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Abstract: Equiatomic CoCrFeMnNi alloy, one of the most widely studied high-entropy alloy, has many excellent properties
beyond traditional alloys, including remarkable plasticity, stable phase structure, outstanding cryogenic mechanical proper-
ties, etc. , which endow it with great development potential and extensive application prospects. The microstructure charac-
teristics of the CoCrFeMnNi alloy fabricated by various fabrication methods were summarized, and the advantages and disad-
vantages of these fabrication methods were briefly discussed. The mechanical properties and deformation behaviors of the
alloy were mainly analyzed, including the effects of different strengthening methods on the mechanical properties of the alloy
and the mechanical properties and deformation mechanisms of the alloy at cryogenic temperature and high temperature. The
research progress of the phase stability of the alloy was also introduced. Finally, the major problems restricting the develop-
ment of the alloy were discussed, and the future development direction of the alloy was prospected.
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Fig. 1  Statistics on the number of articles on the topic of CoCrFeMnNi

alloy (data source is Elsevier SD electronic journal database)

N T EINA YT CoCrFeMnNi &4 B ZH 4 54 e
TTRESHEE, Pt &4 TREMH, ZXRESMNT
WA #4715 CoCrFeMnNi G4 AL S, X4
T2 RE AR TEAT AT T ST, MR T EE8dHS
MR EMERA I SR, THE TIRE A& AR £ 2
(AR, IFXHZA SRR &SRy M T T R,

2 CoCrFeMnNi 6 &RI4I&TE
2.1 fEkkE

WERk s T AR, AR, EHRZ R
HrEmaEns T2, HENEH S S NEEY HL
R, HAEREGE RS B2 H T T, 2R

SR AT NS e AT R AR B R RERE, BB T S 4
TR AR, BEAR TRCR, JHEAa MBS, T
FhEReR 2, W B E Y LG

Li 85"l L I R 1 il 46 7 A TA) € & Y CoCr-
FeMnNi &4, Il Cr,C, REH A 4/ C &,
N TR RN S, R R RO I &
5K, JRTEREG #EAT 7561 k(800 C | 24 h), L5
5RRY], 2id 2R IR 45 1) CoCrFeMnNi 7542 i
Y EER A1 SRR (200~ 500 wm) (B 2), TAE 2t
RELFR JAERS , AR e AT N R 5 wm 224,
Semenyuk L l7hyg o 4ili JBE 1Y Co, Cr, Fe, Mn, Ni JGCZETE
AP T AT TR, IR E R B A el T
AFE ST EIY CoCrleMnNi 542, W EINIZ G 4 [FFE
BT AR BEAS L A5 )L, A5 28 e Bl A8 LN
B AL IS AT B

precipitates

2 Eas i E RE ARH 4 1Y CoCrFeMnNiC, A4 BT HLST L T
411, (a)x=0, (b)x=1, (e¢)x=3, (d)CoCrFeMnNiC,

B IR S
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Fig. 3 The microstructure of CoCrFeMnNi alloy fabricated by mechanical alloying and spark plasma sintering

Loy, (a) the backscattered electron im-

age of a cross-section of the pellet, whose surface is on the top of the image; (b, ¢) zooms of respectively the border and the middle of the

densified pellet; (d, e) the energy dispersive spectra which were measured respectively in the border and in the middle of the pellet
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Fig. 4 Optical micrographs of CoCrFeMnNi HEAs''™2), (a) sintered at 1100 C for 2 h, (b) as-cast and (c) homogenized at 1100 C for 1 h
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Fig. 5 EBSD results of CoCrFeMnNi alloy fabricated by sLMis, (a) IPF figure and OM image showing one crack locating on top layer of Y-Z sec-

tion of O-scan; (b, c) enlarged view and corresponding KAM figure of black box in Fig. Sa, respectively, yellow arrows indicate grain growth

directions of grains; (d~f) 1Q map, IPF figure and KAM figure of cracks on X-Z section of 0-scan near top layer, respectively



7

WA CoCrFeMnNi Sl A 44215 J1 - MR o8 ik i

631

Solid-liguid inferface

Solid-liguid interface

" -~

L
i

6 AT A 0] 5 [ 41 55 CoCrFeMnNi 44 Y [ -1 A 10
AL (2)0.03 K/s, (b)0.06 K/s, (¢)0.3 K/s, (d)
0.6 K/s

Fig. 6 Morphology of solid-liquid interface of CoCrFeMnNi alloy fabricated

by directional solidification with different cooling rates"'” ; (a)

0.03 K/s, (b) 0.06 K/s, (¢) 0.3 K/s, (d) 0.6 K/s
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Fig. 7 Summary of yield strength and fracture elongation of CoCrFeMnNi alloy

ik, AR FCC M Z5H HE U T 1 CoCrFeMnNi £
SR ERMYE, (AW k TR E A R  BR
L S = D P T A B €Y S 2R G N B S T
PATPOREE R B R4 T, BRI R s (T IX R, 2 H
HIEH X CoCrFeMnNi & & fURF AL . ik, & E AR
TAEH BILZ A 4 0 T2 R AT T RE M TAE, F
oA 7 AR, BT A4
311 Bk

Xiong SElPIEEgs T N JTEIRINX CoCrFeMnNi 44 %
WAL 22 PERERI S, I, 1% (T E0r %0 N
HIVR IMBEAS S50 & 4 TR A0 A BB 51, AN 23 3 Al
RADVEAH BT, W, BT N ITRER S

[12, 15, 18-24]

wortk, &&= REREEM 194 $2T1°4 283 MPa, 1H
Wi AE (1R ( ~50% ) A B i PR, Chen 55 RGLHF
FT CHE(0~0.2%, JFEIE0) X CoCrFeMnNi & 42
THORZHEY . o2 RE RS AL A e R, 25 SRR
B2 C Fratisiin, A4 msmeE d AW n(WwE 7)., C
JTCEE IR 0. 05%F1 0. 19% M4 4 ok & B AL W 48 1)
Briti, W ConRM B RAER, SRR E 55N
310 #1400 MPa, AHIL FAE C A &5 il8e s T 24%
M 60% , (HAFE R, X T C&EN0.05% M E 4,
CICREMBINAIRE & T A& RE, BT & 4%
P, XATHEF A SR S, 0.05% C ITTEM
)17 s S e e A /B U e R Y <O A U S o 2 W A5



632 Hh AR

%43 %

TS 1 AR B B 5 A8 A RS i 25 AR TR A AR TR AL
i, MTidEm TA B, mY C &Eime 0. 1%
B, BEE C & aybhnm g 245 6e M A & B i i
HELL R AR AR A AR BRI SRE T AN TR, Y
C&HEPE—EHAE] 0. 15% 1 0. 2% Wt , WIFEA 4 A
Ab R Cr, Cy AT AR BRI HT H A 32 250 A 78 5 4 1)
AL, A A A R RASERA RR, H R E R T
EAEYE C R 0. 15%F0 0. 2% -4 4 1 W 24 4t
R4y H AT 18% F1 12%
3.1.2 H ARk

Wang %58 5 VR Nd ST E FS FLE A 897 X0k
BEEMIEERE, LA REY], Nd S & 0.5%
(JEFHEOEO B, RGBS G &b B T K HeP
SEFI Nd-Ni-Mn 55 ZAHRL, Q1 8c M1 8d AL H
FCURWIBTR . 58 AR 0B BE AL 73 A5 76 15 4 bz o8 A 5
b, AR RSE R BB 2 Nd V8 2 (4 14 Jin i AN W
Hefn. BeAh, Nd BRI AnfE T A A SR 0 db ok R
sb, BfZE Nd SR 0383 1%, A 4 FAH B2 5ok
JOSEM 37,13 3Z80d /0 3 21,87 wm, WA 8a Al 8b FiaR
Yok EIE S F W, Nd-Ni-Mn #H 19 85 B (10. 06 GPa) it
Vo THEAARRE BE (3. 88 GPa) , X754 45 Y 3 J3F IR b
# Nd-Ni-Mn FH 58 085w A Wi 8 &, 1% Nd &5
CoCrFeMnNi 44 1 Ji IR 5 FE o 322 MPa, i FR ir 4 it B
7 820 MPa, Wi 4L F K 35%, S5 A% Nd A& H
L, J R B R o B 4 AR T T 42% 1 38% , {H I
ZUEMRTRET 30%,

100 pm

100 pm
v

% :‘l.li(_; ||r‘n
B8 Nd & (JETHUME) X CoCrFeMnNi 45 4: ¥4 5LIE 5 HOIE
SRR 2T, (a)0, ()0.1%, (¢)0.5%, (d)1.0%

Fig. 8 Backscaltered electron image of the CoCrFeMnNi alloy with dif-

ferent Nd content after cold rolling and recrystallization'?’ ;

(a) 0, (b) 0.1at%, (c) 0.5at%, (d) 1.0at%

3.1.3 HEB®ENL
Ma 252 BF5E T HIASIE XS CoCrFeMnNi &4 1K) 1O
HAl | AT AR SRR, SRR, MR

NAS R /NT 28% B, G 4 1 AR T ML 3 B 7 5 W R
AV 5 G A P RRAL 5 K A B 0 B i 4 4 T I AR
TE 28% ~196% Z A1, A 4 RO 4H 20 32 240 75 4 45
ARGEM | AR ZR S RSN 23 A A AL A R 3R s 2 0 A o
KT 196%MF, &4 MAET A 21 52 AR A A sy Uy
SEEAT T I 0 )2 R REE WAL R, B )E, &
G V10 5 T 7 A e ) 380 T S W R, A AR
BN 277% 0}, A4 RTERE R 4500V, M TRIH &4
TET 230% ., ¥PEASIE BT B0 TREAL S A sk iy &
BRI, HIEAR, AR BT SRR SR AL R SR 5 Ak A
—ERE LIRS T AR,

Stepanov SEBESY T 809% 75 T B 1 I IR 4L (77 K)
IR ELH (293 K) XF CoCrFeMnNi &4x B L | A%
AT HRITI2E R, 25 R R, 765 0 &t AF T
o 80% MR ELHI (77 K) FiE 4Ll (293 K) 5, &
S I TEOZH ZURR B AR T 25 A | 57 A B AR 5 ) AN KL 0
PRSI, (A L F 2R L], AR EL S5 4 rh
V1A 5 5 R AV A8 T 2 it e o g, AT R X
TA A WNZRA AR AR A T HAT B A1 8l 1 2238001,
AR R, AR AR AR R4S LUK 2 (1 & 4
SAVEASTE . AR At 2 R A A s 1 AR I 22 i o B (i 1S
B 4 B A s AR s R RO TRE AR RE . AR AL 0
FIRFLHE 0 4 AP 5E B 437 2 1500 F1 1200 MPa,
TSRS IIRTE T 25 240% 51 170% , {H5 LR
H T AR 2R 5 A 40 71953 2 129% 1 14%
3.1.4 tmdhikik

Sun 457 3 18 B IR R+ L+ 1B KA T2 e i
T doki RS A 503 nm F) 88.9 um B CoCrFeMnNi & 4x,
FERRFE T AR SRR R T X & 4 J1 4 PERE R 2, S0 45
R, BEEMRR T 88.9 wm FEKH 503 nm, &4
P14 JeE R 5 FEE FRTVAM B e i 88 S T2 g, o e DU R
B M ERI R S 503 nm B, A4 YERE 888 MPa [y
J IRGR EFN 984 MPa g B TR IR T 21% 1 W
SUGEfR  WAMBA AFSE T CoCrFeMnNi & 4 TEAS ]I
FER B0 A B, Sun 207 4 T ORS00 R
0.65, 2.1 F1 105 um A CoCrFeMnNi &4:, T T A
[N Y TN DO RS AR S i A AT
TE77~873 K RGP, & &40 stk AL AR AT &
Hall-Petch 72,

3.2 RiBHF1EEE

CoCrFeMnNi & 4 BA BALHY )2 45 68 , X — 45 S 7
IR AR T 3 R 0 3 (A 4 )2 B il T B8 1 T R T O
N, R FEOXE SRR S B T ) kAR A AR
1, HRAMEASERE THROMIR S 2R,



57

A% CoCrFeMnNi 0 & 214145 1A PERENT T HE IR 633

Otto Z BTSSR, 77 K I, A4 0 IR 58 2
380 MPa, WiZ4aE (iR 20y 90% , b 35w 1 H % ik
FE B RE (R (I 9) . AT, A S0 KR
JizE kR R T AR LG Y A, RN T A4
BRI ML Ryt B AR TE L + 22 A AR AL, 2RI Ry
G AT ARTEARL T 5 — R AR I BN B & T & 4
HEAYE . BLAh, BATE AR R i AR R AR Y A
EREIIE A, A SR —Fh B MR,
P T AN,

Sun 25038 SRR+ B+ LR Y T2 R
BT B R PR A ) CoCrFeMnNi 542, JEAFST
TEELEERAB AR (77 K) T 2847 0 FIZH 413
AR, SRR, EWRARE T A 40 8RR E N
1692 MPa, JFHA 10. 3% H 5 Wi e, 52 M 1
TEZ R N A4 JE IR B N 1210 MPa, 11 447 W 24 4E fif 5
HE 1.1%, ATk, RS S, G4 h L
R, ARTE A XE LA R AR 2 A, A A
NASHEALRE 1 TR, A A ik AP R RROIR AS I e A WG
24, AL 10a~10e, AAMGRBIEAHT, RG4S

FERE AR BE 5y K AR 1 2R A AR Y A M T A8 2
DL A7 i 5% 7 A ) 07 AR R AL R 7, il B e O Y A5 3
THE, WE 10c #110f fis, WA, FE&ESRSHE
AR AN T P AR R R ) 2R S B A BRI T —Fh e sh 3
i AamAe” IR T & SR

ad

[ 1100
4001 [ Yield Strength
2N —u— Elongation to Fracture
180 ¢
© 300 - ®
o g
b g
L
=3 [ ] -160 E
8 200} \ a
2] — S
o u 140 &
© j=2
= \. 5
j H H ) w
0 1 1 1 1 1 H 0
77 293 473 673 873 1073
Temperature/K

K9 IR CoCrFeMnNi & 4 T IR 3 JE T 244 1 S A i 2

Fig. 9  Effect of temperature on yield strength and fracture elongation of

CoCrFeMnNi alloy (29]
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Fig. 10 Microstructure evolution of CoCrFeMnNi alloy after tensile deformation at room temperature and cryo-temperature[zo] : (a, b) TEM bright-

field image of fractured tensile sample at 273 K, (c, d) TEM bright-field image of tensile sample with a strain of 2% at 77 K, (e) TEM

bright-field image of fractured tensile sample at 77 K, (f) high resolution TEM image of fractured tensile sample at 77 K
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Fig. 11 True stress vs. true strain curves of CoCrFeMnNi allay at various temperatures recorded at the strain rates > ; (a) 107" 57",

(b) 1072 57!
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Fig. 12 Backscattered electron images of CoCrFeMnNi alloy after high pressure torsion and heat treatment at different temperatures, the

second phase precipitations were marked by white cireles!®) . (a) 700 °C, (b) 750 °C, (¢) 800 °C
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