The electrode-electrolyte interface plays a crucial role in the anodic performance of rechargeable aluminum-metal batteries (RAMBs), a promising alternative to lithium-ion systems due to their cost-effectiveness and sustainability. However, surface passivation and associated high overpotential remain significant challenges, limiting their practical application. This presentation is an ensemble of three different works aimed at optimizing the anode-electrolyte interface for better transport and thus enhance anodic performance.
Several approaches to surface engineering, including in-situ, ex-situ, and combined methods, have been investigated to improve the anodic performance of RAMBs using OTf salt. The first study developed a bismuth-based artificial interphase by adding BiCl₃ to the electrolyte. The second study employed tetrabutylammonium chloride as an additive to enhance SEI formation and aluminum plating/stripping. The third study explored aluminum alloying to improve anode performance. Electrochemical characterization confirmed improved anodic performance in each case, while complementary materials characterization was used to elucidate the mechanisms behind these improvements.
The presence of BiCl₃ results in the formation of a metallic/Al-F-based solid SEI layer, while TBAC leads to an organic/Al-F-based SEI layer. Both SEI layers reduce surface passivation and improve surface transport properties, leading to a lower anodic overpotential. Using an aluminum alloy further enhances these surface properties, potentially by introducing anionic vacancies into the passivating layer. Overall, the use of additives significantly reduces the anodic overpotential, and substituting aluminum with an aluminum alloy further improves the anodic reaction kinetics..
This body of work demonstrates that tailored interfacial engineering can mitigate passivation and reduce overpotentials, addressing key limitations of rechargeable aluminum metal batteries (RAMBs). The combined experimental and computational insights presented here establish a foundation for new design principles to improve RAMB performance. Given the early stage of RAMB development, significant opportunities exist for discovering new additives and exploring alternative aluminum alloys to enhance anodic performance, especially at high cycling rates.
