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Fig.1 Schematic diagram of laser cladding process for HEA coatings: (a) LMD, (b) LPBF
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Table 1 Features of laser cladding technologies of HEA coatings

Technology LMD LPBF
) Coaxial/off-axis Preset powder
Feeding mode ) .
powder feeding spreading

Simultaneous )
) Powder spreaing
powder feeding,

Process followed by laser
melting and
melting
deposition
Relatively low, at High, at the
Accuracy o )
the millimeter level — micrometer level
Surface quality Low High
Coating quality High Low
Cladding speed ~ 100-3000 cm*-h™! 5-30 cm?-h™!
Efficiency High Low

Spherical or near

Spherical, 15-63
spherical, 45-150

Raw powder
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Fig.2 Statistical chart of laser cladded HEA coatings prepared by (a) different processes and (b) powder raw materials!?!,2%24-27,30,33-88]
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Table 2 Process parameters of laser cladded HEA coatings and their influences

Process parameters Definition Units Influence
Laser power The energy output by the laser w Melting degree of powder and matrix
Scanning speed The speed of laser head relative to the workpiece mm/s Cladding efficiency
Lap rate The degree of overlap between cladding channels / Surface finish

Spot diameter

Powder feeding rate

The size of the focused spot of the laser beam mm

The mass of powder conveyed to the molten pool per unit time

Energy density

g/min Thickness of cladded layer
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Table 3 Experimental-based analysis and optimization methods for laser cladding process parameters on HEA coatings

The number of three-
Method Core idea factor and three-level Advantages Disadvantage
experiments
Change the level of only one Incapableness of interaction
Single-factor experiment factor at a time while keep all the 7-11 A few experiments analysis
other factors fixed Low efficiency
Orth ality e that A f iment: .
. ogonality ensures that every v e.x pe.rlmen s Incapableness of predictions and
Orthogonal experiment level of each factor can be evenly 9 Examination of . . .
. . fit of nonlinear relationships
matched interactions
Design experimental to establish Nonlinear relationships .
\ . . Lost of xperiments
Response surface method a continuous mathematical model 15-20 Response prediction

between factors and responses

Visualization Complex design and analysis
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Fig.10 (a) The composition of surface substances before and after corrosion, (b) schematic diagram of the corrosion mechanism of the laser-

cladded CoCrFeNiCuo.2sMoo.7s HEA coating!™
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Fig.11 The cross-sectional SEM image and EDS mapping results of oxidized laser-cladded CoAlTiWTa HEA coating
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Abstract: High-entropy alloys demonstrate outstanding comprehensive performance due to their revolutionary multi-component design concept,
making them ideal materials for achieving structural-function integration. The laser cladded high-entropy alloy coatings combines the performance
advantages of high-entropy alloys with the technical advantages of laser cladding, achieving a high-quality balance among surface performance,
mechanical performance, and functional performance, and showing great potential for engineering applications. This paper starts from the "process-
microstructure-performance" relationship and the intrinsic mechanism. The preparation methods and optimization strategies are summarized. The
microstructure, performance and performance improvement mechanisms under single and coupled conditions are revealed. The potential application
scenarios and the problems that need to be solved urgently in current applications and the future development direction are disccused.
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Attached Table 1 The preparation process, microstructure and properties of some laser cladded high-entropy alloy coatings with good

comprehensive performance

Composition Matrix ~ Powder  Process Treatment Crystal structure Performance
Features Parameters
AlCoCrFeNiy, 2] 454 Gas LMD Remelting ~ FCC/L1>+B2/BC  Molten salt 75% NaxSOs+  25%
atomized C corrosion NacCl, 900°C, 120h:
alloy resistant mg=28 mg-cm 2
powder
Fe2CoNiCrAITiCy 57! 2205 Ball- LMD / BCC+FCC+HTiC  Tribocorrosi  Ecor=-0.23 V
milling on resistant Ev=0.27V
alloy 3.5 wt.% NaCl:
powder Wear rate=1.95x10
GmmS,N-l,m—l
CoCr2FeNiMog 3™ Q235 Mixed LPBF / FCC+0-CrMo Tribocorrosi 3.5 wt% NaCl, SiN
power phase on resistant counter:
COF=0.45
Wear rate= 2.55 um-h!
Teorr =3.9% 107° A-cm?
Ni1sCrCoFeosMoo.i1Nboss 316 Ball- LPBF / FCC+Laves Corrosion Ecor=-0.045 V
(821 milling resistant Teor=2.01 x 107 A-cm™?
alloy Tribocorrosi  Ep=1.070 V
powder on resistant 3.5 wt.% NaCl:
COF=0.43
Wear rate=2.4 x107°
mm?-N-m!
CoAITiWTal®l Incone  Gas LPBF / FCC Corrosion Econ=-0386V
1718 atomized resistant icon=1.887x10 A-cm™2
alloy Oxidation 600°C:
powder resistance k=0.565 mg-cm >-h"!
CoCrMoNb(TiC)7.50,61 316 Mixed LMD / BCC+FCC+Lave High Vickers  hardness =
power s hardness 938HV
High- COF=0.368
temperature Wear rate=1.6x10"
wear mm* N ''m!
resistant 800°C:
COF=0.296
Wear rate= 0.9x107°
mm* N ''m!
FeCoCrNiTi®! 304 Alloy LPBF Preheating ~ FCC+BCC Corrosion COF=0.438
powder at 150°C resistant Wear rate=3.222x10°
Wear mm*N!'m!
resistant Ecorr=-0.3509 V
Cavitation icor= 3.51x10 A-cm™
erosion Re=1.1354x10° Q-cm?
resistant 10h cavitation erosion:
Mass loss =4.02 mg
Roughness =0.779
(TiNbTaZr)goCrao!7! TC4 Ball- / / BCC+Laves High Vickers  hardness =
milling hardness 1679.88 HV
mixed Wear COF=0.439
power resistant Wear rate=1.48x107*
mm3 .Nfl .mfl
FeCrNiMoAI®¢! 316 Gas LMD / FCC+ Molten salt 40% NaCl + 40%
atomized AlFe+AINi corrosion KCI+10% NaxSO4+10%
alloy resistant K2S04, 600°C:
powder Corrosion rate =1.877
mm-y~!
Mass loss after 144 h
=22.647 mg-cm™?
CrMnFeCoNil7! 304 Alloy LMD / FCC Corrosion Ecor=-0.1246 V
powder resistant icor=2.02x1075 A-cm 2
Cavitation E=0.3882V
erosion 10 h cavitation erosion:
resistant Erosion rate=0.68 + 0.07
um-h!
(FesoMn30Co10Crio)o.7(Ti 45# Mechani  LPBF / FCC+ TiBato Wear COF=0.52
B2)0.1Mog2""! cal resistant Wear rate=0.7x10"
mixed Corrosion mm*N-m™!
powder resistant Econ=—0.6V

fconr=1.91x 10°A-cm™
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(FeCrCoNi)s4AlaNbt!! 316 Ball- LMD / FCC+Laves Fretting wear COF=0.48
milling resistant Wear volume = 0.37x10°
mixed pm?3
power 285°C:
COF=0.37
Wear volume = 0.39x10°
pm?
(AICrFeTiV)goNizo*? TC4 Ball- LPBF / BCCI1+BCC2+L  Wear Wear rate=1.84x107*
milling aves resistant mm?*N-m™!
mixed Oxidation 800°C, 50h:
power resistance mg=0.081 mg-mm™2
k=5.378x1073
mg-mm 2-h™!
CoCrFeNiTio.cNby. 15! Q235  Ball- LMD / FCC+Laves + Wear ZrO; counter:
milling BCC resistant COF=0.368
mixed Corrosion Wear rate=120.7x10°
power resistant mm?*N-m™!
Econ=-0.401 V
fcon—=4.35 % 10°A-cm™?
Swt% NacCl salt spray, 14
d:
Mass loss=13.6mg-cm 2
AlICrFeNiCul! Zr-4 Alloy LMD / BCC/B2+FCC Corrosion Ecor=-0.242V
powder resistant jcor=4.209%1078 A-cm2
Oxidation 0.1 mol/L KOH:
resistance Eco=-0.174 V
icor=4.331 x10® A-cm™?
1000°C, 60 min:
mg=1.981 mg-cm 2
TiMoCrWo.3Taos! TC4 Ball- LPBF / BCC+Laves High Vickers  hardness =
milling hardness 1059.1 HV
mixed Wear COF=0.35
power resistant 800°C:
Oxidation COF=0.25
resistance 800°C, 50 h:
mg=13.4 mg-cm™
k=0.45 mg-cm™-h’!
NiCoFeCrSiAlo.sCuo.sTi Q550 Gas LPBF / FCC+BCC+B2 Thermal No obvious cracks after
MoBo.4¢7) atomized shock 50 cycles of 800°C- air
alloy resistant cooling
powder High- 600 °C:
temperature COF=0.5697
wear Wear rate=3.78x107
resistant mm’>-N-m!
CoCrFeNiNbg 373! 316 Ball- LPBF / FCC+Laves Wear COF=0.533
milling resistant 0.5M HaSO4:
mixed Corrosion Ecor=—0.164 V
power resistant icor=6.40 x 1077 A-cm™?
FeCoNiAlICul?% 38Cr Ball- LMD / BCC+FCC High- COF=0.83
MoAl  milling temperature Wear  rate=0.947x107°
mixed wear mm*N!'m!
power resistant 800°C:
COF=0.31
Wear rate=0.205 x 10°¢
mm3-N!-m!
FeCoCrNiTiB" 6061 Mechani LMD / FCC+BCC+Lave High Vickers hardness = 908
cal s+AB-type phase  hardness HV
mixed Corrosion H=22.93 GPa
powder resistant Ecor=-0.43 V
Wear icor=1.15%107% A-cm™
resistant E~=0.374V
Re=5.71x10% Q-cm?
COF=0.424
Wear rate=2.32x107°
mm*N!'m!
FeCrCoNiV 57 Ferriti  Ball- LPBF / BCC+B2 High- COF=0.508
c¢/mart  milling temperature Wear rate=8.71x1077
ensitic  mixed wear mm*N!'m!
steel power resistant 600°C:
COF=0.422
Wear rate=2.09x1077

mm’>*N-m™!
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CoCrFeNiCuo2sMoo7s®!  S3275  Ball- LMD / FCC+o+BCC Corrosion Ecor=-1.033 V
0 milling resistant jcor=5.213%107° A-cm ™2
mixed Erosion 0.5M H2S04
power resistant Econ=0.893 V
fcor=3.203%1 0°A-cm™
Erosion rate at 30° =0.054
mm3-h!
Erosion rate at 90°=0.081
mm?-h!
CoCrFeNiSil] 304 Ball- LPBF / FCC Erosion Erosion rate at 30°¢=0.33
milling resistant mm?>-h’!
mixed Erosion rate at 60°e=0.21
power mm?-h’!
Erosion rate at 90°=0.19
mm3-h!
AloMoosNbFeTiMn!'81 Q235 Ball- LPBF / BCCI+BCC2+C  High Vickers  hardness =
milling arbide hardness 1098.5 HV
Wear GCr15 counter:
resistant COF=0.41
NbMoTaVTil! TC4 Ball- LMD / BCC + HCP Oxidation 1000°C
milling resistance §=0.048 mg-mm2-h"!
mixed Corrosion 1100°C
power resistant £=0.045 mg-mm2-h"!
1200°C
§=0.064 mg-mm2-h"!
R=2.5992x10° Q-cm?
Ecorr:-o.zsl \%
fcor=5 4x1 078 A'CIl’liZ
Alo2CrNbTiVE! TC4 Alloy LMD / BCC Ablation 500 W laser ablation, 5 s:
powder resistant Diameter of the ablation
area =~2100 um
Average depth of the
ablation pit = ~150 pm
CoCrFeNiAIMol¢! Q235  Mechani LPBF / BCC+c+B2 High Vickers  hardness =
cal hardness 1008.4HV
mixed Wear WC counter:
powder resistant COF=0.486
Corrosion Wear rate=0.31x10"
resistant mm’>N-m!
Oxidation Econ=-0.281V
resistance icor=4.194 x1077 A-cm ™2
Re=1.27x10° Q-cm?
800°C:
k=5.8 mg>cm *-h!
FeCrNiMnAl[7! 304 Alloy LMD / BCC Wear COF=0.454
powder resistant Wear  rate=0.196x107*
Corrosion mm>-N-m!
resistant Econ=-0.3667 V
Cavitation icor=5.74x1077 A-cm 2
erosion Re=1.2151%x10° Q-cm?
resistant Cavitation erosion 10h:
Corrosion depth = 16.9
pum
FeCoCrNiMnSi,?¥! 316 Mechani LMD Preheating ~ FCC+3 Tribocorrosi ~ COF=0.42
cal at400 W on resistant Wear rate=2.8x107°
mixed mm?*N'-m™!
powder Ecor=-0.162 V

fcor=2.67% 107 A'CI‘l’f2
3.5wt% NaCl:
Ecorr:-o.456 \%

icor=1.191 ><1076 IAx‘Cl’If2
Wear rate= 0.68x1077
mm’>*N!-m!

7E: (1) myisthe mass increment after oxidation/corrosion, Ecor is the corrosion potential, icorris the corrosion current, Ej is the passivation potential,

Ey is the breakdown potential, Re is the charge transfer resistance, COF 1S the friction coefficient, k is the oxidation rate constant.

(2) Unless otherwise specified, the electrochemical test conditions are room temperature and 3.5wt% NaCl solution. The wear test conditions are

room temperature and SisN4 counter. The oxidation test conditions are air atmosphere. The hardness test conditions are room temperature. s



