Interfacial Control of Mg Anodes: ORR Contribution and Suppression via Electrolyte Additives
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Mg–air batteries with aqueous electrolytes are a promising power source for specific applications. However, their practical performance remains limited by self-corrosion of the Mg anode and the formation of discharge product films. Self-corrosion—driven by the negative difference effect (NDE), the chunk effect, and the oxygen reduction reaction (ORR)—significantly lowers Mg utilization efficiency (UE). At the same time, surface films introduce additional voltage losses, reducing the discharge potential (DP), particularly at high current densities.
In this work [1], we investigate the contribution of ORR to Mg anode self-corrosion and propose targeted strategies to enhance anodic efficiency through electrolyte design. The electrified Mg/electrolyte interface during discharge is studied using an operando localized electrochemical approach based on Clark-type H₂ and pH microsensors, enabling direct probing of interfacial processes under polarization.
Based on these insights, we propose a targeted electrolyte additive strategy to suppress parasitic processes. Our results highlight the significant role of ORR in Mg anode self-corrosion, particularly under conditions where the anode surface remains largely free of discharge products. We show that ORR can contribute up to 10% of the total anodic weight loss in electrolytes containing Mg²⁺-complexing agents.
To address this challenge, we introduce a novel electrolyte additive strategy that combines L-ascorbic acid with Mg²⁺-complexing agents. L-ascorbic acid, a green oxygen scavenger, suppresses ORR-induced self-corrosion by reducing dissolved oxygen, thereby improving UE. This binary additive system simultaneously lowers dissolved oxygen levels and stabilizes a film-free anodic interface.
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