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Abstract: Compared with traditional alloys, high-entropy alloys (HEAs) with simple structures exhibit good mechanical properties
and low corrosion resistance. These unique properties indicate that HEAs can be applied in extreme environments such as high
temperatures, high corrosion, and high wear. However, common HEAs contain expensive and rare metals, which limit their
large-scale application. Because pure metals can no longer satisfy the requirements of future development, an HEA(@ metal composite
composed of a protective coating of HEA on a metal matrix, in which the HEA act as reinforcement, is expected to enhance their
performance. To date, many reports have focused on revealing the reinforcement mechanism of HEA coatings with Co; however, few
studies have focused on HEA coatings without Co. In this study, we successfully prepared a series of AICrFeMnNi HEA coatings on
an E32 steel matrix using a plasma cladding technique. The effects of composition and structure on the HEA@ metal composites were
studied. X-ray diffraction, metallographic microscopy, scanning electron microscopy, energy dispersive spectroscopy, and

microhardness tests were used to characterize the distribution of the elements, microstructure phase, and hardness of the coatings. In
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addition, potentiodynamic polarization curves, electrochemical impedance spectroscopy, and immersion experiments were performed
for a 3.5% NaCl solution using an electrochemical workstation to determine the corrosion resistance performance. Finally, X-ray
photoelectron spectroscopy was performed on the soaked coatings to analyze the passive film formation. The results showed that the
AlICrFeMnNi HEA coating prepared using plasma cladding had a BCC structure, which was consistent with the HEA particles used in
this study. No macroscopic defects, such as cracks and pores, occurred at the interface between the HEA coating layer and the metal
matrix, indicating good metallurgical bonding. Because of the dilution of the substrate, the Fe content in the AICrFeMnNi HEA
coating increased considerably, and the microstructure of the AICrFeMnNi HEA coating changed from columnar dendrites to coarse
equiaxed crystals, indicating that an increase in Fe content has a significant effect on the microstructure of the AICrFeMnNi HEA
coating. The average hardness of the coating was 411.6 HV0.5, which was twice that of the substrate. The enhancement of the
hardness can be summarized as follows: First, the disordered atomic distribution of the HEA coating can significantly increase the
solid-solution strengthening and lattice distortion of the coating, thus resulting in superior hardness of the coating. Second, the
intrinsic helical dislocations in the BCC structure can significantly increase the hardness of the HEA coating. In addition, the rapid
cooling process during plasma cladding positively influence the hardness of the coating. In 3.5 wt.% NaCl solution, the self-corrosion
potential of the AICtFeMnNi HEA coating was —0.35 V and the self-corrosion current density was 507 nA / cm® In comparison, the
self-corrosion potential and current density of the substrate were —0.92 V and 256 pA/ cm?, respectively. Both the self-corrosion
potential and polarization current density of the coating increased significantly compared with those of the substrate, demonstrating
excellent corrosion resistance. The uniform distribution of elements and dense passive film were the main reasons for its superior
corrosion resistance. Although the AICrFeMnNi HEA coating exhibited excellent hardness and corrosion resistance, the uncertainty
caused by the dilution of the matrix considerably increased the uncertainty of the structure and properties of the HEA coating. Thus,
the contingency resulting from the dilution of the matrix must be explored further. Consequently, plasma cladding a non-Co HEA
onto a metal matrix can enhance strength and corrosion resistance. This study provides technical support for the development and
application of large-scale and low-cost high-entropy alloy coatings.

Keywords: plasma cladding; single structure coating; AICrFeMnNi; microstructure; microhardness; corrosion resistance
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Table 1 Composition of AICrFeMnNi coating

Element Fe Cr Al Mn Ni
Nominal 202 211 17.1 20.7 20.9
composition
Actual s44 122 109 123 102
composition

R2 nRREFER

Table 2 Element atomic information

Parameter Fe Cr Al Mn Ni
Atomic radius / A 1.29 1.25 1.43 1.37 1.25
Valance electron
concentration(VEC) 8 6 3 7 10
Atomic melting

point / C 1535 1890 660 1245 1455

£33 JTEZERTIH Miedema #E+HATEE (kJ/ moD)
Table 3 Enthalpy calculated by Miedema model of
atomic pairs between elements (kJ / mol)

Fe Cr Al Mn Ni
Fe - -1 —-11 0 -2
Cr - - -10 2 -7
Al - - - -19 -22
Mn - - - - -8

Ni - - - - -

R4 RNZESUMITELER

Table 4 Calculation results of thermodynamic parameters

ASmix/ AHyix / S /o
Alloy 0/K-mo) (K/moh) 2 9/% VEC
AlCrFeMnNi 13.36 ~11.58 160 533 694
powder
AlCrFeMnNi 10.97 647 244 424 729

coating
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Fig. 12 XPS spectra of the AICrFeMnNi coating in 3.5 wt.% NaCl solution
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