Decoupling mass transport contributions in vanadium flow battery using electrochemical impedance spectroscopy
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Vanadium flow batteries (VFBs) are attractive systems for large-scale energy storage, but their performance is strongly influenced by interplay of electrochemical and transport processes within porous felt electrodes. Electrochemical impedance spectroscopy (EIS) is widely used to investigate these processes in VFBs. However, unlike planar electrodes, felts exhibit distributed and spatial responses across the electrode thickness, meaning their impedance spectra require interpretation beyond simplified equivalent-circuit representations. Transmission-line approaches, originating from de Levie’s description of porous electrodes and extended through macroporous electrode theory, provide a physically motivated basis for analysing these distributed systems. [1,2] Mass-transport phenomena, visible in the low-frequency region in impedance spectra of VFBs, are often described as finite diffusion. However, the measured response may include combined contributions from local diffusion layers and convective electrolyte renewal through the porous structure. [3,4]

Here, we use EIS to investigate mass-transport phenomena in VFB felt electrodes under controlled flow conditions and at given states-of-charge. By changing the electrode orientation while maintaining the same geometric electrode area, and by varying the operating flow rate, we examine how hydrodynamic conditions influence the impedance response. The results suggest that mass-transport related processes such as diffusion and convection can be distinguished through their impedance spectra. They appear at different frequency regions and show characteristic features. 

The resulting impedance behaviour is interpreted using a transmission-line framework, linking the measured spectra to distributed porous-electrode processes. This provides a physically relevant description of felt electrode behaviour for analysing EIS in VFBs and supports improved separation of charge-transfer, diffusion-related, and convection-related processes in porous felt electrodes.
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