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Natural Indigo Dyeing of Cotton Fabric
- One-step reduction/dyeing process -
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Abstract— The objective of this study is to investigate the characteristics of natural indigo dyeing of cotton fabric. Reduction and
dyeing were carried out by one-step process using an infrared dyeing machine at the liquor ratio of 1:100, and subsequently
oxidation and washing in water were followed. Dye uptake was increased with the increase of indigo concentration. Over the full
range of dyeing tests, the dyeing condition was optimized to 40C for 40min. For most of dye concentrations, the cotton fabrics
showed mainly PB color. Maximum K/S value was shown at 4g/l. of sodium hydrosulfite concentration and the color strength
increased with the increase of dye concentration. Value(lightness) decreased with the increase of dye uptake irrespective of
mercerization or reduction method, while the mercerized cotton showed two times higher dye uptake than the untreated cotton.
Whereas hue of the untreated cotton showed large decrease of P character(5.6~3.5 PB) with the increase of dye uptake, that of the
mercerized cotton increased P character(4.7~5.5 PB). Irrespective of mercerization, value and chroma decreased with the increased
of dye uptake. In addition, the untreated showed lower chroma than the mercerized cotton. In the case of traditional reduction, hue
of the untreated cotton was changed very little with the increase of dye uptake. For hydrosulfite reduction, P character decreased with
the increase of dye uptake. The difference of hue value was small with the change of reduction method(hydrosulfite reduction or
traditional fermentation). Color character was not influenced by the changed maximum absorption wavelength. Washing fastness
showed 4~4/5 shade change rating without any staining. And dry rubbing fastness was good at low color strength. The bacterial
reduction ratios of dyed cotton fabric were also increased.

Keywords: natural indigo dyeing, cotton fabric, one-step, (washing, rubbing, rubbing) colorfastness,
bacterial reduction rate
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Table 1. K/S, color properties and colorfastness according to NaOH addition

K/S value Washing . Rubbing Irradiation
NaOH — 6onm) H ViC Color Stain_ Dry  Wet (20hr)
change  Cotton Silk
O 271 5.1PB 5.3/6.7 4 5 5 5 4/5 2/3
x 5.29 3.8PB 4.4/5.7 4/5 5 5 5 4/5 2/3

(o; Reduction/Dyeing - 60°C, 15min/25C, 30min, indigo dye 4g/L, sodium hydrosulfite 4g/L, NaOH 4g/L,
x; Reduction/Dyeing - 40°C, 30min, indigo dye 4g/L, sodium hydrosulfite 4g/L)
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Fig. 1. Effect of reduction/dyeing temperature & time
on the dye uptake(indigo dye 4g/L, sodium hydrosulfite
4g/L).
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Fig. 2. Effect of sodium hydrosulfite concentration on
the dye uptake(40C, 30min).
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Table 2. Effect of repeat dyeing on K/S value and color characters(40°C, 30min, indigo dye 4g/L, sodium hydrosulfite

4g/L)
Rng:t Iiﬁoﬁl‘;e H V/C L N b’ c h° AE
1 529 38PB 44/57 4639  -405 2191 2228 25952 5041
2 626 37PB 4.1/54 4338 396 2087 2124 25926  53.14
3 7.15 35PB 39/52 4108 407 2022 2062 25862 5531
4 7.18 35PB 39/5.1 4073 -399  -1997 2037 25870 5562
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Fig. 3. Effect of dye concentration on the dye uptake
of untreated and mercerized cotton(indigo dye 4g/L,
sodium hydrosulfite 4g/L, 40°C 30min).
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Fig. 4. Color characters of the dyed untreated cotton
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Table 3. Repeat dyeing on K/S value, color and colorfastness for untreated cotton fabric

Washing Rubbing A
Repeat K/S value : Irradiation
time (660nm) Color Stain__ Dry Wet (20hr)
change Cotton Silk
1 5.29 4/5 5 5 4/5 4 2/3
2 6.26 4/5 5 5 4/5 4 3
3 7.15 4/5 5 5 4/5 4 3
4 7.18 4/5 5 5 4/5 4 3
Table 4. Effect of color strength of dyed fabrics on colorfastness
Washing Rubbing .
change Cotton  Silk
Low 3.27 4.5PB 5.1/6.2 4/5 5 5 5 4 3
Untreated  Medium 1123 3.7PB 3.3/5.1 4/5 5 5 4 3/4 3/4
High - - - - - - - -
Low 3.48 4.9PB 5.0/6.8 4 5 5 5 4/5
Mercerized ~ Medium 14.07 4.7PB 3.1/5.7 4/5 5 5 4 3/4 4
High 24.42 5.2PB 2.1/4.6 4/5 5 5 4/5 3/4 4/5
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Fig. 6. Effect of irradiation time on the color difference
of untreated cotton and mercerized cotton.
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Table 5. Antibacterial activity of the dyed mercerized cotton fabrics

Bacterial reduction ratio(%)

Mercerized cotton K/S value AATCC 6538 AATCC 4352
(Staphyloccus aureus) (Klebsiella pneumoniae)
Undyed - 0 0
Low 3.48 66.7 0
Medium 14.07 95.1 56.0
High 24.42 99.2 97.9
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