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Abstract: The CoCrCuFeNiTi high entropy alloy cladding layers with 2%(mass fraction)CeO: and without
CeO: are respectively prepared on the surface of Q550 steel by laser cladding technology. The phase
composition, microstructure, and elemental distribution of the two cladding layers are analyzed by
characterization methods such as XRD, SEM, and EDS. The microhardness, wear resistance and corrosion
resistance of the cladding layers are tested by using a Vickers hardness tester, a friction and wear testing
machine and an electrochemical workstation. The results show that the addition of CeO: does not change
the FCC+BCC two-phase structure of the cladding layers, but it causes lattice distortion, resulting in the
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diffraction peaks moving towards a low angle. The addition of CeO . refines the grain size of the cladding

layers and makes the element distribution more uniform. The average microhardness of the cladding layers
increases from 451.94HV; to 533.50HV,;, the wear mass loss decreases from 0.0031 g to 0.0029 g, and

the wear mechanism changes from adhesive wear to abrasive wear. After adding CeOs. ,
current density of the cladding layers decreases from 9.336 pA-+cm *to 2.137 pA+cm

the corrosion

?, the charge transfer

resistance increases from 0.332X10* Q+cm? to 1.771 X 10* Q+cm?, and the corrosion resistance is enhanced.
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Table 1 Chemical compositions of Q550 steel (mass fraction/ % )

C
<0.18

Mn
1.00-1.60

Si
<0.55

P S Al
<0.030 =.0.030 =0.015

Fe
Bal.
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Table 2 Process parameters of laser cladding

Oscillation frequency/ Oscillation amplitude/  Scanning speed/ Powder feed rate/ Scanning Gas flow rate/
Laser power/W o . ) .
z mm (cmemin~ ') (g'min ') trajectory (L+min™")
1200 200 0.7 30 7.3 o 6
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Fig.1 XRD patterns(a) and its enlarged patterns(b) of two kinds of cladding layers
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Fig.2 SEM images of different regions of two kinds of cladding layers
(a)CoCrCuFeNiTi; (b)CoCrCuFeNiTi~+2%CeO,; (1)bottom; (2)middle; (3)top
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Fig.4 Average microhardness of two kinds of cladding layers
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Fig.5 Coefficient of friction(a) and wear mass loss(b) of two kinds of cladding layers
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Fig.6  Surface morphologies and cross-section curves of wear tracks of two kinds of cladding layers
(a)CoCrCuFeNiTi; (b)CoCrCuFeNiTi~+2%CeO,; (¢)cross-section curves of wear tracks
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Fig.7 Wear morphologies of two kinds of cladding layers
(a)CoCrCuFeNiTi; (b)CoCrCuFeNiTi+2%CeO,
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Fig.8 Tafel curves of two kinds of cladding layers
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Table 3 Corrosion current density and corrosion potential of

two kinds of cladding layers

Cladding layer E,./V I,/ (pA-cm™?)
CoCrCuFeNiTi —0.542 9.336
CoCrCuFeNiTi+2%CeO, —0.426 2.137
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Fig.9 EIS diagrams of two kinds of cladding layers

(a)Nyquist plots; (b)bode impedance; (¢ )bode phase angle; (d )equivalent circuit diagram
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Table 4 EIS fitting results

S 1 R/(Q-cm?) CPE/ R./(Q-cm?)
ample /(Q-cm ' -em?
P ’ (Q 1" em™?) ! “
1 6.514 3.183x107° 0.7215 0.332x10*
2 6.549 6.906107° 0.8484 1.771X10*
3 it
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