#5145 45 8 101
2022 4 8 A

BRERMBISIE
RARE METAL MATERIALS AND ENGINEERING

Vol.51, No.8
August 2022

PR RBIFREX a-Fe BT RIT A2 F

BN F

E ol FEEY RAE!

EED

(1. FETEYE R S TR, W) 4hEH 621999)
(2. VEFIRHORS: M BOR R, P11 4R 621010)

OE: NTRNNREBRERT a-Fe MYEATRAT AR, B & R a-Fe AETHSRERL, DL BRI 10 R T2
MR, TP BB B 0 7> T3 1A . BTSRRI AEAR R B SRBERIREE TR, AN IR SR 1) s R s 5 BB0AS
W AR RERE AN, DR T Ul A A B VR AR T B Mk S RE AN ], b B AL Fe SR 1 S B0AKD it M W AR R P2 B 5 6K, ALt
RS 5 KRBT s SRR RO 2BV AR TR M B R B SR T AR BE T AR 4k, 0 T A58 A Y 2 g - R0 8 2k A A 2
A X T AR P 2 U S AR, B BURIR L A (R Fe B BK Frenkel SRfa Bulre, 28 MEARTE R DL f§
JS2 A3 %5 A B AH A AN AL A 1 RS TR & IHLA) s 3 T8 e R L B TR B Fe B 1B Frenkel SRPe BOUCHE, 38 1EARTE UAAL 649 72
AR AL EB VAT 0 HAEBE A AL . AW SOINAR 1A K RS & R AT AL M AR, NS0 2 0 a-Fe #1

REH BRSBTS
KBER: a-Fe; MBG; A, JEREBHEAZR
FEESES: TL34L XEkFRIRAG: A

XE4S: 1002-185X(2022)08-2881-11

AN EA B v s AR R A n Tk RE,
St Tk b - SRR kL, T2 F T A% 8L HE s
2 B AR R BB 4N 316 A1 316Ti F T Sz i HE 14
Fel, PR Ak 2 AR AN AS08-3 I T S HE R [ 1
7 2 B % Ak D K K 49 (china low  activation
martensitic, CLAM)®! (% {1k # 5% #i 58 14 4N (oxide
dispersion strengthened, ODS) 1 1 5845 Jz 3 HE: & —
BESOH AT SRR S M Rl 2 — o RIS, Bk
JO7HE IR % 5 R AR AN AT 3 G Hh 22 52 i R R T e
T RERL T IR HRVE G 248 e 7 v 11 &85 #  R
SZF) 2 MeV - (f4E R AR T, 1 A% SR AR S B Hp B — Bk
ZERIFPRLE KR 14 MeV T RGEIBME DM, &)@
o R 4 R 7 A SRR, PR AL — R R S R
TG 3R R AR IR S T AR BRBA R RN T R 2 T
T 2 Z R b b 751 R SRR S S0 45 A R
R BS AL, AR AN A A — S E AR R 4
J& M Frenkel S, FLILIE s 1) 76 e ph s 211, BAR
H 575 b o) B % B 48 7 AR (9 K34 Frenkel SRR
S A A T A R R O A Y, R R A
IS5 R R R A E — E B NIRRT Frenkel BB,

ks HEA: 2022-02-23
HEWME: EREARRZESE (11572298, 11702280)

FERREMEHERIA RS, RS IR A1
B KB, AL R 4 AR E AR A M A A
5 (R RIF 0 A0 45 SR A IR N D08, AR st T A% 45 4
PR 1) Frenkel #BE, CF B0 7 ZAE PR INR I
TR A A R 7 2 v e s 1 B91821 5E
B 75 R MR B m . FFE, 5
Frenkel it fe IR 7015 L 2R AL, A A %2 A0 F H 8]
Bt S5 1~ B F S AR R 3 O TE T B AT A R S P BRI
SO, T 7 AR A T AL ] B 5 e THT I R = 2 5 1)
IARE20220 G AR Ol T O R VRN FE AR
AR A O, DAE AR VR A 5 M B IRk RE T, MY
BRI 05 BB X AR S RE R, B AU 9T
ATTRE A LA T AL ] B 5 1

FHATIR BT 1, £ AT =42 Frenkel #RFa 1)
PETE AP &2, 2SI A AR BRI, e S A J I ] (0 ik
FRARMETT 8 Sz (h SE ek /e 07, FL sz e el b i oA for
. ARG, SEMA, AR E R
AT, WHEESPOX s RIS, B <
R Frenkel it 16 58 38 1 o 31X A6 4558 2 5256 07 V0T AT
Frenkel B X A4 61 77 2% Y BE R0 AR F2 ML i1l 14 5% M 5800

fEBENY: 2 A, 5, 1984 44, {44, S E TRV B RS A TR AT, PU)I 4MFE 621999, E-mail: lixiangmy@126.com



- 2882

Wity @A RS TR

%5 51 45

PRIAE, 7EML SRR b5 2 A SR R ] B Gl o 1 <2
Box LRI FE S AT e o B TH B ORI KR
4% 751 71% (molecular dynamics, MD) 77 % & i N 1E
J5 7 R e MRS T A ) TR P2 B A
B, BFFEATED MD 77 CIF T 4 Jpcall 4 K
e B A 3t R ) AR S A 801018280 I T A IR
e b X 4R, a1, gel20 20 k22 o v i B i )
WIS, R TIRZHE B XML R, anE E R JE X
KL ERE RS B K . Frenkel SRFEIIS2 MR« &
IVAE A RS E I = 1 A = S AN =l 1]
JE A0 Frenkel B Xt #4 kL 77 2% M RE 7= AR 5 AN [R] (1)
JE AR Bk Z R 08 0T, A 78 4 DA IR IX L p e
RS LR B0 34 Lin 2258 MD J53%: 10
W, SRVE T AR 2 BB ST a-Fe Pibrsm fE 55 77 24
REFEARIIRE M, HIRA 78 70 O T A ik B 288 B Mk P 0k
o-Fe A JEAT R ma oM AR AL . F5E B, AR
8] B 51 2 42 JE A4k b L SUBR B, @ MD U
BRI P REX L e =40, BB JE 7 F Frenkel
i B S5 SR B O A RO 25 R R e ) e ), R BT
TR TR IX G 55 [ 52 M A4 R} g 2 14 B A1 AR T AT R 1
TWORAE FBLERL, AT Bt 4 OB AR IR A i 32 (it 380
. Fe fE BRI SRS £ B ER, B AL AL
H 5] B Fe J5i-7-F1 Frenkel Sk F 55 flGRFE XS a-Fe A TEAT
RS M TOWAE LS, TE5E B A EE RS R UM
B LREME

A FE LA BRI 0 R IR O A, @ T
WS4, B IAIBR Fe JR 1A Frenkel BRIG I a-Fe R FE
THERY, JFRE MD BB AT o X R it I 7 # 24
HEAT BB, 193] 7 5 s B a-Fe ik BRI TARER /g
- AR 4, 3 I 5 TR E B A 2 I 2 R AR
W28 K (P A R, 2 AT s R S B RO BE X a-Fe 3R
FESBPEAR TEAT sz BUAR AL, S5 R 0. 7B
SR A EE AR F I LR, AR B sk a5 801 d
W W AR R FE AN, DRI R AR B A AR T 1 M 2 A S
AL s BCRE 1 28 PR AR TR AL 1) B et 5 o 248 R0 R4 B 1
A, 3 T A SRR I . 7 - AR T 4R AR AT kAR L R AL
— %t F 7 H B Fe JR 5 5% Frenkel St AEE, BEE
BB, mAHEKN L. NERSAE N
S IR S, BRIV ORRE SR AR TR AN B A AR TR 1 43 S PR e
WARAS AN, TR, SRR P 28 1 e R B AR S A A A
BB B, URE 1A PR G B BRI,z T 2 A 2R 980N

1 HERES5HE

1.1 SFHNFEE
RAZARIT S A% LA} PO AR 7 45 SR 11 5 1)

HEF, fE R R 2 B BOS BRI AL, A
Frenkel HitiE, B 5K 54 1R T-HEF I, e 1 prstl,
PIk, AT RAEHE =25 (R s B, 253 22l
ATV, SR W7 A S MD THRESA,

MD # # % B Atomsk® #% £, 84K A
LAMMPSEOMR . ¥4, S in [ 2 s B4R S i 1
B a-Fe WFEMIFFREIY, K K/NA 30apx15a,%
110ay, HH agly a-Fe B EnHE %, a,=0.2855 nm,
FHAE 2 Jho7 1R B b T o A 10 J2 R CEP 5 A g ARD
PE e “ k™ [ e o, H R R BT E X I3AE s
BB —h AR TE X, ABTEIX I Fe JEF 24008 90 000
ARG S 3 R A [R] 0 77 92 AE BRAE G A% 1 B o-Fe
WA, WEAF R FNIR LM B b, AR st
T R R o o T S L R B, 76 BRAR S % a-Fe lFF
R AR T X, BEATLIN B — € EL i Fe JiF, B R
)23 A B S A S B 6T E TR BR Fe J5 8 fé, 7EHL
M AR TR X TR 1 A TR B b, BE LS I — 52 L5 1) Fe
JRF, XL Fe R RIN H AIFR Fe JE 16k IE .
XtF Frenkel SRFg, 78H7 AR T X 56 BEALIN BR — € b
B Fe Ji+, B NAHM AL FEAEH R 1 S kg
(B A, BEMLEAS N RSS20 H 1 Fe R+, TE A H 7] B R
5 X LR AL RO 2 AT A AL AT 3 TR B 5 8 T K
Frenkel [ .

EEAGRE T, SAHMEERE S48 LER
/N, FaE Frenkel SRS B ANE AL FE 1.000% 4
A3, R AT T % KR S B R T 0%,
0.125%. 0.250%. 0.500%. 0.750%7F1 1.000%3t 6 Ff
JRF BT, Horb i IR B FE AR T X s R B

© 000D 6 o 6
O OO0 OO O 0 O
° ™
O O OO ® OO0 O O
N 1
O OO0 O0O® O 0 O
o
O o oo ® 0 0 0 O
o..

O 0 O® O O 0 O O
O 0 0O O O®*T" 0 o
&«

O 0000006 6 b
© b0 OO0 o 6

O Lattice atom @ Interstitial atom

& Vacancy «---- Trajectory

Bl ZRIBCAE e ™ A= R BB 1) 7 25 ]
Fig.1  Schematic of the point defects produced in cascade

collisions



%8 7 WIS HBESEBIRNR EEXT a-Fe BAMEAS AT NELIA I 43 T Bh J1 2R . 2883 -
. . J&» FIFH AT AL B OVITOR H (1 dislocation extraction
Fixed-end algorithm (DXA)ETE B 43 47 $ir ff i B2 o 4% sk B o o2
2 [ood] Goms HEFOTE S 0, I T 353 A8 40 BT 1 (common neighbor
il analysis, CNA)PS 4 H7 4 i 3 78 o 26 T [X 45k P9 8 15 4
E AL
T S
| s 3 2 ZRE59H
: 30a, 3 E
R 2 2.1 BEMITEMNSEMRITRSHEN oFe it
: g I 1~ B 35 Hh S A O B
: S‘TI é Xof BRI FE 4 BN 0%, 0.125% . 0.250% -
v 0101~ s 0.500%- 0.750%#1 1.000%1) a-Fe 1A i fnHir A 8242
ctooi e LT TR R - A i 2 3 TR, B LA

Fixed-end
y L‘X [100] atoms

£ [100] ‘y

2 BRI RFER MD i SR
Fig.2 MD computational model of sample subjected to uniaxial
tension: (a) coordinate and geometry sizes and (b) MD

computational model

HE5ZIEXEAE Fe 8 M2 t. BoR, MEEHKE
N 0% AR BRI 2 B AL A% 1 B a-Fe 3R0FF .
1.2 HESHELETDRE

MD it SR b Fe-Fe 8] i AH E 1 I 34 %
Ackland “5B23F 55 (1t 54 s ¥, ALY 3 AN 171 [100]
[010]A1[001] 5 5 N B 2 A E A ABFR R xv y Al z
i, FL 3 AN A s A I AR, R AOLIE R
FFTE 300 K, WHE2EK N 1 fs. iHEREME R, 5k
T ok LR B v MD BT R R A b, (R
FIECNEE AL, ARG SR HEAT 150 ps 575,
AT FE AR &ETE NVT REZTF, i z
BT IR RCRERY < ISk [ E i o AR Eofr, HEAT
PR . T R R AR R e g, 3 B
TR ARk 1) R R it JEE R DT 8 7 AR [ 8 AR 6 f 14 A
WK, RIRAR BRI NL, TAEH . KRN ASZ R 157
M D) AN S 3, DT i A 2 A e S A I E v L AR R AR e
V0 B2, AR SCHk[24], 76 MD KL Hh R A8 2 7E 5%10°
SV S ) = s o P TR 2R 2 I N R
SRSV SRR AR, B PSR 550° s Y
AR, H AR,

AW T8 K F AR [R] b A R AR 26, 0B AT Bz A
B, 1330 310 TREN g-NAS 2 . i T 7E R /g
MBI RS, MRC R, )5 1R B8
A HHE TESE PR S, PR TE 45 1 B 7 - AR gl 2 R 3
B RaRMEVRFR G5y, I B H IS B R 5 B ) 8
1 278 g W L AR, BBk f o 07 2 A e . DL G R

1% a-Fe BURE [ B 77 - AR il 25 45 5t A2 a5 BB ik B Dl 0%
B 14 82 7 - A il 26

T IR E AT S A A . e, Jadr
Hr 3a Fin B AR o-Fe BRI R 77-RiAR 2 .
TIRBRURTTE, Xz B A 2k & R AR SR AT T
5. K 3a KW, HAEGE a-Fe WFETEBA B AR
iRk, Bk AR AR TR B, AR T B
R 2L B, BRI P XA AR B R AR,
I3 1 AR T M B O] 43 R B8 1 A o B R S AR A A0 By
Bt FFE RO &R IR AR AR O, AR, B
A a-Fe TRFE R AR 55 B R0 AR BR 5 i 2 300 3z = T
FEMLIAE , 3 R R TE T 22 W AN AT 3k
B SRR, 3 AR R S B o B A TR R
1M1% MD 4045 SR 4 T8 BHE A A ] R B B (% 2108
SEFE . X P 3a AN 0~0.03 (AN M sLE, MD
RRAUL R R 1) 3R AR DX TR BE K, DR T R A e 4
(A7 BB i, BB AR [X ]y 0~0.03 %l b AT 261
WA, FED FXIEBIATLRIENE, 1530 K
N 241.18 GPa, b4k 7 W s 56 Mk (1 47 IR &
211 GPal* K 14.30%, Hfw A E KB Eprik. R
B, BN - AR 2R I TR 5 AR 0 ST T 4
JB I R F7- AR 2 TR — 3, RS Zhang &2
K H MD BT A5 8k i R AR T8 B A AL, 9F Bk
FIT A3 4% PR i 8 1ok 72 W S 36 B B AN B 15%, X 63K 1
AR FE TR FH 10 Bz e 55 7 2 R i ) A e 9 AR o 2
AATH, HHESESREE NN, FIRRE 3 A%
PEREFRAR IS, Sl nE 4 FrosEis B, HaxtE
3 A B IR ) il 2R b IR A L T AR N R
FR a5, T T AT W A e R A 2B SR o, 1
NEMRGREE . I 4 AT R R (D M R
WHES, B Fe Ji xR /15 M Re 10 52 m f ok,
Frenkel BRFERIEEIIR 2, TALIE N, (2) Bk
@b, o R E IR IR JE R



- 2884 « WA & EMEE TR 51 %

N
T

&3 €41
!
'

Stress/GPa
2 e
o

1
! i Strain !
|
'

8 I . H‘einforcemengl
6 B Elastic I Plastic yield stage g Stage 1
racture stagd
‘21 Plastic deformation stage F‘ ! 'g' e
0 ! L . . L L
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

20 —=— Perfect Fe

18 | Self-interstitial atom defect concentration
6 —e—0.125% —4—0.250%

161+ 05009 —e—0.750%

14 | —— 1.000%

& 12
[0)
% 10
[}
Z 8
6
4
2
o] . L 1§ : L b4 L
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Strain
K3 &&

and (d) Frenkel defect

20 —a— Perfect Fe b
18+ Vacancy defect concentration
16 | ——0.125% —— 0.250%
—v—0.500% —¢— 0.750%

14 - ——1.009%
12
10

8

6

4

2

0 L L L L , v

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
20 —=— Perfect Fe d
18 | Frenkel defect concentration

—e—0.125% —*— 0.250%

16 —v—0.500% —+— 0.750%
14 | —+—1.000%
12
10

8

6

4

So N

.00 005 010 015 020 025 0.30 0.35

Strain

BRI a-Fe BRI R 732 A% i 28

Fig.3 Stress-strain curve of a-Fe sample with different types of point defects: (a) perfect lattice, (b) vacancy, (c) self-interstitial Fe atom,

245 a 14.
L
s 2401 : . . ;
QO 2351 . . g 12
E 2 =
3 230t ° E)
s g 10
o« 225} 7]
=l A %
S 220t $ gl
g = Vacancy defect
215+ e Frenkel defect )
A Self-interstitial atom defect
210 L L . 6
0.00 0.25 0.50 0.75 1.00 0
18 C 0.35
< C
o [
9 . 0.30
5 16 2
é 3 - [ ] % 025
1) =]
]
2 L A —
g 14 . .S 0.20
e N 2 =
@ A © 0.15
g 12F . Vacancy defect +
= o Frenkel defect 0.10
> A Self-interstitial atom defect
10 1 1 1 005
0.00 0.25 0.50 0.75 1.00 0

Defect Concentration/at%

L} L} b
oz
x L]
L]
A A

= Vacancy defect
e Frenkel defect

A Self-interstitial atom defect

.0 0.2 0.4 0.6 0.8 1.0
d
L . .
L : . . .
A
F °
A L)
= Vacancy defect A
i o Frenkel defect 1
4 Self-interstitial atom defect
.00 0.25 0.50 0.75 1.00

Defect Concentration/at%

K4 o-Fe BURE R 77 24 1 BEBE A R S B i e B IR L 1) 22 4k

Fig.4 Change of the mechanical properties of the a-Fe sample with the point defect concentration of various types: (a) Young’s modulus,

(b) yield strength, (c) ultimate tensile strength, (d) critical strain



% 8

A FHAE. ERIESRTIFIR BN a-Fe BBIEAR TRAT JsE M ) 3T 501 7 A5 40

+ 2885 -

% R 588 B A0 R W7 4 A 22 35 B 5 Rt R o6 A R 388 KT ik
N B AT SR B R BRI IR FE X o-Fe W BE S bk
REMI SR Li SRSV 45 a5 dol s b 4 F) 0 2 1
A Lin 25OV 45 p e g 36 2 1) 77 25 1 i 10 52 e R A L
B, AT A8 X R A — B, b
58 1 % BH AR AIE T X 2 A [ 2 28 A0 B 1 e R B 0
JIT g 3t 1) v SRR R B SR FH I B A0 5 9 BLET AT
M, HESEREER.

FLUR Gy B AN 5] 28 B R0 B A sl B o R B g -
A W LR HFAE M . B 3b AN, fEA ALK B 0%
BORE] 1.000%0F, AFE 1) R 7 - A% i 42 AR AE 35 7 A
M0 3L 7 & JE R AR AR TR, B A AR BE A 2 e i
FE R 77 - A% #1220 T IR R AIE » bb %5 T 3¢ A 3d mT T
H [ B Fe J5L -7 A1 Frenkel i g X 1 RF B 77 - A% il 28 47
IERI s B AL, FERICAF S —RIKENE A
] FR Fe JE T BE (1 0.125%A01 0.250% ) A 1< FEE 1)
& Frenkel SRIEIRFE (G0 0.125%. 0.250%F1 0.500% )
(1) 82 7 - AR i SR AIE 5 8% 9 FE 2 e A i RE I 2R el —
AR IR BE R, 2 F AP Fe JE 1R BB R (o
0.500%-. 0.750%7#1 1.000%) 5% Frenkel &k [ FF %5
B (1 0.750%F1 1.000% ), R ¥ S 7 - A% il 25 R AiE
PR T RN, HIRFERR S, AR R, hEAR
o A% (14 B TR 440 37 T 4 S R AR AR A R AT T B TR T
SEOT & JERAHE, TR IR B 7 - A 2 1 F
TE R A ROk N, HETHEERS, BIF R
AT AEEVEAR TR (1) 43 SR B B AR AR AR N B A (R
I, ARORE 28 e R B R A i B Rk e,
(14 A B 528 P FEAEG o BB 2 it 29/~

R J5 75 SCHR[19,20] I Jk il 1, AT ik — 5 AR
[ K 7Y A St B o R 7 2 M e 2 T R P AN [ ) DR TR
X DL Frenkel R FEH< 9 1.000% 1) 30FE 13547 4
T 5 %A H [ A A 0 A )R BE ¥ E TRT B Fe J5L 1 A28
AL, AR AL 1 5 B ) A A s B an B 5 s, b
BH A H [RIBE Fe JR 7 A2 AL 5] R 8 77, B ]
DLHT L JE K, SR E [RIBR Fe 575 B0 il A% 1 AR
e AR AT AL <y N T SR EZ 31 Q1 9= e = R S
i E A i ke E Frenkel k[ 05 b —
FE, B E A A R WG SR A IR Frenkel S[R3,
HH 75 MD BALL 14 sth, 7R o7 A ok 2 ot 2 O A T R
Fe 5l 7 A AL B A, T a-Fe 3B 11 52 Br Frenkel
BB B LU AG (A, AR, L 51 0 o i e AR
FEREA T A FE R U6 H R Fe J5 7 F1 2567 51 2 1
A W AR R 2 B o 4 A I R R 2R Y A BT 3 3
(147 i e A8 A7 00 A0 T 7 A B o R 77 2 M B A RS i 1
B, AT R I R 7 2 M R 0 5 AR B 5 A% T

SIA defect

300 2000000000

0000000000400 0
JT00000000000000000
000000000000

Vacancy defect SIA defect

Ovon mises /GPa
@
0000
0000
@
(7]
®
(]
[}
@
@
©

SIA defect

KI5 AR 2 sk b o [ Fe JE3 BR800 A1 17 190
Fig.5 Stress distribution of Fe atoms around different types of
point defects (note: the SIA is short for self-interstitial

atom, the same below)

AFEREIEAR G, BRI s B S 25 R Bl D 1 7 A A e
AR, T RRR R N T e, I SR S N A A A
PR 25 5y R AR, 3K 5 SR R M AR T 1 R e AL
Y R X e gt LT R, R R 2R A B
O AR E AR, 2R = R A A
A2 P S e ) R BT, 7R AR R AR B AR T 5
T2 R AN [ 1D D A
2.2 q-FeiRtFRMEMITIEPRAEHREL
ARATIEIE CNA J7 720 8 R iz A 22 W R #2 v
XN AR S5 R AL R, O A IR TR 42
EE AR Fe JR 158 Frenkel SR T, RFEIIN )
- 2R REAE AR B A R R . B 6 % 4
SEERAR A% DL R A E AR Fe Ji A1 Frenkel 6k [
WEEN 1.000%[H] a-Fe {UREAE AN [F] S A2 AR B (1 5 44
S5 . S5G B3 R - RAR - T N, a-Fe IR
s VA% 225 ) o A AR [ 386 KT AR A . BR T IR R SR B A A
T B0 TE 7 17 B Ak i 14k, 7R3 MR TR B
FRFE RN R X R 7 bee dfRgie .. &0
o-Fe RFE 1 0 A 45 A6 75 58 1 T AR B B 32 T R A 0 1)
bee 25 ¥ A8 Ry fee 45 M8, TR AR AL B BOR S 7 O %
Ay fee 5Ky, WKl 6b Fros. X 5a1& 6a fros EAE
et o-Fe BUFE IR b A 25 M AR A I L SR BL . B I TR) B
Fe Ji -T2 & Frenkel BRFE I a-Fe WRFE M A 45 ¥y, 1
A VALY BAH > 215 F B bee S5 Ny
fec 45, i 6c FE 6d fros. 7EMEAR LM B
JE i, WEERES A hep MR T, K 6b~6d T
s H g AR Rt hep SR T TR B S AR
RORFE I RAL, TS B RIBE Fe JRFBU7 Frenkel
FEAE T hep JEFANEREX D EHIL. BE, X4



- 2886

Wl SR AR T

i 51 %

S R | N WS o o | —
£1=0.05 £=0.10 £3=0.20 £4=0.25 £=0.30 £6=0.323

X

)}-x yx y X X

L W
£1=0.03 £,=0.04 £3=0.06

Fracture

yx y X v
£4=0.08 £5=0.10 £=0.108 Fracture ;5 =0.03 &

X 12X v [2X X - 12X
y y y y
£,=0.05 £=0.10 £=0.20 £,=0.22 £=0.26 £:=0.272 Fracture

=X yL-x yL—x J»—-x ny
»=0.06 £3=0.08 £,=0.10 £5=0.12 £=0.157 Fracture

6 AN IF BRI a-Fe BURE AN [ S feh A IR i s 45 4

Fig.6 Crystal structure of the a-Fe sample with different point defects at different tensile strain (blue represents the bcc atoms, green

represents the fcc atoms, magenta represents the hcp atoms, white represents the boundary or disordered atoms, and black

represents the fixed-end atoms): (a) perfect lattice, (b) vacancy concentration 1.000%, (c) self-interstitial Fe atom concentration

1.000%, and (d) Frenkel defect concentration 1.000%

PR 7 A BR B B, AR T A IR, B
JERAY R, WM. ERlFEEaW G, BRbin
BT XA A, A AR T DX it AR 485 4 K30 4 SRR
bce 4544

N T 0 W BRI BRI FEXT a-Fe iFE
A R G5 R IS, AR T IX P A 45 ) D V8 A 1R 100 3
TG0 M, LA B U A 5 4 I AR TR AR 015 L
iR g Rl 7 s B 7 H &7 B 52 BAE 5
PR &S b, 4 B B Fe &7 A4 Frenkel SRRk &
5391249 0.125%7F1 1.000%H a-Fe iR 7E i A 22 i R it
Firh bee 45K, foe 45K, hep S5 MR H e K AL 45 0 o5
LU It 82 A 1 AR A il 2, T o [ B I TR R R
F1-RiAF 2k . B Ta~7d AT, FE SR EE K RE AR AT,
B AN TR 7Y RCBR R R O A 45 ) S Y I 8 AR 1 AR A
B 55 B AR R R I AR A Rk . A
Te~Tg FIHI, TEGRBAIRFERERT, &2 A0 alrE b i i
G5 KA 2 T 7 AR 1 A A A 5 A A S A AR B R
BT R0 R Ak — 5, HE B IRIBR Fe JRFELY
Frenkel i b 1R Hb o 1 45 1) 18 8 o 17 A% 1) 3% A0 R0
L5 PR A% BRIV A 2R S 8 7 AR PR AR B D ) I R AR

WEAR. HILER, ESREIRER R, WU
A 58 K ST I AL ) AL R S SRR %, X
K 3 s A AR BRI i R BT a-Fe 1CRE B 77 - B
A2 p 2R AL PR 52 M LR X I — B VA G IX Ty T ) 5
FIRD, 5 EREE AR BRI A b, 4 SR IR B
 E 1 B Fe J5 7 87 Frenkel BB IR FE K82 77 - 248 il

LR AL AR S5 K B AR A R, T A A B R U AR

HHA ]

2.3 3MAERREX a-Fe il iF BIE LRSI F NIRRT b
A

XL 73 Bt B Ta~7e Hh it s 8 7 - 2 AR i 2 M i A 25
FISRAY 5 P AR i 2, RT L B AR A R L 242K
I 8 YA B AR IR A R B S 2 6 94 PR v e )
B 0 DAL B A7 AR T S B TS 7 SR A, AR SRR B
(HI OA B WRZIHRA LA EM R, —H
TR¥F A bee 544, ARV EIIREY By (BRI AB BD
AR B (BRI BC B bee 4504 1) o L Ul ™
B, foc S5 JEL 1 1 o L BRI BT, (LR B i 1 I 22 B
Be (B C Rz Ja) Ko7 3R N bee 45H .
A AE BRI BUE W, XA e L T



% 8 A FHAE. ERIESRTIFIR BN a-Fe BBIEAR TRAT JsE M ) 3T 501 7 A5 40 - 2887 -

‘ 0
8.00 0.05 0.10 0.15 020 0.25 0.30 0.35 0.00 005 0.10 0.15 020 025 0.30 0.35

g 8 %

3 Perfect Fe g 100 ion | 20
=3 e N 16 e Vacancy defect concentration 0.125% ! b, 18

2 cc —e—bcec = —=—fcc —e—hce | X C,

- —a—hcp —v— Other ® 8o} | —4—hcp —w—Other ! 116

= —e— Stress 145 ! ’ :

S = Stress

2 12 b Al 114

= £ 60t I 128
@ 1002 | B: | 10 [©]
= P it | 1 1 q a
= 8 g =2 | | | §
& g [ A AR LI
5] 6 (@] | 1 1 6

— Y— 1 I I ]

o 4 ° !

° o 20t | 14

2 2 8 ' |

% ;C: o | 42

3 0 = 2

o> D

& o

X S

< 3| 1

§ 1001 1A defect concentration 0.12506 c 18 § 00‘ wFrenkel defect concentration 0.125% 1 d 8

[ —=—fcc —e—bhcc 116 = +I‘cc +b(§ch 116

[ [ L —4A—hcp —w— Other

g 80 —a—hcp —v— Other {14 5 80 Striss 114

S {12 2 12

— T 4=

3 60 10§ 3 1006

% g s 8 §
18 8 @ <4

& 40 554 @

S 6?0 6 7

5 ‘s

2 20 1% g2 :

g 2 g 2

c c

S S— ~ee S S o 0

& 000 005 010 015 020 025 030 0.35 g 0.00 0.05 010 0.15 0.20 0.25 0.30 0.35

X X

3 '3 100 14

§ 100 . B Ace 14 § | |

= ' ] 112 F 12

L 80+F ncy defect concentration 1.00098 ! L 80

2 A —=—fcc —e—bhce 110 2 10

S ! ——hcp —v—Other /' 1 1 < 3 60 ©

§ 60 - : Stress : : 18 % f SIA defect 8 &

< I [ a s ¥ concentration 1.000% 6 2

7] 1 [ i 3 @ g L

> 40+ : : : 6 % > 40 ﬂ'chc —e— bce »

&-5) ! ) A 96 —h—hcp —v—Other 14

' . L —»— Stress

© 20} . 5 2 !

< Y 12 < . 12

e 1 €

S k= N S ;

g 000 005 010 015 020 025 030 3 0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18

X
% 100 T T 14
g : R
2 . =12
g 80 | i
> 4
g 1 ! 10
= ! | ©
& 60 - : 1 18 5
g Frenliel defect concentration 1.000%I 16 g
> 40 | —=—fcc —e—bce ' &
O I —a—hcp —v— Other ! 14
k] | —e—Stress
o 20 | 2
(=2} N
g o I I Y
I
8 0 o 0
E 0.00 0.05 0.10 0.15 0.20
Strain

Bl 7 o-Fe U v i A 45 44 18 U i A% 19 A AL
Fig.7 Change of crystal structure type with strain in the a-Fe sample containing different point defects: (a) perfect lattice, (b) vacancy
concentration 0.125%, (c) self-interstitial Fe atom concentration 0.125%, (d) Frenkel defect concentration 0.125%, (e) vacancy

concentration 1.000%, (f) self-interstitial Fe atom concentration 1.000%, and (g) Frenkel defect concentration 1.000%



- 2888

Wl SR AR T

%5 51 45

hep &5 #4 I+ AUAH B2 ) A 4 A2 85 (il 1/6<112>
Shockley), F RN EE 8 AT s I MEREJZ 4, HAER AR
TEALBY Be (EP BC Bo), hep 45#9JE 1 5 Lt B FHIA 3
AR, [ IS 10 25 B A bGP i R B BE (R AB B
o, fEAR AR R AW K, AL s B AR
Xt PRI, T 7 2 AR A B, B g 8 Ay & T
s .

sEA P 6 R 7 A, EERE N S AR T
B SR G5 B bee #5425 fee HJR TN 3 B B TAE
PN VERTT, MRV AT, HANEF=ER )
e, HILEBTE T 2 B IE] Ui HE = AR R
oy AR, Motk T RPN IR R A0 B 1 8
B, SARGEEL bee G E A fec 45k, BIK
A f AR 28] ix — g% 5 Zhang ZPY45 2% o-Fe (1) MD
P L B, ek R kI MD BT 4R 2
(1) MD #5405 Ji A7 A 52 56 w22 21, 78 55 Ivanisenko
24 14813 3o sz iy R % ) (10 7™ i 9 kAR T 1K) BR O AR AR o
I R 35 R Bk B AR (bee 4544 #5738 B (fee
5K BT AR S T — 8. MhAh, RS
Bk A7 B AL, KB o X I R 45 7 UK bee
S, R DR R S R B AR R i A AR 1T AR R fee
MR RE R (R FR A foo MM E BBE= T bee #1) ¥,
AR, ARSI B 45 DURE R, RS E 1)
foe 45 F A AR N bee 450 . 3X — LR 78 5 Wang 2514,
Ivanisenko 25310 Latapie 251 mF 91 45 5 — B @i
KA HT AT, KRB R R RS B kAT
bee-fee-bee 16 AR , I PR 5 & i B ) 51 e BB M AR T
IRVEAR T R F S5 R TISUSE 7 M ASE it Ak 445 4 401
SR JE AR AERT R G B4 UG AR B AR, M
A5 17 A AR 17 R A R R 1424

B DA b2 B T i, AL 9 R 1 B A U
IR B TR B2 1) 5 E TR B Fe L7 8545 Frenkel it [ FE
(19 I8 7 - N A% i 25 Ry AE R 5 Ak &5 ) 5 2R o 1 2% 1) A8 £k
B AR FEAR S A a-Fe IRAE I 2800, JLIB MR T 1 1
MM TR -5 BEAR A% a-Fe i BE A ], #R2R B0 N A A2
FAT 48 T F8 VR A I ALA

i 7f K 7g WA, REARES L, mIRE TS
H 18] B Fe J5L T B3 Frenkel BBt v i 44 45 2
i AR 1 AR A AR AL . LA B E TRTBRE Fe JEFIR N
1.000% (13 RE A kAT 23 4, (E 7F Hh BT B g -8
A7 2k 55 R I BERT B (R OA BO, i Tk FEp 77
WRPER I E R BR Fe 57, 18 A T R 5 T8 AT
BN AR d AR S, B LE B AR Sy S L LG Rk
10%. X — mi5 dh AR BHESE IR S BT B IG I AR R
$4 2 T B % 10 A T A R S AR IR — B, gy

ylox

£=0.25

£=0.30

K8 HAE it a-Fe il FE 1 hep 450 J5 1 T8 B HES: 2 55 R
el
Fig.8 Local diagram of the stacking fault formed by hcp atoms

in the sample of perfect lattice a-Fe

AR W R T AR AR A 5 2 BRAR AR F0 23k Y,
24 3E i A S R B Ak B I S S 4 2 R R R S AL B
BB, TS AR Fe JRT iR 28 1
BIAT AW s L], X RAR R E, H AR Fe T
WP 1.000% 1R FEREAT DXA 4381, FEHEBUH R I
SRRy oA, a5 A 9 s . Bl 9a mTE, fr
iz ar, WURE s CAEAERIAE (AL RS BB, T E B 9b
AAT, SRR SRR R 135 I T bee 4544 IR
TR 33 o X PR A7 7E W U A 5 R b B 2 kA
m LA s, IR SRR B (R AB
B it Ak 5 0 21 TR 7 AR ) A A R AR 5 3 A [ ) S AL
IR R IR L 7 - 80 A% |l 2R AIE AR 5 3 A8 A 1 1A
52 AR, Bl 7cH, BT AN Fe - FKEMK, L
4 0.125%, FIKH)JRERAR SR T B>, B IR
U6 LA BRAE, DR b R it A 45 1 SIS Y e 2 A (1 AR 4K,
S AR AR R T ) 268k 18] 7g B Frenkel 6t
B2 TR 11 O s &5 1) SR B o S A8 ) AR A AR S5 1 7F o
THER Fe R IERAL, B E R &
Frenkel Sk ik B2 T IXFEE MR T B BRI AB B,
BT AH AR = AR 1) foe S5 K JE 11 o L AR ] 7 o) 22
W, TR R WA — B0 hep &5 H R 1, WK 6d Fis
hep 45t JEF AR AMESR ZEE R A L, X EE R
TR AR fE h B RIBE Fe 5RO E
G, ERURE Frenkel SRFAECE /N, H 520w Ak AH
N T k25 AT s R A R o R 2B M AR TR LA
GRUA, XA SE R Y L AT B AL EE BT . [
FECLE E AR Fe S 10 alRE ), (e 7f s i
H A B Fe JRU T B 1.000% (iR FE b, JLEAMEAR



% 8

A FHAE. ERIESRTIFIR BN a-Fe BBIEAR TRAT JsE M ) 3T 501 7 A5 40

+ 2889 -

9 HHMBR Fe B TFHIAN o-Fe TFHBARHE CBfEIK
FZ 29 1.000%)

Fig.9 Local diagram of o-Fe computational model with
self-interstitial Fe atom defects (defect concentration of
1.000%): (a) the initial dislocation defect in the
computational model (the dislocation is enlarged, green and
magenta lines represent 1/2<111> and <100> type

dislocation, respectively) and (b) atomic stress distribution

BB (EPAB B, bee £5# R 71 &7 L B AR T IA 76%
AT, HAHAEFE A foo S5 IR T 1 L iR R AR
10%7c A7, H hep 45t i1 5 LUAR /N TiLER] 7c fioR
EFHENBE Fe JEFIREEN 0.125% MR FE b, HI A A=
A1 foe 54 JEF I BBl s KA B 77%, T bee 4544
JEF I L L R B 28 0. IEnaTm AT, wRErE
P AT R, M e T 2 B, AT
T TP 3RS A AP A AR T, ke R AEMIAS; TWiTE
B ERE T & A B Fe Ji T 5k Frenkel R FEIRFE
W F A FE VIR AL 8 S R Bk i i P il de 2, 2%
PEAR T M B2 A 5 LA B 0 B AR S Ak B M R TR &
PUEI . AT 0L, X B s — 2D SR T X —
NI

LEA UL b ek, X TS AL a-Fe iRAE, A
WS L RN, RE 0 B 77 - AR fih 2 R Rt Ak 45
He) S TRY i 7 A 1) PR A R R B A AN A s 6 T AT BR
Fe J& 1Y) a-Fe BFF, B H (R Fe J5 1 IR FE 3K,
XRS50 B Ak P R, 25 o P B A T AR (1 . ) - B AR
2 R R A 25 ) 28 2 o 8 AR ) AR A R R R A T
BEMAE; T Frenkel BLFE ) a-Fe RFEN 58 H
[P Fe JR AR UG T8 Mh . (IR P 0, Rshpi 2R Y
AN, 51 A A e AR AR P AN [, AR R A AR
TERIHE 5 FE B AN [F) o FEAH VR FE IS, H AP Fe Ji1
SEHMBEBTREEREMSFEBR, REERS L
AR FRE, BB Fe Ji 7 5 300 R EE S

FEEWIE A B E R, HE SRR A
T Frenkel iR 3 B f b W5 A2 A1 JR) 5 A R 16 B o
VRTINS DL 5 A BB Fe JR 1 FROAH 215 L
ES e

3 & it

1) KM MD J7iEAER Ay, AL Tl E A, |
] B Fe J5i -1 F1 Frenkel SkFe 1) a-Fe il FE (1) MD i+ 55
B, DABRFEM R IR RS, JFRRN AT T R
AL MD B, 3R45 T SR 1 TRE R g - B AR i 2%
I it A 225 ) 285 R o 2 A% 1) A A A7 O

2) a-Fe BFE AR TEA BE 1 B RIBE Fe SR 7S 501
b A% I AR FR FE L A S B R, MR 5 K
AEBYEARTE s A RIBR Fe Ji T 3800 5 IE AL FE L
AL E S, S ER AR B RORR, EA SR K IE
i AL PR AR

3) AR BE AR A X TR R 7 - 8% i 2 AR 1Y) 5
RN, RJJ-RiAs M2k BRI R B FE IR B
£ HIAIFR Fe JR 78k Frenkel BRIGIKEEIE K, FEN /-
PEAF M2 R F TR AR A B R SR RN, L E TE A
JiE R 55, BIVARA R s A T R0 1 A T ) 4 S BIR B if A
ARG, (RIS, URE 28 M e R B AN 97 A i 4 B ok
AT, TRE AR PR 5 B PR A, Fr b A A 22950/ .

4) a-Fe IRFEFES (0 Wi R fE B A FE b, ik
g4 T bee-fee-bee FEAR, M T hi B /) 51 42 ¥
PEARTY SR TR W R R JE A A5 A R T IR . i
J& BB G R RE B PR . R B PR A3 A€ 1
s Ky T A2 e M FE AL o

5) ik AR TIANKRE FE a-Fe PRI B 77 - A%
i 2R AP AU A 3 AR A (R AR Y T T o A 5 R AR A B
HE L (494 61 98 1 2 2 L 4 A A — 3 ol st R o £ AR VR
I, TRE IR 98 AR T S AR AR RO B Vi B8 VR A R B
A FE A3 A SR B R (0 B PR AR T AL IR 2 ks T
TR IR EE A BT Fe J5E TR B S BRI B Frenkel
FRFA R R AR R G AL B R I, LR &5 T 1k 1k
FEEEM AR B, ARG R ARSI, K
TURE IR BB PR AR TR DAL A8 T8 A% AR A 8 1t AR TE AL )
F B A BE A AHARHLH]

£ 3k

[1] Hao Jiakun(#8 ¥ ¥%). Fusion Reactor Materials(3 4% #E £
#[M]. Beijing: Chemical Industry Press, 2007: 14

[2] Liu Jianzhang(xl|Z ). Nuclear Structure Materials(1% 45 #J
# %1 [M]. Beijing: Chemical Industry Press, 2007: 197

[3] Lin Yun( #& %% ), Tong Zhenfeng( & ¥ V% ), Ning

References



+ 2890 -

Wity @A RS TR

%5 51 45

Guangsheng(‘T*/#) et al. Nuclear Power Engineering(#% 31
J1LFE)[J], 2017, 38(S): 74

[4] Lin Yun(#k 3%), Ning Guangsheng( T* ]~ f£), Zhang
Changyi( 7k ¥ X ) et al. Atomic Energy Science and
Technology(J& 1~ RE R} 2 4 AK)[J], 2016, 50(2): 204

[5] Zhu Yanyong, Wan Farong, Gao Jin et al. Science China:
Physics, Mechanics and Astronomy[J], 2012, 55(11): 2057

[6] Chen Tianyi, Kim Hyosim, Gigax Jonathan G et al. Nuclear
Instruments and Methods in Physics Research, Section B: Beam
Interactions with Materials and Atoms[J], 2017, 409: 259

[71 Yu Jinnan(fif4:#). Material Irradiation Effect(#4 )58 8 2
SZ)[M]. Beijing: Chemical Industry Press, 2007: 1

[8] Parashar Avinash, Singh Divya. Computational Materials
Science[J], 2017, 131: 48

[91 Ma Xiaogiang( & /Iy 3% ), Yang Kunjie( # 3 &), Xu
Yugiong(#: " B) et al. Acta Metallurgica Sinica(4%: J& %%
#R)[3], 2020, 56(2): 249

[10] Liu P P, Han W T, Yi X O et al. Fusion Engineering and
Design[J], 2018, 129: 221

[11] Zhao Dongwei( & % ), Yu Wenshan( A 3 1), Shen
Shengping( B ik ). Chinese Journal of Theoretical and
Applied Mechanics(77% % #%)[J], 2017, 49(3): 605

[12] zhang Yuanzhang, Yin Yihui, Zhao Fengpeng et al. Steel
Research International[J], 2019, 90(8): 1

[13] Xiang Xin([7] %), Chen Changan(l%:: %¢), Jiang Chunli(3%
#1N). Rare Metal Materials and Engineering (¥ 4 J& £ &}
5T FE)[J], 2011, 40(9): 1610

[14] Li Ruixiang (Z=Hi##), Zhou Wei (] ), Ran Guang(#f )
et al. Rare Metal Materials and Engineering (% 4 J&# K
5TFE) [3], 2018, 47(1): 378

[15] Luo Laima, Xu Mengyao, Zan Xiang et al. Rare Metal
Materials and Engineering[J], 2019, 48(8): 2406

[16] Wang Ning, Deng Huigiu, Hu Nengwen et al. Science China:
Technological Sciences [J], 2012, 42(4): 473

[17] Yao Man(%k £), Cui Wei(# k), Wang Xuding(E B %) et
al. Acta Metallurgica Sinica(4: & 243} )[J], 2015, 51(6): 724

[18] Cao Han(# H), He Xinfu(%%#i#), Wang Dongjie( £ A7)
et al. Atomic Energy Science and Technology (i T fit Fl 22 4
R[], 2019, 53(3): 487

[19] Li Yingying, Chen Hong, Chen Yuting et al. Nuclear
Materials and Energy[J], 2019, 20: 100 683

[20] Lin Pandong, Nie Junfeng, Liu Meidan. Applied Physics A:
Materials Science and Processing[J], 2021, 127(7): 1

[21] Zhang Meng, Chen Juan, Sun Kun et al. Materials Chemistry
and Physics[J], 2020, 241: 122 414

[22] Liang Li( /7), Ma Mingwang( BIiE), Tan Xiaohua(i%k 3¢
#£) et al. Acta Metallurgica Sinica(<: J& 2 #%)[J], 2015,
51(1): 107

[23] Shim Jae Hyeok, Sang Chul Kwon, Kim Whung Whoe et al.
Journal of Nuclear Materials[J], 2007, 367-370: 292

[24] Wang Yuntian( F = K), Zeng Xiangguo( ¥ # &), Yang
Xin(# #£). Acta Physica Sinica(# ¥ 2%R%)[J], 2019, 68(24):
246 102

[25] Shao Yufei(#B3* &), Meng Fanshun(: L), Li Jiuhui(ZE A
2=) et al. Acta Physica Sinica(## 2£4Rk)[J], 2019, 68(21):
216 201

[26] Li Yuancai(Z=J57), Jiang Wugui (7T F.57), Zhou Yu(F =2).
Rare Metal Materials and Engineering (% & < @£kl 5 T
F£)[J], 2020, 49(7): 2372

[27] Xue Chun(## #), Yang Qianhua(#s T %), Chu Zhibing(%
£ 1) et al. Rare Metal Materials and Engineering (¥ & 4 /&
#EL 5 TFE)[J], 2021, 50(5): 1812

[28] Hu Nengwen, Deng Huigiu, Xiao Shifang et al. Nuclear
Instruments and Methods in Physics Research, Section B:
Beam Interactions with Materials and Atoms[J], 2013, 303:
72

[29] Hirel Pierre. Computer Physics Communications[J], 2015,
197: 212

[30] Plimpton Steve. Journal of Computational Physics[J], 1995,
117(1): 1

[31] Barbu A, Martin G. Solid State PhenomenalJ], 1992, 30-31:
179

[32] Ackland G J, Mendelev M 1, Srolovitz D J et al. Journal of
Physics Condensed Matter[J], 2004, 16(27): S2629

[33] Lee Woei Shyan, Lin Chi Feng. Materials Science and
Engineering A[J], 2001, 308(1-2): 124

[34] Gao N, Perez D, Lu G H et al. Journal of Nuclear
Materials[J], 2018, 498: 378

[35] Wang Jin(£ ¥), Yu Liming(£#% ), Li Chong(Z ) et
al. Acta Metallurgica Sinica(4: J& %1} )[J], 2019, 55(2): 274

[36] Stukowski Alexander. Modelling and Simulation in Materials
Science and Engineering[J], 2010, 18(1): 15 012

[37] Stukowski Alexander, Bulatov Vasily V, Arsenlis Athanasios.
Modelling and Simulation in Materials Science and
Engineering[J], 2012, 20(8): 85 007

[38] Stukowski A. Modelling and Simulation in Materials Science
and Engineering[J], 2012, 20(4): 045 021

[39] Pan Jinsheng( % 4 4 ), Fan Yudian( i i ). Physical
Foundation of Nuclear Materials(#% #1 &l %7 3 £ fifh )[M].
Beijing: Chemical Industry Press, 2007: 112


http://www.cnki.com.cn/Article/CJFDTotal-HDLG2017S1019.htm
https://www.aest.org.cn/CN/10.7538/yzk.2016.50.02.0204
https://www.aest.org.cn/CN/10.7538/yzk.2016.50.02.0204
https://www.aest.org.cn/CN/10.7538/yzk.2016.50.02.0204
https://www.sciengine.com/publisher/scp/journal/SCPMA/55/11/10.1007/s11433-012-4865-8?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCPMA/55/11/10.1007/s11433-012-4865-8?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCPMA/55/11/10.1007/s11433-012-4865-8?slug=fulltext
https://www.sciencedirect.com/science/article/pii/S0168583X17306079
https://www.sciencedirect.com/science/article/pii/S0168583X17306079
https://www.sciencedirect.com/science/article/pii/S0168583X17306079
https://www.sciencedirect.com/science/article/pii/S0168583X17306079
https://www.sciencedirect.com/science/article/pii/S0927025617300423
https://www.sciencedirect.com/science/article/pii/S0927025617300423
https://www.sciencedirect.com/science/article/pii/S0927025617300423
https://www.ams.org.cn/CN/10.11900/0412.1961.2019.00203
https://www.sciencedirect.com/science/article/pii/S0920379618301406
https://www.sciencedirect.com/science/article/pii/S0920379618301406
https://www.sciencedirect.com/science/article/pii/S0920379618301406
https://lxxb.cstam.org.cn/cn/article/id/146473
https://lxxb.cstam.org.cn/cn/article/id/146473
https://onlinelibrary.wiley.com/doi/full/10.1002/srin.201800654
https://onlinelibrary.wiley.com/doi/full/10.1002/srin.201800654
https://onlinelibrary.wiley.com/doi/full/10.1002/srin.201800654
http://rmme.ijournal.cn/rmme/ch/reader/view_abstract.aspx?file_no=20110923&flag=1
http://rmme.ijournal.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20161132&journal_id=rmme
http://rmme.ijournal.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20180430&journal_id=rmme
http://rmme.ijournal.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20180430&journal_id=rmme
http://rmme.ijournal.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20180430&journal_id=rmme
https://www.sciengine.com/publisher/scp/journal/SCTS?slug=abstracts
https://www.sciengine.com/publisher/scp/journal/SCTS?slug=abstracts
https://www.sciengine.com/publisher/scp/journal/SCTS?slug=abstracts
https://www.ams.org.cn/CN/Y2015/V51/I6/724
https://www.aest.org.cn/EN/abstract/abstract19680.shtml
https://www.sciencedirect.com/science/article/pii/S2352179119300158
https://www.sciencedirect.com/science/article/pii/S2352179119300158
https://www.sciencedirect.com/science/article/pii/S2352179119300158
https://link.springer.com/article/10.1007/s00339-021-04720-5
https://link.springer.com/article/10.1007/s00339-021-04720-5
https://www.sciencedirect.com/science/article/pii/S0254058419312295
https://www.sciencedirect.com/science/article/pii/S0254058419312295
https://www.sciencedirect.com/science/article/pii/S0254058419312295
https://www.ams.org.cn/CN/10.11900/0412.1961.2014.00336
https://www.sciencedirect.com/science/article/pii/S0022311507003868
https://wulixb.iphy.ac.cn/cn/article/doi/10.7498/aps.68.20190920
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.68.20182125
http://rmme.ijournal.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20190537&journal_id=rmme
http://rmme.ijournal.cn/rmme/ch/reader/view_abstract.aspx?flag=1&file_no=20200471&journal_id=rmme
https://www.sciencedirect.com/science/article/pii/S0168583X12007665
https://www.sciencedirect.com/science/article/pii/S0168583X12007665
https://www.sciencedirect.com/science/article/pii/S0168583X12007665
https://www.sciencedirect.com/science/article/pii/S0168583X12007665
https://www.sciencedirect.com/science/article/pii/S0010465515002817
https://www.sciencedirect.com/science/article/pii/S002199918571039X
https://www.scientific.net/SSP.30-31.179
https://arxiv.org/pdf/cond-mat/0406356.pdf
https://arxiv.org/pdf/cond-mat/0406356.pdf
https://www.sciencedirect.com/science/article/pii/S0921509300020244
https://www.sciencedirect.com/science/article/pii/S0921509300020244
https://www.sciencedirect.com/science/article/pii/S0921509300020244
https://www.sciencedirect.com/science/article/pii/S0022311517305585
https://www.sciencedirect.com/science/article/pii/S0022311517305585
https://www.sciencedirect.com/science/article/pii/S0022311517305585
https://www.ams.org.cn/CN/10.11900/0412.1961.2018.00190
https://www.researchgate.net/publication/229085177_Visualization_and_Analysis_of_Atomistic_Simulation_Data_with_OVITO_-_the_Open_Visualization_Tool
https://www.researchgate.net/publication/229085177_Visualization_and_Analysis_of_Atomistic_Simulation_Data_with_OVITO_-_the_Open_Visualization_Tool
https://www.researchgate.net/profile/Vasily-Bulatov/publication/233953533_Automated_identification_and_indexing_of_dislocations_in_crystal_interfaces/links/5755a47908ae155a87b9b4e9/Automated-identification-and-indexing-of-dislocations-in-crystal-interfaces.pdf
https://www.researchgate.net/profile/Vasily-Bulatov/publication/233953533_Automated_identification_and_indexing_of_dislocations_in_crystal_interfaces/links/5755a47908ae155a87b9b4e9/Automated-identification-and-indexing-of-dislocations-in-crystal-interfaces.pdf
https://www.researchgate.net/publication/221665986_Structure_Identication_Methods_for_Atomistic_Simulations_of_Crystalline_Materials
https://www.researchgate.net/publication/221665986_Structure_Identication_Methods_for_Atomistic_Simulations_of_Crystalline_Materials
https://www.researchgate.net/publication/221665986_Structure_Identication_Methods_for_Atomistic_Simulations_of_Crystalline_Materials

% 8

A FHAE. ERIESRTIFIR BN a-Fe BBIEAR TRAT JsE M ) 3T 501 7 A5 40

= 2891 -

[40] Martienssen Werner, Warlimont Hans. Springer Handbook of
Condensed Matter and Materials Data[M]. New York:
Springer Berlin Heidelberg, 2005: 132

[41] Yu Xingang, Gou Fujun, Tian Xia. Journal of Nuclear
Materials[J], 2013, 441(1-3): 324

[42] Wang S J, Wang H, Du K et al. Nature Communications[J],
2014, 5: 3433

[43] Ivanisenko Yu, MacLaren |, Sauvage X et al. Acta
Materialia[J], 2006, 54(6): 1659

[44] Latapie A, Farkas D. Modelling and Simulation in Materials
Science and Engineering[J], 2003, 11(5): 745

[45] Yuan Fuping. Science China: Physics, Mechanics and
Astronomy[J], 2012, 55(9): 1657

[46] Motta Arthur T. Journal of Nuclear Materials[J], 1997,

244(3): 227

[47] Zu Xiaotao(#H /N#%), Zhu Sha(sk ¥), Zhang Chuanfei(7k 1%
k) et al. Chinese Journal of Materials Research (4 £} 5t
2£41)[J], 2003, 17(2): 210

[48] Yang Zhiging(#:508), Jin Zhixiong(4::EHE), Chen Ji(F5 ) et al.
Acta Metallurgica Sinica(4:J&544%)[J], 2001, 37(9): 897

[49] Xie Qiurong, Zhang Jian, Yin Dongmin et al. Chinese
Physics B[J], 2015, 24(12): 126 103

[50] Liu J, He G, Hu J et al. Journal of Nuclear Materials[J],
2019, 513: 226

[51] Mao Keyou S, Massey Caleb P, Gussev Maxim N et al.
Materialia[J], 2021, 15: 101 016

[52] zhao Shiteng, Li Zezhou, Zhu Chaoyi et al. Science
Advances[J], 2021, 7(5): 1

Molecular Dynamics Simulation of the Effects of Point Defect Type and Concentration
on Plastic Deformation Behavior of a-Fe

Li Xiang *?, Yin Yihui ', Zhang Yuanzhang*
(1. Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621999, China)
(2. School of Applied Technology, Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: In order to investigate the effects of vacancies, self-interstitial Fe atoms and Frenkel defects on the plastic deformation behavior
of a-Fe under tensile load furtherly, the molecular dynamic models of the a-Fe samples with different types of the point defects were
established and related simulations under uniaxial tension were carried out for a series of point defect atomic concentration of 0%, 0.125%,
0.250%, 0.500%, 0.750% and 1.000%. The stress-strain curves was obtained, the dislocation generation and the crystal structure evolution
of each a-Fe sample were observed and analyzed by the dislocation extraction algorithm and the common neighbor analysis, and the
following understandings were concluded. Different types of point defects can lead to different lattice distortion and related plastic
deformation. Both the lattice distortion and related plastic deformation caused by self-interstitial Fe atoms are greater than those caused by
vacancies at the same defect concentration. The changes of plastic deformation mechanisms induced by point defect types and
concentrations make the characteristics of stress-strain curves change, i.e. the greater the concentration of self-interstitial Fe atom or
Frenkel defect is, the less the distance between the upper and lower yield points on a stress-strain curve is, even vanishes, while the
vacancy concentration has no such influence. Specifically, both the local amorphization and the related amorphization plastic deformation
caused by self-interstitial Fe atoms are higher than those caused by vacancies. For the samples with low concentration of each of the three
types point defects or for the samples with high concentration of vacancies, the plastic deformation is of a mixture of the tensile
stress-induced phase transformation and the dislocation slip, while for the samples with higher concentration of self-interstitial Fe atoms
(such as 0.500%, 0.750% and 1.000%) or with higher concentration of Frenkel defects (such as 0.750% and 1.000%), the plastic
deformation is dominated by both the dislocation slip and the amorphization plastic deformation and accompanied by a little phase
transition. The research deepens the understandings of the effects of point defect on the plastic deformation mechanism of metals and lay a
useful foundation for the subsequent analysis of the physical and mechanical properties of polycrystalline a-Fe materials.
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