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Table 1 Composition of coatings (molar ratio)

Coating Mo Fe Cr Ti W Si
Sig 1 1 1 1 1 0
Sio2 1 1 1 1 1 0.2
Sio.a 1 1 1 1 1 0.4
Sigs 1 1 1 1 1 0.6
Sios 1 1 1 1 1 0.8
Siy 1 1 1 1 1 1.0

K1 &ZEmEmAs
Fig.1 Microstructures of coatings: (a) Sio, (b) Sio2, (C) Sio.4, (d) Sigs, (€) Sigs, and () Siz
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Table 2 EDS results of the composition and mixing entropy

of different regions of Si; coating (at%o)

Element content/at%
Region ASmix
Mo Fe Cr Ti w Si
Surface 18.22 35.11 15.65 10.71 16.74 3.56 1.624R
Middle part 13.59 56.21 8.13 6.13 10.17 5.78 1.366R

12.89 58.62 8.05 524 9.85 535 1.32R
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Fig.2 XRD patterns of coatings
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Table 3 Mixing enthalpy of element pairs (kJ/mol)®!

Element (atomic radii/nm) Mo Fe Cr Ti W Si

Mo (0.139) - 2 0 -4 0 -35
Fe (0.124) - - 41 17 0 -35
Cr (0.125) - - - 71 37
Ti (0.145) - - - - 6 -66
W (0.137) 11

Si (0.117)
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Table 4 Results of AHnix, 6, Q and VEC of coatings

Coating AHumix/kJ mol™ Q 0l% VEC
Sip -5.76 4.10 6.1 6.0
Sig2 -7.1 4.60 6.2 5.92
Sig4 -15.17 2.49 6.4 5.85
Sios -18.37 1.82 6.7 5.79
Sios -22.83 1.50 7.0 5.72
Siy -26.67 1.32 7.4 5.67
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Fig.3 Microhardness distribution of coatings
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Fig.4 Morphologies of the oxidation films of coatings: (a) Sio, (b) Sigs, and (c) Siz
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Fig.5 XRD patterns of the oxidation film on coatings: (a) Sio and
(b) Siy
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Microstructure and Properties of Laser Cladding MoFeCrTiWSi, Multi-Principal
Element Alloy Coatings

Zhou Fang*?, Liu Qibin*?, Li Dongliang®
(1. Guizhou University, Guiyang 550025, China)
(2. Key Laboratory for Materials Structure and Strength of Guizhou Province, Guiyang 550025, China)

Abstract: MoFeCrTiWSiy (x=0, 0.2, 0.4, 0.6, 0.8, 1.0) multi-principal element alloy coatings were fabricated on Q235 steel by laser
cladding. The effect of silicon on the microstructure, phases, microhardness and high-temperature oxidation resistance were investigated
by X-ray diffraction (XRD), scanning electron microscopy (SEM) and microhardness tester etc. The results show that the phase of laser
cladding MoFeCrTiW multi-principal element alloy coating is single bcc structure and its microstructure is equiaxed grains. The main
phase is still bce structure after adding different contents of silicon into the coating. When the content of silicon is no less than 0.4 moles,
there exists a little intermetallic compound in the coatings; the microstructures of coatings are composed of proeutectic bcc phase and
eutectic structure of bcc phase and Cr5Fe50M08.9Si5.2Ti20.4 phase. With the content of silicon increasing, the morphology of proeutectic
phase changes from cystiform-dendritic to columnar dendrites and equiaxed dendrites, while the content of eutectic structure is increased
gradually. From the surface to bonding zone of coatings, the distribution of the mixing entropy changes from high entropy to medium
entropy. With the addition of silicon, the microhardness and high-temperature oxidation at 900 <C of coatings are increased. When x is 1.0,
both the microhardness and the high-temperature oxidation resistance are the highest.

Key words: laser cladding; multi-principal element alloy coatings; microstructure; properties
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