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Application of Response Surface Methodology in Optimization of Cotton Fabric Dyeing Process for Pigments from Walnut Green
Husks

CHENG Ru, YAN Cheng” , HE Wei et al
Mianyang, Sichuan 621010)

Abstract

fabric. [ Method] Based on preliminary experiments, thermal stability of dye solution concentration from walnut green husk was analyzed by

(College of Life Science and Engineering, Southwest University of Science and Technology,
[ Objective ] To widely develop natural dyes with health care function and select pigments of walnut green husks as dyeing for cotton

ultraviolet scanning spectrum, dyeing process of cotton fabric at different test conditions of dyeing solution, alkali (NaHCO,) concentration,
temperature, and time was further optimized on the basis of unstained cotton fabric as the control and the total color difference as total index by
response surface methodology (RSM). Finally, the morphology difference of unstained and stained cotton fabric was compared by SEM ima-
ges. [ Result] Dye concentration of walnut green husk had good thermal stability at 100 °C ; model optimum dyeing conditions were as follows:
dyeing solution concentration was 70 mg/mL, NaHCO, concentration was 3.91% , time was 102 min, temperature was 100 °C. Under the a-
bove conditions, AFE value was 35.292. Alkali concentration was the most significant factor influencing AE value, while dyeing solution con-
centration and alkali concentration had extremely significant (P <0.01 ) interaction on AE value; SEM images indicated there is no change in
morphology of stained cotton fabric; because of complexing effect of mordant, the color fastness of cotton fabric by mordant dyeing is generally
1 to 2 level higher than that by direct dyeing. The fastness of fabric all reached grade 4. [ Conclusion] Response surface methodology can ef-
fectively optimize the cotton fabric dyeing process of pigments from walnut green husks.

Key words Pigments of walnut green husks; Cotton fabric; Response surface design; Stability; Dyeing process; SEM images
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Fig.1 UV scanning chart for dye concentration of walnut green
husk at different temperatures
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Table 2 Results of dyeing methods

Rtk L R . E Wt
Dyeing method Appearance color of cotton and fabric
H Y Direct dyeing 84.165 3.465 6.182 12.179 KA,
[F]¥51E One-bath 77.546 2.455 8.053 18.393 WRIKAG,
Je itk Afterchrome dyeing 82.732 1.868 7. 866 13.797 FAT @
HILE%E Mordant dyeing 78.703 6.397 18.052 24.569 fEE(n,
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Table 3 Experiment design and results of RSM

e K2 Factor L . b N
No. A B C D

1 0 -1 -1 0 65.804 3.952 8.008 29.476
2 0 -1 0 1 66.332 3.170 7.558 28.736
3 0 1 0 1 61.772 4.254 6.889 33.124
4 -1 -1 0 0 65.261 3.613 7.128 29.718
5 1 0 0 1 62.251 3.505 7.717 32.736
6 0 0 -1 -1 64.170 3.813 7.257 30.826
7 -1 0 -1 0 64.398 3.934 6.886 30.542
8 -1 1 0 0 64.997 3.841 5.427 29.651
9 0 0 0 0 61.542 3.707 6.738 33.236
10 0 1 -1 0 62.876 3.784 6.574 31.920
11 1 0 0o -1 62.939 3.747 7.214 31.991
12 -1 0 1 0 62.290 3.665 6.551 32.467
13 0 0 1 1 61.254 3.402 7.333 33.599
14 0 1 1 0 61.108 3.686 6.333 33.576
15 0 0 0 0 61.345 3.723 7.639 33.621
16 0 -1 1 0 64.938 3.432 7.514 30.095
17 1 0 -1 0  62.425 4.037 7.501 32.593
18 -1 0 0 1 63.596 3.473 6.834 31.235
19 0 0 1 -1 62.318 3.686 7.273 32.596
20 0 0 0 0 61.122 3.602 7.010 33.684
21 1 0 1 0 60.828 3.312 7.756 34.094
22 1 1 0 0 60.279 3.637 7.677 34.654
23 0 -1 0 -1 65.492 4.112 7.673 29.712
24 -1 0 0 -1 64.196 3.994 6.467 30.653
25 0 1 0o -1 62.815 4.307 6.326 32.009
26 0 0 -1 1 62.175 3.699 7.122 32.702
27 0 0 0 0 61.149 3.625 6.702 33.599
28 0 0 0 0 62.115 3.643 6.725 32.668
29 1 -1 0 0 65.279 3.548 7.837 29.867
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Table 4 Influence of different processes on color fastness of silk fabrics dyed with natural pigments of walnut green husks
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