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Aluminum-sulfur (Al-S) batteries are gaining significant attention as next-
generation, high-capacity, cost-effective energy storage systems. However, critical
challenges, most notably polysulfide shuttle effects, and high sulfur reduction energy
barriers, hinder their widespread practical application and commercial viability. In this
study, The potential of single-atom (SA) and dual-atom (DA) transition metal catalysts
supported on V,CO, MXenes were investigated as cathode materials for Al-S batteries,
using density functional theory (DFT) calculations. The study systematically analyzed
the adsorption and interaction energy of Sg and AL,S, species (Al;S1g, AlS15, AlySe, AlyS3),
constructed Gibbs free energy profiles of sulfur reduction reactions (SRR) to map the
complete reaction pathway and the decomposition of Al,S;. The results demonstrate
that DA@V,CO,, especially d-Cr- and d-Cn-V, significantly reduce the energy barriers
for the crucial electronic step of SRR, enhancing the overall catalytic performance
compared to bare, SA@V,CO,, DA@V,CO,. Our findings suggest that these 3d-transition
metal decorated V,CO, MXenes hold promise as good cathode materials in Al-S
batteries, offering improved sulfur reduction and the adsorption strength to suppress

the shuttle effect, enhancing long-term battery performance and cycle life.
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