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ABSTRACT

aterials in cosmetic and textile
prepare a stable hydrogel based on
ion in a protective dyeing cap for natural

Introduction and Objectives: Growing demand for biocompatible,
applications has driven the development of functional hydrogels. This stu
carboxymethyl cellulose and a urea-linked oligomer and evaluate its appli
hair-coloring processes.

Materials and Methods: hydrogels were preparedfin aqueous media lising different weight ratios and cured at 70°C for
2 h. A urea-based oligomer was synthesized in the nﬁ state usi , sulfamic acid, and phosphorous acid at 140°C.
The structure and morphology of the hydrogels were char zed Fourier-transform infrared spectroscopy,
scanning electron microscopy, energy-dispersive X-ray a 1s, andWion €hromatography. The performance of the
hydrogel was evaluated within a washable protective ca ned foming wool fibers with henna paste.

Results: The prepared hydrogel exhibited a gel fraction of 50% and a swelling capacity of approximately 30 times greater

than its initial weight. The results co ation of Ja three-dimensional polymer network. The hydrogel was
non-toxic and demonstrated favorable an i ies.Zlhe use of a hydrogel-containing cap enhanced dye uptake
and improved dyeing quality. Color differen les based on L*, a*, and b* colorimetric parameters were
clearly perceptible aft d using the International Commission on Illumination system.

structural properties, making #suitable for c@gmetic and personal care applications. Its incorporation into a dyeing cap
improved natural @ng ining moisture and heat and preventing dye leakage, thereby enhancing

dyeing qu‘t#
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