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Abstract 

The mining industry plays a key role in a country's development, contributing significantly to both 

economic and technological progress. However, mining activities often cause considerable 

environmental impacts. Sulfide-rich tailings are commonly associated with acid mine drainage 

(AMD), heavy metal mobilization, and long-term environmental contamination. These tailings are 

residues from the mineral concentration stage, and are therefore predominantly composed of gangue 

minerals, such as quartz (SiO2), carbonates (CaCO3), various oxides (Al2O3, MgO, Fe2O3, Fe3O4), as 

well as pyrite (FeS2). Additionally, these tailings contain sulfide minerals such as chalcopyrite 

(CuFeS2), sphalerite (ZnS), galena (PbS), and pyrrhotite (Fe1-xS), which remain after the extraction of 

economically valuable metals from ores. Meanwhile, advances in resource recovery technologies have 

shown that many historical and active tailings deposits still contain significant concentrations of 

critical and valuable metals, including cobalt, nickel, zinc, copper, rare earth elements, and precious 

metals. In recent years, rising global demand for critical raw materials, driven by the energy 

transition, electrification, and low-carbon technologies, has intensified interest in tailings 

reprocessing as a secondary resource strategy. Sustainable leaching technologies have emerged as 

promising methods for recovering residual metals from sulfidic tailings while simultaneously reducing 

the environmental liabilities associated with long-term tailings storage. Traditional acidic leaching 

systems based on sulfuric acid remain widely used due to their high extraction efficiency; however, 

these processes often involve substantial chemical consumption and generate secondary waste 

streams. Consequently, current research increasingly focuses on sustainable alternatives such as 

bioleaching, glycine leaching, ionic liquids, deep eutectic solvents (DES), chloride systems, and 

oxidative alkaline leaching. Among these approaches, bioleaching has attracted considerable 

attention because of its low energy requirements and reduced environmental impact. This review 

examines recent advances in sustainable leaching technologies for processing sulfide tailings and 

highlights some of the challenges and opportunities for future research. It focuses on their role in 

circular economy strategies, the recovery of critical metals, and the sustainable management of 

mining waste 
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