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Effects of WC Particles on the Microstructure and Hardness of FeCoCrNiCu
High-entropy Alloy Coating Prepared by Laser Cladding
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Abstract: FeCoCrNiCu high-entropy alloy coating with WC particles was prepared by the continuous wave
CO, laser. The effects of WC particles on the microstructure and hardness were investigated. Results show
that the high entropy alloy coatings with different WC content are all composed of face—centered cubic (FCC)
and body-centered cubic (BCC) solid solution phases. With the increase of WC content, BCC phase content
increases and FCC phase content decreases. During the process of laser cladding, WC particles dissolved into
the FCC and BCC phases, however, the addition of WC does not cause the formation of complex carbide pha-
ses. The microstructure of coatings with different WC content is typical dendrite. Element segregation be-
tween the dendrite and interdendrite can be effectively inhibited by laser cladding with rapid solidification. The
increase of WC content lead to grain refinement and microhardness increasing.
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Fig. 1 Cross—section microstructure of laser cladding FeCoCrNiCu high-entropy alloy coating
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Fig. 2 XRD patterns of laser cladding FeCoCrNiCu high—

entropy alloys coatings with different content of WC
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Fig. 3 SEM images of FeCoCrNiCu high - entropy alloy coatings with different content of WC (ID: interdendrite

DR: dendrite)
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Table 1 Dilution of FeCoCrNiCu coatings with different

content of WC

Alloy H/mm h/mm p=h/CH+h)
WC=0% 0. 69 0.09 11.5%
WC=10% 0.57 0.15 20. 8%
WC=20% 0.45 0.26 36.6%
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Table 2 EDS analysis results of FeCoCrNiCu high-entropy alloy coatings with different content of WC (a/ %)

Alloy Zone Cr Fe Co Ni Cu w
Actual 19. 52 28.52 19. 82 16. 77 15. 37 0

WC=0% DR 15. 36 30. 11 21.13 17.05 16. 35 0
ID 36. 55 25. 68 17.57 12.18 8.02 0

Actual 17.55 32.33 17. 74 14.92 14. 25 3.21

WC=10% DR 13. 14 34. 44 18. 88 16. 87 15.02 1.65

ID 32.95 28.97 14. 20 11.13 6.14 5.61

Actual 16. 43 36. 06 15.52 13.43 12. 30 6.26

WC=20% DR 12.76 37. 68 16. 09 16. 00 13.66 3.91

1D 27.52 31. 35 12.75 9. 60 5.48 13.30

* 3 B EEMEABRU (KJ/mol)
Table 3 Mixing enthalpy of different atom— pairt*®! (kJ/mol)

Element Fe Co Cr Ni Cu W C B

Fe 0

Co -1 0

Cr -1 1 0

Ni -2 0 -7 0

Cu 13 6 12 4 0

w 4 -5 5 -9 1 0
C -50 -42 -61 -39 0 -32 O
B -26 -24 -31 -24 O 4 -10 0
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Table 4 EDS analysis of the dendrite and interdendrite of
FeCoCrNiCu high—entropy alloy prepared by arc melting

techniquet®

Area Cr Fe Co Ni Cu
DR 21.08  23.58 24.67  21.34 9.56
1D 1.78 3.46 2.67 5.41  86.68
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Table 5 Average microhardness of laser cladding Fe-
CoCrNiCu high-entropy alloy coatings with different con-
tent of WC
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Fig. 4 Microhardness distribution of FeCoCrNiCu high

entropy alloy coatings with different conent of WC
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