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Table 1 Spraying parameters of the plasma spraying system
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AR KA P At . ek = b m
PEE 1200 °C, Ff 15 B FE R 5 T O R 2 7 7
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Fig.2 Photos of polished and sprayed Cr coating
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Fig.3 SEM (a) and XRD patterns (b) of Cr powder
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Fig.4 (a) and (b) Surface SEM of sprayed Cr coating, (¢)
and (d) cross section SEM of sprayed Cr coating
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Zr-4 alloy and Cr coating
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(a) original state;(b) after exposure to air at 1200 °C for 15

min; (c) after exposure to steam at 1200 “C for 30 min
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Fig.7 Surface SEM of Cr coating (a-h), (c-d) cross section
SEM of Cr coating, and (e) line scan of Cr-Zr diffusion

layer after exposure to air at 1200 °C for 15 min
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Fig. 10 XRD pattern of Cr coating before and after high

temperature oxidation
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Study on Improving Accident Resistance of Zirconium Alloy Cladding by
Thermal Spraying Cr Coating

LI Qing',SONG Peng', LI Zhenhua',ZHANG Ruigian’, WANG Yu*,DU Peinan®
(1. Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093,
China; 2. Science and Technology on Reactor Fuel and Materials Laboratory, Nuclear Power Institute of China,
Chengdu 610213, China)

Abstract: The Cr coating was successfully prepared on the Zr-4 cladding tube by the thermal spraying
process APS. The purpose is to spray and repair the welding area of the nuclear reactor fuel components at
both ends, and to complete coating the welding area and seamlessly connect with the PVD coating area, so
as to achieve fully coated protective coating of the outer surface with anti-oxidation and wear-resistant. The
microstructure of Cr coating before and after oxidation was qualitatively and quantitatively analyzed by
scanning electron microscope (SEM) , X-ray diffractometer (XRD), X-ray energy spectrum (EDS) and
electron probe (EPMA). Both Cr powder and sprayed Cr coating are BCC phase, sprayed Cr coating is a
typical layered structure, and the interface between coating and substrate is mechanical occlusal interface.
When exposed to high temperature up to 1200 °C in air and flowing steam, a dense Cr,O; layer was formed
on the surface of Cr coating, and a Cr-Zr layer was formed by mutual diffusion between Zr-4 substrate and
Cr coating. After high-temperature steam oxidation, the Cr coating samples had a high density of needle-like
and leaf-shaped whisker oxides on the dense oxide layer, but no whisker Cr,0O; was found in the air. The
oxidation tests show that Cr coating can effectively improve the oxidation resistance of Zr-4 cladding tube in
high-temperature air and flowing steam.

Key words: APS;Cr coating;zirconium alloy cladding ; oxidation resistance



