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Optimization of Cellulose Dyeing with Natural Indigo: Ramie
dyeing by One-step Reduction/dyeing Process

Kyunghee Sonl), Younsook Shinl), and Dong 11 Yoo

)Dept of Clothing & Textiles/Human Ecology Research Institute, Chonnam National University; Gwangju, Korea
)Dept of Polymer and Fiber System Engineering, Chonnam National University, Gwangju, Korea

Abstract : One-step reduction/dyeing method was applied for ramie dyeing with natural indigo powder. The effect of
reduction/dyeing conditions including the pH of bath, dye temperature and time, and concentration of indigo powder and
reduction agent on dye uptake and color properties were investigated. Regardless of addition of alkali, the dyed fabrics

appeared in the PB Munsell color range(A,:

660 nm) and the dye uptake was much higher with no addition of sodium

hydroxide. Dyeing was carried out through the use of only sodium hydrosulfite in the bath. The maximum dye uptake
was obtained at 60 for 30min. Saturated dye uptake was obtained at 2 g/L of sodium hydrosulfite concentration up to 2 g/
L of indigo powder. Whereas, at higher indigo powder concentration (4 g/L), more than 3 g/L of reducing agent con-
centration was required for obtaining the saturated dye uptake. Color reproducibility was reliable with color difference in
the range of 0.03~0.16. Regardless of color strength, fastness to rubbing was acceptable with a 3/4~4/5. Fastness to
washing, dry cleaning, and light of samples with low color strength were poor. Whereas, fastness to washing, dry cleaning,
and light of samples with high color strength were very good.

Key words: Natural indigo, Ramie, Reduction/dyeing, Reproducibility, Colorfastness
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Table 1. Characteristics of the ramie fabric used
Weave Density(wxf/inch’) ~ Weight(g/m”®)  Thickness(mm)
Plain 60x46 118 0.32
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Table 2. K/S value and color properties according to the sodium hydroxide concentration(indigo powder 4 g/L, sodium hydrosulfite 4 g/L))

NaOH (g/L) pH K/S value (660 nm) H V/IC a b’ AE"
0 6.08 15.20 5.0PB 2.4/3.7 -0.74 -15.97 61.67
1 12.15 522 5.1PB 4.4/6.6 -1.64 -25.53 44.06
2 12.17 8.12 5.1PB 3.8/6.2 -1.26 -24.96 49.72
4 12.46 7.18 5.0PB 4.0/6.3 -1.68 -24.73 4751
8 12.64 5.78 5.1PB 4.2/6.3 -1.43 -24.82 45.80

O H OH H
o /N _ Na,5,0, R \ /\N
N N
Ho {4 o ho
Indigo Non-ionic form of Leuco-indigo
O H O'Na* H
B /N Na;S,0p NaOH N /N
N \
H N
© +Na' 0
Indigo Di-ionic form of Leuco-indigo

Scheme 1. Structure of indigo and reduced indigo.
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Fig. 1. Effect of reduction/dyeing temperature on the dye uptake(indigo
powder 4 g/L, sodium hydrosulfite 4 g/L,, 30min).
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Fig. 2. Effect of reduction/dyeing time on the dye uptake(indigo powder
4 ¢/1,, sodium hydrosulfite 4 g/I., 60°C).
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Fig. 3. Effect of sodium hydrosulfite concentration on the dye uptake
(60°C, 30min).
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Table 3. Color properties according to the natural indigo powder concentration (60°C, 30min)
Indigo powder (L)  Na,S,0, (g/L) H V/C L a b AE"
0.5 2.0 3.2PB 4.3/4.9 4474 -4.31 -19.08 50.00
1.0 2.0 3.2PB 3.4/4.6 35.59 -3.93 -19.20 57.60
2.0 2.0 3.5PB 2.8/4.3 29.97 -3.12 -18.64 62.16
4.0 3.0 39PB 2.5/4.2 26.65 -2.47 -18.03 64.80
8.0 3.0 5.1PB 2.0/3.7 20.86 -0.36 -15.95 69.19
12.0 3.0 59PB 1.8/3.1 18.65 0.92 -13.64 70.41
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Fig. 4. Effect of repeat dyeing on the dye uptake(indigo powder 4 g/L,
sodium hydrosulfite 3 g/, 60°C, 30min).

Table 39 YERAQITE GA3 2 &L % PB AG] A4S
Yep). ©, @3] & ASUSE Yt Anrt BE
ol on, a9 b'e] mlojux HtigtE 7Haste] H43) 1)
F7]1eo] 4% PB AEL M-S BT

Fig. 4= AAIYX BT 491, YA v= 3
60°C, 305 B MZ2 Sollx H/ANES vHESE AlEe] o
zhakolt), WA o ek HAIt . Ao g, A F u}
2 Ze AEeA MEHAS e ARt 9§ 2kdE
Az A Ty WEHA sl Zlo] ¥ e dEES
Yeple =249, 2008), 2 Aol e Fape] whpos
RS Yt 28] Wk GAE A5 H3E
213 gk A8 AFEF 14303 2 Aol glovt
3] MEQAE A ge] ARk 13459 13272 Fe A
H ol

rlo
w &
Lo
)

Table 4. K/S values and color properties of the dyed fabrics for
reproducibility evaluation(60°C/30min, indigo powder 4 g/L, sodium
hydrosulfite 3 g/L)

Batch ]?256011';‘3 H V/C L a2 b AE
1 1423 48PB 2.536 2679 -1.03 -1582 -
2 1445  4.8PB 2537 2680 -111 -16.10 0.03
3 1469  47PB 2.6/38 27.06 -130 -1660 0.16

Table 5. Effect of color strength of dyed fabrics on colorfastness
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Fig. 5. Fading curves of the fabrics with different color strength.

Washing Dry cleaning Rubbing
Color K/S value Stain Sain Irradiation
strength (660nm) Color > Color — S@M 5 Wet (20hr)
change Ist 2nd change Ist 2nd
Low 4.39 12 5 5 5 5 4/5 4/5 12
Medium 11.51 4 5 5 5 5 4 3/4 3
High 17.83 4/5 4/5 5 5 5 4 3/4 4
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