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Abstract

The textile sector stands out as one of the largest consumers of water. Its significant usage
of natural resources, energy, and water - particularly in wet processing - has deleterious
effects on the environment. Desizing, scouring, bleaching, and mercerising are the essential
processes in textile pretreatment that consume vast amounts of water and energy. This
investigation delves into the viability of pretreating cotton grey fabrics utilising ultraviolet-
C (UV-C) radiation to mitigate the industry's ecological footprint. A UV-C processing
chamber is designed to control exposing energy and temperature on the fabric. Firstly, a
sustainable process has been developed using UV-C for PVA-based textile desizing.
Bleached cotton fabric is padded with industrial-grade PVA solution and dried to obtain a
nominal add-on of 10%. With the help of UV-C irradiation, the cotton fabric desizing is
accomplished at a lower temperature to save approximately 67% water, 68% time, and
83% energy compared to the conventional process without compromising the quality. The
treated fabric has been characterised by FTIR and WAXD and shows no significant change
in the structure of the cotton. Life cycle analysis confirms that the new technique is
sustainable. Secondly, a UV-C-assisted desizing method of starch-sized cotton fabric has
been developed to lower the utility consumption in desizing. The UV-C exposure time is
optimised concerning the desizing efficiency. The UV-C exposed-sized fabric is washed at
different times and temperatures to optimise the process. The alkali consumption in
washing is reduced by 75%, and desizing efficiency improved to 95%. Applying oxidising
agents like NaNOz, K2S,0g, and NaBO3.4H>0 during sizing further reduces the washing
temperature and washing time of desizing with 100% desizing efficiency. The novel
desizing process has the potential to save approximately 60% water, 90% energy, and more
than 70% of time. Life cycle analysis has also been done. The photocatalytic desizing

processes can reduce the impact on human health by more than 86% and approximately
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69% on mineral resources scarcity than the conventional technique. Thirdly, a novel
photocatalytic technique reduces the time, water, and energy consumption in a combined
desizing and scouring process. The grey cotton fabric is padded with an oxidising agent
and exposed under UV-C, followed by a low-temperature washing. Then, the pretreated
fabric is dyed with reactive dyes, and the dyeability is compared with the conventional
process. The UV-C process reduces process time by 80% of the conventional process. The
fabric dyeability is also found to be superior to the conventional process. UV-C processes
save about 71% water and 72% energy compared to conventional methods. Life cycle
analysis also confirms the UV-C-assisted process is more sustainable than the conventional
process. Finally, an efficient ultraviolet-C-assisted single-step process has been developed,
combining desizing, scouring, and bleaching. The grey cotton fabric is padded with a
bleaching solution and exposed under Ultraviolet-C followed by a low-temperature
washing. The process parameters like exposure time under Ultraviolet-C, the concentration
of hydrogen peroxide, the pH of the bleaching solution, and the temperature and duration
of washing are optimised. The pretreated fabric is characterised by absorbency time,
whiteness, strength, FTIR, WAXD, and SEM. The analysis of fabric structure using Fourier
transform infrared spectroscopy and Wide-angle X-ray diffraction indicates no significant
alterations in the parent structure of the fabric. The combined process saves 73% water,
75% time, and 76% energy from the conventional technique without compromising the
quality of the fabric. The dyeability test reveals that the combined pretreatment has a 42%
higher dye uptake than the conventionally pretreated fabric. The life cycle analysis of the
innovative one-step combined pretreatment reveals that it potentially reduces over 60% of
the environmental impacts associated with conventional processes, thereby promoting
sustainability. Furthermore, since minimal modifications to existing setups are necessary,

implementing this process within the textile industry is highly feasible.
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