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Table 1  The nominal composition of Al

x

CoCrCuFeNi  

alloys (at%) 

x Al Co Cr Cu Fe Ni 

0  20.0 20.0 20.0 20.0 20.0 

0.5 9.0 18.2 18.2 18.2 18.2 18.2 

1 16.6 16.6 16.7 16.7 16.7 16.7 

2 28.5 14.3 14.3 14.3 14.3 14.3 

3 37.5 12.5 12.5 12.5 12.5 12.5 
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Fig.1  XRD patterns of Al

x

CoCrCuFeNi high-entropy alloys 
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Table 2  Molar mixing heat of binary alloys 
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/kJ·mol
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Fig.2  Microstructure images of as-cast Al

x

CoCrCuFeNi(x=0, 0.5, 1, 2, 3) high-entropy alloys (ID: interdendrite, DR: dendrite): (a) x=0,  

(b) x=0.5, (c) x=1, (d) x=2, and (e) x=3 
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Fig.3  High-magnification microstructures images of Al

x

CoCrCuFeNi(x=1,2,3) alloys (region A in Fig.2): (a) x=1, (b) x=2, and (c) x=3 
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Table 3  Distribution of alloy elements in dendrite and interdentrite (at%) 

x Element Al Co Cr Cu Fe Ni 

Nominal 0 20.0 20.0 20.0 20.0 20.0 

Dendrite 0 23.2 21.7 11.4 22.4 21.3 

0 

Interdentrite 0 3.8 3.0 80.6 3.9 8.7 

Nominal 9.0 18.2 18.2 18.2 18.2 18.2 

Dendrite 9.5 20.5 19.2 10.4 21.1 19.3 

0.5 

Interdentrite 7.8 4.0 3.1 73.8 3.4 7.9 

Nominal 16.6 16.6 16.7 16.7 16.7 16.7 

Dendrite 17.4 17.9 20.6 10.2 18.7 17.3 

1 

Interdentrite 12.7 6.4 3.2 59.7 5.3 12.7 

Nominal 28.5 14.3 14.3 14.3 14.3 14.3 

Dendrite 28.9 14.7 13.9 13.3 14.2 15.0 

2 

Interdentrite 14.2 2.8 3.9 70.3 4.0 4.8 

Nominal 37.5 12.5 12.5 12.5 12.5 12.5 

Dendrite 38.8 13.0 11.5 11.5 12.0 13.2 

3 

Interdentrite 32.6 5.5 2.1 46.0 5.7 8.1 
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Fig.4  Hardness of Al
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CoCrCuFeNi at different Al content 
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Fig.5  The compression stress-strain curves of Al
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CoCrCuFeNi 

alloys at different temperatures: (a) 573 K and (b) 1173 K 
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Microstructure and Mechanical Performance of Al

x

CoCrCuFeNi 

High-Entropy Alloys 

 

Liu Yuan, Chen Min, Li Yanxiang, Chen Xiang 

(Key Laboratory for Advanced Materials Processing Technology, Ministry of Education, Tsinghua University, Beijing 100084, China) 

 

Abstract�

��

�The microstructure and mechanical properties of Al

x

CoCrCuFeNi with different Al content have been studied. The results 

showed that the microstructures exhibit simple dendrite and interdendrite structures. When the content of aluminum was low, the alloy was 

composed of a simple FCC solid-solution structure. As the aluminum contents increasing, a BCC structure appeared. The high entropy 

effects and sluggish diffusion enhance the formation of simple solid-solution phases and submicron structures with nanoprecipitates in the 

alloys. With the addition of aluminum from x=0 to 3.0, the hardness of the alloys increase from 1530 to 7350 MPa Correspondingly, the 

alloy’s deformability falls and transfers from ductile materials to brittle materials at moderate temperatures. 
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�multi principal element alloy; high entropy alloy; microstructure; mechanical properties 
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