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Anti-corrosion Material Selection Experiment of CO, Reinjection
Well in an Oil Field in South China Sea
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ABSTRACT: Corrosion material selection experiments are carried out to determine economical and reasonable downhole
tubing and casing materials. The reinjection gas layer (114 'C, CO, partial pressure of 24.89 MPa, condensate water CI~
concentration of 1,000 mg/L), reinjection water layer (117 ‘C, CO, partial pressure of 28.39 MPa, condensate water Cl™
concentration of 20,000 mg/L) working conditions are simulated respectively to conduct indoor simulated corrosion ex-
periments using high temperature autoclaves, and the materials of 3Cr, 13Cr, super 13Cr and 22Cr duplex stainless steels
are evaluated. 3Cr has severe uniform corrosion and pitting corrosion; the maximum uniform corrosion rate is up to
1.0973 mm/a under the reinjection water layer condition, and the maximum pitting corrosion rate is up to 0.4241 mm/a
under the reinjection water layer condition. The uniform corrosion rate of 13Cr isrelatively low; the highest corrosion rate
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is up to 0.0274 mm/a under the reinjection gas layer condition, and the pitting corrosion rate is 0.3833 mm/a under the

reinjection water layer condition. The uniform corrosion rate of S13Cr is low; the highest corrosion rate is 0.0113 mm/a

under the reinjection gas layer; no pitting corrosion. 22Cr has uniform corrosion rate lower than 0.0011 mm/a, without

pitting corrosion. The overall rule is that the corrosion rate under the condition of the reinjection water layer is greater

than that of the reinjection gas layer. The main corrosion product is FeCOs. For pipes above 13Cr, the main form of cor-

rosion is pitting. For CO, reinjection deep wells, gas reservoirs should be selected for reinjection as much as possible.

Under the conditions of CO, partial pressure of 24.89 MPa, formation temperature of 117 C, and formation water CI~

concentration of 20,000 mg/L, Super 13Cr is recommended as reinjection well tubing.

KEY WORDS: CO, reinjection; downhole tubing material; anti-corrosion material selection; carbon emission reduction
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Tab.1 CO, reinjection gas content %
Component CO, Nitrogen Methane Ethane Propane i-Butane n-Butane  i-Pentane
Content 0.9465 0.0118 0.0121 0.0036 0.0148 0.0017 0.0009 0.0008
Component n-Pentane n-Hexane n-Heptane n-Octane n-Nonane n-Decane H,O
Content 0.0005 0.001 0.0018 0.0008 0.0004 0.0001 0.0034
£2 RN THIR
Tab.2 Formation water sampling and analysis data
sdampnng Formation water ion content/(mg-L ™) Total salinity/(mg.L") pH  Density/(g-cm™)
epthim  k*  Na* ca* Mg® CI°- SO HCO; CO
1254.3 1563 10112 691 342 18710 379 232 102 32133 7.59 1.0292
1254.3 1292 10565 691 335 19133 344 299 96 32755 7.80 1.0289
1254.3 1354 10559 700 348 19083 323 592 96 33055 7.70 1.0288
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Fig.1 3Cr (a) corrosion weight loss rate and (b) pitting
corrosion rate under different working conditions
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Fig.2 Macromorphology of 3Cr gas phase sample after removal
of corrosion products under different working conditions

0.4198 mm/a

¢ 117 °C, 28.39 MPa (5.4H)

AR TAAAET , 3Cr A2 PIAH I 1ok = 4 1Y)
HIEAL AN 4 B o SO AR rh ™ )
PRy BURE oy AR AR URE T o AR PRE P A JB el
Yy BORL RO BR, SEOREORE T8 ™ 0 R 1A
PRCREAE, S50 JE Mol R A LR BN — B BB
ST A RN 5 BN, JE IR R EEA Fe C
O =ff, i XRD 7t (Ui 6 frzs ) nlkl, Jih
741 FeCOs.

2.2 13Cr # B g ik 36

13Cr YA J o Joft 163 2 R S b 2 SR N 1R 7 B
TNe GEHLFEN], 13Cr LEW R T &5 1 F AR M AR
FP A G Pk SR AR, RS, ZERIE TRT,

0.3103 mm/a

b 114 °C, 24.89 MPa (¥ #H)

d 117 °C, 28.39 MPa (J&AH)

3 3Cr ke s P oW SO 3L 3R A AU IR
Fig.3 Laser scanning confocal microscope photograph of pitting corrosion microstructure of 3Cr sample: a) 114 C, 24.89 MPa,
gas phase; b) 114 °C, 24.89 MPa, liquid phase; ¢) 117 C, 28.39 MPa, gas phase; d) 117 ‘C, 28.39 MPa, liquid phase
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Fig.4 Microscopic morphology photo of corrosion products of 3Cr
sample under the condition of 117 ‘C, 28.39 MPa CO2 partial
pressure: @) gas phase; b) liquid phase
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a) gas phase; b) liquid phase
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Tab.3 Super 13Cr corrosion weight loss rate and pitting corrosion rate under different working conditions

General corrosion rate/(mm-a™)

Pitting corrosion rate/(mm-a™)

114 °C, 24.89 MPa 117 °C, 28.39 MPa

114 °C, 24.89 MPa 117 °C, 28.39 MPa

Gas phase Liquid phase Gas phase Liquid phase

Gas phase Liquid phase Gas phase Liquid phase

0.0113 0.0050 0.0019 0.0054

x4 FAEIREGT 22Cr A B RER K E RN S AEE
Tab.4 22Cr corrosion weight loss rate and pitting corrosion rate under different working conditions

General corrosion rate/(mm-a™)

Pitting corrosion rate/(mm-a™)

114 °C, 24.89 MPa 117 °C, 28.39 MPa

114 °C, 24.89 MPa 117 °C, 28.39 MPa

Gas phase Liquid phase Gas phase Liquid phase

Gas phase Liquid phase Gas phase Liquid phase

0.00005 0.00002 0.00003 0.0011
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Fig.8 Laser scanning confocal microscope photograph of pitting corrosion microstructure of 13Cr sample: a) 114 °C, 24.89 MPa,
gas phase; b) 114 °C, 24.89 MPa, liquid phase; c) 117 'C, 28.39 MPa, gas phase; d) 117 'C, 28.39 MPa, liquid phase
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