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Abstract Review History

Purpose: Efficient removal of manganese from acidic mineral wastewater is a major Received: Jan 24, 2025
environmental challenge due to the high solubility of Mn?" ion even at neutral pH. The Revised: Apr 5, 2026
conventional alkaline precipitation method alone is costly and inefficient due to the requirement Accepted: Jun 6, 2026

of very high pH (~10) and high reagent consumption. This study aimed to investigate the
synergistic effect of ozone as a strong oxidant in combination with alkaline precipitation to (b )
develop a cost-effective and efficient treatment process. Acid mine drainage

Methods: A real sample of acidic copper mine drainage was treated in a multi-stage process. Manganese
This process included initial iron removal steps at pH 4, followed by alkaline precipitation using  Precipitation
sodium hydroxide and sodium carbonate at different pH levels (5, 7, and 9), and finally ozonation  yidation
on the neutralized wastewater at pH 7. The efficiency of manganese removal and chemical
consumption were evaluated under different conditions.

Results: The maximum manganese recovery using sodium carbonate alone was about 60% at
pH 9. In contrast, the combined process (alkaline precipitation followed by ozonation)
significantly increased the manganese removal efficiency to 79.5% and reduced its concentration
from 8.92 to 3.19 mg/L. Also, the cumulative consumption of sodium carbonate (20.9 mL) for
neutralization to pH 9 was significantly lower than that of sodium hydroxide (35 mL). It was
demonstrated that ozonation selectively precipitated the remaining manganese at neutral pH
without the need for further pH increase.

Conclusion: The findings indicate that the combined ozonation-precipitation process is a
promising and sustainable strategy for manganese removal from acidic wastewater, offering
significant advantages over the conventional alkaline precipitation method alone, with superior
efficiency, lower chemical consumption, and effective neutralization. This approach can be used
as a cost-effective method for treating such wastewaters.
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