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ABSTRACT The coating/metal system served in atmosphere inevitably suffers from local degradation
of coating and thus results in exposure of the metal substrate locally. When there is an electrolyte film
formed on such a coating/metal system, it makes metal substrate partly covered by the open electrolyte
film, but the nearby metal substrate beneath the coating is covered by an occlusive electrolyte film. There-
fore, an electrochemical cell to simulate such system was designed and built up. By using this cell, the
corrosion behavior of epoxy coating/carbon steel system by wet-dry cyclic test beneath a thin electrolyte
film of 3% NaCl solution was investigated by means of electrochemical impedance spectroscopy, scan-
ning electronic microscopy and Fourier transformation infrared spectroscopy. The results show that the
corrosion rate of the exposed steel reaches the largest value by the 4" wet-dry cycle and then gradually
decreases, however, the corrosion rate of coated steel reaches maximum by the 6th cycle and then de-
creases slowly to a steady-state with cycles. Because the electrolyte film on the exposed steel is an open
form, but that is an occlusive for the metal beneath the coating, thus a corrosion cell of oxygen difference
was formed, in which the exposed steel plays as the anode and thus its corrosion rate is always higher
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than that beneath coating. Owning to the diffusion and migration of ions occurred between the two type

electrolyte films, the corrosion products on the exposed steel present multi-layered ladder-like morpholo-

gy from the centre to its periphery. However, the corrosion product formed on the steel beneath the coat-

ing exhibits ripple morphology.
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Fig.1 Schematic view of an electrochemical cell simulating the coating/metal system
with the characteristic of the substrate metal exposed, locally: (a) top view, (b)

transverse cross-sectional view
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Fig.2 Corrosion rate of steel substrate of the epoxy coat-
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ing/steel system with the wet-dry cycles
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Fig.3 FTIR spectra of the corrosion products on the ex-

posed steel surface after the third wet-dry cycles
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Fig.4 Electrochemical impedance of coated steel for the

first and the sixth wet-dry cycle

SEM %
Fig.5 SEM images of epoxy coating/steel system
after the thirteenth cycle: (a) exposed steel,
(b) coated steel
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