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Fig. 1. Schematic of CoCrFeNiMn crystalline/amorphous dual-phase high-entropy alloy: (a) The initial configuration; (b) atomic

configuration identified by the common neighbor analysis method.
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Fig. 2. Tensile properties of dual-phase CoCrFeNiMn crys-
talline/amorphous high-entropy alloys with different amor-
phous layer spacing: (a) Stress-strain curves; (b) Young’s
modulus; (c) peak stress and average flow stress.
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0.057; (d) e = 0.089; (e) ¢ = 0.111; (f) e = 0.200

Fig. 3. Atomic configuration evolutions of polycrystalline
CoCrFeNiMn high-entropy alloy: (a) e = 0.033; (b) & = 0.045;
(c) e = 0.057; (d) € = 0.089; (e) e = 0.111; (f) ¢ = 0.200.
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Fig. 4. Atomic configuration evolutions of the CoCrFeNiMn crystalline/amorphous dual-phase high-entropy alloys with different

amorphous layer spacing: (a) » = 1 nm; (b) A = 5 nm; (¢) &~ = 11 nm. The emission site of the dislocation, the deformation twin
and the Lomer-Cottrell locks are depicted by the circles in Fig. 4(al), Fig. 4(a2) and Fig. 4(a3), respectively. The circle in Fig. 4(b1)

represents the embryo of the shear band.
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WA T RO R SRR Y, BEAE AR AR 5
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K 4(cd) Fizn. x5 3 Hh 2 df i okl ST SR
PR B R TE S AN ). R U, SR /AR
fift A T FE 8% AT 0 i ftoRL S A AR TR X
Zhou 45 ) FYBFFE 4518 2 — By, Ak, B IR &
FRJSEEE AN N, JHG e B0 2 78 DX Il A 2845 B A
¥1%], CAT Ppil BBPEAZIE B RE ) e H B A AL R A
Z. K, @A RS K CAT PRz 3 3=
TR R A R PRI

TS ELH PR [ BT R AR 20T T /Y
IBPEASTEALE], 1B 5 /R T 4 FoR i) =Fh il iy
XU HEAs 7E37 i1 52 72 P AN [F] 548 LE 4928 A0 1
B, Horp Other RIS T K 5 AT F
th, =l HEAs R fAH L 7E A I g L
AT KA AL X T EUNERIEE (h = 1 nm)

FIFESH, FCC A HLBIZE R 2k 0 4h ik 88%, L
AFHEAN . 0.035 B} FCC A7 HL @12 #idi /b, HCP A
Fo ) 52 AN N, AN 5(a) B, X5 4(a)
RIS L MERRZAE T R D K FCC—HCP AHA2
AEXERE. IF H YR AR N2 0.20 B, FCC % CoCr
FeNiMn AU S G4 HCP A ELB120 5 32%,
XAFNE 4(ad) PR HEBEZEE 1 BBUE B HCP
I ZE I — AR MAE (h = 5 nm)# X
#H HEAs, dEfAH B B R 2902 44%, e 28
BEOME] 0.04 J5 A AR AH A HE TR TP AZ 5T e AR K
HCP #, (H AR BOR P /N T h = 1 nm MY
AL YR AR ZE 0.20 B HCP A1 He 61124 15 12%,
X 5K 4(b4) F/b R HCP AR, 0% T8k
AESHAHIEEE (h = 11 nm) XA HEAs i 5, finzk
IR IL FCC MM H B 228 20%, Y8 AR IR i F
AR SEs, I ARENZ 0.20 i, HCP
FHELAIZ 5 3%, Xt 5 ] 4(cd) Hhdb AR I SO0 AR
TE 45 R AR N . B VAR 3 I, =l HEAs
BCC Z5tJEFm LB LA, IFETE 0.03%—
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(d) FOC %5 HCP MY I T4 4

Fig. 5. Atomic fraction evolutions of different structures of the CoCrFeNiMn crystalline/amorphous dual-phase high-entropy alloys

with different amorphous layer spacing: (a) h = 1 nm; (b) & = 5 nm; (c) h = 11 nm. (d) Atomic fraction evolution of FCC struc-

ture transformation to HCP structure with ~ = 1, 5 and 11 nm.
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[ 5(d) /R T = Fp s i SUAH HEAs fEHi i
AR XS F AR R A FCC 5% 4R 5 HOP
IR 72350 K 5(d) ATLAR 1, 4HRF TR R E
B h=1nm FEESAT b = 5 nm BYEES:, N ARt
TN % 0.035 A1 0.053 [t i if FCC 2544 ] HCP AH
(14 JE A AR A5 B s fn i AR SRR b =
11 nm PIFE S, R AEHE fin 2 0.065 Fff i if FCC 45
F95] HCP A9 IR 7 A0 22 L9 A H BRZR 2 1 . X
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B JE - A AR He 97 B AE 0,125 Z ik 2 7E 2.0%
BRI, R LG R A 22 0 G A B & 16%. X 5
& 5(a)—(c) MIGE A2 —B. X2 K AR fAHE
JE 3t 1o 2 b AR R s/, 91 ELBEEE &
AH LGB 3G, AR o B B AR T S A ft A
— LA B AR AR B S s, XU HEAs 3
B I SR AR B E AR E (1 45 1 RSl FCC—
HCP #H7%) Ak AHA AR ARTE (B9 U4 AR X i
FAFNBT IS (I AL ) L] 32 5. iR AR R
B, AU HEAs (Y8 AR 23R A 351 55 Uy
FITE 3 T 1.

Kl 4 E8, JE AR EEXT CoCrFeNiMn XU
A1 HEAs RSP ARIEHLHIA W& 520, B 6 R T
TRV AR B B XA HEAs (19 3F &k A ik 38 ¢ 78
AL dE 6 nl A, JE AR RN, b =
1 nm FIEERL (& 6(a)), WA HEA FFAE &4 R 1
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(b1) € = 0.053 (b2) € = 0.076

(b3) € =0.137

Shear strain

(b4) € =0.200

6 AR EEE B HEAs Hof 404y B9 S #2180 (a) h =1 nm; (b) 2 =5 nm; (¢) b =11 nm
Fig. 6. Formation process of the shear band in CoCrFeNiMn crystalline/amorphous dual-phase high-entropy alloys with different

amorphous layer spacing: (a) h = 1 nm; (b) ~ =5 nm; (c) A = 11 nm.
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Fig. 7. Details of the plastic deformation mechanism in crystalline structure: (a) Detail of the deformation twins; (b) zoomed up

snapshot of the Lomer-Cottrell locks of Fig. 4(a3); (c) the Lomer-Cottrell lock formed by the reaction of two Shockley partial dislo-

cations in the experiment!4?.,

plane
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L
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Fig. 8. Schematic illustration of FCC-to-HCP transformation mechanism as assisted by dislocation glide: (a) Schematic illustration
of FCC structure; (b) schematic illustration of HCP structure; (¢) FCC-to-HCP transformation mechanism.
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Molecular dynamics simulation of size dependent plastic
deformation mechanism of CoCrFeNiMn
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Abstract

Recently proposed crystalline/amorphous dual-phase high-entropy alloy is an effective strategy to obtain
high-entropy, high-strength and high-toughness alloys. And the relative plastic deformation mechanism is
dependent on the size of component phases. The effect of component phase size on the plastic deformation
mechanism of CoCrFeNiMn crystalline/amorphous dual-phase high-entropy alloy is investigated by molecular
dynamics simulation. The results indicate that the size of amorphous phase has a significant effect on the
mechanical behavior and plastic deformation mechanism of high entropy alloy. For the sample with small
thickness of amorphous phase, the plastic deformation is dominated by dislocation slip and phase
transformation of face-centered-cubic structure to hexagonal-close-packed structure. Especially, the deformation
twins and Lomer-Cottrell locks are observed in the sample with amorphous layer spacing of 1 nm. When the
thickness of the amorphous layer is moderate, the plastic deformation of the dual-phase high-entropy alloy is
realized mainly through the dislocation slip, phase transformation of face-centered-cubic structure to hexagonal-
close-packed structure in crystalline part and shear band multiplication in amorphous part. If the amorphous
layer spacing is larger, the plastic deformation of the high-entropy alloy is dominated by the formation of
uniform shear bands in the amorphous phase. In addition, the amorphous phase in the dual-phase high-entropy
alloy structure can stabilize the crystalline grains. The results of this study can provide a guidance for designing

and preparing high entropy alloy with high performance.

Keywords: crystalline/amorphous dual-phase high entropy alloy, size effect, deformation mechanism,

molecular dynamics simulation
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