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Fig.1 XRD patterns of NiCoFeCuCr alloy powders with

various milling time
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Table 1 Characteristic parameters of alloying elements

Element Ni Co Fe Cu Cr
Melting point/K 1728 1768 1811 1358 2136
Atomic radius/nm  0.125  0.125 0.124 0.128 0.125
a=0.251
=0407 0.287 0.361 0.287

Crystal structure fce hep bee fce bee

Lattice constant/nm 0.352
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Fig.2 Morphologies of pure copper after various milling times
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Fig.3 XRD patterns of HEA coatings at various milling time
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Fig.4 Morphologies of the surface coatings after various milling
time: (a) 15 min, (¢) 1 h, (¢) 3 h, (g) 5 h, (i) 7 h and (b),
(d), (f), (h), (j) are high magnifications corresponding (a),
(c), (e), (g), (1) , respectively
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Fig.5 Cross sectional images of coating layer at various milling time: (a) 15 min, (b) 30 min, (¢) 1 h, (d) 3 h, (¢) 5h, and (f) 7 h
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Fig.6 EDS analysis of the cross-section of coating after milling
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Table 2 Chemical composition of point A in Fig.6

Element Ni Co Fe Cu Cr
w/% 19.41 20.29 19.55 22.95 17.80
at% 19.12 19.92 20.25 20.90 19.81
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Fig.7 Schematic illustration of the mechanism of the coating formation: (a) particles are hammered into substrate, (b) powders are

deposited on substrate through cold welding, (c) elements diffuse between the coating and the substrate, and (d) work hardening

leads to spalling fatigue.
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In-situ Synthesis of High Entropy Alloy Coating on Copper Surface Using
Mechanical Alloying Method

Li Zhilong', Hou Lifeng', Wei Huan', Li Yonggang', Wang Haiyang', Wei Yinghui'~
(1. Taiyuan University of Technology, Taiyuan 030024, China)
(2. Shanxi Institute of Technology, Yangquan 045000, China)

Abstract: NiCoFeCuCr high entropy alloy coatings were in-situ synthesized on the cooper surface using mechanical alloying (MA)
method. The phase composition and microstructure of the coatings were characterized using X-ray diffraction (XRD), scanning electron
microscopy (SEM) and energy dispersive X-ray spectroscopy (EDS). The formation mechanism of the coatings was studied. Results show
that increasing of milling time can enhance the thickness and densification of the coating. The densest and the most uniform coating, with
an average thickness of 40 um, are synthesized after MA for 5 h, metallurgically bonding with the copper substrate. The formation
mechanism of the coating can be simplified as follows: (1) Particles are hammered into substrate; (2) Powders are deposited on substrate

through cold welding; (3) Elements diffuse between the coating and the substrate; (4) Work hardening leads to spalling fatigue.
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