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Basic Understanding of CPE Parameters Obtained with EIS Measurements and
Their Applications to Degradation Evaluation of Coating Systems
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Abstract

The electrochemical impedance spectroscopy has been expected to be an effective tool for
evaluating the deterioration of various kinds of painted steel systems. However, the data analysis is
complicated, and it is still difficult to clarify the relationship between obtained parameters and the
physicochemical states of coating systems. In this technical paper, we try to explain the physical
meaning of the constant phase element (CPE) which is recently used in electrical equivalent circuit
models to describe barrier performance of films. Then, CPE behaviors of electrochemical systems
including metal oxide films as a simple case study or organic coatings was demonstrated. The oxide
films clearly showed CPE behaviors, and the parameters were related to environmental barrier
properties of the films. Similar characteristics were also observed for heavy-duty anti-corrosion
coatings. Furthermore, an equivalent circuit model which consists of two CPEs in parallel could
describe degradation behaviors of the coatings quantitatively. As a possible future application, it is
highly expectant that the residual lifetime or risk of blistering of coating systems could be properly
estimated by monitoring their parameters periodically.
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