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Effect of H,S partial pressure on stress corrosion cracking behavior of
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ABSTRACT: Electrochemical characteristics and stress corrosion cracking (SCC) behavior of
13Cr stainless steel were investigated by electrochemical measurements, U-bent specimen
immersion test and surface analysis technique in an artificial solution with an autoclave, which
aimed to simulate the annulus environment around CO; injection well. The results showed that
annulus solution around injection well was a complicated H,S-CO,-CI" environment which
generated the SCC of 13Cr stainless steel. The pitting breakthrough potential and SCC resistance
of 13Cr stainless steel decreased obviously with increasing H,S partial pressure, which is
associated with the deterioration of surface film (passive film and corrosion products scales) on
the steel. When the H,S partial pressure exceeded 0.2MPa (including 0.2), SCC occurred on 13Cr
steel. Typical transgranular and intergranular fracture morphologies were observed, which
indicated that the SCC process was mixed-controlled by both anodic dissolution and
hydrogen-induced cracking.
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Fig. 1 Optical micrograph of 13Cr stainless steel
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Table 1 Test conditions of electrochemical measurements of 13Cr stainless steel

. CO, H,S
. Corrosion . Total )
Condition  Temperarure  pH . partial partial Pco2/PHas
inhibitor pressure
pressure pressure
1 0 MPa -
2 0.05 MPa 80
3 25 4.0 1x 10°  40MPa 9.0 MPa 0.10 MPa 40
4 0.20 MPa 20
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Fig. 2 Polarization curves of 13Cr stainless steel under different H,S partial pressures
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Fig. 3 EIS of 13Cr stainless steel under different H,S partial pressures
(a) Nyquist diagram; (b) Equivalent circuit
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Table 2 Fitted electrochemical parameters for EIS of 13Cr stainless steel under different H,S

partial pressures

H,S partial
R, Qs Re CPEy Ret
pressure n n

(Q.cm?)  (uF.em™) (Q.cm?)  (uF.em?) (Q.cm?)

MPa
0 18.45  8.79x10° 0.91 9.51x10* 2.97x10™ 0.99 4.40%10"
0.05 16.66  1.20x10*  0.862 7.54x10" 5.50x10™ 1 2.40%10"
0.10 18.12  2.00x10° 1 10.18  8.30x10°  0.817 5.13x10*
0.20 16.78  1.95x10° 1 7.9 1.01x10*  0.814 3.60x10"

0.30 18.45  6.30x10°  0.623 568.4  4.89x10°  0.867 3.58x10*
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Fig. 4 Variation of Ry, ipass and Ry with increasing H,S partial pressure
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Fig. 5 Macroscopic morphologies of 13Cr stainless steel U-bent specimen after immersion test
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Fig.6 Variation of failure time of 13Cr stainless steel with increasing H,S partial pressure
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Fig. 7 SEM fractographs of U-bent specimen of 13Cr stainless steel under different H,S partial
pressures
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