Targeted Modification of Carbon Electrode Surface for Vanadium Redox Flow Batteries
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Vanadium redox flow batteries (VRFBs) are a promising technology for grid scale and long-duration energy storage due to several distinct advantages such as decoupled power and energy for scalability, longevity and minimal degradation and operational safety. However, the primary bottleneck is their high levelized cost of storage (LCOS) often arising from low power density and poor energy efficiency1. VRFB performance is directly related to electrode design and its surface characteristics- still, most commercial VRFBs rely on traditional carbon felts not tailored to this application. Hence, a rational design approach for electrodes specifically for VRFB systems is required.
The “SPACER” project under the European Union’s Horizon Europe programme aims to develop high-power porous electrodes with tailored architectures for applications in redox flow battery systems. One of its main objectives is to address the sluggish kinetics of the vanadium redox couples - V+2/ V+3 and VO2+/ VO2+ - at the carbon electrode2, 3, and to achieve an increased power density and electrocatalytic activity for vanadium ion oxidation and reduction.
Several studies demonstrate that carbon surface modifications improve VRFB kinetics, but their role in modifying vanadium redox kinetics is not studied well enough up to this point 4. This work aims to apply various surface modification techniques on carbon electrode materials to study their electrochemical and kinetic effects in half cell setups. Different reference carbon materials will be subjected to procedures such as wet chemical and electrochemical treatments, covalent bonding, surface functionalization and nanostructure grafting. The fundamental insights gained will be linked to physicochemical changes occurring at the electrode interface and its electrochemical properties using cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) measurements. This work establishes a baseline to gain a deeper understanding of the role of surface conditions on carbon electrode performance, resulting in a fundamental understanding of the correlation between surface modification, electrochemical and kinetic behavior which lays the groundwork for targeted electrode design and optimized surfaces that can be scaled up for high-performance vanadium redox flow battery prototypes.
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