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Table 1  Alloy elements parameters * :Ci,cmpem
Element Si Fe Co Cr Ti WwC ° Tick%
V]
Lattice type fcc bce fcc bce bce . ? * * 10W"
pm}
Atomic radius/nm 0.115 0.124 0.125 0.129 0.146 & [siFecocrTivzonwe gl | o A A
Melting point/’'C 1410 1535 1495 1857 1660 2870 ‘%‘ *
c
g .
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NEWHATIEE, WESECN: BOII% p=3.8 kW, 20 40 60 80

3 % v=240 mm/min, Y¢ Bt B 42 d=3 mm, $532% w=30%.

K MSS-2A A EE A5 I8 HLIIEAT PR 85 1 ) R
R GLEEA N 1), EHFE 200 r/min, %47 200 N,
I5F1E] 30 min, EEHLR~F: 30 mmX7 mmX6 mm, EEHER]
REE VKR W1BCraV MR (fifi i 62~65HRC) . iX%%:
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PRS2 10 ).
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Fig.2 X-ray diffraction patterns of SiFeCoCrTi high-entropy

alloy coatings
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Table 2 Mixing entropy of atomic pairs (kJ/mol)
Element Si Fe Co Cr Ti w C

Si 0

Fe -35 0

Co -38 -1 0

Cr =37 -1 —4 0

Ti -66 -17 -7 -28 0

W =31 0 -1 1 0 0

C -39 50 42 61 67 -32 O
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Fig.3 OM images of high-entropy alloy coating and its cross-section:
(a) SiFeCoCrTi and (b) SiFeCoCrTi+20%WC
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Table 3 Dilution rate of high entropy alloy coatings

Alloy H/mm h/mm n=h/H+h (%)
FeSiCoCrTi 0.76 0.31 28.9
FeSiCoCrTi+20% WC 0.68 0.13 16.1

B4 @44 SiFeCoCrTi 5 SiFeCoCrTi+20% WC i 21
SEM B K
Fig.4 SEM images of SiFeCoCrTi (a) and SiFeCoCrTi+20% WC (b)
high entropy alloy coatings
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Table 4 EDS analysis results of SiFeCoCrTi and SiFeCoCrTi+
20% WC high entropy alloy coatings in Fig.4 (at%)

Alloy Zone Si Fe Co Cr Ti W C
" 535 6229 13.18 9.80 938 0 0

SiFeCoCIT |5+ 3337 5936 1024 1455 1248 0 0
SiFeCoCITi+ IC 913 4044 1571 1404 9.56 6.34 4.78
20%WC  IG 655 37.29 16.39 17.83 13.62 6.16 2.16

* |C-intracrystalline; 1G-intergranular
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Fig.5 Micro-hardness of the SiFeCoCrTi high-entropy alloy coatings
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Fig.6  Friction coefficients of SiFeCoCrTi and SiFeCoCrTi+20%WC
high entropy alloy coatings
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Table 5 Mass loss of SiFeCoCrTi and FeSiCrCoTi+20%WC
high entropy alloy coatings (g)
Before After

Alloy . . Mass loss
wearing wearing
FeSiCrCoTi 9.6534 9.6456 0.0078
FeSiCrCoTi+20%WC 9.8991 9.8965 0.0026
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Fig.7 Morphologies of wear surface of high entropy alloy coatings:
(a) SiFeCoCrTi and (b) SiFeCoCrTi+20%WC
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Effect of WC Particles on Microstructure and Properties of High Entropy
Alloy SiFeCoCrTi Coating Synthesized by Laser Cladding

An Xulong, Liu Qibin*?
(1. Guizhou University, Guiyang 550025, China)
(2. Key Laboratory for Material Structure and Strength of Guizhou Province, Guiyang 550025, China)

Abstract: High entropy alloy (HEA) SiFeCoCrTi coating was prepared on Q235 steel by laser cladding. Effect of WC particles on the
microstructure and properties of high entropy alloy SiFeCoCrTi coating was researched. The microstructure, phase, microhardness and wear
resistance were investigated by OM, XRD, SEM, hardness testing and wear testing. The result shows that the microstructure of the HEA
SiFeCoCrTi coating is dendrite consisting of bcc phase and intermetallics. After adding WC particle, the grain dendrite coating is formed, and
large amounts of intermetallics appear in the coating, such as TiCos and Coj.07Fe1s93. The WC particle addition decreases dilution rate of the
substrate, and increases the properties of the coating, e.g. the average hardness of the HEA FeSiCrCoMo coating increases by 23%, both of wear
rate and friction coefficient decrease, and the wear-resistance improves obviously.

Key words: high entropy alloy (HEA); SiFeCoCrTi; WC; laser cladding; coating
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