Effect of Impurity Poisoning on Electrode Degradation in Solid Oxide Electrolysis Cells under Operating Conditions
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Abstract
Solid oxide electrolysis cells (SOECs) offer a promising route for hydrogen production using surplus renewable energy (e.g., from solar, wind, and geothermal sources). The major advantages include rapid reaction kinetics at high operating temperatures, high electrical efficiency, and the ability to generate synthesis gas from both H2O and CO2 using co-electrolysis. However, long-term operation at high temperatures presents challenges for performance stability due to material degradation, interconnect corrosion, impurities, and gas leakage. This study investigates the degradation behavior of SOECs at 700 °C under an applied current density of 0.5 A cm-2. Elcogen button cells with an active area of 1.27 cm2 were tested in electrolysis operation with an 80/20 (H2O/H2) fuel composition. Additionally, a poisoning test was performed by introducing an interconnect on the oxygen-electrode side. At high temperatures, volatile chromium (Cr) species evaporate from the interconnect and are deposited on the oxygen electrode, thereby blocking the active sites. All measurements were planned for approximately 140 hours of operation in electrolysis mode. The main objective of this work is to understand the effect of Cr on overall cell performance.
[bookmark: _GoBack]To provide comprehensive insight, electrochemical measurements such as IV curves, electrochemical impedance spectroscopy (EIS), and open circuit voltage (OCV) were performed every 20 hours. The system maintains a stable voltage for the first 40 hours, then the voltage rises before stabilizing again. Placement of the bare interconnect leads to significant performance degradation after 90 hours of operation due to chromium (Cr) deposition on the oxygen electrode. EIS results indicate no significant change in ohmic resistance; however, an increase in polarization resistance confirms that the electrodes contribute to the degradation process.
The study concludes that mitigating impurity transport is critical for SOEC durability, as poisoning causes structural damage and increased electrode resistance. Consequently, subsequent measurements will evaluate porous and dense MCO-coated interconnects to mitigate this poisoning effect.
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