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Electrochemical corrosion behavior of 304 stainless steel in simulated pressurized water

reactor primary water
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ABSTRACT The effects of chloride concentration and dissolved oxygen on the high-temperature electrochemical corrosion behaviors
of 304 stainless steel sheets were investigated in simulated pressurized water reactor ( PWR) primary water. The results of potentiody—
namic polarization measurements reveal that the chloride ion mainly affects the second passivation region under high potential but little
effect under low potential. Oxide film chemical content analysis by X-ray photoelectron spectroscopy ( XPS) shows that the second pas—
sivation properties are closely related to the Fe/Cr ratio of the oxide film. Electrochemical impedance spectroscopy ( EIS) and scanning
electron microscopy ( SEM) results show that when the chloride ion concentration increases the oxide film resistance decreases the
size of oxide particles and the gap between oxide particles on the outer layer increases and the corrosion resistance decreases. Besides
with the increase of dissolved oxygen the corrosion potential increases the passive current density decreases the passive potential re—
gion shrinks and the oxide film resistance gradually increases.
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Fig.1 Schematic diagram of the high temperature and high pressure water loop system
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primary water with different chloride concentrations
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Fig.3 EIS results for 304 stainless steel in simulated primary water with different chloride concentrations:
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Fig.4 Equivalent circuit used for simulating the EIS results of 304

stainless steel
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Table 2 Equivalent circuit parameters of 304 stainless steel in simulated primary water with different chloride concentrations
R,/ Cov/ Ro.! Cy./ Ry, /
-1 2 -8 -2 oL 2 -3 -2 "L 2
/(pgeL77) (Q+cm?) (107° Feem ™) (Q+cm?) (1072 Feem ™) (Qecm?)
0 61.12 3.72 1. 00 1746 0. 68 0.59 7437
100 65.93 3.91 1. 00 1799 1.20 0.75 4556
200 55.43 3.79 1.00 1712 1. 80 0.62 1689
5 304SS 20h . (a) (b)0; (¢) (d) 100 ugeL""

Fig.5 Surface morphologies of the oxide films of 304 stainless steel exposed in simulated primary water with different chloride mass concentrations for

20 h respectively: (a) (b) 0; (¢) (d) 100 pg*L~!
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Fig. 6 Depth profiles of main elements in the oxide film of 304 stainless steel after polarization in simulated primary water with different chloride mass

concentrations: (a) Opg*L™"; (b) 100 pgL™"; () 200 pgeL~!
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Fig.7  Potentiodynamic curves for 304 stainless steel in simulated

primary water with different dissolved oxygen
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