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Abstract: Lightweight high entropy alloys (LWHEAS) possess excellent mechanical properties such as high strength,
desirable ductility and outstanding toughness, and exhibit broad application prospects in lightweight of metallic struc-
tural components, which are expected to replace aluminum alloys as the next generation of lightweight metal materials.
On this basis, a comprehensive review of lightweight high entropy alloys was presented. Firstly, the core effect of light-
weight high entropy alloys was introduced, and the design principles based on empirical parameters and phase diagram
calculations was elaborated. Then, the common methods to prepare lightweight high entropy alloys, including vacuum
arc melting, vacuum induction melting and mechanical alloying were thoroughly expounded. Finally, thermodynamic
parameters, phase structures, fabrication processes, mechanical properties and density of more than 80 kinds of light-
weight high entropy alloys were summarized, and the intrinsic correlations between thermodynamic parameters and
phase formation mechanisms of lightweight high entropy alloys were further explored. Moreover, exsiting problems in
lightweight high entropy alloys were pointed out, and the future prospect was forecast.
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FENR A S W TR MP. X E 5kJ/mol,(2>1.1%F35ﬁﬁl?«”’§ﬁ§o Xl LWHEAS,
%lﬁ?ﬁ%m%lﬁﬂﬁmﬁaﬁi@ 73 LWHEASs 9 4H AE LG AL GE M Ty 2 200 3 5 78 7 75 18w T
TR S B R R A S I B R Y Z R A %?,LM%E%E\‘{Eﬁﬁﬂﬁiﬂﬁﬁéém%ﬁimﬁﬁﬂ,ﬂvﬁ*ﬂr
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Tab.2 Thermodynamic parameters, phase structure, preparation methods, mechanical properties and density of reported

LWHEAszl].ZS.29-31<35-36.40-42,55.65-811

A PSS LR RES o/MPa /% o/(grem™®)  AH.;/ (kI-mol ") 0 NS/ %
Al ;CrFeMnTi BCC+IM AMe 3668 — 5.31 —17.98 1.19 6.41
Al,CrFeMnTi BCC+IM AMe — — 5.06 —19.00 1.06 6.33
AICTFeMnTi 5 BCC+IM AMe — — 5.87 —12.07 1.72 5.78
ALCrFeMnTi, ,- BCC+IM AMe — — 5.16 —14.80 1.23 6.07
ALCrFeMnTi, ,; BCC+IM AMe — — 4.71 —16.04 1.02 6.02
AL CrFeMnTi, ,- BCC+IM AMe — — 4.40 —15.71 0.92 5.86
Al sNbTiVZr BCC+IM AMe 1100 7.6 6.07 —10.86 2.55 5.98
AINbTIVZr BCC+IM AMe 1210 5.8 5.76 —17.44 1.52 5.73
Al ;NbTiVZr BCC+IM AMe 1310 4 5.50 —21.55 1.16 5.51
AlyZn,Li,Mg,Cu, MP IMe 663 17.3 2.91" — — —
AlgZngLi,Mg,Cu, MP IMe 899 27.4 3.03" — — —
AlyZn11Li,Mg,Cu, MP IMe 908 26.7 3.15° — — —
AlyZn14Li,Mg,Cu, MP IMe 1054 21.8 3.28" — — —
Al Zn,,Li,Mg,Cu, MP IMe 925 25.1 3.40° — — —
Al Ly MgyoZn50Sny, MP IMe 615 1.21 4.23 —6.08 1.56 5.52
AlLi, sMgZn, -Sn, , MP IMe 546 1 3.22 —3.65 3.02 7.58
AlgLi:Mg.Zn-Cu. MP IMe 879 17 3.05 —0.61 9.72 4.09
AlgLi:Mg.Zn.Sn, MP IMe 836 16 3.08 —0.53 10.68 3.61
Al Mgy, <Zn, -Cu, 5Siy FCC+IM IMe 577 3.2 2.64 —2.7 2.93 6.19
AlgMg,-Zn, -Cu, -Si, FCC+IM IMe 676 1.9 2.69 —2.52 3.05 5.96
Alys Mgy, 570, -Cu, <Si, FCC+IM IMe 660 4.2 2.75 —2.34 3.15 5.67
Al Mgy, Zn, ;Cu, ;Siy ¢ FCC+IM IMe 498 13.8 2.73 —1.48 3.62 4.59
AlgMe ) 20, 05:CUy 0p:Sios  FCCHIM IMe 814 24.8 2.72 —1.13 3.88 4.02
AlyMg.Zny; -Cuy 5:Sio s FCC+IM IMe 794 32.7 2.71 —0.76 4.24 3.33
AlgyMgsSn;Zn;Nig FCC+IM IMe 447 15 3.33 —3.33 1.88 4.3
AlgyMgsSn;Zn;Mn; FCC+IM IMe 368 14 3.15 —2.71 2.22 4.2
AlgyMgsSn;Zn;Ti; FCC+IM IMe 563 12 3.28 —4.64 1.32 3.2
Alg;CusMgsSiysZnsFeg MP IMe 482 1 3.08 —11.75 0.97 8
Al=Cu:Mg.Si,-Zn:Ni. MP IMe 574 1 3.15 —13.77 0.85 8
Al CusMg:Si,;Zn-Crs MP IMe 608 6 3.06 —8.65 1.17 7
Al,Cu:Mg:Si,,Zn-Mn, MP IMe 644 2 2.98 —10.4 0.95 7
Al Cu-Mg:Si,,Zn.7r MP IMe 633 4 3.06 —15.22 0.67 8
Nby s TiV,Zr, - BCC+IM AMe 1557 33.4 6.10 —1.53 14.38 4.88
Al ,Nb, - TiV,Zr, - BCC+IM AMe 1641 215 5.94 —5.63 4.22 4.77
Al Nb, . TiV,Zr, . BCC+IM AMe 1845 13.7 5.79 —8.99 2.69 4.67
Aly Nby - TiV,Zr, - BCC+IM AMe 1861 14.3 5.65 —11.75 2.06 4.57
AlygNb, s TiV,Zr, - BCC+IM AMe 1938 14.8 5.53 —14.04 1.71 4.48
AINb, ; TiV,Zr, - BCC+IM AMe 1761 16.6 5.44 —15.93 1.48 4.39
Mg, (AlZnCuMn) MP IMe 428 3.29 4.32 —3.04 4.78 7.58
Mg, (AlZnCuMn) ¢ MP IMe 437 3.41 3.41 —2.02 6.25 8.37
Mg, (AlZnCuMn) o, MP IMe 500 3.72 2.71 —1.38 9.22 8.55
Mg,: s (AIZnCuMn) -, MP IMe 482 4.06 2.53 —1.28 9.86 8.52
Mg, (AlZnCuMn) MP IMe 400 4.83 2.22 -1 11.81 8.45
AlFeMgTiZn MP MA 1000 5 4.34 —6.44 2.62 7.64
Al BeyFeSii-Tis MP AMe 2 976" — 3.91 — — —
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BRREGE  lrt S T SRRt Rk B %

gk
G4 HH 254 il 8 77 1% o/MPa e/% o/(grem™®)  AH.;/ (kJ-mol ") 1) A6/ %
AlygLisgyMg oS¢y, Ty, FCC MA 2900 — 2.67 —0.40 42.6 0.05
Al Cr Mg, TissVy, BCC+HCP MA 1503 — 4.05 —18.13 1.02 0.06
Aly,Cu,Zn,Cr,Fe, MP IMe 432 20 2.99 —0.85 3.18 2.73
Alg,Cu,,Zn,Cr Fe, FCC+IM IMe 498 3.21 3.4 —0.89 5.10 3.54
Alg:Cu,, Zn,Cr,V, FCC+IM IMe 564 1.94 3.3 —1.43 3.25 3.82
AlCusZn,Cr Fe, FCC+IM IMe 589 1.73 3.74 —0.95 6.02 4.39
AlCuyeZn,Cr,Ti, MP IMe 646 1.02 3.68 —1.98 2.94 4.39
Al Cu,Zn,Cr,V, FCC+IM IMe 628 1.09 3.66 —1.44 4.07 4.41
Al CusZnMg, MP IMe 634 8.62 3.02 —0.4 11.50 3.60
Al,,Cu,yZngMg, MP IMe 621 0.9 3.35 —0.70 9.74 4.79
Aly,Cu,Zn,Mg,Cr, MP IMe 592 13.6 2.95 —0.53 5.02 2.73
Alg,CuyZn,Mg,Cr, MP IMe 662 1.69 3.27 —0.65 7.55 3.86
Al,,Cul7Zn3Mg2Crl MP IMe 627 0.72 3.63 —0.79 7.82 4.61
AITiVCoNi BCC+IM AMe 2900 12 6.24 —29.44 0.78 6.35
TiyAl, Ve NbyMoy, BCC AMe 900 50 6.102 —3.561 7.40 3.566
TiysAlyV,yNby Moy, BCC AMe 971 50 6.027 —7.445 3.58 3.512
TiyAlyyVyNby Moy, BCC AMe 1187 10 5.876 —10.471 2.531 3.453
AlgLi:Mg-Zn Cus MP MSF 496.7 9.5 2.87 — — —
Al Mo, ;NbTiVSi,, BCC+IM AMe 1073 13.6 6.18 —18.50 1.66 3.23
Al ¢Mo, ;NbTiVSi, , BCC+IM AMe 1148 13.7 6.01 —18.84 1.53 2.95
AlMo, ;NbTiVSi,, BCCH+IM AMe 1457 13.4 5.86 —19.82 1.43 2.88
AlCrCuFe BCCHFCC AMe 1125 9 6.53% —5.00 3.10 5.04
AlICrCuFeMn, 5 BCC+FCC AMe 1150 — 6.44% —6.51 2.76 4.78
AlICrCuFeMn BCC+FCC AMe 1250 — 6.53% —7.36 2.51 4.62
AICrCuFeMn, ; BCC+FCC AMe 1700 27.5 6.61* —7.82 2.36 4.99
AICrCuFe, BCCHFCC AMe 1400 — 6.60 —7.92 2.36 4.28
Al Cu;;Mn,Mg,,Si sZn,, MP IMe 638 5 3.8 —12.70 1.20 6.5
Al,Cu,,SnMg,,Zn,; MP IMe 575 10 3.8 —1.15 8.83 6.6
Al,; (Mg CuMn Si Zn) ; MP IMe 481 17 3.2 —7.06 1.18 5.7
Alg, (Mg Cu Sn Zn) MP IMe 445 22 3.4 0.25 23.80 4.6
Mg Al SisCrygF ey, MP MA — — 3.72" —15.84 3.18 12
MgAISiCrFeNi MP MA — — 5.06 —19.84 1.84 11
Mg,V Al CrNig — MA — — 3.66" —2.05 3.7 0.04
Be,;CoysMg,: Tiys AM MA — — 3.88 —11.5 — 13.38
Bey,CoyMgy TiggZng, AM MA — — 4.54 —10.56 — 11.9
AlCuSiZnFe FCC+BCC MA 2000 18 5.24 —13.76 1.26 7.16
AlCuFeMnMgTi BCC,+BCC, MA 23107 — 4.47 — — 5.38
CayyMgs0Zn50STs0Y byy AM IMe 390 0.2 3.7 13.12 — 13.381
S1y0Cag Y by Mgy Zn,,Cuy, AM IMe 420 0.2 3.8 —13 — 14.5

TE - IMe 2 HL B IEBEIE A, MA LIS 4216 , AMe 7 Hi 9 £k, MSF B IF 8 H . MP S =48 DL L Z A0 254, IM 28 4 8 46 5 4, AM Ak 4
¥y o FCC A3 )7 458, BCC A MGG LT 854 HCP 7S 5 B MEARRAS M o ol T HV =36 I SC R IT3E . o HTBIE 2% BETHIY o o A RS0

@ SS+IM
shi s o MP
?SS @ ss
7
o~ ﬁ6
g g2
& )
T B
<1
(a) AH,» Q. 0 (b) AH . 0 HIE

BH5 LWHEAs# 4 m5#kHFAKZ M £ 2

Fig.5 Relationships between phase formation and thermodynamic parameters of LWHEAs
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Fig.6 Mechanical properties and microstructure of representative LWHEAs %
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%®3 CIREMLWHEAsT 20~1000 CSEREAMBEEMSIRE
R R QEJ’E“"‘”’"‘“:
Tab.3 Density and high temperature compression yield strength
of reported LWHEASs at 20~1 000 C %

s %‘JE{ 0,/ MPa
(grem™)  20°C  600°C  800°C 1000 °C
Nb, -TiV,Zr, - 6.10 843 663 378 —
Aly,Nby TiV,Zr,.  5.94 1216 930 408 —
AlyNby TiV,Zr,s  5.79 1663 1415 518 —
AlyNby . TiV,Zr,.  5.65 1727 1390 596 —
AlyNby . TiV,Zr,.  5.53 1723 1569 1108  —
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