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Abstract

One-step reduction/dyeing method was optimized for wool dyeing with natural indigo dye in this study.
The effects of reduction/dyeing conditions including dye temperature and time, the pH of bath, concentration
of dye, and reducing agent on dye uptake and color were investigated. The dye uptake was higher with no
addition of alkali. Dyeing was carried out through the use of only sodium hydrosulfite in the bath. The
maximum dye uptake was obtained at 60°C for 30min and the dyed fabrics appeared in the PB Munsell
color range. Dye uptake improved with the increase of a natural indigo dye concentration with the same
sodium hydrosulfite concentration. At a higher dye uptake, the fabric color became more purplish and the
maximum absorption shifted from 660nm to 620nm. Color reproducibility was reliable with a color
difference in the range of 0.41~1.43. Regardless of color strength, washing and dry cleaning fastnesses

were good with a 4/5 rating, and fastnesses to rubbing and light were acceptable with a 3/4~4 rating.
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Table 1. Characteristics of the wool fabric used
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3. UV-Vis BZEY

1) A (Indigo, Vat Blue 1, Aldrich, Germany)
3mg@ AT AFJAY L G5 0.1g8 S0mLY] tetra-
hydrofuran(THF, Merck, USA)Z} acetonitrile &7 2
7zt 24M7F 3% ¥ UV-Vis spectroscope(Agilent
845, Agilent Technologies, Waldbronn, Germany)Z.
A9 ) A QoA FFE (absorbance)S =4 515
o} o] A2 AAJATZ P89 F2 AL 24)
Hste] AR 2Bl HAIYS 988 9
A5k AE 0.25g8 25mLe] THFS} acetonitrile &7
ANA 22 2407 FE3H FFEE ARG

4. {4

| 2] 4 79+ A 7] (Ahiba Nuance, Datacolor Inter-
national, USAYE AHS-3led S35} JA44 L 19
Al (one-step)= W 3IFATh NaOH A 7H0~8g/L)ol u}&
4-L-9] pH, £%(30~80), A1 7H(5~80min), 22 & HH
YT FE(0.2~6.0g/L)%} Na$04 TE(1~5g/L)E
geldle] 9] 1:1000E S/FAE L T S
158 F<F A3 il & 54|, Ax3 T NaOHS §
A AHEE S0l AbEl 2 £ 0.1% A EN 5
gd0= 1087 S3sE

5. 444 3 24 53
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£ ol 83l D65%4, 10°A10F ZANAM A PGB B
ARS8 0. HUEr o (Amax)e] K/S

< GEAFo = HrEA ) A9 EAL Munsell?|
H V/C %3} CIELAB EAA o] 98 L*, a*, b* 2 A
ZHAE®E &3 84Tt
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MEAZ T AEAE 7] (Launder-Ometer) & AME-
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132-1989¢l we} sl on, Mg 9 =alo|F 2
Z U5 B34 ago] 2AYT 0F WEE 2AY
& A3l B9 RN T YR ABEE AATCC
Test Method 16-2004 Optopn 39l $3}<] Xenon Test
Chamber(Q-SUN, Xe-1-B, Q-Panel Lab Products, USA)
E AR 5, 10, 20, 40K 7F FEAL F AAAE o]
&3] AB*E A& o, 5FL 20/ FRALF
o] AE* o2 H7}1315 el

I &3 3¢ n&

1 H=gh MQICD ¢ =e| 54

<Fig. 1>2 THF(a)%} acetonitrile(b)E F=3 34
ATy 9) A 2g AAAY LY UV-Vis FF2HE
Folt}, AT T E F &1 ZHzt 602nme} 603nm
oA HAFFH I/t ERE S 560nm F2olAM oF
g shoulder’} Yelytth HUUT = THER 5%
3k 739 601nme} 562nmolA 73k Ful=r) Vel
% O™, acetonitrileZ F+& ¥ 7ol 547nm F-2o
A W& S =9) 610nm 24 2F3t shoulder7}
et THF: tixe} eyl 258 434
7] (Zou & Koh, 2007), acetonitrile ¢1t]FHlo] &
A& 739 560nm F-2oA M e FE5 A7 YERSL
610am 2o A 2k5 shoulder”} Vel = A (A1,
Z739, 2008) 0.2 ¢#A Yok F, FAAYIE &
A Ao ik A4 whE A3 AAAT e
= FAAAA QT oo A A QTR
o] ZFHo] ASE & & vk FAR £)(19982)2]
Aot AEA 91200008 FNAE FAIAT =
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Fig. 1. UV-Vis spectra of synthetic indigo and prepared natural indigo dissolved in solvent: (a) THF, (b) acetonitrile.
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<Table 2>° NaOHS AHE31A] &€& 7259 NaOH
E T AMESE E89] pHel| o}2 Falskat A BEAAS
YERY . NaOH AHE €19] NaxS,0,%F A3k 7
$-(pH 6.97)°1= K/S %ol 18.920]1} NaOH 0.5g/L
= H7ME A3 (pH 7.42)°01+ KIS 7o) 82608, ¢
£-9] pHE 47+ Z713H vbd gagke on) o)Ak ha
Sttt o] % d&2] pH7} Al E71eel wE K/S
8 AlS ksl NaOH 8.0g/Lol A& 112744 7+
A3l Ude o]ﬁ.a}- AEZAQ MERE o:)x\_ll‘(pH
10~ A = 28 A5 L71 HsiA 103] o] uF

& YA 3, A, 2009). & A2 4
2 NaOHZ AH4-3 222 d8olrM= 43

S A7) o & Nk, S|z

S}, NaOH 8g/LoIAE A=(C) Ftol mi$ ol &

gtoz BolME ml9- &3k Helrjge gaor 4
At 28] 3 NaOHE AHg-38le] H8-9] pHIt =
S4E WL STV } g7 e A4y e
o, *“ZF(AE*) T AL AT

goe ¢lvje 7= <Scheme >olAxE 4

Ae) pHel W M T FHZ EAA Fed,
pH 7914 & Hle|& 72 sHE1)E A&, pH
11~11.5 B golM &= A7} o] e (2), pH 12.5~13.5 ¥
Aol ol7t ol2FE (DR ol ESAFTHAATCC
Intersectional Technical Paper, 1989; Kunttou et al.,

Table 2. K/S value and color properties according to the sodium hydroxide concentration (natural indigo dye 2g/L,
sodium hydrosulfite 2g/L, 60°C, 30min)

3.9PB 2.5/4.2
0.5 7.72 8.26 3.3PB 3.7/4.7 -4.02 -18.06 55.01
0.6 8.90 4.26 3.8PB 4.4/4.5 -3.18 -17.32 47.64
0.8 9.95 3.29 3.7PB 4.7/4.2 -3.25 -15.90 44.24
1.0 10.88 2.07 2.8PB 5.4/3.5 -4.06 -12.38 36.66
2.0 11.98 1.25 2.1PB 6.0/2.6 -3.65 -8.26 30.05
4.0 12.37 1.23 3.4PB 5.7/1.9 -1.97 -6.04 30.60
8.0 12.58 1.12 4.5PB 5.7/1.2 -1.00 -3.71 29.67
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2005). FRAHE FAH(pH 4980 Wl wrt =
2 g X = S HHN-Wool-CO0)YE WA Hr}
19 ¢, 1997). § NaOHS AHS-3}A] gk} d8-9)
pHZF 34920 7390l ¥]81e], NaOHE AM-3 ¢de]
LM FAH3 YRR} 2ol AF-FIE 749
F7|ehdE o] o3 PAAdo] A, 489 pHVt E
ol ASE o] & AL UL A G o] A
ZHagt 74_& Bth W.O. Patant No.000775(2007a)]
Me G E AR BlE R Itiare] G
A Frol 73 QIv)aLete] skE S Hosly] o8 4
froll Fol28A AA S W3IH ). ]2 RE NaOH
& AMEEHA B2 B FAL Hjo) 2 {FA sE(1)ol
BAE LA T o vk 282 (van der Waal's)
1ol &) AFE F Asl Bag Aoz A5 )

<Fig. 2> NaOH2 AME-31A4] 92 73-9-9} NaOHZ
S AREEE G£9] pHY| WHE 28-S Vel Ao)

t}. NaOHE AHE-31R] &2 pH 6.97914 & 3.76%2)
F5EE B3O, o|F NaOH H7I=Z pHY} 5713
FEgo| 943 F7I5t pH 12.58%4 =

o e}

13.07%7HA $=&4th. Trotman(1975)& $=AF-2
FZo] 71 @A Yehe pHE 4~80]9 FHitolvt
ZLLE 2 AFE FEEo] §43] FUHAL 34
t}. & pH 6979119 &£ ‘E%%E@O"C)sq EE
22 AgAXM, NaOHE A8 A ode dE-2=%
6‘]-7]]] OPQQ _4 tgsl:o 2 74].,_;@0) _g-‘_%c‘[:g?_o] l:l_:]_—/lgs].
Aoz AztEt) U.S. Patant No.0107144 A1(2007b)
A= Bt REW] NaOHE A3 Q] FaE
AT AL X524 E 95t A Ao BEIHS
P 28 Attt

o) E&E 559 A2 HE, AT IE
0|43k 22 29 HAA NaOH A §l°] NayS;04
T ARS S 159 /802 W fEd wyos A
Z}E|H, o] F NaOH ARE- §1©] Na,S,0,5F AR5t 3
Gz o2 83L& A

3. HE/EMEA) IE FAHBT N 5Y

<Fig. 3> NaOH AHE- §1°] NapS,0,% ARS-3H 15

Scheme 1. Structures of reduced indigo: (1) non-ionic form, (2) mono-ionic form (sodium salt shown), (3) di-ionic

form (sodium salt shown).
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Fig. 2. Effect of dyebath pH on dimensional shrinkage

of wool fabrics dyed with natural indigo dye
(natural indigo dye 2¢g/L, sodium hydrosulfite
2g/L, sodium hydroxide 0~8g/L, 60°C, 30min).
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Fig. 3. Effect of reduction/dyeing temperature on the
dye uptake (natural indigo dye 2g/L, sodium
hydrosulfite 2g/L, 30min).
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<Fig. 1(a)>9] THFZ %3l £33 A4ty &
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7182 23 A (solutions)o| 4] Bt 2
A el (solid phase)= Z4 3 -0l = FAAF 9
A5 FFoz o FHFAA FHRE) Ve
9o S Th 30°CoIM 9 KIS e 3.330.8 v)$
Yo 227t Fhgel wt AlE Frhske 60°Co)
ME 18922 71 & GFFE By, o] 70°C
ool M= THASIAT. FRARF BHY AFAoR
& W 2EHOE B2 250 F3Eo] o
A ERR W IR &, 484, 2001), 70°C o149
SollM e FedA 7t B sle] 23]y gasko] 7+
8 Z(Blackburn et al., 2009)2.2 o AR} /4
Aezo mE Munsell 2’2 3.3PB~3.9PB HH &2
25 PBAIER 94 (purple blue)o]ow, Aoz
FE 22l 60°ColM 1 =2 PB 7S YeERAICH
ol % FAgM-L c0°Col A Fst T
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. A 1087 F43] S7Ft) 2087
ARA o2 Zo1sl9om, 308 ol Fole 93
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3.3PB9} 34PBE vl om, o] % 208 o)At |4

L
L

B R

2

.

= =
= ]

E[o{v

25 .
204

)
S
S 151
©
L
2
g 104
v
v

5_

0 . : . :

0 20 40 60 80 100

Reduction/dyeing time (min)

Fig. 4. Effect of reduction/dyeing time on the dye uptake
(natural indigo dye 2g/L, sodium hydrosulfite
2g/L, 60°C).
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#Zeol Wsjo|r}.

25,04 FE0l
%‘EOH /\o}':&%iol N8.25204
E%7} 1g18] K/S %kl 0.16~0.88% wfl-$-
n|m)sled 79 )R] 29kth 0] Nas$04 FE
7} ol 2R glo] o]FoiAA| &7 WEeR
Azbdct AAAT L 0.2g/Lo1AE Nap$,04 5g/Lo
A, DA T 03g/Lol e NaxS04 dg/loll A G2
o) S/t vehen, HAIY At 0.4g/L ol
A 7olle BF NaS:04 2g/LolA E3hd&EE
i) & AAJYZ FE7F 03gL ol3t= 2
ASoe o B2 4o 97 2% v, 04g/L
ojdel M= 2¢/L¢] BUA F=IF AT 22
Na;S;0s T2 AEAYL F=27F 5255 o
ZFE BEo, AAJAYI gL =
IS F7) BE SE%F VP 3 K3t

<Table 3>° ZF AANUZ FEAN FAFS F
7b e 2ol EEs UEbd Na$0, $29 A=
o] & 2L Uehlith 2 FEAA FAE AR
Munsell AA4HH)YS 25 PB A9 & YEltor, A4
AU FE7) #2945 o ¥2 PB @ EHF3
t}. PB 72| 7k Munsell 273304 2 (blue)”]
£o 243HA Bekpurple)”] &0 F7HE P S
ojn e A28 HANTL HF Fof

Z,

2 9%

o
1w

T

¢

L

L

K/S value

Na,S,0, conc. (g/L)

Fig. 5. Effect of sodium hydrosulfite concentration
on the dye uptake (60°C, 30min).
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2g/L, 60°C, 30min)

02" 2.4PB 5.8/4.1 60.75 -5.10 -14.20 34.88

0.3? 3.2PB 4.8/4.9 50.07 448 -18.39 45.42

04 3.1PB 4.6/4.8 48.34 -4.50 -18.41 46.77

05 3.2PB 4.3/49 44.74 431 -19.08 50.00

1.0 3.2PB 34/4.6 35.59 393 -19.20 57.60

15 3.5PB 2.8/4.3 2997 312 -18.64 62.16

2.0 3.9PB 2.5/4.2 26.65 247 -18.03 64.80

40 5.1PB 2.0/3.7 20.86 -0.36 -15.95 69.19

6.0 5.9PB 1.8/3.1 18.65 0.92 -13.64 70.41

sodium hydrosulﬁte:l)S g/L,2)4g/L

gaE AYFERle] 3 WEo s AyzZtArhFg. 1) dtt. = 5L FEZ GAYFE AU A 2
BEV, Lg% A= A9dd s=7t S t)FRle) FAgoe] Ao g S8t Heprl el
of we} A& 7HAde AL HEr. et A o 7iejg Aol HEe RO R AR

Y F=7F $715e wet ulo]u (o) el A 6g/L
FTEAME S L) 2B HYeH, b* glofufx
() ARE 4L FE o|AREH= A AT
ol HAIYY Bt ¥EFE WL 2t
A 371 ee 7ARE 9uEty ¢ Munsell
A A AU FEIF B2 ASYSFE H =
2 PB 7 Jehd Aol dRe). <Fig. 6>2 A
Z v A9AY T =2 9% J A THRS
acetonitrile £ & A8t &3¢ ML) T3
Toltt. HAJAY L &7 &2 6020me] ¢l
239 FBE<Fig. 6(2)>9 560nm F-2 QI F
s =9 R <Fig. 6(b)>7F O F/EI0E & 5

0.8
0.6
602nm
g i
£ 0.4 Y
2 7 A
—2 -7 /q\\ \
024
0.0 : i i :
400 450 500 550 600 650
Wavelength (nm)

(@

Absorbance

<Fig. 7> M2 T AAUT L T2 FHAE A
g ¥AwALE T ot} HulEFIHe] 04g/Lel
A& 660nm, 1.59 4.0g/Lol A= 640nm, L] 3L 6.0g/L
oM 620nmAA YR, ITI R F27t F71El o
& AErago) 9o £o 7 o] FEE HAET
Z 5o o GA3 A FYFE HYFFIEol
Sy Zo 2 olFste] <Fig 5>AMAY Hebr] ol
o 719" PB Al Ao Yehd Aoz Z4dEn. &
& AAAYAL =7 B25E A A 43 FF
Aw7t Z7rsld <Fig. 40 HH B2 FRA 94
3 A5 Fe] o =4 eSS € F it

T= e [

E a7 g4/94 197 339 g4 &

020 Dye conc.

et
=
v

400 450 500 550 600 700
Wavelength (nm)
®

Fig. 6. UV-Vis spectra of solution extracted by solvent from the wool fabrics dyed with natural indigo dye: (a) THF,

(b) acetonitrile.
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Reflectance (%)

550 600

500
Wavelength (nm)

Fig. 7. Reflectance curve of wool fabrics dyed with
natural indigo dye (sodium hydrosulfite 2g/L,
60°C, 30min).

AT AL L T 2919 NaS,04 B = 2g/LE A
gt 39, AIEE 7he] Munsell 24HH)S 3.8~3.9PB
£ ezt glon, B (Ve AECE K/S 72
FOR 0.1~0.2 =9 Aol BT}, L*a*b* Zhol
9|3k MAHAEME 0.41~1.432.2 &7 LERGTH(Table
4). Bechtold et al.(2007y& +12} M}E 51851 ¥4

op

2
K
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Table 4. Color reproducibility of wool fabrics dyed with natural indigo dye (dye 2g/L, sodium hydrosulfite 2g/L,
60°C, 30min)

3.9PB 2.5/4. 2665 247
2 3.8PB 2.5/4.2 26.09 246 717.80 0.41
3 3.9PB 2.3/4.1 24.80 227 17.52 143

Table 5. Effect of color strength of dyed wool fabrics on colorfastness (natural indigo dye:

low 0.4g/L, medium

1.5g/L, high 4g/L, sodium hydrosuilfite 2g/L, 60°C, 30min)

Medium

14.97 4/5

4/5

3/4 3/4

High 23.58 4/5

4/5

3/4 3/4
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Fig. 8. Fading curves of the wool fabrics dyed with
different color strength (natural indigo dye:
low 0.4g/L, medium 1.5g/L, high 4g/L, sodium
hydrosulfite 2g/L, 60°C, 30min).
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