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This study investigates the influence of minor Cu addition on the CO, corrosion behavior of API-grade HSLA steel in
CO,-saturated aqueous environments. Two types of steel were examined: one Cu-free and one containing 0.5 wt% Cu,
under neutral (pH ~ 6) and mildly acidic (pH 4.0-4.5) conditions. The methods used included electrochemical LPR
measurements, microstructural characterization, and surface analyses. The addition of Cu did not significantly alter the
ferritic microstructure but allowed for limited precipitation of metallic Cu. Under neutral conditions, Cu accelerated
initial Fe dissolution and the formation of CuO/Cu,O, which suppressed stable FeCO, deposition and decreased cor-
rosion resistance. In contrast, under mildly acidic conditions, preferential Fe dissolution led to pronounced Cu enrich-
ment at the surface. The resulting Cu and Cu-oxide layers increased the local pH and promoted more stable FeCO,
formation during prolonged immersion, resulting in lower corrosion rates compared to the Cu-free steel. These find-
ings demonstrate that while Cu plays a detrimental role in neutral solutions, it enhances corrosion resistance in acidic
CO, environments, indicating the potential applicability of Cu-microalloyed steel for acidic CO, transport conditions.
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EFFECT OF CU ADDITION TO HSLA STEEL ON ITS CORROSION BEHAVIOR IN NEUTRAL AND ACIDIC AQUEOUS SOLUTION
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Table 1. Chemical composition of the two tested samples (Wt%)
C Si Mn P S Al v Nb Ti Cu Cr
W-Cu 0.02~0.04 <0.3 <1.5 <0.08 <0.01 <0.05 <0.05 <0.05 <0.03 - <0.2
0.5-Cu 0.02~0.04 <0.3 <15 <0.08 <0.01 <0.05 <0.05 <0.05 <0.03 0.45~0.5 <0.2
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Fig. 1. Microstructures of the two samples. The Vickers hardness values (Hv) are indicated in each image: (a) W-Cu; (b) 0.5-Cu
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Fig. 2. Equilibrium calculation for the phase fraction of precipitates with temperature, constructed by JmatPro
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Fig. 3. (a) Changes in polarization resistance (R,) with immersion times, obtained from LPR measurements; (b) bar-chart
comparing the R, values of the samples after 1-day and 14-days
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Fig. 4. (a) Changes in polarization resistance (R ) with immersion times, obtained from LPR measurements; (b) bar-chart
comparing the R, values of the samples after 1-day and 14-days
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Fig. 5. Surface (a) and cross-sectional (b) morphologies of the 0.5-Cu sample after the initial stage of corrosion
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Table 2. EDS point analysis on area marked on Fig. 5 E;
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Fe 79.78 65.34 Fig. 6. GDS depth profile of the 0.5-Cu specimen after 3
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adjusted using HCI
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Fig. 7. (a) XRD pattern and (b) XPS Cu 2p,, spectrum of the 0.5-Cu sample after 3 days of immersion in a 5% NaCl solution
with a pH of 4.5 adjusted using HCI
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Fig. 9. Cross-sectional morphologies and EDS elemental mappings of the two samples after 7 days of immersion in a 5% NaCl
solution with a pH of 4.0 adjusted using HCI: (a) W-Cu; (b) 0.5-Cu. (c¢) Elemental maps of O and Cu
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