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Abstract: CO, corrosion is one of the main threats to the safety of carbon sequestration, and the evolution of the

corrosion product film directly affects the corrosion resistance of casing steel through changes in its structure and

composition. This study conducted 24 to 1440 hours corrosion experiments on N80 casing steel in a formation water
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environment at 80 °C and with a p(CO,) of 0.53 bar. Using mass—loss measurements, electrochemical impedance
spectroscopy (EIS), potentiodynamic polarization, and multiple microstructural characterization methods —scanning
electron microscopy (SEM), X-ray diffraction (XRD), energy—dispersive X-ray spectroscopy (EDS), and laser
scanning confocal microscopy— the dynamic evolution law and mechanism of the corrosion product film were
systematically revealed. The results showed a four-stage evolution process. Stage 1 (24 h), limited nucleation of the
crystals occurred, in which they preferentially nucleated and grew upon the Fe,C network. Stage 2 (24-168 h) was
characterized by extensive nucleation and growth of crystals, during which the product film densified and the
corrosion rate decreased sharply. Stage 3 (168—360 h) was a period of outer product film growth, where the outer
layer formed with larger grain size and a looser structure under relatively low supersaturation. Stage 4 (360-1440 h)
represented the period of the bilayer product film, where the outer layer showed dissolution between 720 and 1080
h, and by 1440 h, the resistance of the inner layer increased indicating enhanced densification. This study reveals

the intrinsic growth mechanism of the product film in carbon storage environments, providing insights for a deeper

understanding of the long—term integrity evolution of storage wellbores.
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Table 1 Chemical composition of N80 steel
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Fig. 2 Uniform corrosion rate of N80 Steel in the formation water environment at 80°C and with a p(CO,) of 0.53 bar for different

immersion times
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cm’) cm?) cm’)
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48 4.40 - - - - - - - - 3.61x107 0.9 93.0
120 447 - - - - - - - - 427x107°  0.86 170.7
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