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Abstract: 45 steel has the problems of low wear resistance and poor corrosion resistance. CoCrFeMnNiMo,
(x=0.00, 0.25, 0.50, 0.75, 1. 00) high-entropy alloy coating was prepared on 45 steel by laser cladding.
The influence of Mo on the microstructure and properties of coating were explored in detail. The results
show that the CoCrFeMnNiMo, high-entropy alloy coating is composed of a single face-centered cubic
(FCC) solid-solution phase. The microstructure of the Mo-containing coating is a typical dendritic and

interdendritic structure, which is caused by the heterogeneous nucleation of the molten pool during the
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solidification process. The microhardness of the coating increases with the increase of x, and the maximum
microhardness of the Mo, coating is 2.391 GPa. Quantitative calculations show that solution
strengthening is the main reason for the increase of microhardness. With the increase of Mo mass fraction,
the wear mechanism evolves from adhesive wear to abrasive wear and oxidative wear. The Mo, coating
has the lowest volume wear rate (0. 68X 10 " mm’/(N » m)). The influence of the passivation process on
the corrosion resistance of coating was analyzed based on the point defect model theory. The addition of
the Mo element increases the dehydration rate of the passivation behavior of coating, which makes the
oxide layer thicker, and thereby improving the corrosion resistance of coating. The corrosion mechanism of
coatings is intergranular corrosion. Mo, 7; coating has the smallest self-corrosion current density and the
most positive self-corrosion potential, which are 3. 69X10 ¢ A/cm® and —0. 432 V, respectively.
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Tab.1 Chemical composition of 45 steel and CoCrFeMnNi high-entropy alloy

BB JTHR JEtt o 4/ % FoR TH Bkt a4/ %
45 4 C 0.42~0.50 CoCrFeMnNi Co 20. 11
Mn 0.60~0. 90 N Cr 18.87
P <0. 04 Fe 20. 47
S <0.05 Mn 18.99
Fe Al Ni 21.56
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Fig. 1 Laser cladding experimental machine

WO 8 il £ 1 CoCrFeMnNiMo, & % & 4
W&k bric Mo, )2, 8 i DK7745 BRI K
A6 2 VI FIMLTE B4 T U0 B9 B 2, O 4 IRb o 4 A
TARE ] 25 90 R 2E AT WF BB ' SR FH BB 7 3 Uk L X 4l
J6JE B FEHEAT 5 min BB TEVE. R A X ST AT
SHY(XRD, D8-Advanced) % & & 42 14 )2 179
FHA3 AT, XRD I 328 i 9 30 64 O 4 80, B Ol 40
kV, B3R 30 mAL [T M R 20°~1007 . i H £
KW (HCL A HNO, (9B 3 5 1) JE b, 8 ok
IFIA] Ry 60 s, Ji b i A 788 T ) 8O0 20 5% DG 2%
Wi (OM, Leica DM4M) H1 4 # M1 1 & o 4%
(SEM, Quanta 250) M%¢, If i EDS 53 #7 ik 2
MY ICER 4 A >k S oA B2 1 (CHVS-1000) 0 3 /55 %
B A TR )2 WA B O BE AR TR )= A R R SC 5
7 HT-1000 #Y B8 8 5 B 3 56 AL b 2F 47, 6 F B 48
4 mm #y Si;N, B & BRAE S X EE AR 2
500 g, BEHE AR 4 mm, 55 85 o8 500 r/min,
BT R 30 min. U2 1 HL Ak 27 8 il 8 SR FH FL Ak
2 T ARG (CHI660D) HE 47 I3, SR FH = e Bl 0 i R
i EW A AR RRE 212 AU A H R H B L 290 #
BT EL AR A3 SV A AR A S L H A B Bl B L AR

2 HALZHWDWH

2.1 HEHASH

K 2 fr A CoCrFeMnNiMo, BME& 4G ER
XRD 7 5f 3% B v 20 S, 1 S A3 5 06 ey o AR
FEAT G5 B (A XHE . a. u). & 3 fiR A CoCrFe-
MnNiMo, &G 41k 214 &R 057 3R A 5 R
42 K bR e Btk 8] 2 Ca) BT T CoCrFeMn-
NiMo, &4 & 4 W J2 B — FCC [ #5743 #4) 1.
U )2 v B AR E T D 3 A A A S T S Y %k
H X FLEEHUTEHNSE: . 2 Ex5 &
F18 v A A8 AR T [ AR B T8 15 53— 5 T el T
37, Mo 5 Co,Cr,Fe,Mn,Ni 1§ J&& F %t [&] 0% 1E
A —5.0.—2 .5 & —7 kJ/mol, 58 Mo
JC 2% 5 H A T R Ak 2 B A 4 1) R R R ) T 4



1678 r oE x @ X F F WK 556 %
(@) . eFCC (b) o (111)
— b —
~ ° e o ~
MO].OO JL_ k _./ e
Mog 75
Moo 50 Sanve
N A N,
Moo .25 '//)Jl | A v — \,_.‘/\/K
MIOOOO 1 1 1 ] 1 1 1 1
20 40 60 80 100 43.0 435 44.0 445
26/(°) 20/(°)

2 CoCrFeMnNiMo, 5 Hi& & 3 JZH) XRD 7 45 & 3%
Fig. 2 XRD pattern of CoCrFeMnNiMo, high-entropy alloy coatings
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Fig. 3  Atom-pair mixing enthalpy, atomic radius, and

pauling electronegativity of the element in

CoCrFeMnNiMo, high-entropy alloys coatings
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Fig.5 Microstructure in cross-section of high-entropy alloy coatings with Mo doping
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Tab.2 Mass fraction of elements in CoCrFeMnNiMo, high-entropy alloy coatings %
JLE 1 2 3 5 6 7 8
Cr 7.71 8.67 6.82 10. 59 6.56 7.88 5.91 6.29
Mn 7.36 9.97 7.12 8.39 6.37 7.69 5.07 6.85
Fe 60. 94 53.13 63.17 43.85 60. 37 52.98 62. 44 59.71
Co 9.98 9.24 9.00 6.48 9.85 8. 60 7.95 7.29
Ni 10. 23 10. 04 9.35 6. 9.31 10.13 12.25 5.71

7.54 12.71 6.38 14.15
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Fig. 7 Micorhardness of CoCrFeMnNiMo, high-entropy alloy coatings
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Tab.3 Hardness calculation results of CoCrFeMnNiMo, high-

entropy alloy coatings GPa
w2 H, Hss He Heyyp
Moy, 25 1.77 0.201 1.971 1.94740. 07
Moy, 50 1.77 0. 397 2.167 2.128%+0.09
Moy, 75 1.77 0.492 2.262 2.26640.02
Moy, o0 1.77 0. 596 2.365 2.39640.04
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Tab. 4 Calculation results of average temperature and flash point temperature of CoCrFeMnNiMo, high-entropy alloy coatings

w2 A,/mm? T v N T,/K Ti/K
Moo, 00 1.83X10 2 0.16 70.12 1854 360. 43 384. 41
Moy, 25 0.63X102 0. 47 45. 83 1461 410. 75 445,41
Moo, 50 1.58X10°2 0.19 67.31 1918 350.99 369. 77
Moy, 75 1.24X10°2 0. 24 53.85 1467 362.19 387. 66
Mo 0 0.50X102 0.59 37.15 935 419. 23 464. 66

WH) 7716 i
& 500 pm

— »

& 10
Fig. 10 Worn scar morphology of Mo, high-entropy alloy coating: (a)—(c) Moy 5, (d)— () Moy 50, (g)— (1) Moy g

100 pm .
—

Mo, ERiA&SERMEBIEEH : (a)~ () Moy s » ()~ () Moy s »(g) ~ (1) Moy
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Fig. 11 Elemental weight percentage of worn surface of Mo, high-entropy alloy coating
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Fig. 12 Potentiodynamic polarization curves and elec-

trochemical parameters of CoCrFeMnNiMo,

high-entropy alloy coatings
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Tab.5 Parameters of passivation region of CoCrFeMnNiMo, high-entropy alloy coatings in anodic polarization stage

W) E,/V E./V E/V T/ (A« em™?) Teoor/ (A + cm™?) Ecor/V
Moy, oo —0.427 0.058 0.485 3.97X107* 7.36X1076 —0. 466
Mo 25 —0.450 0.529 0.979 1.52X10" 3.93X1076 —0.487
Mo 50 —0.441 0.417 0.858 1.32X10" 5.26X10°6 —0.471
Moy, 75 —0.402 0.337 0.739 2.56X107° 3.69X1076 —0.432
Mo o0 —0.447 0.481 0.928 1.24X10°1 5.95X10°6 —0.479
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Schematic diagram of CoCrFeMnNiMo, high-entropy alloy coatings passiva-
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Fig. 14 Surface morphology of Mo doped high-entropy alloy coatings after corrosion
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