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Fig.1 Electrical equivalent circuits

(a)CR circuit; (b) QR circuit;

(c)Equivalent circuit in most common use
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Table 1 ~ Preparation and measurement conditions of the samples
Sample  Surface pretreatment Coating Thickness (m) Exposed time Signal amplitude (mV)
a silane (KH-550) epoxy resin ~25 0.5h ~230 h 20
b hot dipping phosphate powder epoxy ~ 220 3.5%x107°d ~91d 107 .50.10
as silane (KH-550) epoxy resin ~30 0.1h ~ 15d 20" °.57 "
as scraped with acetone epoxy resin ~ 30 0.1h ~14d 20" .\5""

“ Choose on the basis of linearily region in system starting at 3. 5 x 10 7%, 16 and 54d respectively; * * Before cutting coating;

*** After cutting coating
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Fig. 2

The Nyquist diagram of sample a; (table 1)and relevant results handled by CR circuit

at different immersion times
a)Comparison of the experimental data and its fitting results (solid line), [1)0. 5 h, O)3.5h, A)8h, V)49 h, ¥ )230 h;

b)Distribution of Ci(line +opened symbol) and R;(line + filled symbol) vs f*, the times for the symbol are same as Fig. 2a
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Table 2  Secondary analysis results according C; and R;vs f* as well as R,
a as

t/h -A -B n D% t/h -A -B n D%
3.37 - - - 4.34x107" 3.3" - - - 1.28x107°
16.6" - - - 6.51 x107* 16. 7" - - - 4. 44 x107*

0.1°" 4. 490 0. 554 0. 446 0.87 0.1 3. 541 0. 842 0. 158 0. 59

1.2 4.769 0.403 0. 597 0.58 1.5 3.552 0. 884 0.116 0.72

22 4. 710 0.224 0.776 1. 08 23 3.524 0.874 0.126 0.89

56 4.532 0. 549 0.451 1.12 56 3.962 0. 404 0. 596 1.12

A: the intercept in equation (7), obtained by the extrapolation of 1g C; at f*

=1; B: the slop in equation (7), its meaning is revealed in equation (9);

n: the exponent of the angular frequency () in constant phase element ( Q); D% : the percentage of corrosive area in coating sample;

" time before cutting coating; * * time started after cutting coating
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Interpretation of Electrochemical Impedance Spectroscopy in Coating/Metal System
by CR Transmission Line Model*
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Metal, Institute of Metal Research, The Chinese Academy of Sciences, Shenyang 110016; *State Key Laboratory for Physical
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Abstract  According to the relationship between CR transmission line model (CR circuit) and QR circuit, an
approach to calculate the initial value for fitting the former was found. Then, accurate values of its all elements
could be obtained by using Z-View software. Based on the distribution of capacitance ( C;) and resistance ( R;)
vs. characteristic frequency (f*), the function of the relative increment of its elements vs. the CPE (constant phase
element) -power n could be drawn out. It showed that C; value increased more quickly than that of R; when n <
0. 5, so the physical meaning of n and its connection with the delamination at the coating/metal interface were in-
terpreted from a new standpoint. As examples of application, the fit of several different types of electrochemical
impedance spectroscopy, the inspection of the evolution of impedances in organic coating/metal system with
time, discrimination of the effects of corrosion and delamination on the impedance, as well as the samultaneous es-
timation of capacitance and resistance of coating with various interspace from high impedance system were per-
formed. Finally, the physical meaning of the CR circuit in organic coatings system was discussed for the heteroge-

neous characteristics of organic coating.

Keywords:  Electrochemical impedance spectroscopy (EIS),  Transmission line,  Physical meaning,

Organic coating
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