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Abstract

Nanomaterials and nanocomposites have attracted significant attention due to their unique physicochemical properties
and wide-ranging applications in environmental remediation. In this study, a multifunctional nanocomposite based on
zinc ferrite (ZnFe204), chromium oxide (Cr20s), manganese dioxide (MnQOz), and activated charcoal was successfully
synthesized using sol-gel and co-precipitation methods. The prepared ZnFe:O4@Cr.0:—MnOz(@activated charcoal
nanocomposite was designed to combine the photocatalytic activity of metal oxides with the high surface area and
adsorption capacity of carbonaceous materials. The structural, morphological, and optical properties of the synthesized
materials were systematically characterized using X-ray diffraction (XRD), scanning and transmission electron
microscopy (SEM and TEM), energy-dispersive X ray spectroscopy (EDX), Fourier-transform infrared spectroscopy
(FTIR), and UV—visible spectroscopy. XRD analysis confirmed the formation of crystalline spinel and mixed metal oxide
phases, while SEM and TEM images revealed nanoscale particles with heterogeneous morphologies and good dispersion
on the activated charcoal surface. EDX and elemental mapping verified the uniform distribution of Zn, Fe, Mn, Cr, O,
and C elements within the composite. Optical studies demonstrated modified absorption behavior and reduced band gap
energies, indicating enhanced light-harvesting capability due to synergistic interactions among the composite
components. The results highlight that the integration of ZnFe.Os, Cr20s—MnO-, and activated charcoal significantly
improves the structural stability, surface reactivity, and optical performance of the nanocomposite. This multifunctional
material shows strong potential for applications in water and wastewater treatment, particularly for the removal of organic
pollutants and heavy metals, as well as in photocatalysis and sustainable environmental technologies.
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