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Abstract In order to improve the wear resistance and high—temperature oxidation resistance of materials surface,
MoFeCrTiWSiAly (=0 or 1 and y=0 or 1) high—entropy alloy coatings, named MoFeCrTiWSi Al high—entropy alloy
(HEA) coatings, are fabricated on Q235 steel by laser cladding. The effect of silicon and aluminum on the
microstructure, phases, wear resistance and high-temperature oxidation resistance are researched by X-ray
diffraction (XRD), scanning electron microscopy (SEM) and wear tester. The results show that the main phase of
MoFeCrTiWSi,Al, HEA coatings is BCC structure. With the addition of silicon and aluminum, the lattice constants
of BCC structure are all reduced. When x=0 and y=1, the coating is composed of single BCC structure, its
microstructure is fine dendrites, but its wear resistance is lower. When x=1 and y=0 or 1, there is few intermetallic
compound in the coatings and its wear resistance increases. MoFeCrTiWSi,Al, HEA coatings exhibit higher oxidation
resistance at 800 C. Adding silicon and aluminum into coatings can further improve the high—temperature oxidation
of coatings.
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Table I Composition design of MoFeCrTiWSi,Al, cladding coatings (atomic fraction, %)

Samples Mo Fe Cr Ti W Si Al

1" (MoFeCrTiW) 20 20 20 20 20 0 0

2" (MoFeCrTiW Si) 16.67 16.67 16.67 16.67 16.67 16.67 0
3" (MoFeCrTiW Al) 16.67 16.67 16.67 16.67 16.67 0 16.67
4" (MoFeCrTiWSiAl) 14.29 14.29 14.29 14.29 14.29 14.29 14.29

3 LRI
3.1 AEHEWN
El 1 A MoFeCrTiWSi, AL B i & 4 U JZ 1) XRD B, i FE i & 4 245 0% 4 257 PDF K A W5 22, S
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Fig.1 XRD patterns of MoFeCrTiWSi,Al, coatings
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Table 2 Mixing enthalpy of element pairs (unit: kJ/mol)

Element (atomic radii/nm) Mo Fe Cr Ti W Si Al
Mo(0.136) — -2 0 -4 0 -35 -5
Fe(0.124) — -1 -17 0 -35 -11
Cr(0.125) — -7 1 -20 10
Ti(0.145) — -6 66 -30
W(0.137) — 31 -2
Si(0.117) — ~19
A1(0.143) —

#3 WRIZM AS. AH,. 8 ORI VEC TTFL 45
Table 3 Results of AS,.., AH,.., 8, 2 and VEC of coatings
Coatings AS..i /1J/(K +mol)] AH,;/(k)/mol) 3 0 VEC
1" 13.38 -5.76 6.1% 5.8 6.0
2" 14.90 -24.89 7.5% 1.4 5.7
3" 14.90 -12.56 6.0% 2.7 5.5
47 16.18 -24.57 7.3% 1.4 5.3
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Fig.2 SEM images of MoFeCrTiW Si,Al, high—entropy alloy coatings. (a) MoFeCrTiW; (b) MoFeCrTiWSi; (¢) MoFeCrTiW Al
(d) MoFeCrTiWSiAl
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Fig.3 Line scanning of MoFeCrTiWSiAl high—entropy alloy coating
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Fig.4 Wear weight-loss of MoFeCrTiW Si Al coatings
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Fig.5 Oxidation kinetics curves of MoFeCrTiWSi,Al, HEA coatings
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Table 4 Value of PBR for the oxides of MoFeCrTiWSi.Al, alloy coatings

Oxide a-ALO; TiO; Si0, Cr:0, a-Fe,0, Fe;0, B-WO, MoO;
PBR 1.28 1.71 1.88 2.02 2.14 2.1 3.38 3.29
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