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FEJIEEAFM A 400 R Nioa] DU$ & 0%
P I B8 AR MR A% Ti7 1) 90— e 2 A8 T B (HZ 203 i T
T 4 R e Al g R R D A RN
e ARSCR R IR EE 2T R BER T 1 45 284
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1 g Fe-Cu B 4, B 2 O Fe-Cu-Ni 40145 45
SIS AR REH ELAS IR IR R 5 BE O 40 kg, BB EE
S IR R IAEL T B 4 mm SRR AL, SR 5 YT 40 mm
x 30 mm K/NFIFESS, ZE 880 °C, 30 min fill #)5 7K
VE SR G 1E 400 °C %5 R B 3504 #E 20,100, 150,300,
1000 F1 2000 h. $ B 25 09 FF 5, AR 5 A8 1 I 3 25
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JEAT AN 5 kHz, ik #h 43 %0k 20% , T 45 2040
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21 AS08-TI Al 7 %5 F B2 104K A i 43 (B wit% )
C Si Mn S Mo Ni Cu
A508-1I <0.26 0. 15/0. 40 1.20/1.50 <0.025 <0.025 0.45/0. 55 0.40/1. 00 <0.10
B 0.21 0. 05 0.15 0. 006 0.01 0.03 0. 44
) 0.24 0.01 0.10 0.013 0. 006 0.01 0. 84 0. 48
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(a)FESh 1,100 h,{&F19.7 nm x 10. 4 nm x56 nm; (b) #E 5 1,150

h,fAFL 15 nm x15.7 nm x56.7 nm; (c¢)FE5 1,300 h, 2@ A F1 K 13.3 nm x 13.7 nm x64. 2 nm; (d) FE 5 2,100 h &K1 7.5
nm x 8.5 nm x25.2 nm; (e)FES 2,150 h fAFL 11.2 nm x 11.5 nm x 165.7 nm; (f) ¥ 5h 2,300 h, & F1 14.3 nm x 17 nm x

56. 1 nm

£2OFEM G AR R A & Cu J5UF MR B N,
VAT VA i B i 5 B N

N, N,/10%m~?
i 5B 1] /b - -
FE A 1 FEh 2 b 1 g 2
100 1 1 0.6 2.3
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Kt & A S H X T Fe, Cu, Ni #y U — T
M=TeB B RE, ASBN G LB UG RGN —
SESLAR Y BV R A 2. &R R H S B ILR A
D3], R A S BT R W B R — AR
AE DAl T 0F b A 3], HL X S Y B A R
PRl S A S0 (. DA SCHR [ 20 ] 753 31 515t Fe Y 3
ZH x =45.09144 nm 'k, = - 0.271183, k, =
-0.931581,k, =9.61503, k, = — 13.477284,r, =
0.29 nm,r, =0.38 nm; BA i Cu WHRSE F, =
0.676073,y = 111.34231 nm ', « =0.725977,8 =
3.457434 ,r, = 0.1629356 nm, r, =0.37 nm, r, =
0.44 nm. A SCHR[26 ] 74 2 T Ni (S8 F, =
1.580,y =28.21 nm ', & =0.608,8 =6.460,r, =
0.2197 nm,r, =0. 39 nm. 1 7287 T Z [8] 49 38 XL
KRR (7)), (8) A Ir ik ab ¥, 9 K& Fe, Cu
Ji () A B S8 SCAE T3 280, N SCmk [ 21 17521 A
= 0.453151, B = 0.0089827 nm, C = -
0.012155 nm.
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TR EREE R E, , T SRR s DL —
BRI A FE 89 77 U8 4 Fe J 7, TS MRE B R
E. WA EBRITENGERZE E, =E,, - E,, 114

Wl E, = —0.234 eV. 55 — Ry i 245 H 20 4~ Ni
J - LA 3443 B Oy SUE R Fe 55, KR & 1at%
Ni 1) Fe-Ni &4, SR J5 4% BUSE —Fh 7 vk 43 51 A 20
A Cu 5 LUV 2 43 BIOFD 28 BROE P 5 79 b 7y 2 46
Fe i ¥ MM X BHMENEREZEE, =E, -
E. .  itHA%E K E, = -0.517 V.

WA TR AL R E R E, <0, X UL 7
Fe-Cu & 4 IE B Cu J5F 00 R 5 1) B RE i SRR,
Cu JE A RAE— MM, i+ HESGRER E, >
E,, XFEWEAH 1at% Ni ) Fe-Cu-Ni 54, Cu JR T
RAEMEBIG RGN SR SR IRTE 2, NGEE WA
FEULRA T Ni AFAE S IE 5 Cu I 7RI BT

4. 4 #

1) JE S A AR BN 220 880 °Cfin A4 /K 74 il 400
C IR BE S , 287 1 94K KNI & Cu i AT %
WA o0 Ni(0.84 wi% ) By FE &b P AT & Cu
Ji 5 AT 7 1) B %8 2 s T RS N R, B
GILE Ni el 5 Cu T B M i, £ 5 Cu
Ji 5 A 5 PN DA R DA i A S T b i A7 Ni DT R
EMAZR.

2) AR T ST AR KW, AE Fe-Cu Ml Fe-
Cu-Ni &4 KA Cu B RIS, 1 T 1 at% Niff
e, fl e B e 15 T 2, N RE B A i/ BE U T
FAaILER Ni e fii s Cu TR .
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Precipitation of Cu-rich clusters in reactor pressure vessel model
steels and embedded-atom method potentials”

Lin Min-Dong"  Zhu Juan-Juan Wang Wei Zhou Bang-Xin Liu Wen-Qing Xu Gang
(Institute of Materials, Shanghai University, Shanghai 200072, China)
(Received 26 May 2009 ; revised manuscript received 4 June 2009 )

Abstract

Atom probe tomography characterization and thermal aging method have been employed to investigate the precipitation
of Cu-rich clusters in reactor pressure vessel (RPV) model steels with and without the addition of Ni alloying element. Tt
is observed that the number density of Cu-rich clusters in the PRV model steel with the addition of Ni (0.84 wt% ) is
higher than that without the addition of Ni. The segregation of nickel in the Cu-rich clusters and at the boundaries of
clusters/matrix was also observed. It is found that the nickel alloying element can promote the precipitation of Cu-rich
clusters in RPV model steel. An analytical embedded atom method model of Fe-Cu and Fe-Cu-Ni system is constructed on
the basis of the physical properties of pure constituents Fe, Cu and Ni. The calculation results show that the nickel

(1 at% ) can promote the precipitation of Cu-rich clusters. The calculation results agree with the results of experiments.

Keywords: reactor pressure vessel steels, atom probe tomography, Cu-rich clusters, embedded-atom method potentials
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