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Effects of Mn, V, Mo, Ti, Zr elements on microstructure and
high temperature oxidation performance of
AlFeCrCoCu-X high-entropy alloys
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Abstract: A series of AIFeCrCoCu-X high-entropy alloys that X represents the Mn, V, Mo, Ti, Zr elements fabricated by
an arc remelter were investigated by XRD, SEM, EDS, DSC and TG. The results show that 6 kinds of alloys exhibit
dendritic structure, Cu preferentially segregates to the interdendritic regions, and the Cr-rich phase precipitates with
adding Ti or Zr. The alloys have high hardness value, and their hardness increases with increasing the doped element
radius. The alloys have strong ability to resist high temperature oxidation, their quality almost remain the same before
heating to 700 ‘C. The high temperature oxidation resistance of AlFeCrCoCu alloy is the best, and doping elements can
reduce the high temperature oxidation resistance, Mo-oxides and V-oxides are volatiles that disrupt the formation of a
protection scale and deteriorate the high temperature oxidation resistance of alloys.
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Fig. 1 XRD patterns of AlFeCrCoCu, AlFeCrCoCuMn and

AlFeCrCoCuV alloys

Table 1 Chemical composition of AlIFeCrCoCu-X high-entropy alloys

Mole fraction/%
Alloy
Al Fe Cr Co Cu Mn/V/Mo/Ti/Zx
AlFeCrCoCu 20 20 20 20 20 -
AlFeCrCoCuMn 16.67 16.67 16.67 16.67 16.67 16.67
AlFeCrCoCuV 16.67 16.67 16.67 16.67 16.67 16.67
AlFeCrCoCuMo 16.67 16.67 16.67 16.67 16.67 16.67
AlFeCrCoCuTi 16.67 16.67 16.67 16.67 16.67 16.67
AlFeCrCoCuZr 16.67 16.67 16.67 16.67 16.67 16.67
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Fig. 2 XRD patterns of AlIFeCrCoCuMo, AlFeCrCoCuTi and
AlFeCrCoCuZr alloys
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Table 2 Chemical composition of AlIFeCrCoCu-X alloys by EDS analysis and crystal structure

Mole fraction/%
Alloy Region Structure
Al Fe Cr Co Cu Mn/V/Mo/Ti/Zx
1(DR) BCC 19.07 27.47 26.71 22.43 4.32 -
AlFeCrCoCu
2(ID) FCC 14.20 0.97 1.01 1.35 82.47 -
1(DR) BCC 13.79 21.13 19.82 20.17 3.73 21.36
AlFeCrCoCuMn
2(ID) FCC 15.46 0.87 0.94 1.22 80.49 1.02
1(DR) BCC 13.83 20.78 20.62 19.15 4.81 20.81
AlFeCrCoCuV
2(ID) FCC 16.92 2.28 1.94 2.61 75.06 1.19
1(DR) BCC 14.82 21.67 20.82 20.37 4.04 18.28
AlFeCrCoCuMo
2(ID) FCC 14.27 1.62 1.48 1.75 79.52 1.36
1(f-phase) BCCl1 20.12 13.16 5.94 29.72 7.57 23.49
2(a-phase) BCC2 6.08 23.95 46.51 10.59 3.31 9.55
AlFeCrCoCuTi
3(w-phase) BCC3 5.25 32.14 19.18 14.04 2.52 26.86
4(ID) FCC 13.95 1.04 1.03 1,20 82.32 0.46
1(DR) HCP 9.60 23.48 17.10 20.35 5.50 23.97
AlFeCrCoCuZr  2(w-phase) BCC 8.49 25.38 51.90 10.29 3.25 0.69
3(ID) FCC 14.63 1.94 2.01 2.43 78.74 0.25
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Fig. 3 SEM images of AlFeCrCoCu-X alloys: (a) AlFeCrCoCu; (b) AlFeCrCoCuMn; (¢) AlFeCrCoCuV; (d) AlFeCrCoCuMo; (e)
AlFeCrCoCuTi; (f) AlFeCrCoCuZr
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Table 3 Atomic radius and mixing enthalpy of element pairs

[14]

Enthalpy/(kJ-mol)
Element

Al Fe Cr Co Cu Mn A% Mo Ti Zr
Al(143pm) - —-11 -10 -19 -1 -19 -16 =5 =30 —44
Fe(127pm) —-11 - -1 -1 13 0 =7 -2 -17 -25
Cr(127pm) -10 -1 - —4 12 2 -2 0 -7 -12
Co(126pm) -19 -1 —4 - 6 -5 —14 -5 -28 —41
Cu(128pm) -1 13 12 6 - 4 5 19 -9 -23
Mn(132pm) -19 0 2 -5 4 - - - - -
V(135pm) -16 =7 -2 —14 5 - - - - -
Mo(140pm) -5 -2 0 -5 19 - - - - -
Ti(145pm) =30 -17 =7 —28 -9 - - - - -
Zr(160pm) —44 =25 -12 —41 -23 - - - - -
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Fig. 4 High-SEM image of AlIFeCrCoCuZr alloy
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Table 4 Hardness of AlIFeCrCoCuX alloys

Alloy AE

Overall DR

AlFeCrCoCu 452 593
AlFeCrCoCuMn 482 623
AlFeCrCoCuV 510 642
AlFeCrCoCuMo 518 658
AlFeCrCoCuTi 570 645
AlFeCrCoCuZr 698 726
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Fig. 5 DSC curves of AlFeCrCoCu, AlFeCrCoCuMn and

AlFeCrCoCuV alloys
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