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Abstract: This paper discusses and analyses the preparation methods, performance 
characterization and analysis methods, influencing factors, and strengthening mechanism of 
high-entropy alloy wear-resistant coatings, and then perfects and enriches the relevant 
theories of high-entropy alloys. 

1. Introduction

With the continuous improvement of the level of science and technology and material
performance requirements, traditional metal materials are difficult to meet the requirements of 
performance under various extreme conditions as industrial applications continue to expand. 
Traditional alloys often use small or trace amounts of a variety of metal or nonmetal elements to 
adjust their performance. If the content of alloying elements is high, complex intermetallic 
compounds that are hard and brittle will be formed, which will reduce the toughness and 
performance of the alloy. This is the main reason that hinders the development of the alloy in the 
multi-directional direction. At the beginning of this century, the research groups of Ye[1] and 
Cantor[2] independently published multi-principal HEAs formed by five or more main alloying 
elements. Different from the traditional alloy design concept, high-entropy alloys have high 
hardness, high wear resistance, thermal stability and corrosion resistance and other excellent 
properties concern, is considered to be a new direction of the metallic material[3].The high entropy 
alloy coating can greatly improve the surface property of the material without changing the matrix 
property or a little, which can not only save the cost, but also solve the adaptability problems caused 
by technological innovation, so that its application scope and service can be greatly expanded. This 
article analyses and discusses the common preparation methods, performance characterization 
methods, influencing factors and strengthening mechanism of high entropy alloy wear-resistant 
coatings, and provides references for researchers engaged in high entropy alloy wear-resistant 
coatings. 

2. Preparation Methods High Entropy Alloy Wear Resistant Coating
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The thermal spraying method is a method of mechanically combining the spraying material with 
the substrate. The process of thermal spraying method is to heat the coating material to a molten 
state, and then spray it on the surface of the substrate at a certain speed to form a coating. Thermal 
spraying is not limited by the base material. The spraying materials are very wide, the base material 
is less damaged, the operation process is flexible and convenient, the coating thickness range is 
large, and the economic benefits are good. However, because the coating prepared by thermal 
spraying is a structure formed by the accumulation of particles, the bonding between the particles is 
not sufficient, and there are areas where there is no bonding, so defects will be formed in the 
coating. Moreover, the spraying process is in an atmospheric environment rather than a vacuum 
condition. The molten particles easily react with the gas to oxidize the particles, causing inclusions 
and reducing strength. Wu[4] prepared FeCoNiCr high entropy alloy coatings by plasma spraying, 
and studied the effects of different elements on the structure and properties of the alloy coatings. 
The addition of element Al reduces the wear of the high-entropy alloy coating, the alloy coating 
with Mo has the best corrosion resistance, and the alloy coating with Mn has the best wear 
resistance. Magnetron sputtering is a method that uses a magnetic field to prepare coatings. The 
process flow of the magnetron sputtering method is that the target material is bombarded by plasma 
under the action of a magnetic field, and the atoms sputtered from the surface of the target material 
form a coating on the surface of the substrate. Its advantage lies in the small damage to the substrate 
during the preparation process, fast sputtering deposition rate, and easy control of film thickness. 
However, a large number of studies have shown that the thickness of the film prepared by 
magnetron sputtering is limited, and the bonding force between the film and the substrate is poor. 
Laser cladding is a method of preparing metal coatings and a new type of surface modification 
technology. The laser cladding process is that under the action of the laser beam as the heat source, 
the cladding material on the substrate melts rapidly with the thin layer of the substrate, and the 
cladding layer is solidified when the beam leaves. Laser cladding has the advantages of fast heating 
speed, low coating dilution rate and fast cooling speed. The bonding force between the cladding 
material and the substrate is strong and the influence on the substrate is small. The cladding of 
materials with excellent performance on the base material not only enables the surface of the base 
body to obtain excellent performance, but also saves materials and reduces costs. However, laser 
cladding still has some shortcomings, such as segregation caused by uneven composition and 
organization during rapid solidification and increased cost due to expensive laser equipment. 

3. Performance Characterization

Wear resistance refers to the ability of a material to resist surface damage caused by friction and
wear between objects in contact with each other. Wear rate is usually used to indicate wear 
resistance. Test on the friction and wear testing machine to obtain the friction factor, wear and other 
wear resistance performance indicators. Under normal circumstances, the smaller the friction 
coefficient under the same conditions, the better the wear resistance. The wear mass can be 
calculated from the loss of material mass and volume before and after the friction and wear 
experiment. The wear mechanisms of solid friction pairs mainly include abrasive wear, adhesive 
wear, oxidation wear, surface fatigue wear, etc. The actual wear process is often the result of the 
combined effects of the above-mentioned multiple wear. Jiang [5]used laser surface alloying 
technology to prepare a high-entropy alloy coating on Q235 steel. The coating wear mechanism is 
abrasive wear and oxidative wear. The main influencing factors of high entropy alloy wear-resistant 
coating are: (1) Alloy elements. The hardness of the material is one of the indexes of the wear 
resistance of the material. According to the Archard relation, the wear resistance of the material 
increases with the increase of the hardness. (2) Processing method. After the material is properly 
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heat-treated, its structure will change, defects such as vacancies will be eliminated, and the 
performance of the material can be improved. (3) Other factors. Generally, the workpiece will be 
served in a special environment (acid or alkaline). It is also a research direction to improve the 
comprehensive wear performance of the material to extend the service life of the workpiece. 

4. Strengthening Mechanism of Wear-Resistant Coating

Factors such as different alloying elements and process parameters will change the wear
resistance of the coating. The following are several reasons to improve the hardness and wear 
resistance of high-entropy alloy coatings:(1) Laser cladding has a higher melting rate and 
solidification rate, and the movement of atoms and grain growth are restricted, thus promoting grain 
refinement and improving segregation. Solid solution strengthening and fine grain strengthening 
increase the hardness of the coating. Gu[6]prepared AlxMo0.5NbFeTiMn2 high-entropy alloy 
coating by laser cladding. The coating was processed by laser cladding, and the metal was rapidly 
solidified to promote fine crystal nucleation. After adding Al, it also produced solid solution 
strengthening, hardness and wear resistance. Sexual improvement. (2) The lattice distortion usually 
causes the internal energy of the material to increase, the microscopic stress increases, and the 
dislocation slip deformation is hindered, which increases the strength and hardness of the material. 
The high-entropy alloy composed of multiple elements produces obvious lattice distortion, and the 
strength and hardness are also significantly improved. (3) The formation of protective film on the 
coating surface can increase hardness and wear resistance at the same time. (4) Generally, the 
hardness of the BCC phase is higher than that of the FCC phase, and the hard Laves phase has a 
second phase strengthening effect, both of which can greatly increase the hardness of the coating. 
Li[7]prepared AlCoCrFeNiNb0.75+WC high-entropy alloy coating on 304 stainless steel by laser 
cladding technology, and studied the effect of WC content on the structure, hardness and friction 
and wear properties of the coating. (5) Adding a certain alloy element can improve the hardness and 
wear resistance of the high-entropy alloy coating. Zhan[8] prepared AlCoCrFeNiSix high-entropy 
alloy coating on the surface of AISI304 stainless steel. The addition of Si element enhanced the 
solid solution strengthening, dislocation strengthening and fine-grain strengthening of the coating, 
and improved the hardness of the coating. 

5. Conclusion

HEA coating can improve the surface properties of the material under the premise of maximizing
the retention of the performance of the substrate, which can save costs and solve the adaptability 
problems caused by technological innovation. It has important development space and market 
prospects. Factors and strengthening mechanisms are discussed and analysed, and the research 
status of high-entropy alloy wear-resistant coatings are discussed and analysed, so as to improve 
and enrich the relevant theories of high-entropy alloys. 
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