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ABSTRACT: To investigate the effect of corrosion product film containing chromium on the hydrogen permeation of Tubing
Steels, corrosion tests of 80SS, P110-3Cr and P110-7Cr steels were carried out in high pressure and high temperature envi-
ronment with the coexistence of CO, and H,S. The hydrogen permeation current density of the specimen was measured by

Devanathan-Sthachurski double-cell technique before and after corrosion. Scanning electron microscope/energy dispersive

s HE: 2018-02-13; 1&iTHHA: 2018-06-01

Received: 2018-02-13; Revised: 2018-06-01

HEEWH: BRAZXAFELTA (51471188 ); L A4 A AHFE 4 (ZR2014EMMO02)

Fund: Supported by the National Natural Science Foundation of China (51471188) and Natural Science Foundation of Shandong Province
(ZR2014EMMO002)

EERN: Fhdk (1975—), B, HE, #i&, LE2HAT QAL BRIREGF,

Biography: SUN Jian-bo (1975—), Male, Doctor, Professor, Research focus: corrosion and protection of metal materials.



S18 - * om #H A 2018 4F 6 11

spectroscopy (SEM/ EDS), and x-ray diffraction (XRD) were used to analyzed the morphology and composition of the cor-
rosion scales. The results show that, the corrosion products formed on the three materials are mainly composed of metastable
mackinawite iron sulfides, and the typical CO, corrosion product FeCO; crystal is not found. There is an enrichment of
chromium element in the corrosion products of P110-3Cr (7.4%) and P110-7Cr (13.75%) steels. The apparent diffusion coef-
ficient of 80SS, P110-3Cr and P110-7Cr specimens decreases with the increase of chromium content in steels after corrosion
at 120 C. The surface hydrogen concentration of 80SS, P110-3Cr and P110-7Cr specimens without corrosion films is
0.98x107° mol/cm’®, 9.54x107° mol/cm® and 9.3x107° mol/cm’ respectively. And the surface hydrogen concentration of the
specimens with corrosion films is 0.93x10™ mol/cm?, 5.17x107° mol/cm’® and 8.52x107° mol/cm’. The corrosion process of
the three tubing steels is controlled by H,S under experimental conditions. The decrease of the effective hydrogen diffusivity
is mainly related to the enrichment of chromium element in the corrosion products. Compared with the specimens without
corrosion films, the surface hydrogen concentration of the specimens with corrosion films is reduced, and the corrosion
product films have an obvious resistance to hydrogen permeation.

KEY WORDS: oil country tubular goods; low-chromium steel; H,S/CO, corrosion; corrosion product; iron sulfides; hydrogen
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Tab.1 Chemical composition of tube steels
wt%
Steel C Si Mn P S Ni Mo Cr v Fe
80SS 0.29 0.31 0.63 0.008 0.002 0.055 0.11 0.67 0.003 Bal.
P110-3Cr 0.26 0.27 0.48 0.011 0.004 0.043 0.09 2.99 0.008 Bal.
P110-7Cr 0.07 0.22 0.50 0.009 0.008 0.016 0.11 6.95 0.010 Bal.
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Tab.2 Test Matrix for High temperature high pressure
H,S/CO,; corrosion testing

H,S/MPa CO,/MPa  Temperature/’'C  Test time/h
0.5 1 60 96
0.5 1 120 96
2 ZRKSW

2.1 JEHRFEYIRER S KSR

B 1, 2 2= EHE HoS 430 E 0.5 MPa,
CO, /3 EN 1 MPa i}, 23314 60, 120 CJE i )E
=Yg XRD EE . MEH T UG 1, =Rk
1) 2 B2 ok P R T I R R R A, T
KA CO, =) FeCOs dhiAR, I it
TR H,S il . XRD B rh B4k & W (4 5t
AT S, AT REER OB RN 06 . WARAS I T S
& HyS FREE P ) fh A= 102, Y EIEE T 4K
K/NPAZET XRD JoiE S A IARZE R, H 9 S
TCRETE FeSPl. il B A IR BE N R AL AT, X il fa
AW SR B ER LA WAR A 5 ) HoAb - B 54k
80SS HUHY B 1 P~ W AE 60 “CIf 2 H 2 FeSgo HHETH
W, 120 CHIEAE K FeS B335 H™ . P110-3Cr )& il
FEMIIEAE 60 CHE T FeS LIEIHET, 120 CHi%%
ylj’i’%%i%ﬂ Feso,g %ﬂ@ﬁgﬁﬁk FCsS4 Eg{?ﬁ%%o
P110-7Cr BB JE =YL AE 60 CH 2/ FeS Lt
W, 120 CHFHEAE N FeSo REIEN, A i B 4k
W FesSy M H B o 3158 B & 1ok =) 1) SlOM 5 A AN H 5
AT G, A A B a9 AR At 235 e B ik Y
AR

IS B = e S A, —FiHRE 60 CHI
120 CE e (R I H 38 KB A h =y, )2
W, EEVE R ARE S KA RIS B4
120 C Ji o 1t 10RE 2 S foh = i v L ™ . —
FEHE HaS 43 15K 0.5 MPa., CO, 4354 1 MPa i,

a 80SS

1-Fe; 2-Mackinawite FeS, .; 3-Mackinawite FeS

0.9°

CPS

P110-3Cr
1

P110-7Cr

50 60 70 80 90 100
20/(°)

K1 =AH9 60 CFIE =PI XRD &1
Fig. 1 XRD pattern of the corrosion scales at 60 ‘C
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Fig. 2 XRD pattern of the corrosion scales at 120 C
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Fig.3 SEM images of the corrosion scale on the tube steels after corrosion at 60 C
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Fig. 4 SEM images of the corrosion scale on the tube steels after corrosion at 120 C
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Tab.3 Cr content in the surface corrosion scale

wt%
Steel 60 C 120 C
80SS 0.85 0.88
P110-3Cr 7.08 7.4
P110-7Cr 14.26 14.75
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Tab.4 Hydrogen permeation parameters of tubing steels with and without corrosion films

Steels Joo/(xlO’10 mol-cm2-s7)) D/(x1077 ecm*s™") C'S0 /(x1073 mol~cm’3)
80SS 8.02 44.27 0.98
80SS after corrosion at 60 'C 1.34 1.66 0.15
80SS after corrosion at 120 ‘C 8.27 5.94 0.93
P110-3Cr 6.79 3.7 9.54
P110-3Cr after corrosion at 60 C 2.24 1.1 3.15
P110-3Cr after corrosion at 120 'C 3.68 2.1 5.17
P110-7Cr 4.7 2.6 9.4
P110-7Cr after corrosion at 60 C 4.1 0.86 7.88
P110-7Cr after corrosion at 120 C 4.1 0.89 8.52
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