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Fig.1 EIS changes for coating deterioration under wet-dry cyclic condition in 20 d: (a�a1) 2–13 d, (b�b1)

14–15 d and (c�c1) 16–20 d
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Fig.2 The equivalent circuit models used for fitting the

impedance results of cyclic wet-dry and immersed

states: (a) for organic coated metals at the be-

ginning time of immersion; (b) for organic coated

metals immersed in testing solution after the inter-

face corrosion initiated; (c) for organic coated met-

als after presence of two time constant and War-

burg diffusion
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Fig.3 The EIS changes for coating deterioration under immersed condition in 57 d: (a) 2–14 d, (b) 15–40 d

and (c) 41–57 d
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Fig.4 The changes in (a) coating resistances Rf and (b) coating capacitances Cf as a function of exposure time
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Fig.5 Changes in the percentage of the active area of

the metal surface under coating layer with time

for cyclic wet-dry and immersion experiments
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Fig.6 Morphologies of the coatings surfaces for (a) the

20 d under wet-dry cycles and (c) the 60 d under

immersed state, (b) and (d) were the correspond-

ing bare surface of the metal substrate
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Abstract: Comparing between immersed and cyclic wet-dry conditions, the deterioration processes of the

organic coatings on carbon steel surface have been comparatively studied by using electrochemical impedance

spectroscopy (EIS). The wet-dry cycles were carried out in the alternating conditions by immersing in a 3.5%

sodium chloride solution and drying at 25◦ and 50% RH for 4 h respectively. Coating resistance, Rf , coating

capacitance, Cf , and double layer capacitance, Cd, were monitored continuously and separately under above

two conditions. The percentages of the interface active area, Aw, were estimated from the obtained double

layer capacitance, Cd. According to the EIS characteristics, the entire deterioration processes under two above-

mentioned conditions can be divided into three main stages, consisting of the medium penetration into coatings,

corrosion initiation and corrosion extension underlying coatings.

In comparison with the immersed, the wet-dry cycles greatly accelerated the entire deterioration process;

especially the corrosion initiation and the corrosion extension periods, leading the paint system lose its anti-

corrosive performance in a short period. However, the underlying substrate corrosion of the cyclic coatings

was far less serious than the immersed; even the delaminating area was seven times more than the immersed.

The acceleration mechanism of the coatings and underlying metal corrosion under wet-dry cycles was discussed

based on the above results.

Key words: organic coatings, wet-dry cycles, electrochemical impedance spectroscopy


