Microwave electrode carbonization and carbon surface functionalization for redox flow batteries
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Abstract 
As the world’s energy demand continues to grow, renewable integration requires reliable long-duration energy storage (LDES) systems. Research attention has shifted towards redox flow batteries (RFBs) evolving into a leading solution to overcome the issue of intermittency as they provide efficiency emphasizing safety and sustainability over the short bursts typical of lithium-ion batteries.1 As the electrode architecture governs reaction kinetics, power density and overall efficiency of an RFB system, developing high-power porous electrodes with tailored architectures is explored to promote more affordable and durable LDES solutions. Carbon-based materials are favoured  for electrodes due to their high surface area, porosity and electrochemical stability leading to ongoing development of carbon-electrode-modification techniques to improve reaction kinetics and electrochemical active surface area.2
Microwave assisted carbonisation and surface functionalisation is an innovative approach in RFB electrode research to establish an energy efficient and sustainable process that can develop advanced porous carbon electrodes to improve power density and energy efficiency of RFB enabling affordable LDES.3 Compared to the conventional carbonisation process, microwave carbonization/graphitization offers rapid and volumetric heating with precise temperature control that effectively reduces energy consumption and help achieve targeted surface modification that produce electrodes with high active surface area, better wettability and improved electrochemical conductivity.4 However, systematic studies correlating microwave processing parameters with electrochemical performance in RFB system is underexplored.
In this work, a dedicated microwave cavity is built in-house for all the experiments and the effect of microwave carbonization and heat treatment under varying process parameters including irradiation time, microwave power, and frequency (915MHz and 2.45GHz) under various gas atmosphere for different materials are studied. Post-treatment strategies including thermal, chemical, electrochemical, and microwave plasma-based surface functionalisation are employed to introduce and control electrode surface functional groups. The electrochemical performance of the developed electrodes is evaluated using cyclic voltammetry (CV) and Electrochemical Impedance Spectroscopy (EIS). The results establish process-structure-property relationships that guide the design of affordable, durable, high-power electrodes for next-generation RFB based LDES. 
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