ﬁ%ﬁﬁ%ﬁﬁﬂﬁﬁ%éﬂ ,2(4) : 303-318,1987. — 303 —
AAHT R & B 2t 2 BT 57

N )

i -2

BEMZEARHAGEELERPEAGER ZHERE SR - AHRZ BRMRELE B
FKRAREREH LSBT RIRAL BRI EARedE (NO RFsE . Bl
Be (PU) BN BERERE (Amino-alkyd) Eft-—1f » BHEHRBBAREREEFEAA
TRAET RRBAE TR GRS » AR BT ASZEE - L8R8l - R0

- BEHZSREERHZTAL - ARBRBHERRE SR IEZVEMS L - ALERNSH
RETHE » TR R IR HAHTM o ERTHIEA 3 Bl » DIEURES R 2 AL ks - TiAg
fORER Ry § (HERERZERME » RLHHERLRS 3 BRGEN hB M » MR
B EEEAED U - AT EAEE B RS - 7 3 ARG > M RTRISNC-
U2 AR § 76 4 EERMREEEH E b - DIEERSPU -2 8 2 A iR » EAEU RS

» MEERER PU-4ZR 2R » BEEmiAEEE: « M EERR AN 2 R AN
AHEIGE N Z R o BERERES S L RIERE R SRR o

BRERSE | AL ~ BUIEE - G JEEHL - B

Bk B - 1987 > AP IR AIEZ W% - HERBITHRSRESET » 2(4) 1 303~318

Durability of Clear Finishes on Wood Surfaces
Shang-Tzen Chang

(Summary)

The properties and durabilitj of clear finishes definitely affect their performance
6n wood surfaces and er;hance the -1i.fe of wood products. A series of clear finishes,
including nitrocelluloses, polyurethanes and amino-alkyd, was tested on oak and rubber
wood under an aceelerated lightfastness exposure. The performance and durability of
the clear finishes were evaluated according to the changes of color on the wood surfaces,
the chemical composition modification of the film, and the deterioration of physical
properties of the film. Experimental results revealed that all the clear finishes studied

were susceptible to degradation by UV light (2>>800am), and that the changes of film
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properties differed among the clear finishes studied after accelerated lightfastness testing.

In additioa, the performance of eight clear finishes was compared, and the possible

mechanisms of photooxidation of coatings were also discussed in this paper.

Key words:

photooxidation, film property.

Durahility, c¢lear {inish, lightfastness, discoloration, infrared spectrum,

Chang, 8. T. 1987. Durability of Clear Finishes on Wood Surfaces. Bull, Taiwan For,

Res. Inst, New, Series, 2(4) : 303—318

_\ﬁ "Em”—z‘

BARH A RATATRAEE « &8 - M8
R&BEEHNRBESHE  f—ERRARF
EEMENEEBFA - BEREEAR » @R
RS « PR RAAERS EER ST
B » BRI ER F— 8 » RESA IR IR
H—EBERAEARET  REDLRERTAE
Ak - m%xaﬁﬁm%%mg¢@&w
% > SRESLOPETEE MR > 28
~%%i%ﬁ%%ﬁ%ﬁ@§é%%m’3%%%
POTREERS LS o BT IELTH » R
FEPLURBHREEE » AHHREEETERS
» B REHEBRKE T ERERERTEY - B
SR A SR > TTBS LR TRk A
fe » FBENT EARIA M BAMEERT ALY
S > SRR R RS A ERTHRA o
ABFRAZRE MR EATREESSS

EREFELEE UBRRRNERVEERT

EEENEEEIT - RENBRRAERE  RE
rFayiE SRR BRI » RARREARERRE
BEMER » B oRREE 0 A SBERSE AR
R4 - INChi-& (FRfsRiEEH) ~PU (RER
Beig#) B Amino-alkyd (BERREFD & . M
HER » FMERREMEFHURBIRETR » K5

ERERRTNTRAMESEETEERA » BhE
'  ®NC: Nitrocellulose lacquer (FR{EERIRRED

M RHES - S HSRERETE » IR
PO M MR » SOBMERR

RPEIEBHAE « NBRBEIAN—& » RERRE

- TRERZBARFETHEANEES L &

5 3 RRBES S WS » — BB IREE
Ef:ﬁ‘%ﬁf%ﬁﬂ?m With—3R » MAFEAREFZ
AEFGETEERER » BHEBEHRTES
BHARE » FEEHEEZHAL « KRB H
MR A SR AEH A 8 bk A E R KR
Ki o

= MRS
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1.3&M
A RERFT R AR BER (Oak) RBBAR
(Rubber wood) T HHREEERFHFTA

SRR RNA » REHES 6.8cmx24.3

cm>3.6mm o
2.8t
- AREBFTHRABEERENE 1R BEE

=l HRZEMNEER
Table 1. Coatings used for test

NC—1 NCHf i
NC—2 NC i+ E i
NC—3 NCH+§ s
PU—1 PUSSR ;;c 3
PU-—2 PUEH [
PU—3 PUEN R
PU—4 PUEH FAT
AA—] Amino-alkyd - FF i

PU: Polyurethane (BEREREEED
Amino-altkyd Bk}
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8 PR & AT B R R EE
YRR » DUBEMZE AR R TTIR Y » AT AYE
BEAE 3kg/cm?® « BB RTE D240 BT LI5E
EWE » REBBEEE » TEHSIRHREL 240854
BORE » BB (RIEEIRELL 008 RPHREEJE
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xenon long arc water cooled lamp) » &L
MR A RO
BRNFI FIEERS (soda lime outer filter)
AR TR » HEERS FibgwmE 1 - BXREEE
RN » BEIRN > Bz (black panel) B
BERRRS3°C » BHE (irradiance) :FEEH0.35
W/m’/nm (#£340nmERE) » SRS
HRER 38°C» MHENREMEHE42% o TR %R
ESHBR25/]NEF » BO/NK; » 100-5p » 250785 & 500
N RIS IR 2 M -

(borosilicate inner filter)

s B ML~ U ST o
[ ﬂ ] ]

4 :; Noon summer sunlight behind
':} window glass at Chicago, U. 8. A.
'I
::: ~—— Xenon lamp with borosilicate

- ]
3 g inner and soda lime outer filters

IRRADIANGE, W/m?
[ =]

300 400

500 600 700

WAVELENGTH N NANOMETERS

BRl. SABRESFE

Figure 1. Spectral energy distribution of irradiance energy from the Xenon long are lamp.
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color difference meters, TC-3600) & » FT
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Table 3. Film properties of eight coatings examined

# H i & B OBRECT RIAT BRG BEE BN
* ok ek

TR B A CIE TAB :
X Yz ge CEEAB e s (R AN SRAE KSR
NC—1 @A 41.25 29.88 24.77 69.38 6.58 2843 2 x 15 H 40 50
B R 2656 2555 14.26 5759 6.2 28.07 2 x 15 H
NC—2 BB .10 3439 1734 65.27 8.02 34.65 2 x 10 3H 42 65
B} 1927 1818 7.95 49.71 7.40 3.8 3 x 10 3H
NC—3 A 10.28 9.61 45 37.05 684 2612 4 x 15 H 40 80
B X 9.2 874 3.5 3549 8.67 265 5 2 x 15 H
PU—1 BBk 42.89 41.99 2429 70.86 5.1 8.7 0  x 20  H 80 47
B°X 1798 16.88 7.2 4810 7.73 3000 1 x 20 H
PU—2 @EA 34.49 32.28 2219 68.22 6.6 .74 1 x 35 H 4 2
% & 1919 17.64 8.0 49.06 9.85 2935 1 x 30 H
PU-3 #BA 42.32 4150 2404 70.52 4.9 3159 1 x 30 H 50 2
B K 1750 16.23 7.5 47.%6 8.76 2954 0 x 30 H
PU—4 A 37.06 35.29 2009 65.97 815 80.57 1 x 30 H 56 4t
B 22.12 2073 10.26 52.65 8.44 2981 2 x 3 H
AA—1 A 93.62 32.67 19.28 63.89 5.58 2848 1 x 2 H 42 45
RS g33 2812 1 x H

18.59 17.35 8§.59 48.69 25

#: X, TR
w5 PRI (em) #R
ok 3 Dl EEREREY (mg) PR

Fi. BERMSETHAERSREZUESTE (%)
Table 4, Brightness retention(%) of wood coated with eight different coatings after
exposure to UV-lamp

BERR B 8 3 W S W

25 50 100 250 500

Rms BEBA 90.6 86.9 83.6 75.2 65.6

B A 89.8 88.8 88.2 81.1 Ti.d

NC—1 BEH 94,1 96.5 99.6 98.8 97.6

B A 94,3 96.3 100.7 105.1 111.2

NC—2 #BA 87.6 87.4 89.0 87.3 86.3

gggm 88.9 93.5 100.4 111.8 122.6

NC—3 #BEA 92.3 04.1 98.8 106.8 111.2

' K 91.7 93.6 96.6 102.5 108.1

PU—1 [k 91.9 90.2 90.7 84.9 81.5

' :}g@;}: 87.6 91.4 96.6 98.7 104.6

PU—2 8Bk 81.8 77.2 76.7 75,2 75.9

B & 89.1 88.1 88.6 89.4 93.8

PU—3 # 89.7 87.6 85.1 84.1 86.6

g%& 96.5 96.1 96,4 98,1 100.4

PU—4 B 97.6 98,4 100.1 86,7 94.4

i % 39,8 90.9 94.0 94.8 98.7

AA—1 BEBER 93.7 94.5 96.5 95.5 93,5
TR : I, 91.6 92.4 961 58.8 100.1 . .
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Table 5. Color difference (AE*) of wood coated with eight different coatings after

exposure to UV-lamp

. ] 3 r 5[ B i3 ,
BHEAR B &
25 50 100 250 500
e BEA 3.72 7.26 11.34 17,70 19.48
g K 5.31 7.13 9.80 13.82 15,79
NC—1 #Ek 2.64 5.15 8.41 9.57 9.64
B oA 4.12 5.81 7.92 7.14 6.02
NC—2 @k 4.49 4.61 4.97 7.13 9.03
ok 3.59 3.32 4.84 6.27 7.22
NC—3 &BEAR 3.88 5.08 5.85 7.22 8.62
=K 2.67 4.22 5.18 7.32 8.86
PU—1 iGESA 2,87 4.70 7.86 11.37 13.97
B K 3.01 3.92 5,69 7.30 "8.43
PU—2 X 7.63 11.12 14.35 17.73 19.96
B A 4.43 6.07 8.22 11.25 13.14
PU—3 BBEA 3.96 5.28 7.92 10.65 12.65
Bk 1.97 2.86 4,18 6.39 7.77
PU—4 8BA 1.75 4.00 7.50 11,25 18,67
N 2.83 3.67 5.45 7.38 8.58
AA—1 BEBA 2,35 2.73 6.27 8.65 10.60
B Ok 2.23 2.97 5.07 7.22 8.23

WA ERAER 500/NBES » 4 AR P BRI S
B2 EEHLNE 4 15K 5 FR » MEBAR AR
REHSKABETES 4 BTARENGSE
discoloration) ZEMENAYTIHE (25/NRF) BREEEY
FE A RS AE » KU EREETERE
ML (AEY) AEZMEM » SRS
HHEIN > HLLEAEE AV B A SR RS - (B
BRI ARG b0 - EME 1009
s BRFREEEEEAL (bleaching) » AT
A B SiM AR ERE RO RE TN o
SRIRER R EORIERRRAETES
DIH BT S EEAEE B2 NEAITRL
RE REARE T EEAZER 90.6 %8
3.72 » TiseAAYE B R I B 2 {H RS89, 8% 51
5.31 » g EAIE R ERS R R R B R D
2 > (B RESBEHE ( 500N HEGHE » I3
AHEE SRS A R (H S 65.695R19.48 » TR

AREHEDF G EESETL.4%8 15.79, |
IEEMEREAMN R GESTE » B RETRER
AL » RILRARESE
FRERAM I i R R iR - BHAARH RERYE
gL TR LEER » RERTHERN 3 REH
R » 3R 4 B8] EEF SR LER b Ry EfEE
i@ » UINCRREEEEE » MPUREAIZIR
Bk o bl 4 1ERT RN PUBRRHILABMER
s RIDIE R PU-SS VRS ET » M
HEkE PU-2BRMEREE » M MEEBERD
f1 58 o PUBEHESR RS B ARRIRA Ly 2R
EuFEroEe  LREEEZ TR » R
NC ff@A B REM Y TRMEELTRE
BEIE » 5% 5 AR ESEELEM » AEBENC-
1SS IEA L » fRB500/ NRAI A ERER » 3
F3EEE9.64 5 153 NCR-EhRBRREMN»
AT NC-1BEREARL » HERDTR » 88
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» LB BT A B (5 251 4 DI 5108195 828,86
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PRSI 2 NC- Lk R B 500 N AR A
AR Y B AR AR AFEE (R
2) s BFR NCIREZ B S kRS
BT S HERN B - BN NC-25-kigh
B S00-NRRAYT A MERER TS « FTSMEE R I

R SR A S R A2 BT

3T » HGHEE 3 ShA9YERE - 840 1,730cm™ B

1,380cm™ MEREIEHIRE - £ FEFekik .1,
0

7mmrlﬁ%ﬁ%§<—ﬁ—om>m%ﬁ&w$

» T1,380cm™ AIBCHR faEBIAYRICH: o R
3,450cm™ Wl RS (—OH) MBI
> 8 SOOI A 1E5REY » 3, 450cm™ Tl Y
BBESEMIRL  ERTEENERS T ~OHY
M0 4 IR o AT AT, 650cm™, 1,280cra™, 840
cm™ 3 BRI S BB TEE S NO, JEEB G
1B NO LB 4IRS & —O—NO MG RS R
oo B 3 T O TR AR BE 2% Y B BT RS
ERT NCHAHHMBE (—O—NO)SK2 &
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WAVELENGTH IN  MICRONS
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"
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U
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WAVENUMBER, cm-" | |

B2 NC-1 5 46450 S5 2238500/ 83 B A RSk B2 Aoh S B0
-.Figure 2. Infrard Spectra of NC-1.nitrocellulose coating. film exposed to UV lamp for 500houxs
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Figure 3. Infrared spectra of NC-2 nitrocellulose coating film exposed to UV lamp for 500 hours
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B REE AR IR SRS ILaR M E
MY MBI AT A EE -
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B eAYRE R » BB B ERER (photo
sensitizers) 4RI} IEHER G TAILHRHE ST R
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&8 » HREREMT @
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isocyanate —N=C=0) Ay8{EBIr > HRIkE
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REREEELTETS » ERESFETHHOR
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B e 4 PR BB ERYAT /MRS TR ik  HHOEYR
eEBBRERTHE (5 B) » £THEMM3,35
Ocm™ R 1,730cm ARG AT L » HREHER
ST > BHRMAY 3,350cm ™l A R —NH bR
BhayB A » i1, 730cm™ BHEARIC RIS PUS

R ESR—AH ABHT A2

Eiff (amide) FAFEHE (ester) BEREAZME (
carbonyl, —C=0) A4k » f2F 3,350cm
T RERACE R BRAS TR R R s
T#% (carboxylic, —COOH) =X (amine
—NH:) {b&4 » WHEH 1,730em ™ BR ik £ 28
BREERREHRANADERSGERE (—
C=0) zibfiphyEBiain o st » 4kifKaplan
% (1970) YRR PURESIEEERT
AR ALY » SURMRTARYPISE (Shollenber-
ger, 1976 ; Gardethe etc., 1981) 35 HZIFRRE
FRE BRI EMES: A E L BEH N RN
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S B R i B AT, 660cm R » A M 1,73
Ocm™ AEMNREERVN B S EREGRELEY
BYRRIE i o
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T 5 MISIREE&#  (urethane linkage)
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Figure 4, Infrared Spetra of PU-1 pelyurethane coating film exposed to UV lamp for 500 hours
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Figure 8. Infrared spectra of PU-3 polyurethane coating film exposed to UV lamp for 500 hours
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Table 6. Adhesion test results of coating films exposed to UV-lamp

i} v 53 Moo i B
B B - S —
. - 0 50 100 250 500
NC—1 2 3 3 4 47
i NC—2 2 3 4 4 4
NC—3 4 5 5 5 5
_ PU—1 0 1 1 2 2
E_ PU—2 1 1 1 1 1
PU-3 1 1 1. 2 -
_ 2 _
#* " PU—4 1 2 2 2 g
AA—1 1 2 2 2 3.,
, NC—1 2 2 3 3 4
” NC-— 3 3 3 4 5
' NC—3 5 5 5 5 5
PU—-1 1 2 2. 2 2
PU—2 1 1 1 1 2
* PU—3 0 1 3 3 3
PU—4 2 2 2 3 3
AA—1 1 2 2 2 2
=1, BEHHTEARESR _
Table 7. Tack—free test results of coating films exposed to UV-lamp
i} i " 1 R
. ﬁ - o] m
g - BRR 0 50 100 250 500
NC—1 i & Fig & Ei3
% NC—2 e = = - 7.
NC-3 e & 3 £ &
PU—-1 i = L iz oo
B PU—2 &= = &= & =
PU—3 b i3 &% i de
pN PU—4 i3 & & i i
AA—1 i i & 3 i3
NC—1 b3 & i3 & &
NC—-2 & 43 i3 & =i
# NC—3 & % & & - =
PU—1 -3 - ] i -
) rPU—-2 =3 i it & 23
P PU—3 = - e 4 %
PU— i i i 3 i3
AA—] o3 & & & i3




— 316 — ik B —ARH B R A2 PR

%8, BISLEREHIER

Table 8. Hardness of coating films exposed to UV-lamp

<4 ¥ i3 55} ’ s i
BOA BHAR -
0 50 100 250 500
NC—1 H H H H H
%
NC—2 3H 3H 3H 3H 3H
NC—3 H H H H H
B PU—1 H H 0 H - H
PU-—2 H H H 3H 3H
PU—3 H 2H 3H SH 3H
* PU—4 H H H H H
AA—-1 H H H H H
NC—1 g 3H
% NC—2 3H 31 3H 3H 3H
NC—3 154 H H H H
PU—1 H H H H 2H
PU—-2 H 2H 2H 3H 3H
PU—3 H 2H 2H 2H 2H
* PU—-4 H H H H H
AA—] H H H 2H 3H
#9. BRTHERERGER
Table 9. Dupont impact test results of coating films exposed to UV-lamp
i} 36 i 15 ’ I R
# ' BERR
0 50 100 250 500
NC—1 15 10 10 10 10
#® NC—2 10 10 10 10 10
NC-—-2 15 10 10 10 10
5 PU—1 20 20 20 15 15
PU-2 35 30 25 25 25
PU—-3 30 25 25 20 20
* PU—4 30 25 20 20 20
AA—1 25 20 15 15 15
NC-—-1 15 10 10 10 10
& NC—2 10 10 10 16 10
NC—3 15 10 10 10 10
PU-—-1 20 20 20 15 15
PU—2 30 30 25 25 25
* PU—3 30 30 25 15 15
PU—4 30 30 30 ae 25

AA—1 25 25 25 25 25
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Table 1. Comparison of film properties of eight finishes coated on rubber wood
surface after exposure to UV-lamp
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NC—3 2 fArwrel A2 = (1 iF(3) T 3 A Ap2) 15
PU~—1 TR EH2) ) 72 2 (3} 7 (3 (el 17
PU—2 E Q) £ {1 wJ(2) i (3) iFi3) 1) iy wriz) i3
PU—-3 e my2) A afi2) wxi2) i (3 (3} = (1) I Agi2) 15
PU—4 T (3 i ay{2) HH3) i B i3} T (3 5 A12) 19
AA—1 iF {3 1 7(2) w{2) 2] fF(3) fiwg2) w2} 16
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