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Microstructure and Mechanical Properties of Directionally Solidified
AlCoCrCuFeNi High—entropy Alloy
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Abstract: The effect of different drawing rates on microstructure, Cu segregation and mechanical properties of
AlCoCrCuFeNi high-entropy alloy prepared by directional solidification was studied. The results show that the directionally
solidified AlCoCrCuFeNi high-entropy alloy still has two simple BCC and FCC crystal structures, and its microstructure is
composed of FeCoCr-rich, AINi-rich and Cu-rich phases. With the increase of drawing rate, the solidification microstructure
gradually changes from coarse dendrite to thin lamellar-dendrite, and the dendrite arm spacings decrease significantly.
Under different drawing rates, the Cu-rich phase is segregated between dendrites and discontinuous zigzag distribution is
formed at the boundary of FeCoCr-rich phase, and Cu-rich precipitate is formed in AINi-rich phase. With the increase of
the drawing rate, the Cu-rich precipitate changes from submicron to nanometer scale, and the concentration of Cu atoms in
the Cu-rich phase decreases. The microhardness difference of different locations in the alloy decreases with the increase of
drawing rate, and the average microhardness increases from 358 HV to 375 HV.
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Fig.1 XRD patterns of directionally solidified AICoCrCuFeNi
high-entropy alloy under different drawing rates
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Fig.2 The longitudinal section BSE morphology of AICoCrCuFeNi high-entropy alloy directional solidified with
different drawing rates
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Tab.1 Element distribution of different phases in AICoCrCuFeNi high—entropy alloy

NN AH Al/at. % Cr/at. % Fe/at. % Co/at. % Ni/at. % Cu/at. %
A 11.66 19.27 19.16 18.27 18.68 12.69
10 pm/s B 26.51 10.05 11.40 14.61 26.12 11.31
C 11.74 5.19 6.71 6.57 13.39 56.40
A 10.96 19.27 18.81 17.96 18.29 14.71
50 wm/s B 20.28 20.15 15.03 14.70 17.81 12.05
C 12.10 5.30 6.68 6.62 14.07 55.31
A 12.89 16.30 16.72 16.61 19.91 17.58
100 pm/s B 20.94 16.94 13.52 14.29 20.35 13.95
C 12.85 4.69 6.34 6.40 14.44 55.30
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Fig.3 Primary and secondary dendrite arm spacing under different drawing rates
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Fig.4 Precipitation of each phase under different drawing rates
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Fig.5 The cross section BSE morphologies of directionally solidified AICoCrCuFeNi high-entropy alloy under different drawing rates
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Fig.6 Cu atomic percentage in A, B, C phases under different
drawing rates



(EEEFARN07/2022

B4R, % EmEE AICoCrCuFeNi B & EMNARE H e

*529 .

Fim AEZ A &, T RS PR 3 Fiad A Y
P RTC R RESHATR], DTS 30T 5 ECAd (A
Mg K225 . MWE 7(a)F al LLAE Y Jil B R
10 wm/s I, HORE & A9 5 ok 4 1SR B (A 43 A 78
320~420 HV Z [H] , R 34 21 2 rr 45 DX Sk A 5 {0 5
R BER L 3R 3G K, G A 0 Sl RheE R AR A
R W 4 /0N | BG4 v 4% 950 43 20 20 B R 25 i/ o e
Origin JIr 15 43 i [ vl £k 1 06 (i 1 5 5 3 07 1) A%

By, UE BB AU [ o R v A B R A R T 4L 4 4
RSy 4k . P30 2 A S A5 an & 7(b) B, B il
IR, A A0 358 HV ¥4 n#E] 375 HV,
DI RR i B IR DR A A T Tl B B R ] 3
AT /)N, HE4E Hall-Petch 56 &, 5B 304 22 40
oA R Tt 1 2E vk fg o — O T, RO 2L 2 4k
S O S B0, BELAS T LA B B 4R T A
REHBRE

Pl 7 R[]l 3 3 T o 1) B [5] ALICoCrCuFeNi i B 4 4 119 58 fURE Ji 4 i K 1ol 4 Al il 2%
Fig.7 The distribution and variation of micro vickers hardness of directionally solidified AICoCrCuFeNi high-entropy alloy under
different drawing rates
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