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chains. This combination of chemical treatments significantly enhances the
yield of cellulose while minimizing the loss of valuable fiber material.

The increasing volume of textile waste generated globally has become Once the cellulose has been extracted from the textile waste, it undergoes
a critical environmental issue, particularly with the growing demand for fast  hydrolysis to produce microcrystalline cellulose. This process involves the
fashion. Textile waste, particularly from synthetic fibers and cotton, poses ~ Use of acidic or enzymatic treatments to break the cellulose into smaller
significant challenges for recycling and disposal due to the non-biodegradable  crystalline regions, leaving behind a more stable and rigid structure. For
nature of most materials and the contamination from dyes, chemicals, and ~ nanocrystalline cellulose production, the extracted cellulose is further treated
finishing agents. The sustainable management of textile waste is, therefore, ~ With @ stronger acid, typically sulfuric acid, which causes the cellulose to

essential to reduce its environmental impact. One promising avenue for textile ~ Preak down into individual nanoparticles. These nanoparticles have unique
waste utilization is the extraction of microcrystalline and nanocrystaline  ProPerties, including high surface area, mechanical strength, and bioactivity,

cellulose (MCC and NCC), both of which are highly versatile materials with making them highly desiraple for' use in.a range of industries. The production
applications in biocomposites, biomedical fields, and the food industry. of N.CC from textlle_ wasts Is an mnovatl\_/e approach, as it enable_s thE.’ reuse
Microcrystalline cellulose is produced by the hydrolysis of cellulose fibers, of dlscard_ed F""“e"a's' reducing t_he enwronm_ental burden of tex_tl_le disposal

; . . . . and contributing to a more sustainable materials economy. Additionally, the
which can be derived from natural sources like wood or agricultural residues, resulting products, MCC and NCC, have diverse applications, ingluding in the
while qanocrystallme ceIIquse offers even greater strer)gth and funchongllty development of biodegradable films, coatings, and reinforcement materials in
due to its nanoscale properties. The sustainable production of these materials

from textile waste using environmentally friendly methods, such as HCI and biocomposites.
NaOH/Urea treatment, provides a promising solution to address both textile Furthermore, the use of NaOH/Urea treatment in combination with HCI is
waste management and the demand for renewable materials. considered an environmentally friendly alternative to conventional methods of
) ) o ) cellulose extraction, which often involve harsh chemicals and generate toxic
Recent studies have focused on developing efficient and sustainable 1,y_yroqycts. This approach minimizes the environmental impact by utilizing
processes to extract MCC and NCC from textile waste materials using green  ijder, more sustainable chemicals and reducing the need for additional

chemistry techniques. The production of MCC and NCC from textile waste not  rocessing steps. By optimizing the concentration of NaOH, urea, and HC,
only provides an environmentally friendly solution to textile disposal but also researchers have been able to improve the efficiency of cellulose extraction
creates valuable biopolymers that can replace petroleum-based plastics and  whjle maintaining the quality of the final product. Additionally, the process
reduce the reliance on non-renewable resources. This approach aligns with  can be scaled up for industrial production, offering a viable solution for
the principles of a circular economy, where waste materials are repurposed  managing textile waste on a larger scale. The ability to convert textile waste

Introduction

into valuable products, contributing to sustainable development [1]. into high-value cellulose derivatives also presents economic opportunities,

as the demand for bio-based materials continues to rise. This sustainable

o roduction method aligns with global efforts to reduce textile waste, minimize
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plastic pollution, and promote the circular economy by repurposing waste into

. . . ) valuable products [2].
The process of producing microcrystalline and nanocrystalline cellulose

from textile waste using HCI and NaOH/Urea treatment involves a series of CO"C'USiOﬂ
chemical and physical steps to isolate and purify the cellulose fibers. Initially,
the textile waste is subjected to a pre-treatment phase, where it is cleaned
and mechanically shredded to enhance the accessibility of cellulose. In the
next step, HCl is used to remove impurities such as residual dyes, salts, and
metals, which are common contaminants in textile waste. The acid treatment
ensures that the cellulose fibers are clean and free of interfering substances,
which is essential for the subsequent extraction of MCC and NCC. After the
acid treatment, the fibers are subjected to alkali treatment using a mixture
of NaOH and urea. The NaOH helps to break the lignin-cellulose bonds
and soften the fiber structure, while urea aids in further breaking down the
cellulose into smaller fragments, making it easier to isolate the cellulose

The sustainable production of microcrystalline and nanocrystalline
cellulose from textile waste using HCI and NaOH/Urea treatment provides a
promising solution to address both environmental and economic challenges.
By extracting valuable cellulose from textile waste, this method contributes to
reducing the growing issue of textile disposal while simultaneously providing
renewable materials for various industrial applications. The use of green
chemistry techniques, including mild chemical treatments, enhances the
sustainability of the process by reducing the reliance on toxic chemicals and
minimizing waste generation.
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