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Research Progress of Light-weight High-entropy Alloy
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Abstract: Traditional light-weight alloys based on one or two metal elements have many limitations in industrial application, such as
low strength of aluminum alloy at room temperature, poor plasticity and corrosion resistance of magnesium alloy at room temperature and
difficult processing. In 2004, YEH formally proposed the concept of high-entropy alloy for the first time. The concept of high-entropy
alloy provides a new direction for the development of light-weight alloy. Different from traditional light-weight alloys, light-weight high-
entropy alloys have many principal elements and high mixing entropy, which tend to form simple solid solution phases. Moreover, light-
weight high-entropy alloy shows four significant effects, namely, high entropy effect in thermodynamics, slow diffusion effect in dynam-
ics, lattice distortion effect in structure and cocktail effect in performance. Unique crystal structure and characteristics make light-
weight high-entropy alloys have incomparable advantages over traditional light-weight alloys, such as high strength, high hardness, ex-
cellent high temperature oxidation resistance and corrosion resistance. The research status of light-weight high-entropy alloys is summa-
rized, and the component design, preparation methods, microstructure and alloy properties of light-weight high-entropy alloys are de-
scribed. The existing problems of light-weight high-entropy alloys are analyzed, and the future development trend of light-weight high-
entropy alloys is prospected.
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Table 1 Principal elements and relevant parameters of light-weight high-entropy alloy

Element Structure. '3 p[laj/(g'cm—a) Tm[m/K Rm]/pm x[13 VEC!)
Li A2(BCC) 0.53 454 151. 94 0.98 1
Ca A1(FCC) 1.53 1115 197. 60 1. 00 2
Rb A2(BCC) 1.53 312 244.00 0.82 1
Mg A3(HCP) 1.74 923 160. 13 1.31 2
Be A3(HCP) 1. 86 1551 112. 80 1.57 2
Cs A2(BCC) 1.87 302 265. 00 0.79 1
Si A4 (cubic) 2.33 1 687 115. 30 1.90 4
B A10(hR105) 2.46 2 348 82.00 2.04 3
Sr A1(FCC) 2.58 1 050 215.20 0.95 2
C A3(HCP) 2.70 3742 717.30 2.55 4
Al A1(FCC) 2.70 933 143. 17 1.61 3
Se A3(HCP) 3.00 1 814 164. 10 1.36 3
Y A3(HCP) 4.47 1759 180. 15 1.22 3
Ti A3(HCP) 4.50 1 941 146. 15 1. 54 4
v A2(BCC) 6.12 2183 131. 60 1.63 5
Zr A3(HCP) 6.51 2128 160. 25 1.33 4
Zn A3(HCP) 7.14 693 139. 45 1. 65 12
Cr A2(BCC) 7.19 2 180 124.90 1. 66 6
Mn A12(clS8) 7.47 1519 135.00 1.55 7
Fe A2(BCC) 7.88 1811 121. 12 1.83 8
Nb A2(BCC) 8.58 2750 142.90 1. 60 5
Cu A1(FCC) 8.94 1358 127. 80 1.90 11

Note: “Structure” is given by Strukturbericht notation; p represents density; T, represents melting point temperature; R represents atom radius;

X represents electronegativity; VEC represents valence electron concentration.
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Table 2 Density, parameters, preparation process and phase composition of some light-weight high-entropy alloys

Kinds of light-weight p/ AH,/ AS,../ ., Preparation Phase
. L &% } o VEC _
high-entropy alloy (grem™) (kJ*mol™) (J-K™" *mol ™) processes constitutes

Al Lis Mg, Scy Tizg 2.67 5.18 —0.40 12.95 42.55  2.80 MA FCC
Al Ling Mg, Scpo Tigy 2] 2,67 5.18 —-0.40 12.95 42.55  2.80  MA+Anneal HCP
AINBTiV!2! 5.59  3.94 -16.25 11.53 1.38  4.25 AM BCC
Al Cu s MnsNisSig Zn 5 12 4.08 8.14 -17.40 12.95 0.8  6.30 M Al, Mn, Si3 +A1;Ni, +Alo Mn, Si+Si
AlsCu s MnsFesSisTisZny, 2 5,07 595  -10.34 13.01 1.40  6.55 M Al CusMny+Al,; Fey +Cug gpsZng, g75
AlyyBeyg Fe oSi ;s Tiys 12 3.91 1115  -40.4 12.69 0.51  3.80 AM Ti(Be,Al,Si,Fe) ,+TisSi,
AITiVCr[ 2] 506 6.36 ~-16.75 11.53 1.24  4.50 AM B2
MgMnAlZnCu'?? 4.29 7.65 -3.04 13.38 4.78  7.00 M HCP+Icosahedral
AlFeCrCuMg, ;" 5.79  8.96  4.04 13. 14 4.87  6.40 MA BCC+FCC
AlFeCrCuMg, 1 4.91 10.96 7.99 13.15 2.26  5.50 MA BCC+B2
AlFeCrCuMg, 51" 5.79  8.96  4.04 13. 14 4.87  6.40 MA+SPS AlFe+BCC+Cu, Mg+o—phase
AlFeCrCuMg®" 5.37 10.21  6.24 13.38 3.08  6.00  MA+SPS AlFe+BCC+Cu, Mg+o—phase
AlFeCrCuMg, " 4.91 10.96 7.99 13.15 2,26 5.50 MA+SPS AlFe+BCC+Cu, Mg+a—phase
Al Crys Mng Mo, Ti,, 1V 532 6.50 -16.45 11.54 .18 4.69 AM BCC
Al (Mg, sZn, sCu, sSi, 177 2,64 6.51  -2.70 8.34 2,92 3.46 M FCC+Mgy, (AlZn) 4o+Mg, Si
Al Mgy, Zn, 5Cu, 5Si, ¥ 2,69 6.28 -2.52 8.06 3.03  3.51 M FCC+Mgy, (AlZn) 4o +Mg, Si
BeCoMgTi!*! 3.88  13.47 -11.50 11.53 1.55  4.25 MA Amorphous
BeCoMgTiZn %" 4.54  12.03 -10.56 13.38 1.74  5.80 MA Amorphous
Sty Cagy Yhoy Megyo Zny, L 27 3.61  15.26 -13.12 13.38 0.99  4.20 M Amorphous

Note :p represents the density; & represents the difference in atomic radius; AH

wix Tepresents the enthalpy of mixing; AS . represents the entropy

of mixing; {2 represents the related parameters; VEC represents the valence electron concentration; AM represents the vacuum arc-melting;

IM represents the vacuum inductive-melting; MA represents the mechanical alloying; SPS represents the spark plasma sintering.
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Fig. 4 Changes of fracture strength and yield strength

of AlCoCrFeNi with deformation temperature

at different strain rates'*’

F3FI T HATC a8 Bl S & 4
FYERE. ATLUE B2 m o i EoA e R A
SR (HIAPERS 25 DL, ZE ORI =y o B 1 (W] B,
FIAVERE )RR B MmN G AR R — Ny
], $e AR B A A IR e T, WA AR JLAR
BEIE 2% . OIF & HA FCC A5 BCC AR
FER B IR R T E G SRR . @4k ik,
GIE AR i B, 22 b BT L) BRSO 48532 3
AT DA IS TS SR BB PR ) . @5 AGRKES
TARRL TR e, ORI ARAR 5 K SR (TRIP)
FNZES A 75 A BAVE (TWIP ) 7 A H2 i 984k
4.2 TEMEMERMKLMESE

R o ) S (U O N Y ig=Y Ry
SR AT JE ok E iR PR SEERE . A S
O T R A A O e TR T SRR A
17 THIESE I kAs T BAHACR

TAN 2501 5t AL NBTi, V, Zr 52 J5 i 05 4 18 TR
TN 10% %) HNO, 3 I Pk RE#EA T 1 W
I8, R A ol e % B L Tied KA Sk — =W



20 2 B X W L B

2021 4%

x3 BOBRSHSESHNFMERE
Table 3 Mechanical properties of light-weight high-entropy alloys

Light-weight high-entropy alloys Hardness/HV 0.,/ MPa o,/MPa &/ %
(AICITiV) o B 122 710 - - -
(AICITiV) o C4 12 642 - - -
(AICITiV) 45Si5 679 - - -
AlLiMgZnSn "’ - 600 615 1.2
AlLiy sMgZng 5Sng , " - - 546 -
Algy LisMgsZnsSn; o) - 415 836 16
AlgyLisMgsZnsCuy "] - 488 879 17
Mgso( MnAIZnCu) 52 178 340 400 4.83
Mg,s ¢( MnAIAZnCu) 5, , 1% 223 482 482 4.06
Mg,;(MnAIZnCu) 5; > —244 500 500 372
Mgs,( MnAlZnCu) ;2] 324 437 437 3.41
MgMnAlZnCu'>’ 431 428 428 3.29
AlFeCrCuMg, ;! 853 - - -
AlFeCrCuMg®!) 740 - - -
AlFeCrCuMg, " 533 - - -
CuZrAlITi( MA+SPS 690 <C ) "3 857 - - -
CuZrAITi( MA+SPS 1 100 ¢ ) 3 1173 - - -
Alsg sMgsy sZny 5Cuy 5Si 7 - - 577 3.2
AlgzMgy;Zn, 5Cuy 5Si 7 - - 676 1.9
Al 7Mgp3 37n, 5Cuy 5Si 7 - - 660 4.2
AlgyMg,4Zn, ;Cu, ;Si 6 7 - 203 498 13.8
Algs Mgy, 5Zny gp5 Cuy 5 Si 45 e - 255 814 24.8
AlgyMgz 1 Zn 35Cuy 355i, 3 7 - 198 794 32.7
Al SNBTiVZr!# 630 - 1310 0
AINBTiVZr[#! 550 1080 1210 2.3
AlCr, sNbTiVE#! - 1700 1 700 0
AICTNBTiVE*! - 1550 1570 0.4
AlCrg sNBTiV!# - 1300 1430 0.8
AL, NbTi, v,z 655-781 - - -

Note: 0, , represents the yield strength; o, represents the fracture strength; & represents the plastic strain; — represents the data unreported.
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Fig. 5 Potentiodynamic polarization curves of AlFeMnSi and

304 stainless steel collected using a potential scanning
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304 stainless steel in 0. 6 mol/I. NaCl solution™
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