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Fig. 1. (a) Atomic distribution of the nt-HEA; (b) model
structure of the nt-HEA, in which the green regions repres-
ent the FCC structure and the red regions represent the
twin boundary (TB); (c¢) SFE curves of CrMnFeCoNi HEA
and CrygMnyFey CoyoNiy HEA.
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Fig. 2. (a) Stress-Strain curves of the nt-HEA with differ-
ent twin boundary spacing; (b) curves of the yield stress
and yield strain of the nt-HEA with the twin boundary spa-

cing.
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Fig. 3. Average flow stress distribution of the nt-HEA with
different twin boundary spacing at 10%—15% strain range.
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.
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Fig. 4. Structural snapshots of the nt-HEA with the twin
boundary spacing of 4.96 nm at the strains of (a) 6.1%,
(b) 6.3%, (c) 10%, and (d) 15%.
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THE AR . DSTER, REE AR AR
W/, 2R S BE RO 1 A RE 13RI LA L
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B 5 25 FAEE 2 3.72 nm (¥ nt-HEA 765728 (a) 6.2%,
(b) 6.4%, (c) 10%, (d) 15% T FZ5H P g &
Fig. 5. Structural snapshots of the nt-HEA with the twin

boundary spacing of 3.72 nm at the strains of (a) 6.2%,
(b) 6.4%, (c) 10%, and (d) 15%.
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JREE) J5, 2R R AR A% L G2 s HE R 2
ZIR B AT S AT A T TR 2R O, R A
SAPEARTE B ne-HEA HARI i B A = 6 50 i
A A% AR P A DR A AR S T e v 1 S R
£, iX 5 Hao % PV BRI EA 3 M EF)Z2EM A
[ BE K R A TE AL S ALY . Bt IO AR P Ak 252
T, 304 R A DX AN W ) S LR, DA T
SR AR, WE 6(b) Fin. AR R, %
nt-HEA B T A& B A8 S 300 3R i ik oh, & Bk
i DX I RN 2R i 28 A S5 T - AT F 25
4%, 3B FCC—HCP #8115 [k (MT) #1748
By =, anEl 6(c) MR IE TR . YR AE M 10%
HnE) 15% i, By T AR 28 MT AARSh, JIf
M TRZER (DT) 2208, WKl 6(d) MKl 6(e) B

B 6 Z5F AR 0.62 nm Y nt-HEA TER2E (a) 8.0%, (b) 8.4%, () 8.5%, (d) 10%, (e) 15% I 45+ e i &
Fig. 6. Structural snapshots of the nt-HEA with the twin boundary spacing of 0.62 nm at the strains of (a) 8.0%, (b) 8.4%, (c) 8.5%,

(d) 10%, and (e) 15%.
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2R P IX s s . AR LATE Y BFSE, MT A28 H1 DT
ARTERS BRI SR L FRy iR A AR A 2o LR AR R i 12:261,
P, 456 MT A48 )2 DT Z8JE7E nt-HEA Hi)
P R 2t — A At

3.3 DREHEZEFES nt-HEA SRERL

9T B A = 0.62 nm B nt-HEA 76 88 725
JEE ALY MT AZEF DT A8 B (s AL i, 18 7
5 T nt-HEA TEARRIN AR W A5 KL o T
T R M S WA A8 Y32 34T R, 7E SR DXA X
nt-HEA W28 EAT it AT 7 Arist, 5BR T HCP 45
FLASMY -, SRR Y RN 2R, #ik
FORDIAEAEAE TR NI 7(a) AT 7(b) AT LA
TEZE N TR B LS, B T B e F AR 4
ikl SRIG AT T2 AR (K 7(b) AL fr
R), N80T FCC—HCP #7281 MT #1738 &
A (LE 7(a)). B 7(c)—(h) AT DT &L H
) 3 AR IR, 2 1 SRS A o B TR 2R i A Ak
IR R (] 7(d) BB RTR) i), £
FEEAEM R IR, NI B2, (epitaxy
stacking fault, ESF), & 7(c) Fr~. BiJa, Hrid
H A AL P AR IR 2R S R AR S B (8] 7(6)
ML TR, TE RN BB Z4E (intrinsic stac-
king fault, ISF)(UL[E 7(e)). 5 b [R A 7E 2R 9 1
BRI T A T M A% & ISF B Ak, #% ISF FHAS
(DLIE 7(5)), X ] figd OB ) i30S BTt BEE D
AR HE— LRSI, S T REAEE RN ), 7E ISF 5
A i AL A8 FEAL 7 A B A A I ISF 7 G R
(K 7(h) AL R, ISF IHAREIEMR T DT
ML (W 7(g)).

H T ESTEA% | JZETE R T AR 25 Al FCC—
HCP 5748 () MT #1748 & DT AZ JE #0255 44 K
SFE 47 2 BSL Sk 7 B B fe/N2R f LRI E (0.62 nm)
1) nt-HEA PRFRIASTEAT A, AR S T AT 250
FURNZE RN A i B I BE S B A2, QIRT 8 JIF
. 8 Yy, Fn KA MT AT S IR A BE 22
Vo R4 MT AR SR R BA W BERE; 7, R
REME DT ZBIE T Se Bl BB 225 Ve TR IE AR
A ESF MIREHE; vy TN 28 AR AE FRRAE RS Y
BE 2 v BB AE ISF B 7, R
ISF {H KBTI RE 22 v Fm B DT IR SRR
HAMRE & AL St B &l 7 s, AAIAL 8
AT DOMEZL ], nt-HEA w922 5 3R s RS 200
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Fig. 7. Analysis snapshot of MT phase transition and DT
deformation of the nt-HEA with the twin boundary spa-
cing of 0.62 nm (CNA analysis diagram on the left and
DXA analysis diagram on the right), in which the strains of
(a) and (b) are 8.6%; (c) and (d) are 8.4%; (e) and (f) are
12.2%; (g) and (h) are 13.5%.
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Fig. 8. Energy pathways of MT phase transformation and

DT deformation in the nt-HEA with the twin boundary
spacing of 0.62 nm.
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FEEFEIE L MT FHZE I RE 22 Yy, 290 200 mJ-m 2,
£ T Xiao A1 Dengl'” 5&F nt-CoNiCrFeMn HEA
IHF IS 45 R (Vo AN 242 mIm2), X EH T
Ni ¥ BEJl /N 25 80 SFE FEAR 1417 SR 777, X F 28
i gt BRI IR L DT AR B 55 Je it (1) g
229 297 229 mJ-m 2, BB & T MT A A RE 22
Yams B Ve Yo > 1. B, S/ N2 5 LRI HE 1) t-
HEA W45k FCC—HCP #73() MT #7228, If:
HEENE Y, = 69 mJm?2 Yy =11 mJm?2,
Vit = —6 mJ-m 2, BEATERGA, 174 = 61 mJ-m >
RIE, RUILEA 7UZHGER HCP A Lt FCC AHE
Fo POl A, MT AHAR SR AL 3 SR /N E fh AR
) nt-HEA HAT S S s, gl 3 ps.

R T 20 R IR AR S A EEE XS nt-HEA
JiE R e I, K 9 45 T nt-HEA 28 5
e R A7 5 2 P88 AL AR AR FL I 2k . (L p A
SCRALFE SR S Dy SEHUBRITE V2
tb, Bl p = Do/V . NE 9 W LIE H, FERIR 2 A By
B, WA AR RGN, A B 6 B % B E Ay
SR XN LT B B 24 R AR BN F] 0.06 B
A = 6.20 nm [ nt-HEA FI 585 % 5 TR N, bl
S AR ARSI (0 o7 8 %85 P8 it o 10 7% ) 3 T AR R
hn, RIS BRI T SR B, BLAh, PTLLK
PR, 25 5 SRR X IR AR T [ B R 2 A AR R Y
0. X T A = 4.96 nm B nt-HEA 78 38 PE 25 1
AR AR AR, FIE A = 6.20 nm
) nt-HEA BN X FEJEH T2 A T LA
RFEAtt = 28 BEEAR, 5SS 28 M AR 2R A b SO
P12 A ) 2 N o A O O T VR = 0 R VA T 190
PR FERR. X PR IRPEARIE B B WP v 285 B R 7 4
A LA nt-HEA J17#VERE, 7 A 8 m i F-Xish
N AT, G 3 B, @ el 9 FnE 3 W& B
7T A= 0.62 nm 19 nt-HEA 4}, H4x nt-HEA 1
X SN 5 AR B i A0 B % B RRAE LG R
SR, ME 9T LAE i, X = 0.62 nm i nt-HEA
TEIL IR ARIE o R (S 5 285 B e A1, 3 A7 A 2 AR
s A0 Y A B2 R U A S5 i O3 B A
HAF. XFAFHML FEZIEFN A = 0.62 nm
) nt-HEA 138 AR E J2& D) A s i A48 20 36 i
R G F, FIEHEREE MT A48 F DT 4898, 1
AN A AN 1 T 1 AR AR

0.007 F —— 0.62 nm
---1.24 nm i |
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Fig. 9. Evolution curves of dislocation density p during de-

formation of the nt-HEA with different twin boundary spa-

cing.
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TEIRPEAS I 3 B R X = 4.96 nm () nt-HEA 7=/
TSI AR 2R i AL iU FERR, 7 4 ZE R AL
o B N T . BE 2 2R & S B (R 980N, nt-
HEA Z8JE i B8 b 7 A5 A Ao A i i e i /0 B i
LIRS e IR AR s R v A E A BB 24
A = 0.62 nm I, nt-HEA B 38 P28 LA A% 1 25
SEWARSL LG N F, [FRFPERGE MT A2
DT A&J%, 1 MT AHAE (1S nt-HEA HA ¥ &
BB N 7. WAk UL, Bl G 22 fh S B R A D),
nt-HEA FASTEHLHI & A T LA 4538 = S 2 LA
A AAAHAR R R AFEAS . AR ST S5 T A et
PEREI =0 & S 3R A ARl U AR 25 1 4.
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Cry6Mn,y Fe nCoyNiy, high-entropy alloy by
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Abstract

The high-entropy alloys break through the traditional alloy structure and present unique and superior
mechanical properties. However, the potential deformation mechanism of high-entropy alloy, which is regarded
as a new member of alloy families in recent years, needs to be further investigated. In this paper, the
mechanical properties of the nano-twin CrygMnygFeyCoyNijy high-entropy alloy under tensile loading are
studied by molecular dynamics simulation, and the effect of twin boundary on the deformation behavior of
nano-twin CrygMnygFe,nCoyoNiy, high-entropy alloy is studied on an atomic level. The results show that the
yield strength of the nano-twin CrygMnygFeyCoygNij, high-entropy alloy increases with twin boundary spacing
decreasing, presenting a Hell-Petch relationship. However, there is a critical value of the twin boundary spacing,
which makes the sensitivity of the yield strength of the high-entropy alloy to the twin boundary spacing change
significantly before and after this value. The results also indicate that the deformation mechanism of nano-twin
CrygMnygFeqqCoyNiy, high-entropy alloy changes from dislocation slip to amorphous phase transition with the
decrease of twin boundary spacing. The research results of this paper have a certain reference value and

guidance significance for designing and preparing high-performance high-entropy alloys.

Keywords: high-entropy alloy, molecular dynamics simulation, mechanical behavior, twin boundary

PACS: 62.25.—g, 68.35.Gy, 71.15.Pd, 61.66.Dk DOI: 10.7498 /aps.70.20210324

* Project supported by the National Natural Science Foundation of China (Grant No. 11572259), the Natural Science
Foundation of Shaanxi Province, China (Grant No. 2021JZ-53), the Provincial Superiority Discipline of Materials Science
and Engineering of Xi’an Shiyou University, China (Grant No. YS37020203), and the Program for Graduate Innovation and
Practical Ability Cultivation of Xi’an Shiyou University, China (Grant No. YCS19211011).

1 Corresponding author. E-mail: hysong@xsyu.edu.cn

186201-9


http://doi.org/10.7498/aps.70.20210324
http://doi.org/10.7498/aps.70.20210324
mailto:hysong@xsyu.edu.cn
mailto:hysong@xsyu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

