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Table 1.1 Fluorescent brighteners used for clothes.

Type Chemical structure
T « « 1 R|> S\O} Na <R)
riazinyl— N N
. N NH—< }~CH=CH{ }—NH-—/( N
stilbene )=N>— S N=<

R; S03Na R»

Distyryl— Rs -QCH= CH OOCH=CHQR2
R, Ry

biphenyl
. R~ C CH,
Pyrazoline : ﬂ\ J—
y
X
X
Coumarin @[ﬁ
0 ]
0
.. /
~ Naphthalimide R C\N_R
R C\\
N\ N
Oxazol N _h—ci-c”
0/ i \0
. R R

R:, Rz, R, and X represent substituents.

Table 1.2 Stilbene type fluorescent brighteners used in this study.

Type Chemical structure
(C.I. No.) ,

FBAL @—NH»_N Na0,§ N_(NH—@
. N \)._NH-Q\CH:(;H‘@_NH_(/ N
(C.l. FB 85) =N N=

HO-CH,~CH, ~NH SO3Na NH—CH,—CH,~OH

Na0,S

FBA2
(CL. FB 351) QCH:CHCH:C@

SO;Na




B2 AFROMK

AWML A 6 T2 SMRS LT B,

BLIER. FRATHDH, AMBARCVWEIFREAMAOCHMIT >DVLTHARS,

W2HETH. RFARYRIEHAR OB AT 2 H AR A ST
BIEEAMIC, ETHEMATOASOMMEERH - B LOL, RE
(75 2 F VR Y REIEH A O @A RN, TR AGOBASES
UM RS S HARNT 5, TRb B, M E A OB A 4% DM I %L
b, HSOREETAUNMES B VHNBHEOWERS A —T 5L EHZE
AHictcd. CASOUEMCHTETHREADERDOEESL L S~ B
L UBBAANIC X B UM AEOFM - WEHEERE Uice TORER
b, 2HEOXFARYRUABARMIZOVT, BACHT 3 HADEEH
N,BEHED S NEHEERBRAEEOBEER SIS Uy B E O %
REEDRERBLTZORMANF Uiz, S0, MEHEBARGOHMA
K (OB A, FAMD) ORBARET &b, TELTEY IR
FUHEM & QBN S, £ OHEES S HOKEEEE Lk,

BIWTI., BLETHASREILBELL 2O F IR Y RHOEHE IS
SNT, KEBTORBEEDERANL, BEAS FOBBER B HMA
BMRANBET B EICE D, REFERECHET 3 EROBEREB . Sk
A /BT S T4 K ORMERIEAR ST L. B REE T
BEGHARME. HABANOER - BERBORELA~. 2 BWO LY
B9 4 O AL 2 R S DR OE I & T Lz,

BAETEH., 2HORF IR VRAABAANOB Y TR A O BEEH LK
9B, WHRHANNEEES T EMEARAE LB, L b, HRMHFICLB
HAXNOEHBEMNENAELRELT, BAEAEBVD-—IAETH L0,V E2RE
Ulzo BN VERBEONBEBIZIHTAHNHEAANBEOEE, REKOBR
BAEMOHBATN, SO, WHMANEZSD L EBONBBIIKE B BE
ERETIENGONTOAREHBREORBII DT, EROTEREF .
EERIC K BERERL I,



BEETIE. UHBAGOLAR ST 3B REBENO LTI LE
HMIZ. R L BAEEMREEERNOICENT S E L bic. HEHANOR
BELEE~ WEMAAORNELEBERL LTORIOELEOHKE
Mo 5. RBBILEDHTRENEBESZ ZRUERITOLTH. B
CRBEBABALTCEBEOERAER Y, R LIAKKTIIET 28K
CMEAOBBARMICHT L. BOEMARORBBRIEE OXIEEM S L
7o | ,

BEETH., AWRORFBEELLT, AWRTHBOLLBRE T LD, BEL
LTBEh MESESHORMOAERII DL TBNE,



AP, RBMX & bfﬁéﬁiu%i Lizb D, HoICEKBmL EDOI L
HRDOEBDTH 3, '

1.44tzz%wm/+ﬁ%%5%ﬂ@mﬁﬁ¢hkuéﬁﬁé
EEEE. A2 HF. Eﬂiﬁﬁ?%\ REEE. BAMFESLE. 1985, 1603
[ 3]

2. MY 7/_)l/z%)l/f\/ﬁ:ﬁ?\ﬁi%léiﬁ‘éﬂ@mﬁﬁﬂlﬂr:!bb‘é%ilﬂlxmﬁ B
V& 3B B E

BEE, WBREF. SHEHF. REEE. BALFELE. 1987, 101

[ 3]

3.z%w«/+ﬁ%%9%ﬁ®%8%%&ﬁﬁzm7bw@ﬁ & # #
TSR, BMRETF. FEMR. BRKEFESE. 41, 1079(1990)
(%52 %] | |

4. HABMAGOHEME L L a' b " EBACNTIHFOERETHOERE
PR, BRF. TRAEM. AARRKBFRE. 43, 935(1992)
[%23%] |

5. ZAFMRUVREAEBARNICLIIBWAROLBHICIIHEEL

WX BREF. TEMR. BEAFRESLE. 4. 753(1993)
[(E5%E]

6. MRENBERRATOHEAE LFAHMIT
HEBERE, BREF. PERB. BRZEFESE. 44, 1051(199
[(E2F]

7. EXRFUNET c 2 VRBEHMERB O oA Y h O E BT 3R
EORE |

W3E. BIREF. PRMB. MMEL. 50, 87(1994) [ 4 %]

8. Photofading behavior of tr1a21ny1am1nost11bene type fluorescent

'E“ .

brighténer in cellophane

[kuno, H., Okuni, T., Komaki, M., and Nakajima T., Text. Res. I.,
66, (1996), (in press) [% 4 %]



ABXICHEEL T, KERLBCRELLLWREE XS ICOBEBEZLIL D,
RO ABRLEORNBBIRDEED TH 5,

1. PFERMX

1. 6B & A O IR O & 5 1
HEBREE, MEF. REEE. ERFERFLE. 65, 38. 81
(1986) [# 3]

2. MAMAGOHELICHT IR REOFE
HEBREE, HREERELE. 65, 44, 11501992) [£ 53]

3. WAMAGOWEHRBICHTAHOMAORD FE
TR E. BB F. PRAR. REEERELE. 68M. 47, (1995)
(IR [ 23]

2. MERE

L BOER A% OB & 5 EE L
B, BAMMNBERNESBROEECAASHEREREE. 11
(1985) [ 2 % ]

2. WOLHI A OB AR
HBFIE, BASMNEEESBAEEFERALTEREES, 88
(1987) [% 5 %)

3. XFNRVEHEMARHOLBBINT EREEEED LS
EBE, MRET. PRHNR. SBARBLEHASHRESE, 13
(1991) [ 5]



WOE ATMAVREAMAAORARE CHEEAIE

B

%

WEOBIZRSRBICL - TRANDNEDS - ENb B, BADHEDS
. RERBRORINKEBT ELDTHD. WHEOBERETHENET
BHENBATEMAK (UTF. JISEKEKT) CEHohT3 [13]. &
W, BB OLEOME. MU, BE . BMEEERE (FEE
BXOABOR. FEEOAS S, RAMEEMETORE) . MEREE (BE
Fik e . BEE) NEOKEEIATN S, —F. WKEBE LN ICHE
T B HEEERE, WHBICOOTHEE - BREOEANEESA [14] |
BT O BAENBBA TN [15] . REMESEXBRTHEXY ZEBR.
L RBREEI LA BRORRSEEBEORERAENREINTS [16] .

BEREONIHHI SR B REAREERTH LM, AREFEOHRTHES
(H] BZOHIORERRANL TH B, HEE—D>OBMETHMEL &>
ETBRBENEOUMN ST ORTE D, HAHM T DROEME O BB E
LThis DRBERPBESNTER [17a, 18], Fh. AVEETHE, L
FLRESOBREIMEORBEHNETZHREN LD, A EHRIICH
g2 HENRBRE T ECHRINTER (197, HAOERIH 28 S S H
S, M. RV b, HEREKZEZRITh-THEN, Lab. AXEHM
IELIFRPERA. HAMNT. AR EE L2 H LD TH 5,

WAEACTBHEICIE. BAE, BAM4T. WEBAKSE 2, Th50MEN
% Fig 2. LKFRT, BALBOMIA TN NA IR, BANTE S LK LTK
STRAUE S . THEEDO—E (400 nAHED R AR L THERR DK ENR
BT B2k, DI DEBAABUOT NG, BESAAIE. BLHDELH
DUEAAIC LD BCWENAME N THRREK TR > TREENE X
D. BEAHT, UL, 400 it EOERBONERNT 5 HEEED 57
Wi DT ERBENE S, HANT TR, F~RBORBE T 571
RHHIT BT LIk » THARBOEEDKE ( 500~700 nn) AT S, £

_10_



BUBES T 5. COHEEUEEMARMURT 5BHD 5 5NTNS
W, BONZASEMEIRT. POBIBRLON B, HEMA T, £
UL L T350~500 nmn OFHE~FROMLERTIHLWAA LRI 2 B
BTRET S, BICAMT 2 RN LAY S S LVRBNICASRT S L
KT B, MRMEFMNEE. K. FS5RF v /B ERELERINTHSE4AH
TR BAHAR L - THONBRPN LAY TH] ERBEATL B,
MBEEOERAELE —TALDOMBNUETRE. BATIEINE, S HAR
EELOMETHZBERFEHBREROIC. Eio. EERICIZI6TED S BB
BBEESAE I RIENED SNt [20~24] , BOEBANRT CEBICH -
fABTH. MAEALAIEONT, MENEAIICHET S AEEORR
R S>NTce HAMITEOES I L » THRER & BRIERO MK
BHIh, 3510, HAVEBONEENEILINLZ I EICL D, 199140
STEHI P HEMB RS ABREQRE - BRFENFES AL [25],
— . WEBAFOWAR R OV THE. RERMELIC L 2 ¥ RE L NE
FB. MEAEADIEE AU E RS — L& 8 U TR RN E CRT 5
ERFDONT S, MAMEIC L2 FMTHEAROHRELHI SR T
b, £, AR ERAOEEAE Xy —IVIiZiL. Ciba-Geigytk @ Cibanoid
white scale [26] « JISHEBOEHNLEAE Xy —L [27] AW T 5,
ZCOMBRROERICLD. WHBOMEE. £ LT (B OFMENE
B 5N d, EEICEEHMATON S PUNBE A RENICIHNT B &, O
ERabEP THIC LD HEENEDLS I ERGMH . E2AH, BEREOHN
T EHEAE D JISEBICHAOEREK® FHICHYT 2281 R s hT.
Fio, WRBAFOHAPREPWIEES > EEANSRARIKIC WL HRER
B, HAMATOASIOFMICEL TR, ETHORREDLE P THOEE
AR LTHIEEBEREL, BOoMAHIEOVWTHRT 52 ENDE
Th B, |
BT, BHRHAGOHAKORE « FMlik. 2FAR U RELBEAMO
B A, TRROEME G OM A K SRS S HAERT Lk, B U,
WHBE ENBMINTEHORREDEE THORBEER~. AERHES X
CORFEANC X 2RO AE OB H LA RTE L, TORBE b EIT, RE

- 11 -



ML 2 DR F LA LR E G AR OB B R A . B
CEMBAER X OB E OB AE Y S Ui, & 5T, HEAOEH A D
REEZBET LD, AHAETID EF T3 o — XgHE 2 .0k
RN L. TOMEKE (AEMAE, TAM) ORBEREL. HtE
55 AW S M L i,

100 T T 100 T Y 100 T T
3
AN
< [ 1
s 7
(3] -/ .
Q / ]
g d
= /
0 1 L 0 1 1 0 1 |
400 500 600 700 400 500 600 700 400 500 600 700
1 (nm) ’ 1 (nm) 2 (nm)
Bleaching Blueing Fluorescent brightening

Fig. 2. 1 Reflectance spectra of fabric whitened by various methods: Bleaching, treated
with a bleaching agent; Blueing, shaded with a blue dye; Fluorescent brightening, whit—
ened with fluorescent brightener. Numbers represent the degree of whitening.
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B2 HOEHAKE ORIk

2. 1 EFUHIC

OB R O B S W BOBAL IR BT O AR O [ & BOLR AR D 5 O X
KEDFMITEDIRESNS, BHREEBRHES 2 IWENLMNEI & > TH
RERHEESERANICEHET 50, HLHHOSIHE UTIRETH
B sBAbH D, BAHABORSOREL UTHE. SRAKE. BLHE.
L'a*b* HRFR. ARENEDATE D, WEEDNSF. BB L ZRBEE &
S AT B ML, Lath R, ARERST 6N 5,

HBREER. D ONAEETTRABGOAS BRI XD HE L, BEl
ERY —VOERTERT 5, COBE. BUEOI N, FTHOEAIOR
LR, HORES, IHIC—MEBROGFCIFEEREAMBORE (LT,
EEOMBIEG) KEZ OERNEET 5, UichioTy HILH A EORE
HEICMT B JISEE TR, HI - BG4S EREMCBESATNS [27
~29]1 V. HEOEBLULUTHVWOOZHAEMAE XY —VIZ>2WTh, 2
HAEBRTHBT AL ENRVOATE D, RBHEE 1K, b L RMLED
BB 2B EERTHNS S EXRRANTHE, LinL, MiKkERS
DORZYETHAENITONTE. FHITEBIRIN TR,

La'b* ZBRRIMBICH LCEMBLRERT, MEEL ., Bl &BEER
FRELa’. b TRT, URBOERLBENTLH6WEFHTRAINT
B0, XYZEEERROZMBMEX. Y. Z2okbHohz, ABRELXY
IROROBEHEEx. v ESHBMOY M SkD SN, BEEEICHET 3
bDTH 5, |

HEMICES N AL a b BRMA, BRE, FORER. RNFOEAKE
PTHOBBHIC L > THEHNED S, ULy WHEBOAESEPL a b &
B, ABREOXRRAEEEDL JISEKICEQRED FHICHT 28R
(L SRS OBEREERIATOEL, £, HORBHEICHT 2 ERE DY
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PTHOEBIOVWTHEY LW ERNRH 205 THS [17b, 30, 311 .
HHEEAFOAIZYWEMICHMLFG T 28 411}, BERREP THICEES
hisWE%B 3, 50, BREBEP THROEGEEWR L L CTHEERT
EDNBETH B,

AMTH. MAEHAEORMAEERET 010, La'b RBRO AR
BL' BLUO7 0274 7 XA HPa" D' H30EHABRE EFOTRKES &
CTFTHOMBER ST L. i, HABADOSIN, HLH AT &1 004
AERTUBENENS MEDHED. MAKOBBEER L [32] .

2. 2 £ B
2.2.1 &M
2.2. 1.1 &t

BBH £ Table 2.1 ICRT o AO~AIIFBAL T U 7o 8 D R75 5 #Ai T
Hbo BLREEILARBEGEDOANL, AL~ASHS8. 10, 120 3 BB TH . A3l
FBAITHOWARRAREAEDOH (p.UBR) THA, MIBHEAHFTHD., &
CVWERBERL TS, FBAIOREBIZAL: 0. 14, A2: 0.68. A3: 194, Ad:
9. 65 mmol+kg 'TH 5%,

BI~B3iZ WK D BEMAMA TH . Bl. BRIALHA DA, BIIWMLHEA
KEAFIRHEAISA TS, BBRAEIZLZENI-10. 12, 12TH 5, kK
DIcHIcH. Ry B BROTREBKE S EBRICH L, KBHFOL a b Ka
i H (75.0, —3.2, —17.9) . # (88.1,14.2,3.0) . # (95.0, —2.5,19.5) «
# (85.3,—19.5, —4.5) THD. HOFETIXTNTBIIHE L1,
2.9.1.2 TH | '

LR, L'a" b RBELAUET ABO THIZEZER. K&, AOEKEFH
Lc, BREEKE. WAHABORABMPIICHONTZET 2V EHBENE
Live IRBEME, RERs5ERRLEEN [33] KATSNELOTHB,
HEMKICE., SEBANELRAI ERBRTHARFO THIZHEI L T 2 EK
(HAZL) REMA Ui, THOMERYK L £ 248, K :67.6. B :
96.4TH 5,

2.2.2 WL A K O
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2.2.2.1 HLEEE

HEx_-oFbicL. BXRBOIBXD S & T, Cibanoid white scale [26]
FROCTHBAERHE L.

Cibanoid white scaleid. WXy — VOREREOEBIIFHRAINE TS
2F v BRIV T, Fig. 2.2 OEREEHEE SD, No. I~No. 4i i3 &
FRNESINTED., RBHOBENEL S, No. SIHEE. WMAAES
FH W, No.6~No. I2RBAEHARNESINTHY, WAENEL S, FB
BEARAE CEMBICHRIN TS, FX5—VD/ 0T 4 7 X ZEHK
a'b* AFig. 2.3 KR T, a' b BERIESLTHEMBTH 5 - &ENHRS hic,
HAEORMBLAHNEHAGI O, RBPAREINLVEE L AETLEEHAK
WRTEXEHERr —IVTH 5,

ZORT -V, WAHALBESAARMENRILTED, WRA IS
Roh2BFAHIARALERBAOEARBREIATLAEL, UL, HS
HTDOHE2bDEHMNBDER—NICHET EDORr - VEBEMKIL
TRV, HAHAEORBRHEAFELLT. CORMICHABEAE XY —
MDHBEN, Thiz, LEFHOLOIHLTEOBREMAI LI EBETE
LcbDT, BEFRIFMTEHN L, HAMAKLLEN REIN, Ldb.
BEUIZHGOHEIZHLFEHATE S E0S EHHSCibanoid white scale%i@ﬁ
UZco  TRBR - B30 - BREE4 T JISHIMK [13. 29) iU, ABHOERK
BIE AR5 ERABROMA [33] Wi TTFHBEFR L 2KERE LT,
2.2.2.2 L’a*b* X Bl

I50VF€ /) V7 — 205X EBE LAMBMEERROMGEEH (RARBRE. &
-7 X7 —8C-2-XCH) 2HVWTXYZEXBZO=ZFHMX. Y. ZHHEL.
KR ED, L'a' b REROWUEHRL E s/ 0T 1 7 % A EKa b 2 HHT
5 |

L*=116 (Y /Y.) '/*~16 (2.2.1)

a'=500 [ (X/X.) "= (Y /Y.) 7] 9.
b*=200 [ (Y/Y.) *— (Z,/Z.) /%] o

I I T, X, Y. Z: XYZERBRICEIT5 =R 8
Xaovw Yoo Zh: BREVHEHEOXY ZEARITE T 2 =RIBHE
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LHAE. a' b 3BOFMEREEER L, a*' 075 XK. <41 F . b’
DT FTREE AT AEF . ERLHMENRECBIEEHEPLPIIELEI L
AR, WEHED LOEME. BWKRONEHEERE LIS Z 8717
DXIEEEBEMIES L. 45 U —0°BH. Do 2 MBTH 5, HAKO 8
y B AENE L. FHMEERD 2,
2.2.2.3 BOLIME

AR BAASESE R A B L o4 b8t ER (AABT. FP-550) THILHK
BEAME LR, Bt AMHBERE . B LORMAEE0 TH S, Rt
CERBERRYS Pb. BERARS MLAENE L. BEEREOBAKER S
WTHEHRERNE Uiz, HAKD S » HANE L. FHEE KDL, A2
MBI CHEEREC OV THEBORESHIIWEI LT,

2. 3 BRBLCER

2.3.1 BOLHE

2.3.1.1 FBALiCT X 54

THAR, KA. ACRA, TOERKBEAE I THABRELIE L .
HERAEFig 2.4 KRT. WEREBHEERSI I EICL>THL LD, T
BTIE8M. RBETRA~8K. ATR2~4KT—EMITHE, COMIT
WL ORI ENS, HEERL EAPHEOHMBND D, THiITE
BIXATVABHCHEOMICHET S LI 005, THRIGERSAT 2
e, FHORMENRBIEE, PENERKRKT—EMICHET 5, FTHO
FHPHAOELNKBICEEINLLWIDHEE ] -LF 5,

HOBERRBENE, ZOLXOMNARE [~ COMBRERNAREKIZL DR
Wl A, ROEBIBRNNEB S,

b
Iy = N + a ' (2.2.3)

alEN—-ccOMNRE., THOLERBBFIEFTOMMBIE - whHch. b
ECcHMBOBREMBAZIDEINSA-FTHb, BERI6KD B 4HKE
T2 2. 3R AMA L THB 2 cure. nao-t10y Bente n-o0-4 EEHME I % Table
2.2 IHBT B, THRE, K. AVThOBAICS Iy ENIICHEWHAE
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BB DL 8 errenoomts BEK acare woo-FEMME T 12— Ui RBHG
AN ABERRESHERTERLNEAIE L, 2. 4KD3F - S 0H
hiZ. BEOMABMTES 2 ERWASHIHE - 7,
NEEROWEMOBEEBICHT 284 1/ 1 2ERAKMNICH LTS B
v b U. PFig. 2.5 IR, FBAIORBEBRS WVEETHR L O ERDBEIUN
S0, MARRD I LIMMENS ) OMARBEORIMICAIET 5. HH
HBEOH N bDIT T 1 R CEREMECIHCOBRINARE . MEH
Mz & 5% OH K DRI E N b ic THEEROEBHNS (o &1
MTE3, FBALORERYS W ZEREREICHT 2 FTHETROBEEN
WEWS HEARR S N,

2.3. 1.2 IR E T

BBl ~B3Iz DTy FBALB % & RARIC OB £ BISE L7z, FBALME
HERBOEHARAD S, T ZNICEH OMOLHEIIBL : 266mV. B2 : 376
mV, B3: 336 mVTH -7, BIIB2EREDRBAE (12) £ bHM SR
FE DY K, |

NEEROMEMEMEMEDO,E v/ 1L BEREHBN OB FEAEFig 2.6
WCRT, FBALICK AHAMAI~ASEHRRIZ. BHEOHNAMENBVITETH &
HROEEINZI WV, - NWRAHKEDA2ZEBL, ABEB2IZDPVT 1 ~2KERDME
AZHET A E, A2K DBLA. ALK DB2AME W, ZHid. THIRABL. B2 E & A8
WAMA2, SO 20D 1HHWI LItLbEELIONS, WAEREICHNT ST
HEBEROEEIC., AOES bEET S ENbh T,

2.3.2 B
2.3.2.1 FBAlLiT Lk 5285 #

TiA®R, KB, ARIZ. HOBRRBHAZAI T CHEREL £2HE L
oo WERAFIE L TCRT. L'HALERSL EREHD, —EML -ICEEL
720 L*<{3A0: 98.8. Al : 99.0. A2:99.5, A3:99.9. A4:99.3TH 5%, L' T
MERAEICREUTRESLZBANS B0, TOERFEEBE LD OEE
ENTEDHTRE L, Fi, THOL'AERBAOLICENE S TRO
BRI/NhAI 0, ERICEBRLILOE AT, AM~MTEEZEHIZELL. BAOD
FEPEFEICEEEIABRWI EXDh - 7,
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2.3.2.2 WIRMASE

AP AEBI~B3DERICHES L DE(L%Fig. 2.8 IZ7RF, L*-1ZBl: 96.5. B2 :
96.9. B3: 94.5TH %, BUIBLER UHMBAKEE B BUNSL RPLPE L,

THRE, FlRIZODVTEHSNIL DL . ST 3 LRA K, FBAIEH
fi & Lb#d %, Bl: 85.4. B2: 85.7. B3: 89. 1. AO~Ad: 92.0& 4D, HOE
BPREIPREVIFILENRKRE, APHMEOHBNRP L NELTHPLERD
HENNINWIENS, LICHT A2 THEEROEZEIZIE., HAOHFEDEE
TR, AOMENBERT 2 - EAMRIAL [34]
Z&37D7?47*X%ﬁ
2.3.3.1 FBALIC X A 497

M~MOERIZEBBEH /T 4 7 X AP a'b DX (EFig 2. 9ITRT,
PRHASCHIET ZTAFROFHAELEFICTOy b Ui,

HOERIZESLHa D OEMIMARTITE > T, o FTRBES XK
L. BETEOEGNRILSL, REAHAIEBHAMRAME., ELRHOHEM
KEBML 5> Ta " WEHMWIZEMAL, THOBRAICLIOBLWLW—EOEES. T
BOLbZOHIZEFOMICNH U, H. & B, FORBHIIODVWTRLL
Fig. 2. 10&1:!:%3%3‘% Ev AMEMEBHBOH (Yellow) CHEMUEBHERL
TWhb, REAFAOLBAEARME T T PPHBELREVWEREEZEL
TWBEHTH 5,

HABEDRLBZAI~A3IF., THRADEAICHEROICIEMNLL., —EDOMEE
HITRH LR, BBIUCRKETRAEREAGEICBH LAZOBETICRED.
—EDOEBBESAIIRH L, BEUTHWAZEEIZ. ER3EEHAHICHLL
REAZRLU. BEICEIERSAND S, HBAGEHFF AL THICHEMALIL
BDIZ. Al~A3Da* b BIAHDERICE DAL, THORBADOEELRBRT LA
MICEA LB DTH B, —FH. BRAOBLVWEBIUOKBZ THICLILEA.
Al~AE 2 ~4AKMERETHEHD OMMMEAKRELLD, THOREINRD LT
AaMMUik, ZhUEERBE, JISL B0TKEINTH B LI KL ERSH
KX L5BBERAHEMU T O ENRD U, #oRELNEL I,

HEIDORETHBb OMEHEIZ. AITIR4KER, A2EA3TIH2~4KER
TRRIZKE 7z BI3HIZART. 2HORXEHMAF TUEBLLHAGDa b H

_18_



(A ER, THNEII. D' OEMANRERKICLEEGTHUELLBETH 3,
12.3.3.2 WiR¥A®

BI~B3DERIZE b Ha b E(AFig. 2. 11iIRT, Bl. B2idFig. 2.9 iTR
L7 A2RASICEIM Lo 2B AR L. b* O et flilid 2 MER TR A - 720 Bl
R (2.8, —8.3) . B2IXEFEA (4.2, ~14.5) LB L. A2E X UA3OD
SR E QLB S, BLIEAL B2IASEASOHAETH S I ENHAS NI,
—H. B3I ERKBOWME & bICHEBMICE L. EEE (6.0, —18.2)
KR Ltz B FMBEZOHFERIH TH O, Fig. 2. 10i2Blue TR L %
BOECHEL LT 5, B3, MKLU LERTHBS S CBMETZE, 2T
RHEICLOABRETFLRABZIEDS, BAN T I TLB I ENWESI NI,
HELRMIC k50 REARMBENEST 5 &, Fig. 2. 121779 K52, B3
600 nnffEIC BN AR Ly B AT EHR L. BT HOLIE A F A4 2t
ZonNTWAcY, HAEHBADADBL, B2EREB /27 0< T 47 X A
ODEALERT I EVWHSNITE - 72,

2. 4 F&
BOLH A OB A E. L'atb RO, BOLMREHE O MKE RN T 55 3
WA BB E O WE S R T A A b iT. MOLHE ELa b E R
HIEHT2HOERADEE FHOBBERHN U, LTOKREE Bk,
1) HARES THORIENBNEEREC, HEERS EWALT Bl
WCEET S, WMAAORBERPZVIEILTHEEROERII/NZ N,
2) MEHMICHT 2 THERRO BB, MEH & TH O U E & IGE L 1E
EAEV, BEMEOEMEBENVERBICEA B BBIRNE <. W ERK
ey HEE DDA IE SO D E R T — EHI HET B,
3) yuwF 4o xR EHa D HMEFEPHAKI LT, BRICE b
BB AR Do b ORI, BAMEEUTOREHTH 2 ~ 4 K TRAK
mh. TAUEERD LMY LT EMICIREKT 3, HOKGREET 2B
Be, BAHIENALTETHCHBSALMAGTIR, ThabELL
bia'h NEMIICE M Ly —BEICET 3,
BALAMECE, BTl b EM- LRBRANNBSN TS, 3
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BEOABRTEHINTHEZHIZATHUET 5. FOELRKHEICTOVLTHER L
B, BHEBOBAICE., THOBENZ LD MAMMNIZIZ—EICK S T,
EBANBEABRRTUET A ENBH O TS, HABABIIOVT,
BERBGEFAME. THORENRLBIETHABRI I ENBLELREDNS
M, COHEIBMUTIhETHREE RSB LEENRINTOED - 72,
HEEARIC OO THOIHICEFOMEHAICIE. THOEENLILEET
HABERALENS LI ENHREIN, —H. RIS, BKUEERT
HATAI LD, MBICLAHROHEE I ODVTHRARHEO OHE [28]
CbHBES . 1 KONTMb RN BB, Lt T REAEFA LK
WAL HEREORE - RRICH% > TH, HOEREDE L FHOZMEH
RTBIENDETHE I EARET B,

Table 2. 1 Properties of cotton fabrics whitened with fluorescent brightener.

Fabric whitened with FBA1 Fabric whitened industrially

Sample No. A0 Al A2 A3 A4 B1 B2 B3

Visual . Pale

whiteness 4 8 10 12 green 9-10 12 12
Yarn density (-cm ") , 14 X 19 28 X22 29 X22 58 X28
Thickness (mm) 0.50 0. 30 0.32 -0.28
Weight (g-m ~*) 196. 3 97.0 102.0 124.3
Weave Plain stitch Plain Plain Plain
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Fig. 2. 2 Reflectance spectra of the 12 steps of Chibanoid white scale.
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Fig. 2. 3 Psychometric chroma coordinates a*b* of the 12 steps of
Chibanoid white scale.
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Number of fabric layer (N)

& Al A2 Ad
8
z 400 +— - -
~ L : 975 mV I- : 310 mV
- w ! m
g } -
8
g [ : 150 mV
.8 200~
= ) J
(3]
7] -
2
o
=
B o ] { 1 1 { ! 1 1
' 0 8 18 0 8 16 0 165 0 8 16

Fig. 2. 4 Fluorescence intensity (Iv) of cotton fabrics whitened with FBAL vs. the number (N)
of fabric layer. Lines are simulated to Equation 2.2.3. Background is black(@), gray((D),

and white(QO).

Table 2. 2 Constant value a in Equation 2.2.3 compared to [«. o1s that was observed
for fabrics whitened with FBA1.

Sample No. Al A2 A3 A4
I». abs (mV) 150 275 396 310
Black 152 277 401 310
(—0. 988) (0. 997) (—0.999 (—0. 999
dcate, n-0-18 (MV) Gray 152 277 401 310
(r) (—0. 995) (—0. 998) (—0.999 (—0. 999
White 152 273 398 310
(—0. 999 (—0. 999) (—0.999) (—0.999)
Black 150 278 401 310
(—0. 987) (—=0.997) (—0.999) (0. 999)
Acare. n=0-4 (mV) Gray 152 275 396 310
(r) (—0.994) (—=0.999) (—0.999) (—0.999
White 153 275 403 312
(—0.999) (—0. 999 (—0.999) (—0. 999
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In /I

A3 A4l

I : 310 mV

1 1 1 | 1 I L { |
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Number of fabric layer (N)

Fig. 2.5 The ratio of fluorescence intensity (In) to intrinsic value (I=) of cotton fabrics
whitened with FBA1 vs. the number (N) of fabric layer. Background is black(@), gray

(D), and white(QO).

(%)

I. : 266 mV

In /I

0 ! I | I | | | | 1
0 8 16 0 8 16 0 8 16

Number of fabric layer (N)

Fig. 2. 6 The ratio of fluorescence intensity (In) to intrinsic value (I-)
- of cotton fabrics whitened industrially vs. the number (N) of fabric layer.
Background is black(@), gray(q)), and white(QO).
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Lightness, L*n

! I |
8

Number of fabric layer (N)

18

Fig. 2. 7 Psychometric lightness L™~ of cotton fabrics whitened with FBA1 vs. the number

(N) of fabric layer. Background is black(@), gray((D), and white(O).

Lightness, L*»

Fig. 2. 8 Psychometric lightness L*v of industrially whitened cotton

0

Number of fabric layer (N)

fabrics vs. the number (N) of fabric layer. Background is black(@),
gray((D), and white(O).
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Fig. 2. 9 Psychometric chroma coordinates a*b* of cotton fabrics whitened
with FBA1 (A1—A4) and the unwhitened fabric (A0) for various fabric layers.
Background is black(@), gray((D), white(QO), and numerals represent the
number of fabric layer. AO— A4 identified as in Table 2.1.

1 — b
Blue %X
1 .
-10
A a
~20 —10 0 1 10 20
1 l A : ! |
v 3 & %\%15
lﬁw A | O 2=
ARSI Red
Green 1
16— 10
Yellow i
6 [

Fig. 2. 10 Psychometric chroma coordinates a*b* of pale colored cotton fabrics
(Blue, Red, Yellow, Green) for various fabric layers and of background paper
(A, black; A\, gray; /A, white). Background is black(@), gray((D), white(O),
and numerals represent the number of fabric layer.
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Fig. 2. 11 Psychometric chroma coordinates a*b* of cotton fabrics whitened
industrially (B1—B3) for various fabric layers. Background is black(@), gray((D),
white(Q), and numerals represent the number of fabric layer. B1—B3
identified as in Table 2.1.
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Fig. 2. 12 Reflectance spectra of cotton fabrics whitened industrially (B1—B3),
whitened with FBA1 (A3), and pale blue cotton fabric. A3 and B1—B3 iden—
tified as in Table 2.1.
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B3 XFINVRECE AR OH AR

3. 1 @i .
HAHEEARNROEBITIILBRELZMUET 2 HEL, HEERTORIEH

BRHUEDLNRAUBITLIORDZHENRD 5, HEWBEROMHE & HEFHED

BiEELONBHZE [35] ©. AOXHOEHARICEI ZHADROLELE
LoNBHE [7] BETH. BABEIMEINTE), —F. HBNTO
VBN SRAMBHLAINMEIN., ABREOMECHERY —VER LK
BMEHERBIAbhE (5], £/, BAEMADROBEKREREHNEH
A, HEBRERIEERIH LT, —FhH. BEERZEEIRBEE ( over the
weight of fiber. o.w.f. B89 ) DI U TREINBZ I ENL L. HR¥ITT
DEERMRRIZZ, LA L. MOLME. MEM, SKGEERLOBGER
THICR. A—OBERME®ES 2 ERRTRTH 5, |
AHTH. RFVRNVREEMAROBAHE T 2B EEMEN T AX
EHRGROTHED SBEMITEET B 2DI0. WEERDLE S LALKE
EWELTREREOEEELON, CHOMEDMEER ST Lic, HX
EABIASE. BEXY - VR LARBHELL AV RBRONBEL A
e WIERNRY R ILOBERER SO TIE N & TR O %845 R Ui,
AFNMRREEHBAEREZNT S, P T VWX FNRVFROFBALE Y
ZFYNET 2 ZIIVFZDOFBA2O B B4 b B U7z [36] o

3. 2 #£ B
3.2.1 &K

POEMEAE LY TV VRFARYROBAL, YRF YLET 2 Z VRO
FBA2O 2FETH 5B, LEMAOWMKS %2 Robinson-Millsik (EkBRF P VU ™ AT &
BN, BT FINVT NI VEEBEICLEIEBR P VLAORE) LD EHL
fzo Table 2.3 I{LSME. AT 8. TARGAK. BES L RO BAN

VORBIIERTOREBMOELVBHNICRE UCRNORE, HOERBRIIKNT S
e (%) TERRLIZD D,
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BAERT. BB, BRARN. RELCHLBANER RS BART TS
. RBRETOFTE I -7,

M= M 2g (H10cnX 10cm) (MW L. Bkl : 100 OBk T 1 KA
WML, REAT2HTTE, BRER L, S50, YIF VI —FILT
AWERIY v 2 AL —HIH UTBIR Uy ®th. RBEBCHLEL, Bk - e
BORGOHETTIE. REE14. 0(W)X19.3(C)XK-cn 'y EX0.50 mn, HEX
196.3 g*m *Tdh 5,

3.2.2 Refb LUREROTE

et e id. BEAIEIE 0.005~20 % o.w.f.. WL 1:50. BEC. KB
MI604Th 5o WA 2 gl BB 100 nlEiRE S Mic i, HEBEE S B
(KPR ZET %, H-IN) THE Uk, REHERL 1 500KEATI WYY
¥ RENTHRABRIE:, ‘

REBIBATRICLD KD, MBAIEEIBE 20t di~s L5 K BAE.
iR EpHTHESE L. RABRMARY MBS 5, TBAIORSRETR
TABRSICIE. HWAFIKEKRE Mcllvaine B & [37] EARBEH 1:4 TR
AL, HT KB LcDb, HBaER Ui, REBIEAOEIIED S 328
BB~k b (% owf.) TERESNDC ENRB L, APETHIBAL
FBA2 D B8 [ 46 % L9 B 2 sb IS b ME T VIR TR Udco TRV IR HEPH %
KRG BLDICHBEETRERAL 72,

3.2.3 Bt AR E oMl E

CREEE. Lath RRE. BLEBONE RIS M EARTH 5, B
HOERKHIE. BREFEOHETIE 2. L'a'b' EHAKREOUE T 4K
EUTz, THE. L'a' b OMETE. MEFNBORNT = Uk E M- 58
P2 E, BEBEONETIE. BBERL (B 268 LL, ChoDREe
. HEMENTHPEQCBEShE N —EMAEL, L'a' b BBRTL' O
WAED NIRRT BEMETH B0

3. 3 HEBLUER
3.3. 1 BURM & |
B BRI B & el B A Fig. 0. 1310 R T SR 7 I B B B 2N 4 T
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PREBELVD L, WANOHBRAREIIEREROHEME LB ITH LD FBAL
CTCTHEREEHN 2 nmol-kg ' THRE AKE12. FBA2TIZH 3 mmol-kg ' THREHE
INCE L, ChEZZALZEMARICBOTILKRBARMbD D % & ICH R
HERBY T 2, 52, FBAITIHE 7 mmolekg ', FBA2TIiX10 mmolekg 'Ll Lk
T, WEAGREEROEER L, BANOBEGOBHERENS. VbW 5 BHE

(over dyeing ) BB TH 5, FBALIIFBA2L D #HGEA M. BLWRERTH
BWRNE U,

3.3.2 MEMH

HWHEOREE LT 2zl B, EBEOEFEAEFig 2. 14IT7R7 7, b id
TAFTANE. TIRABEE2HobLITOT, HAEHMIHIET 21+ X%
EHICTEw b U

REGEA D B U T PP EBAND B, WALET B Eb hiw A F R
STHAILEDD, EROYMMEE HITD" DM HAHI KT 5, FBALL FBA2
D b EHEAER | mmolekg ' FTRHIFIFHELL, b OMMHIT. FBAITIEH 2
mmolskg T —13. 8. FBA2TIZI# 3 mmolekg ' T—-12.6&. FhEFhBRKICK
2o TNOLDORERIE. UROENERMEERUCEER L KT 5. B
BRI SICHINT 2 &b O EIIFEICIET Uy FISBHEADE LWFBAITIE
K& CHET L7,

HEHmOa b BER® £Fig. 2. 15IZARYT, REAADOAREZREAE L LT, H
FDOREEE. HEBOHEMEESITEFMIIBE L. TRAAERAKEOB A
(FBAL : Bl FBA2 : B2) ZB XA LERKAMIIBH LA, BAEZBE, a" 7
SADEEPRKABZIEFFLLEAHFICT. IO VA FRITH - o HEH
RBICABODINAHII—H U, REBOHEMIZES LS HEAMDa b HAE
DOEAIF. 3.3 ITHEINZHBRAEE IS —H L,

3.3.3 HLgEH
3.8.3.1 #HHRE

AR OHNMKE EREBERAFig 2. 1612”9, FBAL. FBA2OD H{6 R B 1L 58
B# 1 nmol-kg ' EFTRIZFAE T, REBOMME L bICWA LKL, HER

Voatld. T AR, A F AR ED S DT,
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A OB X IIFBAL PR K E W, KEKDBE A, FBA2IZFBALO# 4 0 H
EERTN, MALTEZOHABEBIIRZILZLZDOLRNWI L2¥bh 5, HoLHM
BEIXFBALTIE 3 mmolskg ', FBA2TIE 5 mmolekg ' THAKITH o ok, T DB
EEIHBROEBLIUD OBMEIERERUVAERERET BT, FRAE
BUICTN TS, IO RBERIMT EULREIIET LA, ZOoBRER
b*DEAITHRT/INE WV, FIZFBA2THEH. BEAORD O 3 HEAA T HHEL
MEDKTHRHEOLD T/NI DT,

3.3.3.2 M RARY bV

RFARVRERBAROMAN L RBAE, WEMED . 3L E Tl
U7ck R, FBAL. FBA2WWd'h b, HIERAE LV BR UEERBRTRARELD.
ISU7eBBHZR L, LAl EABERIREEECHEAE P LoThN
Bobotioth. WAL IO LRI TR L,

FBAl, FBA2D MR R h IV AFig 2. ITIZRT . 420, 440, 465 nnffEic =
DOE-J7%RFb. REEOHEMITEDITVIERNEMA LI, KEEFERETIE
420 mmO E—7 B bE L, REBOHMIC LA - T440 nmd E— 7 KX
(A L. FBALTIZ0.3~0.5 nmol+kg ', FBA2TI30.6~0.9 mmolekg 'Ll LT
440 MmO E—7 Bk bRL L o7, IHICHERFRENET &L 420 nmDO E — 7
RKECETU. E-I72SBAKIMAL, SSHIKERHEBML I,

—IT. HEMEOBENBR OB ICITHCEEIIBE I TS (p. 628
B) . BREICXSLE. BEMEBCICIDENLOEFIEBNET U TLABEFHN
CTFN. THITHE. HAEOHBWAEIZIDHEABEIRAL TSI LMo hN
T3 [38], £ T, HAICKHTIRBEMALEFRNOERBIZOVLTHKE L
72o
D #roEE

WHRRZ ML D420. 440, 465 mOE -2 % x. y. z®8E L. FhZh
OHIEMEIZDNWT, HAYWHOBAICHE LT THN I NerrittoR 2.3. 1
[39] %A L, |

C
I, =K e ° (2.3. 1)
v+ C :

ST, T datmE. CREER. KRILOBFNROR/NERT EH.
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K BREROWEORYEED &b T M. 7 ZBEMZ R 8 xt
BT AEMTH B,

R A Table 2. 4iIT7R” 9. 7 WEFBAITIE 1.5~3.1x 107" mmolekg ', FBA2T
2 0.83~2.4X 10" 'mmolekg ' ThH . FBAIO vy IZ. BREDOENL ZMDO MY T
VIR FAR Y FUAH RO N TIE R ER ORI E BT RS O
[35] &3 —B L7co FBAL. FBAZLO M SERS R S MEM LR E TS
D. BEMEEERERICHE T AMERE EABAEEOTIITIHBERFRLEL
CLhbh B, . BREBCBIIUEOBRIBERT KiZ. KB LKy
KB L TE — 7 RIOENAS <. FBAL. FBAZLF R G x Ok 4ty #5 & O
zw DK% LEE -7z,
2) BRI O

WHZRY FVOEREN, TRbERMRRARY FVEES S x TR
MERNE R, BHERRS PABEMLTNEEEZONE, £y HTh.
BRERCHBARNEENEREMNICY 7 FLTLA I EhOHRNOEE
MbHBERESNS,

420, 440, 465 mmOAKIME A L. [, L& L. x By BHRFRINE S
TWBETBHE. 2.8. 2R8I T B,

Ix Ix IY IY
—= (—) e " °° —_—= (—) e *° (2.3.2)
1. 1. o 1. I1: o
2.3. 28 o A" 2N, In (. 1) HB50EIn (I, /1.) EHEEFHCIIK
BERBEENEILT 5,
Ix Ix Iy IY
. ln—=—-—a C+1n (—) , In—=—-8C+1n (—) (2.3.3)
VIz Iz 1] Iz Iz (1]

Tl Ta. BRERZNTHhxH. YHOBERNOKREZIEXRTERTH S, X
YHRHICHBRINNZOEAIZE, I/ L /LERERICL ST —EICK S,
In(l. /1B LFIn(l, /1.)EC EDM % %Fig 2. 1812779, FBAL & FBA2IL
Wb, L L /LAREROBEMICE SR> TR L, xHEyHE
BRIAEZTI TR ERNbD 5, HEROBEEDIL A< aTHD, BRROE
BRyWLD xHRKREW, FBAIOy#Hld a=—0.017T OEKRELZDH. BRI
DEBINIIRERIEKFLDT V. &EI2 A2 FBAIO xH. FBA2O x B &
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CyHRERERBTHRIIED, BRNOEZENFEEABIIIDEMAL LT S,
" Z LT+ FBAI® 2 mmolekg '\ FBA2 38 mmolekg 'l ETIHERIZKDO. ZTh
SORBRL LTR, 25087 i 2HRNOELEBIT—FITE 5 I &N
bhb, CORBMEAOEREREII. VOBMESLIUCHERABEIIEREIEON
RREEBIIELL, RAAEZEZALREREBICILUTHBRNROFENEAL
el &, COREBEIZADEHAFNORERBRED D, T W I 4% A%
Ui EHBEIN S,
XHEYVHTHERNDOZTHICENRD A EXRERI N, £IT. I/
&1, /1. & OB&EME <. Fig 2. 19IXR T, FBAL. FBAZLFH & e B O
T Ude 2t o> TREDG BICEMEIZZE L Uiz, FBAITIX1. 94 mnolekg ', FBA2
TiZ2. 91 mmolekg ' ODWAG AR ALL T, GREFECHEBROBEE NED
Uteo RITEOMAHEHEAEE. b ORMERBEBMER L bDER—T
Hb, b bB. FBAITIE 2 mmolekg 'Ll L. FBA2TIE 3 mmolekg 'Ll EDH
BRCHLH AR O R RBIA SNOEAAE L, HRNOEBHNEMLLT
HHART PIVOBRVEDL - EFHETE S, EiEKE 440 nnO FHEMEER
ETIEEL. HEARS b)lz@i%ﬁﬁﬁﬁ%%ﬁf\’él&&:;b\ ERBEAED
HBTAMEAMETELI ENPSNITH - 7,

3. 4 E&H
CHEOREMNBEXF ARy ZULHAFOBRACHT WA RE. AEX
Vi kB REREE, La' b BEBROI/ 0T v 7k REHath . Bk RN
7 NVOBERERINSHRH Lic, BONKBRAUTICE ED B,
1) MBAKE. b OMIE. HXBE I REROBMICE L > THEAL. &
REBCTHRAMARRNERES TETT 5, HEBAKED OMBHEIIHIE U2
BARTH. HABRERIBLERT. HBRAKS LU OBEMHEThE AL
5,
2) WIS AMEMLTERERISHET D, BRBERICH T 2 HLRE
EAENBEAILOTNOERTIEE L, BERNE. HRAES XU ot
WARKERTRERE A B E—FITH D, S O FOLHE A # O 35 R 18
ERWRT b0 LESNS, |
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3) AEBRTEMUANEAREH OB S, HAEZXRZ NVOBREMAD S
RAEAEEZHETE ALV OHKREVERXE SN,

4) FBALEPBA2RIZIIRASOHAMNRE A T 205, BHEARFIIFBAI L b 5
EThH5b,

BOGHEEVR OB R0 R 1. ST I IR B . R R 1 R RS £
THRMT AT ENBL, UL L. BEALZA0EVEEGH TR, HERAED
JUNMBEEELREORERFEENER2ICE B LB ENBERINT,
T, WRMEBAMENTAIZHMAL. EEBNICIREBT 22D TH b,
PEREELRABICRRINE I ENEE L, LA, mErEAaa
EHEKRHOMMAD SRENITHEET I ENLETHD, WHFOEHIZO
WTHETLHAEIZE, ChoDETIZ DLW THRHEIRETHE EDERLE
72,

Table 2. 3 Properties of fluorescent brighteners used in this study.

Chemical structure g 1 XexZ) 1em3) m-w.“
FBA1 @‘”"H Na013 N_(‘*@ 5.00X10% 350 440 873
(CL FB 85) N/_;)—NH cn:cu-{ >_NH_</ =\(N
o HO—CH,—CH, —NH SO;3Na N NH—CH,—CH,~0H
FBA2 ' Na0:S 6.86X10* 350 432 562
(C.L FB 351) Q ool D-en=e C

SO;Na

") Molar absorption coefficient, * fluorescence excitation wavelength (nm),

* fluorescence emission wavelength (nm), *’ molecular weight.
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Fig. 2. 13 Concentration dependence of visual whiteness of cotton fabric
whitened with FBA1(QO) or FBA2(@), evaluated by Cibanoid white scale.
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Fig. 2. 14 Concentration dependence of psychometric chroma coordinate
b* of cotton fabric whitened with FBA1(Q) or FBA2(@).
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Fig. 2. 15 Psychometric chroma coordinates a*b* of cotton fabrics
whitened with FBA1(Q) or FBA2(@) with various concentrations.
A(®), unwhitened fabric; B1 and B2 indicate the maximum of visual
whiteness observed for FBA1 and FBA2 respectively.

400 o5

(mV)

200

Relative fluorescence intensity

0 1 | i | 1 1
0.1 1 : - 10

FBA concentration (mmol-kg™ ")

Fig. 2. 16 Concentration dependence of relative fluorescence intensity at
dominant wavelength (440 nm) of FBA1(QO) or FBA2(@) on cotton fabric.
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Fig. 2. 17 Concentration dependence of fluorescence emission spectrum
of FBA1(O) or FBA2(@) on cotton fabric. Numbers represent the quan—
tity of FBA absorbed in fiber (mmol-kg™ ).

Table 2. 4 Constant values in Merritt’s equation of fluorescence spectra
of FBA1 and FBA2 on cotton fabric.

FBA1 FBA2
x HF b z 7 x 3 Yy i z #f
K 350 420 300 280 340 240
k 26x 1073 9.0x10°3 3.2x10°3 12x10°3 0.44x 1073 —3.7x10°?
7 1.5%x10°! 2.6x107! 3.1x107! 0.29x 107! 1.6x 107! 2.4x107!
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FBAI

In(1I«/1:), In (I,/1z)

-1 J ] 1
0. 5 10 15 20

FBA concentration (mmolkg D)

Fig. 2. 18 In (I./I:) and In ( I,/ 1.) in fluorescence emission spectrum
of FBA1 or FBA2 on cotton fabric with various FBA concentrations. O,
In(I./1.); @, In (I,/1.). Relative fluorescence intensity: I«, at 420 nm;
Iy, at 440 nm; I.,at 465 nm.

I/ 1.

I,/ L.

Fig. 2. 19 Plots of I./1. vs.I,/I. in fluorescence emission spectra
of FBA1(Q) or FBA2(@) wih various concentrations on cotton fabric.

Relative fluorescence intensity: I, at 420 nm; I, at 440 nm; I., at 465
nm. Arrow indicates the increase of FBA concentration.
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A WRHEAEAMAGOBAKLFAM

4. 1 @FL¥HiC

WM I, B A, SLMALE. MEOFBRMIILIFS
HINdd, BOBAEERB 0TI, B BH Uiy LT, #rH
EFAMIEMATE S EXMROTH B LINTO B, HROUEHATH
ZONT. BABEOBRECH AN OB MEERIBHN L HHETHRINT S &
. MEEELUTHABANOMNAOLBEMS LICbERTH 3, KHTH.
%2 HiCHEYL U7 MUSE « BRAB2E % IR A6 M il L TR A g, Liat®
RO, ARE. BOEREENE U, RGO ASE. 4 0h 5 ALH g
WA OEEER ST Ui [40] o B3 HICRT X F R VBRI
FOWMEHREELBT 3720, FEOWEHARMNEN SN T2 K% R
U7

4. 2 £ B
4.2.1 R

Cibanoid white scalezZ¥ & L. HAMBAAEZ T T L LN 5O Xy —IL &
D BRI OB TR BOR Y R A5 FE A N U e AL 2 I HEA U2 1478
(S2. S5. S6. S8. S9. S12. S14. S15. S18. S20~S24) &. HEFNG0LE A
LRIIEDF2DFETH S, iDL Table 2. 51ZR 9,

MARRY MLO LB, MG CHM L S MEGEER L, B2y
PAEBHE, PV TIVZINWNZAFIIRVEZOFBAIZFAWTHEAFAEE 0.01. 0. 1.
1.7 % oow.f.. W1 : 50, EELCT]I BHEBLELLDOTH S,

4.2.2 HEE O RE

MUBE . L'a b BA, QOS2 1 & RRICIE Ui, MEAMEE %
KB, WEMNR—FIREETHEA~KER, BLRRCEEILY
AR Tz, TRMOLH AMAORE - BEZRS MLOBAKER. B
23380 nm. FHDH440 nmTh 5,

REEICDOWTIE. JIS Z 8715 BERRAE [25] kb AaEREWE
BHIEYE Tvk ki, XYZEBROBEEMx. v EZHMMAEDY 25K
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RiCEIOEHRT 5,

W=Y+800 (x.—x) +1700 (y.—y) (2.4. 1
Tw=1000 (x.—x) =650 (y.—y) (2.4.2)
I I T, Y HAMOXYZRBRICBEI I ZFBHEOY O

XV BRBOXYZEBRICE B B LEE
X Ve BRABHEHEOXY ZEGBRITH T B 0K ER

THD. x.:0.8127. va:0.3200085Z o5 T3,
4.2.3 BAHM T OHE
4.2.3.1 BEBHE

JIS L 0887 [29] OBHIC LN ->THBAHEZ 2~ BB THE»OH
BL. ABNBERMICL > TELRIAZDENCLD, BAMIOHEEH
Ul | |

4.2.3.2 flf
BEAERVZMEEERD BB, ~"OF VS v PERBET S E0E
B (B, UV2200) ICAESER (ISR240) % K18 L CHB L IBAHT & 5 4 b K 4t
RESENE L. CH L HBOSHMBMEXY Z2 5 L'a*b 2Rk, BH -
ZHEBIE JIS Z 872204% 4 d (0°HE —H#ZNH) TH S,
AEBEBTHUELU oA BMBRIE. HEOFEARS MULNEL S 380~
440 MO BERMTHAERSAMEIN TS, UL L. BERS M HBEGK S
\1380~400 nnT MO EMZABEA/NE <. Fh. 400~440 nn TS
NEDDTREVIH, L'a' b NOBBEMBATE3 I EEHAL T 3,

4. 3 KRB IUER

4.3.1 BHMY

AR EDFE R A~ Table 2. 6% 2 8 (Blueing, Vis.) IXR"T., HERHIZ
LEHENRERINLE (O0) MM, BESNLVA (X) 9, ¥
OH LW (A) BTRETH -7z,

HMEXBHEIC L2 RARIBMOMEN £Fig 2. 2012 RF SI. S2. ST,
SLAE 600 nmffEiC HBEBHCBR L BRA S D, EORMEOEN S H 2
HIOBENRESE ZENbh 5, S5 OB . WEMELED &
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D BB —H U ENSHAMTRTOEELTIY, 600 mnffEDOK
N DO H A Table 2. 60% 3 # (Blueing, Ref.) T4, BRIDH 2% (OO)
i SI~S14D 14%. WILD WA (X) HESI5~S2BDIETH » 7z, HEHE
AL T R Ty 46RO 600 nnf L 0 R AN O E1d % E T4
KL E2HBOFME Uk,

COSNRERMAENS 2.2.2C XD KB o T4 7 R RXERaDE
Fig.2.2liR" ¢ CHhoRBRABAORNED T W IBEREEEL T, 600 nnff
EC R D B 5S1~SI4D 14T b* 8T A F Xy BN D2 1S15~ 5250 | 17 i
B*ANTFSZRTHD. SI~SI4iFHS%E. SIG~SBREBRALEBETINE I &0
MEBEhice %o, BUBHSETH AH T OHEHEE Ly ST, S8, SI1. SI3.
S14. S19. S23 B @M T L b DWHMEI/NE 1, ChSDHIZHTAN
FORENBH THE B30 WEBALEE L ORTICERINDH
WEEZ SN B,

ULEOKERNS, MM EBHELED S B, 46K 4B D600 nnfl ¥ i
W DHERShic SI~SUAO ABRES T I THS LML, DRI
DI NSI5E~SBOIIEIE. HEALKEERNOTBRBD Skl &
No. BHMTINTOROEHW Lic, a0 OHMEIT. BEbRHhc &
BANRRHRMME T NDSBERIN A ERBEC IV EBCARSNB I L%
L O
4.3.2 WOLHEE
4.8.2.1 MR

HRAEOHERE A~ Table 2. 60 4 MITRT ., HEAEN-ILE NI
2HEIZELED, 0EBIOHMN6ME, 12076, 12822 5 H 11
Thoteo 122 ZABZHORBAKE. BEXS —V ] REOAKED S 138
BEHEEIND, HECAOKAERY — VI3 2B 57550, BEO 128
LOHRITEELED THE LD, TREASBHOSCBEbDTRHVAIE
BT B ENBODITH 5T, ’

ZFNR Y RBEAHAFDOIBALS 2 W IEFBALTHGALET 2 ERETI20
CRBEEAE SN TEHARTEOS CEIATEN. 550k, 120 ko
BHEAEZAEI TR ENbM5, £, FAHAMATIATHLAHITTN
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T2k, ZDO8HEI2AIATED. HAHIOHEHUBBRAENELD
CEDPD o T, |
£.3.2.2 %k URBEICLBL 2 b BBM

THRMARD S 0T 4 7 X X EHaTh B Fig 2. 2210 R, HIEEE OHE
CRAWRAERY — VDb HbE TR UK, HKEAHOD I —8.3 25—
U IOEEEICH D, EOMMEIE. MEEEOENH NS REAEED
BOHDIELEREV, FANTOLOHED OB/MMEIMZIZINLD/NEL F
AN OHZ2HEBILIDVKREL, —KOHETHLSMIKVFLERDOh L
BT 0D LS. b DM AR b KX L,

R F VR Y TN A OTBALS B\ i FBALTALER U 7= 845 13 b* 0 s 4 fi 2t
BBI4TH -7 (p.3UBR) , —H, AP IhmRB2MThRA LS
Ky BERIZEBST VLD OB MR A Ui, HABMALBEOADAHEIED Ot
EARIBX DN, BARTAMATSEZORE IS LT Ot bk X
BB ENHRSN TN S, A EFI TR AP ITId. 8068 G0
DAHTHD DA EH5. 3% % U FBALE 1o izFBA2THE X R DE14L D
KEVSDONH 70, TN HIRHEICE XN T 3 MG EFHFBALE [
BTRHEHN. BREDORLL SO, 2&AIEC LFB 90 & [41] THD.
BRI > THRRENE TR S 20 (42, 43] EHE SN B,

BABEHR ML 1494, 3~99. 3D BT H » 7o dt. HAM T DO L SHHIL. 3&
BIZES . BAMTINAARFREBORINC X 0 WERBHIIED EHERS
NB, BHMHTORNSIE~SBOFHHEHRI.51H LT, BHHIOH B
SI~S14 DFHPEHBILILFEEL. L'EHARTOBENREN S Z &0
Modie MAHAMEAEBE LTHERBNEL . ABBOENAZLHLO
T, WERMERBEAEOMAIC OV THMERR TR & & Ui,

MBEREWEBAER TwEeTable 2. 60H 5 MEE 6 Wi Rd. SERAE
DBV DEEABERPNAS VHEANED S, BEREEOHENE YT
HBIEVRESNI, o HHNY OB B &MOAIRIE L mBRIC
DINTHBEEAEMT 2Ki21E. Cibanoid white scaleRBGRHATH 3 = &0
mRESNI,
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4.3.2.3 SE4EH

AF IRV FREEHMBRAFBALIC L AW AHIE Fig. 2.23 OHIEAXRS ML E
AU BERBOBMICLIZN>Ta—b—c (EEH¥AK) -d GBEAH)
EEMT B, MRBEGOHERRY ML Table 2.60B THMO XS KA HE
Sh, BEHAGO c EOPHAKOEL b MNBTWEREE 5D, HHMAT
SRESI~SU BE3AD2M e DRARY VAR L, BREHERS S IEEH
WESHEHEEALB IR THWAI ENbMh3, BAMITOM L S15~825 i
a-b PbDARY PIRAE LI, BAMITOH 57T BB K&
BERRD 5h 5o |

W TBARA WU ZRY N OBERGFEE C— 7 BIELD & BN D HEE.
ChoDOHRMAFICSHEMA L, 420nm (xH) « 440 am (y %) + 465 nn
(z%) OBEBEL /LALLM LTT oy b Ly Fig 2. 247 T
R, SEIEFBAL. BMIFBA2C SV THIM TR OB RER L, REROD
EmEEBIZL/LEL /LARES L, BEREAEICHIET BT A (FBAL:
M. FBA2: () #IC LCHBOBEINSLES (p.37T8H)

TRHAA IR, #EIR7 FPVOBRTRIBENBEEBAKD c KA
T2M. Xy V. 2 HOBRBELIIBET X THREHAE I IST 3 E T
WHEL TR L, £, BAFTOH2% (@) . Bl (O) Tk~ T
HWOPMD SOThYRKREVERLD 5,

HFELEHOBIIEFig 2. 2010 R T & 512, MHER (440~500anf38) Hi%
AR PVOERBEMERR > TWB, LicdiosTy 440 Bl LOHEKIH
BRCHBNINTOEAEEND 5, 440 mU LDy H. z HOHNLH
BRI THBRNINE &L/ LEL /LML, EEAIEAERICE
Bd 5, THbE, HAMFINEAREAMFORVAEID L L. 1,/
L.LOBOWHEBICAHBT 5 EWIHFig 2. 240 HmiE. FBEEBICLZHXOHR
Wi BT 5 EHBIh5, WERHAKOBOAEEAHIT SR TIN5 HAMN
Znich, WAEHAOBENBVC LI 2DST, BRNOEEL2Y THE
WEEDEIEHZELEWEEI SN, |
 —F BARGOBNAD S BSI8. S20~5220 4 R EM O BBIT I L,
SHORBFEREEIC LB HEOBEBRNAL N EHB I NI, SI5~S17. S19,
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$23~S250 7T MAHMN ST NABEHEH S SN TR, M ELb, HRME
HEBEEEE SN KRNI R ALEI TS D Ehbh - 7
Fho. BHBENBE ARSI AEMET 2 EFMUAN, BT LbE
OEFIERD SN od,

WD EWE 440 nnDWIHIKIE & Table 2. 60 % 8 Mz 7T, MEHEORE
N R A200 mVA &K < L LR BE OO B U I BOE MU 44300 mVRLE
EBV. Fhy HAMT SNAHOFHRNIRE L5 nV. FHH T OB NG
DB UIERIE 2303 nVTH - 720 SLIEMIEHE 287 nV & KA, Fig. 2. 20
KR U LS KM RH D, BORBRAEICE -7 2 &b L,

4. 4 ¥&®

1% B EACibanoid white scale®No. 5Lk D HWN I & A2 H B ITINE U258
O RIEH MBI OV THBAK, La'b" BOME, ABERK. 0LEH
ZMEL. THRAOHAEOERBLEBEAMNITOF/EERBOMI L, Boh i
HRELTICE ED B,

1) HAM T, SREHRIMHR D600 i EORNOEEIC L D HETE 3,
LRI E AR T AR S NI 14T, 55% TH - 7.

2) BAMITENAHRTNT, PEAENLRULEEEDHTHL . b Ot
RIS E D KED - 7,

3) MAMADS EHEINHIE. BERAEN2OMBIEIMIZEEED,
B 9DEVEHE N2 S D b DM EIF IS L DA 5 7,

4_)"2-Ej'é/'<f\°7 PILOERE. ¥HOHFLRERWAELC KHBABIATH
BIEERU, FHARBEIESMIAN, FAFTOBMOHLDI5%H
WR B AR D SNz, |
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Table 2.5 Properties of cotton fabrics industrially whitened with fluorescent brightener.

Sal\r;:);.)lc Y a(r.nC S\c_r:;xty Tlixrlr?rligcss (\é\/%g_};)t Weave
S 1 55 %27 0. 15 121. 2 plain
S 2 37 x 22 0.19 134. 6 plain
S 3 56 % 28 0. 17 119. 1 plain
S 4 5126 0.19 122. 4 plain
S5 45% 39 0.16 83.0 plain
S 6 46 % 29 0. 24 124.0 plain
S 7 59 % 33 0.13 110. 6 plain
S 8 . 25% 24 0. 30 139. 4 plain
S 9 40 % 34 0.17 50. 7 plain -
S 10 13 % 14 0. 49 169. 1 plain stitch
S1i 24 % 24 0. 25 154. 0 plain
S12 39 x 32 0.19 107. 3 plain
S13 46x 23 0.35 214.8 twill
Sl 24 %22 0.31 139.0 plain
S 15 8x7 1. 05 308. 4 plain stitch
S 16 18x 16 0.34 148. 6 plain stitch
S17 29 % 23 0. 23 102.0 plain
S18 36 x 29 0. 22 79.8 plain
S19 27 %22 0.13 109. 6 plain
S20 46x 15 0.40 191. 2 twill
S21 61 % 31 0.21 105. 4 plain
S22 53 %27 0.25 121. 7 plain
S23 18'x 23 1. 26 229. 5 plain
S24 17 X 14 0.53 288. 1 twill
S25 28 x 22 0. 20 97.0 plain
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Table 2. 6 Whiteness, blueing judged visually (Vis.) or by reflectance curve (Ref.),

and fluorescence emission spectrum (Em) and intensity (Ir) of cotton fabrics indus—
trially whitened with fluorescent brightener with and without blueing.

Sample Blueing _Visual wh T4 Pattern of I at
No. Vis. Ref. whiteness Em spectrum?’ 440 nm (mV)
S 1 o (¢) > 12 190 7.1 c 287
S 2 O o >12 181 22 c 323
S3 O - O >112 171 4.1 b-c 346
S 4 O O >12 174 2.4 c 359
S5 O @] > 12 173 1.8 c 346
S 6 O O > 12 172 2.1 c 360
S 7 A O >12 167 3.5 € 370
S8 A @) >12 175 2.7 ¢ 409
S 9 O O > 12 165 2.1 c 345
S10 O O > 12 171 2.9 < 354
Si1 A 0] > 12 163 4.2 b-¢ 370
S12 @) O 12 162 25 b-c 346
S13 A 0] 12 157 4.3 b-¢ 300
Si4 A O 12 159 2.1 b-c 320
S15 X X 12 164 2.1 c 356
S16 X x 12 158 1.3 c 368
517 X X 12 158 2.7 c 339
518 X X 11 151 0.8 b-c 324
S19 A X 11 149 2.6 b-c 292
S20 X X 11 142 0.9 a-b 291
S21 X X 10 141 3.8 b-c 266
S22 X X 10 137 2.7 b-c 268
S23 A X 10 141 1.6 a-b 252

S24 X X 8-9 129 —0.4 c 322
X X 8-9 129 0.7 b 258

S25

" W and Tw are Whiteness index and Tint index in JIS Z 8715.

» See Fig. 2.23 for abbreviations.
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Fig. 2. 20 ‘Typical reflectance spectra of cotton fabrics whitened with
fluorescent brightener with (S1, S2, S7, S14) and without (S25) blueing that
were measured using spectrophotometer with monochromatic illumination.
—+—,S1; —~—, 82; —+—, 87, ———, S14; —, S25.

Fig. 2. 21 Intrinsic points of psychometric chroma coordinates a*b* of
cotton fabrics whitened with fluorescent brightener that were measured
using spectrophotometer with monochromatic illumination. JIS Z 8722 C

0—D SabW5, Shimadzu UV2200—-1ISR2
No. in Table 2.5.
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10
Psychometric chroma coordinate, a*

Fig. 2. 22 Intrinsic points of psychometric chroma coordinates a*b* of
cotton fabrics whitened with fluorescent brightener (O) and Cibanoid white
scales (@) that were measured using photoelectric colorimeter. JIS Z
8717 light—source colour direct correcting method Des 45—0 B5S5W5,
Suga SC—2—XCH. Numbers represent the sample No. in Table 2.5, and
No.9— No:12 indicate the grade of Cibanoid white scale.
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Fig. 2. 23 Patterns of fluorescence emission spectrum of FBA1 on cotton

fabric.

Emission spectrum changed a—b—c—d with higher FBA con—

centration. Numbers represent the quantity of FBA1 absorbed in fiber

(mmol-kg™ ).
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Fig. 2. 24 Plots of I/ I. vs. I,/ I. in fluorescence emission spectra of
cotton fabrics whitened with fluorescent brightener with (@) and without
(O) blueing. Relative fluorescence intensity: I«, at 420 nm; I,, at 440 nm;
1., at 465 nm. Numbers represent the sample No. in Table 2.5. Lines
indicate I./ I. vs. Iy/ 1. plots of FBAl (—) or FBA2 (——) with various
concentrations on cotton fabric.

_48_



oM RS EAOREES S 1

5. 1 BL»ic

THROHBMEMEEIOMEEZENE LTHAHALBEIN TS L ONE
(s BRARRAE, MAMAIMEASEEBOHAE LTRTEHTNS, AY
KRR - B8 - Wl - BB OMA ABERIC LD ASMMET TS [ 7. 44
— 471 o BT — ZHHED YR BT TG A S D& Ok B B 0 A
XRTNEH, HAMARORBRICIZABEKTNREL RAZVLE DA
VA [7].

AT BEPLIT Lo — ZREOHIRA LM AR ONT, KB
HICEP2AEEMEZR. RUZIXFINVHEEBAGREELOENS. ZTOR
MAEHR L [47] . |

5. 2 £ B
5.2.1 BB

MEFLIC, Table 2.7 IR HRMAEMAG2EENE L, Lo - X
R4 GR12FE, L—3 Y 1f. 275 18) . BERVIXFILORY 2
. RYITXFIVA4HE, 77— M1 BTH5, Cibanoid white scalek H ¥
L HEHAAERE R ONO DR — VI D HERAEORWH ZEE LI,

CHhoDOHRBABIZEAIN TWAHXEMWAEAIE. JISL 1064 [48] 238
EEINLFEBEIZLD, BV —XFROU4BRIAF IR %R, RY) T XATFIVE X
CRYVZZXTFIVEHDOECREIEIFT7IINVA I FZRPAIVEETFTYS—IVER. TE
FobMIIRV VR THBI AR LI, B8, Fquv. TI/Y LK E
B FHINTLAIEEAAIBPOR ) DX FIVERRIEZZ &, HAAR
EOHETNA Y HEAEROCTHRBLIVEZEOEHANS. EL T,
- 5.2.2 Bt

H—RrT —I(ENBEETET - FTFXSY (BHECF-20N) 2/, JIS
L 0887 [49] ICEEUTHRABIINHBH L. LBHBOREZBHEIT S v 7
FIVIREGESIE3 C. HMBESINTHS. AEKRTOREWFBOEE LA
HIHITERE TR ETE Ui, BAAR2EBHABERICEVW DL, B

_49_



B A BE Ui,

5.2.3 AEONE |

SR BITT B & O R RO L 77 O LR JE & OB RE A S Uiz, B
B, MERMEEE 2HERE L TH 5o

5. 3 REBIUEE

AT R BMAEE LRBRAKOEETig 2. 251XRY . MO FIINM
DOTIV—T Ik EN, REFAER U, AF AR RBEHAFER X
NTW3 SI~SH4EFHARE., BRAEOETAKRE L, BI0REME. 2L
BMEIEOICE > TRV, HERBERFIALEALELT > T RNHEDH
BAIZESOl, GiDEINFICH SIS, SUEEEDENNEIL. —H &
HBEVLSIMEXRBOEINAREL. BRIIMBICEHERAE TIREOEZNRA
Hohi, . '

S21 ZRUHELTRYV I ZFNVBICRY T XFIVEHO 6 BT, LB

WKEDHENEBERDTNITET U, HEAEICEEANED -7z, WER
AOBDOENWFTINAIRRGIVEAFHY - IIVZROBEHAFANEHX
NTWEE»THSE [5].
T F - PEERBEOET NS bHTAE <. BRI0EMEICITTIEY D
Wi -7z, RBRAEETRL2RHABI CURMAROBRE4IZEKTL. £0%
TORHELT. BB TRELLWEENREAD SN, FRIA TS
<) VREOLHBAAN, ARISICIVEBEROZEBELEEKR LD EZEL SN
5 [50] . 7=V U REAMAAMNTEREOREBIZK > THAERA S EIZHNI
DOZEMNHD [51] . COHABATRMWAEBRASEOEWLOMREDR T2
WWBITHA D,

RFNRFHEHAFNER IO TS Lo — X#HMED SI~SI4iIcHBW
T, BAMPMICBERINIERHOER., AVENEFEXRESOHHEMARD B, Bt
IOEMBEOXRBEOHNEBEZEHOEIDMEMLEFiIg 2. 26189, HEBAHKEI
0.821E RRAENA, y=251x+1 OEBERRDE SN, BRINMORED
B BEZEIFTOREIICHATEIENERINT, EHNICIE., kiYW EF
HRICTITHEE. BRI IEXPAEBRTOHILEFEHTHELENE K,

_50_



5. 4 F&¥ |
8 0 IR U e R EOE M B 2 LIS D Ty ST & B AR (L%
HREE EWRREIC L DB L. UTOMKREE8E %k,
1) 778043 FEHBZVRAFHY - VERARAANER IR TSR
YT RFIVA I EEHICL D AENET . BRRS S ENEHTH D
ERER T, .
2) RF IRV ZHEEBARANEAIR TV AIRLED )LD — XHMER L.
SIS & B EEETAK S (. BL30MRIHIC IR B 7 D B IS E S Fes
8) /<Y VERMEMARNEDI TS T 5 — M AR OBIIZ LD,
HHEOBETE L HE Lk,
HXRADHOBWAY X FIVEEEABMICHEL T, XFIXVREKE
HEAREDN TS A0 — R BMEOBEMARIZ. HHES S ERILD
B2 &R E NI,

_51_



Table 2. 7 Properties of fabrics industrially whitened with fluorescent brightener

Sample Fiber Yarn density  Thickness Weight Weave

No. (em™') (mm) (gm™?%)

S1 Cotton 29X 22 0. 200 97. 02 plain
S2 “Cotton 30X 23 0. 232 102. 00 plain
S3 Cotton 27X 22 0. 126 109. 58 plain
S4 Cotton 59X 33 0. 127 110. 57 plain
S5 Cotton 56X 28 0. 168 119. 09 plain
S6 Cotton 55X 27 0. 148 121.17 plain
S7 - Cotton 51X 26 0. 193 122. 37 plain
S8 Cotton 37X22 0.192 134. 62 plain
S9 Cotton 24X 24 0. 250 154. 04 plain
S 10 Cotton 46X 23 0. 346 214. 80 twill
S11 Cotton 18X 16 0. 336 148. 56 plain stitch
S12 Cotton 13X14 0. 491 169. 10 plain stitch
S13 Rayon 54X 41 0. 035 59.3 plain
S14 Cupra 54X 38 0. 030 66. 7 plain
515 Acetate 66 X35 0. 143 131.5 satin
S16 C/PE" 45X 24 0.161 127.9 plain
S17 C/PE"’ 56X 26 0. 153 117.5 plain
518 Polyester 52X 38 0. 025 4.2 plain
519 Polyester 76X 49 0. 088 56. 2 twill
S 20 Polyester 88X 36 0. 162 9.4 satin
521 Polyester 62X 35 0. 206 _ 107.3 satin

""" Cotton,” polyester=35,65 (wt,” wt)
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Fig. 2. 25 Decay of visual whiteness and relative fluorescence intensity of
fabrics industrially whitened with fluorescent brightener caused by

exposure to carbon arc light.
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Fig. 2 26 Ivacx—Itroa: after 10 hours exposure of cotton fabrics
industrially whitened with fluorescent brightener. Relative intensity: Ivacx,
back side; Irron¢, front side of fabric.
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hNiero<w bS5 ARREEEMN SR BAKE 365 n) & 501k EHEEN
M OBAKE 254 o) EEHLTARyY NEBE L,

B RARMICOWTIE. 1 BRDEES L BE 1X 10 noledn* @
KB InlZES 1mOY Y AF VT L —F 2K THE L, BEERWHDSO
SUAFNMSEEAKTHEL. A VTS5 v 7405 — (FR0.3un) THEBE
Licdb. BINZARY MVAERIE Lk,

2. 3 MREBICER
2.3.1 FBALlD A& 3 45
2.3. 1.1 ML MLOME - BE - pMEE#

PBALIZ. — D b U7 Y= R F R R AR O TIRAICHT 5
RENRKENESN TS, Uin Uy HBLU o8 B # Ok 8 T R
L& DFig. 3.1 OBNARY MVEAER Ui THbb. K (o 5.3)
CHME L AEBICE RN FVA (BARIEE® 350 nn) ERTH. &
11350 nn® WILAUET Uy Bk B M- $i A BIAH A, X7 LB (3
max 390 MM) KW o7z TOART PIVEAREAFABELRRWITE. £,
1B & pHAME VM E EBE BN, MEAOBBREBICHEEKT S bDEEZ.
B A, R, pHO BB A B RE Ui

HMEAEE X107 ~1Xx10"*moledn™®. EE%20. 30. 40°CD 3 7k % DH'/
A5 ~8DI0KBRIEZ. BILARY FVERE Lico KBEBROZRY bV
Pig 3. 2IC7R T 4 MBI AR ENE, OREEDSMSN TS Luue 350 nn
DANRYT PIVATH S, DIiE Amax 395 nMDART PIB T, QTHRIINDIL N
420 nmiZ bIROIBILE bDo @LOHALBORARTCHBUNRE S bD &
ZZoh3b, FBALUZKBH . AT MIVA, BERT KAR4E2BRT 5 &

L

VPt BKBIBERE A E BT
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O EZ. ARZ MIUBOEAERD T Table 3. licF & iz, BEE. KEHE.

BpHIF EXAXRT FIVB DEENE U,

ALBOREHR. BBVIEARY PVBIREAUAKAEBCHR. FiE.
HBNIE pH ABLTBEARY MVAKRED, 1x10 *moledn *HS1x107°
moledm *IZFHFN U B EDOREE %A Fig. 3. 310878, BMAEO Xy —IVEE
hEBEHIC. FREOARY PIEABELIMEICLTHELL, ALBOD
RATRNSIEEERMAILK B, LicdhioT, AL BHMIEA SN BHUEDZA
7FW§MiF&Ek;DT£MLE LI ENERINT,

BE. BE. pﬁagﬁmbfﬁbnéuiwx«ﬁ PIVEALH. ART PIVAS
BTHREINS HKAILELBLDTHE%ERIZKFTT S, ALBOIHKAIZK
LZIREFRIESHIEFE. 20420 nn&350 nnOBNEE A 120& A sso i TR KILT
5100,

" Auzo. s
As2o=— A A (Asso— Asso. a) (3.2. D
CIZTy Asas A sBERACBITAKSA. BZEOWZTHOBAMBEHZD
ORIAETH 5,

ot ZE, WMAXBE 1X10 *noldn D & &, 350 nmit BT ARRS
100% DBOLEIX0.500TH O BEA100% OBEE X EZREDFEH IS
0.3000 6N b, >T. ARG EBRADOEEMNa ¢ b (72U,
a+b=1) ODRAKDI0 mOBEEA. .FKRXTHSbEhE,
Anix=0.500a +0.300b
Thita=1-bifAT2E ROXIEEIHh, BEKROEEE
Anix DOBRADOHNAEKDBEI ENTE B,
b= (0.500—An:ix) /0.2
' BARICKEITARSA. BOBEECA, CslddE. KOMBENRD S,
Avzo=CarlAuzo a+CrAizo. s
Asso=CarAaso. a+CsAsso, s
B AL 420 nmiZ RN Z 72D T, Aszoa=0 &R, XM SR
3.2.1088Hhh 5,
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Fig. 3.3 A420& AssoXFig. 3. 4IT7RT o Aveo L AssoilIdBIFRERBR
RS L ROERRAE SNz,
Asro=—1.25A350+0.615 (7 =-0.996. n=6) (3.2.2)
HROGRETH D SBEM U ARSI MM OBEE I Aseo +=0.492E 75D,
S HIAE0. 500 (IEIZ—B Lo Licdlo Ty WAMBE. BE. plicikiEd 2
ARy MVEAE. ZXRY FIVA, BTRIMBZHEANSHD . MRLOE
Lz bDTHBEEZTI L,
2.3.1.2 BRRBLEBINZARY F L

HERRBORBHIKEREFTRAT A HEAS . BEEAB LED., &
BIZ U T 38, KEUBERE (To0 F, BT 2L 288855
[4a] o FBAIDKBHIZODOWTHANSBADZARY MIVEMIZE B - TH
DoPTRFal—va yREEIN, XR7 FUBIEBERED AT HE
THAREENELIONDE, TIT. ALBOREZRDERIZONWT., BERE
ERBERBEAZThIIHIET 2RI PVOHSFERD o, EEE Fig. 3.5
ODITRT,

HEAFEE 1X10 °noldn™®, 20°C. pH 5. 5O BB ER TR ULEBERD
CARY MVETE. COBBAEGAHTRAT 4N — (LEI~1E un) TH
BT BE. BRBEBICH L T—ARBROIRS PURBOAK, BERODX
N7 MV (ER) DOBEBBDORARYT bV (—EWH) 22U 0WcboE 4
W TRLUI,

BHBDRANRT PIVEZXXRYT bIVA (EAAF 1X10"°mnol=dn®, 20°C. pH 8.0)
2Fig. 3.50@iIc T 5, BIBEDARY bJIVIE A 0 D350 nmTARZT FIVA
KERLILIDIKBEUTER U, BEDOARYT MLk, BB TRLULIEARY
PVAIRELS —BLTHED., BEP. MAFR IR FVARRTERRBIC
b5 ENERINI:, |

THABBRTRULZARY MUV, BB X VR ESh - BEREBOBBAIC
NINDBARYT PIVTHB, THEZXRT MVB (HBAHAA 1X10 °noledm®,
20C. pH 5.0) &% A waxD395 nnTHEA, Fig. 3. 50@ KT 5, WHITH
TULRACR—BE T, BERBORRY MVEE—THAL I ENHRS
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Nico BEBECRBEEORERLILONRBRELTWE EHEZIHB Y, ,
BERBOFBAIOKEIZDVTHEH. 2FHNOT O b U BBIZLZRHEROE
b HZ2VEPHEFEHENINSEZ TT o b U AMIC X2 HAF ZIVK VB O AR
MEZONDE, T7I/)AFNRVOT I/ EOTo bRV TV UVROER
KBIT L. T3 VvELSA I VHIEEMLLBE. HAFBRORKBRNE
HBIHD, AR MOV y FY 7 MEHBPTEIENTE S, L L. I
NIRRT LS CRTTH D, HEANBEREEES Ly K
I MREIDRPTOEVIERBEREFIET S, -
CEic. BUPHTI LA VEF b U Y ANV VEBICED . 24550
BETHIEDHMONTWADT, WROTIVAVRHEET >0, BHEKOD
TSUIMEMEBLD, BRTEAD 7. WFRICLTHXRY bVBRI
BERBOBAFICLIAKEAEETD ARSI MVTHDH. ZhHU LOHRBIE
ONZBT EELR,

2.3.2 JBBKEIE

2.8.2.1 WX AR bIVELL

FBE 1X 10" "moledm™ *DFBALKEK DX IZ LB BRWAXRY bIVEALE
Fig. 8. 61 Yo WMEAKIMNTLITHEBT %M E LT pll 7. 30CAEEE L.
McIlvaine R TpH AT Uiz, BXMWPITIZ300 nmil ZFWRIN AR D S .
Anax 350 MO EHFEE OB EEITHED Uy A nae 268 nnd 5 3 E O RIS
A L. 0D TEHIHE L. CHAAMBMBRET S, Z0OH%. BHICE
LIEWBRAICZARY FVAKMET Ukce ChEBRBBRET S, 70 - %M1
BROVTNL RIS, HEFMEE [X107°~1x10"*nol-dn”* O & T.
BXICEBARY PIVE(IIFig 3.6 ERABTH 72, Z OBEFE T, FBAL

DGR EOERAAMTEE. DK LB AR MVERICHEAT S . MEA
1X107°moledm™®, 20°C. pH 5.0~8. 0D AR PIVIEFKD XD IZHHTEh.
BERBOZRI PVEEBO RS MVIZHT S hi,

p 8~7  1HK4%
p 8~5.5 2 K4
pH 8~5.0 3 k4
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DRBHTORBRARIEHRA—THbEEL005, HAFNKEKEREEIL
WO RTHFR R UREFEEBHALBA. BRREEINEN. XY P VE
£13300 nmld FOXEEW LB & LRETH - 1 |
HRNAREHLTEE ARV TERAU ECHBEIAT L, AMERICS
WCERBR 1, THLERIEFOBRBIE2HATHENCONT, ARY
MVEICHRIET B0 BEH (Anux 350 nn) ESBRARY (Aa.. 268 mm) &
DZRAFRTHNIT. BRI OO THRADBES N, 350 mnDBHE Assol
268 D R BE A 2o o i 1 S BERRRILT B,
€ 350, 2 — € 350,11

A350= ( ) Azss

€ 268, 2 — £ 288, 1

€ 360, 2 — € 350, 1
+ {A0,350,1_" ( ) A0.268,1} (323)

€ 268, 2 — &€ 268, 1

Esso. 1 €268 1 [FHAK D350 nn. 268 nnd EIVEIEHEHK

€850, 2+ €208, 2 TEKB D350 nny 268 nndD £ IV 4R E

Ao sso, 1v Ao, zes 1 IEARBEK D350 nm. 268 nnd Wt &
Fig. 3.6 OWMMBEIZE T, AssoE Aresilild Fig. .TICRTEHBBEZENE
o, RHHBETKROMBRIE ST,

Asso=—1.7T9A26s+1.11 (7 =-0.998. n =10) (3.2.0)
PR QML 11E, ERE A ss0. 1=0.500. Ao 265 .=0.340& 3.2. 4X DM
E-LT90SoEMUAMLILIE—FB U, WHBREEHMAF (2 n.. 350 nn)
EBBERY (An.x 268 01) EDOZKAREEZ T XU,

BHICKLBFBAIO AR PIVEAD SBBEBERBDO AR bV EBEMT B,
AR EBBERYPKBEBR . AR PUVWICHEERAE b T ETHIE.
BRACBITS, BAFAVBELSBORBRBABRYOBREERIRAIOBEHB &
N, BHRICEIBEART PNEANSBBERWORIRARS MIVIRD S 5B,

Pi= (A :—Ao.aXT1) / (1~—71) (3.2.5
PiiddBRARYWOEEE. A Tt RrRISEL B OBOLE. Ao I RBEHHE
OEEE. rid t FEBABROEAMBESE (0<r<1) THB, rZHLD
£5U. BHMD A e 350 OB EFOLBE D SKD 5N B (p. 9BE) ,

BONIARY MVEFiE 3.8 KRT, WMEETI68 O BB E,
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330 nmDF WK A B, BREMIZLA2E(ET U7, Fig. 3.9 DI/ n~< .
NS LADSHBUMHBERERNCORRY Vb hii—FK Uik, 2O
ARG MV, BAKOBETHIAFIIRY OV REDZARY PV [16] 0
MO LT3, BHBETIE. BRCELN - TARY MIVEERET Ui,
BEEBTRIF IR ORE-REELEAOMEE & U S HRRISHE
STWBC ENBASNE, |

2.3.9.2 StBEAEKY

FBAIO BA/RBKAMB /7o~ b /57 4 — L, BREEAR CHE
L/ o< b7 5 AAFig 3. 00 RT. MIMBE (Si. Seo) TRENK Ui
Mo T, MNEABOHAFOZI Xy T (Ri; 0.26) WP T B EE BT,
BULOEERAETRLICEAROUEERT 2. BEAEKWO IRy C
(Re 5 0.19) AR Uiz, ERWCAEIZ O M S LDSHMM L. ZDOKEHR
ZBETEHEP DS P Ao, MIMBAEHEARAT LAY C LoHK
BRIETH B, PV TIVZINWNIXFIRVZHEREEAF. TORETHS 4,4 -
EXRXRFINY-2,2 -DAIKVBF MDA SHIECERAFIVRYDIERIE
MO LT, W CIH Y XBREEHEIND, Eo. T IXFBAlOKE
R OHMEBRAERTIZOVT, MR 25 Y X EE2HELTWLS [62] . &
> T\ FBALKB B CHEINANMGERRIER M5 v 2 — v XM O # %
BYENTH D &R LI

BIGEE (Sieos) KBBE, XD THNEBHLVHEAROUEERT
ZEHMORRy DN E, EHMBRETEE. X By FT. CHLTFRS
NS HEMBLED, 2Ry PDRBRE S HAENRLS W o7, BMBRIIE
BOMEMEHEKT AIRIETHEIENDONE, AFMNEFXRIZED. b
VA=V ZEHMADOIEFIDIIC, 71a~y UV UVANDHB. 757727
T UNORAL, VARSI VERBULBRAHARERI Y [76-80],
FBALERIBDC. 1. FB 90 (BMERIR U XA F L H, X M F U H) QKBRS
DXBBTI., BHEAUNIC, KBUHBEICIEZTNVTEFEANVR U BROE
By HBTICEBZVE FOeW (1,2-Y 7 22y U FHEEK) ©4 R
BENTNS [Tl 72) . ¥/, BREORZAPED MY 7 VIV FILR
VEHEHBARAOKBK P OB BERTIE. NH.. S0.27, HS0.7. COs* "I &
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DCRBOEBBERENBRIEINTH D, RATHENEEIA TS [60] .
CHORAHROBE L. BRINZARS NV BLUOHEE /o= b 757 4 —DX
BERENS. FBALKBHO RN BREEIMTH 5 LHEE L.

2.3.3 3Bk

2.3.3.1 BOBHEFB AR & o6E iR

S BB B ASHE EI IO A e 350 nmic BN b 27513 id. 350 nnod Ok
EOBERTOHAMBEERD S EHRTE S, LirL. FBALOHE. B
B W A350 nnic MINE BT B 7. BAED B SHMEABELRD S -
EETEN G, FBAIOMMBEI. EHMD T v RB LMD > R &
DRIETH B, 5. B OWAE & MAMEZWE L. KO &5 B A
BIEERD B, |

REHH. BABOUABEE . on 1 2N ZAKRTHSbIN B,

Ax
If.0=¢ro(1—‘10_A°>\ If=¢ro“;<l“10_A)- (326)

G OTHOLREDOB IR, [ I RENEEOAMNLRE. AL ALK
FotH E RAHEDIS0 O BOLIE' D . AEBEBTOMAN (52 XE)
WCEBARETH S, 3.2.6053. 2. TR EHIN, BAEKFTD T v XKD
BERA Add. REAKEBLEOBLIES L CHLIRED 5K 5N 5,

Ar 1 — 10 % A I

Ao: 1-10"* ' Ao' I+ o
BHAEOENEILA /Aclc DT, PS5V RKE Y 2D ENVEARH A
£y £.EFRIE. KRANEILL. | |

A E . Ar E .

—Z-o=(1* ET)' Ao+5T (3.2.8)
3. 2. TAMSKDIcAr/ Ack A/ ACEBEE(l —e./ ). Gl e/ en

DEMBEHENKILT 5T TH 5,

(3.2.7

'O BRMEI. RBAEEB L CREEAE. BMAADERE 5X10 "nol-dn *4
WMIHERLUTHEST A0 WEA. Aldlanbert-Beerfl ik b 2D
BECRELUEERD, 3.2. 6B L3 2. TROFHBIC#ERT 3,
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BMEARAEE X100 ~1X10 *noledn™® DKERKIZODWT. BXITEDT
5A/AcEAr/ Aok Fig. 3. 101K T, X107 ~1x10"*nol=dn * O T
HEBECIOTRUEBNRAD Shl, REXEBCHETEE (I, D »o.
BREEDIAADRLTEHFA~NBEH L. & (0.10, 0.24) HFEFEFTH
SEERED Sh, KOEBRANE SN,

T

A
— = 0.871
Ao Ao

A OME 0. 15413, EMO PS5 U RIEFE Y XEOBAE]IC—FH Lo XF I
A NA2R A & e “/X(ZISODJE}W&%G?:%I@LEO. 1THCdFEV,  IX107°~1X
107 *mol-dn OB TIHWEIL X 53, FBAIOFMMBRIZ S v Xhk& ¥ 2k
DZEANPORARIETHEI ENERI NI,
C BB OWMAKNBRERA - ALRD, BREZEMALE Fig. 3. 11 TR U,
A/ AclIBAEFMICKESBRP UTEERBIZED, TOBREIDDTWYLP
DR T B, IX107 ~1x10"*noledn "D T, MARBENEZE
MMOBEREINEL, EERBITHETIETOBMNEN., LT
WAFBERA L/ AZBXEH (1) oFH 1 /ticdLTTloy bF 5 &S
Fig. 3. RIERT LS. BAEBBMOELWEZ A, Tbb, 1/ t—>0 THHK
0. YFOMEEIEFERBICKITE NS VABOREREIL S, MBERMS
KD IS v REDE S %A Table 3.2IL7 7, EHRBIZBIIE b5 v AHKOD
YH51F8~13BTHD. RFNRVORXBHAEHRRBIZEITE S5 V2K
A T~8 % [TT] WEWETH -7z, £/ EHERBIZBITSB M5 VXKD
HARHARRENRVEEDLTVHEIIZH 5,
2.3.3.2 MERMITLBER |
—RICREYOTHREE IR BEOREBER TS, ChIFEMOXRIE
NEHDBNERSTFEE T B R OBRERBIKET 5/ L BRS
NhTWd, FBALILDW T HHMAANBELEAIE. EoREVHMERAHE
WX AR ERNRT,
FBAIOFIWBBRISIE S Vv AKE Y ZEDA[FEHRBEMALTHEIN S, b
T URENS Y ZENDHRIEDRFINE Oy YVXENS PSS UV AEANDH
KI5 OB TS OO MIEREPE DV TRITT B0

+ 0.154 (y=0.977. n=15) (3.2.9
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bS5 YR, Y RKDREREA V.. Vel d L. FBAIORRIEHKD &
SirEEh B, T 'HLUC HERREBASZT,

Vo Ve
T(—-—)T*——-)C\' Ce—C*—T

FS RO EEE —d[ T/ dt=0:VieDcVeTHY. TERME (t—
) IZEWNTEH. —dlT]Adt=0 THE22r 6. RANWKILT 5,
O Ve ’
= ( ) (3.2.10)
D1 Ve 1o ,
EHROFEHEEEZV, 10..OBRXELEALTEZE, V=Vi+ Ve, A=c¢x
[T]+Ec[C]Taﬁ5b\B\ V. Vcli%h%h&@iéb:iéhéo
8T[T:| : EC[C]
Vd).\ Vc:.f
A A
S VRBEVABOE-RIUFEZZNZENWZSEA=ZAR TEMUL, HEE L
AIEHE. 3. 2. 11X o kAN EIMN.
VT » E T, max [T]
. . (3.2.12)
Vc € C, max [C]
3.2. 10K &3. 2. 2K oK NnBoh b,
CDC 8T.max [T]
= e (—) (3.2.1%)
(O E ¢, max [C:I oo
TIEDLL, PSS UVAEEVZEDEIVHEAEFEE € 1. nax 2 5.00x10* (350 nm) .

Ec.mex: 1.30X10* (330 nm) EEKRBIIBITB M5 v XkE Y XEKDMEK
kti?“;(pc/q)'ri)“jkﬁb"ohéo

%%%MMeazu%Tomwwnulibmé<\bayx¢b69xw
NORIEOBFWNRBIFIRIED2~3ETHb, £l Oc /O I3HAFEE
WEWIE ENE U,

ST, Fig. 3. L0DBBHMBONMEMLRNS. N5V R EN S ¥ IEAD
RICOBFRE O %2RKDb, BEMBROMMIELRLERAONBE D 6.
P VXA OHBRBRVEE., THOL NS VAEDIS Y X EADF R B E
—d[T] /A=K ST B,

BEDEIIZ NS Y AENHRINZEE V. 3. LENEHOLHESEDOS N

vda (3.2. 1D

T=
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SHEbb. BHAADORINARY MIRZHEA=HMBPIEUTEEH5E. £
THWRZERZ 78 mOHEEI>VWTKRRTEMNIN S [86] ,
Ao<2.2 V.=0.7T0 {1 —exp(—1.66A0)} (3.2.14)

2.8 A0=5.5 Vo=0.01540 (A.+48.2)
TIT. ACERBABORKEEL mitB TS A e OREE. o HEEOK
EEPHARMORINANRY MIORKREEZFTUEERTHS, S VALY
ZENDBFPRBO - FRATEZ SN,

d[ T ] 1
BTN
QT BT ZHAMEBTINE O.or.r=0 O, b5V XEOHMBEE
B—AIT]/d) e EAMMELEA DS, KDL S ICKD SR B,

(3.2.15)

d( T ] 1
Aov=<2.2 D,cr.2=-( ) e (3.2.16)
' dt =0 0.T77{1 —exp(-1.66A )}
d[T] 1

28§A0§55 (Drel,'l‘z_(

dt ?!o 0.0154 (Ao+48.2)

BoNA @ . &Table 3.2, O..o rEHEAFMBEC. & DBIFEFig,
.13ICRT e @rer +ECORERAMBARMMAYT 2 LHERENBLTULELE
o BENNINT EDD. Oour, v ITIHBEREED O EHB Ui, FBAL
DHPBBRIGE. THbb. PS5V AGBYORMBTNERO .1+ E. HA
FIME 1X 107" ~1x 10 *nol+dn* ORI THBEERFHENTNENL 5o X
FRYORRIAER . ERETE 2T RRNEETS S EWASA
TWb [75] o FBAIOKEBEBRFICEB T 2HMBBERIES. —2FBBIZX S
BYMTHD EHBTE S,

Dot c DFHEEO/ D ENSRDBID..1.c (=0 Dc) %Table 3.2
R, FHHEBBIIEIZVAEIS NS VAFEANOBHEFRED 1. cld.
REMINCE S5 > TR T BBMARDH 5.
2.3.3.3 MBERBITH T BXEBR

BRRBLEEBERBOMAFNWRELCBROBHRITIBZRINANRS PIVE
fLAEFig 3. 4R T, BERAOMICIE50 mOBRNOSMET L. Z0%420 on
| OWRAET Ufco BBRBOH AR LB, BEREOH AR
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BBRITBEIENDIE, BRFTHIVEESFEE P TRNEST S &L L
BBLIKCSC B LHEREINTED, ThAERET 0L LTERICHRKS
ZERERDVBONI. L L. BIBOLSic. FBAIOBRERBIBEEDORK B
ERAODRERTHD. BRITLBARY PAUEAIIENTH. ERINAD S
DENNBEIN, TRNTBHENE LD, BERCLIBFITLEL
NPl U (AN

2. 4 F&d |
PYTVZNRF R Y RBEH AFIFBALD K K R D R & B B K
.EABRINARS FL, BERRZ bV, BB/ o< bS5 T 4 — K& D H
Nize RBHIZE SO BREEHNREDOEMD S B ARBEERD 5 Fik
FRAU. AR BANR-RARORIETH S EARRAT L Ebic. HiB
BHELLRNEENSCBFNEABE LT, BFRECHT Z2HAMNBED
BEAERERIC LD EE U, BONAEBEEUTICE E® 5,

1) FBALIKZEM H. BRRBICE LT, OIS RERD L5 ¥ 2hh S H
BRPED ¥ RN OBECHRBEMAM Ue M5 2 R 8 ~13% D #IRHE
KD, ZOBRBOEETHEIM U, EHREBICBITE b5 L 24608aR
HARBRErRWWEEDPLBROI BRI NI,

2) FBAIOMBIEBBOEFINRET, WAKBE [X107°~1Xx10"* moledn ®
DOHEATHEREENRENEHANSh. PSR-V ZARBREARZ—2 FAE
KEBEVSREROHMEE—B L T,

3) FBAID K~ DB AR ME. B, plic B h, BBE. KEE.
EpHCIE B S FI DV Uy AT HLEB IS 97 72 7R UL (A mex 395 nm) HEN B I &
ZRHE U,

4) BERBOFBAIZBABHRBIOABEIVBENEVI ERNEEEBI,
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Absorbance

200 300 400
Wavelength (nm)

Fig. 3.1 Change in absorption spectrum of FBA1 in distilled water
(20°C, pH 5. 3) with storage time. A, spectrum observed just after
the preparation; B, spectrum observed after the storage for 20 hours.
Numbers represent the storage time (h). [FBA]=1x% 10" *mol-dm™°.

Absorbance

I L I l 1 l
300 400 300 400

Wavelength (nm)

Fig. 3. 2 Typical absorption spectra of FBA1 in aqueous solution
with different concentrations at different temperature and pH.

@ : [FBA]=1x10""mol-dm™*°, 40°C, pH 8. 0

@ : [FBA]=1x 10" °moldm™?, 20°C, pH 5. 5

® : [FBA]=1x 10 °mol-dm™®, 40°C, pH 5. 0

@ : [FBA]=1x10" "mol-dm™?, 30°C, pH 5. 0

_74_



Table 3.1 Effects of FBAL concentration, temperature, and pH
of the aqueous solution on the relative content (%) of spectrum B.

FBA Temperature(°C)
concentration pH
(mol-dm™%) 20 30 40
. 5 100 100 100
1x10"¢ { 6 80 5 0
>7 0 0 0
5 100 100 60
1x107% "6 5 0 0
>7 0 V] 0
. 5 60 50 40
1x10 >6 0 0 0
0.5
. _
g
ST
< |
0
200 300 400

Wavelength (nm)

Fig. 3.3 Change in absorption spectrum of FBA1 in aqueous solution
by dilution at 20°C, pH 6. 0. Numbers represent the storage time (h).
The path length of optical cell was adjusted to 10 times after dilution
80 as to have a similar absorbance to the original solution.

——— 1 1x10 “mol-dm™® (cell length : 1 mm)

— 11X IO_Emol‘-dm_3 (cell length | 10 mm)
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0.1

Absorbance at 420 nm, Aaszo

Absorbance at 350 nm, Aaso
Fig. 3.4 Plots of As20 vs. Asso in absorption spectra

of FBA1 shown in Fig. 3.3. Aszo0, Absorbance at 420 nm;
Asso, Absorbance at 350 nm.
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\\ /I/ \\ :‘f \\\.
B ‘\ . :I \ // N
N A \ o < \l\
S \ - T |
\ - \
- - A H B0\ - === 1 B (pH 5.0) v
B A | TN
0 A ]
300 400 300 400

Wavelength (nm)

Fig. 3. 5 Change in absorption spectrum of FBA1 in aqueous solution by filtration.
. Spectrum of solution, [FBA]=1X 10" °mol-dm™*, 20°C, pH 5. 5.

. Spectrum of filtrate.

. Calculated spectrum obtained by subtracting the absorption

Q —

due to filtrate (—-—) from the spectrum of solution ( ).

: Spectrum A, [FBA]=1x 10" °mol-dm™?, 20°C, pH 8. 0.
: Spectrum of filtrate shown in Fig. @), that was adjusted to

have the same absorbance at 350 nm as spectrum A.

: Spectrum B, [FBA]=1% 10" ®mol-dm™~°, 20°C, pH 5. 0.
. Calculated spectrum shown in Fig. D, that was adjusted to

have the same absorbance at 395 nm as spectrum B.
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Wavelength (nm)

Fig. 3. 6 Change in absorption spectrum of FBA1 in aqueous solution on
exposure to xenon arc light (> 300 nm) for various time. [FBAl=1x10"°
mol-dm™?, 30°C, pH 7. 0. Numbers represent exposure time (min).
—— 1 Absorption spectrum of photoproduct of FBA1 extracted from
spot C of thin—layer chromatogram shown in Fig. 3.9.

1.2
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Absorbance at 350 nm, Asso

0 i | | 1 l |
0 0.2 0.6

Absorbance at 268 nm, Azss

Fig. 3. 7 Plots of Asso vs. Azss in absorption spectra of FBAl on
photofading shown in Fig. 3.6. Asso, Absorbance at 350 nm; A:zss,
Absorbance at 268 nm.
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Fig. 3. 8 Absorption spectrum of photoproduct of FBA1 calculated from
the spectral change on exposure to light for various time. Concentration of
photoproduct, 1 X 10 °mol-dm™®. Numbers represent exposure time.

.-+ : FBAI observed, 1 X 10" °mol-dm™°.

— — : Photoproduct extracted from spot C in Fig. 3.9.

0.4
0.3 —

K O O o o o T
o D
< D2

0.1 —
L Ds
0

SO SZ SGO SSOOO PO PZ

Fig. 3. 9 Thin—layer chromatogram of FBAI exposed for various time: So,
0; Sz, 2; Seo, 60; Sacoo, 3000 min. Po, photoproduct extracted from spot
C; P2, photoproduct extracted from spot C and exposed to light for 2 min.
Plate, Kieselgel 60; eluent, CHCla/CHs OH/C2 Hs OH/20% NH3/2 mol-dm ™ °

NH. Cl (8/8/2/2/1).
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Fig. 3. 10 Plots of A/Ac vs. Ar/Ac in photofading of FBAIL in aqueous
solution with various concentrations: O, 1x107°%; @, 1x10°°%; @, 1x
10" *mol-dm™®.
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Ar /Ao .

|2 ‘J‘J
| 1 ] ! ]
0 20 40 60

Exposure time (min)

Fig. 3. 11 Photofading curves of FBAL in aqueous solution with various
3

concentrations: O, 1 X 10°% @©,1x10°°%; @, 1 x 10" "mol-dm™".
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Fig. 3. 12 Plots of Ar/Ac vs. 1/t for photofading of FBAl in aqueous
solution with various concentrations: O, 1x107°%; @, 1x10°°; @, 1x10
““moldm”°.

Table 3. 2 The ratio of trans—isomer of FBA1 in equilibrium and con—
centration dependence of relative quantum yield of trans—cis (P o1, 1)
and of cis—trans (D :e1. ¢) of reversible photoisomerization.

[FBA] (mol-dm ™ ?) 1x107° 1x10°° 1x107*
trans—Isomer (%) 13 10 7.9
Oc/Or 0.55 0.44 0. 33
Do, v (10°° molmin™?) 4.7 3.0 - 5.7
D:ror. ¢ (10°° molmin™") 2.4 2.0 1.5
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Fig. 3. 13 Relative quantum yield (D ro1. 7) of photofading vs. initial
concentration (Co) of FBA1 in aqueous solution.
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Fig. 3. 14 Change in absorption spectrum of FBAl in aqueous solution
containing the flocculent on exposure.to xenon arc light (>300 nm) for
various time. [FBA]=1x10 "mol-dm™?, 20°C, pH 5. 5 in distilled water.
Numbers represent exposure time (min). '
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Fig. 3. 15 Change in absorption spectrum and of absorbance of FBA2 in
aqueous solution on exposure to xenon arc light (>300 nm) for various
time. [FBA]=1x 10 °mol-dm °. '

@ : Spectral change. Numbers represent exposure time (min).

@ : Change in absorbance at 350 nm.
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Fig. 3. 16 Absorption spectrum of photoproduct of FBA2 calculated from
the spectral change for various exposure time in Fig. 3.15. Concentration
of photoproduct, 1X 10 °mol-dm™®. Numbers represent exposure time
(min).

T : FBA2 observed, 1 x 10” *mol-dm™°.

C . photoproduct extracted form spot C in Fig. 3.17.
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Fig. 3. 17 Thin—layer chromatogram of FBAZ exposed for various time:
Se, 0; S10, 10; Ssoa, 60; Ssso, 360 min. Po, photoproduct extracted from
spot C; P10, photoproduct extracted from spot C and exposed to light for
10 min.

Plate, Kieselgel 60; eluent, CHCls/CHsOH/C2Hs0H/20%NH3/2 mol-dm™®
NH.4Cl (8/8/2/2/1).
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Fig. 3. 18 Photofading curves of FBA2 in different solvents exposed to
xenon arc light (>300 nm). [FBAl=1X 10" °mol-dm °.

———~ ! aerated water

—(O~—. : degassed water

—@—. ! ethyl alcohol.
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Fig. 3. 19 Plots of A/Ao vs. Ar/Ao in photofading of FBAZ in aqueous
solution with various concentrations.
[FBAl= D, 1x107% ®,5x10°% @, 1x107";
- @,5x107% ®, 1x 10_3; ®, 5x10"° mol-dm™°.

Ar /Ao
/5?
%y
O
{
/
{
/
[

\\
\\\
1.0 ® T —
O— __
1.0 @
0.9 T ——— ]
0.8 g @
o
0.7 b T T ——
| i
0 30 60 90

Exposure time (nﬁn)

Fig. 3. 20 Photofading curves of FBA2 in aqueous solution with various
concentrations.
[FBA]= ©,1x10°% ®,5%x10°% @, 1x10™%;
@,5x10™% ®, 1x107% ®, 5% 107° moldm .
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Fig. 3. 21 Effect of sodium chloride on the photofading curve of FBA2 in
aqueous solution.
[NaCll= ———, 0 ;—O—,1x107% -@—, 1x107%
-©-,1x107% -®—, 1x10"" moldm °.

0 50 100 o 500

Relative quantum yield, @ o1, v (10" *mol'min~*)
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Fig. 3. 22 Relative quantum yield (.1, 1) of photofading vs. initial
concentration (Co) of FBA2 in aqueous solution.
calculated by Equation 3.3.7.
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Fig. 3. 23 Concentration dependence of relative fluorescence intensity of
FBA2 in aqueous solution measured by side measurement method (O) and
reflectance measurement method (@).
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Fig. 3. 24 Plot of In (I¢/ Co) vs. Co of FBA? in aqueous solution.

@ [FBA]=2x10""~1x10 °mol-dm®
@ : [FBAl=1X10"°~1x 10 *mol-dm" 3.
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Fig. 4. 1 Change in absorption spectrum of FBA1 in cellophane on
exposure to Xenon arc light at different moisture contents , H20 :
®D,0,®,7.7,®, 14. 9 gm™®. Numbers represent exposure time (h).
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Fig. 4. 2 Plots of Aasso vs. Az7o in absorption spectra of FBAl on
photofading in cellophane at different moisture contents (H=0: 0, 7. 7, 14. 9
g'm™°) shown in Fig. 4.1 and in water shown in Fig. 3.6. Aasso, Absorb—
ance at 350 nm; Az70, Absorbance at 270 nm. Numbers represent
exposure time (h).
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Fig. 4. 3 Photofading curves of FBA1 in cellophane at different moisture
contents: (OQODO®), 7. WAAAAKN), 14. YCITSIM) gm™°. Cello—
phanes were dyed in various FBA concentrations: OA[], 15; QA[], 20;
©AD], 30; @AM, 35 % o.w.f. in the absence of sodium carbonate.
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Fig. 4. 4 Photofading curves of FBAL in cellophane at different moisture
contents: 0(OQO@®), 7. WAAAA), 14. 9(JTIE)M) gm°. Cello—
phanes were dyed in various FBA concentrations: OAL], 10; QAI[], 15;
©AOl], 20; @AM, 25 % o.w.f. in the presence of sodium carbonate.
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Fig. 4. 5 Relative quantum yield (Qro1. ) of photofading vs. initial

absorbance (Ao) of FBAl in cellophane dyed in the absence of sodium
carbonate. Moisture contents: 0(Q0), 7. 7(A), 14. 9(}) gm™°.
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Fig. 4. 6 Relative quantum yield (@ ro1. 1) of photofading vs. Initial
absorbance (Ao) of FBAL in cellophane dyed in the presence of sodium
carbonate. Moisture contents: 0(Q), 7. 7(A), 14. 9(J) gm ™ >.
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Table 4.1 Values of m,n and correlation coefficient ¥ in Equation 4.2.5 of
FBAL for the data shown in Figs. 4.5 and 4.6.

Substrate Cellophane Cellophane—NazCOs Water"’
Moisture (g'm~°) 0 7.7 14.9 0 7.7 14.9 —

m X 10® 2.5 2.6 3.4 1.7 1.8 2.0 844
n x 10* 0.4 1.5 2.4 0.7 1.0 1.2 - 40
m,/ n 6.3 1.8 1.4 2.3 1.8 1.7 21

14 0.96 0.94 0.92 0.81 0.89 0.89 0. 63

" Values of m and n were converted into those of the same optical path length
as cellophane. -
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Fig. 4. 7 Change in absorption spectrum of FBA2 in cellophane on expo—
sure to xenon arc light at moisture content of 14. 9 g'm °. Numbers
represent exposure time (h).
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Fig. 4. 8 Absorption spectra of FBA2 in cellophane at different moisture
contents: — —,0; ——, 7.7, ——~, 14.9 gm™°,
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Fig. 4. 9 Photofading curves of FBAZ in cellophane with various FBA concentrations
at different moisture contents. Cellophanes were dyed to equilibrium in the absence
of sodium chloride. Ao indicats the initial absorbance at about 350 nm.

Moisture contents, H20: 0, 7. 7, 14. 9 gm™°.
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A/ Ao

1
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Exposure time (I

Fig. 4. 10 Photofading curves of FBA2 in cellophane with various FBA concentrations
at different moisture contents. Cellophanes were dyed to equilibrium in the presence
of sodium chloride. Ao indicates the initial absorbance at about 350 nm.

Moisture contents, H20: 0, 7. 7, 14. 9 gm ™ °.
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Fig. 4. 11 Relative quantum yield (Dre1. 1) of photofading vs. initial
absorbance (Ao) of FBA2 in cellophane dyed to equilibrium in the absence
of sodium chloride. Moisture contents: 0(Q), 7. 7(A), 14. (1) gm®.
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0 |
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Fig. 4. 12 Relative quantum yield (D ro1. v) of photofading vs. initial
absorbance (Ao) of FBA2 in cellophane dyed to equilibrium in the presence
of sodium chloride. Moisture contents: 0(O), 7. 7(A), 14. 9(]) gm™°.
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Fig. 4. 13 Relative quantum yield (D re1. 1) of photofading vs. initial
absorbance (Ao) of FBA2 in cellophane dyed for 3 hours by film—layers

method. Moisture contents: 0(0O), 14. 9(}) gm™°.
obtained for moisture content of 0( - - +), 14. 9(— —) gm " *

Lines indicate those
in Fig. 4.11.

Table 4. 2 Values of m,n and correlation coefficient ¥ in Equation 4.2.5 of
FBAZ2 for the data shown in Figs. 4.11 and 4.12.

Substrate Cellophane Cellophane— NaCl Water’
Moisture (g'm”*) 0 7.7 14.9 0 7.7 14.9 —
m X 102 3.8 7.4 14.0 2.7 5.4 13.0 52
n x 10 2.9 3.3 1.2 2.8 4.3 1.5 3.7
m,/ n 1.3 2.2 12.5 1.0 1.3 8.3 14
Y 0.93 0.98 0.96 0.94 0.87 0.99 0.95

Y Values of m and N were converted into those of the same optical path length

as cellophane.
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Table 5. 1 Properties of cotton fabrics whitened with FBAL or FBAZ2.

Sample No. M1 M2 M3 N1 N2 N3
FBA FBA1l FBA?Z
FBA concentration
0.6 1.9 10.3 0.8 2.9 13.6
(mmolkg™ " fiber)
Visual whitness 9 12 5-6 9—-10 11 6—7
(pale green) (pale green)
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Fig. 5. 1 Changes in fluorescence emission spectra of cotton fabrics
whitened to three levels with FBAl or FBA2 on exposure to carbon arc

light for various time: —, 0; —-—, 20; —--—, 40; —--—, 60; ——,
100; ------ , 400 hours., MI~MS3 and N1~N3 identified as in Table 5.1.
a b c d e
0.08 0.51 1.9 8.6 15.4
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Wavelength (nm)

Fig. 5. 2 Patterns of fluorescence emission spectrum of FBA1 on cotton
fabric. Emission spectrum changed a—b—c—d with higher FBA con—
centration. Numbers represent the quatity of FBA1 absorbed in fiber
(mmol-kg™" fiber ).
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1.0 - 1.5 2.0 1.0 15 2.0
I/ L.
Fig. 5. 3 Changes in I./ 1. vs. I/ I. relation for cotton fabrics whitened
to three levels with FBA1 or FBAZ on exposure to carbon arc light for 0
@ AMR), 20©AE), 1000@AR), 500(@ AM) hours. Relative fluores—
cence intensity: 1., at 420 om; I, at 440 nm; I., at 465 nm. Lines (——)

indicate Ix/ I. vs. Is/ 1. plots of FBAl or FBA2 with various concen—
trations. M1~M3 and N1~ N3 identified as in Table 5.1.
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Fig. 5. 4 Decay of relative fluorescence intensity of cotton fabrics whiten—
ed to three levels with FBA1 or FBA2 on exposure to carbon arc light.
O, front side; @, back side of fabric exposed to light. M1~M3 and N1~
N3 identified as in Table 5.1. -

- 140 -



10 FBA1-M1 M3
% - Q 1F
% » A i X
5 (1) IPERRE T RN NN [ i
— \ X
5]
) ; - N I N3
..8 10 FBA2-N1 2 B
& l
G

5 O%J 000 | &515(

L
ol b1 o RN
0 - 100 500 0 100 500 0 100 500

Exposure time (h)

Fig. 5. 5 Decay of visual whiteness of cotton fabrics whitened to three
levels with FBA1 or FBA2 on exposure to carbon arc light. O, front side;
@, back side of fabric exposed to light. M1~M3 and N1~N83 identified

as in Table 5.1.

FBA1 b® FBA2

Fig. 5. 6 Changes in psychometric chroma coordinates a*b* of cotton
fabrics whitened to three levels with FBAI or FBA2 on exposure to carbon
arc light for (@ A[2]), 20 AE), 100(@ AB), 500(@ AM) hours. M1
~M3 and N1~N3 identified as in Table 5.1.
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Fig. 5. 7 Decay of psychometric chroma coordinate b* of cotton fabrics
whitened to three levels with FBAl or FBA2 on exposure to carbon arc
light. O, front side; @), back side of fabric exposed to light. MI1~MS3
and N1~N3 identified as in Table 5.1.
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Fig. 5. 8 Decay of whiteness index W of cotton fabrics whitened to three
levels with FBA1 or FBA2 on exposure to carbon arc light. (O, front side;
@, back side of fabric exposed to light. MI1~M3 and N1~N3 identified

as in Table 5.1.
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Fig. 5. 9 Change in trans—isomer content of FBA1 or FBA2 in cotton
fabric by exposure to carbon arc light.
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Fig. 5. 10 Decay of visual whiteness, psychometric chroma coordinate b*,
and relative fluorescence intensity of cotton fabrics whitened with FBA1 or
FBAZ2 by exposure to carbon arc light. (O, front side; @, back side of

fabric exposed to light.
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Fig. 5. 11 Relation between visual whiteness, psychometric chroma

coordinate b*, relative fluorescence intensity and trans—isomer content of
FBAL or FBAZ in cotton fabric exposed to carbon arc light.
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Fig. 5. 12 Relation between visual whiteness, psychometric chroma
coordinate b*, relative fluorescence intensity and trans—isomer content of
FBAl or FBA2 on cotton fabric exposed to carbon arc light. Trans—
isomer content is plotted logarithmically in order to compare the result (—)

shown in Figs. 2.13, 2.14, and 2.16.
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Fig. 5. 13 Diagram of pyrex cell for expoéure: (A), Pyrex cell;
(B),Teflon frame; (C), sample fabric; (D), glass filter; (E),
water; (F), to N2 or Oz lines.
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Fig. 5. 14 Decay of visual whiteness, psychometric chroma coordinate b*,
and relative fluorescence intensity of cotton fabrics whitened with FBA1 on
exposure to xenon arc light in nitrogen (A /\) or oxygen (@) atmos—
phere under dry or humid condition. Moisture content: 0(A @), 30. 3(A
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Fig. 5. 15 Effect of oxygen content on visual whiteness, psychometric

chroma coordinate b*, and relative fluorescence intensity of cotton fabrics
whitened with FBA1l exposed for 12 hours to xenon arc light under dry
condition .
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Fig. 5. 16 Effect of moisture content on visual whiteness, psychometric

chroma coordinates b* and relative fluorescence intensity of cotton fabrics
whitened with FBA1 exposed for 12 hours to xenon arc fight in oxygen
atmosphere .
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Table 5. 2 Effect of moisture content on relative fluorescence intensity of
cotton fabrics whitened with FBA1 exposed for 12 hours in air atmosphere
to xXenon arc light.

Exposed fabric Whitened fabric
Atmosphere Air Air
Moisture Dry Humid Wet —_—
Relative fluorescence 71. 0 74.9 20. 1 100

intensity

Table 5.3 Relative fluorescence intensity of rayon fabrics whitened with FBA1
exposed for 12 hours to xenon arc light under dry or humid condition in nitrogen

or oXygen atmosphere.

Exposed fabric Whitened fabric
Atmosphere Nitrogen Oxygen _
Moisture (g'm™®) 0 30.3 0 30.3 _
Relative fluorescence

87.5 9.0 79.0 92.5 100

intensity
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