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Research Status of High-entropy Alloys Coating Prepared
by Laser Cladding

GAO Xu-jie, GUO Na-na, ZHU Guang-ming, FANG Xiao-ying

(School of Mechanical Engineering, Shandong University of Technology, Zibo 255000, China)

ABSTRACT: Laser cladding has the advantages of high cooling rate, low dilution rate, metallurgical combination between
coating and substrate, etc. In recent years, high-entropy alloys coating with high wear resistance and corrosion resistance pre-
pared by laser cladding has been one of research hotspots in high-entropy alloy field. Firstly, the high-entropy alloys prepared by
laser cladding and corresponding microstructures were summarized. Most coatings were composed of solid solution phase, but
some alloy coatings still formed amorphous phase. Compared with high-entropy alloys prepared by melting, the microstructure
of this coating was more homogeneous, finer and denser. Then, the properties of the coating were introduced, including high
hardness and good wear resistance and corrosion resistance. The coating with good wear resistance also had high hardness and

certain plasticity. The coatings exhibited excellent corrosion resistance due to the existence of Al, Cr, Si and Co elements which
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formed the stable oxide film. Then, the effect of alloying elements (Al, Mo, V, Ti, B, Ni, Nb and Cu), cladding parameters (laser

power, scanning rate and thickness of prepared layer) and heat treating parameters on the microstructure and properties was re-

viewed. The effect of cladding parameters on microstructure and properties is fewer and will be one of the key research contents.

Lastly, the existing problems and the future research fields of high-entropy alloys coating prepared by laser cladding are pros-

pected.

KEY WORDS: high-entropy alloy; coating; laser cladding; alloying; cladding parameters; heat treating
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Tab.1 System, phase and hardness of high-entropy alloy prepared by laser cladding

References Alloys Substrate Phases Hardness
[9] NiCoFeCrAl;+ Q235 BCC+FCC 810HV

(little C/Si/Mn/Mo)
[13, 19-20] TiVCrAlSi TC4 BCC+(Ti,V)sSi;
[21-22] AlFeCoNiCuCr AISI 1045 steel FCC+BCC x=1.8, 986.1HV

(x=1,1.3, 1.5, 1.8, 2.0) (200~800 °C the average hardness)
[23-24] 6FeNiCoCrAlTiSi Q235 BCC 780HV, 700HV and 650HV after

annealed at 1000 ‘C and 1150 'C

[12] FeCoNiCrCu+(Si, Mn, Mo) Q235 FCC 375HV for the substrate, 450HV with

addition of Si, Mn, Mo

[25] FeCoNiCrAl,Si Q235 BCC

900HV
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References Alloys Substrate Phases Hardness
[26] Al,CrFeCoCuTiNiy Q235 FCC+BCC x=2.0, 1102HV
[27] CuggNiAlCoCrFe AZ91D magne- BCC 750HV
sium alloy
[28] Al,CoCrCuFeNi HI13 FCC 402~497HV
[29] Aly sCoCrCuFeNi, FCC (231+41)HV
Aly sCoCrFeMnNi (151+11)HV
[30] NiCoCrFeAls Steel BCC+Cr;Ni, 710HV without being annealed
765HYV after being annealed at 950 C
[31] Al,CrFeNiMoy Stainless steel BCC,+BCC, x=2.0, 678HV
[32] FeCoCrAlCu Q235 BCC 826HV
[17] FeCoCrAICuV,Ni Ni201 FCC or FCC+BCC
[33] FeCoCrNiCuy Cr;MoV FCC x=0, 0.5, 1.0, 1.5: 255.3HV,
270.1HV, 266.3HV, 263.6HV
[34-35] Ni-Cr-Co-Ti-V-Al TC4 (BCC)+(Ni,Co)Ti,
[36] FeCoCrNiAlBy Q235 BCC + eutectic structure x=0, 0.25, 0.5, 0.75: 344.74HV,
(FCC+M;B) 574.64HV, 625.48HV, 726.02HV
[14] AlCoCrFeNiTi s Industrial pure ~ FCC+BCC+intermetallics 9890 MPa after being annealed at
iron 900 C
[37] FeCoCrAlCuNiy Copper x=0.5 or 1.0, BCC+FCCl1+ x=0.5, 636HV
ordered FCC2;
x=1.5, FCCl+ordered FCC2
[38] FeCoCrAINiTiy 304L x=0.5 or 1.0, FCC+BCC;  x=2.0, 730HV
x=1.5, FCC+BCC+Ti,Ni;
x=2.0, FCC BCC+Ti,Ni+
ordered BCC
[39] CrMnFeCoNi FCC
[40] TiZrNbWMo 45# BCCHB-TixyW -« 1300HYV after being annealed at 800 ‘C
[41] FeCrCoNi Cr;;MoV FCC
[42] MoFeCrTiWAINb M2 BCC+(Nb,Ti)C+Fe,Nb 1050HV
[43] TiN+CoCr,FeNiTiy 904 FCC+TiN x=0.5, 410HV; x=1.0, 642HV
[15] FeNiCoAlCu AISI 1045 FCC+BCC
[44] FeCrCoNiAIMoy, 45#
[45] Aly sFeCug 7NiCoCr Al alloy FCC+BCC 750HV
[46] Al,CoCrCuFeNiTiy Q235 x=1.5, 988HV
[18,47] FeCoCrBNiSi Amorphous phase+FCC+ 850HV
(Fe, Ni)
[16] AlCoCrCuFeNi AZ91D
[48] Al,CoCrFeNiTi, s Industrial pure FCC or BCC+Alg(Cr;3Co, 989HV
iron and AlgsFe,Cr pahses
[49] AICoCrNiTiBy Ti alloy BCC and (Co, Ni)Ti, x=1.0, 814HV
[50] CrMnFeCoNi 24CrNiMo BCC+FCC
[51] AL,CrFeCoCuNi,Ti Q235 BCC+FCC
[52] AlFeCrCoNiTi Q235 BCC 698HV
[53] NbMoTaW 45# BCC1+BCC2 1560HV
[54] NbMoTaTi BCC 397.6HV
[55] AlCoCrCugsFeMoNiTi  40Cr and BCC 990HYV after being annealed at 500 C ;
stainless steel 1010HV after being annealed at 700 “C
[56] AlFeCrNiTiCuy Q235 FCC+BCC x=0, 880HV; x=0.5, 790HV; x=1.0,
650HV
[57-58] MoFeCrTiWAINbD, We¢MosCr,V, BCC+MC+laves phase x=1,1.5,2,2.5, 3: 543HV, 541HV,

529HV, 482HV, 474HV
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References Alloys Substrate Phases Hardness

[59] Al CrFeNbs;MoTiW BCC+Fe,Nb+carbide 700HV

[60] FeCrNiCoMnBy FCC+ (Cr, Fe),B x=1, 6690 Mpa

[61] Ni; sCo; sFeCrTiy Al alloy FCC+ laves pahse x=0.5, 5S10HV; x=2.0, 560HV

[62] Al3Ti3CoCrCuy sFeMoNi  40Cr BCC 905.2HV

[63] FeCrTiMoNiCo T10 BCC+ TiCo; 780HV

[64] FeCoCrCuNiMoVSiB H13 BCC+FCC 740HV

[65] AlL,CoCrCuFeNi,Ti Q235 Laves phase

[66] SiFeCoCrTi+WC Q235 BCC+TiCo;+Co; g7Feig5.03 5.19 GPa without WC; 5.67 GPa
with 20%WC

[67] AlCoCrCuy sFeMoNiTi  40Cr BCC 1080HV; 943HV after being an-
nealed at 900 'C

[68] Al CrFeCoCuNi 1045 steel BCC+FCC X from 0.5 to 4.0, hardness from
463HV to 758HV

[69] FeCrNiCoTiMoy T10 BCC 784HV

[70] FeCrNiMnTiB, sMoy Q235 FCC+ Mo,FeB, x=0, 300HV; x= 1.0, 653.8HV

[71] MoFeCrTiW+ Si/Al Q235 BCC
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