Manganese oxide-based electrocatalysts for oxygen evolution reaction and electrochemical reforming of methanol in acidic media
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Hydrogen production, hindered by the oxygen evolution reaction (OER), offers a promising path for decarbonizing the energy matrix [1]. Manganese oxide-based electrocatalysts (MnOx) are a sustainable alternative to noble-metal OER catalysts like Ir, and Ru, due to their abundance, low toxicity, and catalytic activity in acidic media [2]. Although recent advances, such as combining Mn with Sb to reduce dissolution above 1.75 VRHE, have improved stability, the high overpotential remains a major challenge for industrial applications concerning proton exchange membrane electrolysers [3]. In this context, hydrogen-rich small organic molecules are attractive, as a proton source, offering overpotentials lower than OER for green hydrogen production [3]. This study investigates the activity, stability, and selectivity of MnOx and MnSbOx for methanol-assisted OER. By using electrochemistry coupled with mass spectrometry (EC-MS), electrochemical infrared reflection absorption spectroscopy (EC-IRRAS), and gas and liquid chromatography, the reaction products were monitored to gain mechanistic insights for the two different catalysts. Additionally, online inductively coupled plasma mass spectrometry (ICP-MS) was applied to assess catalyst stability by measuring their dissolution. The results showed that MnOx exhibited lower onset potential, faster kinetic rates, and complete consumption of formaldehyde intermediates. Conversely, MnSbOx displayed lower activity and residual intermediates at higher potentials. Online ICP-MS measurements revealed that MnOx undergoes significant dissolution at OER-relevant potentials, whereas Sb incorporation markedly suppresses its dissolution. EC-MS and EC-IRRAS experiments demonstrated that both MnOx and MnSbOx promote the electrooxidation of methanol through pathways that avoid CO accumulation, favoring, therefore, the direct route toward CO2 formation. In this presentation, we will discuss the aspects that control the stability and selectivity, mainly for the CO2 or O2 formation.
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