The Felts, They Are A-Changing: Three-Electrode Dynamic Electrochemical Impedance Spectroscopy as an Operando Electrode Ageing Monitoring Tool for Redox Flow Batteries
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Vanadium redox flow batteries (VRFB) experience performance losses driven by electrode ageing [1], yet the underlying mechanisms remain poorly explored under operational conditions [2]. This presentation shows a novel application of three-electrode dynamic electrochemical impedance spectroscopy (DEIS) to monitor kinetic and transport processes throughout complete charge and discharge cycles of a flow cell from three simultaneous perspectives of full-cell and respective half-cells. Four different electrode states have been examined: pristine, thermally activated, electrochemically aged, and chemically aged. Complementary EIS measurements at selected states of charge were performed to highlight the substantial differences between spectra recorded under load and at open-circuit conditions. The results reveal that the impedance response of the full cell is dominated by processes occurring at the negative electrode, and that ageing leads to increased charge-transfer resistance and enhanced SoC-dependent variation.

The study demonstrates-for the first time under realistic VRFB cycling conditions- that DEIS provides unique diagnostic capabilities, enabling mechanistic insights into electrode ageing that are inaccessible to conventional impedance approaches.
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