Electrochemical Production of Syngas in SOECs Boosted with Nanoparticles of Basic Oxides
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Solid Oxide Electrolysis Cells (SOECs) enable sustainable energy conversion by producing green hydrogen and syngas through simultaneous electrolysis of steam and CO2 through the proces known as coelectrolysis. Conventional NiO-8YSZ steam electrodes, however, suffer from limited stability and efficiency in CO/CO2-rich atmospheres. In order to mitigate the degradation problems and limite catalytic activity, new catalysts have to be developed. This work investigated the influence of alkali and alkaline earth metal oxide promoters on the electrochemical performance of SOECs performing high-temperature coelectrolysis.

[bookmark: _GoBack]A series of modified SOECs was prepared by introducing 3.6 mol.% of Na, K, Ca, Mg, and Li oxides into Ni-YSZ electrodes using a βCD-assisted novel wet impregnation method. The cells were tested during CO2/H2O coelectrolysis under varying temperatures, steam utilization factors, and CO2:H2O ratios. Electrochemical characterization was enriched through EIS coupled with DRT analysis. X-ray Absorption Spectroscopy (XAS) measurements at elevated temperatures were conducted at the LISA beamline (ESRF, Grenoble) to examine structural and chemical changes in the electrodes.

The promoter oxide nanoparticles were homogeneously distributed throughout the electrode and significantly altered the surface chemistry of Ni-YSZ. In general, the modified electrodes exhibited enhanced CO2 conversion, higher H2 yield, improved selectivity toward CO formation, and increased electrical efficiency depending on the placement of the element in the periodic table. Increased CO2 adsorption was attributed to facilitated carbonate formation on basic surface sites. XAS studies revealed substantial differences in oxidation resistance among the modified electrodes, espacially among the group of alkali metal oxides. The change of final syngas composition was guided by the type of promoter oxide used. For Me2+ oxides the production of CO was enhanced while Me+ oxides facilitated formation of H2. DRT analysis further enabled identification of electrochemical processes governing coelectrolysis performance.

The results demonstrated that simple impregnation with alkali/alkaline earth oxides effectively tailors the catalytic and electrochemical properties of Ni-YSZ steam electrodes. In particular, Me+ oxides promotion markedly improved electrode stability and resistance to oxidation, highlighting its potential for advanced SOEC coelectrolysis applications.
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