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Abstract. In this paper, the employment of aqueous zinc–manganese dioxide (Zn–MnO₂) systems for 
grid-scale stationary storage [1] is constrained by low material utilization and rapid kinetic degradation, 
primarily arising from surface passivation and high overpotentials that limit operation to a one-electron 
reduction pathway (nₑ ≈ 1.0). To overcome these limitations in long-duration discharge applications, a 
dynamic  pore-forming  cathode  architecture  incorporating  a  sacrificial  MnCl₂/MnOOH  mixed 
interlayer is proposed. This design leverages in-situ dissolution to continuously regulate the electrode–
electrolyte interface, maintaining ion accessibility and suppressing the accumulation of insulating 
discharge products [2].
A semi-empirical electrochemical model coupled with performance evaluation demonstrates that this 
interfacial  management  strategy  significantly  stabilizes  charge-transfer  resistance  (R ct).  While 
conventional unbuffered electrodes exhibit substantial  passivation, with terminal Rct increasing to 
378.6 Ω, the proposed architecture maintains interfacial accessibility, limiting Rct to 86.5 Ω at cutoff. 
This reduction in kinetic impedance enables an enhanced effective electron transfer (nₑ,eff ≈ 1.47), 
indicating partial activation of a multi-electron reaction pathway.
Thus, it is evident that there is a considerable increase in performance with respect to capacity and 
energy density. This is almost twice that of the standard configurations with respect to both volume and 
weight. Moreover, there is also an increase in discharge duration, which is significant with respect to  
energy storage.
These findings establish dynamic interfacial engineering via pore-forming architectures as a scalable 
and mechanically robust pathway for enabling high-utilization, high-energy-density aqueous Zn-based 
storage systems suitable for grid load-levelling applications [3]. In addition to this, the findings will be 
suitable for the development of wearable devices [4].
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