
Accepted Manuscript

Improved oxidation resistance of zirconium at high-temperature
steam by magnetron sputtered Cr-Al-Si ternary coatings

Yue Dong, Fangfang Ge, Fanping Meng, Gongshu Zhao, Jie
Zhou, Zhaoping Deng, Qing Huang, Feng Huang

PII: S0257-8972(18)30390-6
DOI: doi:10.1016/j.surfcoat.2018.04.029
Reference: SCT 23313

To appear in: Surface & Coatings Technology

Received date: 17 November 2017
Revised date: 9 April 2018
Accepted date: 11 April 2018

Please cite this article as: Yue Dong, Fangfang Ge, Fanping Meng, Gongshu Zhao, Jie
Zhou, Zhaoping Deng, Qing Huang, Feng Huang , Improved oxidation resistance of
zirconium at high-temperature steam by magnetron sputtered Cr-Al-Si ternary coatings.
The address for the corresponding author was captured as affiliation for all authors. Please
check if appropriate. Sct(2017), doi:10.1016/j.surfcoat.2018.04.029

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.surfcoat.2018.04.029
https://doi.org/10.1016/j.surfcoat.2018.04.029


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

1 

 

Improved oxidation resistance of zirconium at high-temperature steam  

by magnetron sputtered Cr-Al-Si ternary coatings   

Yue Dong 
a,c

, Fangfang Ge 
a, b

*, Fanping Meng 
a, b

, Gongshu Zhao 
a, b

, Jie Zhou 
a
, Zhaoping Deng 

c
, 

 Qing Huang 
a
, Feng Huang 

a, b
*   

a Engineering Laboratory of Specialty Fibers and Nuclear Energy Materials, Ningbo Institute of Industrial Technology, 

Chinese Academy of Sciences, Ningbo, China 315201  

b. Key Laboratory of Marine Materials and Related Technologies, Zhejiang Key Laboratory of Marine Materials and 

Protective Technologies, Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo, 

China 315201   

c College of Materials and Chemistry & Chemical Engineering, Chengdu University of Technology, Chengdu, China 610059   

 

Abstract   

Accident tolerant fuel claddings are extremely urgent to increase the safety margin of 

light water reactors.  In this work, Cr-Al-Si ternary alloy coatings were proposed to increase 

high-temperature oxidation resistance of zirconium claddings.  Cr62.8Al27.9Si9.3 coatings were 

deposited on Zr coupons by magnetron sputtering, followed by evaluation of their oxidation 

resistance and adhesion strength under high-temperature steam.  No oxidation of the Zr 

coupons underneath the coatings occurred in the 1000 °C steam for 15 min.  In the 1200 °C 

steam for 30 min, both the weight gain and the thickness of the α-Zr(O) layer decreased 40% 

and 50%, related to those of the uncoated coupons, respectively.  Moreover, the adhesion of 

coating and substrate was improved after the high-temperature oxidation, with the adhesion 

strength of the oxidized coating – Zr substrate more than ~50 N.  It was further observed that 

the Al and Si atoms preferentially diffused outwards the surface to form a layer of oxides, and 
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