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Abstract: To investigate the effects of adding nano-TiC and B elements on the FeCoCrNiCu high-entropy alloy coat-
ing, laser cladding technique was employed to prepare FeCoCrNiCuB, and FeCoCrNiCu-x wt%TiC high-entropy al-
loy coatings on Q235 substrate. The best-performing coatings, FeCoCrNiCuB, ; and FeCoCrNiCu-15wt%TiC, were
selected for discussion and analysis. The results show that the addition of nano-TiC and B both lead to grain refine-
ment and improve metallurgical bonding properties of the coatings. The microhardness values of the FeCoCrNiCu
(HEA), FeCoCrNiCuB 5 (B5), and FeCoCrNiCu-15wt%TiC (T15) coatings are 217.95, 343.98 and 531.65 HV;, re-

spectively. The T15 coating exhibits a low friction coefficient of only 0.549 at room temperature, with a smoother
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surface and wear mechanism mainly attributed to abrasive wear. At 600°C, the friction coefficient of the T15 coating

is 0.279, with a wear rate of 15.28x10° mm?®/N-m, and the wear mechanisms include abrasive wear, fatigue wear,

and oxidation wear. The B5 coating exhibits the lowest friction coefficient of 0.425 at room temperature, primarily

due to abrasive wear and fatigue wear. At 600°C, the friction coefficient of B5 coating is 0.255, the wear rate is

6.96x10"° mm®/N-m, and the wear mechanism is mainly abrasive wear. The B,0, self-lubricating phase is formed on

the surface of the B5 coating, which melts at high temperature to form a low viscosity liquid, forming a lubricating

film, isolating the contact surface, reducing direct contact and adhesion, which is the main reason for significantly

improving its tribological properties.

Keywords: laser cladding; high entropy alloy coating; nano-TiC; B element; tribological property
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Fig.1 Morphologies of mixed powders after 6 h milling: (a) HEA powder; (b) B5 powder; (c) T15 powder; (d) nano-TiC; (e) EDS mapping results of
nano-TiC TiKa
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Table1 Elements composition of high-entropy alloy coatings

Element
Coatings

Fe Co Cr Ni Cu B TiC
B5/at% 18.18 18.18 18.18 18.18 18.18 9.10 0
T15/wt% 17 17 17 17 17 0 15
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Table 2 Parameters of laser cladding of high-entropy alloy coatings
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Fig. 8 Tribological performance of high-entropy alloy coatings at room temperature: (a) Friction coefficient curves; (b) Wear rate; (c) Wear profile
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Fig.9 Worn morphologies of HEA, B5 and T15 coatings in room temperature: (al-3) HEA coating; (b1-3) B5 coating; (c1-3) T15 coating
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Table 3 EDS results of each point in Fig.9

Elements/at%
Point

(0] Fe Co Cr Ni Cu Ti C B
1 51.09 11.82 8.16 8.75 11.29 8.89 — —_
2 45.41 13.45 10.42 10.94 9.92 9.86 — —
3 29.92 31.39 10.26 8.70 9.93 9.15 — — 0.65
4 51.61 13.31 7.44 7.18 7.13 7.02 — — 6.31
5 50.75 11.28 6.58 6.47 6.52 6.36 5.27 6.77 —
6 2.39 31.98 10.67 10.69 11.12 11.51 6.29 15.35 —
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Fig. 10  Worn morphologies and EDS mapping results of the Si3N, ball in room temperature: (a) HEA coating; (b) T15 coating; (c) B5 coating
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Fig. 13 Morphologies and EDS mapping results of the cross-section of wear marks in 600°C: (a) HEA coating; (b) T15 coating; (c) B5 coating
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Fig. 14 Worn morphologies and EDS mapping results of the SizN, ball in 600°C: (a) HEA coating; (b) T15 coating; (c) B5 coating
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