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Fig.1 XRD patterns of 90Nb-10Zr alloy before and after corrosion
for 1and 7 hin 500 ‘C and 10.3 MPa super-heated steam
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Fig.2 SEM surface morphologies of the oxide film formed on 90Nb-10Zr alloy corroded in 500 ‘C and 10.3 MPa super-heated steam for

1h(al, a2) and 7 h (b1, b2)
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Fig.3 Cross-sectional HAADF images of the oxide film on the
90Nb-10Zr alloy corroded in 500 ‘C and 10.3 MPa super-
heated steam for 1 h: (a) low magnification and (b) high

magnification
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Fig.4 Microstructures of the oxide film on 90Nb-10Zr alloy corroded in 500 C and 10.3 MPa super-heated steam for 1 h: (a) bright field image

and (b) dark field image of position A; (c) SAED pattern of position A in Fig.4a; (d) HRTEM image of different regions in position B in

Fig.4a; (e, f) FFT patterns of zone P1 and zone P2 in Fig.4d
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Table 1 EDS analysis results of position A and B in Fig.4a (at%o)
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Fig.5 Cross-sectional HAADF images of oxide film on the 90Nb-10Zr
alloy corroded in 500 ‘C and 10.3 MPa super-heated steam for

7 h: (a) low magnification and (b) high magnification



12 4 5 Bi%E: 90NDb-10Zr &4:7E 500 °C i #AZEyS A (1 65 h

1TA . 4441 -

( 02?1‘)

m-Nb205 [ 521 ]

[211]

El6 90Nb-10Zr &4:7E 500 C. 10.3 MPa I #4ZES b B il 7 h I fr) Sl 10 LB T St A 2L 41
Fig.6 Microstructures of the oxide film on 90Nb-10Zr alloy corroded in 500 “C and 10.3 MPa super-heated steam for 7 h: (a) bright field image and

(b) dark field image of position 1; (c) SAED pattern of position 1; (d) bright field image and (e) dark field image of position 2; (f) SAED pattern

of position 2; (g) bright field image and (h) HRTEM image of position 3; (i) FFT pattern of position 3
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Table 2 EDS analysis results of positions 1, 2 and 3 in Fig.6 (at%)

Position Nb zr 0
1 36.20 0.09 63.72
2 37.35 4.36 58.29
3 45.11 4.96 49.93
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Fig.7 Schematic diagrams of corrosion process of 90Nb-10Zr alloy corroded in 500 °C and 10.3 MPa super-heated steam for 1 h (a) and (b) 7 h
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Corrosion Behavior of 90Nb-10Zr Alloy in 500 °C Super-Heated Steam

Wu Yue?!, Chen Bing', Lin Xiaodong®, Hu Lijuan’, Liang Xue?, Peng Jianchao?, Yao Meiyi*, Zhou Bangxin®
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. Laboratory for Microstructures, Shanghai University, Shanghai 200444, China)

Abstract: In order to further study the corrosion behavior of 5-Nb second phase particles (SPPs) in zirconium alloys, a bulk 90Nb-10Zr alloy was
prepared by vacuum non-consumable arc furnace based on the chemical composition and crystal structure of g-Nb SPPs. The 90Nb-10Zr alloy was
corroded in super-heated steam at 500 °C and 10.3 MPa in a static autoclave for 1 and 7 h. The microstructure of the oxide film formed on the
alloy was characterized by XRD, SEM and TEM. The results show that the monoclinic Nb,Os is formed directly when 90Nb-10Zr alloy is
corroded for 1 h, because the corrosion medium is directly contacted with the outer surface of the alloy. When 90Nb-10Zr alloy is corroded for 7 h,
the oxide film on the alloy is double-layer structure: the outer layer is m-Nb,Os and the inner layer is t-NbO; since the occurrence of further
corrosion requires the internal diffusion of the oxidizing substances in the corrosion medium. No single oxide of Zr is detected in this study. This
oxidation process can reasonably explain the relationship between the corrosion behavior of Nb-containing zirconium alloy in super-heated steam
and the Nb content.

Key words: zirconium alloy; 90Nb-10Zr alloy; corrosion; oxide film; microstructure
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