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Abstract :

Cotton fibers exhibit unique oil stain retention during washing owing to their complex microscopic morphology,

including irregular edges, surface grooves, and lumen structures. In this study, peanut oil was blended with Nile red

to prepare peanut oil-stained cotton fabrics and yarns. Confocal laser scanning microscopy and other observational

methods were used to systematically investigate cotton fiber morphology and its effects on stain distribution

and stain removal efficiency. The results indicated that the irregular edges and surface grooves formed by the

natural longitudinal crimps of cotton fibers, together with the lumen structures, collectively form a complex three-

dimensional morphology. Cracks may form in the lumen of cotton fibers after multiple wash-dry cycles. Peanut

oil stains spread along fiber longitudinal grooves, preferentially wetting and filling sites like grooves and lumen

cracks. There are significant variations in oil adsorption capacity across different morphological regions, with the

oil adsorption in grooves and lumen cracks generally much higher than that on the fiber surface. Additionally, BIT

detergent outperformed NSL in removing oil stains from cotton fibers. This study provides theoretical guidance for

understanding the difficulties in cotton fabric stain removal and developing efficient washing solutions.
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