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Study of anticorrosive properties of painted steel subjected

to cathodic protection

Youn-Ho Cho

Department of Industrial Chemistry, Graduate school

Pukyong National University

Abstract

Cathodic protection and coatings are both engineering disciplines
with the primary purpose of mitigating and preventing corrosion.
Each process is different: cathodic protection«prevents corrosion
by introducing electrical® currents from eXternal sources to
counteract the normal electrochemical corrosion reactions; coatings
form a barrier to prevent the flow of corrosion current between
the naturally occurring anodes and cathodes or within galvanic
couples. So the combination of coatings and cathodic protection
provides maximum corrosion protection for immersed steel
structures.

In this work, anticorrosive properties of painted steel subjected

_Vi_



to  cathodic protection were studied using EIS (electrochemical
impedance spectroscopy), open circuit potential measurement and
calculation of electrochemical capacity of sacrificial anode. Exterior
observation of the specimens was also conducted after the
completion of experiment.

Painted steel specimens having various coating thickness (180,
280, 450, 650, 800um) were prepared. Thermal cycling tests, which
can accelerate coating degradation, were carried out to decrease
the test-time duration because immersion test of defect—free
specimens requires very long periods. It was shown that the paint
system applied on steel substrate has a good compatibility with
cathodic protection and painted steel subjected to cathodic
protection indicated good anticorrosive property due to cathodic
protection mechanism. So, in this case, thick coating is not needed.
In case of specimens with defect, anticorrosive property of painted
steel subjected to cathodi¢c protection is-affected by the defect size

than the coating thickness.

Keywords: Cathodic protection, Electrochemical impedance
spectroscopy, Anticorrosive property, Thermal cycling test,

Electrochemical capacity
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1. Physicochemical (barrier)
‘Water, oxygen, ions

o oalioll . . Adhesion mechanisms
(inhibition, cathedic protection)

%aiﬁer, oxXygen, ions

Fig. 1. Schematic illustration of Organic coating systems protect

against metal corrosion by three mechanisms
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Fig. 2. Schematic illustration of (a) corrosion process (b) cathodic

protection process at immersion condition
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current vs. time t (above).
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(a b) Nyquist plot (cartesian co-ordinate)

Impedance Z=a-jb
resistive component  a=r cosf

reactive component  b=r sin

r b
Bode plot (polar co-ordinates)
— Modulus of impedance »r = ‘Z‘ == a +b*
L Phage angle &= ta.nfl(—b/ a)

Fig. 8. Definition of impedance relationships in both Nyquist plot

(cartesian co-ordinate) and Bode plot (polar co-ordinates).
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Fig. 9. (a) Equivalent circuit to present a simple electrochemical
system.
(b) Nyquist plot for a simple electrochemical system

(c) Bode plot for a simple electrochemical system
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Fig. 10. Simplified schematic of a frequency response analyzer. [11]
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Fig. 14. Change of impedance magnitude(at 0.01Hz) of specimens
with cathodic protection ——as-—a function of thermal cycle

number.
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Table. 1. Exterior surface observation after 25 cycles.

After 25 cycles

Non cathodic protection

180um
(1 coat)

2804m
(2 coat)

450um
(3 coat)

650um
(4 coat)

800um
(5 coat)

Cathodic protection
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Table. 2. Comparison of decreasing slope of defected specimens as

function of thermal cycle number.

9mm defected

omm defected

Slope
180um 280 um 050 um 800 um 180 um 280 um 050 um 800 um
-0.088 | -0.108 | -0.109 | -0.089 | -0.073 | -0.074 | -0.070 | -0.087
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Table. 3. Exterior surface observation of defected area

after 20 cycles.

O9mm defected omm defected

After 20cycles

180;m
(1 coat)

280.m
(2 coat)

650m
(4 coat)

800.m
(3 coat)
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