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Effect of element S on corrosion behavior of
nickel-base alloy G3 in high temperature and
high pressure environments containing H,S/CO,

QIAN Jin-sen, CHEN Chang-feng, LI Shen-yi, ZHENG Shu-qi, WENG Yong-ji

(College of Science, China Petroleum University, Beijing 102249, China)

Abstract: The solution immersion environments containing H,S/CO, and element S were simulated in a high
temperature and high pressure autoclave. The effect of element S on the corrosion behavior of nickel-base alloy G3 was
analyzed and discussed by the following technologies, such as SEM, EDS and XPS. The results show that the average
corrosion rate of nickel-base G3 changes lightly and the thickness of passive film with bipolar structure is about 11 nm
under the element S contents of 0, 1 and 10 g/L. The out layer of passive film is mainly composed of oxides and
hydroxides and the inner layer is mainly oxides. However, when the content of element S reaches 100 g/L, the average
corrosion rate of nickel-base G3 increases rapidly, and the thickness of passive film also increases to about 90 nm. The
out layer changes greatly and is mainly composed of Cr and Ni sulfide, the inner layer is still mainly Cr and Ni oxides.
The transformation of passive film structure maybe is the main reason that results in the lower corrosion resistance of
nickel-base G3.
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Table 1 Chemical composition of nickel-base alloy G3 (mass fraction, %)

C Si Mg Al P S

Cr Mo Cu w Nb Fe

<0.015 <10 <10 <02 <004 <0.03

21.5-235 6.0-8.0 5.0 <15 <05 18.0-21.0

F2 BHICIRE IR

Table 2 Concentration of various ions of stimulant solution (mg/L)

K Na* Ca* Mg* Li*

NH," cr oY F

Total mineralization

1150 2.25%10* 2.28%10° 49.7 10.6

107 4.10X 10* 834 19.9

67 900
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Fig. 1 Schematic illumination of corrosion apparatus
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Fig. 2 Effect of element S content on corrosion rate of

nickel-base alloy G3
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Fig. 3 Micrographs of nickel-base alloy G3 after corrosion under different S contents: (a) 0; (b) 1 g/L; (c) 10 g/L; (d) 100 g/L
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Fig. 4 Local corrosion characteristic of nickel-base alloy G3 after corrosion under 100 g/L element S: (a) Covered film; (b)
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Table 3 Chemical component corrosion film in local corrosion

Mole fraction/%
Area
(6] S Cr Ni Fe Si Al Mo
A 13.26 7.88 18.07 37.20 16.22 1.89 2.55 2.93
B 15.33 6.54 17.89 36.85 15.78 1.96 2.75 3.13

Matrix 14.20 - 21.30 38.52 18.50 0.80 0.18 6.50
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Fig. 5 Schematic diagram of localized acidification caused by sulfur deposition on nickel-base alloy G3
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Fig. 6 Change of mole fraction with sputtering depth in
passive films formed on surface of nickel-base alloy G3 under
different conditions: (a) 0 S; (b) 10 g/L S; (c) 100 g/L S
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Fig. 7 Valence state analysis and XPS fitting curves of element Cr in passive films formed on surface of nickel base alloy G3 under

different conditions: (a) 0 S; (b) 10 g/L S; (c) 100 g/L S
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Fig. 8 Schematic diagram of formation mechanism of passive film (V*"is anion vacancy)
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