Hierarchically Development of Highly Selective Ag Catalyst For Electrochemical CO2 to CO Conversion
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As global energy demand continues to rise, the use of fossil fuels for power, transportation, and industry increases CO2 emissions, contributing to climate change. Extensive research is focused on the low-temperature (<100℃) electrochemical reduction of carbon dioxide (CO2) to mitigate greenhouse gas emissions and produce value-added chemicals, such as carbon monoxide (CO), ethylene (C2H4), and methanol (CH3OH). Electrochemical CO2 reduction reaction (ECO2RR), powered by renewable energy, offers a promising solution to mitigate this issue by converting CO2 into valuable fuels and chemicals, thus closing the carbon cycle. However, scaling this technology from laboratory demonstrations to economically viable industrial processes presents significant challenges. Key hurdles include improving energy efficiency, developing stable and efficient catalysts, addressing mass-transport limitations, and reducing production costs. Here, we present a technique called Brush plating for the fabrication of an Ag-based gas diffusion electrode (GDE) that can be utilized as a cathode for ECO2RR in a zero-gap electrolyzer. Unlike traditional electrodes that use binders, this binder-free approach deposits the Ag catalyst exclusively on the GDE's top surface. This was further confirmed by cross-sectional FE-SEM and EDX analyses, which ensured effective CO2 accessibility across the entire catalyst surface. While performing ECO2RR in a zero-gap electrolyzer with Nickel (Ni) foam anode, this Ag electrocatalyst achieved 90% average Faradaic efficiency (FE) for CO and 49.5% Energy Efficiency (EE), for CO2 to CO conversion at a current density of 100 mA/cm2 for the initial 94 h of a total of 98 h of continuous operation. Thus, this brush-plated electrode shows promise for preparing large-sized electrodes for industrial applications.
