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Fig.1  TEM morphologies of 1# coarse-grained samples from the edge of the hole to the inside of the grain continuously under 

low vacuum condition after oxidation of 280 n/30 min (a) and 290 n/30 min (b) 
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Fig.2  HRTEM lattice fringe images at the edge of hole (the square area A of Fig.1a) (a) of 1# coarse-grained samples under low vacuum 

condition after oxidation of 280 n/30 min; magnified image (b) and FFT analysis results (c) of area C in Fig.2a 
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Table 1  Zr and O content, as well as Zr/O atomic ratio at the 

white squares A and B in Fig.1a and 1b 

Square A B 

Zr content/at% 88.42 60.98 

O content/at% 10.36 38.21 

Zr/O atomic ratio 8.5 1.6 
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Fig.3  HRTEM lattice fringe images at the edge of hole (the square area B of Fig 1b) (a) of 1# coarse-grained samples under low vacuum 

condition after oxidation of 290 n/30 min; the result of the FFT analysis of areas C (b) and D (c) in Fig 3a 
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Fig.4  TEM images of 2# coarse-grained samples along the edge of hole under low vacuum conditions after oxidation of 280 n/30 min (a) 

and 290 n/30 min (b), magnified images of the square area in Figs.4a (c) and 4b (d), HRTEM lattice fringe images of the dotted 

line area in Fig.4c (c
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Fig.5  TEM images of 11# coarse-grained samples along the edge of hole under low vacuum conditions after oxidation of 280 n/30 min (a) 

and 290 n/30 min (b), magnified images of the square area in Figs.5a (c) and 5b (d), HRTEM lattice fringe images of the dotted 

line area in Figs.5c (c
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Effect of Sn and Nb Elements on Initial Oxidation Behavior of Zirconium Alloys 

in Low Vacuum Environment 

 

Yao Meiyi, Huang Wei, Hou Keke, Zhang Jinlong, Xie Yaoping, Hu lijuan, Zhou Bangxin

 

(Institute of Materials, Shanghai University, Shanghai 200072, China) 

 

Abstract: Zirconium alloys are important structural materials used as nuclear fuel cladding in nuclear reactors. Investigation on the initial 

oxidation behavior of zirconium alloys in low vacuum environment is helpful to understand the oxidation mechanism of zirconium alloys. 

Zr-0.75Sn-0.35Fe-0.15Cr, Zr-0.75Sn-0.35Fe-0.15Cr-0.15Nb and Zr-1.5Sn-0.35Fe-0.15Cr (wt%) alloys were made into large-grained 

samples, and then TEM thin samples were prepared by electrolytic double-spraying. By studying the oxidation of TEM large-grained 

samples in a vacuum tube furnace with a vacuum of 3 Pa at 280 °C and 290°C, the effect of Sn and Nb on the initial oxidation behavior of 

zirconium alloys were investigated, and the nucleation and growth of ZrO

2

 grains on the surface of the alloys was also observed. The 

results show that the addition of Nb or the increase of Sn content promotes the nucleation and growth of ZrO

2

 grains formed on 

Zr-0.75Sn-0.35Fe-0.15Cr alloy oxidized at 280 °C and 290 °C in low vacuum environment . When oxidizing at 280 °C/30 min under low 

vacuum conditions, the addition of Nb promotes the increase of ZrO

2 

grain size, while the increase of Sn content makes the ZrO

2

 grain 

change from spherical to short rod. With the increase of oxidation temperature (290 °C/30 min), the ZrO

2

 grains on the surface of the 

Zr-0.75Sn-0.35Fe-0.15Cr and Zr-1.5Sn-0.35Fe-0.15Cr alloy grow up, while the ZrO

2

 grains on the Zr-0.75Sn-0.35Fe-0.15Cr-0.15Nb alloy 

has a faster nucleation rate. 

Key words: zirconium alloy; large-grained samples; initial oxidation behavior 
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