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P IL 5] 200 MPa-m'?; 243 M 293 K [ 51 77 K I, 1 —EBHALERURIMERETH NS
HoomE ., WYEME AR TR KM E, PriramE Table 1 Mechanical properties of some high-entropy alloys at
HBIE T 1.3 GPa, Wi KR L) 90%, WrZd )14 hn room temperature and cryogenic temperature
BT 275 MPa-m'2, LRI, TWEZIRE EGE Alloy T/K  092/MPa o,/ MPa  0/% Ref.
Selb, A SN IOKAE Y S, MILL 293 K il AlCoCrfeNipy 293 620 1155 204 [13]
BE, A5 77 K AR AR [0 8 LK. Xia 25 AP CrMnFeCoNi 27973 izz 1640601 1556 [18]
il £ T —F Aly,CoCrFeNi & 4, X %A &R 77 460 1060 60
W (298, 200, 77 KO MAREHLHIEAT THESE, WF FeCoNiCrTip, 293 700 1240 36 [19]
ORI, B WRE AL, &m0 7 2L A4 3 77 860 1580 46
G B W A 2 i A, 1E 77 K BRI, A NaCouber e e o P
JEZE G B AR TE T, ARG S WK R K FeCoCrNi 293 260 980 45 [21]
s (/D 77 480 1725 55
2 EEEemy FeCoCrNi- 27973 zgg iééﬁ 451? [21]

Tong 2 NIRRT BT i 58 4L B ) FeCoNiCr- VCMnFeCoNi 293 498 752 52.5 221
Tio, &4 (Ti-HEA) , WS T %4 & 16 AN ) i 77 698 1128 786
NSRRI A SR . M E N 293 K B F] 77 K gﬁxm; %‘ zg :; 7& (23]
i, Ti-HEA [ k5% 5 N 700 MPa _E 7+ 860 MPa, '

: y V16CrisMnjo. 293 544 860  46.2

FURLHRIE A 1.24 GPa HIIE) 1.58 GPa, Wi K % N FewCowNis 77 766 1225 541 )
36%IE A 46%. X TGk, WM SR L R V16CrisFeqo. 293 397 721 58
TRIPERG ) G, REOR A 4 A TR R CoNiz 7 0 103 s14
AT R . TEM M 8836 B Bl A5 A8 T2 I B A, AR B FeqoNizsCris. 293 393 735 H g
THOUL &85 K6 DA v 5 5 A7 8 i e 7 hy v 5 B 2 £ R I 9 ConVio 77 612 1073599
PEAETE . 45 77 K A 4F K, BEA R RO, SR e CMapeconi 7 0 AT g
FERE— L1, ARSI T A R E 4, 2 203 147 1200 12
LT AR, R R R T A (), AlsColIFeNE 0 320 1600 175 )
JERLT AOK MG 24, K/NE 10 nm Ao dK A% CoCrFeMnNi 29 360 670 60 g
JRH I, SRR R TV MR T, BT 77 802090
AT AT RO MR o VAR 5 5B A T 1, e I
SR T A SNSRI R . 7E 77 K BRI S 03 220 620  ss4
WEATRIA RO, BT, T asmse TN s o0 e T
RESUTEATAE, 0 T 825 O Bl 51 03, CrCoNi O A VA 1

15 T 2R TR K

1 AlyCoCrFeNi 4 4237 AN R BE (1) TEM B 3543

Fig.1 TEM BF images of the microstructures of Aly;CoCrFeNi alloy tested at 298 K (a), showing a tendency towards dislocation cell

formation at a high strain level of 50%; at 200 K (b), showing the (111)-type slip plane, at 77 K (c), which shows nano-twinnings;

the HRTEM image in Fig. ¢ focusing on the region where two deformation twins with a thickness of about 2 nm cross the field of

observation (d)?”
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2 FeCoNiCrTio, Bl &4 7F 293 55 77 K B F 36%019 TEM 1%
Fig.2 TEM image of FeCoNiCrTig, high-entropy alloy at 293 and 77 K with deformation to 36%: (a) at 293 K, 36%, a large number of

stacking faults were observed; (b) a high-resolution map of the local area in Fig.2a; (c) at 77 K, 36%, a large number of

high-density stacking faults occur, and stacking faults appear to be mutually intersected; (d) a high-resolution image of the local

area in Fig.2c [19]

1.3 HETFLRLME (TRIP) 5T

Bae % APUIRIE T —F FegoCoysNijsCrio i
B AL 7T K NI TR Ak £ 7T K
I PR B IR B 1.5 GPa, JF HIEAT 29 87%I1) BB 1 4E
iR WEFURIL, AERVEAIB IR b A A T W1 A
Az (fee M bee MIIFA (B 3), MAFEFRE
(TRIP) LG TMHARE. EMAZGET, fec M
A2 0 bee AHBA N FEARIT, P4 ] E 5 EUR I I
(I, (HJEAE FegCoysNiysCrio F4, bee AHITH
WAMHEA FEACERMENE,  Baf t T bee A7 A ™
A, B RSREEAEVERH LT ORIR AR, X
GGl TR ZEN . E£2GETitf 40
GOLAE B AL N AR ) BT D) 4 AT X AR D B hep
MBS il At T AR RN Z e, Rh
&I T hep H. Wang %5 ANP2HRIE T i) Bt m
J#5 6 <2 Feso sMn3Co10Cr1oCos» WFFT T A S AEA )il
FENH v se A 23R4 %A AE 77 K IR I
Do B s e . ORI AL S B S G AE 77 K B,

M
i

r‘l

Hoi b T Bk B2 1300 MPa, ST ik £ 4 47%.
G EAE I R £ R fee ) hep MIIELAE (K 4),
hep AP LA Z 45 I HE S B . 7E 293 K i1 77 K B JE
AR SR R . BE AR TR AR R %S
SRR ZLANE T o AT, B TIREERRL, 2
HERERE 2 PRARDTO, AR Sy &8k, A FT hep A
MITE R, W hep MR5E T AR 28 dl A IR o
1.4 ZHMEHESTR

Sun 25 A\ BT it A SLAE K T S H1 46— Fhog 4
FEE T AN 5 R A 4 (UFG, HEA, fiki ]~ 650
nm). %A 4 AE 293 K h i, Hw ik iE 4 798 MPa,
PRI RN 887 MPa, Wi KAk 26%., MixH 4
16 77 K ARy, Lo R A L T R
77 K B AR, R N F] 1.24 GPa, ULk Y
In#) 1.46 GPa, Wi FNME 41%. W5,
15 293 K AR JE I, 22 AR JE LI A7 485 1 72 (] 5a),
BEAE ALY BB I, AR R A A M . 7E 293 K AR
JEI AR JE 28 i I T 7E 77 K AR TE I, AEAR N AR I

3 FesoCoisNiysCrio iRl 7545 77 K AR JERS, AN[FE N AR EBSD HIAH 270 B
Fig.3 EBSD maps for FegCo;sNi;sCrjo high-entropy alloy deformed at 77 K, with different strains: (a) eyue=10%, (b) &4ue=20%, and

(©) eme=30%""
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4 Fes.sMn30C010CrioCos milii & 4r 77 K AN, ANENAL & EBSD A7 i ®
Fig.4 EBSD maps of Fes9 sMn3oCo,0Cr;¢Co s high-entropy alloy deformed at 77 K, with different strains: (a) e = 5%, (b) e= 25%,

and (c) & = 45%"%

AT IRE, BERIBRGM, B8N TR
H1ESRE, HREEER 18.8%I, JTHAHIMATE
P (K 5d) , Za, RSO T BB AR5
AW . B A, ARTELHTh 293 KK
PR ESAE, & T 77 KINHZHLH SRR (6
N N T D

PAEZRR T i 5 < AE R AL TR IR (K LAl 2 2 AR
BT EAERERGE, T e & w2 N,
FEARIRAZ TN, AR IR T S AT W AEAE A, A4
RS T SIS , ARSI DU, SRR AEAE O
AT e NI G S LR ZIET, 7

(TRIP) . K, m& S EIRE N BEAE A Z
—RARTEHLEI AT, i 2 R LS AR AR
EE G SRR, AR BN ANE], BER LS
AR T I o1 R R B A A [

2 BREEREFHTRRTLNE

M T ) 2538 T 0, Bl A IS A, — S8 A
N S A S AT AR e PR A, i
SRPE . PEHC B L BN e, RBL T
e 50 & Jm M RHBUR AN TR KA TEAT o v I & < AE AR
U I R U KX RS T RE, SR T WE AR

FAT N A DOSAR B R i AT 0 (TWIPD) EEBANARAT ) A OROREE » JEER, AW B i HAT L5 (R 1 e

Bl'5 CoCrFeMnNi miffi&4x 77 K R, ANF MR TEM 4
Fig.5 Microstructure evolution of UFG HEA CoCrFeMnNi with different strains at 77 K: (a) e=2%, a large number of dislocations appear;

(b) e=5.4%, high-density dislocation stored in the grain interior; (c) e=10.3%, initiation of deformation twins in some grains, these related

diffraction spots are verified from inset SAED pattern; (d) e=18.8%, formation of profuse deformation twins; (e) e=18.8%, HRTEM image

of deformation twins and some stacking faults; (f) e=31.5%, accommodation of profuse deformation twins and dislocations”®”!
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(i A e R . i A SRR A B rh s A
MALEEAT A QAR . R IR R S5 8 7 2 ik
by R AR A e A AR AR T I ) R AL
2.1 H&EE

TEM B A TE LR, B Be AT 2% 1) B RS 48 1)
g, Mimiem LA . B2 Momib LI, 40 4
AL N B 2 BE AR 1R 5 4 A R) i R SO e JL
T R A s W S P 1S NS/ B A1 S S =
B4 A AT BRI T ST

Wang % NPPWFST 7 R[] R SH Fego sMinge-
Co10Cr19Cos 1 0 A 4 A5 AN i) i B2 1 7 Aifr 1k e (1)
6) o AATTHE R IR A 4 B A O EL AN Y A 4k A BRAS B
fnRLEEZ 4 100 pm AR (CG) , M A&t
A SRR KA RS 2 SR E L0 6 um [R40 414
(FG) - WFSKRIL, # 77 K frAh 4, xF EERL
R G, AN R A A i IR R T 150 MPa;
TEFE WAL, X HOH SR A A, dl i s S
JE AR FE I T 300 MPa.  £E 77 K I, 40 A
S PR E i, IEE T 40 1300 MPa. He %5 A
il & T 2 PPASIE] R E ) FeMnCoCr i & 4,
Bh Em R EZ A 500 pm, 4§ RLEEZTh 8 pm. 7E 293 K
BICIS, Hdn &S mEIREEL 170 MPa, HPEL
46%; A fb o) e IR R E L) 272 MPa, BYEZ) 47%.
18 77 K 2B, A & G 4 00 i I 55 2 340 MPa, %)
PEZ) 54%; 4 dh &4 m IR EL) 481 MPa, W14
65%. AT WL, FEARUEL I 40 dhom ik r SR AR I R . 7B
RIS, SRR EAT A — e R B Bl dmil, BH
AL B3 B 1) it oA N AR — R LI g5,
IS 20 A iR A AN T R LA e v AR T 2R ot ) i AT A%
I 7 LA B AR BRI SR g DT I8 3 5 A B 4 1R 250K

1500
§ 1200}
2
5 9001
w
on
.8
8 600
Q
§D —— 77K FGiHEA
= —— 77K CG iHEA
=300 —— 293K FGiHEA
—— 293K CG iHFA
0

0 lIO 2IO 3I0 4I0 SIO 6I0
Engineering Strain/%
6 AN FORLEE ) Feao sMn3oCo10CrioCo.s i i & 4275 293 #
77 K A7 AR R -8 AE i 2
Fig.6  Stress-strain curves of Fes9 sMn39Co;0Cr19Co s high-entropy
alloys (iHEA) with different grain sizes at 293 and 77 K

(CG: coarse grain; FG: fine grain)m]

2.2 [EinEik

Gludovatz 2 N\*"WEF57 T CrMnFeCoNi (% 2) 5
CrCoNi (% 3) sl &&= ke, FRL R ER,
FEEWAAE T, CrCoNi &4 i IR FE A = T CrMinFe
CoNi &4z, MfE 77 K Z&4FF, CrMnFeCoNi & < ) i
5% FEFE & T CrCoNi &4, X 2 fr & &3k — fec
[E]¥% 44 . CrMnFeCoNi &4 HJH{E ZE 5T CrCoNi &
4>, Rk CrMnFeCoNi & 4 (1 [ ¥ AR T 344y, WAR
JESE AN X E AR Y, MRAT NS BT, Mg
5 7% 5 B K F¥) CrCoNi £ 4 [ v s Ak B I A 1 7 77 K
AR, ALESAT AR IR R LA, KR SR
Wi 20 H8 007 32 01 BEL 7 AT 5 A < P [ 3 i e R
B E L 959 . CrCoNi & 4 I [ %5 FE AL T CrMn-
FeCoNi &4x, CrCoNi & MEHBEBRIL, £ 77K
I}, CrCoNi &< 54 7y JH B 4K 25, fir A CrMnFe-
CoNi & 411 i il o 5 2275 1 CrCoNi & 4.

Xie 25 NB¥HFY T N J6ZE %) FeCoNiCrMn & 4x 11
PERESE W, BRSURIL, WINT 0.1% (JRF2040 N
TLEE, & aHE 7. FeCoNiCrMn 5
FeCoNiCrMnN, ; [ 4E [GAEJE HV 435 4 4150 F1 4680
MPa, JifRSRIE S5k 1314 MPa Al 1517 MPa, $Hi/k
PRy 5k 2026 MPa £l 2141 MPa. # WL, N &g
BB A B IaRA . JEDET N s A SE T
GaENERRE, TSRS, 15
JA B S AR B A AR R S IR R SRR AR Y
T P R = Tp o e d 1 N T B P E ek e e e
PEASAT R A, 38 el s A SR AN B s I
SRR AR A R AR AE 19 0 & 4 i AR AR e M, 1 2

%2 CrMnFeCoNi & &7 293 5§ 77 K BN REHE
Table 2 Tensile property of CrMnFeCoNi high entropy alloy at

293 and 77 KU

Property 293 K 77 K

oy/MPa 410 759

oy /MPa 763 1280
er/% 57 71

Note: gy -yield strength; o, -ultimate tensile strength ; ef-strain to
failure

%3 CrCoNi MRS S 293 5 77 K BIRLIREIRE
Table 3 Tensile property of CrCoNi high entropy alloy at 293

and 77 K¥
Property 293 K 77 K
o,/MPa 440 657
o/MPa 884 1311
er /% 73 90

Note: g, -yield strength; o, -ultimate tensile strength; & -strain to
failure
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2 it B A AR ) TR N ) A1 SR S I A
2.3 TWIP 581k

25 P IR IE (TWIP) 20N & 8 RHAE A )
YERT R AR TIN5 R = AR AR TR 28 I % . TWIP RN
BEAE A LR RF 15 55 P 1A IR0 IR, )7 i R Rl 265 v 11F) S A
O AT T R, MR 2 e S TWIP
ROV R AR AR KOG &R AR I 24 RE BE 5 4 75 )k TWIP
SN IACASAT i R R, SRR A A 0 2 A e
Sobfi A BRI BT DL R SRR AR m R A 4k
RINAZ JE 28 G A AE

Gludovatz 25 NS T P45 507t CrMnFeCoNi
A4, A4S HA feo HMLH. WIRKI, %
G4/ 293 KRR,  FBAR B HLELE A7 85 g%,
EE PR EL N 730 MPa, VAN 55%; 4
JERER] 77 K I, HARTENLHIA A T AR AR TE A48 5+
T, BEWPH A LR T 1280 MPa, BPELH| T
75%. AKZEANEE S T &M, mHALEE
FEP AL T RE TR R . Li NPT T R
Alg3CoCrFeNi i & & 474k, % 4T 4 4E 298 K JEAT $7
HIINE, G IR Bk 1147 MPa, $0H7 558 % 4 1207 MPa,
IAPE N 12%; UAE 77 K AT R AR, i ks 2 38 n )
T 1320 MPa, HitdiasEsg Nl 7 1600 MPa, %144
AT 17.5%. BRI, 1 298 K A2 B & A 4 1
WB XS, €77 K BB ET KERPOKEE G, 9
KAS R IPRH P e S sl B) T EZAEH . RIH S
B4 TWIP RN, T A SR LR N ) % v o 5 22
b 41N A R = A S N IR . kT WL, AR
IR R A 4 h TWIP 0N BE A% 7 20 4 4 42 1Y)
P, & Rh AR w5 T 2
2.4 TRIP 521K

AHAZ G5 S (TRIP) RN AE AL e iR W 4K 26 A
BKG 4 TP Bl UE BH RE 68 2 25 4R R A R B BRI R . AT SR AE
K, HAREER S S E] T TRIP W, TRIP
A5 TG v 0 4 R s B B e A R B
[ N AR R A A W EIf TRIP 2N
A fee 1] bee G HAZPY (B 3) , fec [ hep 4514
[R5 AR 52 (& 4) , bee [1] hep S5 H4 ff#5 AR 248 . 783X
SRS R, AR T ORI S, kb T A A
B rr A e, PG TS, (R T A 4Em
TR, FR AL T A i N AR A 2

Wang 25 \PHRGE T —Fh RN 6 um B4 5
Fe49 sMn30Co01oCr9Co s A S, MR T %S
PEREM A LI . DFRERW], ZRIBZHTZG SN fee
FAH. £ 293 K ZJENF, <Kk fee [f] hep 46748, A2
JEZ )5 hep AR BUREME A B2 24%. 293 K AL JE

i, HPrhrsmEE L4k 900 MPa, VLA 56%. 1M
77T K AZJEN, BB )G, TR hep AR S hg %
ILBNL) 67%, LI BIPUH 5 A RE 455 F] 2 1300 MPa,
PR BIZ) 50%. oT W, AR B N, R
{2 3E TRIP 2N (1) & A=, 1 TRIP 240 W T8 i 4 v o AR fii
R BE A I A S ISR . Bae S APURIE T
— 7 FegoCo1sNi;sCryy (Fe60) mlfie4r. A48t 77K
TIN5 KA TRIP RN AR JE 201, &4l fee HAH .
BN, 2Kk4 fee v bec BHA, B )G, #E
JR 1) bee AHARE S £n] LA B2 96%, W LA fec 4
JUTP A AR BT bee A, B Ja A D foc AHAE R .
77T K ARG, %A SN Pih R RE IS B2 1.5 GPa,
IAPEREIL BN L 87%. VEAELES, WIFRARIEHIH TS
— PR B T A 42 FessCo17.5Nip7sCryo (Fe55) , i%a
SIE TTK BN, WSk fee i) bee AR, ATE
ZJE BB bee EUELL N 47% . S A LR
BEEEZIN 1 GPa, YEMEZN 125%. T Fe55 Ak
bee # & /DT Fe60 [ bee &, T2 Fes55 155 & WA
T Fe60 & 4. HMtnl W, TRIP RN g% W 55 1
e E A SR . MH SRS SR TRIP %,
T 3 VA AU I T 2% i AR HR A AR A 2R ] A
M v G 0 IR
2.5 ETHE®KE

HEEGS Sk E4E. BE4E. WS ELET,
5 AR AL CE R R A AT B, T
ER G2 E ook, A SR G AR A
EYEHTE MY RT . WA REY, MidoE
() R0 G B Ay ek, W2 R ER IR A (i
L12[53’54], B2[55-57]‘ #[58]‘ ’7[59]\ 0_[60]\ L21[61]%) %:,ﬁg
T EBEEET. 8 Mk i CeBoh sa
S — R E TR

Jo 25 NN 7 Ff VCrMnFeCoNi &4 4,
FEZ A &P RIAEAE o M, WFFR N R4 T 3 Fl
A A 42, 434 10V15Cr40Fe10Co25Ni (OMn).
10V15Cr5Mn35Fel10C025Ni (5Mn). 10V15Cr10Mn30-
Fel0C025Ni (10Mn). #F58 A b2 HAE 10Mn &4 R I
T oA, OMn I 5Mn G o MHAELE. 475 77 K dEAT
Py, I o AHI 10Mn A4 10 J IR fE o ey, ik
BT 766 MPa, IR ARIEE] T 54.1%. 1 OMn &5
& (1) J 5 5 o 600 MPa, SMin £ 4 1) it IR 38 5 4y 698
MPa. W58 %, 10Mn 5 51 o A1 20 A0 T 5 AHAL,
K/NHK 024 um Zoty, B EA Y 41%. T o
X b A AETHLIE R, Bl s ST Z B, BTl 10Mn
GaM iR 3 A ST AN . BRI
I g o B bR BE R 98GR 3R, BT DA i Rz B s /N 1)
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10Mn &4 E s, XNIHIT o M & a0 bk
AALAVERT . Yang %5 APOHRGE T —Fh NisCosoFe3Crys-
AlgTig m A 4. BT Al Ti CEMIMAN, Ltk
AT AR K AL B S 70 A A FE AR TRl TR Y v
BR L1240 (| 7)), L12 #H RS K4 2945 nm. |
TRBEYCKRGE A EI, SEA & BT
[0 £E 293 K FHARTEIT, & mPihrssE 2% 1.31 GPa,
IIVELY 43%. UAE 77 K R AR TR, & G i s fE
KB T 25 1.7 GPa, WITEL 51%. =B YK A
L12 24 w28 28 d B A2 G S N 7, DR G ARGt e 82
A TE | e R T

DL B2 T AR = A S A DCSRAL WL, S
g AL . [ SRAL . TWIP 24N 384k . TRIP 250 3
oy 5 ARSI SRR A T . AHMERIL, T AR KR
ZAE R ER A AR Y B A, A AR R AT T
P2 ESF: T I S 12 N0 (6 4 V27 e | = S T N e )
TERE G SN g ke Sz BL Ak . R R B, R A 4 K
e, EEAE R X T 0, 102 2 R
LB G L), Gl 2 Rat 7, s
2K )4 v v A0S G e IR AL P R

7 TEM 49KPU3EAl L12 FEH 5 5 i & HRTEMAEW] L12 &
foe BEAA 2 ] e B L A%

Fig.7 TEM image showing the morphology and distribution of
L12 nanoparticles (a) and HRTEM image demonstrating
the highly coherent interfaces between the LI12

nanoparticles and fcc matrix (b)[zo]

3 EREEMERGTRIELIE

TARE BB 2 A A ) o B 5 M VR — AN 2R G 4
B s J2 A REAE 93 1 A TR R 7 2 5 R v MR L i e RE K
AN ANARBRLOZOT A Gy £ S R i 24 ) M B
SRR, SIS IREER, RIS R
JERIEN NG, I HBEERE R, R%EEem
BHEA R BE H IUACHR G PR AR, 7 5w A R A H
B2, HAia K siaarmrsig R, W CoCrNi
S5O A TR W 4 2 B A R Y R B v, R HL
T FE AR P i e Y (B 8) 0 IX AN [ AL 4 4
JE AR R BRI R I, 51 T W AR R R G
o A a AR AL AT 23 R o SR Ak AL R
AL .
3.1 HNEFLHF
3.1.1 AzAE AL ALEl

[0 2T B 4 HA B2 1) R R VAR 2 4
A, AN, fifmEB AR R TAZ . K&
PHE IS B RERS LR, fr e S e 2 1, S
FC A e B 2 TR A8 HAE FH SCRE AT R B8 i A 4 1) B AR
Ak BE 7, R Lk 36 A b 437 4 (1032 B RE 5 32 = & 42 1)
Wtk . Zhang 25 NE L E A TEM FARWEG T
CrMnFeCoNi & 4 A R # AL HLEE . B A4H CrMnFeCoNi
GEMA RN F R R, S IR Prh s Bk
1 GPa, YIVERIE 70%, Wigd#)bE#Ea 200 MPa-m'?,
AW I, PEREH AL . EWF0E L AT TEM $2
RAFANWF T T ZE LR 0 e 3 X I AE R B0 e b 2 v 11
A WHFORIAEA R B B, 80 si X 3825 L

Fracture Toughness, KJ/MPa-m'”?
5 3

o
>
T

Yield Strength, o,/MPa
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Fig.8 Comparison of toughness between CoCrNi medium entropy

alloy and other materials at 77 K



+ 3280

Moy @A KL TR

49 %

AN A TENLE . AR TR, 5 R E b 16 3 X 35
AT LA 8 I KR IR 5 3R o A B (1/6<112>2884)
¥ E) . T 1%E6e RARINMZHEGE, W& DAL
Wiz, EAFM OB LR T KRR Z
B, wE 9a F1 9b LA kBTN . XL R T
I3 I TR 3E Bl A AN A5 Hb A% RN E K 1) B A AR 2
o R REMZESZMEBOERE WLIE 9¢ F1 9d. 1E
=0 s I, Wil 9c, AERGI R BKAEHIE L. B
HAS LRI, fE =1.2s N, W& od, W LARIE
SRR, X R AE (111 il BT R i . 2
A R A e IR, ] 9e T . A0 K RS A
K ZEE I TE A AR TG I 6 B AR i 2 0
BE . BEEASE R0 0, ARy B
Ao HIAS HARRL, B R 28 /N A, ikl 10
PN o IXFIZHT /S AR — Bl = 4E6 By, e REMEMAE
JIBEASA 45 112 5y, AR AR SOR, $2 i
PITE. ARG W, 1/2<110>28 R () 447 48 T HR18 5,
A BB B AR LG T A A SR AR H I R A, BT LAIX
Rl AP AS 2 /AN B, LR R 128, T
AR IS B AR A, AR T B AL RS, U
F R Ay ATIZ 8, W 11 Pros . XM RS 1)
A LA S BERS A L IS B, 51 A A A
MR AT AR SRR, 1K P BEHAS A F fE 6 $2 41 R AR
(LR O & T =Rt i) G TEAS D)

I

.

i

- I
| :
=R %Craﬁ)?t?

[
4

e

i

il |
o I

| |.! “

||

3.1.2  ESepLEl

Bk ok A7 5 A AL RE B 16 i A S B ME AN, BFAY
RINAE G S IEE CTWIP) 0N [FAE i) LA RL 3
Gamm . RN E I )R TEM BRI
7t CrCoNi &4 8 8 I F5 v oK 22 B At R0 Y 38 48 e JE B
ZREAS R G, W 12a B TEM W54 iR . £E
Bl 12a ] DUR I 3 FhEE i R %8(Twin 1, Twin 2, Twin
3), 3 PR R T UAH AR BT —Fl = 4E )28
mm AR, IR = YR A R B8 AT AN B AS AL A 1R i
Bl o 28 i B BRI AH N XL AT A i 12¢ o,
UEBH T 28 B B AEAE o IS0 IR AR B 28 A PR R R
X, A RIAEG A, M EIRIR AR . X
2 FpE AR A A I B AS AL A s s . BN, Y4
PEESAEG @ (11 I BRI, B {111} i A% 22
B AEAPAT, NS B RE, XA A A 2 AR AR
AL AR, W 12a Fisk o, 284 S Re 0 BHAS AL
Iz g), XARTEE&r8rE, (& 2SE K2
A BRI, AR g R LUR BIEM AR L I RE D, (RIEA
S, XPERER I T AR RE Ty, NIRRT A
SPITE. A 12b nTRLE B, TR S 0 PEAS
PEASFEZE SR SRR R T BEA . WFSC RN, A4 S
RIS TR TE R M 2RI OR &iKy, Wi 12d
PR, I B H I i A R AL

9 TEM " I 43 A7 B 0 FH 3 2 2 T B
Fig.9 Partial dislocation activity and stacking-fault formation: (a, b) Bright-field TEM images that show the formation of SFs (indicated

by the red arrows) at the crack tip (top left-hand corner) under in situ loading of the CrMnFeCoNi high-entropy alloy, beam

direction [110]; (¢, d) HRTEM images captured from the in situ high-resolution TEM movie, the formation of multiple SFs at the

crack tip (bottom left-hand corner) was observed at the atomic scale; (e) the magnified inverse fast Fourier transform image

showing the atomic structure and stacking sequence (marked in yellow) of the SFs, surrounded by the red box in Fig.9d

[68]
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Fig.10 TEM image of the stacking-fault parallelepiped

[68]
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Fig.11 Bright-field TEM image showing the blocking of partial

dislocations by the localized band of planar slip[68]
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Fig.12 TEM images of twin structures in the CrCoNi alloy:

(a) bright-field TEM image showing the hierarchical
twinning architecture in a grain of the CrCoNi alloy;
(b) low-magnification bright-field TEM image showing
dislocation arrays on the twin boundary; (¢) SAED
pattern along <110> beam direction of CTB;
(d) HAADF STEM image showing the structure of a

CTB and an ITB which contains a 9R structure[69]
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Fig.13 Nanofibers and deformation twins are formed between
the two crack faces (a); as the cracks expand, the

nanofibers are elongated (b)[és]
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Recent Development of Mechanical Behavior of Cubic High-entropy Alloys
at Cryogenic Temperature

Chang Haitao', Li Wanpeng®, Yang Tao, J. C. Huang®, Wu Baolin', Duan Guosheng', Du Xinghao'
(1. School of Materials Science and Engineering, Shenyang Aerospace University, Shenyang 110136, China)
(2. School of Materials Science and Engineering, City University of Hong Kong, Hong Kong, China)

Abstract: In recent years, the researches on the mechanical behavior of high-entropy alloys with cubic structure at cryogenic temperature
(77 K) have become a hot topic. It is found that stacking fault energy (SFE) of some cubic high-entropy alloys decreases with the decrease
of temperature. Compared with those at room temperature, the mechanical properties of these alloys at cryogenic temperature show
remarkable increase, suggesting their tremendous potential as promising structural materials used at cryogenic-temperature. In this paper,
recent progress on the mechanical behavior of high-entropy alloys with cubic structure at cryogenic temperature are reviewed, focusing on
the underlying mechanisms of strengthening and toughening during plastic deformation. At last, the possible future development trend is
also given.
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