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Wet-Dry Corrosion Behavior of Low Alloy Steel in
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Abstract: Corrosion behavior of carbon steel and Cr-Cu-Ni low alloy steel with rust forming in simulated CO,-0,-H,S-S0,
wet-dry environment of cargo oil tanks of crude oil tankers for 98 days were investigated using corrosion rate by mass loss
method, scanning electron microscope, X-ray diffraction, and electrochemical measurement. The results showed that the
corrosion rate of Cr-Cu-Ni low alloy steel was higher than carbon steel in initial period, while with the increase of corrosion
time, it tended to be lower than carbon steel. The corrosion current density of Cr-Cu-Ni low alloy steel reduced greatly from
67.4 pA/cm’ to 11.7 pA/cm’ after a period of corrosion, while the corrosion current density of carbon steel decreased lit-
tle. The rust layer of carbon steel contained large cracks throughout the cross-section of it, while the rust of Cr-Cu-Ni low al-
loy steel was compact due to the small size of rust particles, with smaller cracks in cross-section of the rust. The rusts of both
carbon steel and Cr-Cu-Ni low alloy steel were composed of amorphous corrosion products, a-FeOOH, small account of y-
FeOOH, Fe;0, and element S. Compared to the rust of carbon steel, the rust of Cr-Cu-Ni low alloy steel had a high content
of the amorphous corrosion product and a high a/y value ( the content ratio of a-FeOOH to y-FeOOH) , leading to high rust
compactness.
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Table 1 Chemical compositions of tested steels (w/% )

Steel C Si Mn S P Cr Ni Cu Nb Fe
Carbon steel (CS) 0.12 0.24 0.98 0. 006 0. 008 - - - 0. 004 Bal.
Low alloy steel (LAS) 0.07 0.23 0.90 0. 002 0. 006 0.17 0.16 0.21 - Bal.
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g Schematic diagram of corrosion simulation apparatus of upper deck of cargo oil tank
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Fig. 2 Corrosion loss of carbon steel and low alloy steel after

corrosion for different days
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Table 2 Corrosion loss and corrosion rate of carbon steel and low
alloy steel in CO,-0,-H,S-CO, humidity corrosion

environment

Specimen  Corrosion time /d 7 14 21 49 77 98
Carbon steel C/mm 0.01 0.02 0.02 0.06 0.08 0.11
Cp/mm +y'  0.67 0.51 0.51 0.47 0.39 0.42
Low alloy steel C;/mm 0.01 0.03 0.04 0.06 0.09 0.10
Cp/mm +y™'  0.65 0.82 0.76 0.48 0.42 0.37
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Fig. 3 Evolution of corrosion rates of carbon steel and low alloy

steel as a function of corrosion time
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Fig. 4 Potentiodynamic polarization curves of carbon
steel and low alloy steel ofter corroded for

49 days
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Table 3 Electrochemical parameters from potentiodynamic
polarization curves
Specimen E,.(V vs. SCE) I, (mA/cm?)
Carbon steel-bare -0. 694 4.46x107>
Low alloy steel-bare -0. 686 6.74x107°
Carbon steel -49d -0.473 4.18x107°
Low alloy steel-49d -0.419 1.17x107°
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Fig. 5 Surface and cross-sectional SEM images of corrosion products of carbon steel and low alloy steel being corroded

for 49 days: (a) and (b) carbon steel, (c¢) and (d) low alloy steel (inset images in figure 5b and 5d are

elements distribution by surface sweep, blue: Fe; green: S; red: O)
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Fig. 6  XRD patterns (a) and result of quantitative analysis (b) of rust layers of carbon steel and low alloy steel corroded in corrosion
simulation apparatus of upper deck of cargo oil tank
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