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Fig. 1. Two-dimensional projection along (001) direc-

tion of the Cuiss cluster.
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Fig. 2. (color online) The initial configuration of the

Fepu-Cuiss binary system.
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Fig. 3. Mean square displacements of Cu atoms in the

Fepuk-Cuiss system.
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Fig. 4. Mean square displacements of Cu atoms in the

Fepuik-Cuiqag system.
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Fig. 5. The pair distribution function curves of the Cu

atoms in Fepy-Cuiss system.
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Fig. 7. Atom density profiles of Fep,1-Cuiss system.
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Fig. 8. (color online) Atomic packing structures in selected shell regions of the Fepy-Cuiss system.
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H IR 52 2 DX 380N 1 Cu J5 7 8] 9 HE BAE B8 A 4. %o
T Fe i+, MR EFAEF 900 K B, X ITFIIV
P B Fe i 1 504840 31 6 A1 56 4, [8] B X 38 VoAb
R Hpk b B 150 4. EIXRANERE R, FEIE Fe-Cu
FHIH X ) Fe HEAK X 76 = N 1 J 1 HERA 5 40 ] 7R
/b5 Fe Ji 1 OANE dn kg A% AL B
# 1 Fe-Cuigs i&E 7= XMW Cu JE 74

Table 1. Number of Cu atoms in the selected shell

regions of the Fe-Cujss system.

BE/K 1%Z ORE HIRZ IVRE VieZ VIRE

300 1 16 49 62 7 0
600 2 21 47 56 9 0
700 3 21 46 56 9 0
900 2 20 49 55 9 0
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#2 Fe-Cuigs I8 &70)Z XIH M Fe [ T4
Table 2. Number of Fe atoms in the selected shell

regions of the Fe-Cuj3s system.

300 0 0 4 53 155 202
600 0 0 7 58 153 203
700 0 0 7 58 153 203
900 0 0 6 56 150 202

K9 AT 10 4031278 17 300, 600, 700 1900 K
15 & B Fepun-Cuyss 748 & N 4f Cu 7] 5% fl Fe-Cu /&
FUE(001) 7 I ) 42 . ol 9 Bow, (R
9300 KB, K5 Cu i 707 F BCC fhA& (1A% £
P, AEA N A HEE T (110) J7 18 H A B
%%, FeJEARAE Cu AEA NALE K 4 H Fe i 11
(110) J7 1) 1 H A7 B 1 (B8, [ B T R4 AR 1
Fe JEA40 J b LB 22 25 A5, DUANTIL A Ao B S
A X, R B BT R R R A A i
FrEAE, B i A 1 6 LT AT Fe B AR g
AN Cu [ 77 1R Ta) X3k, A4 T A IR B2 )\ AN
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JR P HERR S5 R BT B R A Ak, B AR N S Cu iR
THERIF AR TR, ST (110) J5 R AE AL B AR k.
FEZIRE T, Culld 710 &AJ7 M I F% 3l6e ) 2 A
— 3, Rk Fe BAARTE Cu BEA T 07 & WA FRE
BEEAIG, TR) A PO A TO0 A7 A7 6 1100 92 A28 [X k0 B 8 94 2k
b6 A5 iR FE T = ) 700 K, BR T FEIE Fe 28 4& X 1) Cu
JE T T BCC dAg A% sl B Ab, 1115 4 38 S 1
FERARIEEE T3y (110) J7 181 (1 ¥ 56 427 2%, Cu Ji
FIIHEAR L ELAE R G K. 78 Cu B AR P 5 T HERL 45
TR (RN, Fe 2R SE IR Cu A& A T AL E ik
Ji7 7 tH B 25 BOC Sig AL B I ILE, X i 75 R4k
B FAHIE Z (AL, IR EE BT 900 K I, Cu
JRF I HER SR RN, B F M =HF R T IR R
BCC kA% s E, A2 B A = HE 0 5T (110)
J7 R AN B WAL, O B WAL HUR 8 300 K IR A
90° fi. 52 MR, Fe FAK7E Cu BIfE A EATE
BT (% -Gk Fe JEL 73 (110) J7 A th 77 A — 5 R
(IwFS, 7 B e AAcads S A 1 2 67 B0 K 4o AT X 3 A
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“ e Y o 0.0
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K9 Fepun-Cuiss i FR M Cu BIFEAES @ iR E T I 4t
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Fig. 9. Two dimensional projection of the Cu atoms

along (001) direction in the Fepy-Cuiss system:
(a) 300 K; (b) 600 K; () 700 K; (d) 900 K.

(c) S@
K10 (MTIRE) Fepux-Cuiss RS EHRE T
P (a) 300 K; (b) 600 K; (¢) 700 K; (d) 900 K
Fig. 10. (color online) Two dimensional projection
of the Fepy-Cuiss system: (a) 300 K; (b) 600 K;
(c) 700 K; (d) 900 K.

BT SR T 248 % 8 300, 600, 700 1900 K
B Fepune-Cuyar 7 5 H MR R 0oV 24875 ) (1 SR
TR LA REL. FEEIR T, 0.43 nm BR7E G H
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TN 2 BN T R, X RPES B R 1218 %
JE 43 AT eR B0 B 9 A AR 2D 8 B R s T A AL
T BCC F kg6 S AL E . XA 1.76 nm 6 Fl M 1)
FUER 12440 bR IR, IR H 5 A TV AA
XK. 26 B 12 W) o XS R HERRL A 1, 3X )\ A
DX 358 73 90 % W 4 Cu i IX (X3 T, TR I, %6 B2
125 0.68 nm FIERTEAR), Fe-Cu Ji + 5L X (X 35
IV, V, VIFI VII, % 5% &4 0.92 nm 13k 7% X),
FN4E Fe FEAR X (IX 38 VIIT K LAAR X 45%). Bt i
Tt e, RE R T —H/NEH RIS, HRKZ
VAT PR B B T . X 5 HT A% Fepu-Cuyss
1 8 5 25 DX 3 PN TR S AR B T 0 2 K
Z 5. HILIX AP IR )R B2 X T Fepuk-Cuiss
&, Fe JEAKN AT 90 Cuki T2 1815/, A4
R (FEETRENFRE) AT BCC
e A% A AL B Bl TS T R, AL Cu R T
IO B E, (6155 HERA 45 M bl il B AR AL 22
IRK. X T Fepu-Curar R, RE Cu BRI R
SHHE A 1K, H Fe ZE R N T4 Cu 1A% 1) 2% (] A2
K, 45 CuJf TR 3 2 AR K, R I Ak &
Fe, CuJ& 78 H 2 15 FAE ) BOC 234K J5 1%
H oy, d a7 R 2 F 2 50 Cu & 745 m) A
48 BCC fmAk A% RUALE.

EH P 12 (9 43 X330 J5L - 3 AR 45 A TR R 2R3
FAT N, MR N300 K, 7240 Cu R 1 X [

X4 1, ILANIII 9 50 53045 1, 13 F1 354 Cu J& 7, Fe-
Cu A X X IV, V, VI VIIN 2 54 84, 4,
1AI3A Cu J51 LK 22, 158, 199 F1192 4 Fe JE-F,
4l Fe Ji 7 X X3 VIIL N A 217 4> Fe Ji 7. fE&
BT E, Culi P40 B A0k A 7E XS T, 11
IV, Rl 2 iR B (600 K BA L) B, CuJiF
(138 Bl J A7 B A e TR AELE AL Cu X, KT8k R
T, WM T S 8 Fe Ji 7 M S 41 Cu Ji 7 X [
Fe-Cu Jt1H X [ X B IV (132 ). 5 /2% i 4k 4k
T H B A R A K 5 X 38 8] 1) Fe Ji - B 238 3,
T H B> 5 Fe J 7 8] 7 B 78

2l X B = ARRIX
(1,110 V.V, VLI (V-
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Fig. 11. Atom density profiles of Fep1-Cui41 system.
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Fig. 12. (color online) Atomic packing structures in selected shell regions of the Fepy-Cuiar system.
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#£ 3 Fe-Cuiqr HEEFFEXIBNM Cu i 74

Table 3. Number of Cu atoms in the selected shell regions of the Fe-Cuj41 system.

BE /K 1%E 15%2 1 5% )2 1V #%Z Vi VIFHJZE VII %2 VIII 5% )2
300 1 13 35 84 4 1 3 0
600 1 9 42 81 4 1 3 0
700 1 11 40 81 4 1 3 0
900 2 12 38 81 4 1 3 0

#4 Fe-Curgr WERTZE XN Fe Ji 74

Table 4. Number of Fe atoms in the selected shell regions of the Fe-Cuj41 system.

HE /K 152 11522 1 %)z IV %) V 5z VIE)Z VII 522 VIII )2
300 0 0 0 22 158 199 192 217
600 0 0 0 29 158 199 191 216
700 0 0 0 29 158 199 191 216
900 0 0 0 29 158 199 192 216

Bl 13 F0 B 14 4 i & 78 T 300, 600, 700 A
900 K i B F Fepu-Cuygr 7 Z H 2l Cu [ Fe-
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A Z2 K AV A2 5 264, A4 0K 6 [X 33 AL % R
3. IR E] 600 K I, fEIGIT Cu Bl
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LB R AmMFL. X, #Y (001) J5 ) M 82 AN 1k 2
PR B, REREE B Cu i1, A Fe JE 44 b 1 B
X E AR, BT Cu JR T TRE
(A, B AR e, AT %I N I3 T AL RS A 30 T B
TR, X 6 B, K280 Cu i F5hL
T BCC @& Ar B, 1% T WX 75 A 2R 25l 28
FUE AL B 300 Kl I A, B AR
TR/, Bt I B T, AR ST B O B, Cu
JR R AT B A 1 XK. 5 A XS R, 3575
MBI — P K. (HiT Cu i 7R AL T
L VA= S D TSR S o A N NI (B B
FEEF] 900 K I, R &4 & F0 ) Cu it 1175
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00 2 8 U G P 0 vy D AR A U B8 W
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Fig. 13. Two dimensional projection of the Cu atoms
along (001) direction in the Fepy-Cuiar system:
(a) 300 K; (b) 600 K; (c) 700 K; (d) 900 K.
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Abstract

Nano-size Cu precipitates are the main products of irradiation embrittlement of nuclear reactor pressure vessel
steels. Molecular dynamics simulation within the framework of embedded atom method is performed to study atomic
packing change in Fe-Cu binary system, where the small Cu clusters are embedded in the crystal body centered cubic
(BCC) Fe lattices. As the temperature increases, atomic packing change occurs in the Fe-Cu binary system. The mean
square displacement of Cu atom, pair distribution function of the Cu atoms, and the atomic density profile along the
radial direction are calculated. The atom packing structures in pure Cu region, Fe-Cu interface region, and pure Fe
matrix are analyzed. The simulation results show that the packing structures in the Cu cluster and the Fe matrix are
greatly affected by the sizes of these clusters and the volume of the Fe matrix containing these clusters. The structural
changes present apparent differences, for the Fe matrixes contain these confined Cu clusters with different atom numbers
during heating. As the Fe matrix can only provide small space to accommodate the Cu atoms, packing patterns in many
Cu atoms are disordered for the Fepuik-Cuiss system. In this binary system, strain region in the Fe matrix is adjacent to
the Cu cluster. In the meantime, there are a lot of vacancy defects and strain regions in the matrix. For the Fepyx-Cuia1
system, although the Cu cluster contains more atoms, the Fe matrix can accommodate Cu atoms in a larger space, and
the majority of these Cu atoms are located at the BCC crystal lattices. With increasing the temperature, the changes

can be observed that the number of the strain regions decrease, whereas the sizes of some strain regions increase.
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