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#6 & Al,,CoCrFeNi 2% £ st & & & £ 35-2B /1 [5] 1Y sA L
R~ 5t 7 Fah =R

wkra, FHR, Fag, S, R OF, FALRL

(KeZz Rz BEZRE, BV 752 710064)

B B ELEMBEREIAMEYK (gradient nano-grained, GNG) 454, W LAggib oyl BRom A vE @I E S R, mbhE
oL RO PR 70 A1 0 i s i FE AN IRV B W [E A A BT B . AR DAER 0 73l 15Tk, RGWEAL 7R ik R4
A% GNG Al ,CoCrFeNi £ EI0H < /1Rt . RASHINAR 7340 . ALEE 347 LA S FHZ 2 552 m . 255, 2B B b R
SPIXT A RCER-AF R &R (inverse Hall-Petch, THP) —#/R-fil#3 X & (Hall-Petch, HP) JiEIX (9.6~19.2 nm) i, f&
REIRENRESBIEDRGE S PRy, AR R XA 4T IHP—HP S X (9.6~19.2 nm) i,
PN SRR AS I ) IR R P g A S 2, T EL LIS AL 35 B A R, AT SR 1 iR B 5 B P I B A DTG o 6 P bt RO X ) b T
IHP AL XIS, S G S BB AT I £ S AL T HP S AL IX I, A7 R O BB A TR 1 O 2.

KB BREAUKRS: SOBLRNSER: D157 e TR 18l S

FEESES: TG139 NERFRIRAS: A

NEHS: 1002-185X(2026)09-2317-08

1 5l 5

Al,,CoCrFeNi f Ay 1 1y B HH [HI 402 57. 75 45 #) (face-
centered cubic, fce) % F 6 A 4 (HEA) , A5 HARL 7 10 %
PRI R BIE DL 2 B ARG RE 7T, Ak CUCN
HLEL B FH AT S I S5 f A R {3 Al ,CoCrFeNi £ F o6&
S P AE 2 TR T T R R PR AR AT IS, SR AR K Mk 24 1
HAE TR RSP,

TE2 Sh & B R, SEORL IR A4k g I 35 38 i 7 %
P, TSR REIA B JE 5 47 R s A 38R, B b i 28 1 A1
R ZRRRC Y, 238K, 2 Al ,CoCrFeNi 2 £ 064
0 R AL RS 115 um R3] 7.9 wm B, i AR 5% B
199 MPa §i¢ i £ 366 MPa, $& 7t 1 83.9%"; 2 ki R~ itk
— B RSB K RBEIN , JiE IR 58 2 513 990 MPa, {H35)2]
FEER A 5.3% 0 ITAER, Il E S R A R 5] KR
JE 412K (gradient nano-grained, GNG) 254 , 7] LA 3546 5l
I s 58 P IR P )81 B O AR AT 8 70 A AN K S ) <
MOEFI L A (BT Fang 5811 5% 36 LA B S T
20 AE R i Cu B R I 45 1 doBL RS A 20 nm i T
K F 300 nm FIHR EE AR G514, S o R B, H e i
580 P 5 KA FHL 7 1) 63 MPa 42 5 &2 129 MPa, ifi 88 M 5
FHL &S Cu 24 (£931%)  Lin M8 B PTRES 4 T d
B SF 29 nm A4k 2 4 pm IR [R]85 2R 1R s 52 490 K

ks HEA: 2025-09-28
HEHE : F5K A RBAHE4 (52201103, 52401168)

i Ni, W8 A0 26 B 28 n AT 0.53~3 Bt I N, A5 P 25 4
JE I 5 P 5 G VR () S AR VLT . Pan S5hE I G FA 4
AT %% T H AT B I AL AS I 14 Al ,CoCrFeNi £ F 7t
G, RIS R PR EE AT RS MRS A R e = T MR
Je MR R (RIS R AR T RAF 2R, JF 7= A T 8o n LAk,
BN . Ma FEUOSR I AR T 1 D7 VA1 4% 7 B BE A0 K d
Al,,CoCrFeNi £ £ 0 4 , B 45 1) 75 DR RF A) L34 &) 48
2R (£922.5%) [ [FI, 3B 1 GPa BIAR FR Bths 5
FE o SR, BT 200 b ] 45 1) % it b Aoh B2 45 A 475 98 EL A
PRIAE , 1550 e - 28 A 0 [ (0 s B2 65 A R AAE AR T AL
AT L3 PR

W& THEHOR M RE R, K REE 5 13 1%
(molecular dynamics, MD) J7 % « VAR RS B A7 45 5
7% (discrete dislocation dynamics, DDD) J5 7% FI K R
B AR ¥ M B BR JG (erystal plasticity finite element
method, CPFEMD J5 ¥4 12 N2 H T8 B 40 oK 45 4 <2
PRI ALMAIE 52, BT S5 b ANEL AT DA e sl e v A 5 S
TR B8 Ao 225 0 , T L T DO Ao 225 44 e A i -
WHLEEAT RGEHTT. Hod MD J7EAME R LR+ R
JEE H R RAT 7 L 5 e PR R AR i A L, 1T EL I g 5
BB R AR T HROM 25 F S T A R . K& MID AL
WE TR, 6 52 0 oK 454 v R BB MR AR T 1 e R A AE U/
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W] B RS TR

555 %

froRE SR AR AR 1) iy LIS TE A J3E 5 44 v
KDY S50 U SPGB T N R g
5 RIARRRFEC o AT TR R B RS RS
JEE 53 A0 Be 88 RUE 2 A BRI R R AP0, H AT,
JUE T Y E198 K kL (homogeneous nano-grained, HNG)
Z5M1¥ Al CoCrFeNi 2 ¥ 7064 O A K& MD BT
FUB AR B A W & B B B 5 - % P [ (Y GNG
Al,,CoCrFeNi £ T & < B dl RIS 5 73 A1 4 41E S i 5 -
SRV 1R 385 O LEE o

I, A AR R FH MD B0 77 IR AR FT T GNG
Al,,CoCrFeNi £ 7o &<, AN [ dto b RO 6 52 A %
HI15AT RSB TEHLGI 520, 5 58 7 B doki R
<} A A b T ) IR - & (inverse Hall-Petch, THP) 5% &
[X . /R ZF (Hall-Petch, HP) % & [X il IHP—HP i J [X
B, ARk P - SR B R N 2 (R 22 5, BE T 46 SR AT Ry
BRI = MRS GNG 2 F e & SR I I 59
1fe T
2 BRBEEEMTERE

K FH Voronoi | 53 J5 15K 2 1 A [8] il bsr )R F 86 5 4y
A i Al CoCrFeNi £ 0 & @ . WK1 FR, /£ RN
90.0 nmx30.0 nmx15.0 nm [ 5 f) & 7 i 2 7 = 4
GNG Al ,CoCrFeNi £, Horpr, B AR M P T,
LRERER foo fE IR T W Fl 7 ) AR ZE SRR~ i/
1 d,, =6.0 nm 30 % bt [X A B K AE &, =12.0 nm, A
A 2 RO 136 1> BAARRL RS IX 7] 6.0~12.0 nm (1)
B P G5 MR FEAR , S 51 40 1.0.1.2.1.4. 1.6, 1.8 Rl 2 %, 15
B 6 A [FIAF FE SRR X 8] ) GNG 2544 :6.0~12.0 nm,
7.2~14.4 nm. 8.4~16.8 nm. 9.6~19.2 nm- 10.8~21.6 nm Fll
12.0~24.0 nm. 3X 6 /M f FE 25 1 LA AH [R) 1R) ok 5 4
v A 22 B ) )R i SRS S By IR L), B AT
1R R SR N 8.209.9.11.5.13.2.14.9 55 16.6 nm;
B 5 AR RS B K, R R 1) R 7 B 3501413 3
428010274, & B FE LS MY ) EA S R 1 s .
MR A B R0 T 5 45 B AT A, Al CoCrFeNi £ & 7t
& 4 B HP 584 17 THP 200 5% A6 1 I J R0 R ~F 2008
12.0 nm"*; fr PLEEIX 6 MR FE 4546, B8 1 THP #fb

X THP—HP i % [X LA Jz HP 58 4k X o Sk 4k, AR 95 A
K OSCHR[34-35]1 1 SE B 45 R, B4 I b fee 45 1
Al,,CoCrFeNi 5 4 dfi i 5 2 € 79 0.359 nm. il i 57 ¥
WA 5] N ALNILCrCo J Fe Ju 3 , iR 419 3 J5 7K
57 A 2.4% 24.4% 24.4%. 24.4% 5 24.4% ¥ B AL
pEaRNS

A 5T MD B A B T IF VR A LAMMPSP it
5, AlCoCrFeNi £ 4 4 2 v ) J5 18] 1) A48 BLAE L, 1t H
Farkas 55 Caro®™ & Hi [ 15 1E & A\ J& T % (modified
embedded atom method, MEAM) # &% ¥ i iR . K% H
Velocity-Verle 5350 4 i iz 2)) 77 B 34T EAE AR 53, B T8
HEN2 fse

TE F AR AR AT , 1 SR H L HE RS B B X Ml 46
gE AT R B B/ IMU AR I, B DRV AR R B Ak T 4 R B
AR AS 5 B J5 75 300 KR R & iI2 1T 100 ps, DA {4
RAET I PEPIRES o SRR BB, 7E Xy
z 3N R 4Tt T Je 13 52k A 5 A2 300 KIRLEE R Sy il
I BT R A B2 7 1) e D DA 1.0 10° 7" 1 2 AR Tl 2R g
TR R . ERA R T FE 2R F Nose-Hoover
IR TR AT IR

£ MD 0L 1F 85, % A 2 %38 48 43 Hr (common
neighbor analysis, CNA) AP X {4 25 w84 F 4 00 25 44 41
AT RAE , K H AL #8 $2 HUET 7 (dislocation extraction
algorithm, DXADP S AR T8 1 FE AN [ B AL £ 2E AT R 7 A0
3BT, A8 B AT AAL AR OVITOM I 1R AT o L 45 44 vl 404k,
Hort feehep MG 7 45 84 T 5 43 A Ac gkt L 20 (R

1 SRJH HBIZE A £ 1Y) GNG Al CoCrFeNi £ 06 &M 454
Fig.1 Microstructures of GNG Al ,CoCrFeNi HEA constructed by

proportional scaling method

F1 TEESERRTXET GNG Al,,CoCrFeNi ZE T & EMNLEHESH
Table 1 Detailed parameters of six GNG Al ,CoCrFeNi HEAs corresponding to different gradient grain-size ranges

Grain-size range/nm HP relationship Average grain size/nm Dimension Total number of atoms
6.0-12.0 IHP 8.2 90.0 nm*30.0 nm*15.0 nm 3501413
7.2-14.4 IHP—HP 9.9 108.0 nmx36.0 nm>18.0 nm 6050184
8.4-16.8 IHP—HP 11.5 126.0 nm>42.0 nmx21.0 nm 9607344
9.6-19.2 IHP—HP 13.2 144.0 nmx48.0 nm*24.0 nm 14341518
10.8-21.6 IHP—HP 14.9 162.0 nmx54.0 nmx27.0 nm 20419553
12.0-24.0 HP 16.6 180.0 nmx60.0 nmx30.0 nm 28010274
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3 HERATIE

3.1 #BESNRTXEX HFE M EERFZ T

245 T AR d ok RST IXTE] (6.0~12.0 nm 7.2~
14.4 nm.8.4~16.8 nm+9.6~19.2 nm.10.8~21.6 nm A1 12.0~
24.0 nm) T ,GNG Al ,CoCrFeNi £ T 04 & Hi i 3 /-
AR R 2% o ER P 2 BT O AR S B B, A [R] oL R
[ =1 N A A A Y 12 7 7 N R R G % VA N B e D
HHPER R N . RS TEI BE 2 IS N )- AR
LR T IR I B 28V 00 R, B S5 M TR R AE BB VAR TR 5
71~ 2028 B W AF . 7 S 208 B, AREE N JE AR
B i R B4 e SONM L A= T AR S B R Ou 28
PEARTE BN IR PR o« 7E T2 o, 385K 72 A2 0.2% E
S ARG I PR R A S i R 5 7 MID AL
GNG Al,,CoCrFeNi £ 7 It & < 75 N /) 1% 3] e KAH I T
U H IR AR 5 DR b e IR 58 S g - 7 Ay 28 f e
B 7. H B2 0] D, Bt 36 6 B o RO X (] il b )R ~T
BRI K, ARk %) D R e P R SR BT 5 24086 B kit R <1 X (]
14K 5| THP—HP i [X (9.6~19.2 nm) I, i IR 58 & F 184
ISR 5218 .

& 3 oS 2437 AR B T (7%~20% A8 TR B A7 ) F
SR Bt Aofs FEE bz R ~T DX ) <P 34 g b R SF AR A6 2R, ]
W, P34 AR B 378 THP—HP i3 [X (9.6~19.2 nm) i} A
AR AE

N DA R AN R R G R i - BB R, AT

5
a
4 -
<
&3
<)
2o}
n ——d=6.0-12.0 nm
1k ———d=7.2-14.4 nm
——d=8.4-16.8 nm
——d=9.6-19.2 nm
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5
b
4 ks
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& 3
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wn
~——d=9.6-19.2 nm
Ly ——d=10.8-21.6 nm
———d=12.0-24.0 nm
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K2 GNG Al ,CoCrFeNi £ £ J0 & £ 6 A FE Sk R~ VE T
BLAHR R 7 AR 2%

Fig.2 Stress-strain curves of GNG Al  ,CoCrFeNi HEAs with six

gradient grain-size ranges under uniaxial tensile loading
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Fig.3 Relationship between average flow stress and average grain
size of GNG Al ,CoCrFeNi HEAs with different gradient

grain-size ranges

K JE RGP o, RIS 29I AE B 7T o, (K1 AR 0, 1F R HLE B
e bs, W 4 fros . mT AL, B R BE R RT IX R &
L RSFIIBER 0y & 07 T 5634 RGN AR AT 2 2
gk RSE A F THP—HP 3 3% [X (9.6~19.2 nmD I, #& & )
oo AN . HHILR B, BT ARAMA B A i ]
GO, BAT LS 0 N AR REAL RE 7, X AE 1R B AR T S
BB B2 = I AR N 7 KL= AR HR AR T, DT HE IR 25
a5 DL ) AR T B R AR 3 5] 8 A % . GNG
Al,,CoCrFeNi £ = It A 4 (15 5 AN I X 36 P oo )R~
(1 70 AT B A B B 280 B doR R b T THP—HP
IEYEIX (9.6~19.2 nm) I, 4 5 AT S A 14 54 P25 -8 1l [ )
R o
3.2 BEE SRR T XEIXt R ZEFNRL 1143 B 820
PRIV T 1o i SRy 3N AR R Ay 8 725 18] 93 A1 S I AR
TR, of T ) B ot RSB 2 70 A % GNG Al CoCrFeNi
%2 T 0 E G 5R-BR U R RS B AR TEATL ) AR s i) 280G B L
545117 GNG Al ,CoCrFeNi £ 0 & & 8B AT,

16.8
9.6-19.2 nm,
\1948—2146 nm

le.4r 8.4-16.8 nm \
£16.07.2-14.4 nm / 120240 0m
&)
3
g15.61

15.2F

14.8F 96.0-12.0 nm
8 10 12 14 16 18

Average Grain Size/nm

P4 N[ BE ok ) X JA] R GNG Al CoCrFeNi £ 4276 & 41
- E S oy,

Fig.4 Strength-ductility synergy parameter oy, of GNG Al ,Co-
CrFeNi HEAs with different gradient grain-size ranges
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Fig.5 Distributions of local strain and stress in GNG Al ,CoCrFeNi HEAs with different gradient grain-size ranges: (a) nephograms of local strain

in GNG structures; (b) distribution of local strain along the direction of structural gradient (x direction); (c) nephograms of local stress in

GNG structures; (d) distribution of local stress along the direction of structural gradient (x direction)

JRy A58 A T 9 R RS 6 B 7 1) (e 7 1)) F 2 [ 4
ARFAE . W1 5a F15b P, Jmy B AR AEAN R FE ok R
~F DX TR R 2 B S AT (B SRR 5 1) G D TADD
SIAFNI P ATRAE . 286 B bR X ] 4T THP #%
01X (6.0~12.0 nm) B, B4R 53477 52 30 H E0H f& XAC /D
)22 b XK RFAE « [ 25 0 B2 b RST IX T ) 50K
sk RS R A% , 3\ THP—HP 33 [X (7.2~14.4 nm) I, o
TR it DX P JRy 78 V8 3 1 K T L -5 4 o 2 T e
L P S 38 A D) S5 2 B AT, [l Sb P A i 2R s . B
0 P oL R DX LR — 25 )35 B R R RS s , Hho0
R A X110 Sl S AR R 488 K T I U8 A 1 S Al S AR i
/AN T B S5 [ AR o6 TR 22 2 40 s X P S 3 0 AR
TFUG T, 4 5b i t ph 2R T o 246 B ki R~ (X
)3 21 (9.6~19.2 nm) B, H FAH o 5 3o 3 it 2 (] ) )
B AR A T B R, T P S r (R i £ 5 4B 205 B
r ST IXA)3E— 22 % 25 HP 524k [X (10.8~21.6 nm) I,
FEL iy DX 1) R 4R %2 28 T e ik /0 5 3ot 9 o D S0 3 8 ) A
Fran, — 2 Z 18] RLAS 2 AE B 2 46/, S0 5 e HTAH
SR AR H, B Bek 240 6 X ) R SR AR T R4 R
B, il sb R SR B I 2B BT o 1T 24080 Al R R S X ) 58
4 3E N HP [X (12.0~24.0 nm) I, 211 5b o 2 0 ih 28 i

7 H AR AR 5 THP X523 ) 45 H 0 56 4 A I

U Sc Al 5d TR , GNG Al ,CoCrFeNi £ ¥ 04 42
HH R 7 43T A BE R RS X D] (1 AR A i 35 5 R AR 43 AT
PR A 5 DA B R IS« i 2 s 2 o RO DX T ) 5K
WL RS J7 T , R o 1R R g S ISR 9D i 1 K )
AL 5 I U eoRE PR 2 T 52 B0 4 386 K L S5 980/ R AR 4K
T 2 A X 3 B AP K AR 3 . 7E THP 84k
(X (6.0~12.0 nm) B, HH3RH il A P 2 7 {8288 v, 6 T 4
i AL P 2 AR AR 5 33N HP 524K X (12.0~24.0 nmD I
L343 ATRFAE I 58 4 AH I, H o A R R B A, 3R
JEAH AL B RS o ABASE R, b B SRR
S AT IHP—HP i 3 [X (9.6~19.2 nm) B, A0k &
e R T 1 JR 3R ) 2 ARk B e KA

BH b3 Xof i el AR A RE g 43 A AR R 23 A mT L, 2
B B ok RsF X ] 4k 1 THP—HP 3 9% [X (9.6~19.2 nm)
I, A 2 (10 AR T 66 B A T o KA 5 (RIS 25 5 11 3 11
SRR, LIS (6 55 oA 25 ) EL A A A 1 - B 1 ) 2
Mo HH UL, 1 B GNG Al ,CoCrFeNi £ ¥ Jt & 4 1
IHP—HP 3T % [X (9.6~19.2 nm) i ) B FE 5 - Y8 By [A] , 1544
Fa R K 1 N AR RIS 6 R S DA O
3.3 BBRE AR T XX $EFHERI R0

N B R SRR X TR0 A 2 A BRI 1 5
M) , 3% B3 B THP 304k [X (6.0~12.0 nm) \IHP—HP i % [X
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(9.6~19.2 nm) ATHP 584K [X (12.0~24.0 nm) 3 FEAE A &
GER AT VIR . 6 45 tH T IX 3 FhBh A5 ) i A ik B
15.0% S AR I A4 58 A A7 48 1R 23 A RFAIE , e, Shockley
535  Stair-rod A1 Hirth A7 45 73 51 F ¢ 5 5 (0 R B (3R
N, HA R B A AL R . B 6a Fil 6d W] AL, 6 B
fmk R X A b T THP—HP 3 3% [X (9.6~19.2 nm) i, /&
Z PPl B W v T THP 34K X (6.0~12.0 nm) AT HP
584 [X (12.0~24.0 nmD) ; T AL T THP #44 IX 6 B2 4544,
I 2 R A o AR B AR P VR M AR C 2 b
AEAEAEY S BBV AR TR, RIS ASBE S, S T A [ [X 3
Z AR T, b 4 5] N LA % 7 A7 £ (geometrically
necessary dislocations, GNDs) , GNDs 1] % J& p ., 5 WA
B BE n FAE BE < popoen/b, Ferb b AR RSB . G565 00 &
3K S AT 6 173 BT vl 50, 246 52 ki 5 44 40 T THP—HP
T X (9.6~19.2 nm) I, i 45 K Hof 55 7= A= g5 K AR AT

RLIJBEIE R T I FAFRES , RGN RS S A 2R
GNDs, M i -5 S0 M8 FE DX R T 10 A A7 5 85 8 ik 3] B
Ko H1E 6a 1 6d ik ml LUK I, 8 ki )T X (8] 4k T
IHP—HP i [X (9.6~19.2 nm) I , & & R K& 1)
Shockley A~ 4= 7 i , & A7 78 AH 4 $ & 1) Stair-rod {7 £ F1
Hirth 7 . 1% L8475 18 8 2 AN AL TE & T b KA R
IS AE BB A AR IR =10 3% 2K e 7 AR R B A A LA
B, A E MAELE TS5 M it — D3 T LR IR A7 AL
AN TR, AT [FI B B2 7 5 B A Ak
[ET, G ] 6b 6¢ Al 6e J 7 , 8 I b o 0k s [X 5
V2 AN b DX AT 43 A REAE AT L, 60 B ok R ST X
&) &b 7 ITHP—HP i % [X (9.6~19.2 nm) l HP 3% 1L X
(12.0~24.0 nm) B, BT A F0RH & X i ks RS 29 3l ol
19.2 F124.0 nm , 331 K F 54k — B AL AR (111 S Stk )R~
d (%1 12.0 nm) , BB A7 8518 8% Sy S84 AR T8 1 S ZEHL I

6.0-12.0nm 9.6-19.2nm_12.0-24.0 nm

Coarse grain

Fine grain
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Dislocation Density/x10' m™
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N
o HEE
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Bl6 3 Fhh B ok ) X 1E) R GNG Al ,CoCrFeNi £ 3 708 & F i 45 4 Al R AiE

Fig.6 Dislocation distribution characteristics in GNG Al, ,CoCrFeNi HEAs with three gradient grain-size ranges: (a) dislocation distributions of

the overall structure; (b) dislocation distributions in middle coarse-grain region; (c) dislocation distributions in surface fine-grain region;

(d) statistical histogram of dislocation density of the overall structure; (e) statistical histogram of dislocation density in middle coarse-grain

and surface fine-grain regions
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555 %

111 2 20 &0 PR &foRE ROSH 38 /N T L, & TS Bl D SRR AR T
= NG AT, 26 BE ok R SF IX [R] 4k T THP—HP
TE Y DX R HP A0 DX, R X A4 2 o TR 2
S DX IR B R o TR B o SE X LA T THP 3K
X (6.0~12.0 nmO B, HHECKE & XY ok RS (12.0 nm)
IR JZ 40 & 1 e bR ST 38/ T d, & & 3 R BB VAR T
1 S IR 5 AT 20880 B R RS IX ] THP #AG X B, 3%
-G & PR A A R v R v PR
3.4 #BHESNRTXIEX &AM
KSR AR B, B FE YK S5 R 20 8 X PN D 8 7
X IB AT NG B . R T 009 B, i 5
TRAMEE, ESHEHGHTBEME RN EEE
PR 2842 81 SR A7 SR A RS B K/ AT ad i DL Rk e &
PEA «

N,

D}, = min >
.

A

A NI T i R B IR T BN d )RR TR L
J&F i R0 2 1] R S 6 B S e ) R AT 2 R B
B, AR E J R T R R, S i A
BB AR IR, THEEATTIAR N AR T, 13 3 ot
WL R AR TR LK &

Bl 7 45 T A R BRSOk R SH IX ] R GNG
Al,,CoCrFeNi % Tt & G AE LA T AR (1 f S A2 AT
N, Ho, IR TR ORI IR i AL B SRR T RN TE
15% AR R B ah At 4L e E Sk 3R os s AT M 7 ).
Kl 7a~Tc AL EE Sk TR, 2400 BE SRR X [A] AL - THP
AL X (6.0~12.0 nm) I}, 7 A A & A3 1 48 & s 5
5 2 DUE R T 5 e 5 > h P ok ROSF X R 4b T HP
PRI IX (12.0~24.0 nmO I, BEAS S AR R FFFR E , R A
REZG A RIS . HE7dE—P T W,
W 5 s . o R ST DX ) ) 35 80K Aok RS w8, D2, 5
FREE T BRI S R B2, bR B R RS X JR] ik T
IHP—HP id ¥ [X (9.6~19.2 nm) I}, D2 [ 438 5 IT 4
AAFGNG . B R B B FE Aok RS X TR Ak T THP 24k
X, i F JE T A 0 8 1 AR T AT A RS RV 1T 2 f
frobn ST X () b HP Sk X, 5 SE R 6 8 1 AR FE 1) DT
BREL/N , SR AL T 7% OO BBV TR I EEE .

AW T AFAE — 52 J5 PR, MID #5300 1) 40 K R
TR R AR 7 PR AR R (1.0x10% s7) 55 72 WL 52 56 4% 1 77
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Molecular Dynamics Simulation of Grain-Size Range for Optimal Strength-Ductility
Synergy in Gradient Nano-Grained Al,,CoCrFeNi High-Entropy Alloy

Hou Zhaoyang, Li Danni, Li Yuanhao, Zou Pengfei, Zhao Meng, Li Kefan
(School of Sciences, Chang’an University, Xi’an 710064, China)

Abstract: The introduction of gradient nano-grained (GNG) structure into metallic materials is recognized as an effective strategy to mitigate or
eliminate the strength-ductility trade-off. The distribution of grain sizes within the gradient structure plays a critical role in modulating the
strength-ductility synergy. In this study, the influences of the gradient grain-size distribution on the mechanical characteristics, strain and strain
distributions, dislocation distribution, and grain boundary migration were investigated using molecular dynamics simulations. The results
demonstrate that an optimal strength-ductility synergy is achieved when the gradient grain-size range lies within the transition region between
the inverse Hall-Petch (IHP) and Hall-Petch (HP) regimes (9.6—19.2 nm). Further analysis indicates that within the IHP-HP transition zone (9.6—
19.2 nm), the gradients of local strain and stress are the most pronounced, and the dislocation density reaches a maximum, leading to an optimal
balance between strength and ductility. When the gradient grain-size range falls within the IHP softening regime, the plastic deformation is
predominantly governed by grain boundary-mediated mechanisms. In contrast, when the gradient grain-size range is located in the HP
strengthening regime, dislocation slip becomes the primary mode of plastic deformation.

Key words: gradient nano-grain; grain-size range; mechanical behavior; deformation mechanism; molecular dynamics simulation
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