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ABSTRACT :; Objective To study the effect of silicon content on the micro-structure, hardness and wear resistance of FeCoCr, s NiBSi,
high-entropy alloy coatings. Methods FeCoCr, sNiBSi_ high-entropy alloy coatings were prepared on 45 steel substrate by laser clad-

ding. The macro-morphology, microstructure and phase structure of the coating were analyzed, the hardness of the coating was test-

ed and the wear resistance of the coating was tested using the friction wear experiment. Results The as-cladding alloys were com-
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posed of FCC phase and M, B phase, and the microstructures of the coatings were composed of pro-eutectic microstructure and eu-

tectic microstructure. With the increase of silicon content, the volume fraction of FCC phase increased, while that of M,B phase

decreased, the shape of eutectic changed from cellular to granulate and then disappeared. The average hardness of the coating first

decreased and then increased with the increasing silicon content. The FeCoCr, ;NiBSi, , coating had the minimal hardness, which

was 613HV, whereas the FeCoCr, ;NiBSi, , coating had the maximal hardness, which was 820HV. The wear volume first increased

and then decreased with the increasing silicon content. The wear volume of FeCoCr, s NiBSi, ; coating was the maximum, which was

0.004 06 mm’ , whereas the friction volume of FeCoCr, ;NiBSi, , coating was the minimum, which was 0.002 33 mm’. Conclu-

sion With the increase of silicon content, the volume fraction of M, B phase decreased, and the eutectic microstructure disappeared

gradually, the wear resistance of coating first increased and then decreased. The abrasive resistance of the FeCoCr, NiBSi, , high-

entropy alloy coating was the best.
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Fig. 1 Single/overlapping track macroscopic morphology of the
high entropy alloy cladding layer
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Fig.2 XRD patterns of the FeCoCr, 5NiBSi_ high-entropy alloy

coatings
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Fig. 3 Typical microstructure of FeCoCr, ;NiBSi_ high-entropy alloy coatings
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Tab.1 Compositions of different microstructure areas in

FeCoCr, ;NiBSi, high-entropy alloy coatings

Atom percent/ %

Fe Co Cr Ni B St

Nominal 22.22 22.22 11.11 22.22 22.22 0

0 FCC 24.44 15.14 6.78 16.18 36.56 0.9
M,B 24.73 18.22 15.09 6.49 35.43 0.03
Nominal 21.74 21.74 10.87 21.74 21.74 2.17
0.1 FCC 25.67 17.25 5.66 19.93 29.01 2.48
M,B 17.81 13.54 16.24 5.25 46.70 0.46

x Zone

Nominal 21.28 21.28 10.64 21.28 21.28 4.25
0.2 FCC 27.36 18.61 4.70 21.56 23.53 4.25
M,B 16.50 10.86 17.66 3.52 51.40 0.06
Nominal 20.83 20.83 10.42 20.83 20.83 6.25
0.3 FcC 25.11 20.17 3.51 23.39 22.54 5.28
M,B 21.12 12.24 18.74 4.49 43.16 0.25
Nominal 20.41 20.41 10.20 20.41 20.41 8.16
0.4 FCC 14.46 12.49 2.66 13.97 47.91 8.52
M,B 24.71 15.74 19.47 3.57 35.91 0.59
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Fig. 4 Schematic eutectic phase diagram of the FeCoCr, s NiBSi,
high entropy alloys
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Tab. 2 The result of hardness measurement with the
nanoindenter of Si0, Si0. 2, Si0. 4 high-entropy
alloys coatings

GPa
A Si0 Si0.2 Si0. 4
FCC 102 147 191
M2B 423 337 287
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Fig. 6 Relationships between wear volume and average hardness

of FeCoCr, ;NiBSi_ high-entropy alloy coatings
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Fig. 7 Wear surface morphology of FeCoCr, ; NiBSi, , high-entro-
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Tab.3 Compositions of different wear surface areas in
FeCoCr, ;NiBSi, , high-entropy alloy coatings

Atom percent/ %
(0] Si Cr Fe Co Ni
A 48.5 6.4 1.9 2.7 27.5 7.0 5.9
B 15.4 24.5 2.0 4.8 36.3 9.6 6.5
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