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Study on the Corrosion Resistance of Steel Bridge Paint System by

Electrochemical Impedance Spectroscopy and Themal Cycling Test

Jun Bong Ha

Department of Industrial Chemistry, Graduate school,

Pukyong National University

Abstract

Corrosion poses a serious and pervasive threat to the integrity of steel
bridges. The best way to protect the bridge from corrosion is apply coatings.
Performance of typical bridge coating systems has increased dramatically,
and now virtually all painted steel bridges are coated with systems based
on zinc-rich primers and high-performance barrier topcoats.

However, a long time is often needed to predict the corrosion resistance
of coatings system, especially for high performance coatings. Accelerating
tests such as salt spray or Norsok M 501 require as much as 2000h
exposure to qualitatively differentiate high performance samples. Thus, a
faster method that can provide accurate quantitative results is needed for
practical usage.

In this work the thermal cycling, which consisted of a daily series of
electrochemical measurements on a coated sample, performed by EIS at
different temperatures. The thermal cycling test has lead to a very rapid

loss of film properties. Electrochemical impedance measurements associated

_Vi_



to this test have shown the relative importance of electrical resistance,
capacitance and adhesion in predicting corrosion protective performance
in steel bridge paint system.

Three different kinds of coating systems were studied. Two zinc-rich
primer systems topcoated with fluoropolymer and urethane. Epoxy coating

has been used as a control group.

Keywords : Steel bridge paint system, Thermal cycling test, Electrochemical

impedance spectroscopy, electrical resistance, capacitance, adhesionity
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Modified Salt Spray (Fog) Testing), NORSOK M 501 test 5] it

SHARE ol AP ERE =Yl =35 dEs=H FHARt] 4

Rl

iAo FHeo) w Anrt @#x 7% @k Bierwagens =S A
il A7 Fejol A 225 Tg old7H4] &8a oA 2o vdaes

thermal cycling® o2 =99 W2 5SS H7F st [6] ol =499

=2 thermal cycling test® =93 w=3lA1 7] A A wHFdyd A~y
(Electrochemical Impedance Spectroscopy, EIS)S 2 =99 w-3}%l At

0% H45S FrlsE 2 250 g,



2
. o184 WA

=
=0
_
;o.._
o)

2.1 f
F7 )1 EE
2t o

i

4
s

NI

i)

&

3
Ml 1
o]

[7].



Table 1. Diffusion data for water through organic coating films

p x 10° Dx 10°
Eolymes Temp.(T) (cm?®[STPlcm) | (cm?® / sec)

25 10744 278
Epoxy

40 - 5
Phenolic 25 166 0.2710
Polyethylene 25 9 230
Polymethyl methacrylate 50 250 130
Polyisobutylene 30 722 -
Polystyrene 25 97 -
Polyvinyl acetate 40 600 150
Polyvinyl chloride 30 13 16
Vinylidene chloride/ 5 17 0.32
acrylonitrile copolymer

Table 2. Flux of oxygen through representative free films of coating
(100zm thick)

Paint J (mg/cm® day)
Alkyd (15% PVC Fe203) 0.0069
Alkyd (35% PVC Fe203) 0.0081
Alkyl-melamine 0.001
Chlorinated rubber (35% PVC Fe203) 0.017

Cellulose acetate 0.026 (95% RH)

Cellulose nitrate 0.115 (95% RH)

Epoxy melamine 0.008
Epoxy coal tar 0.0041
Epoxy polyamide (35% PVC Fe203) 0.0064

0.004 (95% RH)

Vinyl chloride / vinyl acetate copolymer
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3.2 Thermal Cycling Test
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Impedance, Z/ Ohm

Frequency, f / Hz

Fig. 5. Change of impedance characteristics with temperature

rising for fluoro system. (after 30" cycle)
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Fig. 6. Change of impedance characteristics with temperature

dropping for fluoro system. (after 30 cycle)
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Impedance, Z / Ohm

Frequency, f/ Hz

Fig. 8. Change of impedance characteristics with temperature

rising for urethane system(after 30" cycle)
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