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Table 1 Fitted oxidation rate constants ky (g2/(dm*-h))

Temperature/ C  Cr-coated Zr-4 alloy Zr-4 alloy
1000 0.48246 2.89269
1100 3.29114 4.92161
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Fig.5  Surface morphologies after high temperature steam oxidation at 1000 and 1000 C for different time: (al) 1000 ‘C-1 h;
(a2) 1000 C-2 h; (a3) 1000 C-3 h; (a4) 1000 ‘C- 4 h; (b1) 1100 ‘C-1 h; (b2) 1100 C-2 h; (b3) 1100 ‘C-3 h; (b4) 1100 C-4 h
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Fig.7 Cross-sectional morphologies and EDS mappings after high temperature steam oxidation at 1100 ‘C: (a) 1 h, (b) 2 h, (¢) 3 h, and

(d)4h
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Fig.8 XRD patterns of Cr-coated Zr-4 alloy after high temperature steam oxidation: (a) 1000 °C and (b) 1100 C
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High Temperature Steam Oxidation Behavior of Cr-coated Zr-4 Alloy Prepared by
Multi-arc Ion Plating at 1000 and 1100 °C

Liu Shihong!?, Xiao Weiwei'?, Luo Biao!?, Huang Jinghao!?, Zou Shuliang'?, Liu Yilong!?, Ren Zhenghao!?
(1. College of Mechanical Engineering, University of South China, Hengyang 421001, China)
(2. Hunan Provincial Key Laboratory of Emergency Safety Technology and Equipment for Nuclear Facilities, University of South China,
Hengyang 421001, China)

Abstract: Cr-coated zirconium alloy cladding is an important method to improve the high temperature oxidation resistance of light water
reactor fuel assembly. The high temperature oxidation behavior of Cr-coated Zr-4 alloys was studied in steam environment. The Cr-coated
Zr-4 alloy samples were prepared by multi-arc ion plating process. High temperature oxidation experiments were carried out in 1000 and
1100 °C steam environment. The oxidation mass gain of the samples was obtained by a high precision balance, and the surface and
cross-section micro-morphologies, element distribution, as well as phase and thickness of the Cr-Zr diffusion layer were analyzed by
scanning electron microscope (SEM), energy dispersive spectroscope (EDS) and X-ray diffractometer (XRD). The results show that there
are a large number of droplets of different sizes on the surface of the Cr-coated Zr-4 alloy samples prepared by multi-arc ion plating, and
the Cr coating grows preferentially along the (110) crystal plane. The oxidation mass gain per unit area and time approximately follows a
parabolic law. The oxidation rate at 1100 °C is significantly higher than that at 1000 °C. At the same temperature, the oxidation rate of the
Cr-coated Zr-4 alloy is lower than that of the uncoated Zr-4 alloy. After high temperature steam oxidation, whisker-like oxides are formed
on the surface of the samples, and there are a large number of micro-pores between the oxides. After high temperature steam oxidation at
1100 °C for 3 and 4 h, the surface of the samples is oxidized to form worm-like agglomerates. The cross section of the samples has a
layered structure, consisting of Cr,0s3 layer, Cr coating, Cr-Zr diffusion layer, and a-Zr(O) layer (ZrO; layer). However, the thickness of the
surface Cr20; layer does not increase synchronously with the increase in the oxidation time, while the thickness of the Cr-Zr diffusion layer
increases with the increase in the oxidation temperature and oxidation time, which has a linear relationship with the oxidation time.
Therefore, the Cr-coated Zr-4 alloy prepared by multi-arc ion plating shows good resistance to high temperature steam oxidation at 1000
and 1100 °C.

Key words: Cr-coated Zr-4 alloy; high temperature steam oxidation; oxidation rate; Cr-Zr diffusion; multi-arc ion plating

Corresponding author: Huang Jinghao, Ph. D., Lecturer, College of Mechanical Engineering, University of South China, Hengyang 421001,
P. R. China, E-mail: huangjh2019@126.com


https://www.sciencedirect.com/science/article/abs/pii/S0272884219309149
https://www.sciencedirect.com/science/article/abs/pii/S0272884219309149
https://www.sciencedirect.com/science/article/pii/S095522191930679X
https://www.sciencedirect.com/science/article/pii/S095522191930679X
https://www.sciencedirect.com/science/article/abs/pii/S0010938X18320481
https://www.sciencedirect.com/science/article/abs/pii/S0010938X18320481
https://www.nstl.gov.cn/paper_detail.html?id=e4fadfd0e81db7e4ddcd8f52870378a7
https://www.nstl.gov.cn/paper_detail.html?id=e4fadfd0e81db7e4ddcd8f52870378a7
https://www.sciencedirect.com/science/article/abs/pii/S0022311517315957
https://www.sciencedirect.com/science/article/abs/pii/S0022311517315957
https://www.sciencedirect.com/science/article/abs/pii/S0010938X21005217
https://www.sciencedirect.com/science/article/abs/pii/S0010938X21005217
https://www.sciencedirect.com/science/article/abs/pii/S0010938X18320407
https://www.sciencedirect.com/science/article/abs/pii/S0010938X18320407
https://www.sciencedirect.com/science/article/abs/pii/S0010938X19322565
https://www.sciencedirect.com/science/article/abs/pii/S0010938X20303036
https://www.sciencedirect.com/science/article/abs/pii/S0010938X20303036
https://www.sciencedirect.com/science/article/abs/pii/S0010938X20309215
https://www.sciencedirect.com/science/article/abs/pii/S0010938X20309215
https://www.nstl.gov.cn/paper_detail.html?id=e4fadfd0e81db7e4ddcd8f52870378a7
https://www.nstl.gov.cn/paper_detail.html?id=4c78dc175f3e862c4b3fd46ec039aee5
https://link.springer.com/article/10.1023/A:1023065915321
https://www.sciencedirect.com/science/article/abs/pii/S0010938X18317323
https://www.sciencedirect.com/science/article/abs/pii/S0010938X18317323
https://iopscience.iop.org/article/10.1149/1.2425963
https://iopscience.iop.org/article/10.1149/1.2425963

