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Optimization of Wool Yarn Dyeing for Handwoven Carpets Using Opuntia

Fruit Extract: Color Properties and Fastness Evaluation
Saeedeh Rafiei”, Peiman Valipour?> Omid Alaie3, Zinatossadat Hossaini*

Abstract

This study investigates the potential application of Opuntia fruit extract as a natural dye for wool fibers in hand-woven carpets.
Adopting a sustainable and eco-conscious textile dyeing approach, we systematically evaluated critical parameters including dye
concentration (30-100%), mordant concentration (0-10%), temperature (30-100°C), duration (20-100 min), and pH (3-11) on color
characteristics and fastness properties. The aqueous extraction method yielded betalain pigments, confirmed through spectroscopic
analysis. Results demonstrated Opuntia extract’s capacity to produce a diverse color spectrum ranging from red to brown. Optimal
dyeing conditions were achieved at 80°C for 90 minutes with pH 5.5+0.5. Metal mordants significantly influenced color fastness:
iron mordant delivered superior wash fastness while copper mordant enhanced light fastness. Statistical analysis (p<0.001)
confirmed all process variables significantly affected colorimetric indices - including color strength (K/S), chroma (C*), hue angle
(h°) - and fastness properties. Notably, temperature exerted dominant influence on color purity, whereas mordants primarily
governed hue stability and fastness. The optimized dyeing protocol maintained favorable mechanical properties of wool fibers while
achieving excellent color characteristics. This research establishes Opuntia as a high-potential natural dye source capable of
producing stable, vibrant hues. Its implementation offers an effective strategy for developing sustainable textile dyeing processes
with reduced environmental impact.

Keywords: Natural dyeing, Opuntia ficus-indica, wool fibers, RSM optimization, color fastness, handwoven carpet
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Figure 1: Fruit of the Opuntia plant used in this study
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Table 1: Extraction efficiency with different solvents
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Figure 3: Diagram of the wool yarn denting process (a) and dyeing process (b) using natural dye extracted from the
fruit of the Opuntia plant
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Figure 4: Absorption spectra of the aqueous extract solution of Opuntia fruit at different pH levels.
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Figure 5: Dyed samples from preliminary tests to examine color shade and dyeing strength: (a) sample dyed without
mordant, and (b) sample dyed with 10% (by weight) potassium aluminum sulfate mordant.
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Table 2: Range of dyeing variables for wool yarn with Opuntia fruit extract.

Range of changes WEUEES

Dyeing agent concentration
(percentage)

Alum mordant concentration
(percentage by weight)
Dyeing temperature (°C)
Dyeing time (minutes)
Dyeing bath pH
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Table 3: Color characteristics of wool yarns dyed with 100% weight of Opuntia fruit in the presence of different
.metallic mordants
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Opuntia fruit.
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yarn dyed with Aptenia frui



5
N
(o
B

100 100
80 80
2 60 5 60
o o
3 k=]
T 40 8 401
201 201
0 0
0 2 4 6 8 10 12 0 4 6 8 10 12
pH pH
100
80
s
oy //
3
2 601
w
el
o ]
8 40
20 1
0 T T T T
0 4 6 pH 8 10 12

Li53T oluS ogn0 b oid (53,55 ot 75 P16 419l 9 (K5 ) Ky o9l 3 (5555 plaoPH 5304 U
Figure 9: Effect of dye bath pH on color purity, color strength, and hue angle of wool yarn dyed with Apotenia fruit
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Figure 10: (a) Image of the dried plant used in the dyeing process, (b) samples of wool yarn dyed with the plant's
aqueous extract under the proposed optimal conditions and in the presence of various metallic mordants, and (c) the

position of colored skein samples in the Lab color space.
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Table 4. Results of the evaluation of wash fastness, staining, and light fastness of wool yarn hanks dyed with dye
extracted from Apotunia in the presence of various metallic combs.

Washing Fastness Staining (AE) Lightfastness

scale

Al 197 8

Opuntia —-———— 8
Cu 211 1.86 8

Sn  1.25 2.02 7 8
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Table 5: Evaluation of Mechanical Property Changes in Wool Yarn Dyed with Opuntia
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Table6 : Comparison of Optimized Dyeing Results, Colorimetric Properties, and Color Fastness of Opuntia with
Other Studied Natural Dyes.

Natural Dye Maximum Washing light fastness Optimum dyeing Optimum dyeing Source
absorption fastness temperature pH
Opuntia _-_—__

Beetroot 525-535 80°C
Pomegranate
---——-
Saffron 420-440 80°C (38)

Walnut Peel ____—
480-500 85°C (26, 36)
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