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Abstract
Magnetite (Fe3O4)-based nanocomposites has emerged as a highly relevant nanomaterial in environmental remediation owing to its high surface area, tuneable surface chemistry, magnetic separability, good stability and potential for regeneration and reuse. However, pristine magnetite nanoparticles often exhibit (suffer from) limited adsorption capacity and a tendency to aggregate, highlighting the importance of surface modification and nanocomposite design. Tailored surface functionalization introduces active coordination sites that drastically improve selectivity, removal capacities, and magnetic recyclability for environmental remediation.
Recent research focus on functional magnetic nanocomposites – hybrid structures combining a magnetic core (for easy recovery) with functional shells or surface groups (for targeted adsorption of specific contaminants). By molecularly engineering the surface functional groups and nanostructure, these composites achieve high affinities toward particular pollutant molecules while maintaining strong magnetization.   Emphasizing structure–property relationships. 
Different modification approaches, including polymer grafting, silica coating, carbon-based materials, metal oxides, and incorporation of functional ligands. Surface modification transforms material properties by changing surface charge, binding sites, dispersion, adsorption capacity, selectivity, and stability.
Key operational parameters in adsorption processes, such as pH, contact time, adsorbent dosage, initial contaminant concentration, and temperature, directly control the removal efficiency, adsorption capacity, and overall economic feasibility of water treatment and pollutant removal systems. Particular attention is given to adsorption kinetics, equilibrium isotherms, regeneration, reusability, and magnetic separation, which are critical for practical wastewater treatment. These are fundamental tools used in water treatment to design, optimize, and evaluate the removal rates and capacities of pollutants.  Finally, the continuous innovation in material synthesis, functionalization, and regeneration strategies is essential to overcome the historical limitations which, offer considerable potential as efficient, recoverable, and versatile adsorbents for sustainable wastewater treatment.

