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Abstract:
Biopolymer-based composites have garnered significant attention as sustainable and high-efficiency materials for wastewater remediation, driven by their inherent biodegradability, low toxicity, abundance, and extensive functional versatility. While pristine biopolymers such as chitosan, cellulose, alginate, starch, gelatin, and lignin, offer renewable backbones, they are frequently hybridized to overcome limitations in mechanical stability and surface area. Strategies to enhance these properties involve the integration of inorganic fillers (e.g., clays, metal oxides, and magnetic nanoparticles) or carbonaceous materials (e.g., bio char), resulting in robust biopolymer–inorganic, biopolymer–carbon, and interpenetrating polymer network composites.
These engineered composites demonstrate superior efficacy in the sequestration of a diverse spectrum of contaminants, ranging from heavy metals to organic micro pollutants. The remediation of metal ions is primarily governed by chelation, ion exchange, and electrostatic interactions facilitated by reactive functional groups such as amino (–NH2), hydroxyl (–OH), and carboxyl (–COOH) moieties. Concurrently, the removal of synthetic dyes (e.g., methylene blue, Congo red, rhodamine B) relies on electrostatic attraction, hydrogen bonding, pi–pi stacking, and pore diffusion. 
Advanced characterization plays a pivotal role in elucidating structure–property relationships. FTIR, XRD, SEM/TEM, BET, TGA etc are some of the techniques used to study the various aspects of the material. To predict reaction performance and understand surface energetics, adsorption behavior is modeled using Langmuir, Freundlich, and Temkin isotherms, which describe monolayer versus multilayer capacity and surface heterogeneity. Kinetic dynamics are further analyzed through pseudo-first-order, pseudo-second-order, and intraparticle diffusion models to determine rate-controlling steps. Collectively, these biopolymer-based composites represent a promising, eco-friendly frontier for advanced and scalable wastewater treatment applications.
