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Fig. 1 XRD patterns of FeCoNiCugy4Al,, HEA powders

milled by different time
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Fig. 2 DSC curve of 40 h-milled FeCoNiCuy4Aly4 HEA

powders
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Fig. 3 XRD patterns of bulk FeCoNiCug4Aly,4 alloys heat-

treated at different temperatures
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Table 1 Phase fraction and lattice parameters of sintered and

annealed FeCoNiCug 4Alg 4 alloys

Temperature/ Phase fraction Lattice parameter/nm
C BCC FCC FCC BCC
500 0.07 0.93 0.35967  0.28620
600 0.30 0.70 0.35987  0.28621
700 0.21 0.79 0.35977  0.28662
As-sintered - 0.35922 -

Wrigin, 1M FCC AH M di s H B el s/, JF B
FCC H g ks W B A2 T RES 58 —HIROMT A .
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Fig. 4 SEM backscatter electron images of bulk FeCoNiCuy4Al, 4 HEAs heat-treated at different temperatures: (a) As-sintered; (b)

500 °C; (c) 600 °C; (d) 700 ‘C
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Fig. 5 Compressive engineering stress—strain curves of bulk
FeCoNiCug4Aly 4 HEASs heat-treated at different temperatures

# 2 RRAMKEIEE T FeCoNiCugAly, Ffi A &M 1%
4 B
Table 2 Mechanical properties of bulk FeCoNiCug4Alj4

HEAs heat-treated at different temperatures

Temperature/ 002/ e/ o/ Micro-hardness,
C MPa % MPa HV
As-sintered  1165.1 452 21225 356.9
500 1338.7 279 19174 435.9
600 1671.8 24 1747.4 505.0
700 1404.0  27.7 20929 426.7

3 Z5ip

1) Z3RBE 40 h J5, FeCoNiCugsAly, &4
RIHR S S C 58k, B FCC BAHRENEK, 2
1100 “CSPS k45, HAAZH FCC A7, PRI 46
J AR AR B FORE FE 43 ik 2] 1165.1 MPa. 45.2%
1 356.9 HV,
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Microstructure and mechanical properties of heat treated
FeCoNiCug4Aly 4 high entropy alloy prepared by powder metallurgy

LONG Yan, LIANG Xiao-biao, SU Kai, PENG Hai-yan

(School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: The mechanically alloyed (MA) FeCoNiCug4Alg 4 high-entropy alloy (HEA) powders were sintered by spark
plasma sintering (SPS) at temperature of 1100 ‘C and subsequently heat-treated at different temperatures. The
microstructural evolution and mechanical properties of heat-treated HEAs were investigated. The results show that only a
supersaturated face-centered cubic (FCC) structured solid solution forms during MA process. After sintering, the bulk
FeCoNiCug 4Alj 4 HEA also has a single FCC structure. The compressive yield strength, plastic strain and micro-hardness
of sintered HEA are 1165.1 MPa, 45.2 % and 356.9 HV, respectively. BCC phase is precipitated from the FCC matrix
during heat treatment process. The volume fractions of BCC phase in samples heat-treated at 500, 600 and 700 are 7%,
30% and 21%, respectively. The yield strength first increases and then decreases with the increase of heat treatment
temperature. When the BCC phase fraction increases, the yield strength and hardness of HEA increase while the plasticity
decreases obviously.

Key words: high-entropy alloy; mechanically alloying; spark plasma sintering; heat treatment; phase transition
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