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Microstructure and properties of CuNiCoFeCrAl,shigh entropy alloy coating
prepared by cold spray assisted in situ synthesis
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(1. College of Material Science and Technology, Lanzhou University of
Technology, Lanzhou 730050, China)
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ABSTRACT: In recent years, the rapid development of material surface treatment technology plays a
particularly important role in the progress of modern science and technology, industry and economic development.
Surface treatment technology is an important method to improve and repair matrix materials. It can improve the
strength, hardness, wear resistance and corrosion resistance of materials. Preparing a layer of alloy coating on the
surface of ordinary industrial materials is one of the most effective measures of surface treatment. high entropy alloy
coating assisted in situ synthesis by cold spraying was prepared, This method can effectively eliminate the interface
between powder particles in cold spraying coating. Improve the adhesion and cohesion of the coating, The adhesion
of the coating can reach 120Mpa. In this method, the high entropy alloy powder is not required to be prefabricated,
and the mixed metal powder is used as the spraying material to prepare the prefabricated mixed metal coating on the
substrate. High entropy alloy coating was synthesized in situ by induction remelting technique. Therefore, this
method has the advantages of low preparation cost, short cycle and easy to adjust the composition of the coating.
High entropy alloys have high entropy effect in thermodynamics, lattice distortion effect in structure, hysteresis
diffusion effect in dynamics, "cocktail" effect in performance and stability in structure. These effects give the alloys
excellent mechanical properties such as high strength, good corrosion resistance and excellent wear resistance. These
new metal materials are suitable for many engineering applications, Scholars prepared high entropy alloy as surface

coating for wear and corrosion conditions, which can not only improve the service life and performance of metal
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parts, but also reduce the cost of preparation. In order to improve the surface corrosion and wear resistance of
ordinary metal materials, a technology for preparing CuNiCoFeCrAlz3 high entropy alloy coating with good
performance on the surface of common metal materials was proposed. Methods The mixed metal coating was
prepared on 45% steel by cold spraying at low pressure, and then synthesized into CuNiCoFeCrAlz23 high entropy
alloy coating by induction remelting technology. The phase composition, microstructure, hardness and wear
resistance of the coating were analyzed by scanning electron microscope (SEM). X-ray diffraction (XRD). energy
dispersive spectrometer (EDS). microhardness tester and abrasive wear tester. Results The microstructure of
CuNiCoFeCrAl23 high entropy alloy coating was compact, the elements were uniformly distributed, the alloy
coating was composed of simple BCC phase, and the microstructure of the coating showed typical dendrite structure.
Co. Cr. Fe and Ni are mainly abundant in the inner dendrite region, while Cu and Al are abundant in the inter-
dendrite region. The microhardness of CuNiCoFeCrAlzs high entropy alloy coating is three times that of 45 steel
alloy matrix under dry friction condition. The wear rate of CuNiCoFeCrAlz; high entropy alloy coating under dry
sliding condition is 59% lower than that of 45 steel substrate, and the friction coefficient is 0.38. the wear rate of
CuNiCoFeCrAl23 high entropy alloy coating is 2.95x10->mm?/ (N=m). Conclusion The CuNiCoFeCrAlz3 high

entropy alloy coating assisted by cold spraying has high hardness and excellent wear resistance.

Key words: high entropy alloy; cold spray; induction remelting; microstructure; wear resistance
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Fig.1 Microstructure of cold-sprayed prefabricated powder
® 1 ABRITOHEER RS TR EE

Tab.1 the mass percentage of each element of metal powder designed before cold spraying

Elements (at. %) Al Cu Ni Fe Co Cr
CuNiCoFeCrAlz3 30.6 16.1 13.4 14.2 13.1 12.6
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Tab.2 Process parameters of cold spraying equipment



Working Temperature Pressure Spraying distance Spraying speed
gas (°C) (MPa) (mm) (ms?)

Air 490-510 0.7-0.8 10-20 0.4-0.6
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Fig.2 Prefabricated powder coating by cold spraying :(a) cross section morphology of cold spraying ;(b) XRD
pattern; CuNiCoFeCrAlz3 high-entropy alloy coating XRD
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Fig.3 EDS analysis of cold spray coating
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Fig.4 (a) Macropicture of induction remelting CuNiCoFeCrAlz 3 high entropy alloy coating, (b) XRD pattern of
CuNiCoFeCrAlz 3 high entropy alloy coating.
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Tab.3 Parameter values of standard conditions for the formation of CuNiCoFeCrAlz.; high-entropy alloy solid

solution
High entropy alloy mixing enthalpy Entropy of mixing (Smix) ~ parameters Atomic size
(Hmix) (R=8.314 J/ mol K) ) difference
(kJ/mol) (3) (%)
CuNiCoFeCrAlz3 -10.28 1.72R 8.36 5.99
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Fig.5 (a) the SEM image of the section is CuNiCoFeCrAl23HEA coating, (b) the enlarged view of the section, (¢)
the surface of CuNiCoFeCrAl23HEA, (d) the enlarged view of the surface
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Fig.6 is the SEM micrograph of the microstructure in Figure 5(c) and the corresponding EDS component analysis.
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Fig.7 (a). (b) SEM morphology and corresponding surface spectrum
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Tab4. Enthalpy of mixing (kJ/mol) between elements

Element (atomic sizes

A Al Fe Co Cr Ni Cu
Al (1.43) 0 -11 -19 +10 -22 -1
Fe (1.27) -11 0 -1 -1 -2 +13
Co (1.26) -19 -1 0 -4 0 +6
Cr (1.28) +10 -1 -4 0 -7 +12
Ni (1.25) -22 -2 0 -7 0 +4
Cu (1.28) -1 +13 +6 +12 +4 +0
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Fig.8 microhardness and friction coefficient of CuNiCoFeAlz3 high entropy alloy coated 45 steel matrix :(a)




microhardness diagram, (b) friction coefficient diagram
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Fig.9 shows the wear surface morphology of (a) 45 *steel matrix wear surface, (b) CuNiCoFeCrAlz3 HEA coating
wear surface morphology, (¢) CuNiCoFeCrAlz3 high entropy alloy coating after friction wear 3D morphology
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Tab.5 shows the wear rate of 45% steel matrix and CuNiCoFeCrAlz 3 high entropy alloy coating.

Alloy Wear rate(mm?3/(N=m))

45%stell matrix 6.44>10"
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