The Mechanical Stability Limit of Microporous Carbons Defining The Transition From Reversible Charging-Induced Deformation To Mechanical Fatigue
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Microporous carbon electrodes in aqueous electrical double-layer capacitors experience significant mechanical stresses during ion electrosorption. Here, operando electrochemical dilatometry was employed to quantify the real-time dimensional response of microporous carbons during charging and identify the structural compliance limit of the carbon framework. Differential electromechanical analysis revealed a distinct transition from reversible elastic expansion to irreversible mechanical fatigue. Across various aqueous electrolytes, permanent structural degradation emerged beyond a characteristic charge-storage threshold corresponding to the exhaustion of pore compliance. Increased ion confinement and desolvation-induced stresses beyond this limit accelerated structural degradation, with heavily hydrated ions imposing the greatest mechanical burden. These findings establish the structural compliance limit as a physically grounded criterion defining the boundary between elastic charging and mechanical fatigue, highlighting the critical role of mechanical endurance in determining the operational lifetime of aqueous electrochemical capacitors.



