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Abstract; High-entropy alloy coatings show great potential for improving the wear resistance of the
stainless steel substrate. To investigate the effects of Cu/Si doping on the microstructure and high
temperature tribological properties of FeCoCrNi high-entropy alloy coating, FeCoCrNiCu, and
FeCoCrNiSi, series of high-entropy alloy coatings were prepared on the 304 stainless steel by laser
cladding. The microstructure and phase distribution of the coatings were characterized by XRD, SEM
and EDS. and the high temperature tribological properties of the coatings were tested by a high
temperature friction and wear tester. The results show that both FeCoCrNiCu, and FeCoCrNiSi, high
entropy alloy coatings form a single FCC-type solid solution with good metallurgical bonding to the
substrate under suitable laser cladding parameters. The addition of Cu reduces the surface hardness of
FeCoCrNi coatings, but improves the metallurgical bonding due to the increase of thermal conductivity
of the coating; the addition of Si promotes grain refinement and improves the surface hardness of the
coating. At 600 °C, the addition of Cu/Si elements significantly improves the tribological properties of the
coating, with the coefficients of friction of 0. 24 and 0. 19 for FeCoCrNiCu and FeCoCrNiSi coatings,
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respectively, and the wear rates are 1. 58 X 10" mm® « N

1

em 'and 6. 77 X107 mm® « N°! e m ',

respectively, which are 56.1% and 81. 9% lower than FeCoCrNi coating. The main wear mechanisms

of FeCoCrNiCu coating are oxidation wear, fatigue wear and slightly abrasive wear, while FeCoCrNiSi

coating is oxidation wear.
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Table 1 Elements compositions of 304 stainless steel

(mass fraction/ %)

Si P Mn Cr C S Ni Fe

0.56  0.029 0.79 17.92 0.051 0.009 8.77 Bal
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(a)FeCoCrNi Bt K 5 (b) FeCoCrNiCu ¥ 5 (¢) FeCoCrNiSi # A
Morphologies of mixed powders after milling for 15 h  (a)FeCoCrNi powder; (b) FeCoCrNiCu powder; (¢) FeCoCrNiSi powder
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of laser cladding
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Table 3 Parameters of friction and wear tests

Temperature/C Wear method Rotation radius/mm  Line velocity/(m * s~ 1) Load/N Testing environment ~ Humidity/ %
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Fig. 2 XRD patterns of the laser cladded

high-entropy alloy coatings
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Table 4 Theoretical values of (111) crystal plane

in high-entropy alloy coatings

Material FWHM/(®)  Crystallite size/nm Micro-strain
FeCoCrNi 0. 45 15. 94 0. 65
Cu0. 5 0. 40 18.18 0.57
Cul 0.43 16. 94 0.61
Si0. 5 0.47 15. 82 0. 65
Sil 0.48 14.67 0.70
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Fig. 3 Microstructures of the high-entropy alloy coatings
(a)FeCoCrNi coating; (b)Cu0. 5; (c)Cul ; (d)Si0. 5; (e)Sil
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Fig. 4 Compositions and morphologies of cross-section on high-entropy alloy coatings in upper(1) ,middle(2) and bonding area(3)

(a)FeCoCrNi coating; (b)Cul; (¢)Sil
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Fig. 5 Tribological test of high-entropy alloy coating at 600 °C  (a)friction coefficient curve; (b) wear rate; (¢) wear profile
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Table 5 Tribological performance data of high-entropy

alloy coatings under 600 “C
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Fig. 6 Microhardness on the surface and in the wear

tracks of high-entropy alloy coatings at 600 C
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Fig. 7 Macro-morphologies of high-entropy alloy coatings after wear tests

(a)FeCoCrNi coating; (b)Cu0. 5; (¢)Cul ; (d) Si0. 5; (e) Sil
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