.8
12 2.07 38.0 2.00 37.4
20 1.88 32.8 1.86 32.1
24 1.93 343 1.71 30.2
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Pandey (2005 ) 4% 34 % < +> ( Pinus roxburghii ) 2 = & #7% ( Hevea brasiliensis )
S SRR SURP IR R I $ Y SRS LRI EE S SRy
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P4 > PIE IR (B 13b) e preb o M F R EFHF L ITRA TR E S D
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- MR REEERAF A L) (B 14b) P RABRTL PAx S
FoRBARARM > 3 & d A A P 4o Coniferyl alcohol ~ Phenyl coumaran 2

Stilbene structure % ¥ KA B> > 2@ 4 XA ITE F TRk o
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Fig. 13 Changes in the peak height ratio of the (a) lignin and (b) carbonyl derivatives

absorption peaks in the FTIR spectra of Pinus roxburghii and Hevea

brasiliensis after irradiation (Pandey, 2005)
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(Pandey, 2005)
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irradiation time of 1rrad1ated] P,,quea excp-lsa (A> 280 nm) (Miiller et al., 2003)
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Fig. 16 Changes in the /\E value versus relative peak area ratio of the lignin absorption

peaks of Picea excelsa after irradiation with A > 280 nm (a) and 300 < A < 800

nm (b) (Miiller et al., 2003)
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g%?%%.%H%mgﬂw o RBRTPRAFTLF RIS RS
TR Ea g TWLRFEAMTFIRARSD 7L - Y T AH
§ #f" (Chemical modification) # & 7%+ F 4o i if > Aok iv 2 4 1

VUL E A H g H b R B gy

A E TR R R ERE AR AR o 2 R o G
B S SRS AR TR R s S S S R Sl
(BB 4 >2000)0 @ A4t 4 o % ER A FGH N2> 27 UL AHF RS
FURLHR o ZAm LA L A AR A T BNEREAR T B B B iRk 0 e A
EXREBELPF-H 3 AT i’is-ﬁ ¢ "]g R 'Tﬂ—r mﬁ’%" @ A4 % i (Andrady et al.,
1998 ) o W3 414 ¥ % 20 4o A Rt A 4L 0 7 f Ea A R CE I
A2 o M A R R A T 5 (1) Kk
A~ (2) pod ARG ~(3) i 3!.‘.5"«{&;%" l(4) FLF e (5) H%§
BT A B P K EBOROHE § J E_ka‘gi&jfﬂ '(MrHydroxybenzotnazoleE\ Hindered

amine light stabilizer, HALS) '«w # xR /i%ﬁ;lﬂ’* 2 e & A (% fakg 0 2002) o

Tk T R 2 ’]‘ -Q{" Vx’llrlcﬁﬁlmnbt ‘F_‘ Prif LAy b2 (B
18) » riec i L M % & 44 0P 5% (Hayoz et al., 2003 )
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Fig. 18 Inhibited pathway of wood photodegradation with light stabilizer (Hayoz et al.,

2003)
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P R VI BRI YA o e BREE 8 1)

Kf?f«&%i% WAL AFTZF iR 204 AR5 8024
(Extractives) 2 {8 Mg A hex o v va i 2L Ra 2772 25 5Fd -
AFES PERXS I > FERI AHER A R FP T < SR AH S
FodA s oA AR T2 IR AT R b et A 2 B b
T’;&,{Lf;?ﬂxﬁﬁﬁmséuf;\gﬂ;véé&\ v Bﬁéifr 'F’ PoHZEEAHERZ 5-10% o
—ddm g o RS ¢ FIRAR A R L % BB AHhd 2 b

A2 B f R WA LT AR B M A
(=) 4 41 % & gty

LN EUEI RO - Rl AR PR P ) S SRR LR I SR
Bt ¥ ik B S A sE e Kal(1991) 42 T RS A oo Bge A A FI A
% B 47 (Polyphenols) ~ g (Terpe'r;fgIdjs) EHB b AggeHY RSN

= |
\ = |

CERA G E ALY o B S a R R R L
%?iﬁ%émiQW€#°%?ﬁ%ﬁ“iﬁiﬂﬁﬁ’ﬁﬁﬁ&%ﬁxvg

%

ZA4cT (2 DX 5 1997):

%3 AP AR FRWHE (2HHEFH1997)

Table 3 Polyphenols in wood

bog s PN g &
6 Cs Benzoquinones
10 Ces-Cy Naphthoquinones

/ C } .
14 Anthraquinones
\@6

14 Cs-Co-Cs Stilbenes

15 Cs-C5-Cs Flavonoids

17 Cs-C5-Cr-Cs Norlignans

18 (C6-C3)a Lignans

n (C6-C3-Co)n Condensed tannins
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1. pR%g (Quinones )

pRAF A A FHE 5 CeHyOr» A2 44 ~ A 17122 Fudkfd g §27 B 0%
¥ A2 ragF = ~ 3¢ (Ikan, 1991 ) : Benzoquinones ( B 19a) ~ Naphthoquinones ( ]

19b) % Anthraquinones ( B] 19¢) »

0 0 0
CH,
QO QO
0 OH O 0
(@) () ©

B 19 ~4°¢ 2. fR3E (a) Benzoquinone, ( b-Naphthoquinone, (c¢) Anthraquinone
> l! "
(22 % -1997)

Fig. 19 Quinones in wood] (a) Bepzoqpiﬁqne, (b)"r'Naphthoquinone, and (¢)

".,'...!- L ’ |

Anthraquinone i ;'p-‘-_: | f

| x

‘.'1,[" | L

2. = ¥z %ag (Stilbenes) i | s | F
| pl |

1
i

|
- ¥ e agena & B4ER0T 0, BDiphenylethylene % F 2 2 it &4 4 L4

KRR F RS o ST L R PR A R M G (3 4 3

B > 1995) -

3. ~p=% (Lignans)

s ¢k J % 80 Phenylpropane (Ce-Cs) 3 2 #77) & e & Bif >
A nd A FE iR B Ce-Cy H AR e B B agRria2 L85 o X i&a B
Co-Cy 245147 AfinZ ¥ & = = # ! Openring type (B 20a) , (a-a) Cyclized
type ( B 21b), (y-y) Cyclized type ( B 20c ), (o-y)Cyclized type (8] 20d), (o-y)
Double cyclized type( B] 20¢ ), (a-Ar)Condensed type( 8] 21f)12 2 (a-Ar )Condensed

(y-y) cyclized type ( B 20g)
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N TS

(e) (H (2)

Bl 20 A4F7 2 ApsF SHE o (a)Open r1ng type, (b)(o-o)Cyclized type, (c¢)
(y-y) Cyclized type,  ( d) ( oc-y) Cychzed type (e) (a-y) Double cyclized
type, (f) (o-Ar) Condensed _P_Xpe 2 (g) ((x Ar) Condensed (y-y ) cyclized

T,

type (3 215 % > 1997) *~f“' : |I
Il )

Fig. 20 Chemical structures of lignans in H_pod, |(}1) Open_ri_ng type, (b) (a-a)Cyclized
: |

type, (c) (y-y) Cychzed type, I(d) (a-y) Cﬁhzed type, (¢) (a-y) Double cyclized

type, (f) (a-Ar) Condensed type and (2) (a Ar) Condensed (y-y) cyclized type
4. % pr#g (Flavonoids )

FARAF2 A& B4 &0 - ¥ A [ = (Diphenylpropane » Ce-C3-Co) = ¥ 28 “THE
F2ZREPHR I L O REAL T AARE T AMES Y o AH Y 2 F AN ki
EA BFER2Z CGGEAY R A2 7 kA2 Chalcone, Flavanones, Flavan-3-ol,
Flavones, Isoflavones, Flavonols, Anthocyanin ( Taylor and Grotewold, 2000 ) 7 #g - &

Prap &8P 5 £ & 2R 2 Rl AR AHAEIEF MG TR e

«‘Fug L ;E 4 o

21



5. ¥ % (Tannins)

B 5 e ~ 73k~ Bleae ~ @83 k9 T2 2Pl gL Pl kgt

ZH AV :(1) 4k & f24) H % (Hydrolyzable tannins ) : ¢ Tannin acids ' fig
L HE Mg R A A 5 (2) 454 A8 % (Condensed tannins ) d 5-8 1 5 fir 47 ¥ 4818

oS WIELER R
(5) 4 NnEAHAR LGS SPE

A2 ER SR engEd c AR I TS iAo mga > Hppd
BN AR I B A O - e E R U %gﬁ\ﬁ FHIERS & A HF 4
42 45 (Picea) % (AbleS) A e S B Y AAFIEHES B G

s ehi B4 o 4otrds (Cryptomeria japonica ) LH WAL A G TR o

%

=
T,
&
b2
-
hrS
~=h

2

34

Moo 3 SETE AR EM Mé}-;gal %’ve'z%;&? f‘;;z gtk (C=C~C=0)~ § thiz &1 2
aé&mi$$¢%hwﬁo%fﬁm$¢%%ﬁﬁea%gzwwp;eﬁw
B e % o ¥ 4ofrds ~ 5 %42 (Taiwania cryptomerioides ) ~ # # {4p ( Thuja plicata )
% jorEd> (Pseudotsuga menziesii) E4E K 2 BT A B il- i 7agwm g 2oy

EH R A e T R S S B - E A
1742

¥riszo o HpEd LB M > B4 e kg o A 1960 & X T el
d it i¥— % 7|4p B %7 7 (Funaoka et al., 1963; Shibata et al., 1963; Kai, 1965; Kai

and Shimizu, 1968; Kai et al., 1972; Kai and Teratani, 1977 ) »
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Kai ¥ 4 (1972) $irds e Hgnd $ Fena) & iR 1w i d 2
Hydroxysugiresinol % )= < ggd 2. 2 & m 54 F > 5 f= § i i (Phenol oxidase )
Firis v AR e Mg 4p e AR EE (0-Quinone ) i & -
-Dehydrohydroxysugiresinol » & {5 ¥ iy B & & £ = F 22 chppd =5 (H 21)> H &

RAFI S Feng it F foA Bt (Lignification) & % A4p 2 o

HO o
e LD

OH

Dehydrohydroxy sugiresinol
Hydroxyresinol A ERAL 4

EEASEY TR

'J ||
B 21 febo HaT e 4 ) 3.0 ?ﬁ?ﬁ&?# P

1
f l

Fig. 21 Proposed mechamsm of ¢oloring componeﬁt formation in the heartwood of

Cryptomeria japonica (Kai, 1991)

Wafr (2000) FA3 B o Wi M AR ZokFenif TRk > Wil d
EFgd ot €RIF(R22)c Am W5 5 5§ 7 SHEIILZ 4K
HoORPRIrERPF ] §ALFHI TR - HFEFITPIBER OSSP
PRI VR BERT 0 LVRANBRLEG EF A L Ae > e pe

L g ARREEEd Bivkx (£ 4)0
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8
4
§ =O=0Oxygen
L =>=Light
2
< ==Light and oxygen
=
— =& ight and vacuum
=
o
)

0 8 16 24 32 40 48

Exposure time (day)

W22 kA s o i 8 42 (IR A 912000)
Fig. 22 Effects of moisture ofr-thesdiscoloration./of Cryptomeria japonica redish

heartwood

4 PR S g R e E Y REST2A npad g1 (G
2000)
Table 4 Color variations of paper impregnated with various soluble fractions of MeOH

extractives of Cryptomeria japonica reddish heartwood with plant lamps for 72

days
Fo 4 A by iided AE*
L* a* b* L* a* b*
v Eedd A4 79.2 5.1 19.5 81.5 7.0 21.0 33
L R 58.6 18.8 24.8 434 213 18.9 14.7
LT fig ¥ BN 73.0 11.2 17.0 50.5 25.5 21.8 27.1
% VRN 68.1 15.0 20.3 70.5 144 247 5.0
R A L 75.3 8.1 27.5 80.8 5.7 30.2 6.6

24



2. ¢ B

BV ESBA I B LG LABARY FROF S KT 5D

AfpE A (1994) AT B EA 0SS DD O H B L B F)S L kM

FEASCHE? kLG ARBRKEOIPUIPRTE > FIRF 55 HE
By A gg;f;;%ﬁ*;,uﬁgga @A ok - 4o ,f.\.ﬁg e

AL AR R o g ST IR NP 23 A AR SRR B
BEALBES R B A T L RV IRAIME VBT AN R AL o Tk

Mpgd #4854k o

ol 2 ¢
51 sy
He#iR = /v\hf'vhiﬂ ol %'/v\é%”’? ﬂz ll} "-.;: ¢ /&>t Royleanone type 7=

-~
% ENpE 4 30 B> @ 4&5 Taiwanin A,
PR A

el
ol;*T-Cadinol * Secoabietane
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OH

HO 0

B 23 d SAletge A\r%;ﬁ“'w ﬁé!&%f“@)'Tglwanln A, (b) Savinin, (c¢)

Helioxanthin, (d )]{Iﬁmfa@hde

"r- 1
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3. H W

preb s Ry - B skt d 2 Aot # ®4B42 (Tsuga heterophylla) ~ 248
* (Diospyros spp.) ~ ¥ 18 (Dalbergia spp.) ~ ## ~ (Tectona grandis) ... % » 7=

AN LR A s o A S L BB EG HARMI A

25 4 AHAI g A a

Table 5 Color components isolated from woods

BHE B oA A <

Tsuga heterophylla  Leucocyandin Barton, 1968

Pterocarpus Santalin-A, Santalin-B Gurudutt and

santalinus Seshadri, 1974

Rhus continus 2—Benzylidene—6,3’,4’—_tr.glydroxycoumaran—r?a—one King and White,
— 1961

Diospyros spp.
Tectona grandis
Aniba rosaedora
Ulmus rubra

Mansonia altissima

Thuja plicata

Psedotsuga

menziesii

Taiwania
cryptomerioides

Maegaki-quinone, Maca'sﬁar II
Tectoquinone, Lapabhol =
4—Methoxydalberéione
7-Hydroxycadalenal

Mansonone C, Mansonon¢ F

Plicatic acid, Plicatin, Plicatinaphthol,
Thujaplicatin, Plicatinaphthalene
[5,5’]-Bisdihydroquercatin

Dihydroquercetin, Dihydroquercetin,
Dihydroquercetin-3’-O-glucoside,
Quercetin-3’-O-glucoside, Dihydrokaempferol,

Pinocembrin, Pinoresinol,

2,3-Dihydro-2-(4’-O-B-glucopyranosyl-3’-methoxy
phenyl)-3-hydroxy-methy-5-(-3-hydroxypropyl)-7-

methoxybenzofuran

Ferruginol, Helioxanthin, Pluviatolide, Savinin,

Secoabietane dialdehyde, Taiwanin A, Taiwanin I,

T-Cadinol

Brown et al., 1965
Imamura, 1989
Imamura, 1989
Fracheboud et al.,
1968

Tanaka et al., 1966
Kai and Swan,
1990

Dellus et al.,
1997a; 1997b

N AN
2002
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(Z) o2 ks i F RS

RE kg A A £ (F6) G LA
FRFLERELINLRIE AL DR AR DAL KT F

HF EAFRe vV KA FE?EETF PR AP EEELS I ?Ebﬁl}‘éﬁf#——i%

HEF SR SNl E s

v (®24) (2 2H1994)-

hoo @i a? > § 4 chTaiwanin A X KRR EFIE 0 §I5d TRit (T2

(Ring formation ) ~ % I BT ( Tautomerization ) G F I ( Ene reaction ) ~ 1,4

2 F & (1,4-Elimination) # % -k 5 B (Water elimination) % 5~ gma = v ¢

Taiwanin C ([a]# /%) % 7% % 4 # Taiwanin E([b]#:/82) ( B] 25)( Chang et al., 1999 )

306 kB I 2 AR

Table 6 Extractives discolored by light!irradiation
; -

HHb

Fo 4} = 4 | | ’H

@;];L;

Acacia mearnsii
Afrormosia elata

Leucorobinetinidih

2,3°,4,5° —Tetrah);droxy-stilbeﬁe‘

Roux and Drew, 1965
Morgan and Orsler, 1968

Baikiarea Anhydroleucofietinidin Morgan and Orsler, 1967

plurijuga

Chlorophora 2,6’,4,5’- Tetrahydroxy-stilbene, Morgan and Orsler, 1968

rigita Chlorophorin

Chlorophora 2,6’,4,5’- Tetrahydroxy-stilbene, Morgan and Orsler, 1968

excelsa Chlorophorin

Melanorrhoea sp. Rengasin Yoshimoto and Samejima,
1977

Sequoia sp. Sequirin-C Balogh and Anderson,
1965

Tsuga Hydroxymatairesinol Kawamura et al., 1998

heterophylla

Taiwania Taiwanin A Chang et al., 1999

cryptomerioides
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e
— : "'*.'x i, \"
in E2. 441

-,
¥

i
T _dr

L A
8] 25 Taiwanin A ## it = T'ci-iﬁafézjaﬁi(ﬁ-@ ie
Fig. 25 Conversion mechanisms of fﬁv‘&ﬁﬂﬁnﬂi’iﬁ’tﬁ taiwanin C and taiwanin E (Chang et

—

alw

al., 1999)
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- s

RS @ * 2 3 4 5 #742 (Cryptomeria japonica) £2 4p L A& (Acacia confusa )
42 *7 & (Radical section) » i 4387 # #3 ®W = 20mm (L) x20mm (R)
x 02 mm (T) 2z & 5 ¥ #3845 % A 3F P (Non-extracted) % ¢ % B~ (Extracted)
I EEEH e ¢ F B A N 5 B (Soxhlet extractor ) ¥ 1z fE— 9 ¥ (1/2,v/v)
EB24hr BRAPFRIRTEL4 5P ER AR ERY A4 84 > &
BippacE A P Y BES ASE %6MJC¢%ﬂ’m%wﬁ#éﬁ“”

ﬁ%zﬁ%mé%ﬁ’u%ﬂEM%iﬁﬁﬁxwwo

SR L-I;L-:: :“’ |
,ra--- _ *‘
| M ?‘

(=) deid sk id i - I.r
“ r

f l

HBdT %= 2R AN 4 i# i} 5 o o 1 (,Q—Pa‘nel QUYV accelerated lightfastness
tester ) i {7385 o WihEH* UVASBSIensBlEs Bz P 2 p REkh > RERF
B w5 0~4~12-24-48-192~384 £ 600 hr> Rk prerg B #7415 60+2°C -
AWLRELCEMERRETF TR CALRNF B Ba-HAcl A2 sor ¢

Bz o A G AT KRR Y o
(2) HikRk

AR AR 0 T m kA5 384 hr (s 2 B 0 B AR

kP 24hrts o B EARAREH AR o 21 kR AR EAY A2 s

ABEHTE NS SRR FET L 602 CHE Y 0 o RS RgrE R S
ZEM B R Tl ¢ R AR A TR E o
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RN e N
(—) # G e B2 4T

WH A G 2 pEd Hd b /7 0k kg & (Jasco V-550)fe & # 4 2k (Model
ISV-469) B2 7 LAk HenF sfd > THEIEZ X Y ~ ZZ e % RER
P s € (1976) CIELAB ¢ 288 & (& i@ € &40 ) kiR 5 Des £iR o BRI &
10° PI3EFT 2 /2 10mm e RE i FEHend o gad 1L L*¥~a*~b*~ = BF 4284

T @ boid kRS S TS WAL I AEXE & R 1 B

L*=116 x (Y/100) *— 16

a*=500 x [ (X/94.81) 3L €Y/100) ]

b*=200 x [ (Y/100) "*— :g
,,,a-.-

AE*—[(AL*)-+(Am*4t )l §
s l
|

*IPRE 26 5 1000 '}_%é 0-

(Z) #gF s = Faggg bRk d 47

™ Bio-Rad FTS-40 & = # #& # % *} £ # & ( Fourier transform infrared
spectroscope, FTIR) A 472 H £ o RE B Hieis 2 P B F L A% > BRI E:

DTGS (Deuterated triglycine sulphate ) » f#47 & 3 4 cm’! o Frd oL 64 0k
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s fe B 5 4000 ~ 400 om0 rfe £ 2 %cF % ¥ 5 Graseby Specac #l i

2_"Selector” 4z F #+%ti% (Diffuse reflectance accessory ) °
(Z) % 7hsk/v 8k kA 4T
ST ER VI IE SR I W - AR

BSmg @i 10ml #45-kY > 2R THEFE DX phiBipt 0 BHE K

S

'/{:.‘/i’ '}H;

¥Rk kR (Jasco V-550) & 47 0 Bl E FH KB M D 4 ek ok
BTk o Ap LARR TR E R M Ok — R R (UL, viv) AR B i
KER R A ﬁv‘f?

2. $TF Sk Ed @A 5

o Nadl o)
PR I VA N S ¢ (JascoL‘\f—ﬁDD;ﬁF fq & ~ 3% (Model ISV-469 ) 4~ 473
- |

Henk bfd &0 MR ST d fs‘izi%#% ﬁf«:ﬁ‘éw,;ﬁg I (KM > F St s 5 Lk

BH B AT 20 1‘}4’ \( +# ?fr & Sv‘pectralon Thermoplastic resin) 3 %

THRE > SPRAE R G 200~ 800nm

(2) &7 i A4

¢ * American Physical Electronics Inc. PHI 16002 % 7 3 &t # % ( X-ray
photoelectron spectroscope, XPS) > &~ 474t & & 1V & 2 =

it o /\+’fr£é':\w J-)i =S
5x10” torr » 1115 kV Mgse 2. X-ray § + p 5+ » XPS#2# 3% (Survey scanning )

U 117.4eVF A%a A +7 0 @ w4 H  (Detail scanning ) B 1211.75 eV 5 A%t & 47 o

i * Unifit 20067 "o #8847 3¢ i& (7 XPSw s#8 & (Curve fitting) o A 47 50 Rzf 44

WA E ST EZ5mmxS5mmx02mmz =+ /) 0 3% ¥ AigiEr ¢ 24 hro J'l—i“,$
KA e
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+ . 2t by 2 2]
27 2583405

-~ frflu it dom RS 2T
(—) e %it

BI26 2t LT HEEs 2% - d BlP 7l 5o
48hris B A G gEd WL F ¢ o0 Wit e Atk 325 384 hr t5 2. ¢ £ & (AE*)
S (H27) » Fare i ABk 48 hr P2 AE* i % 1 & 4 P 8¢ »
PRk 48 hr sz AE*fE 5 1024 5 #FF LT 384 hr s » 46 gfd € 340 (B
26) » B AB*E (7.24) FACE S 4 X BRI IFR S PRk 48 hr FrAE
fro @ AFPril e H R L 48hr Sl & G & REEI (B 26) o BB
HEkisd £ a8 (B27) Tarr T rdemk 48 hr 2. AE* & % i 42 5 o
PR PR P AT BT /8294 A AR LR 38 Thr 15 0 A Y MR
Pk 48 hr Bk 2 4k ’AE*IE%;&"?,;L 97 MpAEE LR AR
%f RErlE o 8 Ak
¥rdim oA > d LV Ao g 5,:,& 3 B .ll,}é‘ Frodfpekisz 4 2 g o

¥ M ﬁ«;l Bire X Bxs]:frh]:,\é £ é%

Extracted

O hr 48 hr

Non-extracted

B 26 ¥riz G4k mf L iSRS 2 g d 1t
Fig. 26 Color changes of Cryptomeria japonica heartwood after UV lightfastness test
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; —e— Extracted
—- Non-extracted
O I 1 T
0 96 192 288 384

Irradiation time (hr)
Bl 27 g4k wf sk iR (5 2 Wrates 4 R

Fig. 27 Changes in color difference~of Cryptemeria, japonica heartwood after UV
lightfastness test ' 7%:";’_‘_'
[ | 'F
B Pl RS 2 i%ﬁﬁ%ﬁé%ﬂiﬂﬁ’agﬂgﬁgé%
SR LRETCLETA RO A o) Z S SO ET TR AR
L7 2 s s M e id w R ERSR 182 LR T v E Bl Rk 48 hr
P L¥Ed R ke 59.57 ff et 22060016 5 a* i i d Rk 50 1042 A et 2 3
1092 Hggivt ¥ 2 % > @ b*ERd B k11694 2 3 2714 ¥ dve ZBfrisw
HEiERE48hris » Hppd it 218 5§ (B28) ; A4FFmL384hris >
HL*Ed PRk 48 hr 2. 60.16 % X T 58.56 b*iE d Pk 48 hr 2. 27.14 "% 4 T 24.04>
PEERETEFREL IR o2 § 9 A (F28) 0 L EE262 ¢
Fofri o P Ead BB EPE o AP R 48 hr {8 L*Ed R
Xe14590 F 2 3 4980 b*iEd R ke 15502 % 2279 A a*E W R R oken
1397 Az 1341 d p v § AFBHP o HRER » 2d 474 > &
HHELEIN (F28) ;s aEFFpLs 384hris » L*¥Ed Pk 48 hr 2. 49.80 T *#
% 4831 b*E R d Pek 48 hr 2. 22.79 f e ™ *% & 21.99a*(Ed PRk 48 hr 2 13.41
AR TEL 1325 H a*E e b*ER B AP A FrlEo NGB EPER
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PR (82 AP TS BB ARE (B128) o 0t 7% 221 26 A Koo
HBXisgwme gitipi o

LTt B R R 2 G R

Table 7 Changes in color parameters of Cryptomeria japonica heartwood after UV

lightfastness test

Irradiation Extracted Non-extracted

time (hr) L* a* b* A\E* L* a* b* AE*
0 59.57 1042 1694 0.00 4590 1397 1550  0.00
4 60.12 1031 21.53 4.65 4731 14.09 1826  3.10
8 60.33 10.08 23.74 6.85 4829 1354 19.65 4.8l
12 60.10 10.06 2421 " 7.31 48.11 1326 19.86  4.95
24 59.86 10.07 25.08 .:8.15 4839. 1297 20.72  5.88
48 60.16 1092 “27.14  10.24 4980 1341 22.79 8.29

192 58.44 11.05, 2544 8.61 41947, 13.00 2212 7.00
384 58.56  111.36 | 24.04 _ 17.24 4831° 13.25 2199  6.97

Yellow :
30
O
°B
20 -
2 2
b u
# Extracted O hr
10 < Extracted 48 hr
< Extracted 384 hr
B Nonextracted O hr
O Nonextracted 48 hr
O Nonextracted 384 hr
O T T
0 10 20 30

a* Red
Bl 28 ¥rds e His et kRSS2 ¢ B

Fig. 28 Changes in chromaticness of Cryptomeria japonica heartwood after UV
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lightfastness test

Heiter (1993 ) 4p i A & bt f ¢ SR P RoTie > ¢ A2 F PG o F+ >

F.

T ZPr o g REN C HAFTEFIRELF L ARFHAL R VR
G0 RAGEBERAEL BFINEEN > LI AFHFH A TR AT LA
FREFtpmnAdstafd PP Ty A @#HI L LEFTHR A A2
Wi giB A8 hr Rk s » Hd BBEARTAF ¢ A w B> R ZARIFR

CEBr ) D EMRERERL B AEFTIAY R ER I

AR T o PR FE RS T s FI o HM A A F A

-~

B GLRE A R %@@%ﬁ%
_.)F’J—’, e W

}.{_},.
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() &= EHk o oh R kA 7

M RS ATI R BV F A A2 % 4o B 29 A
Foom P A AR AT Aok 8o d Bl 20 T HIE B i H AT i AT

WA MR AR R FIT R A B A S BT F F PR R TR

e i AR RS S N ARG R AR (B30 2R3 FmEBEEL
2 %4 1740 cm” 2 5 A ((C=0) = jcii AW § P AR 4 > @ 1510 cm” ~ 1273
cm’ ~ 1462 cm™ 2 1231 em™ & A FE B B RE L BEon AH B AL
FHR o AT EERALRAZ A2 772 F o Pandey (2005) 3t R
“ > (Pinus roxburghii) fo2i & ﬁd’% (Heveai_abrasiliensis) * 44 ek ¥ v 22 Miiller

Ek(m%)FIﬁWQ%G%wMWM);%ﬂ%%%ﬁiﬁ%aﬁﬁiii

Fiﬁ%mwk%“ﬁﬁi(
U r"'”ﬁ._- |_: 3 “
.{I..-'* I !
I ‘[
141316
- 12
7 891011 A 13 17 20

1
23 5 6 u}/\f@’\f"“ N \M
Extracted 4 \ N
WA

AN
\“W-*/J\
Non-extracted

T T T 1
1400 1200 1000 800 £00

I ) 1 ) 1 I 1
4000 3500 3000 2500 2000 1800 1600
Wavenumber (¢cm ')

Bl 29 ¥risws 5 Bmi 52 B2 FRIF P RNEFLR

Fig. 29 Difference of FTIR spectra of non-extracted and extracted Cryptomeria

japonica heartwood
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£08 Wit &2 EH Sk A T N A T

Table 8 FTIR peak assignments of Cryptomeria japonica heartwood

Peak  Wavenumber )
1 Assignment
No. (cm™)

1 3405 O-H stretching

2 2938 C-H and CHj stretching (asymmetric)

3 2882 C-H and CHj stretching (symmetric)

4 1740 C=0 stretching in acetyl or carboxyl groups

5 1656 C=O0 stretching in unconjugation to the aromatic ring (aryl

ketone)

6 1603 C=C stretching of the aromatic ring

7 1512 C=C stretching of the aromatic ring

8 1462 C-H deformation (asymmetric)

9 1430 C+H in-plane deformation & aromatic skeletal vibrations
10 1370 C-H defermation (symmetric)

11 1327 CH, wagging :

12 1273 Guaiacyl ring breathing with C-O stretching

13 1231 Guaiacyl ring bﬁthing with C-Ostretching

14 1171 C-0-C aﬂ“tiéymrﬁetric bridge stretching vibration

15 1124 C-0-C syrﬁmetfiE stretching & .guaiacyl ring aromatic C-H

in-plane deformation & glucose ring vibration

16 1090 C-0 and O<H-association bands

17 1040 C-O stretching

18 898 C1-H deformation (B-anomeric linkage)

19 810 Glucomannan & aromatic C-H
20 676 C-OH out-of-plane bending
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1740 cm™'— 1510 cm’!

\

W c ?

T T T T

4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600
Wavenumber (cm-1)

B30 @ X B e MRk tsz & 2 ik o b AR
a: ARk ;b: Bk48hr; c: BBL 384 hr

Fig. 30 Changes in FTIR spectra of extracted Cryptomeria japonica heartwood after UV
; -

lightfastness test: a, controlysh, after'4d8 hrvof irradiation; c, after 384 hr of

irradiation i — ~,
s ‘il x ‘\
""-"".-l- :",‘", |
I Wy ’ 1
1740 cm™ —».. 1510 cm’™
[
b
a
4000 5;30 IIiII 25;]3 2E[£III 1EIIII 15bl:l 14i:ll:l 12;]3 1I:IiZD BED 600

Wavenumber (cm-1)

Bl 31 R FEBrisc ek i 2 & 2 E e o oh kg gL
al APk ;b PR 48hr; c: BBk 384 hr
Fig. 31 Changes in FTIR spectra of non-extracted Cryptomeria japonica heartwood
after UV lightfastness test. a, control; b, after 48 hr of irradiation; c, after 384

hr of irradiation
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AL B AR ABhr S A S AERAEL 672 KA F B
Fiz sk L Apgtia B (8.98) Mo e migmsk 192 hr {8 > @ FBdrdiz s A
& Apgtan B R X 5 12820 XKEPPrdiz EHK 5 10220 4 BT & 48 hr
ERFRR AL > AFPENMAGHEE 4 hR ARG RS o a SERE PR

Bkl o Xt Am A2 Gl A Y (e S R AR g o
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| l
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Table 9 Changes in the relative intenSity Tatio of the absorption peaks in the FTIR

spectra of Cryptomeria japonica heartwood after UV lightfastness test

o Lignin (I;510/11370) Carbonyl group (I11740/11370)
Irradiation
time (hr) Extracted Non-extract Extracted Non-extract
0 1.00 1.00 1.00 1.00
0.87 1.02 2.11 2.19
8 0.71 0.99 2.65 3.29
12 0.71 0.93 3.42 4.97
24 0.57 0.84 5.66 7.04
48 0.48 0.84 6.72 8.98
192 0.41 0.58 12.32 10.22
384 0.25 0.48 13.60 12.16
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Fig. 32 Oxidative mechanism of sequirin-C ( Takahashi and Mori, 2006 )
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Fig. 33 Correlation between relative intensity ratio of carbonyl groups and lignin with
extracted and non-extracted Cryptomeria japonica heartwood during
photodegradation
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k£ $F 300-800nm § P AT M o @ ik R 2 %jcd & 5 % F (Biphenyl,
CeHs-CeHs) ~ ¥ %+ % = C=C ~ C=0 % #4 (Aromatic conjugated C=C and C=O
structures ) £ R4 it & $ (0- or p-Quinones ) 2 H 5 ¢ f74 4= (Dence and Lin, 1992;
Heitner, 1993; Willams, 1995; Forsskahl, 2000 ) » J&:p| ¥ s E_4r3s .o 4 I3 & 5 4o
SRR AR Z R &4 (Imaietal, 20052) 445 % 45 -

11
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B34 Frisos b5 Bt (52 5 1 k)T L R ALR Sk
Fig. 34 Changes in diffuse reflectance UV-vis spectra of extracted and non-extracted

Cryptomeria japonica heartwood
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Fig. 35 Diffuse reflectance UV-vis difference spectra of Cryptomeria japonica

heartwood after UV lightfastness test
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Fig. 36 XPS survey spectra of Cryptomeria japonica heartwood after 384 hr irradiation

210 5LRFadFriraREispriiett & e O/C - @& Cls Ap ¥t b % 1

Table 10 Changes in O/C ratio and ;relativeirtatio of :Cls on Cryptomeria japonica

heartwood surface by‘XPS analysis

Cryptomeria  Exposure W AIC ~ LCls (%)
japonica  time(hr) [Ratio| (V€KL | C2 C3 C4
35 || == || b 8.8 1.5
Extracted | ﬂ |
384 046 || 3l || 24750 120 1.5
ol 758 || At 75 1.6
Non-extracted e | 1
384 0.47, T2 /28.6 12.4 11.8
' e el C=0
Bonding type - C-O0 0-C=0
C-H 0-C-O0

EfAERF CErieH A P B2 B U XPS iEFEM AW Cls
2 i ity BE AR 374 o Cls V3= 4B e (C1-C2-C38C4)>
B¢ H>Cl i CHME CCaElgzmzr A& AN AFFEN DS 42 st
5.0C2 5 C-O4Edzwmfe Mp-Ri &F (Rapaldat) BAT 2518
Bz EL 5 C3 B 5 O-C-O 1% C=0 &2 vz > 1 8 kit &4 2 5o
B.om C4 5 O-C=0 4z wio» Frrspdimd ¥+ 2.2 it 5 (Boras and
Gatenholm, 1999 ; Sinn et al., 2001 ; Fardim and Duran, 2002 ; Nzokou and Kamdem,

2005) -
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Fig. 39 FTIR spectra of irradiated Cryptomeria japonica specimens after leaching test
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Table 11 Changes in relative crjrs alhmty 1ndex (CrI)~of Cryptomeria japonica
i |
heartwood after UV hghtfastness test

Irradiation time Relative erystallinity index (T1430/Ig0s )

(hr) Extracted Non-extracted
0 1.00 1.00
24 0.72 0.85
48 0.67 0.84
192 0.51 0.65
384 0.47 0.59
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Table 12 Changes in color parameters of Acacia confusa heartwood after UV

lightfastness test

Irradiation Extracted Non-extracted
time (hr) L* ax* b* AE* L* ax* b* AE*
0 45.55 9.73 18.01 0.00 38.66 12.26  16.59 0.00
4 43.73 10.83  18.87 2.31 36.06 13.59 1640 297
8 44.17 11.17  19.42 2.45 3599 1396 16.47 3.21
12 44.17 1099 19.35 2.32 3574 1349 15.76 3.34
24 4497 11.62 20.16 294 36.38 14.08 16.11 2.98
48 4586 1130 1996  2.56 36.19  12.63  14.08 3.66
192 47.13  10.84  20.10 412.91 37.16  11.77  13.46 3.58
384 48.61 10.70 +19.98 3.84+ 3871 11.23  13.31 3.60
Yellow 4 -
20 1 LA
A
®o
b* 0

A Extracted O hr

A Extracted 48 hr

A Extracted 384 hr

® Non-extracted 0 hr
@ Non-extracted 48 hr

O Non-extracted 384 hr
0 T T

0 10 20 30
2%

10

Red

Bl 44 4p Laghe 5 i kif i is 2 ¢ AR
Fig. 44 Changes in chromaticness of Acacia confusa heartwood after UV lightfastness

test
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Fig. 45 Changes in FTIR spectra of non-extracted and extracted Acacia confuse

heartwood
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Table 13 FTIR peak assignments of Acacia confuse heartwood

Peak Wavenumber

4 Assignment
No. (cm™)
1 3405 O-H stretching
2 2938 C-H and CHj stretching (asymmetric)
3 2882 C-H and CHj stretching (symmetric)
4 1740 C=0 stretching in acetyl or carboxyl groups
5 1656 C=0 stretching in unconjugation to the aromatic ring (aryl
ketone)
6 1603 C=C stretching of the aromatic ring
7 1510 C=C stretching of the aromatic ring
8 1462 C-H defermation (asymmetric)
9 1430 C-H in-planeideformation &.aromatic skeletal vibrations
10 1370 C-H deformation (symmetric)
11h 1331 Syringyl ring-breathing-with C-O stretching
12h 1250 Syringyl ring/breathingwith C-O stretching
14 1171 C:0-C antistrﬁ?H‘ie bridge stretching vibration
15 1124 C-0-C syrﬁrhetriéﬁ stretching & guaiacyl ring aromatic C-H
in-plane defdrmatign & glucose ring vibration
16 1090 C-O ‘aid O-H assoGiation bands
17 1040 C-O stretching
18 898 C1-H deformation (B-anomeric linkage)
18h 802 Syringyl ring C-H out of plane deformation
19 810 Glucomannan & aromatic C-H
20 676 C-OH out-of-plane bending
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Fig. 46 Changes in FTIR. spectia of extractei'dl Acacia confusa heartwood after UV
lightfastness test. a,control, b,.after‘ 48‘ hr of drradiation; c, after 384 hr of

irradiation A
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Fig. 47 Changes in FTIR spectra of non-extracted Acacia confusa heartwood after UV
lightfastness test. a, control; b, after 48 hr of irradiation; c, after 384 hr of
irradiation
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Table 14 Changes in the relative peak height ratio of the absorption peaks in the FTIR

spectra of Acacia confusa heartwood after UV lightfastness test

Irradiation Lignin (I;s10/11370) Carbonyl group (I1740/11370)
time (hr)
Extracted Non-extracted Extracted Non-extracted
0 1.00 1.00 1.00 1.00
4 0.84 0.80 1.21 0.92
12 0.58 0.71 = 1.27 1.23
24 0.49 0.65 1.49 1.45
48 0.26 ‘ 0.42 1.42 1.24
192 0.14 0.35 1.95 1.53
384 0.10 028 2,10 1.92

IR
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Fig. 48 Changes in diffuse Teﬂec.t?n‘le UV-vis slbec,gra of non-extracted and extracted

Acacia confusa
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Fig. 50 XPS survey spectra of Acacia confusa heartwood after 384 hr irradiation
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Table 15 Changes in O/C ratio and relative ratio of Cls on Acacia confusa heartwood

surface by XPS analysis

Acacia Exposure  O/C Cls (%)
confusa time (hr)  Ratio Cl C2 C3 C4
0.47 36.4:4 48.0 12.3 3.3
Extracted 2
384 0.54 384 344 13.9 13.3
0.29 59.0 33.0 6.5 1.5
Non-extracted - :
384 0.48 4477 302 12.1 11.0
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