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Summary: The textile industry is under increasing pressure to adopt sustainable practices due
to the significant environmental impacts associated with fiber production, including high
energy consumption, water usage, and substantial greenhouse gas emissions. The recycling of
textile waste, particularly cotton, is a promising solution that has the potential to reduce landfill
waste and decrease the demand for virgin fibers. However, mechanically recycled cotton fibers
frequently demonstrate diminished mechanical properties compared to virgin fibers, which
limits their potential for high-quality textile applications. This study explores the use of cross-
linking agents (citric acid (CA) and sodium hypophosphite (SHP)), polymers (polyethylene
glycol (PEG), chitosan (CH), carboxymethyl cellulose (CMC) and starch (ST)), and silicas
(anionic (SA) and cationic (SC)) to enhance the mechanical properties of recycled cotton fibers.
The treatments were then subjected to a hierarchical ranking, with the effectiveness of each
treatment determined by its impact on enhancing fiber tenacity. The findings of this research
indicate that the most effective treatment was starck (ST 50), which resulted in an
enhancement of tenacity from 14.63 cN/tex to 15.34 cN/tex (+4.9%), closely followed by CA-
SHP 110/110, which also reached 15.34 cN/tex (+4.6%). Other notable improvements were
observed with CMC 50 (15.23 cN/tex), PEG_50 (14.91 cN/tex), and CA_50 (14.89 cN/tex),
all in comparison to the control. In terms of yarn quality, the CA-SHP 110/110 treatment
yielded the most substantial reductions in yarn irregularities, including thin places, thick places,
and neps with decreases of 36%, 10%, and 7%, respectively. Furthermore, CA 50 exhibited
moderate enhancements in yarn regularity, thin places (—12%), thick places (—6.1%), and neps
(—8.9%). The results of this study demonstrate that combining CA with SHP, particularly when
preceded by the heating of the solution before the addition of the fibers, results in a substantial
enhancement of the structural integrity, strength, and overall quality of recycled cotton fibers.
This approach offers a viable pathway for the improvement of the performance of recycled
cotton, thereby facilitating its wider utilization in high-quality textile products.
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