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Abstract The FeCrNiCoMn high-entropy alloy coating with nice surface topography is prepared on 45 # steel by
laser cladding. In order to study the property of resistance to high temperature softening of the coating, the
annealing experiments of coating are performed at 550 C, 700 C, 900 C, 1000 C, 1160 C for 2 h, respectively.
The microstructure, phase structure and microhardness of the coatings annealed at different temperatures are
investigated by scanning electron microscope (SEM), X-ray diffraction ( XRD) and microhardness tester,
respectively. The results show that the coating after laser cladding is mainly composed of typical dendrites and
exhibits simple face-centered cubic (FCC) and minor body-centered cubic (BCC) structure phases with average
microhardness of 540HV, ,. The microstructure of the coating grows up slightly after being annealed at 550 C,
700 C and 900 C . However, the coating forms relatively more BCC phase when anneals at 900 ‘C . While at 1000 C
and 1160 ‘C, the microstructure grows up gradually, and the phase structure transforms into single FCC structure.
As the annealing temperature increases, the microhardness of the FeCrNiCoMn cladded coating increases firstly, and
then decreases., the highest microhardness is 665HV, ., after being annealed at 900 C. It indicates that the
FeCrNiCoMn high-entropy coating after laser cladding exhibits nice tempering resistance below 900 C .
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Fig. 1 (a) Surface topography and (b) cross-section of laser cladding coating
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Fig. 2 XRD patterns of FeCrNiCoMn high-entropy alloy
coating as cladding before and after being annealed

at different temperatures for 2 h
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Table 1 Phases structures and lattice constants of FeCrNiCoMn alloy coating after being annealed at different temperatures
Condition Phase structure Lattice parameter of FCC /nm Lattice parameter of BCC /nm
As cladded FCC+BCC1+BCC2 0.372 BCC1.:0. 287; BCC2.0. 295
Annealed at 550 C FCC+BCC1+BCC2 0. 370 BCC1.:0. 287; BCC2.0. 295
Annealed at 700 C FCC+BCC1 0.363 BCC1:0. 287
Annealed at 900 C FCC+ BCC1 0. 361 BCC1:0. 287
Annealed at 1000 C FCC 0.358 —
Annealed at 1160 C FCC 0.358 —
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Fig. 3 SEM images of FeCrNiCoMn high-entropy alloy coating. (a) Before being annealed and (b) after being annealed
at 550 C; (¢) 700 C, and (d) 900 C
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Table 2 Energy dispersive spectrometer result of dendritic and interdendritic regions of high-entropy

alloy coating (mass fraction, %)

Condition Region Fe Cr Ni Co Mn
Dendrit 55.59 10. 58 11. 60 14.05 8.17
As cladded
Interdendrit 49. 14 21.59 8.93 10. 10 10. 24
) Dendrit 54, 24 9.57 12.07 13. 45 10. 67
Annealed at 500 C .
Interdendrit 50. 46 20. 45 9. 64 8.56 10. 89
Dendrit 52.81 15. 10 11.66 12.28 8.15
Annealed at 700 C
Interdendrit 50. 56 17.42 9.32 10. 63 12.07
Dendrit 51.19 14. 37 11.96 11. 85 10.63
Annealed at 900 C
Interdendrit 49.90 16. 22 10. 83 10. 51 12.54
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