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Evaluation of Limiting Diffusion Current Density from the Water-uptake of

Anti-corrosive Paint

Joung Mo Si

Department of Industrial Chemistry, Graduate school,

Pukyong National University

Abstract

There are many methods to protect the  structures in the marine
environment from corrosion. Among them, organic ‘coating is widely used
to control the corrosion of steel structures.. Steel structures, comprised
of carbon | steel and ‘alloy steel, are subject to 'several corrosion
phenomena. In the case of carbon steel, the corrosion potential is
subject to restriction by the diffusion speed of oxygen, and the corrosion
rate is correspondencet to the limiting diffusion current’ density from
cathodic reaction “of oxygen_ in solution.

Following this theory, the "aim of this work-was-to study the connection
between the corrosion potential and water absorption of anticorrosive
coating protecting the steel structure by limiting diffusion current density.
This study also sought to estimate the corrosion potential from the
comparison with corrosion current density. As a result, it was observed
that as immersion time, regardless of kinds of resin series, increased, the
amount of water and oxygen permeating to the inner side of the painted
film increased. However, the oxygen limiting diffusion current density of
the specimen with a good corrosion resistance is relatively lower than

those of other specimens because of different of oxygen diffusion

_Vi_



penetrating the inner side of the film. Consequently, it is suggested that
we can qualitatively evaluate the corrosion resistance of anti—-corrosive
paint by measuring the limiting diffusion current density using the

electrochemical method.

Keywords : limiting diffusion current density, corrosion, corrosion rate,
water absorption, anticorrosive coating, corrosion current density,

electrochemical method.
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Exposure environment 1. Physicochemical (barrier property)

~N0
"“'--a'.-'_"“"l Water, oxygen, ions
2 ; \_/-—\R/)PK_JR/'\___‘RW
Organlc coatmg ............. ?
# p.” 3 ...:
7 Substrate " V"‘R /“\,JR/'\,_, R\.f-»
2. Electrochemical mechanism 3. Adhesion‘mechanism

(Inhibitor,/cathodic protection)

EXtender 1' Antleorros1 igynt__

ot

C? " Shbstrte

Passivation layer

Fig. 2. Schematic illustration of organie coating systems protect

against metal corrosion by three mechanisms.



Table 1. Diffusion data for water through organic coating.

polymer Temp.(C) o X 10 D % LT
(cm®[STPlem) | (cm® / sec)

Epoxy 225 10~44 2~8

40 = 5
Phenolic 25 166 0.2~10
Polyethylene 25 9 230
Polymethyl 'methacrylate 50 250 130
Polyisobutylene 30 7~22 -
Polystyrene 25 97 -
Polyvinyl acetate 40 600 150
Polyvinyl chloride 30 13 16
Vinylidene chloride/

25 il 0.32

acrylonitrile copolymer




Table 2. Flux of oxygen through representative

free films of coating (100zm).

Paint J (mg/cm? day)
Alkyd (15% PVC Fez03) 0.0069
Alkyd (35% PVC Fez03) 0.0081
Alkyd-melamine 0.001
Chlorinated rubber (35% PVC Fez03) 0.017

Cellulose acetate

0.026. (95% RH)

Cellulose nitrate

0.115 (95% RH)

Epoxy melamine 0.008
Epoxy coal tar 0.004 1
Epoxy polyamide (35% PVC Fez03) 0.0064

Vinyl chloride / vinyl acetate

copolymer

0.004 (95% RH)
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2.5.2 A X &= (linear polarization method)
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3. 23

3.1 AdH A=

AlEE - 150 x 70 x 3 (mm)e] HRZ#HS Abgshalar, &z &=

2

I
>
1
X
I
o
o)
au’
to

Specimen’s preparation

Substrate 150%70=2.5(mun) HRSteel
Preparation Grit blasting (30~40um) Sa 2.5
Coating method Auto air spray

Curing condition

2 weeks at room temperature

Coating system

Epoxy Alkyd Urethane

Thickness

75 pm 75 pm 75 pm
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3.2 AFAF AA

7521 g (laboratory test)oll M= AR lgais7t @ol o84

o AANFE ST A F A9 W sspgRol tE B ok

(1) "] sjx*(Navy Dep. Sepc. 44T 27b) HH

AlZH 0 NaCl 23g, Na;SO410H.0 82 # th-¢] o 20mE 57l
ZFall A 1000m 7F &) Al gkl

o KC 110g, KBr 45g, MgCl, 550g, CaCl, 110g < <F 5ol 7FsliA
1000me¢ & Al gk}

(2) ASTM(D - 1141 - 52) W™

AZHL 0 8~92 9 FFTol*NaCl 24534g ¢} NaySO, 0.94gE &3 A 7]
I, oA &2 nol @Y 200mE 7FE| A wEtek Se) | FAEA no.2

A9 100mE 7l A ZFo)10.0 ¢ H Al @k, 1 thgell 0.1N°] NaOH

AZH2 1 (TFEF)2S FHATE 4) - AR o s wE o
10.0 2 °l no.3Y AL 10me 3 7Feh A mwkaiel,
no.l ¥ : MgCL6H0 388.90g, CaCly(¥-<7) 405.6g, SrCl6H,0 64.8¢ =
SHol AelA 7.0¢ 7% = A e

2 9 KCl 486.2g, NaHCO; 140.7g, KBr 70.4g, H:BO; 19.0g, NaF
21g & sl 7FelA 7.0¢7F HA St
no3 ¥ : Ba(NO3)» 0.994g, Mn(NOs); 0.066g, Cu(NOs):3H.0 0.396g,

=}

(0)
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Zn(NO3)-6H20 0.15 1g, Pb(NO3); 0.066g, AgNO; 0.004dg & Fw°l 7}
a4 10.04 7F HAZ . &, AgNOse| 7k= vl 0.04g ¢ AgNO; £ 1
2] SRl &alAl7IaL, 1 100mE 7R

B A48Ee ASTMD - 1141 - 52) HHS olgato] dFad4+s Az

s -
ey f*. -

Fig. 11. Coating degradation 'niechanismsfby'thermal cycling test.
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3.3 ACE 9] &3 capacitance 2 & 5% =4

)

Capacitance A& A8 HA3} grdZozg AHE 2oz =4
shaar, dsld &2 NaCl 3%E AM&3tth. 547171+ SolartronAH( <
=7)°] FRA(Frequency Response Analyzer) 1260 ¥} Dielectric interface

12875 ol 838k, F4 FI5E 10KHz=Z ofSivh A7F aF A%

rlo

20mV= 3tk SA % capacitance(Cy) e 28 o] &3] A7t u}

i

= FrdeE ANteiith

Ce =1/ @2uf]| 7| sin®) (34)

= 10010g(Cf / CfO) / log(80) (35)

Tabled. AC. =8 &4

measurement SolatronFRA 1260
equipment Electrochemical interface SI1287
Measurfement NaCl3%
solution
Frequency range 10KHz
Amplitude AC20mV
Electrode EIS : 2 electrode (counter, working)
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34 DC A9 H(E F)

FAFE AFAES FHAF L A9 S Bio-Logic(SPI50) ©] &
st 2 AT P4 o839, Ahd S NaCl 3%8 AHEshsich

U7 AfE WmVE 2, Range -1VOlA VA o] 21 Abolol

Table 5. DC &3 =4

measurement 3 .

i Bio-Logic(SP150)
equipment
Measurement
’ NaCl3%
solution
Scan rate 20mV / min
Range -1V < +1IV
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Fig. 12. Water—uptake of various resin ‘series.
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Fig. 13. Limiting diffusion current density of various resin series.
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Fig. 14. Capacitance magnitude of Alkyd coating by current density.
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Fig. 15. Change of Sﬁﬁacé condition 10days after immersion(Alkyd coating).
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—m— Initial
—&— After 10 davs

A

B T ¥ T ! T

-6 -4 -1 o

log(<I>/mA)

Fig. 16. Cathodic and ‘anodic polarization curves in sea water solution

10days after immersion(Alkyd coating).

Table 6. DC =% A (Alkyd).

%= J| 10 Z(&XN
Ecorg | —982.844mV | -843.327mV
Icorr 0317 A 0.624 = A
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Fig. 17. Change of Surface condition 10days after immersion(Epoxy

coating).
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—a— I nitial
1 —&— After 10 davs|

3 6 4
log(<I>/m A)

Fig. 18. Cathodic and ‘anodic polarization curves in sea water solution

10days after immersion(Epoxy coating).

Table 7. DC =4 ZA¥(Epoxy coating)

7z I 0 F(&EIX])
Ecorg | —322.794mV | -319.158mV
Icorr 0.2x103zA | 0.3<103A
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Fig. 19. Change of Surface condition 10days after immersion(Urethane

coating).
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L9 |[—e—Initial

—&— A fter 10 days

log(<I=/mA)
Fig. 20. Cathodic ‘and anodic polarization curves in sea water solution

10days after immersion(Urethane coating).

Table 8. DC =% 43 (Urethane coating)

xJ 0 F(&EIX])
Ecorg | —212.334mV | -63b.542mV
Icorr 0.1<103 A 0.103 = A
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Fig. 21. Variation of cathodic and anodic polarization curves.
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Fig. 22. Variation of Cathodic and anodic polarization curves in sea

water solution 10days after immersion.
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