 Elucidating Anion-Dependent Interfacial Processes in Electrochemically Mediated Amine Regeneration for CO2 Capture via Operando Soft and Hard X-ray Absorption Spectroscopy

Romualdus Enggar Wibowo1, Luka Jurečič2, Tamino Bosse1,2, Raul Garcia-Diez3, Mihaela Gorgoi3,  Mailis Lounasvuori4, Matthew T. Mayer1,2 
1Helmholtz Investigator Group Electrochemical Conversion, Helmholtz-Zentrum Berlin für Materialien und Energie GmbH (HZB), Hahn-Meitner-Platz 1, 14109 Berlin, Germany.
2Institute of Chemistry and Biochemistry, Freie Universität Berlin, Arnimallee 20. 14195 Berlin, Germany.
3Department of Interface Design, HZB, Albert-Einstein-Str. 15, 12489 Berlin, Germany.
4Young Investigator Group Nanoscale Solid-Liquid Interfaces, HZB, Schwarzschildstraße 12, 12489 Berlin, Germany.
enggar.wibowo@helmholtz-berlin.de
[bookmark: _Hlk188882230]
Electrochemically mediated amine regeneration (EMAR) is a promising alternative to the amine scrubbing for CO2 capture [1,2]. By utilizing electrochemical processes instead of heat to regenerate amine and release CO2, EMAR can be operated at ambient pressure and room temperature, thus mitigating the high energy demands and solvent degradation associated with conventional amine scrubbing [3]. Several studies have been made to improve EMAR performance, including advances in reactor designs, amine blends, and use of surfactants [4–6]. However, most of these works have primarily focused on device engineering aspects of EMAR cells, while mechanistic understanding of the electrode-electrolyte interfacial processes remains very scarce, despite its importance for rational design and optimization of the EMAR system. 
Building on the recent investigation of anion effects on anodic EMAR interfacial kinetics [7], we present a comprehensive study of the influence of electrolyte anions on both cathodic and anodic EMAR processes, under operating conditions relevant to the EMAR operation. Specifically, we investigate effects of Cl-, NO3-, and  SO42- under both potentiodynamic and galvanostatic conditions (at current densities ranging from 0.1 – 10 mA cm-2), using a combination of in situ electrochemical and spectroscopic techniques, including: electrochemical quartz crystal microbalance (eQCM), differential electrochemical mass spectrometry (DEMS), and in situ X-ray absorption spectroscopy (XAS) with both soft and hard X-rays. eQCM provides quantitative insights into the cathodic Cu deposition of EMAR system, while DEMS allows monitoring anodic CO2 release. Both in situ soft and hard XAS were conducted at the OÆSE end-station, EMIL beamline, HZB. Soft XAS at the Cu L3-edge provides insights into the nature of Cu species near the electrode-electrolyte interface, whereas hard XAS at the Cu K-edge reveals the nature of Cu species in the bulk aq. amine solution.
These results indicate anion-dependent shift in onset potential of both cathodic and anodic EMAR processes, with Cl-containing electrolyte displaying lower overpotentials. However, estimated galvanostatic efficiency displays trends that do not directly correlate with the observed overpotentials. These findings highlight the complex relation between interfacial kinetics and process efficiency, thus accentuating the importance of detailed understanding into processes on the electrode-electrolyte interface for rational optimization of EMAR system [8]. 
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