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A Study on the performance of Anti—corrosion
Coatings by Electrochemical Impedance

Spectroscopy method

Kuk-Won Joh
Department of Industrial Chemistry, Graduate school

Pukyong National University

Abstract

Water, ions, and oxygen are the three main agents responsible for
the corrosion of metals under coatings. Permeability of organic
coatings for water 1s generally considered as an important protective
factor. Permeability is defined as

P=D-S
where P is the permeability coefficient, D is the diffusivity coefficient,
and S i1s the solubility coefficient. The macro effect of water
absorption in the extreme case is volumetric expansion or swelling.
Water is a primary fuel for the cathodic reaction of the electrochemical
corrosion cell, and water absorption and penetration are critical factors
in the breakdown of paint systems on metal. According to W. Funke,

Permeability of organic coatings for water is generally considered as

_vi_



an 1mportant protective factor but it has been also stated that
permeability and protection are not unambiguously related.
In this study, the diffusion behavior of water through epoxy, urethane
and alkyd clear coatings was studied by EIS techniques. The diffusion
coefficients of water through the coatings were calculated.

Changes in the impedance characteristics of the systems were found
to occur as a function of the exposure time in all three cases, though
their evolution with time showed marked differences which derived
directly from the different coatings. Within the studied coatings, the
diffusion coefficients of water through the epoxy and urethane clear
coatings are clearly smaller than alkyd clear coating.(D=10"""). The
diffusion coefficients are in the range of 10 °~10"cm?/s for the
coatings with good barrier performance at room temperature. But a
comparison of coating capacitance, coating resistance indicates that
alkyd clear coating did not provide an effective protection for the

metal that underwent corrosion as a result of the delamination process.
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Fig. 2 Schematic illustration of the blistering process and rust
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Fig. 5 Calculated impedance diagram(Nyquist plot) for degraded
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’ (Frequency Response Analyzer , FRA)
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Fig. 8 Schematic of frequency response analyzer.
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Fig. 11 Impedance spectrum and equivalent circuit for organic

coated metal without apparent degradation.
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FHH £3§02 99 AFHD Qe B4, T8, 27C
§

sl ow, ZsA = poly amide®t isocyanates 7t7F o] &

ofr
=

=
H

F9] WjgtHlE Table 1~3 o YER AT

No g8 9 H) &(wt%)
1 Epoxy resin 83.3
Xylene 16.7
3 polyamide 50
Total 150.0

Table 1 Formulation of epoxy clear resin.
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No. H45 9 H] & (Wt%)
1 Acrylic polyol 7'7.55
2 PMA 9.75
3 Xylene 29.44
4 [socyanate 19.85

Total 127.59
Table 2 Formulation of urethane clear resin.

No. g8 9 H] & (Wt%)
1 Alkyd resin 74
2 Ca—-Naphthenate 0.6
3 Co—Naphthenate 0.36
4 Zr—Qctate 0.46
5 MEKO 0.6
6 Mineral spirit 30

Total 106.02

Table 3 Formulation of alkyd clear resin.
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D = (d*n/4) x [B/(C-A)T (22)

o 7] 41 C=log(Cs) o] t}.

Aok 22 AHom AT DERE 4

2
i
:oé
o
=
Q
o
>
=~
-
T
o
=
2

[18] Fig. 15~17°] =72re] AHEFel mE FAF A5 e

o o EA, feE ®

1
ot
>
)

-
1078 derdgdeh ol FA), Seeke] A5, SadAF 10°~101 E 9]

o AL =uo AHEAXO Lt B 4 QAW Y7 =9 ALE
& MBS Gereh19]

A B D(cm® - s™)
ol Z A] -10.0777 1.4926x10 * 7.0898x10 "
<2 g -10.07186 1.0886x10 " 9.5169x10
a7 = -9.7911 0.0097 1.0069x10°

Table 4 Results of calculation of diffusion coefficients.
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Fig. 14 Time dependence of coating capacitance for epoxy clear
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Fig. 15 Time dependence of coating capacitance for urethane clear
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Fig. 17 Changes of water uptakes with immersion time under

different clear coatings.
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Fig. 18 Time dependence of coating capacitance for different clear

coatings.
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Fig. 19 Change of Impedance characteristics with time for epoxy clear

coating exposed to 0.5M-NaCl. (Bode Plot).
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Fig. 20 Change of Impedance characteristics with time for epoxy clear

coating exposed to 0.5M-NaCl. (Nyquist Plot).
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Fig. 21 Change of Impedance characteristics with time for urethane

clear coating exposed to 0.5M-NaCl. (Bode Plot).
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Fig. 22 Change of Impedance characteristics with time for urethane

clear coating exposed to 0.5M-NaCl. (Nyquist Plot).
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Fig. 24 Change of Impedance characteristics with time for alkyd

clear coating exposed to 0.5M-NaCl. (Nyquist Plot).
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Fig. 25 Comparison of coating resistance behavior as a function of
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