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Investigation of wool yarns coloration with phosphorescent pigments for the
preparation of handwoven carpets
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Abstract

Iranian handwoven carpets, as cultural and economic symbols, require innovation in
coloration materials. The aim of this study was to produce wool fibers coated whit
phosphorescent pigments and to evaluate their applicability in handwoven carpets. The
research methodology was experimental and multi-stage, focusing on the fixation of
phosphorescent pigments using a styrene-acrylic resin. Accordingly, The physical
properties and pigment stability after fixation onto wool fibers were investigated.
Luminance intensity was measured using a spectroradiometer within the wavelength
range of 380-780 nm. Washing, light, and rubbing fastness properties were evaluated
based on international ISO standards. Fiber impregnation resulted in effective pigment
transfer and the formation of stable luminescence. The results indicated that the prepared
material exhibited good light fastness¢ however, the luminescence intensity decreased by
approximately 30% after washing. Dry and wet rubbing fastness tests showed reductions
of 17% and 58% in luminescence intensity, respectively. Finally, a handwoven carpet
sample was produced using phosphorescent wool fibers to assess practical performance.
The findings demonstrated that the production of handwoven carpets using
phosphorescent pigments fixed onto wool yarns with acceptable quality is feasible.
Keywords: Luminescence wool, Fastness properties, Phosphorescent pigment, hand-made

carpet
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Table 1- Specifications of Simacryl U-96 Resin
Solid Content
(%)

Styrene Acrylic <100-20 3-2

Composition Density (g/cm3) | Viscosity (cP)
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Figure 1- Mechanistic Insights into Network Formation in Acrylic Binders Incorporating N-Methylol Amide

Functional Groups (19)
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Figure 2- Schematic representation of the synergistic role of polycarboxylate dispersant and sodium

alginate in improving pigment dispersion and luminescence uniformity
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Figure 3- Morphology of the reference wool fibers: (a) 1000x magnification and (b) 2000x magnification; and

phosphorescent pigment—treated wool fibers: (¢) 1000x magnification and (d) 2000x magnification
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Table 2- Spectrophotometric radiometric data of the colored and untreated samples from three position of yarn
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Statistical Data Luminance Value Data (Measured Spectral Sample Name
Reflectance (cd/m?)
Mean Standard LV3 LV, LV,
Deviation
6.01 0.10 6.13 5.97 5.94 Coated Sample
2.64 0.01 2.65 2.63 2.65 Raw Sample (Texture
Effect)
3.37 - - After removing the effect
of texture
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Figure 4- Spectral data of the control sample after texture removal from three positions
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Table 3- Spectral data of the control sample after texture removal, at three positions, after light treatment.

. Phosphorescence
LV Change After Statistical Data 2 . .
Photochemical Treatment (cd/m”) Intensity Data Sample after optical
(%) T treatment
andar
Mean Deviation LV3 LV2 LV1
5.93 0.18 609 | 597 | 573 | Measured Spectral
Reflectance
2.47 .
398 ) ) After removing the
’ effect of texture
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Figur 5- Spectral data of the colored sample before and after light and wash treatment, at three positions,

after texture removal
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Table 4- Luminescence changes of the colored sample after washing treatment at three positions
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Luminance Value
Statistical Dat Data
LV Change After atishieal Data (cd/m?) The sample after the
Washing Treatment (%) washing process
Standard
Mean Davia LV3 LVz LV1
4.90 0.02 493 | 488 | 4.09 Measured Spectral
Reflectance
32.93 After the removal of the
2.26 =
- contextual texture
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Table 5- Luminescence changes of the colored sample after dry rubbing treatment at three positions

Luminance Value
Statistical Data Data .
LV Change After Dry (cd/m?) Specimen after dry
Rubbing Treatment (%) rubbing treatment
Standard
Mean o LV3 LV2 LV1
Deviation
Measured Spectral
535 0.05 542 | 533 | 532 p
17.01 Reflectance
' 271 ) After the removal of the
: texture effect
Dry rubbing fastness Wet rubbing fastness
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Figure 6- Spectral data of the colored sample before and after dry and wet rubbing treatment at three positions
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Table 6- Investigation of luminescence changes of the colored sample after wet rubbing treatment, at three

positions
Luminance Value
tatistical Dat Dat
LV Change After Wet Statistical Data ( d?n?’) Sample after wet
Rubbing Treatment (%) rubbing treatment
Standard
Mean Deviation LV3 LV2 LV1
4.04 0.04 408 | 405 | 339 | Measured Spectral
Reflectance
58.88
139 ) _ After the removal of the
’ texture effect
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Figure 3-7 a- Carpet woven using turquoise phosphorescent fibers and photographed under daylight conditions

and b- Carpet woven using turquoise phosphorescent fibers and photographed under nighttime conditions.
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