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Abstract 

In the context of rapid urbanization and industrial development, sludge management has 

become a major environmental protection challenge. Traditional sludge disposal methods, 

such as landfilling and incineration, pose risks of secondary contamination to soil, water, and 

air, as well as the loss of potentially valuable resources contained in sludge. As a result, 

modern sludge management increasingly relies on the principles of sustainable development 

and the circular economy, which promote waste recycling and its conversion into useful 

products and energy. 

This paper analyzes the composition of municipal and industrial sludge, with particular 

emphasis on iron-rich sludge generated during water treatment, electroplating, and 

metallurgical processes. Special attention is given to sludge purification and recycling 

methods, including calcination, hydrothermal treatment, Fenton oxidation, gasification, and 

anaerobic digestion. These methods enable waste reduction, energy recovery, and the 

production of functional materials with broad applications in environmental protection. 

The main focus of the paper is the synthesis of erdite and KFeS₂ from iron-rich sludge. These 

Fe–S functional materials exhibit significant adsorption and catalytic properties due to their 

specific structure and large number of active surface groups. Hydrothermal synthesis enables 

the transformation of Fe oxides from sludge into nanostructured materials capable of 

efficiently removing organic pollutants, antibiotics, and heavy metals from wastewater. 

Research results indicate that the synthesized materials achieve high pollutant removal 

efficiency, transforming waste sludge into a valuable secondary raw material for the 

production of adsorbents and catalysts. 

The paper also highlights the importance of modernizing wastewater treatment plants and 

implementing waste-to-energy technologies such as anaerobic digestion, incineration, and 

gasification. Integrating these technologies can reduce waste quantities, improve energy 

efficiency, and contribute to sustainable resource management. The paper concludes that 

recycling sludge into functional materials is an environmentally and economically justified 

solution that reduces pollution and advances circular economy principles. 
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