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Effects of Copper-Phosphorous Salt Treatments on the Green
Color Fastness of Ma Bamboo (Dendrocalamus latiflorus)

Sheng-Yuan Wu' Jyh-Horng Wu' Shang-Tzen Chang'
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[Abstract] Ma bamboo (Dendrocalamus latiflorus) treated with low toxic copper-phosphorous salt (CuP) is
capable of preserving the green color of culms. To evaluate the effects of various CuP treatment conditions on
the green color fastness of ma bamboo, artificially accelerated lightfastness test and two exposure tests including
an indoor exposure and an outdoor weathering were employed in this study. Results summarized from the effects
of various treatment conditions demonstrated that the best green color fastness of ma bamboo culms was obtained
by heating them in 1% or 2% CuP aqueous solution with a 60:40 ratio of CuSQ, to H;PO, at 60°C for 3 hr. On the
other hand, comparing with the obvious color variations of untreated bamboo (/\a* = 15.1), the a* value of
treated bamboo remained nearly the same after indoor exposure for 6 months. These results revealed clearly that
the green color on the fresh bamboo epidermis faded readily when exposed to indoors, but the specimens exhibited
excellent green color fastness after treating it with CuP.

[Key words] Copper-phosphorous salt, Green color conservation, Green color fastness, Artificially accelerated

lightfastness test, Indoor exposure, Weathering.
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Table 1 Concentrations and ratios of CuP used.

CuSO, : HsPO, Concentrations (%, w/w )

100 20 2

80 : 20 Z

60 : 40 05~1~2-4-8
50 : 50

40 : 60

20 : 80




20024 12 H

AR R A T T R R 265

2. 58 R B

RobRat A I YeaR e B R | R 2 g
BT Bk B AR - AR
FAECA [FI LA BB Y CuP ZERIZ 5) » W%
i L AR PR R T R TR R SR T T R A 4
AT ERBHM R 0 2RI 25 C(EIRE
{8)~40°C ~60°CF01 80°C PUFHILE FERBEE 6 hr;
T A R B R IR s RF - B 60°C 4351
BHE lhr~2hr~3hr~6hr 2 9 hr- [BH#%Z
M 60°C BFETZIE » HZIRIFRE R 12 hr
FE A B E SRR Z TTR IR - B
AT oA ER R R - R R
T A B A A EE 17 R T2 0 i i P e R
TAKIFEHTFFA » BRFE R4 712 60°C B 80°C
FIREFZ LIRS » K 3 hr~ 6 hr }z 9 hr =fl R
¥
3. A ISR S aA B

FIRA TR e T E R ER
AR - GRIBERATEM BN A ThnE
it akEE#E (QUV accelerated lightfastness
tester, Q-panel Co.) 7 » L UVA-351 (Philip
Co.) RiBIR - BB NBRBEADLERT ik
BRI E -
4. ERAAES

(DEABEREE

RRER AT  EEBER—REAT
HETRERERS - HLGHMEM M EE AR
R EREOREER - ENREZEEHE
FHERRE 27k 25+ 3 C R 80+ 10% »

() IR S

LB R B RV  ERES AR
45 AV iR EeEE EHEfTE SNBSS -
DFHER=EINRE . T Sk aREE -
SAERFFHEZEH 2000 4 10 A 1 HE( 2001 4E 3
H30 31k 6 @A » SENREHEARE
43R0 20.4°C K 78.5% o

(1) EES T

1R HEBR A HE

Yt ZREER BHIHIE - (RERFE R Des
B 1 EE A& £ 2251 ( Micro color meter, Dr. Lange
Co.) HETHIE - AR ERRAMKNERE
€5 mm MRE L - AR EENX Y- Z

ZHEME (Tristimulus values) » &AL 3
FradtETRE » SR EMEE 3 Bies
FILL 1976 FFEFERHZE® (CIE) FrlE]
1) CIE LAB B8 RAT B HITEZEY L* ~ a*
b*RAL* ~ Aa* ~ Ab* - AE*EBH (RL
#4 » 1986 ; Chang and Wu, 2000a) -
2. i E B RS

FUREE BRI ASTM D3274 Z$i1
UEAERE (Mildew resistance - {5l M.R ) i
Ted5e - BRI EM ER ZE IR
28 WK BRIEE ST IEEE S B 11 B
MM(0~1~2-34-56-~7-8-9-10):
He o e BRI TRE -

I ~ fRREET R

(D) AT o s

HR— i EH ARG T ETZEANE R
TR RRFEAREEEER Bk - hTHE
BHARRERBFITRARRD - SRR ATInE
MEA B AR R ENRE (B LEHE
1993) » AR R T IRt ARRBERLEE (CuP) IR
B2 Wi - RN REEERETEEAN
ML 2RA1I R 2K 4K 8K 16 K
1 32 RARHEST A LIRS e 3AES » WLl
FrEBITTEEANKEEL - DI 55
CuP FHRCIER] - BEMPRE - PREEFFRY - B2
RERTEROREEETHR -
1LEAT B LI N T E G B R AR

HERRT ISR R LS. CuP (S8R
2%) FE60CTREE 6 hr % » &R 32 RAT
DRSS - H a* (E SRR LS SR A 1
Fis - #5656 32 Rk - FIsGHMEEaK
Ry a*{EBHEENG I - Ko RBHEZ £
B 1 REDE#RRY a*{EHHE -6.8 PuEEins 0.7

(Aa* =175) » AL FEREE FROERTERIE IR
WY > 32 RIEDEZ % a*ERINE 9.0 (Aa*
=15.8) B REMRECIHE D - ZREEM
JiTE o ELURERER (CuSO,) FEERAYIRAT -
DR METTHIZ RIS AR
Bl HHE (HPO,) » LAY ax{EHl
SR 0 2% - FEREIR IR A i s



266 EEE by JE 45 FKEE T2 FOREST PRODUCTS INDUSTRIES Vol. 21. No.4

K o BEA&ESREE Dahlgren (1973) FIH CCA B
BEARM LI %% (Chang and Wu, 2000b ) FI[F
CP RERELEIENTH FT{SRERARML - H#EdmEIR
RFE R R RIFER{ERE L (Fixation) Z#f
KIS S B EIE{L (Photoactivation ) FRE2 »
K] 1 R (5 P BE B2 ) (Miigration ) f{J0AR

(Precipitation ) FAPIA4EH o Eedh » AREEEE] 1
AT hnagii YEEAERAE RO r] 85 - &8 CuP
BREIE T » P Ak (O R R BRI R R B
Wik - Hob o XDIEERIH B L] 60 ¢ 40
(CuSOy, : HiPOy) Z CuP REEM AT R (REL
R 0 Bl a*EBMERIE > RS -5.7
W= 14 (Aa*ER7.1) -

—¢—Fresh
% |—e—100:0
-m-80:20
—— 60:40
—&— 50:50
—8—40:60
—-20:80

a* value

0 4 8 12 16 20 24 28 32
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Fig. 1 Changes in a* of ma bamboo culms treated
with CuP by using different CuSO, : H;PO,
ratios after 32-day lightfastness test.
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Fig. 2 Changes in a* ma bamboo culms treated with
CuP of different concentrations after 32-day
lightfastness test.
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Fig. 3 Changes in a* of ma bamboo culms treated
with CuP at different temperatures for 6 hr
after 32-day lightfastness test.
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Fig. 4 Changes in a* of ma bamboo culms treated
with CuP at 60°C for different times after
32-day lightfastness test.
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Fig.5 Changes in a* of ma bamboo culms treated
with CuP of different concentrations after 6
-month indoor exposure.
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Fig. 6 Changes in a* of ma bamboo culms treated
with CuP at different temperatures after 6
-month indoor exposure.
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with CuP at 60°C for different times after 6
-month indoor exposure.

DIREE 1% & CuP 7 60°C TEa#E 3 hr
ZRRATERAT Rl - BREERT aMELRy 5.8 0 KR
RFER a*ENITR 1.0° AE*EE A2 B TR
142 B 6.8 » HABLIAFIBRAFBEIEZFRTTEL
# o EEEMLEPHEDL - M RETIERR
- S o EMERR 1 ERNZEIMNREZ
& B M BRI BRATEE - i ASTM

#2 CuP REMFITEMCEINERE 6 HH RREERDS M CEITRIEH

Table 2 Changes in color parameters and mildew resistance of CuP-treated ma bamboo culms after 6-month

outdoor exposure.
Treatment’ Exposure
Specimens Conc, Time Temp. time a* ANa* AE* MR
%) (hn) (C) (months)
0 6.8 z : 10
Fresh - - - 6 2.2 9.0 11.4 2
0 6.7 - - 10
Pretreated - - - 6 1.6 8.3 15.5 2
0 3.8 = = 10
0.5 6 60 6 2.6 6.4 14.7 4
0 5.5 a 4 10
1 6 60 6 1.0 6.5 142 4
0 5.8 - - 10
| 3 60

CuP-treated g g 6.8 14.2 140

1 9 60 o g 2
6 1.1 72 13.8 4
0 4.5 5 . 10
1 6 80 6 15 6.0 133 4
0 £ s 5 10
2 6 60 6 0.7 6.4 11.6 4

!': CuP, CuSO, : H;PO, =60 : 40 (%, w/w).

2 : Mildew resistance, a rating of 10 would indicate an epidermis totally absent of disfigurement by microbial
growth, whereas with 0 having the heaviest infestation.
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Evaluation of the Effects of Polyurethane Films on Inhibiting
the Photodegradation of China Fir Wood

Hui-Ting Chang' Ting-Feng Yeh® Shang-Tzen Chang’

(Received October 22, 2002 , Accepted November 21, 2002 )

[ Abstract] For better understanding of the photodegradation of underlying China fir (Cunninghamia lanceolata)
wood finished by clear coatings, in this study wood specimens covered with polyurethane free films were used to
simulate clear-coated wood. Analyses from the UV-VIS transmittance spectra of aromatic and aliphatic
polyurethane films, the wavelength range of penetrable UV light of aliphatic polyurethane film was wider than
that of aromatic polyurethane film. Adding the light stabilizer in both polyurethane films can effectively cut off
the UV light. The transmittance percentage of UV light of aromatic polyurethane film decreased after irradiation,
whereas the transmittance percentage of UV light of aliphatic polyurethane film increased with the irradiation time.
It resulted in the more serious photoyellowing of wood beneath aliphatic polyurethane film after lightfastness test.
Comparisons of chemical characteristic variations in photodegraded wood beneath different free films, the
decomposition of wood beneath aliphatic polyurethane film was faster than the others. Aromatic polyurethane film
containing light stabilizer slowed down the deterioration of underlying wood, the protection effect of the aromatic
polyurethane film containing light stabilizer was better than that of the other films. These results revealed that the
efficiency in cutting off the UV light of the clear coating was also important besides the non-yellowing property.

[Key words] Wood, Cunninghamia lanceolata, Clear coating, Photodegradation, Polyurethane coating, Free film.
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Fig.5 Changes in yellowness index (YI) of various
free films after UV lightfastness test.

et P EE

A PUEMTREES L
—-PU+SERM T R4 K
—E-PUAERML TR R
—O-PUA+SHEIR T 45 &

1] 6 12 18 4
AN (R)

B 6 ZARENFRUFRHEE T ARLRNEE
{8 (AE*) 24t

Fig.6 Changes in color difference values (AAE*) of
China fir wood beneath various free films
after UV lightfastness test.

() MR EPREZRENIEZAALSL
il

LIKLOMRERR AT Ui B R IR T T2 KR
SRR LSRR - B 7 REREZ AR
SEBETKL SN B L - B ROURF ]
e ARE R BS 2 B AT 1510 om™
RUZRERIG M RO SR BE T I Al » EEFOE
SULIEREARM RS RN SR b
F o BEHREEAT 1735 om™ AYTRIKGRBE BB
SR (R B3R ~ 3REEEE » 1997) - AZ
ABLF &L BB 75 R B T R
BT 7 TR YA BE TR RYRL S MROCEE AN 8
AR » R ERB T R A G 2 m i

12
i MAeIZR
BAIR
1510

e 1735

I ) I 1 ) T 1 L]
4000 3000 2000 1800 1600 1400 1200 1000 800

Wavenumber (cm! )

B 7 RARRDEHRATIIMRGY
Fig.7 Infrared spectra of China fir wood after UV
lightfastness test.



2002 12 H

R EE PRI IR T A S Lz AR 277

1 I 1 T 1 I 1 1
4000 3000 2000 1800 1600 1400 1200 1000 800

Wavenumber (cm-! )

B 8 ELERSE R A TR TS
AR REFLIMILH

Fig.8 Infrared spectra of China fir wood beneath
free film of the aromatic polyurethane
containing the light stabilizer after UV
lightfastness test.

AISEIIERR » SAIFNRIE R 2 ARE L2 4
M LROR SR #5658 24 RIEDE% » IhERET
TERGREFRFRIIFFERI ¢ ZERHESRS
TR A INAZE > 38/ NA KT 25 R A
FfEAZK -

TEROGERFED » SRR SRS
FFBRFERIE (1510 em™) AYSEME - LIS
HESR CH, HURFIET Mg (1430 em™) fERE
> KRR IR RR DL CH, BORIGRE

(Lisio/ Tiazo) RIGHIROGIEEIEREELLE »
i O FEICIEH - HHEERE T AR AR
RrER R - DIRERG RS i A ER B R IR
TAERN LR B - BOLHRFERMH
IR HLE R 0.4 BRI B RMHAERY
THETRELLE (0.3) 3R ¢ AR EXEER
BT R B FR BB B T A A R Y
BMUBEARBORAIAR » #8538 24 RIREH& - U7
B IRRRS R BT
ARRAES EE L ER R 1.8 B
EH 0.8 : i R M LD AyRE R R B S
KL ER TR E T RERRE T A1
AR REECRTARIIEE R L E R 1.9 »
Hof 24 K% BT AR ARFIRAVIESRE

HAE (1.2) R REEHTEEN—Y » IR
KIREDE 4 REBAPIENT 5 E I AL PR
BT AR EIRAEE R (09) -
FERBERF R (1735 cm™) BY8ML
A& 10 R - FEPYAE B AR R aofs AR »
PR B LEAE (175 / Liaso ) BUBEINIETE
[F1A% LUHE 7 1 25 B B B R R R L T T2 Ay
EFA SRR - REOCRTEM RS R
JELIEE R 0.7 BOERZ0E A BG4 Kig
AR AR T - 24 RIRFEAES
AR ELE R 3.6 » [E{EARBBERY 24 X
RAERIEBEE LLE (3.9) B4R
BIDESEULIEH - T ERRSEERIIRRE
H AR R EIERE R - (PR
FIAM ZERBEAESL  FEERK
EFPRRRR R T R AREE Ry
FFHEREHEE » AEREE 4 KBRS TS
WIETHR EE - Bk 24 REBEMILES
2.6 » BREAYATETRE LLIE/ N B IR IR 4
RIFRIFES AR EL(E (2.8) R B
FILMbREER N ERIERE » MBI T
BARMBIESL - BARLRERZEERIZT
BRI ETEREE BT 5 - SN ARR
RS RARIE L 4 KRB RE
HER 1.0 B 12 K Fr 24 KR RIMINE

2 + 00k B4X HEHIZK B24EK

lisio/ T1430

HiEH PU PU+S PUA  PUA+S
BT BT BT BET

B9 NENFRERE T AR Lo/ Lo B
{ERYEML

Flgg Changes in ].1510)" Iy430 value of China fir
wood beneath various free films after UV
lightfastness test.



278 PR TEFTIE SR ESH

MiEE T2 FOREST PRODUCTS INDUSTRIES Vol. 21. No4

Dok B4%K B12K E24K

Limss / liaso

HIEH PU PU+S PUA PUA+S
BT BEF BT BB

B 10 AR T AR ARENR Lins / Lo
Jani=1:NE <4

Flglo Changes in Iﬁrgs}" 11430 value of China fir
wood beneath various free films after the
UV lightfastness test.

1.5 B 1.8 » fedkfy 4 i/ N EAEAM - IR
e 24 RIRFEELERIBIE N IAM AR E
B (FHERREELER 1.8)  HHEREDL 4
REETS T IR T 2 P BRI SR I T M Ik
HAeRE (HHERELER 2.1)  7VIVAE
FRRHAHAIRDE 4 R LR (FHS
BELLME R 2.8) » BRISIDE R ER BN &
JEEE A R R I T TS » "R
BT HAMSZEISRINCAIRET - B EHE
FHCEDRITRL -

V8 &

FEARBRRIGH  RISIELER
R ML A IR R - e s BB NR
WA - 23R SRS T] LU E R E]
SEAH S - R DU IR 2 P R
RRAT 28 SRR BR R R - RInEesh
SIS Ze R R AR R » AT AR ER
STHYERSNE » BB EIREERR DA A] Rk R
R - FEPREETREEEERONE > R
SIOCEAZEEREWRHE - KK REESE
BRETEERRSEIERHICEY - BERIDEHE
B BIEEEAM FH - AR A
FFR RO » S B R RO
BEBOEME B RERAY S B TR - ERRIRATSR
SIE@EEER It o HUR R 2 B

BRIRFOLREERBIRA S A AL - HER
I ZEn e R H 2E R ROERF
I FHE » BEERAR T A PR LR R
HAuaAM B E - BB T AR E
P& & s & R B R IR T 7
I ARRERE B LD - TR T 75
AR VML - EEBAE RAYBIH
PUR A IEERITO B - AR DARE R i
e H TR R R IR F I ARM A H b i
8 o ARG EERE R 5 B B E
Pl SRS T 7 I+ RELB S0 I R R I R
18 BURE L E T B R B T ERBR IR
MBS T STARM AR R IR LT - FAEER ]
DS AFEZ R RAFREH R - bR T RIR
KERERAHEAMMELZI » FRFES
BRBERIE SRS EARIGE - R T AN
A DASZE| RIFRUIRAE » JTREREIS eI EtERY
BABLEAR

V ~ 5| SRk

1.5R F86 (1994) ZE 51 R Y6 14 B e 1
e - MREET 2 13(2): 275-294 -

25k L#E -~ 3FER (1995) S5 LR (LR
e B 3 M 2 B - MREE 3 14(4):
582-597 o

3EEEME IR FEH (1995) BERAAEMEZ
REFRETH - PEMREFTH 284):
139-147 -

4. BBk~ BIIES (1996 ) ARbf FH /KRG EEE
ERkt IR R R R R - MRETZE 15
38-51 =

5. R ~ BIIEF (1996 ) AR BIHM(5)—
R IR - R TR EHERE 148:64-73 -

6.ZEVTIE ~ R LSH (996) Jo&E IS ik &
FF B R P IR SR Y M S R 2
s o HIEMRERFT 29(2): 141-156 -

755 88 ~ SREE (1996) DL o4 this s
fEARM Z B - hIERREZFT]
29(1): 31-44 o

8.58 R ~ BEVTE (1997) XL ERMEEREL
F E LR B B R AT e o AT - i



2002 12 H

R B A BRER R IR F A A i 279

MERZFETF] 30(4): 451-460 -

9.5k F3H ~ iREE - BEVTIE (1997) St EE
TR EFMEER RN E 2 g - EEas L
BB R AU - FEMREF T 3002):
227-233 ¢

10.5RFE6F ~ 3R [3H (1997) EhfEa iR g
FHERIEAM B B - MET
16(1): 38-47 »

115R 30 - SRAEIE (1997) RBEAG M
K REMEE L - FEMRBERT
30(1): 45-54 -

125R 81 ~ iR FSE (1998) SERHBREERZ AL
PRz REEEEE - HRETE 17Q):
333-344 -

13.5% F3H ~ E{ERE (1999) MR EHEEES

[R5 J1 RS FERE L B R BB i A M2
o3 - MRETZE 18(3): 311-320 -

14 Bierwagen, G.P. ( 1987 ) The science of
durability of coatings. Progress in Organic
Coatings 15: 179-195.

15.Chang, S.T. ( 1995 ) Effects of light
wavelength on the surface properties of
nitrocellulose coatings. Mokuzai Gakkaishi
41(11): 1053-1058.

16.Masuda, M. (1992 ) Visual characteristics of
wood and the psychological images.
Mokuzai Gakkaishi 38(12):1075-1081.

17.Williams, R.S. (1983 ) Effect of grafted UV
stabilizers on wood surface erosion clear
coating performance. Journal of Applied
Polymer Science 28: 2093-2103.



280 JEMGE BEVTEE SE F3H #kZE T2 FOREST PRODUCTS INDUSTRIES Vol. 21. No.4




PREE T3 21(4):281-288(2002)FFZE54C 281

i ek R85 B R € B 3 i i A 2T

KaWR ' ARE®RT wma’ AR R SR
(91410 H 26 HiRE » 91 £ 11 B 13 HEESZ)

(32 ] AHFZELARMIR G < HRRHER 5 JIcHR » 4k =l RELCIRBRARIIK  FER RGBSR - 653
FILLEZEG ~ [EIZEATIEEME (FTIR) RS BVERFER I EREE ML - SRS L R iR
LA - PSR RAE LA TRIR 2 A - HERRIT -
1A AR B R (TR o i S el o R B EL R BARRS R S TS Y - /e AR RIS R T - PABRIREE 230
CHEBERA » HAR 220C » H/NEH 210C -

2N [FIRAORIR B i A H R B AR B 7 7.0-8.2 22 -

3 BRIEMTZIRIS R S © AABREEE 230°C A& 210 B 220°C FHiZHFRE - BEMERPGRRE T - AIREES
fRf » HEZRRIRFEIEOE -

43T REBREELA - SEIAHIKERDER YR - HOZE2EE EFHEs - EaERnS » 817

HIKARIOE 2 X% - REEHOFHCEEER LRk -
5FTIR 53R » HRRHAR FRE SR % o A BB » OBt st » (BRI E IR + BIFE 3512em™

B 7K R IR (-OH) 2 W MiCie: =
6. AN [FIAORIR EARER FIT A TR ER I (UV) R 2016 h £ » L FTIR D3] 2 05 e df A gL »

FORBLEARPOCIERE
TS BEEARRA] > 210 K 220°CHR 29 RIBBLANSRBEBZ - ERBEE 230C ELAKELA

SRR GHEH -

CBRsEE] i ~ PUBRIREE » sl ~ MEAME ~ AR ~ EIIEEKIIMEEREEE (FTIR) -

Influence of Tung Oil Ripening Temperature and Lime Gel
Ratio on the Durability of Di-zhang

Jin-Cherng Huang' Han Chien Lin®> Chun-Chieh Huang’
Po-Cheng Lin*  Shiuan-Yuah Huang® Ting-Yu Hsu*

(Received October 26, 2002, Accepted November 13, 2002 )

[ Abstract] Tung oil roughcasts, as the undercoating-painted Di-zhang, composed of three of weight ratios with
ripening Tung oil and lime gels in this study. The durability of Tung oil roughcasts were evaluated by mean of the
change in color of surface, the influence of the absorbance peak and the coating film check-performed using a
color difference instrument, the Fourier-Transform Infrared spectroscopy (FTIR) and the tests of hot and cold
cycles. The results obtained are summarized as follow:
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1.Tung oil ripening temperature and heat boiled time influenced Tung oil viscosity. The increaser the heat boiled
time, the higher the viscosity. Tung oil viscosity at the same heat boiled time became higher when the ripening
temperature was at 230 °C, followed the temperature at 220 and then 210°C.

2.The range of color numbers for Tung oil ripening temperature at 210, 220 and 230 ‘C was between 7.0 and 8.2.

3.The drying time of the ripening temperature at 230 “C was shorter than the others, 210 or 220 C, in the test of
set-to-touch drying time. The more the ratio of lime gel at the same ripening temperature, the shorter the drying
time,

4.In the analysis of change in color surface, each Tung oil roughcasts after ultraviolet (UV light) irradiation
increased somewhat with increasing slowly tendency of color difference. Results of yellowness index showed
that each Tung oil roughcasts after 2 days of UV light irradiation increased significantly.

5.The FTIR analysis indicated that the absorbance peak at spectra for Tung oil after and before ripening was
unchanged. However, the absorbance peak at 3512 cm™ was a hydroxy group (-OH) of water because the water
was contained in the lime gel.

6.The absorbance peak on the FTIR spectra was unchanged after each Tung oil roughcasts was irritated with UV
light for 2016 h. This suggested that the photo degradation was not caused in the surface of coating film.

7.The coating film-checked in the hot and cold cycles tests showed that Tung oil ripening temperature at 210 and
220 C were not occurred yet after 29 cycles, but the temperature at 230 ‘C was not easy to occurred
film-checked with increasing the ratio of lime gel.

[Key words] Tung oil, Ripening temperature, Di-zhang, Durability, Tung oil roughcasts, Fourier -Transform

Infrared spectroscopy (FTIR).
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Table I Changes of viscosity for various heat boiled times with each tung oil ripening temperature.
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Table2  The set-to-touch time of various tung oil roughcasts and changes of various tung oil roughcasts

in the cold and hot cycle testing.

PUSRIEEE (°C) 210

220 230

1.0:05 1.0:1.0 1.0:1.5 1.0:0.5

1.0:1.0 1.0:15 1.0:05 1.0:1.0 1.0:15

FEREZ AR CR) 8 4 3
BB (cycle) 29 29 29
MR ST FA R

4 3 3 2 2
29 29 11 16 18
KA KA # A #




186 Mk sk itk MiERX MR e PRELSE FOREST PRODUCTS INDUSTRIES Vol. 21. No4

ot/ - REBITI S - PURIBEE 210°C (A
B[R] L A Tk SR ARIAC < AR IR (82239 B
B - R PURIBLEE 210°C ZARHAGER
Ytk Ha e ErBM LB BR

e

20F210TC

15

H7={E (Color difference )

1 1 1 1 1 1 L ] 1 (]
0 4 ® 12 16 20 24 28 32 36 40
HROEHFRE (Day)

—o— 1.0:05 —&— 10:1.0 —0— 1.0:15

2 BEFEWKERCREEEIRE

Fig.2 Changes in color difference for various tung
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Fire-retardant Preformance of Wood-based Materials under
Different Test Standards
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[ Abstract] The incombustibility of interior finish material directly affect the fire safety of building. But the test
results of incombustibility sometimes varied with the test method used. The nine kinds of commonly used
wood-based interior finish materials were tested by the CNS 6532 surface test and the ISO 5660-1/ ASTM E
1354 cone calorimeter test methods. The difference and the relationship between the test results of the two test
methods were studied. The experimental results are summarized as follows:
1.The time elapsed for exceeding reference temperature curve (tc) and the temperature-time area (td & ) for surface

test were both directly proportional to the ignition time (Tig) and the maximum value of heat release rate (PHRR)

respectively.
2.In cone calorimeter test, the ignition times were affected by the intensity of heat .
3.The judgment for the surface test results was mainly affected by the time of lingering flame, tl, as well as by the

temperature-time factor, td 6 .
4.All of the grade 3 incombustibility materials met the requirements of the class 3 of CAN/ULC S 135 tested by

the cone calorimeter method; on the contrary, the requirement met by the cone calorimeter method does not

necessarily meet the requirement by the surface test.
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[ Key words] Wood-based material, Incombustibility, Surface test, Cone calorimeter.
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( Combustibility ) fEEESHIFEf ¢ 1SO E]E
rskRE B RS 2 BRI E—IEE 0
DIEEET - HREHRIE KRR BERER
&l » By AW R BRI RO AS SR G FEE — 2 ay 7l
SE & i Bl S B ALV 2 B ARG S B EL H A
R AR - AR RA T ER
&% KX & (Reaction-to-fire ) REFEHIZ
B 405 (AR ~ BVECER » MERVERGE
BRREES - —E(LRE _ S LRIREEFES
I ARZ IR — R IETS - IMEKEE RN
MEREEDE#EFRERTBRIBEZR

( CAN/ULC S 135) (1992) - H &g ISO
5660-1 ~ ASTM E 13540255 & rEg Ao #k
FIET - PLPEEU R B R R AR ERY
S T HAR R 12 4 (2000 ) JREK
T 1400~ 1402 & (2000, 2001 ) #5
E  DIEEESERREGX  BIEMHEZ
TEE » S RINEARFE R 20 ~ 10 B2 5 4388 -

DIARR AT R E e B o Mo B 57 2
B BARETIEERER IS —8
B4, JRFE 2002 £E 12 H 9 HZA% CNS 14705
(2002) ESEYIRTRIRE BB IERGARNE —
E g B2 (HEREEDESER T
A R EHAIEAIERYE -

X B A EaiG | E o SR R
R - B E B B R EAEEM R RS T
MEHERERIE » HEHEAREM BRI AR
o RS TS — AR
FRES AN ARGR I 53 8 - B R i B Rr e B
InEhsR A RIERER R - IR EEERER K
HUHHBRYE » DAF R 5 [HEERX A BRIRHE B R E M
FHt BAEHIE 2 2% -

T~ ##HERT5 A

(DB #
A EE T FRIARE M BHIER 1 R -

#1 ABAESMEARH

Table 1 Properties of tested wood-based materials.
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C » 65%R.H.) fRF—HEL E » HEFFTS &
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SBIERYAT 3 o SEE DRI BE IS 3 78
INAEZR - GZIMBVERTMEThER 1.5
kWih - ELBPERIGE PR A9 FF A0 2 5% P I B 0
i DUNEVRAEIR (am/KBEBRER) B
S HERIREE HIARIN 50°C 1 R AT eI R RhAG -
SR EA AL o I AR Ay S8 L B R AR A — L
B THIARACES to REAMEZ 2 - BT
HER R R AR BT td 6 R BAES L -
RIEER Ca AMRRBEEE £ AR EE A R
EEREP T ADC BRI KRR E H & 5 tedb
AR ARG (E R B R MER2E - W%
IR TSR EEE T SAEER -
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Fig.1 Surface test apparatus.
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HRBEREBRTER 40CHA 48 /NRFLL
b BENRBERS 24 NELLERE
17 5 it B8 B BAVEABR AR AR B A IR
WFET (23°C » S0%RH) » REFENE -

(IDFEEHE
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2 FiR ) - T B ot B AR IAAE 1S05660-1
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S » IR SR [F) BV S Iee {F BRI BRI
Bk 5 TEE T B ARRURBAEIM A

(FRR ~ HEBR ~ SRR ) BT InEhesfE (20 ~
10 ~ 5 478&) - DIEIERBERIGE (/MR
SMJ/m?) BEEEVEERE (/)N 200kW/m?) &
HAHIERE G | R ZFEHE e M B
BREEAANE] (50 kW/m®) {ELITZARE I B R AHIA] -
AZREE L CAN/ULC S 135 B » I pBR(E#HE
fitt H AR R A S AR E RO R Y,
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Fig.2 Schematic view of cone calorimeter.

# 2 CNS 6532 RimaBa MRt EE (1993
Table 2 The classification according to CNS 6532.

)

ifi AR A ik 1 M CREMED Mtk 2 85 CGERRRE)  TRHBR 3 &% (EREARL)
HnELERE 10 444 6 558
¥ HERIELE dhig AR BT SAERRHIATE 3 B REEENE
(te) ghis (tc fE) B E AR (tc=180sec)
5E ﬁ%ﬁiﬁ;ﬁﬁ 0 <100 °C - min <350 C - min
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(Ca)
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3 jnZA Cone 4ifiEe
Table 3 System of degree of combustibility by CAN/ULC S 135.
RSB PR Z SR MR E
4% BENREE < 10kW/m?
HE#ERE< 5MJ/m’
2 5 R HERIE(E < 100kW/m?
Bz EmE < 25MI/m*
- 2 . R ERIE(E < 150kW/m?
B 20e¥in 1l HiEs @R &< 50MJl/m’
A% EEHCRIE(E < 300kW/m?
HAESEE R < 100MJ/m?
SR ENFE R (B > 300k W/m?
HAEZE R > 100M)/m®
#4 EABRMURBSRIEE
Table 4  The classification of heat release rates by building code in Japan.
% EER AR b
(min)
A~ R 20 BRI E <8MJ/m’
R HRIE(H < 200kW/m?
HERBR 50kW/m? 10 EREAEEEER 10 ¥ ey
HNSEERCRBHEkEEZR
e oM 5 % BaE
II ~ iR AT S SR BT S > o B
PIRIES:  [EERES » B BRI TE R
(1)7R B 0 BB R SR 5 e Bl DAGA S5 PR IR R BT I B i (et

BREZEISF (1994) HERETRMEHABINE
I AR R R 22 kW/m® » i — B8
BB BESHE R 50 kW/m? (K33
4 BREKIBH 750°C » MEEHIRM R AR S R
BEE) » ASEETY Plts ~ Ctys B2 MDF, =38
PR PSR B 02 10 4358 - SR[E S B 34
LU 30 kW/m? B 50 kW/m® 53
B 15 o4l > RESRANR S ~ ] 6 FiR o NEHEg
CNS 6532 AR RAMATRET  2LUE
R RIEE (1d 6 )FRMLFTR » BG5S

BEfN 50°C ) BRAVERRAES » ENEDE to BiRAY
I BRI CAR T 3 - e Td6 (GR
HRIR R I hARAOAE AR ) STIBR 1850 (fExe
PR R R HHRATERD » 2 E LR EN
& —AERERR c RRE KNSR
te ZRAVERRA BRI R B - BRI
SUFETFHYIEY 5125 RER(1994)
B DA RIS B B SR A R X B A A
BEGRE - UELIHERIRE 45 CRItAEAH
IR EEREES (30~70°C ) » GEREANEEST
FAORECE R FATHENR B iR (TP A HEAR



294

ABISF FHMik A  HRE ¥ FOREST PRODUCTS INDUSTRIES Vol. 21. No.4

#*5 REFABEGR

Table 5 Incombustibility properties of 3 wood-based materials.

CNS 6532 FHEAE (10 min)

L

tc Ca td & tl Td & Td & — 1850
Ctys 248 8 219 36 2410 560
Plt, 119 213 669 >60 2930 1080
MDF,, 17 200 1236 125 3489 1639
BB R = AT -
te * HEGGIE BB IR AT HE B FE AT A (sec)
Ca: ERE ; tdo - BRERMEM (°C - Min)
tl: BRIGRERY (sec): TdO - M EERIGEME (°C - Min)
6 [EfEEEER RIS EAEER
Table 6 Cone calorimeter heat release results on varied irradiance.
ISO 5660-1 (Bl S & A5
& 5 30 kW/m® 50 kW/m? o
L
. THRR . THRR CAN/ULC HAErs
Tig PHRR 3min 6min Tig PHRR, 3min 6min F & BET
Ctys NI 6 0.2 0.3 884 31 4 6 R R
Plt, 105 232 19 32 21 222 27 40 4 b
MDF, 90 180 20 28 36 218 25 34 4§ E N

HEER =R

+ERFA AN A - SVERECRIS(ES R4 7E 5 47 88AT - ERIAT 6 D EAARNERMS B AERES

TR R

Tig : 5 |#AEFAT (sec) ; PHRR : BVEMRIE(E (kW/m®)

THRR : #8288 (MI/m®) ; NI : i2H5

B0 SO°CRYEIR » FE— SR SRR K - Kt
BE AR EEEWIERT (1995) FHE
FH o H Td6 WERESIERLLE - KRR
ANOVA Hiffig AL A - HepREARS
HESRIE BEE R AT HE IR R AT aRERE (tc) BR[H
SR BV S [BRRFE (Tig) AYBACRANME 3 A
R v ZRi AR R BRI AERE 2 BuR R
it (td 6 ) BRLIGA R BRRIR B H AR IERER
MR PERIE B AR (Tdo —1850) EAZE
i RiI(E (PHRR ) RIBHCRANGE 4 Fras » Bl S
LAERMEAREET » Cts A tc ~ Ca-td 0 FIFFE
ifBR 3 ARAIERYE » [ Plts B2 MDF ), JBHHK
4h 5 FREISEEEERT ¢ Ctis k2 #f ~ Pltg B2
MDF, B 4 #% + LA B RIS B EATIEESS -
Ctis HERF S HEEBRMRIAYARYE » T Pltg B2
MDF, @A

2.2 H B b HE SRR B AR IR R
AR t B (B8] B B R P 5 [JARBRF [ Tig HOHERY
PERERE (to B Tigy L [EFF=0R Y=6.73X—
530.72, R2=0.920; tc £ Tigso Z3AER R Y
=5.21X—456.94, R*=0.907 )» X FH ANOVA
SAFEIHET | F=1.37<Foes (2,24) =3.40 -
X tc Ba Tig ERRE R -

3. B P LUBE SR UL R Y L B RF e AR 2K
FORBEE > BAMSZE 1d6 B Td O FHE
1850 (AE¥EMRAY TdO ) EfaEHERME (d
68 TdO —1850 ZiEEE=\k Y=1.07X+
336.41, R*=0.962) » ff ANOVA 437 a]H] :
F=3.12<Fges (1,16) =4.49 » {£F& td 0 Bd
Td6 —1850 fEREE =R » BIRmAEHLL
HEIRERE (BRE/KIER ) FOFERIR B il
FRI0 50°C ERAAFehATHE SR FE AR AT [ E
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T8 td 6 Bd 4 HF SR8 B Y 3 1 1Ry ) 1 Al
(Td O ) HIEERERBERIBE T (1850)
EFAHE 3 B [E o B AR ES T BV R
IEE R IEAER (td 6 B2 PHRRso Z3EIER B
Y =0.18X +32.41, R*=0.674 ; 2%
r=0.82 ' PHRR;, 7[A] ) *
4.[BI 3¢ B 2R A RS TR R (| I 2454 BT S | IR IR
M ~ BRI A AR R E B T E AR
S BRI In e e A 195 | BRAFRS
AR R RIS S B -

0 S0 100 150 200 250 00
te (sec)

3 PR R B ATRERR (o) B
5I¥REFR (Tig) ZAERE
Fig3  The relationship of time elapsed for
exceeding reference temperature curve (tc ;
CNS6532) and the time to ignition (Tig ;
ISO5660-1).

00
1800 | "
1600 yriocise = L0T7x + 33641
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o
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td8 -~ Td& —1850('C - min)

B4 BERHERO) - AR (T
6)— 1850 ERZFE I RIEE (PHRR).Z FHRE

Fig.4 The relationship of temperature-time area (td
€ ; CNS6532), Total temperature-time
area(Td@) —1850 and the maximum value
of the heat release rate (PHRR ; ISO5660-1).
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LR i 2 ] G B 26 SR BACHA B J R P B
30 ¥ 2[R -

2. N EABRIRHE I E R R AR 3
e ] S [E o B AR I KA RHEE 3
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*x7 MEERERABER

Table 7 Summarized testing results of the
wood-based materials obtained in
accordance with CNS 6532,

CNS 6532 FKimaEs
o 2
R fBFl tc td@ C, t1 Ck ¥H[5E
(min)

Cty 6 215 229 7 38 &% A

Plt, 6 230 105 9 32 &% ik

Pa;, 6 110 297 101 75 &#% #4h

Paci, 10 370 152 0 &1 38

Scis 10 254 8 4 ok 28

*HREER=FEMITY -

te * HESEIR R NE BT AR (sec) s
td @ : BRI (°C - Min);

Cp - ZEFE(RBL . tl : BRIERFRS (sec):

Ck : EHZZIE

IV &

1 2R 7B P HF SRR B R A YR I FE i
RFfE (to) B2 [EI#E B 2EREER T 5 [ HARFR
(Tig) FIERRMERERS | SORBER R A (td
6 ) ERFERIEE (PHRR) FLIEFERY -
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8 MHE RS R
Table 8 Cone calorimeter heat release results for
wood-based materials.

ISO 5660-1 [Hlf S e EH(S0 kW/m® » 15min)

AR A E
Tig PHRR HRR THRR HOC MLR S;AN%JLC

=

Cty, 69 67 442 399 64 69 3#k

Plt;, 175 99 285 55.0 10.5 1.7 4%k

Pa;, 56 205 92.0 82.9 12.8 8.4 4%k

Pacip 444 86 26.0 23.4 114 44 2%k

Pac;, 546 81 26.1 29.6 5.6 1.8 3%
Scig NI 31 18.1 11.9 52 3.7 2%k

*HEER =M -

Tig * 5 [#BARFfE(sec) ;

PHRR : ZVEHCRIEEKW/m?) ;

THRR : §EEE R (M)/m?) ;

HOC : B¥A S (MI/kg) ;

HRR : SR MI/m?) ;

MLR : B EEER(g/sm?) ; NI : {ZHE5 R

LEEMBERBZHE D  5H 30 &
S0kW/m®> 7R [a] i 84 3% B - B 5| BREF RS
(Tig) - BV Ri%({g (PHRR) EE{RZE
ii& (THRR) SEHERNEE -

3 REABNHE - FRIBERFMEY (d6)
4h » ZZEVRFARRIGIRFRT (1) B9BIENER -

4 ERREABITR 3 FeEELEMEAE
HEHREAR TR 3RDLE Rz D
B o B BV E SR RE AR
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Characterization of Soluable Chromophores Released from
Kraft Pulps by Xylanase Pretreatment and Alkali Extraction

Chao-Hul Shih' Hweig Wang’

(Received October 26, 2002 , Accepted November 20, 2002 )

[ Abstract] After the extraction (alkali charge 16%,18% and 24%) of Pinus taiwanensis kraft pulps pretreated
with xylanase, no absorbance spectrum in the visible light range 400-600nm was observable.Comparing with the
controls,xylanase-released materials absorbed more strongly at 237nm and 280nm. The results indicated that
xylanase could release chromophores. The UV/VIS spectra of released materials were different between
xylanase pretreatment and alkali-extraction. Alkali-extraction released materials which absorbed at 205nm more

strongly than at 237nm . The results indicated that xylanase treatment improved the removal of residual lignin
and the release of chromophores .

[Key words] Kraft pulp, Xylanase, Chromophoric group, Pulp bleaching.

_ ARBEFEHEL (Chlorination) JligZk(Alkali
Irai & extraction) Sl &2 IR F 8 » SEHIEE
HEEK S & &L E S (Chlorinated

TSR (Kraft pulp) & HHsREEE &M dioxin) » 5 [EEER{RHIRE
HEHRE 2SR mEREE RS (UKP) WK » R 2R R RS -
HIEE TR AREZR (Residual lignin) » A7 BUN AL R i e R Bk » (R HEAREE T
FEOBRE  DUEEEAE - ML 588k FENEHFY ~ EE ARk » A

| BT R AR SR AT e 4 G ES)

Graduate student (Corresponding Author), Graduate Institue of Forestry, National Taiwan University, Taipei,
Taiwan, R.O.C.

? BT B AR AR IR SRR

Professor, Graduate Institue of Forestry, National Taiwan University, Taipei, Taiwan, R.O.C.



