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TR
Balancing Reactivity and lon Transport in Mg Alloy Anodes via Secondary-Phase
Engineering

Solid-state Mg metal batteries are promising for safe and high-energy storage, yet their
performance is limited by unstable anode/electrolyte interfaces. The key challenge is to
regulate, rather than eliminate, interfacial reactions: moderate reactions generate Mg**
transport pathways, whereas excessive reactions cause passivation and polarization.
This work shows that secondary-phase engineering can balance interfacial reactivity and
transport in Mg alloy anodes. Density functional theory calculations establish a descriptor-
guided framework for alloy/electrolyte interface design. Interfacial formation energies
quantify the reaction tendency between Mg-alloy secondary phases and a Mg(BH4).-based
solid electrolyte, while charge density difference analysis reveals electron redistribution
and bonding interactions. These calculations identify Mg,Sn as a favorable secondary
phase with controlled reactivity and reduced passivation risk. The resulting percolated
Mg.Sn network with continuous a-Mg pathways supports interfacial stability and Mg®*
transport. This work connects atomic-scale interface chemistry with alloy anode design
and highlights controlled reactivity as a key principle for stable Mg alloy anodes.

Q. Wang, X. Jia, T. Xu, J. Li, Y. Chen, H. Li and Y. Yan, ACS Energy Lett., (2026)
DOI: 10.1021/acsenergylett.6¢c00909.
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