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ABSTRACT: This work aims to study the effects of temperature and flow velocity on the corrosion behavior of N80 carbon
steel in supercritical CO, environment and explore the corresponding corrosion mechanism by weight loss and electrochemical
measurements. Furthermore, the corrosion morphology of N80 carbon steel was observed by scanning electron microscope
(SEM) and the composition of corrosion product was analyzed by X-ray diffraction (XRD), respectively. The results indicated

that the weight loss corrosion rate was smallest at 40 C. Meanwhile, the impedance decreased continuously with the
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prolongation of time, suggesting that no protective FeCOj; film was formed at 40 ‘C. Although increasing temperature enhanced

the weight loss corrosion rate in the initial period, the impedance suddenly increased at a certain time at higher temperatures,

which indicates the formation of protective FeCOj; film. The higher the temperature, the larger the impedance after corrosion for

24 h, and the denser and more protective corrosion product film. In addition, weight loss corrosion rate increased with the

increase of flow velocity. Electrochemical tests also showed that the higher flow velocity, the smaller impedance and the larger

corrosion current density. Moreover, SEM surface morphology confirmed that the fluid flow destroyed the compactness of

FeCO; film and then reduced its protective effect for N80 carbon steel substrate. As a conclusion, although increasing

temperature aggravates the corrosion of N80 carbon steel in the initial period, it facilitates the formation of protective FeCOs

film. Moreover, the higher the temperature, the denser the FeCO; product film. The fluid flow destroys the compactness of

protective FeCO; film and thus accelerates the corrosion of N80 carbon steel.
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Tab.1 The chemical composition of N80 carbon steel
wt%

C Si Mn P S Cr Mo Ni Fe
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Fig.1 Schematic diagram of the experimental setup for electrochemical measurements under
dynamic supercritical CO,-water environments
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different temperatures and flow velocities under
supercritical CO,-containing formation water
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Tab.3 Fitted electrochemical results of the polarization
curves of N80 carbon steel after corrosion of 24 h in
supercritical CO,-containing formation water with
different flow velocities at 60 C

Conditions =<0/ _:]1””/ 2 b/ 1 b/ -1
V. (X107 A-em ) (mV-dec ) (mV-dec )

0 m/s —0.589 4.28 187 -100

1 m/s —0.528 8.12 294 -162

2 m/s —0.534 11.9 318 —-181

a40C

b 60 °C

2.3 [EIRTEIR KGR o A

& 6 N8O BRENTE 1 m/s, ANFEIRE FEh 24 h
JaFREIESE . 40 CHE, 003 8 55 5 5O 5
PARI RIS P2y, MELIWLEZ F] FeCO; fhki; 60 C
BF, =Y A5, A /D FeCO; dihi A 1
AR ; 80 CHY, 1R 1w A9 8 1k ™= ¥ JL-F th
FeCO; fnRHERIM A . X SFHPTEE R —3, 7E 40 C
B FeCOs HREXELITE A&, 1Ml T = il B2 e A8 A2 i (R 37 1
FeCO; BERIIE I, HIREE R, FeCO; [ #iom t it
U, XPIEAR ORIV TR .

c 8T

Kl 6 N8O BANAESIA (1 m/s) MG COL Hu)Z K A it 24 h J5 19 SEM KPS
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water under dynamic conditions (1 m/s)
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Fig.8 SEM of N80 carbon steel after corrosion of 24 h in supercritical CO,-containing formation
water under different flow velocities at 60 C
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