Engineering electrochemical interfaces for high-capacity sodium-ion batteries: insights from sieving carbons
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High-capacity non-graphitic carbon anodes represent a significant breakthrough for industrializing sodium-ion batteries (SIBs). However, the electrochemical processes occurring at the electrolyte/carbon interface, together with their underlying structure–activity relationships, remain poorly understood, presenting major challenges for the development of carbon anodes. Here, we revisit commercial carbon molecular sieves (CMS) as the anode in SIBs, revealing a pore mouth size-dependent interfacial electrochemical mechanism. We propose that sieving carbons, characterized by a tightened pore mouth and an enlarged pore body, represent an ideal configuration for ultra-high sodium storage. The unique pore mouth size of CMS, which is designed to precisely separate nitrogen and oxygen, also unexpectedly affects the sieving of solvated molecules, leading to the formation of a reversible low-potential sodium storage plateau. This indicates that the pore entrance serves as a critical electrochemical interface governing ion desolvation prior to sodium storage. We identify a pore mouth size-dependent desolvation mechanism as the key interfacial electrochemical mechanism for carbon anodes. We redefine closed pores in sodium storage carbon as those with pore mouths smaller than 0.35 nm and design sieving carbons accordingly. The customized sieving carbons are studied as model anodes to unveil the controversial sodium storage mechanism related to the low-potential plateau, and guide the design of high-capacity carbon anodes with record-high reversible capacity over 500 mAh/g and high initial coulombic efficiency over 90%. Sieving carbons are critical for accelerating the commercialization of SIBs as practical anodes, and further provide an ideal model for engineering electrochemical interfaces and developing high-energy carbon anodes for metal-ion batteries beyond SIBs.
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