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Electropolishing (EP) is a critical process for achieving high quality factors (Q) and high accelerating gradients
in superconducting radiofrequency (SRF) cavities. Despite its importance, the chemical mechanisms of EP
remain unclear. Two primarymodels have been proposed: the viscous boundary layer theory, which attributes
polishing to the formation of a viscous, HF-depleted boundary layer, and the compact film theory, which
suggests polishing results from the formation of a solid, passivating film on the niobium’s (Nb) surface. In
this study, we investigate the EPmechanism using Electrochemical Impedance Spectroscopy (EIS) to probe the
electrical properties of the Nb electrode during EP. By analyzing the distribution of relaxation times, we gain
insights into the interfacial chemical processes occurring at the electrode’s surface. Our EIS data supports the
compact film model and indicates a two-step oxidation mechanism: initially, Nb is oxidized to NbO₂, followed
by further oxidation to Nb₂O₅ as the applied voltage increases. The formation of Nb₂O₅ is correlated with a
reduction in surface roughness, suggesting that effective EP occurs when a stable oxide layer develops on the
surface. These findings provide new insights into the role of surface oxide formation in the EP of Nb for SRF
applications.
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