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Abstract

Wastewater from coal-fired power plants’ wet flue gas desulfurization (WFGD) processes contains complex compositions of
heavy metals, high concentrations of sulfate and chloride ions, posing significant challenges to both compliance with discharge
standards and reuse. Given the high toxicity and mobility of heavy metals, their failure to be effectively removed may cause long-
term ecological and health hazards. Adsorption technology has emerged as a key solution due to its operational simplicity, cost-
effectiveness, and broad adaptability. Various materials including activated carbon, iron-based oxides, manganese oxides, biomass
charcoal, fly ash-based materials, natural minerals, functionalized polymers, and nanocomposites have demonstrated exceptional
performance in heavy metal removal. This study analyzes the characteristics of heavy metal presence in WFGD wastewater, examines
the structural properties of adsorbents and their roles in complexation, ion exchange, electrostatic adsorption, precipitation, and redox
mechanisms, while evaluating material stability and regenerability through engineering applications. Research findings indicate that
composite adsorbents and multi-mechanism synergistic systems exhibit superior removal efficiency and stability for high-salinity
WFGD wastewater.
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