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Progress and Prospect of Eutectic High Entropy Alloys
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Material Engineering Research Center of Liaoning Province, Dalian University of Technology)
Abstract: Eutectic high entropy alloys(EHEA), as one of the most potential high entropy alloys (HEAs) for in-
dustrial application due to the excellent comprehensive mechanical properties and desirable castability, have be-
come a hot spot in the research field of high-entropy alloys. The latest research progress in the EHEAs was sum-
marized, and the phase constitutes, microstructure, mechanical properties and methods of designing EHEAs
were described in detail. Finally, the challenges of EHEAs were pointed out and the development direction of eu-
tectic high entropy alloys was prospected.
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Tab.1 A collection of phase composition, microstructure and mechanical properties of reported EHEAs

a4 ALK LS I di EE PN
AlCoCrFeNiNb, BCC+ HCP J2 R AL 6o2=2 473 MPa,o,.=3 170 MPa,d =4.1% [9]
Al > CrCuFeNi, FCC+B2 ok 3 [10]
AlCoCrCuFeNiMoy FCC+a BRI 602=1 690 MPa,o,.=2 660 MPa,6=1.5% [11]
AlCrFeNiMoy FCC+B2 FEH RIS 602=1 487.4 MPa,o,. =3 222 MPa,6=28.7% [12]
AlCrFeNi BCC1+B2 BRIRIER  002,=1406.2 MPa,oi,. =2 926.5 MPa,6=28.5% [12]
CoCrFeNiMnPd FCC+ Mn; Pd, R I [13]
CoCrFeNiNbyg g5 FCC+ Laves J2 R AL [14]
AlCoCrFeNiy FCC+B2 FERWRES  602=615 MPa,o,=1 105 MPa,6=17% [15]
CoFeNiy Vg5 Nby 75 FCC+ Laves ERWRER  602=2 073 MPa.op,.=2 232 MPa,8=3.4% [16]
CoFeNiVMo FCC+IM 2 RORIE [17]
CoFeNi; s VMo FCC+1IM 2R R A [17]
CoCrFeMnNbNi FCCH Laves 2 ROIRAE [18]
Nbas Scos Tias Zros HCP+BCC BRI s02=1020 MPa.o,.=1 250 MPa,8=8.2% [19]
CoCrFeNiZr 5 FCCH Laves J2 ok AL i [20]
Al7Co145Cris3Fers 3 Nig FCC+BCC EH RIS 602=479 MPa,o, =1 067 MPa,8=14% [21]
Al7Cos.Criss Feys Nigs g FCC+BCC BEHRWRILES  60,=473 MPa,o,=1 001 MPa,0=14.8% [21]
Al7Co14.5Criys 3 Fegs s Niss g FCC+BCC BH WIS 60,=731 MPa,o,=1 145 MPa,86=10.3% [21]
CoCrFeNiTag. 4 FCC+ Laves J2 Rk 5 6o2=1 316 MPa,o,.=2 293 MPa,0=22.6% [22]
CoCrFeNiNby._i5 FCC+ Laves FEHWRER s02=1474.5 MPa,o1,. =2 558 MPa,6=21.3% [23]
Coz Moo.s Niz VW 5 FCCHp FERWRIER  co2=1431 MPa.o,.=2364 MPa.0=14.4% [24]
Zro.6 CoCrFeNis g FCC+ Niy Zr, J2 R AL [25]
Nhby.74 CoCrFeNi2.0 FCCH(Co,Ni)2Nb 2R R A [25]
Hfy.55 CoCrFeNis o FCC+ Ni; Hf, 2R R [25]
Tag.s5 CoCrFeNiy o FCC+ (Co,Ni), Ta B R R [25]
Nizs Fes 5 Cris Coo Vig Mnio Nbg 7 FCC+ Laves 2 ROR L [26]
FesoCozo Nijy Alyg FCC+BCC B RIS 602=577 MPa,o, =1 103 MPa,8=18.7% [27]
CrFeNiy, Algg FCC+B2 ERWRES  602,=479 MPa.o, =956 MPa,0=12.7% [28]
Co30 Fezo Mngg Nigg Tigg FCC+ Laves 2R R [29]
Cog5 Fegs Mngs Nigs Tigs FCC+ Laves 2 FOR I [29]
Co30CrioFero Aljg Nisy FCC+BCC BEHR®RIES  s,=1129.4 MPa,0=16.7% [30]
(CoFe; NiVy.5 Mog.2) 91 Nbyg FCC+ Laves ERIRIER  o02=1449.2 MPa,o,.=2 191.7 MPa,0=19.4% [31]
CoCrFeNiZry 55 FCC+ Laves BEHWRIER  op.=1123 MPa [32]
CoCrFeNiHf, 4 FCC+ Laves J2 R AL ope=1 462 MPa [32]
AlCrFeNi; FCC+BCC ERRIER 602=626 MPa,o,.=1 200 MPa,8=10.1% [33]
AlCoy 2 CrFeNiy ¢ FCC+B2 =R N [33]
AlCoy,; CrFeNiy FCC+B2 2 RORIE [33]
AlCoy s CrFeNiq, FCC+B2 2R R A [33]
AlCo 5 CrFeNiy. FCC+B2 2R Rt [33]
Niso Coso CrioFeg Alig W, FCC+BCC BEHWRILE  s,=1266.5 MPa,d=20.3% [34]
Al19.3Co15Cri5 Niso.7 FCC+B2 J2 RS [35]
CoCrFeNiMoy g FCC+IM EH®RILER  02=2 260 MPa,op,.=2 219 MPa,8=6.8% [36]
Al 5 CrFeNi BCC+B2 BRI s02=1122.8 MPa,oy,. =3 705.3 MPa,8=24.7% [37]
Fesg.2 Nijg.sMngso Al Crg FCC+B2 BH WIS 60,=679 MPa,o, =931 MPa,6=17.8% [38]
AlCrFeNiTio 25 BCC+B2 Bk 2 602=1444.7 MPa,o,. =1 829.1 MPa,0=7.2% [39]
AlSigCu, Fey (AD+Si+p+ Al Cu Bk 2 [8]
Co29.0Crz1.6Ferg.5 Nigg 3 Tas s Zro s Alo g L1;+Laves 2 ORI [40]
CrNbTiZrAl 75 BCC+Laves AHMAET  6,.=417 MPa,0=4.48% [41]
(Co49CripFe; Mos Nig ) gz.2 Ali7g FCC+B2 BRI 60,—=668 MPa,o,.—2 813 MPa,6=33.5% [42]
AlygCoCrgsFey s Niys FCC+B2 FER RIS 602=490 MPa.o, =980 MPa,8d =14.8% [43]
Aly 9 CoFeNi, L1, +B2 2 R R 3 60.2 =559 MPa,s,=1 005 MPa,8=6.2% [44]
Fess Nizs Crzs Moys FCC+o 2 HOR 3 602=1 065 MPa,s,.=1 875 MPa,8=3.7% [45]
Cozs.1Crig.s Fezs 3 Nigz s Tag s A11.7 FCC+Laves E}:I'_’H:;H\:l‘ﬁ!l [46]
Al; Coss5CrigFess Nigg Tayg FCC+ Laves J2 ok 3E [47]
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(a) EBSD A& (b) TEM B
B 1 AlCoCrFeNi,, &2 89 M2 |
Fig.1 Morphologies of AlCoCrFeNi, ;alloy

(a) SEM B

B 2 CoCrFeNiTa,, &4 #9412 7 50 | ™

Fig.2 Morphologies of CoCrFeNiTa,, alloy
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GEMHLUEH . FTLLE I IR G &1 52 8L A 50k
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(b) TEM A
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(a) Al ;CrCuFeNi, (b) AlCrFeNiTio 25
B 3 Al CrCuFeNi, = AlCrFeNiTi, ;&4 # SEM # f2.110-%]
Fig.3 SEM morphologies of Al , CrCuFeNi, and
AlCrFeNiTi, 5 alloy
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(a) AlyCrCuFeNi, (b) Al;»CrCuFeNi,
B 4 Al,,CrCuFeNi, # Al,,CrCuFeNi, 44 # SEM B
Fig.4 SEM images of Al,,CrCuFeNi; and Al,;CrCuFeNi, alloy

(b) B4k 09 R 3% 4 4%
B 5 CoCrFeNiMnPd 4t & & )i & 4 a9 L2 10
Fig.5 Microstructure of CoCrFeNiMnPd EHEA
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Fig.6 Mechanical properties of partial representative EHEAs
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ti2e 1 Al 1, KEB4 i FCC #H A1 BCC/B2 #H M i
(8 e o e S A A B M 2R Dy 2R bR L BRI R AR A
5 0 1% KR ) S R 0 A A 1 R R P A T
VR A S 1 R A 1 e R 1 B PR AR 2

AlCoCrFeNi,, #t i i i & 4t FCC A1 B2 A HY
B BIAH 2 2 R R HES . B B2 #1192 R 8 FCC Al
2R WA A A2 W PTPLSE 8 (1 0004+ 50) MPa, i
K&K A8+ 2)%5, GAO X Z P58 T Al-
CoCrFeNi.,, 2 5 = B & 4 78 hr 1 A2 9% B 5 A0 X & 4
SEVEREMVE . R BLAETE IS . WA b 85 R A Y A
B HL A T HESR 2 A4S B3R . FCC A v (48 W 85 5 U
ST R 5 AR A A A A T LRI B 5 T R R
[ % A5 RE AL BE /7 . fdT AlCoCrFeNi,, dt @i & 4 B A
5 g B 2 50 A R R AP SR . B2 M E PR AR I S B
A P AR R AL L A Bk B2 AR A 9N R BT AR AT HL
FEAEARGE I SRR . FEWT L AR P  FCC MR BN
PR 2E . B2 FHR BN v B 2 . AR TR, B TR
ferp, L0 e AE A B AL Y L Bl IS #E B2 AH DL R
DA X B ) A AL 1 L B0 B2 A A T 18 g i
£ FCC AH B, i T H B By i 1 A2 i Ak g 71, FCC
3 3 0 446 S B A AR R R S B IR E AR T L AT 4
& H ARG B, KL, 78 AlCoCrFeNi,, &4 9,
FCC 5 B2 #A8 P AH DL > S A% U1 19 B 28 28 2 HE9 B
RN A AR AR R SE T T AlCoCrFeNi, , 3 i = i
HanE B, BUMBESRTE Al CoFeNi, & 4 il
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Fig.7 Yield stress for lamellar-structured FeNiMnAl
alloys as a function of A "% and A !
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Fig.8 Representative engineering stress-strain curves for
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well as the failure modes
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Fig.9 Variation of mechanical properties of AlICoCrFeNi,,

EHEA under different heat-treated conditions
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