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Table 1  Density, composition and calculated values for δ

r

, ∆H

mix,

 ∆S

mix

, Ω, VEC, ∆χ of different light-weight high-entropy alloys 

Alloy ρ/g·cm

-3

 Crystal structure δ

r

/% ∆H

mix

/ kJ·mol

-1

 ∆S

mix

/kJ·mol

-1

 Ω VEC ∆χ 

Al

1.5

CrFeMnTi

[13,15]

 5.31 bcc+L2

1

+Laves 6.41 –17.98 13.25 1.19 5.36 0.101 

Al

2

CrFeMnTi

[13]

 5.06 bcc+L2

1

+Laves 6.33 –19.00 12.98 1.06 5.17 0.097 

AlCrFeMnTi

0.25

[13]

 5.87 bcc+L2

1

 5.78 –12.07 12.71 1.72 5.88 0.105 

Al

2

CrFeMnTi

0.25

[13]

 5.16 bcc+L2

1

 6.07 –14.80 12.14 1.23 5.33 0.096 

Al

3

CrFeMnTi

0.25

[13]

 4.71 bcc+L2

1

+Laves 6.02 –16.04 11.53 1.02 4.96 0.089 

Al

4

CrFeMnTi

0.25

[13]

 4.40 bcc+L2

1

+Laves 5.86 –15.71 10.73 0.92 4.69 0.084 

Al

2

CoNiCrFe

[16,17]

 5.88* bcc 6.04 –13.44 12.98 1.30 6.50 0.127 

Al

2.5

CoNiCrFe

[16,17]

 5.57* bcc 6.19 –16.09 12.63 1.17 6.23 0.127 

Al

3

CoNiCrFe

[16,17]

 5.33* bcc 6.26 –16.41 12.26 1.10 6.00 0.127 

AlNbTiV

[12]

 5.59 bcc 3.30 –16.25 11.53 1.38 4.25 0.034 

AlCr

0.5

NbTiV

[18,19]

 5.71 bcc 4.55 –15.41 13.15 1.69 4.44 0.038 

AlCr

1.0

NbTiV

[18,19]

 5.82 bcc+C14 Laves 5.19 –14.56 13.38 1.84 4.60 0.040 

AlCr

1.5

NbTiV

[18,19]

 5.86 bcc+C14 Laves 5.55 –13.75 13.25 1.94 4.73 0.041 

AlNbTiVZr

[20]

 5.79 bcc+Laves(C14) 5.53 –17.44 13.38 1.52 4.20 0.110 

Al

1.5

NbTiVZr

[20]

 5.55 bcc+Laves(C14)+AlZr

2

 5.32 –21.55 13.25 1.16 4.09 0.107 

Al

20

Li

20

Mg

10

Sc

20

Ti

30

[21]

 2.67 hcp 5.30 –0.40 12.95 42.56 2.80 0.225 

AlLiMgZnSn

[14]

 4.23 Mg

2

Sn/Li

2

MgSn, Zn, Al, β-Sn(fcc+IM) 5.33 –6.08 13.38 1.54 4.40 0.33 

AlLi

0.5

MgZn

0.5

Sn

0.2

[14]

 3.22 Mg

2

Sn/Li

2

MgSn, Mg

32

(AlZn)

4

, Al(fcc+IM) 5.66 –3.89 12.31 2.50 3.84 0.27 

AlLi

0.5

MgZn

0.5

Cu

0.2

[14]

 3.73 Mg

32(

AlZn)

49

(fcc+IM) 6.72 –3.30 12.31 3.15 4.28 0.26 

AlLi

0.5

MgCu

0.5

Sn

0.2

[14]

 3.69 Mg

2

Sn/Li

2

MgSn, AlCuMg, β-Sn(fcc+IM) 7.60 –3.65 12.31 3.02 3.69 0.31 

Al

80

Li

5

Mg

5

Zn

5

Sn

5

[14]

 3.05 Mg

2

Sn/Li

2

MgSn, Al, β-Sn(fcc+IM), 3.61 –0.53 6.47 10.68 3.35 0.17 

Al

80

Li

5

Mg

5

Zn

5

Cu

5

[14]

 3.08 Al, Al

2

Cu, AlCu

3

(fcc+IM) 4.10 –0.61 6.47 9.73 3.70 0.17 

MgTiVCrNi[

22]

 5.00* bcc1+bcc2 9.80 –1.90 13.38 12.48 5.40 0.19 

AlFeMgTiZn

[23]

 4.34* bcc+IM 7.46 –6.44 13.38 1.54 5.8 0.169 

Notes: IM-intermetallics; *-estimated using a rule of mixtures assumption of a disordered solid solution and listed in Table I, III, IV, as 

given by

[24]

: ρ

mix

=∑A

i

c

i

/((∑A

i

c

i

)/ρ

i

); where, A

i

, c

i

, and ρ

i

 are atomic weight, concentration, and density of the i element, respectively. Good 

correlation between the experimentally determined and calculated values of the density is observed. 
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Fig.1  XRD patterns (a) and simulated equilibrium phase 
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Table 2  Basic characteristic parameters of several common elements used in light-weight alloys

[8,12-15,20-22,26,31,32] 

Element ρ/g·cm

-3

 Atomic radius/nm Electronegativity Valence electron concentration Melting point/� Crystal structure 

Li 0.53 0.154 0.98 1 180 bcc 

B 2.34 0.095 2.04 3 2300 Rhombohedral 

Mg 1.74 0.160 1.31 2 650 hcp 

Al 2.69 0.143 1.61 3 660 fcc 

Si 2.33 0.134 1.90 4 1412 fcc 

Ca 1.55 0.197 1.00 2 850 fcc 

Ti 4.51 0.145 1.54 4 1677 hcp 

V 6.1 0.135 1.63 5 1910 bcc 

Zr 6.49 0.16 1.33 4 1852 hcp 
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various temperatures
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Fig.3  XRD patterns of low-density multicomponent alloys: (a) AlLiMgZnSn, (b) AlLi
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Table 3  Microstructure, hardness and density of various HEA systems 

Alloy Process Microstructure Hardness, HV/310 MPa ρ/g·cm

-3

 

Al

x

CoNiCrFe

[16,17]

 AM bcc 431~506 5.33~5.88* 

AlCoCrNiSi

x

[50]

 AM bcc1, bcc2 873~991 5.29~5.78* 

AlCoCrNiSiTi

x

[47]

 AM bcc1, bcc2, Ni

3

Ti 991~1041 5.13~5.29* 

AlB

x

CrCu

0.5

FeTi

[49]

 AM fcc+bcc 765~828 5.35~5.57* 

AlTiNiMnB

x

[48]

 AM bcc+unknown phase 742~779 5.14~5.57 

CuAlNiCrTiSi

[48]

 AM bcc+B2 820 5.59 

Mg

20

(AlCuMnZn)

80

[44,45]

 Induction melting 431 4.29 

Mg

33

(AlCuMnZn)

67

[44,45]

 Induction melting 315 3.26 

Mg

43

(AlCuMnZn)

57

[44,45]

 Induction melting 255 2.51 

Mg

45.6

(AlCuMnZn)

54.4

[44,45]

 Induction melting 225 2.30 

Mg

50

(AlCuMnZn)

50

[44,45]

 Induction melting 

hcp, icosahedral, Mg, Mg

7

Zn

3

 

178 2.20 

AlFeCuCrMg

0.5

[37]

 MA+SPS B2, bcc, Cu

2

Mg, σ phase 853 5.79 

AlFeCuCrMg

[37]

 MA+SPS B2, bcc, Cu

2

Mg, B2, bcc, Cu

2

Mg, σ phase 740 5.37 

AlFeCuCrMg

1.7

[37]

 MA+SPS B2, bcc, Cu

2

Mg, Mg

2

Cu, σ phase 533 4.91 

AlNbTiV

[12]

 AM bcc 440 5.59 

AlNbTiVZr

[20]

 AM bcc, Laves 540 5.79 

Al

1.5

NbTiVZr

[20]

 AM bcc, Laves, AlZr

2

 620 5.55 

AlNbTiVZr

0.5

[40]

 AM bcc, Laves, Zr

2

Al 477ª 5.64 

AlNbTiVZr

x

[41]

 AM B2, Laves, Zr

5

Al

3

 334~512ª 5.59~5.87 

Al

2

NbTi

3

V

2

Zr

[43]

 VHP hcp or bcc, Ti

2

ZrAl, Zr

3

Al 510~728 5.05~5.23 

Al

20

Li

20

Mg

10

Sc

20

Ti

30

[21]

 MA+compacting hcp 499 2.67 

Al

20

Li

20

Mg

10

Sc

20

Ti

30

(N,O)

[21]

 MA+compacting fcc 599 2.67 

Al

40

Cu

15

Mn

5

Ni

5

Si

20

Zn

15

[31]

 Die casting Al

2

Mn

2

Si

3,

 Al

9

Mn

3

Si, Al

3

Ni

2

, Al

7

Cu

4

Ni, Si 887±273 4.08 

Al

45

Cu

15

Fe

5

Mn

5

Si

5

Ti

5

Zn

20

[31]

 Die casting 

Al

11

Cu

5

Mn

3

, Al

5

Si

12

Ti

7

, Al

8

Mn

5

, Al

13

Fe

4

, 

Al

9

Cu

11

, Cu

0.025

Zn

0.975

 

744±134 5.07 

Al

35

Cu

5

Fe

5

Mn

5

Si

30

V

10

Zr

10

[31]

 Die casting 

ZrSi

2

, Al

9

Fe

2

Si, Al

5

Mn

3

Si, Al

2

Mn

2

Si

3

, 

Al

13

Fe

4

, Al

9

Cu

11

,VSi

2

 

751±54 3.96 

Al

50

Ca

5

Cu

5

Ni

10

Si

20

Ti

10

[31]

 Die casting Al

5

Si

12

Ti

7

, Al

3

Ni

2

, Al

2

CaSi

2

, CuAl

2

, α-Al 437±88 3.33 

Al

40

Cu

15

Cr

15

Fe

15

Si

15

[32]

 Induction melting Al

13

Fe

4

, Fe

3

Al

2

Si

3

 (τ), FeSi 916 4.5 

Al

65

Cu

5

Cr

5

Si

15

Mn

5

Ti

5

[32]

 Induction melting Al

0.74

Mn

0.20

Si

0.06

, Al

2

Cu, Al

5

Si

12

Ti

7

, Al

19

Mn

4

 889 3.7 

Al

60

Cu

10

Fe

10

Cr

5

Mn

5

Ni

5

Mg

5

[32]

 Induction melting Al

3

Ni

2

, Al

7

Cu

4

Ni, Mg

2

Cu

6

Al

5

 743 4.6 

Al

35

Cr

35

Mn

8

Mo

5

Ti

17

[34]

 AM bcc 658 5.32 

AlFeMgTiZn

[23]

 MA Single phase 615~810 4.34* 

Al

20

Be

20

Fe

10

Si

15

Ti

35

[51]

 Casting 3 phases 911 3.91 

Al

1.5

CrFeMnTi

[15]

 AM bcc, Laves,L2

1

 375 5.31* 

AlTiVCr

[52]

 AM B2 500 5.06 

Ti64 (Ti-6Al-4V) Melting/VHP hcp+bcc 310~360 4.55 

Notes: ª-Tabor relation

[53]

; AM-arc-melting; MA-milled alloying; SPS-spark plasma sintering; VHP-vacuum hot pressing; the Vickers 

hardness divided by 3 should approximate the yield strength. 
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Table 4  Mechanical properties of low-weight high-entropy alloys at room temperature 

Alloy ρ/g·cm

-3

 Yield stress, σ

0.2

/MPa Peak stress, σ

m

/MPa Fracture strain/% Instruction 

AlCoCrFeNiSi

0.8

[38]

 5.82* 2179 2664 1.77  

AlCoCrFeNiSi

1.0

[38]

 5.65* 2411 2950 1.17  

Al

1.5

CoCrFeNiTi

[55]

 5.9* - 2110 9.8  

Al

2

CoCrFeNiTi

[55]

 5.62* - 1030 5.2  

AlNbTiV

[12]

 5.59 1020 1318 5  

AlCr

0.5

NbTiV

[18,19]

 5.71 1300 1430 0.8  

AlCr

1.0

NbTiV

[18,19]

 5.82 1550 1570 0.4  

AlCr

1.5

NbTiV

[18,19]

 5.9 1700 1700 0  

AlNbTiVZr

0.1

[41]

 5.53 1290 1395 3.7  

AlNbTiVZr

0.25

[41]

 5.57 1360 1480 9.3  

AlNbTiVZr

0.5

[18,40,41]

 5.64 1485 - >50  

AlNbTiVZr

[18,41]

 5.79 1500 1675 3.0  

AlNbTiVZr

1.5

[18,41]

 5.87 1535 1550 0.4  

Al

1.5

NbTiVZr

[20]

 5.55 NA 1310 0  

Al

2

NbTi

3

V

2

Zr

[43]

 5.05~5.23 1530~2184ª - -  

Al

0.5

CrNbTi

2

V

0.5

[30]

 5.76 1240 - NF Water-cooled 

Al

0.5

CrNbTi

2

V

0.5

[30]

 5.76 1340 - 18.5 Air-cooled 

AlLiMgZnSn

[14]

 4.23 600 615 1.2  

AlLi

0.5

MgZn

0.5

Sn

0.2

[14]

 3.22 - 546 -  

Al

80

Li

5

Mg

5

Zn

5

Sn

5

[14]

 3.05 415 836 16  

Al

80

Li

5

Mg

5

Zn

5

Cu

5

[14]

 3.08 488 879 17  

Mg

20

(AlCuMnZn)

80

[44]

 4.29 428 428 3.29  

Mg

33

(AlCuMnZn)

67

[44]

 3.26 437 437 3.41  

Mg

43

(AlCuMnZn)

57

[44]

 2.51 500 500 3.72  

Mg

45.6

(AlCuMnZn)

54.4

[44]

 2.30 482 482 4.06  

Mg

50

(AlCuMnZn)

50

[44]

 2.20 340 400 4.83  

428 428 3.3 Air-cooled 

437 437 4.4 Water-cooled MgAlCuMnZn

[45]

 4.29~5.06 

450 450 5.5 Salt water-cooled 

Al

40

Cu

15

Mn

5

Ni

5

Si

20

Zn

15

[31]

 4.08 2900ª - -  

Al

35

Cu

5

Fe

5

Mn

5

Si

30

V

10

Zr

10

[31]

 3.96 2455ª - -  

Al

50

Ca

5

Cu

5

Ni

10

Si

20

Ti

10

[31]

 3.33 1429ª - -  

Al

45

Cu

15

Fe

5

Mn

5

Si

5

Ti

5

Zn

20

[31]

 5.07 2432ª - -  

Al

40

Cu

15

Cr

15

Fe

15

Si

15

[32]

 4.5 2994 ª - -  

Al

65

Cu

5

Cr

5

Si

15

Mn

5

Ti

5

[32]

 3.7 2916ª - -  

Al

60

Cu

10

Fe

10

Cr

5

Mn

5

Ni

5

Mg

5

[32]

 4.6 2429ª - -  

AlFeCuCrMg

0.5

[37]

 5.79 2559 - -  

AlFeCuCrMg

1.0

[37]

 5.37 2220 - -  

AlFeCuCrMg

1.7

[37]

 4.91 1599 - -  

AlFeMgTiZn

[23]

 4.34* 690 - -  

Al

20

Be

20

Fe

10

Si

15

Ti

35

[51]

 3.91 2976ª - -  

Ti64 (Ti-6Al-4V) 4.55 1172 - -  

 

� ���AlNbTiV, AlNbTiVZr

0.5

, AlCr

x

NbTiV�	
���� 

Table 5 Compression mechanical properties of the AlNbTiV, AlNbTiVZr

0.5

 and AlCr

x

NbTiV alloys

[19,40]

 

Room temperature  600 �  800 �  1000 � 

Alloy 

ε/% σ

0.2

/MPa  ε/% σ

0.2

/MPa  ε/% σ

0.2

/MPa  ε/% σ

0.2

/MPa 

AlNbTiV 5 1020  12 810  F50 685  F50 158 

AlNbTiVZr

0.5

 F50 1480  F50 1160  F50 680  F50 75 

AlCr

0.5

NbTiV 0.8 1300  2.5 1005  F50 640  F50 40 

AlCr

1.0

NbTiV 0.4 1550  1.5 1015  F50 860  F50 65 

AlCr

1.5

NbTiV 0 1700  0.8 1370  F50 970  F50 75 
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@AQ.�B 3.5%���^��� NaCl��

FG������ AlB

0.6

CrCu

0.5
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@A; Al

2

NbTi

3

V

2
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3
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Abstract: High-entropy alloys (HEAs) are a new class of alloys that have excellent physical and chemical properties. The light-weight 

high-entropy alloys with light elements have high specific strength, specific hardness and corrosion resistance. Light-weight HEAs have 

attracted worldwide attention for their outstanding potential value in the field of engineering application. Therefore, in this paper, the 

research status of light-weight high-entropy alloys was elaborated. The design rules and methods of light-weight HEAs were assessed, the 

microscopic phase structure of lightweight HEAs were analyzed, and different properties of HEAs were summarized. Accordingly, current 

problems of light-weight HEAs were also discussed, and the development trend of light-weight HEAs was proposed. 

Key words: light-weight high-entropy alloy; component design; phase structure; performance; engineering application 

 

Corresponding author: Qiao Yulin, Ph. D., Professor, National Engineering Research Center for Mechanical Product Remanufacturing, 

Academy of Army Armored Force, Beijing 100072, P. R. China, Tel: 0086-10-66719218, E-mail: zhchebei@sina.com 


