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XPS analysis of surface of G3 nickel base alloy under
high H,S and CO, partial pressure
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Abstract: The compositions and structures of the passive films formed on G3 nickel base alloy under high H,S and CO,
partial pressure were investigated by X-ray photoelectron spectroscopy(XPS) as a function of depth. The effects of two
type of corrosion environments on the passive films of G3 nickel based alloy were studied. One is the environment with
the H,S partial pressure of 3 MPa, CO, partial pressure of 2 MPa and the exposure temperature of 130 C. The other is
the environment with the H,S partial pressure of 3.5 MPa, CO, partial pressure of 3.5 MPa and the exposure temperature
of 205 ‘C. The results show that the passive films formed on G3 nickel base alloy in environment 1 possess two layer
structure similar with the alloy before exposure. The outer layer is hydroxide, the inner layer is Cr,O; and metals. The
passive films obtained in environment 2 display the structure of three layers. The outer layer composes of metal sulfides,
the transition layer is the hydroxide of Cr and Ni and the inner layer is the oxides of Ni and Cr and metals. The
semiconducting properties of passive films correlate with its structures.
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Table 1 Chemical composition of G3 alloy (mass fraction, %)

Cr Fe Mo Cu Nb C
21.0-23.5 18.0-21.0 6.0-8.0 1.5-2.5 <0.5 <0.015
W Si Mg P S Co Ni
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Fig.1 Change curves of atomic concentration with sputter

depth before corrosion(a) and corroded in environments 1(b)

and 2(c)
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Fig.2 XPS patterns Ni 2p;,, after different sputtering times before corrosion(a) (upper row) and corroded in environment 1(b)

(middle row) and 2(c) (low row): ( I ) Ni(metal); (II) NiO; (II[) Ni(OH),; (IV) NiS; (V) NiS,; (VI) Ni(satellite)
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Fig.3 XPS patterns Cr 2p;,, after different sputtering times before corrosion(a) (upper row) and corroded in environment 1(b)
(middle row) and 2(c) (low row): ( I ) Cr; (1)) Cr,03; (IIT) Cr(OH)s; (IV) Cr,S;
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Fig.4 XPS patterns Fe 2p;,, after different sputtering times before corrosion(a) (upper row) and corroded in environment 1(b)
(middle row) and 2(c) (low row): ( I ) Fe(metal); (1I) FeO; (III) Fe;04; (IV) FeS; (V) FeS,; (VI) L;M,3M,s auger lines of Ni
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