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

14-15 d and (c, c1) 16-20 d
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B 3 NEZRMEFMFTRB R REY EIS
B, W] UL RE BT R R B BERRIE A A
1d~14 d J§ (B 3a), Nyquist E¥FEIR NEEH
K, Bode FEIFEREAN IR X 0] LA — N KAHAL AME.
IR 15 d (& 3b) FF4h, Nyquist EIRSIE H B
Kigggh, BB EORE. AR Bode EIIK
KB B HT Mo /)S , AE L A A I X ] B A A
KIE. FTUAEH, 7E 15 d~40 d B8], Nyquist EK
BB R, HFEETREEX B R/ &
JRAE LR R DN, SRESBREY
P FELATAH 5 A B 1] 55 %5015 5 T AL 22 S B A DG B st
6] W BB R AT, M E A TMELA X 4 18~201 ) K
JEfh 41 d (& 3c) 46, Nyquist BRI K &5 E IR
ARSI #UR, Bode BRI B HBTHE /N, FHAL
AR R RAE.

HTREAMAM, wEX =1 MERRES L
HRFRIERESKNE. BRETHRESREEME L
BRI E B 5IR B R B, MR
W2 =B B BRI S A A AR 2 B =4
FRREEUA, B 3 FRSH T RZS M B
HIFEPTIE LA 4 5.

3.2 REHEBEHFIEEEFTL

B 4 SRR A SR B W E SR T
RIEH R EBEMRZERAE. E 4 R, R
JE ok SR R B B BE AT SR 2 R ik R 5 IR B ARk
BB, PR Aac it T ik 2 H AR H B sk B A 2k
2. HGEERREML, TIREHRGRE A T %
BT, Bt .

B 4 R BR, FEREBKNE, TRIEH
WEHMHGARTELRERERME, MREHEE
EAR . eSS MU RGBS, TIRAE
WHRZBEEPREES, D TELRERZERME, m
WREBRAREE N, KTEERBKRERZE. H
R RE R B IR G WIR ERoK S 2R E /B
REFFEG, RARBERKERERLIERONREESY
WP, fLEERE/DN, HERRBKE—-SHERE
YINEYTE. M, BERKIEBRUNEEY
REFLG, HEREMEKE, WILREH RS
Feds, FLEEAK, WA R T KM P E S S
% P AP TFRERRGTREROET 2R
18 B TR K RO g K, R ERK /N
RIERE, U TR RBEER TELRER
EHEEMRZERA/NTEERNEERE 22, X
MREEU, TR FEGRZEAE TR
RE. (EFIET, )2 & WKV AT K e 4 ot # Al
SMERENERER R BEE 29, 78 LARB
ERBALFREm T, TRAIGPHAR A B INE R 28



332 H R 5 B P 2 AR 3%

7.5x10°
@ c 2d
o 4d
s 8d
s v 14d
5.0x10 —— Fit results

7.5x10°

15d
20d
30d
40d
—— Fit results

4 > oo

0.0 H . . .
0.0 2.5x10 5.0x10 7.5x10°  1.0x10°
ZRE/Q»cm2
5x10°
(c) o 41d
o 50d
4x10° 4 55d
v 57d
—— Fit results
e 3x10°f
53
<
E 6
N 2x10°F
1x10° &5 O
0 7 L L L
0 1x10°  2x10°  3x10°  4x10°  5x10°
Z, Iocm?

and (c) 41-57 d

9F Qg ﬁ% (a)
sl .
ETJ \
| | ey
el me
m o

- \

a

Ig(R, /-cm?)
(o)}

5k 550 —0o0— Immersed
\/ —o— Wet-dry cycled
o

4

0 10 20 30 40 50 60
Time /d

10—
@h {100

L
“‘ [
5 ®
e} &
— Q
g
2 T
€ Py
5 ]
e} ©
— [0}
li 72}
5 g
= o

o
& )
5 2
c ©
= I
D 8
5 T

Ig(f /Hz)
Fig.3 The EIS changes for coating deterioration under immersed condition in 57 d: (a) 2-14 d, (b) 15-40 d
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Fig.4 The changes in (a) coating resistances R¢ and (b) coating capacitances Ct as a function of exposure time

under wet-dry cyclic and immersed tests
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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, Ry, coating
capacitance, Cf, and double layer capacitance, Cy, were monitored continuously and separately under above
two conditions. The percentages of the interface active area, A,,, were estimated from the obtained double
layer capacitance, Cq. 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



