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ABSTRACT

The textiles for protection against harmful UV radiation has become the focus of
great interest in the present time, but all apparel is not well-protected against UV light;
application and improvement of UV absorbers for sun protective fabrics is therefore
being sought. Various kinds of UV absorbers were synthesized in an attempt to
increase the Ultraviolet Protection Factors (UPF) of UV absorbers, and prolong the life
of dyes.

It was found that hydroxybenzophenone bearing group which is capable of acting as
benzotriazole UV absorber shows very high UPF value, and play an important role also
in improving the light fastness of dyes. It was proposed that 2,2' 4 4'-teterahydroxy-5-

7 b AR—EEE Vol 32



benzotriazolylbenzophenone may be used as effective UV absorber for sun protective

Sports wears.
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1. AHRURRAE

1.1 # #H

COEBRTHALLYEHAL YT (CL Acid
Orange 20) (dye 1; Amax 474 nm), 4 ¥ TH )
3 ¥ (Cl Acid Blue 74) (dye 2; A pax 610 nm) B
T2 ) A& N4 4+ Ly b (Cl. Basic Violet 3)
(dye 3; Amax 560,595 nm) (FIXEHZE (¥k)) o1k
FRENIIE 1 IRT. BB LH 26- ¥
t-7FNTx ) — ) (HP),

NPTV REINRBIF 2- (2- X
MY TVYN) -p-2 LV =) (HBT),
72 VRBNERIRA 22 44-T T
FaFy~Nryy7x/ v (HBP) (HEALEK (B))
B L THWS., ro—X e (BEE ;0.1
cm) XAV HBAER L

RS IYTI= =RV Tz U REE
LA v B 22-T P FOFy 5- R
SRYTVYARYY T2 v (UV]) id3k D
WRWERL, WBLZ =y s hp-brxry
2k EREE (NTS) LIS HETERK -
WRL2Y. KB CHEN S nREH O
FHEEXER 2 18T

~

1.2 BRINANRY PV E UPF EHE
RN (1x10° mol dm3) % NN-
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Dyes used in the present study

MesN _-NMeo
H
N
C
il
0
dye2
dye3
HaC OH CHg _~__N HO -
SE8 et
HeC \L/ TN e
HBT
OH
S e
OH Ho—(_ -—c—---§ 2~0H
HO@ c— ,—OH o NN
HBP wi s

2 Stabilizers used in the present study

AFNTF VAT I N (DMF) 10 cm?® 125 L
T, Hifktva—A (1g) A, 7 ARITx v
AF4 7L, 150CT1RHERL/:. Z01%,
T 1AM ERTESR LT, BILRBRIIGE &
H74)0Ve (BE ;591 um) ZfERL 7.

DMF 3 X U'BEfRt v 1 — 27 4 W LHRTOD
SRR ILH OWIR A R 7 b VIZ 536 &
(JASCO V-550) % Fiv Tl L7z

% )\ #8 BY # 4% ¥ UPF (Ultraviolet Protection
Factor) (& T% fllE#%, #—AFFV T/ =a—
V=9 v FEFABE (AZ/NZS4399:1996) DEHE
R (F3) khkor.

1.3 wLA-XRLETOEHOKEE

FLrY I (8x10%moll) ¥ ¥ ¥ 5cm’
IR L, RO Y MR RN (4x102
mol/l) ELHEWE, EELVEWREZRHEL
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3 Equation for the calculation of the ultraviolet
protection factor (UPF).

E ; = relative erythemal spectral effectiveness: S ; = solar spectral
irradiance in Wm™?nm’’: T ; = spectral transmission of the item: A
= bandwidth in nm: ; = wavelength in nm

2. IROLOBWI0 Y EEFNFhtcErO—
AMIZIET L, 281 Solar Box (1500e, CO.FO.
MEGURA SRL, Italy) % i\, ¥t/ > 7 —2%
£T (550 W, 65°C) % 10 J& UF 20 By B8 FE & L 7.
FLT, EYIry-1-7%/—-n-k (1:3:1)
BABET, 15cmBHELARKR, EBRLL BE
HBlde 7u~< b RAF v F— (CS-920517) %
HWT, koWMeakErEEL, KBHOEE
DEFERELEL GRREL RO

A TTANIY (6x10° moll) 22V Th,
Y (3x10%2moll) Z2ELdDEETARVE
VYRR L, tle T — ZARIZ 10ml A
Ry bL, ¥/ 7—74% 20 RV 40 FH
BetL-0b, €YYV ry-1-7%/—N-K
(1:1:1) RABHETERL, BEEHZFKIE
SR L7 FBIZ, 2RI VNLEF LY b (X
103moll) ¥V Vv A, BMW (15x
102 moll) 2&5HdbDEETHEVHDIIDNT,
¥/ 7% 5 KO 10RMBHLZOSL,
CYyvr-1-7%7—N-%k 1:1:2) REE
MCTEML, FAkETETRAEREZRDLZ.

2. HERUER

2.1 HBEIREH v MMOBIRZA T ML
& BARhREMERERTAM

LA HR 13 100nm 2> 5 400nm DEREH TS

¥C¢&H b, UV-C (100-290 nm) ,UV-B (290-315

nm) & UV-A (315-400 nm) 23 iF o5, #

REWIZL o THEITAERARIUVV-CTHS

B AV VRBICE VIR EBIS NN, AV

EOWENFREMEL 2> TV A,

ABET IR oz ) GRLBE, Ho/N—
V), Bl o) (BFEWLE H¥%>) L
WKEET, BiEAEL LTUV-B, BEIX UV-A B
YUUV-BIC o CRAT D,

BRIV v MEREIX, TERDOKIRT S &Mtk
BELER (BFE, Ei, #6- - Balt) +h
DERT ABRITRETHS. LIL, Thbhy
FMEfEEmM LIS L, HBRAMEOKTRREME
DELEERE, BHAAR—-Y Y7L LTOD
ERICEREN D B, BIE, EHNEA Y M2
BAER) =2 SO HEEEMT L THE
THHENRALNTVBD, o RENEH v
MERRIZBON TRV, I 2 TRERLEN
WAy MREZETAIAR—Y 2T —DOHE
¥ BEIC, EN2ENRBIEEZET 51LE
VMORFEEIT-o 7.

ORI R & SEl 5 5 FB & LT, UPF
IR AT B BN E R TH B, K
FETIE, FrHICER LB S v P EDS
EDREEO RN R L AT 5 0% IEHEIS,
EEAICHELMT 5720, BE LOGEBRE
MEAS—E R B (DMF) H e BRIV — 2 7 1
VAHTO UPF % k7=, UPFIZEtER (1) 2
TROLNS,

400 400 )
UPF = %Egsiﬂlf%EAS,{ﬂlTl 1

T, EIZBAHER T & ORI K
fEH (relative erytheminal spectral effectiveness),
S KB HO S KT RE (Wm? - nm), A,
WEATEE (nm), T)0E5 nm BICHE LB
R7ANVLADEBRE (%) TH5DH. UPFidfl%
EHE AR JEI IS L 2B, {RIZ 10 5 TRE A9k
CEALLI:LT5E, UPF2D7 4 VA%RE o7
WEICIE, 200 TREVHRCEILT 2 HE FIR
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%1 UV-visible absorption spectra of UV absorbers in DMF and on cellulose acetate film

113
UV absorber A max /nm, ¢/10" dm

4 max/nm (Absorbance) »

mol em!
HBT 338 (1.25), 296 (1.25) 341 (0.65), 300 (0.59)
HBP 337 (1.08), 285 (1.09) 351 (0.97), 287 (0.56)
Uvi 355 (1.72), 281 (2.14) 333 (0.97), 287 (1.08)

1) [UV Abs] = 1% 103 mol/l, film thickness: 59 =1 zm

5. HZEHEIGEILINEI O DMF i & BEfE £ )L 1 —
AT A WLARTORPART PIVFHEREZRTIC
R

FORER, N YTV VRESERIE]
(HBT) i3 296 & 338 nm |Z#BE KWL % L, i
BRI BIH O BEERTH IR T =
J v REIERIG (HBP) 3 285 & 337 nm (2
Bz L, TFRAERBDIAEFBRETH 5.
—7%, UV1 i3 281 & 355 nm (2K E &b,
E1IRNHEIRESRERY 7 FLTWS. 2
nit, BHBAEDMFOEELEZ NS, F
E Fy—I IS VARTr—a YT VLI IAD
HELZZIRVEEEE VO —- AT 1 VAT,
UV1 0% 1 WINH 1 HBT % HBP & Y d%F (333
nm) CHFEELTWS., F/2, UVIOBRPTO
T RNEAREUT HBT 2° HBP 12k, #1, 52
WP A 2 RERERE WEEZ R L TV 5,

RiZ, B &S BERREBILERTHS
7z®, UPFix (2) RO XHICEEHRZ LI LA
ks, (2) X2, UV-B ORI UV-A X
I, UPFMEIZH4~SHEoRBHIEEL
TWbZ EDBTh5.

UPF =5.734 /4.705TB + 1.025TA  (2)

F72, EXxSAKERMELRTOE, 300 nm,
315n0m & 320nm OERTH Y, ZOEREDOWIL
A UPF DMEDR EIZKREVEEE25X 5. €2
T, BEER VO — A 7 4 VAHF TORILA R
VAR 4 ~T7I2RT.

B4 1B L O — ZORINARY bV &R
L7:%% UPF Ol K K&H (290 ~ 400 nm)
IR E R, I5~E7 3FEE LV
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7 UV absorption spectrum of UV 1

O — A7 4 )b & TOENSRIG HBT, HBP,
UV1 ORILARZ PIvERT. BEY, HBT D
& 1 W7 1 341 nm, HBP iZ 351 nm {3 3T (2%
WaF>TWBDIZRL, UVLid 10 ~ 20 nm 5
?&’Efﬁ“@ 333 nm IZWN A F7 5, SEALHREL # AR EL
DREREIPHEINS. UPFICKRE 2EEY
b 7259 300 nm, 315 nm & 320 nm D LD
I¥i%, HBT % 300 nm (2R KWL % FEo A5, 315
nm & 320 nm [TRIPA R I > TW5b, BEE
# HBP (% 300 ~ 320 nm AT o TW B 720,
UPF DK & RBIXEIRFCE v, FRICH LT,
UV1 Tl 300 ~ 320 nm fHEDFITELS 2 D, B
NEHEE OB WRINIIEDb o TS, ZOZ L,
HBP DXy M) T/ —VEDOE AL, UPF
DOMKICKELSFETAILIRBRIND. Kbk
L —R7 4 )R TOZERIHE OB EHEL
UPF # R 212" Y. & BRI 5B
X b UV-A (400 ~ 315 nm), UV-B (320 ~ 290

# 2 Transmittance and UPF data of UV absorber on
cellulose acetate film®

Trancemittance / %

UV absorber OVT UV-A UVE - UPF
HBT 477 50.3 29.0 3.35
HBP 36.0 37.3 314 3.16
UVl 23.7 274 10.3 8.48

UV 1/HBP 0.66 0.73 0.33 2.68

1) Film thickness:; 59+ 1 ym

nm), & 52 UV-T (400 ~ 290 nm) FIRDE B
KEMOARY PVERD O, RO EREE

B L7, £ UVI/HBP i3 HBP DfE% 1 &
L7:FED UV1 OZHE O ETH 575, UV1
i UV-A FBIRIC B W T 0.73 fEREE 0 EBED
WA THAHA, UV-BHEBRTIZ033MHEKEL
BALTWwS, Z0#5%, UPFid 848 T, HBP
D 26815, HBT D253 K& MELRT. 20
Zrix, HBP D 5-fi~DX¥ Y MY 7V L
DEAR, HEIVHEDE ERREERICIIRE 25
B33 EERKELTNS,

2.2 ZBHOMEHLE

Yet A A5 KB D SRV 2 RIS 5 Mk, AL
AEERNEIORET D LIS, Pl SR
L Ot 5L &, BIBERTERE K.
ST EHS, REHOXEEILIZIEE 2 HE
TH5b.

BB EBREIL, FEOLFHEOARL
57, FRofFiRE EROME, S5t
EEWOUBE R ELLODHEFICI > TRES N
TWAIIEIEELRTHE. ThizS ok
FIBBEFMICRI Z1OTHY, FLEILD
FOGASEEICHFETA2EEICE Y, HEEER
3R25.

B O(LFEME L HARS ) EOBRIIOW
T, DA S HME L ORBINFENER S
TEH, HBER—BICERETICER L T
Y, BHESEELVBILINEWEEICEE
RIS ), —EBOENECEE 2 E T ENE
L BIDFELRBER TS Y,

Rl OB & 206 BEIZ1X, EHEIERL,
—EIEBERCR TR —$—FF T F A+ B
LR ENTWS, BEERILIZT D H VAR
WX BEFFEEBIN, TTAINVEGETETT
b, T, BIREE % ETEREIMEE S R,
B BhER LB 17 <0 48 1R R %8 £ % #P 4] 5
%9,
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2.2.1 TIYREHDIEE EMH|

RIS MIETSE, ALYV T (dye
1) OBEIZRITTERINES v P OR)FR % B
ETARER LIV -2 ETRET L7
ZOMRERSITRT

5 3 Effect of various additives on the photo- fadlng of
dye 1 on cellulose

Additive Photofading (%) after

10h 20h

None 63 83

HP 57 75
HBT 60 77
HBP 52 74
HBT + HBP 48 72
vl _ 36 52

FRIZEBE, X/ V72702 10EM
FeERS L 72 BE 0 dye 1 DBEIE 63%. 20 BRI T
83% T HDIZx LT, HEERILF LA (HP)
RIS L TOHBEERMLZRTIE, dyeld
EAB I 10 BF MBS AT57%, 20 B B STA%75%
DB E, EPZIHBRBE LN, KBREIC
Ri2T 9V ANVBILOFESEPRB IS, L
L, HP 2 X 23l RITNE N, XUV YT
V= VRS RBILH (HBT) DR TH,
10 B D YEHR 12 60%, 20 BRRT 0 SEE ST L
T1%DBERHN, JE HP ORMOFR L ZR
EEDS 2V, FEMREHZRE, X7
J VRERIGEIRIGH (HBP) oishicd Aoh,
RV 7x /7% (1) BEIURYI MY TV —
VR () SRR OWAHEHE XA ¥ — A4 1
WIRLZEH IS, BAWRERINT A2 EI2KD,
7u b rBERREI L, ERSTRETAFICLY

WRY, BEENMRERINT 2. HBP 04
Wi, o-fLDKEEEDM2HMEAINRTED, &
SHRIRINAT X ) I HEA 2 AL, HBT & Y
ENLHMEPRBALLZbDOEEDbNS, T2, X
YT 2 ) YRERY Y MY T V= VREI
WK B A% (HBT + HBP) OiRHITIX, HBT
B UYHBP 3£, $fto 5 FRBML TV 5729,
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BAGRRINE & L Tidgko 10 sl 22
%5, L, WHEIRIIA D A EST, 10
WER T 48%, 20 BEREC 72% L 2 HHIZNE D
MEPRONLEZDOATHo/z. LI BA, HE
RISRABINE] (UV 1) TRIEMED SHEET
H2IZbhhboT, dye ]l OBEIZ 108 T
36%, 20 BFHIT52% &, PRI AT,
12\ BEPE S hE oL mNEES
KTHHEICLY, B2 R0 M AR
SN,

2.2.2 A TVIOREHDIERE EHFH
VO —RAETCOFt) 7= 2 fTHRENC X
ATV IANIY (dye2) DIBBEIZKITY
WM ORNRIZOVWTRAIIRL. R4 LD,

gz 4 Effect of various UV absorbers on the photo-
stability of dye 2 on cellulose

UV absorbers Photofading (%) after

20h 40h

None 39 69
HBT 34 58
HBP 29 41
HBT + HBP 31 45
Uvl 14 44

X/ 7 — 78T % 20 RREIJEIEGT L 72BR @ dye
20OBBIE39%, 0EMTEHO%THS. L
L, HBT ZZ«EHIA LT O FRRM L 722 T,
BT 20 RE R DGRE ST A% 34 %, 40 By R LR 45 2%
58% DBt &, ENRIPHIRIRSR S B0, K
BEITATTRIVRTIRA OF S ORREI S
V. RIS, HBPRMORTL RS
na%, 7VRERO%E LMK, HBPILo-
MCKBRELS 2EEA SR TSI, %4
ARRIAY X Y & EMIZ A, HBT & @a‘u‘:iﬁ
REYPRBELI-LEbNS. £/, (HBT + HBP)
RERIIBWT, BAEPIHE & L TGO
10 FEFML T2 2hb 6T, IR
BmELTWwWhwv, EZ2AD, UVIEMORT
WIRMENSBETHLHIZHI00DLLT, 208
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MIRBAHC BV T R L L7,
2.2.3 PUTZIZNXZCRERORE
EAL & —BEMEREM(LHIR

R

—EHRERCIEHOHEZERL 3L
¥—%, REREOBESFIIBTTLILLC
YR L - EEREOREEWE S BA
Ehb. ZOBEOEEE, THERBHIC L 5
THRENELI L THY, BB LN %
FIVC B EI e S hy, —EERRRBEY
LHBENTH2 Y. Losd, BEMSIT
W 2 BEIE LA & Gebt o B EEIA] & LT
HICiE, RRMESHL. HliiE f—ruF
YRKICHELD, v rvERIEEETHY
D, =87 I UBEIRIEENET, UM VEIL
2H%ETHY R roMEREI TV LI b
A, BIEER L=y vp- PV VAN FY
BtE (NTS) (4B (4max 2330m) T, A%
H—EEBENEEHREEETE Y. 205,
CZTIHENED Y FHMENTS ZIRAL, 20O

BEEZIRIC DOV bR E IR 72
VA —-RAETOF L T — 7RI X
57VATNNALF Ly b (dye3) OFBRBIC
RIEZTHENMMOMREZRSICRT. B5LY,
Fl /T — 78T % 5 RMGRE L2BED dye 3
DBE 1L 49%, 10 BEf TR 75% TH 5B, —
4, HBTiRMOFATIE, B 5 RREERE T

f 5 Effect of various additives on the photo-fading
of dye 3 on cellulose

Photofading (%) after

Additives

5h 10h

None 49 75
HBT . 46 72
HBP 63 79
HBT + HBP 49 61
Uvil 48 65
NTS 47 56
HBT + NTS 45 47
HBP + NTS 43 54
HBT + HBP + NTS 34 53
UV 1+ NTS 0 19

46%, 10 BSHEERET T 2% DB ERR SN,
PRIRIEIRZR . Lo L, B CRIMERIGE
Td HBP OFEMD BT, #7%BE0MmEA
RohTwad, ZoOFEER, M) 7z ryy
RERDHIIH LTHEBECARERRERHTH S
TELICERTLZONS Lk, ¥/, HBT &
HBPRERIZBVTDH, MHIBROBEII IS
VA, (R 2 e 0 TR SR AR UV
BMORTHIRONS.

—%, —EHBFERE LR NTS & %
T, EARBILH] & F A2 BE O H 7 ] A
R 5 i, (HBT+NTS) * (HBP+NTS) DR A&
RIZBWTH, BRoIHIBRISFYEEL
Tz, B, 3EHEORE/LA 2B L7
(HBT+HBP+NTS) {RMOFZRTYH, #lzhREIiT/N
SV ZRIZH LT, (UV 1+4NTS) @RMOFRT
1, 5 EER O JEIRET TS, dye3 @aBEIZR ST,
10 BRI DYGHRET T S, DN 19% OBEHR S
NBARETHo 2. ZOHIZ, FHBEEIHIZIL
FUENTS LT EI2E D, FEEICENS
i O AU EH R EZHH T 5L EDbRS.

3. ¥&&

FBNRAAR-—VXZBILIENRAY I 72T —
PREEZHMELT, NV T 2/ r=R2Y
MU TV = VS B SRR INE O AR R AT,
RIVE R Be & GetaAi O HFALBh IR R IC o
WTREN L. TR, FBENRY v M-
RER DTS, BEM OALBECH v /8-
YEFIEEIT UV-BEEFEL SRILL, $£44
TR (UPF) 3PEREICH, # 3 fHRRE
BWEZRL7:.

T, BARERINT 2 2 LIS L )RRz g
BE L, RIVERIUERELZEZT 2T L a5
NTws. 20K, FREHAOEREIRRICD
WTHIRES L2285 R, ISRy v P&
BHHRONBE & BE IZHH L2, o3,
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FBLEYAEm RS v PR E TS
LI, REAFOXLEMIIFETHI LD
5, ARHIETHRE LI MERRNRY v M %,
BHNAR—Y Y 27— DR v PLEFIO 1
DL LTRET 5.

B

AWFEDZFTICHIZY, WIEBIRZ G- 72/
HEAAARELZE T v b AR — Y F#REE
WECBILHEL LTI,
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