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Abstract 
The high discharge of dye-laden effluents from textile and related industries has intensified the need for efficient and sustainable wastewater treatment technologies. Among various approaches, carbon-based photocatalysts have attracted significant attention due to their tunable electronic structure, large surface area, improved charge separation, and strong potential for visible-light-driven degradation of organic pollutants. In this study magnetite/MXene and graphitic carbon nitride (g-C₃N₄) were developed and investigated for the photocatalytic degradation of methylene blue (MB) in aqueous media. The composites were synthesized using ball milling and hydrothermal methods to obtain ternary systems with enhanced structural, optical, and magnetic properties. Density functional theory (DFT) calculations were carried out to examine structural stability and electronic characteristics, supporting the experimental findings. The characterization techniques such as Fourier-transform infrared spectroscopy (FTIR), UV–visible spectroscopy, and vibrating sample magnetometry (VSM) have confirmed the successful composite formation, improved light absorption, reduced band gap, and magnetic behavior. The photocatalytic performance of the prepared nanocomposites was evaluated under UV irradiation by studying the effects of pH, catalyst dosage, and initial dye concentration. The results have demonstrated an efficient degradation of MB, indicating that these carbon-based photocatalysts are the promising materials for wastewater treatment and environmental remediation.
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