Millisecond EIS: a Promising Tool for in situ Corrosion Studies
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The non-stationary behavior and complexity of corrosion systems make in situ measurement techniques particularly valuable for studying the degradation of metallic materials. This work aims to evaluate the applicability of ultra-rapid electrochemical impedance spectroscopy (EIS) for studying corrosion phenomena.
The presented technique applies a narrow potential step as the excitation signal. Subsequently, the derivatives of the current and voltage signals are calculated (Figure 1). Since the potential derivative approaches a Dirac delta- a superposition of sinusoids with all frequencies- the derivative of the current signal contains the response over a wide frequency range1. Therefore, application of Discrete Fourier Transform to both potential and current derivatives allows to obtain EIS spectra. 
The method was applied to several corrosion systems, from typical activation-controlled steel corrosion in sulfuric acid to systems with more complex impedance characteristics2. The time windows used to reconstruct the spectra are between 0.4 and 50 ms, which is significantly shorter than in the case of frequency response analysis (FRA) or techniques employing multisinusoidal perturbation. The method effectively probes relatively fast processes and yields charge-transfer resistance values comparable to those obtained with FRA. It was also noted that due to the short measurement duration, processes with longer relaxation times may not provide an unambiguous response.   
The presented method shows strong potential for application to rapidly changing corrosion systems, where the time resolution of well-established EIS techniques is insufficient.
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Figure 1. Schematic diagram of signal processing workflow in the presented method
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