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Introduction

The textile industry, a cornerstone of global manufacturing, faces increasing
scrutiny regarding its environmental impact, particularly in coloration processes.
Conventional dyeing methods are notorious for high water and energy consump-
tion, alongside the generation of significant wastewater effluent laden with chem-
icals. Recognizing this challenge, a growing body of research is dedicated to
developing and implementing sustainable dyeing techniques that mitigate these
adverse effects. This ongoing exploration aims to transform the textile sector to-
wards more environmentally responsible practices, aligning with global sustain-
ability goals and consumer demand for eco-conscious products. The exploration
of novel eco-friendly dyeing techniques for cotton and polyester is a critical area
of focus, concentrating on reducing water and energy consumption. These ad-
vancements highlight the potential for natural dyes and biodegradable auxiliaries,
alongside innovative methods like supercritical fluid dyeing and plasma treatment,
to significantly lower the environmental footprint of textile coloration while main-
taining or improving dye fastness and fabric properties. The findings suggest a
promising shift towards more sustainable textile manufacturing processes [1].

Further investigations delve into the application of plant-derived dyes specifically
for cotton, detailing the optimization of dyeing parameters to achieve high color
yield and fastness. Comparisons of different extraction methods and mordanting
techniques, alongside data on wash and light fastness, underscore the viability of
botanical sources for sustainable textile coloration. This approach offers a greener
alternative to synthetic dyes and contributes to reducing effluent pollution [2].

Supercritical carbon dioxide (scCO2) dyeing for polyester fabrics has emerged as
a significant area of study, examining the influence of pressure, temperature, and
dyeing time on dye uptake and fastness properties. This research demonstrates
that scCO2 dyeing provides a solvent-free and energy-efficient method, substan-
tially reducing water usage and eliminating wastewater discharge, positioning it
as a highly sustainable option for polyester coloration [3].

The development of biodegradable auxiliaries for the reactive dyeing of cotton is
another key area of advancement. This work investigates new formulations of wet-
ting agents and leveling agents derived from renewable resources, showing that
these bio-based auxiliaries not only maintain dyeing performance but also signif-
icantly improve the biodegradability of the dyeing effluent, thereby contributing to
a reduced environmental impact [4].

Plasma pre-treatment is explored as an effective method to enhance the dyeabil-
ity of polyester fibers with disperse dyes. By examining the effects of atmospheric
pressure plasma on the surface properties of polyester, this research indicates that
plasma treatment improves dye uptake, reduces dyeing time, and allows for lower

dyeing temperatures, consequently contributing to energy savings and enhanced
environmental sustainability [5].

The utilization of microalgae biomass as a source for natural dyes in cotton col-
oration is also being investigated. This research details the extraction of pigments
and their application in a dyeing process, evaluating the resultant color properties
and fastness. The work highlights the considerable potential of utilizing abundant
microalgae resources for eco-friendly textile coloration, offering a sustainable and
renewable alternative [6].

Innovative approaches to dyeing polyester using a water-bathmethod with reduced
water and energy consumption are being developed. Thesemethods explore novel
dispersant systems that facilitate efficient dye dispersion in a lower liquor ratio.
The studies demonstrate that this modified water-bath dyeing can achieve fast-
ness properties comparable to conventional methods, coupled with significant en-
vironmental benefits [7].

The use of ionic liquids as a green solvent for vat dyeing of cotton is gaining trac-
tion. This research investigates dye uptake and fastness properties in ionic liquid
media, suggesting that these solvents offer a promising eco-friendly alternative to
traditional water-based dyeing. Their application minimizes wastewater genera-
tion and improves dye exhaustion [8].

Optimization of ultrasonic-assisted dyeing for cotton using natural dyes is another
avenue being explored. The impact of ultrasonic parameters on dye penetration
and color yield is examined. This research indicates that ultrasonic dyeing signifi-
cantly reduces dyeing time and temperature, leading to improved energy efficiency
and environmental performance when compared to conventional methods [9].

Finally, an enzyme-assisted dyeing process for polyester using disperse dyes has
been presented as a novel approach. This study explores the use of cellulase
enzymes to modify the polyester surface for enhanced dye uptake. The findings
demonstrate that this enzymatic method allows for lower dyeing temperatures and
a reduction in chemical auxiliaries, thereby offering a more sustainable alternative
to conventional polyester dyeing techniques [10].

Description

The research community is actively developing and validating a range of eco-
friendly dyeing techniques aimed at reducing the environmental burden of textile
coloration. A comprehensive review of novel eco-friendly dyeing techniques for
cotton and polyester highlights significant efforts to lower water and energy con-
sumption. This includes advancements in natural dyes, biodegradable auxiliaries,
supercritical fluid dyeing, and plasma treatment, all contributing to a reduced envi-
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ronmental footprint while maintaining or enhancing fabric quality and dye fastness.
This indicates a clear trend towards more sustainable textile manufacturing [1].

Further work focuses on the practical application of plant-derived dyes for cot-
ton, emphasizing the optimization of dyeing parameters to achieve desirable color
yields and fastness properties. The investigation into various extraction methods
and mordanting techniques, along with detailed fastness assessments, confirms
the potential of botanical sources. This offers a viable green alternative to syn-
thetic dyes and aids in mitigating effluent pollution issues associated with textile
dyeing [2].

Supercritical carbon dioxide (scCO2) dyeing is presented as a particularly promis-
ing technology for polyester fabrics. Studies analyzing the impact of process vari-
ables like pressure, temperature, and time on dye uptake and fastness demon-
strate scCO2 dyeing’s effectiveness. Its nature as a solvent-free, energy-efficient
method that drastically cuts water usage and eliminates wastewater makes it a
superior sustainable choice for coloring polyester [3].

The introduction of biodegradable auxiliaries in reactive dyeing of cotton repre-
sents another significant stride towards greener textile processing. New formu-
lations based on renewable resources for wetting and leveling agents have been
developed. These bio-based auxiliaries not only perform on par with conventional
agents but also enhance the biodegradability of dyeing effluents, thereby lessening
the overall environmental impact of the dyeing process [4].

Plasma pre-treatment is emerging as a valuable tool for improving the dyeability
of polyester fibers with disperse dyes. Research examining the effects of atmo-
spheric pressure plasma on polyester surfaces shows improved dye uptake and
reduced processing times and temperatures. These benefits translate directly into
energy savings and a more sustainable dyeing process for polyester [5].

The exploration of microalgae biomass as a source for natural dyes in cotton dye-
ing is a novel and promising avenue. This research involves pigment extraction
and application, followed by rigorous evaluation of color properties and fastness.
The findings underscore the potential of utilizing readily available microalgae re-
sources to create eco-friendly dyes, offering a renewable and sustainable option
for the textile industry [6].

Efforts to reduce water and energy consumption in polyester dyeing are also ev-
ident in the development of modified water-bath methods. These innovative pro-
cesses utilize novel dispersant systems to achieve efficient dye dispersion with
a lower liquor ratio. The results confirm that these eco-friendly water-bath dyeing
techniques can match the fastness properties of traditional methods while deliver-
ing substantial environmental advantages [7].

Ionic liquids are being investigated as environmentally friendly solvents for the vat
dyeing of cotton. Research focusing on dye uptake and fastness in these media
indicates that ionic liquids present a compelling alternative to conventional water-
based dyeing. Their use promises to reduce wastewater generation and improve
the efficiency of dye exhaustion, aligning with green chemistry principles [8].

Ultrasonic-assisted dyeing using natural dyes on cotton is being optimized to en-
hance efficiency and sustainability. Studies analyzing the effect of ultrasonic pa-
rameters on dye penetration and color yield reveal significant reductions in dyeing
time and temperature. This leads to notable improvements in energy efficiency
and overall environmental performance compared to traditional dyeing methods
[9].

Lastly, an enzyme-assisted dyeing process for polyester using disperse dyes of-
fers a green alternative. This approach leverages cellulase enzymes to modify the
polyester surface, thereby improving dye uptake. The research indicates that this
enzymatic method allows for lower dyeing temperatures and a reduction in chem-

ical auxiliaries, positioning it as a more sustainable option for polyester coloration
[10].

Conclusion

This collection of research highlights advancements in sustainable textile dyeing,
focusing on reducing environmental impact. Studies explore eco-friendly tech-
niques for cotton and polyester, including the use of natural dyes derived from
plants and microalgae, biodegradable auxiliaries, and innovative processes like
supercritical CO2 dyeing, plasma treatment, and enzyme-assisted dyeing. These
methods aim to minimize water and energy consumption, reduce chemical us-
age, and decrease wastewater pollution. Supercritical CO2 dyeing, plasma pre-
treatment, and enzyme-assisted methods show promise for polyester, while natu-
ral dyes and biodegradable auxiliaries are being developed for cotton. Ultrasonic-
assisted and modified water-bath dyeing techniques further contribute to energy
and water savings. The overall trend indicates a significant shift towards greener
and more sustainable practices in textile coloration.
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