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Table 1 Mixing enthalpy of binary atomic pairs in alloy systems

(kJ/mol)

Element Al Cr Fe Ni Cu Y Hf Zr
Al - -10 -11 22 -1 38 -39 44
Cr - - -1 -7 12 11 -9 -12
Fe - - - -2 13 -1 21 =25
Ni - - - - 4 -31 42 49
Cu - - - - - 22 -17 23
Y - - - - - - 11 9
Hf - - - - - - - 0

2 BESHNITEAE

Table 2 Calculated value of each physical parameter

AS,,/ AH,/ AS o VEC
J-(mol-K)"! kJ-mol” /nm (ela)
13.39 —4.00 5.68 441 7.60
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Fig.1 XRD patterns of Zr-4 alloy substrate, powder after ball milling
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Fig.2 SEM image of Y-Hf co-doped AICrFeNiCu HEA coating surface (a); the enlargement of the square region (b); EDS overall and individual

element mappings of map area in Fig.2b (c)
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Fig.3 SEM image of Y-Hf co-doped AICrFeNiCu HEA coating section (a); the enlargement of the rectangle region (b); EDS overall and
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Fig.5 Cross-sectional hardness distribution of Y-Hf co-doped AlCrFeNiCu HEA coating (a) and hardness comparison with other zirconium based

HEA coatings (b)
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Fig.6 Mass change of Y-Hf co-doped and undoped AICrFeNiCu HEA
coatings and Zr alloy with different oxidation time at 1200 °C
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Fig.7 SEM images of Y-Hf co-doped AICrFeNiCu HEA coating (a — f) and Zr alloy substrate (g — i) after oxidation at 1200 °C for

30 min (a, d, g), 60 min (b, e, h), and 90 min (c, f, 1)
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Fig.8 XRD patterns of the surface oxide layer of Y-Hf co-doped
AlCrFeNiCu HEA coating after oxidation at 1200 °C for 30, 60

and 90 min
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Fig.9 Microstructures of cross-section of Y-Hf co-doped AICrFeNiCu HEA coating after oxidation at 1200 °C for 30 min (a, d), 60 min (b, e), and

90 min (c, f)
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Microstructure and High-Temperature Oxidation Resistance of Y-Hf Co-doped
AlCrFeNiCu High Entropy Alloy Coating

Chen Zhipei, Ren Xiaona, Wang Peng, Wang Yao, Ge Changchun
(School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Y-Hf co-doped AICrFeNiCu high entropy alloy (HEA) coating was prepared on the surface of zirconium alloy rod by high-speed laser
cladding (HSLC) technique. The microstructure, microhardness, and high-temperature oxidation resistance of the coating were tested and
analyzed. The results show that there is mutual diffusion of elements between the bottom of the coating and the substrate, and the width of the heat
affected zone is about 35 um. The microstructure of the coating is mainly composed of black dendrite zone and gray white interdendrite zone. The
composition of the coating is uniform and the hardness is as high as 830 HV. The main reasons for the high hardness of the coating are solution
strengthening, lattice distortion and slow diffusion effect. The structural integrity of the coating can be maintained after oxidation at 1200 °C for
90 min. The coating has a low oxidation rate, and the oxidation process follows the growth kinetics curve. The oxides on the surface are mainly
composed of Al,O, and Cr,0O,, which improves the high-temperature oxidation resistance of zirconium alloy.

Key words: high entropy alloy; high-speed laser cladding; coating; high-temperature oxidation; fuel cladding tuber
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