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Fig.1  Macroscopic appearance (a), XRD pattern (b) and  

SEM image (c) of AlCoCrFeNiTi
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Fig.2  DSC curve of AlCoCrFeNiTi
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Fig.3  XRD patterns of AlCoCrFeNiTi
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Fig.4  Optical micrographs of as-cast (a) and heat treated (b~d) AlCoCrFeNiTi
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Fig.5  SEM images heat treated AlCoCrFeNiTi
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Fig.6  Compressive stress-strain curves (a) and hardness (b) of 

as-cast and heat treated AlCoCrFeNiTi
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Table 1  Compressive properties of as-cast and heat treated 
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Fig.7  Combinations of compressive properties for AlCoCrFeNiTi
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Fig.8  Sectional view (a) and composition curves (b) of selected 

parts of AlCoCrFeNiTi
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levitation melting 
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Fig.9  XRD pattern of AlCoCrFeNiTi
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magnetic levitation melting 
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Fig.10  Compressive stress-strain curves of AlCoCrFeNiTi
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alloy prepared by magnetic levitation melting at 

different temperatures  
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Table 2  Compressive yield strength and compressive 

deformation of AlCoCrFeNiTi

0.2

 alloy prepared by 

magnetic levitation melting at different 

temperatures 

Temperature/� σ

0.2

/MPa ε/% 

25 2015.0 8.2 

400 1973.6 18.6 

600 1486.7 35.0 

800 658.6 >50 

1000 244.6 >50 

1200 146.8 >50 
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Table 3  Phase composition and compressive properties (RT) 

of AlCoCrFeNiTi

0.2

 alloy prepared by arc melting 

and magnetic levitation melting 

Alloy Phase σ

0.2

/MPa σ

UCS

/MPa ε/% 

Ti0.2 bcc+B2 1530.4 4035.0 32.6 

Ti0.2´ bcc+B2+σ 2015.0 2237.9 8.2 
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Fig.11  Temperature dependence of compressive yield strength of 

some refractory HEAs and AlCoCrFeNiTi

0.2

 alloy 

prepared by magnetic levitation melting

[26-30] 

 

3  �  � 

1) ìíLM�% AlCoCrFeNiTi

0.2

���'zH

Hm�r�ý�()�ý�	(EFé= 32.6%��

��Ñ� 1530.4 MPa��Ñ4� 6000 MPa�nNYD

\ AlCoCrFeNiM

x

(M�[Ì]^)�����ý�()

£����H}. 

2) AlCoCrFeNiTi

0.2

��s÷ 550�800s 1050 �

�X�ÌtÎØ���$u�lÞW�n+,d³�

¥¦ XRD �¢deEFG= 3 
ÞÑ,��ßù�

�PZn{�� bcc+B2vbcc+B2+fcc+σvbcc+B2+ fcc.

�X�Ø����Ñ�l�Qý��Ñ;	(-7.

¾D~ 800 ��X�Ø�_Y�4� σn�����

Ñkl(7193 MPa)�Qý�()+�-7��ý�{

�a= 5%Wwßù��5. 

3) IJKLM��/ AlCoCrFeNiTi

0.2

���x


]^56N�OP�ÊnHz�
�45�Cz��Q

�4� σn�$%ÝÞý�()NU.�àÍý���

ÞÑ�!l���	(%=��l�� 600 �W	(é

35.0%��R)$% 1486.7 MPa����Ñ�nNY�

yD\�>Ll8���'zH�N�Hz�6lÞ(

V()�E)�lÞþc²o£��ú{|. 

 

!"#$    References  

[1] Yeh J W, Chen S K, Lin S J et al. Advanced Engineering 

Materials[J], 2004, 6(5): 299 

[2] Zhang Y. High-Entropy Materials: A Brief Introduction[M]. 

Switzerland: Springer-Nature, 2019: 1 

[3] Sun Yongzhe(���), Tian Xiao(� �), Wei Yafen(� ¡) 

et al. Transactions of Materials and Heat Treatment(��P

QR�¢)[J], 2017, 38(9): 18 

[4] Munitz A, Salhov S, Hayun S et al. Journal of Alloys and 

Compounds[J], 2016, 683: 221 

[5] Lu Y, Dong Y, Guo S et al. Sci Rep[J], 2014, 4: 6200 

[6] Zhou Y J, Zhang Y, Wang Y L et al. Applied Physics Letters[J], 

2007, 90(18): 181 904 

[7] Wang R, Zhang K, Davies C et al. Journal of Alloys and 

Compounds[J], 2017, 694: 971 

[8] Wang W R, Wang W L, Yeh J W. Journal of Alloys and 

Compounds[J], 2014, 589: 143 

[9] Xun Hengjun(£¤¥). Materials Science Foundation(���

�¦§)[M]. Beijing: Chemical Industry Press, 2001: 1 

[10] Zhu J M, Fu H M, Zhang H F et al. Journal of Alloys and 

Compounds[J], 2011, 509(8): 3476 

[11] Lu Yiping(¨�©), Chen Qiushi(ª«�), Dong Yong(¬ ­) 

et al. Rare Metal Materials and Engineering(st����

uvw)[J], 2017, 46(3): 651 

[12] Zhu J M, Fu H M, Zhang H F et al. Materials Science & 

Engineering A[J], 2010, 527(27): 7210 

[13] Dong Y, Zhou K, Lu Y et al. Materials & Design[J], 2014, 57: 

67 

[14] Chen J, Niu P, Liu Y et al. Materials & Design[J], 2016, 94: 

39 

[15] Zhu J M, Meng J L, Liang J L. Rare Metals[J], 2016, 35(5): 

385 

[16] Zhu J M, Fu H M, Zhang H F et al. Materials Science and 

Engineering A[J], 2010, 527(26): 6975 

[17] Ma S G, Zhang Y. Materials Science and Engineering A[J], 

2012, 532: 480 

[18] Zhou Yunjun(®¯°), Zhang Yong(� ­), Wang Yanli(±

²³) et al. Chinese Journal of Materials Research(��´

µ�¢)[J], 2008, 22(5): 461 

[19] Hsieh C C, Wu W. ISRN Metallurgy[J], 2012, 2012: 1 

[20] Zhao Zhiyi(¶·¸), Xu Lin(£ ¹), Li Guoping(º�©) et 

al. Transactions of Materials and Heat Treatment(��PQ

0 200 400 600 800 1000

0

400

800

1200

1600

2000

 

 

Y
i
e

l
d

 
S

t
r
e
s
s
/
M

P
a

Temperature/�

 Al

���
NbT a

���
Ti

���
V

���
Z r

���

 Al

���
NbT aTi

���
Zr

���

 AlNbTiV

 CrNbTiZ r

 HfNbT aTiZr

 NbTiVZ r

 NbTiV

�
Z r

 AlCoCrFeNiTi

���
 

        (this work)



r270r                                        st����uvw                                              � 50� 

R�¢)[J], 2010, 31(10): 75 

[21] Chen T H, Yang J R. Materials Science and Engineering 

A-Structural Materials Properties Microstructure and 

Processing[J], 2001, 311(1-2): 28 

[22] Wang F J, Zhang Y, Chen G L et al. Journal of Engineering 

Materials and Technology-Transactions of the ASME[J], 

2009, 131(3): 3 

[23] Senkov O N, Wilks G B, Scott J M et al. Intermetallics[J], 

2011, 19(5): 698  

[24] Li Chunling(º»¼), Ma Yue(½ ¾), Hao Jiamiao(¿�À) 

et al. Journal of Netshape Forming Engineering(ÁÂ43v

w)[J], 2017, (6): 127 

[25] Li C, Zhao M, Li J C et al. Journal of Applied Physics[J], 

2008, 104(11): 89 

[26] Senkov O N, Woodward C, Miracle D B. Journal of 

Metals[J], 2014, 66(10): 2030 

[27] Stepanov N D, Shaysultanov D G, Salishchev G A et al. 

Materials Letters[J], 2015, 142: 153 

[28] Senkov O N, Senkova S V, Woodward C et al. Acta 

Materialia[J], 2013, 61(5): 1545 

[29] Senkov O N, Scott J M, Senkova S V et al. Journal of Alloys 

& Compounds[J], 2011, 509(20): 6043 

[30] Senkov O N, Scott J M, Senkova S V et al. Journal of 

Materials Science[J], 2012, 47(9): 4062 

 

 

Effect of Heat Treatment and Melting Method Changing on AlCoCrFeNiTi

0.2

  

High Entropy Alloy 

 

Zhang Lu, Zhang Yong 

(University of Science and Technology Beijing, Beijing 100083, China) 

 

Abstract: The AlCoCrFeNiTi

0.2

 alloy was designed and prepared by the arc melting method. Results show that formed the B2 phase and 

the bcc phase form in the as-cast alloy, and it shows good room temperature compressibility (compressive plasticity of 32.6%, yield 

strength of 1530.4 MPa, and compressive strength of 4035.0 MPa). The hardness is about 6000 MPa. After heat-treatment at 550, 800 and 

1050 °C followed by water cooling, the phase composition corresponding to the three temperatures is bcc+B2, bcc+B2+fcc+σ, and 

bcc+B2+fcc, respectively. The brittleness and hardness of the alloy increase after heat treatment. A bulk AlCoCrFeNiTi0.2 alloy was 

prepared by magnetic levitation melting. The alloy has a relatively uniform composition distribution, forming a bcc+B2+σ three-phase 

structure. The compressive plasticity is 35.0% at 600 °C while still maintains a yield strength of 1486.7 MPa, suggesting good high 

temperature performance. 

Key words: high entropy alloy; heat treatment; magnetic levitation melting 
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