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experiment (/%)

Alloy Sn Fe Cr Nb Zr
ONb 0.72 0.32 0.14 - Bal.
0.15Nb 0.72 0.32 0.14 0.12 Bal.
0.5Nb 0.72 0.32 0.14 0.48 Bal.

INb 0.72 0.32 0.14 0.97 Bal.
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Fig.1 Isothermal oxidation mass gain vs time curves of the four alloys in high temperature steam: (a) 800 °‘C, 7200 s; (b) 1000 C

3600 s; (c) 1200 °C, 3600 s
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Table 2  Fitting results of oxidation Kinetic parameters of the four alloys in high-temperature steam at different temperatures

Aw=K,t"(InAw =InK,+nint)

Temperature/ C Alloy
Transition In(Ko/mg*" dm?" s n
ONb -3.21 0.87
800 0.15Nb -3.70 0.93
0.5Nb -3.50 0.95
1Nb -3.72 0.95
ONb -0.80 0.87
0.15Nb -0.47 0.81
1000 Before transition -1.14 0.91
0.5Nb First transition -1.51 1.33
Second transition -1.27 0.95
1Nb -1.31 0.92
ONb -0.08 0.94
1200 0.15Nb 0.03 0.95
0.5Nb 0.01 0.96
1Nb -0.12 0.95
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Table 3 Q values of the four alloys oxidized in high
temperature steam at 800~1200 “C (kJ/mol)
Alloy 800~1000 C 1000~1200 C
ONb 69.72 162.67
0.15Nb 48.13 220.46
0.5Nb 139.34
INb 143.65
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InK,-T curves of the four alloys at 800~1200 °C: (a) ONb, (b) 0.15Nb, (c) 0.5Nb, and (d) 1Nb
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Fig.3 Transformation temperature of a—a-+p 1 m-ZrO,—
t-ZrO; in the heating stage of the four alloys during high

temperature steam oxidation
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in high temperature steam at 800~1200 ‘C
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Effect of Nb Addition on High Temperature Steam Oxidation Behavior of
Zr-0.755n-0.35Fe-0.15Cr Alloy

Zhang Jianan', Yao Meiyi*, Zha Xuepeng', Gao Changyuan? Qu Chen?, Hu Lijuan®, Lin Xiaodong®,
Xie Yaoping®, Zhou Bangxin®
(1. Institute of Materials, Shanghai University, Shanghai 200072, China)
(2. China Nuclear Power Technology Research Institute Co., Ltd, Shenzhen 518000, China)

Abstract: Zr-0.75Sn-0.35Fe-0.15Cr-xNb(x=0, 0.15, 0.50, 1.00, wt%) alloys were smelt and prepared into plate specimens. The high
temperature steam oxidation behavior of the four zirconium alloys under simulated LOCA conditions of 800~1200 <C was studied, and the
cross-sectional microstructure was analyzed by metallographic microscope. The results show that the mass gain change after oxidation of
the four zirconium alloys is not consistent with the change of Nb content, and the oxidation Kinetics is mostly linear. Only the oxidation
kinetics of the alloy with 0.5% Nb at 1000 <C has two transitions, that is, from linear law to power exponential law and then to linear law.
The transformation temperature of the matrix in zirconium alloy decreases with the increase of Nb content, while the phase transition
behavior of its oxides is not in accordance with the change of Nb content, which indicates that the influence of Nb content on the phase
transformation behavior of zirconium alloy oxide is more complicated than on that of the alloy. When the oxidation temperature is 800,
1000 and 1200 <C, the cross-sectional structure of the oxidized sample is: ZrO, and a-Zr(O), ZrO,, a-Zr(O) and prior g-Zr layer, ZrO, and
a-Zr(0). The thickness proportion of each layer of the cross section of the 800 <C oxidized sample seldom changes with the Nb content.
The proportion of the thickness of the a-Zr(O) layer in the cross-section of the oxidized sample at 1000 <C increases with the increase of
the Nb content. The proportion of the thickness of the prior -Zr layer is just the opposite, and there is a finger-like intrusion of a-Zr(O).
The thickness proportion of the microstructure of the cross-section of the oxidized sample at 1200 <C varies with the Nb content more
complicatedly. It implies that Nb can promote the transformation of f—a-Zr(O).

Key words: zirconium alloy; Nb; high temperature steam oxidation; microstructure
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