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In this study, three coating conditions were applied to carbon steel specimens: (1) galvalume-coated spec-
imens, (2) galvalume-coated specimens treated with trivalent chromium (Cr**) chemical conversion treat-
ment (Galvalume+ Cr’*), and (3) polymer top-coated specimens applied over the Galvalume+ Cr** treated
layer (Galvalume+Top). The electrochemical corrosion behavior, surface morphology, and mechanical
properties of each specimen were systematically evaluated to clarify the role of each surface modification
step. The electrochemical measurements included monitoring the open-circuit potential, conducting cyclic
potentiodynamic polarization tests, and performing Tafel extrapolation analysis to determine corrosion
potential and corrosion current density. Surface characteristics were examined to identify coating integrity
and defect evolution after testing. Mechanical properties were assessed through scratch and indentation
tests to evaluate hardness, adhesion strength, and creep resistance. The results indicated that the Gal-
valume+Top specimens exhibited the highest corrosion resistance, characterized by the lowest corrosion
current density. The Galvalume+ Cr** specimens showed the greatest hardness and excellent creep resis-
tance, while the Galvalume+Top specimens demonstrated superior adhesion strength due to the polymer

overlayer. Overall, the combined application of C

r3+

chemical conversion treatment and polymer coating

effectively enhanced both corrosion resistance and mechanical performance of the galvalume coatings.
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Table 1. Main chemical compositions and properties of the natural seawater

Main component (mg/L) pH Dissolved oxygen | Electric conductivity
S0, cr Na' K Mg Ca’ (mg/L) (mS/em)
1746 15721 8401 344 1121 357 7.9 16.1 453
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Fig. 1. Results of natural potential measurement in natural
seawater
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Fig. 2. Cyclic potentiodynamic polarization curves in
natural seawater on various coating specimens
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Table 2. Comparison of corrosion potential and corrosion
current density obtained from cyclic potentiodynamic
polarization experiments on various coating specimens

Corrosion potential | Corrosion current

(mV) density (LA/cm?)
Galvalume 944.299 0.206
Galvalume + Cr** 937.632 0.014
Galvalume + Top 933.298 0.003
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Table 3. Comparison of surface roughness and maximum damage depth with cyclic potentiodynamic polarization

experiment on various coating specimens (unit: ym)

Surface roughness Maximum damage depth
Galvalume Galvalume + Cr** | Galvalume + Top Galvalume  |Galvalume + Cr**|Galvalume + Top
Before 2.205 2204 2.361 19.312 19.749 20.871
After 12.665 7.769 4.722 82.472 71.588 48.745
Difference 10.460 5.565 2.361 63.160 51.839 27.874

CORROSION SCIENCE AND TECHNOLOGY Vol.25 No.1, 2026

19



KOANGYONG HYUN, DONG-HO SHIN, HYUN-KYU HWANG, AND SEONG-JONG KIM

3D image (Roughness) 2D Profile (Maximum damage depth)

Sa:2.205um ! . 30
5;

Q b 19.312ym
= 515
§ 210
= g s

2 E O e w0 e W

Length, pm

Sa:2.204um | 30

15

a0)g

1D + dunpeAes
Height profile, pm
ocmBHh8h

g Sa236lim |
=z E2s 20.871pum
= l 220
= g 15
=] Ei 10
o E" s[
+ E 0 L i L L 1 L
0 200 400 600 800 1000 1200

g ) - Length, pm

E Sa:12.665um ! 160
) i 120 82.472m
= S wf
(Ep = % 200 200 600 800 1000 1200

Length, pm

120 | 71.588}]]11

Height profile, pm
8 &

I L
0 200 400 600 800 1000 1200

YV
D + dumpeaen

Length, pm
g . Sa:4.722um | 160
3 | E o] 48.745um
s Z gl
2 N Bl et rowr —perm T e =
o = 40F

o

+ 2 9% 200 200 00 800 1000 1200
§ . Length, pm
c -

Fig. 3. Surface analysis results obtained using a 3D laser microscope after cyclic potentiodynamic polarization experiment on
various coating specimens
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Fig. 4. Results of Scratch test on various coating specimens
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