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High-strength steel used in marine structures is consistently subjected to harsh environments, influenced by
factors such as salinity and flow velocity in seawater. To solve corrosion, impressed current cathodic pro-
tection systems are employed. This investigation compares and analyzes the electrochemical behavior and
surface characteristics of AH32 high-strength steel under various corrosion protection conditions in a sea-
water environment. To achieve this, cathodic polarization and potentiostatic polarization experiments were
conducted to assess the effects of applied potential on corrosion characteristics and surface conditions.
When a potential between -0.80 V and -0.95 V (vs. Ag/AgCl, 3.3 M KCIl) was applied, low current density
is observed. In addition, concentration polarizationby reduction reaction occurred without any observed
surface damage. Thus, this potential range was determined to be an excellent protection condition. Con-
versely, at an applied potential of -1.1 V or lower, surface roughness increased significantly due to surface
damage from excessive hydrogen generation. Notably, numerous interparticle peelings and microcracks
were detected between -1.2 V and -1.3 V.

Keywords: Cathodic protection, High-strength steel, Electrochemical behavior, Hydrogen-induced
degradation, Marine corrosion
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Table 1. Chemical composition and mechanical properties of AH32 high-strength steel

(a) Chemical composition

C Si Mn Cr P S
0.15 0.33 1.07 0.01 0.103 0.004
(b) Mechanical properties
Yield Strength Tensile Strength Elongation Absorbed Energy

382 MPa 505 MPa 25 % 2301J
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Table 2. Chemical composition and properties of seawater

Main component (mg/L) pH Dissolved oxygen | Electric conductivity
SO> cr Na* K Mg Ca* (mg/L) (mS/cm)
1746 15721 8401 344 1121 357 7.9 16.1 453
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Fig. 1. Cathodic polarization curve of AH32 high-strength steel in seawater
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Fig. 2. Time-current density curves of AH32 high-strength
steel at various applied potentials in seawater
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Fig. 5. 3D surface roughness images and 2D damage depth profiles of AH32 high-strength steel after potentiostatic experiment
during 3600 sec at various applied potentials in seawater
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Fig. 7. SEM images of AH32 high-strength steel after potentiostatic experiment during 3600 sec at various applied potentials in
seawater (Red circle : hydroxide)
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Fig. 7. (Continued) SEM images of AH32 high-strength steel after potentiostatic experiment during 3600 sec at various applied

potentials in seawater (Red circle : hydroxide)
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Table 3. Comprehensive comparison of protection potentials with each analysis

Figure Main analysis content Basis for determining protection potential| Determined protection potential range

Cathodic polarization experiment -0.80t0-0.95V

1 : lidentifying the dissolved oxygen reduction | : Low current density, Dissolved oxygen -0.80t0-0.95V

reaction range through polarization curves reduction reaction

Potentiostatic experiment -0.80t0-0.95V

2-3 : Time-current density behavior and : Low current density, -0.80t0-0.95V

hydrogen evolution analysis No hydrogen gas evolution

Optical microscopy -0.80t0-095V

4 : Damage degree : No observable damage 08010095V
Quantitative analysis -0.80t0-0.95V

56 : 3D surface roughness and 2D surface profiles| : Low roughness and height difference 0.8010-0.95V
SEM analysis -0.80to-1.05V

7 : Surface morphology and localized damage : No surface damage observed 08010 -1.05V
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