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Motivations

CO, corrosion (sweet corrosion) is a significant problem for
steel pipelines in the oil and gas production industry

Sweet corrosion is caused by the dissolution of CO, in co-
produced water

Two opposing effects: dissolution accelerator (via the
formation of a carbonic acid) and corrosion inhibitor (via the
formation of a siderite film)

Protective nature of the film depends on the conditions of its
formation



Experimental

Electrode: carbon steel cut from Edson mainline loop (from NRTC)
Solution: 0.1, 0.01, 0.001 mol/L NaClO, (+NaOH for pH adjustment)

Setup: two-side-arm cell deaerated with CO, at atmospheric pressure

Procedures:

E 0.C xps
Cathodic XRD
Cleaning SEM
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Is a supporting NaCIOé electrolyte necessary?
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Methods to calculate polarization resistance RQ
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R, calculated from the same set of EIS
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R, calculated by K-K for various conditions
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Formation of a protective film
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Formation mechanism of protective films

Precipitation of FeCO, would first form a porous film, and
R, Is dominated by the low resistances in pores
Precipitation then more likely occurs at the bottom of the
pores

The turning point in R, could be the indication of virtually
sealing film porosity. Then R, becomes film resistance
dominated

The sealing layer might be very thin at first, but will grow
until the whole length of pores are filled



SEM 1maqges after immersion

a. pH~7,90°C
b. pH~7,70°C
c. pH~7,50°C

d. pH~4,90°C
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* J. K. Heuer and J. F. Stubbins, Corrosion Science, 41 (1999), 1231-1243
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Conclusions

¢ A protective siderite film is formed in neutral solutions
and temperatures higher than 70°C

< The transitions in R, and E,, indicate the formation of a
protective film

»» Precipitates of FeCO, would first form a porous film
where corrosion continues at the base of pores. The film
will become protective when the pores are sealed by thin
FeCOj, layers at the bases, since then corrosion has to
proceed through the passive layer
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