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An Electrochemical Impedance Spectroscopy Study of
the Corrosion Prevention Mechanism of Painted Galvanized Steel
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ABSTRACT

Five pretreatment methods were used to prepare the surface of galvanizd steels then painted
with epoxy resin respectively. The coated specimens were tested in 3.5wt% NaCl solution by
Electrochemical Impedance Spectroscopy (EIS) for 21 days totally. EIS results showed that the
protection mechanism of the paint films was mainly due to their insulating and capacitance effe-
cts in the beginning. However, the paint films were degraded gradually as the immersion time in-
creased. In addition, EIS also showed that corrosion reactions at the paint films,substrate in-
terface were diffusion controlled except for those treated with eash primer.
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Fig. 1 Electric equivalent circuit model of subs-
trate/coating /electrolyte.
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Table 2 Electrochemical impedance data of the pai-
nted specimens with different pretreatment
immersed in 3.5wt% NaCl solution.

Surface Immersion
. R R«
Pretreat- Time Q- em?) | (Q - cm?)
ment- ( days)
0 C.B.!
1 4.2X10° 1.0X 107
3 2.4X108 2.3X10°¢
D 7 3.1X10¢ 1.3X 108
14 1.4X10° 1.2X10°
21 9.0X10° 3.9X10°
0 C.B.
1.5X107 1.4X107
A 9.2X 108 6.3X10°
3.1X108 1.9X10¢
14 2.2X108¢ 1.0X 106
S 21 1.1X10¢
0 C.B.
1 2.4X 107 1.6X107
3 8.0X10° 7.1X10°¢
S 7 4.7X10°¢ 3.9X108
14 1.0X 108 1.2X10°¢
21 6.7X10° 3.6X10°
0 C.B.
1 1.2X10°
3 1.0X10°
w
7 7.1X108 6.9X108
14 2.2X108 1.9X 108
21 2.5X107 5.2X107
0 1.2X 108
1 12X105 | 1.3X10°
p 3 4.1X10° 9.8X 104
7 2.6X10° 2.3X10°
14 2.3X104 2.2X104
21 7.0X103 5.0X103

5t : C.B. #/R capacitance behavior
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Fig. 3 Nyquist diagrams of the painted specim-
en pretreated by degreasing.
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Fig. 4 Nyquist diagrams of the painted specim-
en pretreated by wash primer.
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Fig. 5 Nyquist diagrams of the painted specim-
en with pretreated by phosphating.

— 47—



FIAEBBHFOLEENARE AR B PR

103}
S W

o
'
-

— Rpo(M-cm?)
[
o
>
o)

[y
o
1

5]

10 15 20 25
Time(days)

& 6 TEINTEREBIE R, BRI
Fig. 6 The relationship between R, and time
of the painted specimens with different
pretreatment.
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Table 3 Apparent pore area of the painted specim-
ens with different pretreatment immersed
in 3.5wt% NaCl solution after 21 days.

Type of Film Apparent
Surface resistance pore area
pretreatment (Q+em?) | (um?2/cm?)
D 9.0X10° 19.2
A 1.1X10° 21.8
S 6.7X10° 32.8
w 2.5X107 1.2
P 7.0X103 2363.6
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Fig. 7 Bode diagram of the painted specimens
with different pretreatment.
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with pretreatment of wash primer at
different time.
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Table 4 Capacitance of the painted specimens with
different pretreatment immersed in 3.5wt%
Nacl solution.

Ifnmersion D A S W p
Time(days)
0 028 | 0.39 | 0.22 | 0.06 | 0.13
1 0.37 | 1.46 | 0.65 | 0.12 | 0.31
3 0.58 | 0.98 | 0.98 | 0.15 | 0.58
7 0.71 | 0.31 | 0.90 | 0.21 1.26
14 123 {094 | 1.62 | 0.16 | 5.34
21 1.07 | 2.13 | 2.81 | 0.37 | 5380
r . 1 hour
10 n 1 day
% 3 days
4. 71 days
e, : + 14 days
. ., e 21 days
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Fig. 11 Bode diagram of the painted specimen
with pretreatment of phosphating at
different time.
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Fig. 12 The relationship between corrosion po-
tential and time of the painted specim-
ens with different preatment.
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