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Highlights
Oxypropylated cellulose fibers enhance stiffness and interfacial interactions in LDPE composites, demonstrating potential as bio-based reinforcing agents. 
Abstract
Cellulose, one of the primary constituents of plant biomass, is the most abundant organic compound in nature. Its polymeric structure contains a high density of hydroxyl groups, enabling a wide range of chemical modifications that can enhance the properties of existing materials or lead to the development of new functional systems. In this context, the present study proposes the functionalization of cellulose via partial oxypropylation of its fibers, aiming to use them as reinforcing fillers in low-density polyethylene (LDPE) polymer matrices. The oxypropylation reaction was conducted under controlled pressure and temperature conditions, varying the molar ratio of propylene oxide, the type of basic catalyst, and the reaction temperature, in order to investigate the parameters influencing process efficiency. The oxypropylated cellulose fibers (OCF) were characterized using Fourier-transform infrared spectroscopy (FTIR). Thermal properties were assessed via thermogravimety (TG), and morphology was examined by scanning electron microscopy (SEM). Films containing 1, 3, and 5 wt% OCF were prepared using a micro-extruder, followed by injection molding. Fiber dispersion within the matrix and interfacial interactions were evaluated using atomic force microscopy coupled with infrared spectroscopy (AFM-IR), which also provided nanoscale spectroscopic information. Dynamic mechanical analysis (DMA) revealed that the composites exhibited a higher storage modulus (E′) than neat LDPE, indicating increased stiffness and more efficient stress transfer. This behavior confirms that the chemical modification restricted molecular mobility in the interfacial region. The loss modulus (E″) also increased with fiber incorporation, reflecting greater energy dissipation through interfacial friction. Overall, partial oxypropylation of cellulose proved to be a promising strategy for fiber functionalization, enhancing their potential use as reinforcing fillers in polymer matrices.
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