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Fig.1 Mass gain curves of OCu and 0.05Cu alloys in 400 °C/

10.3 MPa/1x10® pL/L oxygen-contained super-heated

steam: (a) the natural coordinate and (b) the double

logarithmic coordinate
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Table 1 Oxidation kinetic parameters of 0Cu and 0.05Cu
alloys exposed in 400 ‘C/10.3 MPa/1x10° pL/L

oxygen-contained super-heated steam

Transition point Un -2/ 41
Alloy time/d Ky/mg™" dm™=" d n
13.00 0.30
0Cu 42 2.49 0.7
15.58 0.32
0.05Cu 42 3.15 0.71
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Fig.2 Fracture SEM morphologies of the oxide film of the 0Cu (al~a4) and 0.05Cu (b1~b4) alloy specimens exposed for 42 d (al, a2, b1, b2)
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Fig.3 HAADF image (a) and EDS element mappings (b-h) of the cross section of the 0.05Cu alloy specimen exposed for 42 d in 400 <C/10.3
MPa/1<10® LL/L oxygen-contained super-heated steam
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Fig.4 HRTEM images (a, d, ) and FFT analysis results (b-c, f-h) of regions 1 and 2 in Fig.4a and regions 3, 4, and 5 in Fig.4d and 4e,
respectively of the second phase particles SPP1 (a-c) and SPP2 (d-h) in the oxide film on 0.05Cu alloy specimen
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Fig.5 High-resolution XPS spectra and peak fitting diagrams of Fe (a), Cr (b) and Sn (c) elements in the oxide film on the OCu alloy specimen
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Table 2 Content of different valence states of different

elements in the oxide films on the 0Cu and 0.05Cu

alloy specimens

Valence state Content/at/%
0Cu alloy 0.05Cu alloy
Sn 23.2 18.3
Sn? 475 32.8
Sn** 29.3 48.9
Fe 29.3 28.4
Fe 61.2 45.6
Fe¥* 9.5 26.0
Cr 7.8 11.7
cr¥* 67.8 65.7
cré* 24.4 22.6
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Effect of Cu on Corrosion Resistance of Zr-1Sn-0.35Fe-0.15Cr-0.10Nb Alloy in 400 <C
Oxygen-Contained Super-Heated Steam

Xu Shitong®, Bai Yong®, Yao Meiyi', Huang Jiansong®, Hu Lijuan®, Lin Xiaodong®, Xie Yaoping®, Liang Xue?,
Peng Jianchao?, Zhou Bangxin®
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. Laboratory for Microstructure, Shanghai University, Shanghai 200444, China)

Abstract: In order to explore the effect of Cu on the corrosion resistance of Zr-1Sn-0.35Fe-0.15Cr-0.10Nb (mass fraction, %) alloy in
400 <T/1<10° pL/L oxygen-contained super-heated steam, Zr-1Sn-0.35Fe-0.15Cr-0.10Nb and Zr-1Sn-0.35Fe-0.15Cr-0.10Nb-0.05 alloy
specimens were corroded in 400 <C/10.3 MPa/1x10® pL/L oxygen-contained super-heated steam by a dynamic autoclave. The
microstructure of the oxide films and the valence state of the alloying element were studied by SEM, TEM, and XPS. The results show that
the addition of Cu can improve the corrosion resistance of Zr-1Sn-0.35Fe-0.15Cr-0.10Nb alloy; Cu mainly exists in the form of Cu and Cu”*
in the oxide film; Cu can promote the transformation of Sn and Sn®" into Sn** and from Fe?" into Fe®" in the oxide film; The reasons of Cu
improving the corrosion resistance of Zr-1Sn-0.35Fe-0.15Cr-0.10Nb alloy are discussed from the aspects that the addition of Cu affects the
oxidation behavior of alloying elements and inhibits the formation of pores and cracks in the oxide film.

Key words: Cu; zirconium alloy; corrosion behavior; microstructure
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