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The 45" steel was cut into 50 mmx25 mm=10 mm and 50 mmx50 mmx10 mm steel plates to prepare single-pass cladding
coating and multi-pass cladding coating, respectively. Remove the oxide scale of the substrate and clean the substrate, use
JA2003 electronic precision balance to weigh the pure W powder and CoCrFeNi alloy powder of different quality, and mix them
according to different molar ratio. MSK-SFM-1 horizontal planetary ball mill was used to mix the alloy powder evenly, and the
evenly mixed alloy powder was placed in a drying box for drying. RFL-C1000 fiber laser and prefabricated coating method
were used for monolayer laser cladding experiment. Use electric spark wire cutting machine to cut the sample, use sandpaper to
polish the sample step by step. D8 X-ray diffractometer was used to analyze the phase composition of samples. After etching the
sample with saturated FeCl; hydrochloric acid solution, HITACHI TM3030 scanning electron microscope (SEM) and energy
dispersive spectrometer (EDS) were used to observe and test the microstructure and element distribution of the cladding
coating. HV1000Z automatic rotary microhardness tester was used to test the microhardness of single channel cladding
coating. The friction and wear tests of multi-channel cladding coating were carried out using M-2000 friction and wear testing
machine.

There is good wettability between cladding coating and substrate. With the increase of the content of W element coating for
the FCC by single FCC phase transition phase + p-phase (Fe;W4 and Co;Wy), the microstructure of cellular crystal into
dendrites, grain size, grain arrangement more closely, and that there is an obvious when x=0.8 eutectic organization, grain
boundary increases, intergranular produced a large number of combined interface, p-phase carbide precipitation embedded at the
same time. Provides a good support for the microstructure. The microhardness of the cladding coating increases with the
increase of W content. When x=0.8, the cladding coating has the highest microhardness, reaching 432.02HV0.3, about 2.1 times
of the hardness of the substrate, and 2.2 times of the hardness of the CoCrFeNi cladding coating. When x=0.6, the wear amount
of CoCrFeNi coating is only 30.85% of that of CoCrFeNi coating, and the average friction coefficient is about 0.311. When
x=0.8, the hardness of the coating is greatly improved and the plasticity is reduced due to the precipitation of a large number of
p-phase hard precipitates. In the process of friction and wear, more abrasive chips with high hardness are produced. These
abrasive chips will be used as abrasive particles to micro-cut the surface of the coating, so that the friction coefficient of the
coating increases to 0.315 when x=0.8. With the increase of W element content, the coating wear mechanism changes from
adhesive wear and abrasive wear to single abrasive wear. The results show that the addition of W element promotes the
formation of p-phase. The hardness of the coating is greatly improved, and the wear resistance of the coating is improved. The
strengthening mechanism is solid solution strengthening, fine grain strengthening and second phase strengthening.
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Tab.1 Elemental composition of CoCrFeNiW,
high entropy alloy

at.%
HEAs Co Cr Fe Ni w
CoCrFeNi 25.00 25.00 25.00 25.00 0.00

CoCrFeNiW, 23.81 23.81 23.81 2381 4.76
CoCrFeNiW,, 22,73 2273 2273 2273  9.09
CoCrFeNiW,c  21.74 21.74 21.74 21.74 13.04
CoCrFeNiW g 20.83  20.83 20.83 20.83 16.67
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Tab.2 Process parametersfor laser cladding

Parameter Value
Laser power/W 1 000
Scan speed/(mm-s’l) 14
Spot diameter/mm 2
Working distance/mm 40
Overlap ratio/% 50
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Tab.3 Experimental parameters of friction and wear

Parameter Value
Hardness of GCr15 steel (HRC) 65
Load/N 90
Rotating speed/(r-min™") 200
Friction time/min 20
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Fig.1 Cross-sectional macrograph of CoCrFeNiW, high entropy alloy single-pass cladding coating
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Tab.4 Dilution rate of CoCrFeNiW, high entropy alloy
cladding coating

HEAs W, Wi Wo Wos Wos
Dilution rate 13.79% 18.68% 17.10% 20.80% 22.73%
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Fig.2 Surface morphology of CoCrFeNiW, high entropy alloy multi-channel cladding coating
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Fig.3 X-ray diffraction pattern of CoCrFeNiW,
high entropy alloy cladding coating

e x=0.8

WO A B S AR S, IR R, 7RI
YR ZI N R AR & 45 4 R, e SEEEH Y
Fe JUEBMBEE G 25, MG B2 il 22 Y
Fe SR S THIL M), Bk Fe LR LISN, x=0 A,
IR 18] Cr JCZE S EIE £ x=0.6 A, A 5k ] H 25 X
WU W OLE; x=0.8 i, k5 XA UL Y b
BEAKEN WILER, 454 X H&AiE (XRD)
ST, x=0. 0.2, 0.4 B}, 2L L K p—
) FCC [y A ; x=0.6 B, WRIZHOWLHZLH I T8
AR (Al ); x=0.8 B, p AT G 06 a8 i ik — 20 3
P T DA, x=0.6 B, ZEA% T & W ot E M4 & )
&Y, JEHAERRRIESE, B p M M W otE
SREE—EHAE 16.67% (x=0.8) i}, K& W LR
PR T R ST 0 2B B, I L ¥ 1 2ok A O B T
MR, BRIZHOMA LA E W BHZEA p k.

f x=0.8

Kl 4 CoCrFeNiW, ki & 41 B2 i ZUB AR
Fig.4 Microstructure and morphology of CoCrFeNiW, high entropy alloy cladding coating
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Tab.5 EDS analysis of test points of CoCrFeNiW high
entropy alloy cladding coating

at.%

Region Co Cr Fe Ni w
A4 2038 20.13 3888 2060  0.00

Yoo s 1042 2437 3706 1947 0.00
A 1579 13.89  46.05 1550  8.78
Wos B y4a5 1677 3873 1182 1822
A4 1554 1386 4478 14.18  11.64

B 1234 1323 3626 1121  26.96
Wos C 1264 11.07 29.65  7.54 39.10
D 1402 13.79  47.07 1548  9.64

E 956 1350 3294 743  36.57
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Fig.5 Microhardness of CoCrFeNiW, high-entropy alloy cladding coating: a) microhardness curve;
b) average microhardness of cladding coating
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