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Surface oxides and intergranular (IG) oxidation phenomena in Alloy 600 depending on hydrogen concen-
tration were characterized to obtain clear insight into the primary water stress corrosion cracking (PWSCC)
behavior upon exposure to pressurized water reactor primary water. When hydrogen concentration was
between 5 and 30 cm’ H,/kg H,0, NiFe,0, and NiO type oxides were found on the surface. NiO type
oxides were found inside the oxidized grain boundary when hydrogen concentration was 5 cm® H,/kg H,O.
However, only NiFe,0, spinel on the surface and Ni enrichment were observed when hydrogen concen-
tration was 30 cm® H,/kg H,O. These results indicate that the oxidation/reduction reaction of Ni in Alloy
600 depending on hydrogen concentration can considerably affect surface oxidation behavior. It appears
that the formation of NiO type oxides in a Ni oxidation state and Ni enrichment in a Ni reduction (or
metallic) state are common in primary water. It is believed that the above different oxidation/reduction
reactions of Ni in Alloy 600 depending on hydrogen concentration can also significantly affect the resis-

tance to PWSCC of Alloy 600.
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EFFECT OF HYDROGEN CONCENTRATION ON SURFACE OXIDATION BEHAVIOR OF ALLOY 600 IN SIMULATED PRIMARY

WATER OF PRESSURIZED WATER REACTOR
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Table 1. Chemical composition of the test alloys (wt%)
Cr C Fe Ni Mn Si Ti Al S P
16.06 0.06 6.66 75.44 0.68 0.03 0.21 0.19 0.001 0.014
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Fig. 1. Schematic of the high temperature and high pressure recirculation loop used for surface oxidation test

Fig. 2. (a) OM, (2) SEM and (c) TEM images showing the microstructural properties of Alloy 600MA under test
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Fig. 3. SEM images showing the surface 0x1des formed at
hydrogen concentrations of (a) 5 and (b) 30 cm® H,/kg H,O
at 325 °C in simulated primary water
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Fig. 4. (a) TEM i image and diffraction pattern and (b) chemical compositions of faceted surface oxides formed at a hydrogen
concentration of 5 cm® H,/kg H,O at 325 °C in simulated primary water
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Fig. 5. (a) TEM image and dlffractlon pattern and (b) chemical composmons of filamentary surface oxides formed at a
hydrogen concentration of 5 em® H,/kg H,O at 325 °C in simulated primary water
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Fig. 6. (a) TEM image and diffraction pattern and (b) chemical compositions of faceted surface oxides formed at a hydrogen
concentration of 30 cm® H,/kg H,O at 325 °C in simulated primary water
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Fig. 7. STEM image of the surface oxidation layer around a grain boundary, and EDS compositional maps of O, Cr, Fe and Ni
at a hydrogen concentration of 5 cm® H,/kg H,O at 325 °C in simulated primary water
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Fig. 8. (a) STEM image of the surface oxidation layer around a grain boundary, (b) and (c) compositional variations of O, Cr,
Fe and Ni obtained from a line profiling denoted by EDS1 and EDS2 in (a), respectively, at a hydrogen concentration of 5 cm’

H,/kg H,O at 325 °C in simulated primary water
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concentration of 5 cm’ Hy/kg H,O at 325°C in simulated
primary water
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