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Fig.1 Schematic representation of void migration

X, JaZ AT EEE, ua A 4T
o, BB Lo 5 BABANMFEARK, Lot Soret
RN ) Z B e a5 v B8 — TR 1 T A A R AR
SEHMA, B ETREMSESSW S, WHE
Lio/Ly & XCRHE# 0.

W fo I ERIE A N AR
__ o dr
Jo T (dx)b (12>

A, (dT/dx) 22N IR R . e (8)
(9« (12) , 22l po 0 2 of FEE 5 Ak Ui R Ao
ER S, BIA(dT/dx)yw= dT/dx, J5# AR iR e
BREE, WIS,

_4nD,R°Q" dT
T ST (&

XA HG Ly B8R D, =3a,D,,,/(47R%) » Dyol
NTERAEFEAR TR BRE, R AR, 7
TR IE RS AT i ARy oL f P i, 23 IR ST F8 i 2
i 4 RiE N,

_Dwly 47
b gr? e

(13>

) (14

A, OF &2 Bt A b B B i .
Ry, K 8RE D, =3a;D,/27RY), Ds WAL
W R O BREN. YEHERAT N2 H
R BOVLH 5 B, 23 T B 3 R () fe 28 3R 08 U

A, O A AE R Y BOLH T B f s .

) QR))

2 HRE5IE
2.1 REH FEAMH LR

51N 18578 B 5 SR b B R T Fe-Cr 45
Gt G R AR . AT RAR, e B
B h O Y SR I A A
T AR 75 REIEAT SR A I 5 A LR A 0 F

T,-T R
T +—=2"L[cos(—)m+1
2 [ (Ro) 1

r=4" , R, <Ro (16)

T, R >R,
X, T IR IR FE i e, T iR R R A
Ry FRSA0L X 35 A AT 2 — o5 R B AR R R BE BS, Ro oA
Rt B R ES . BES s A 2 fiow,
TEAR RO AR B N To=900 K, [al M3 i I8
BT EARE £ T1=600 K & ¥ .

NI FE IR R B I O TR 2 T AR R R
TEFE 2 From il B 3 b P — XS IR A R, s Ak
3FR. MWE 3 FTLLE W, EREHIEMT, W
BIH R Xy 8, SRS R, AR
DXV A TR — A HT 2SR o U5 3 B0 5 IR 2 67 MG IR
X EA SR XL, MM P4 Soret A4, BIIE & 46 1
I By 1 B 0T ) A A R

Nt — P E R A T R IR R AR, AR
B 2 FionimE 3 TR Fe-Cr & &R IREREE T =
T zh 7154, I 5 TR ERE T Fe-Cr &&=
T R AT L, R 4 frc. & 4a Fil 4b
XFEE R I, T U R P A g 2 7 E AR R X 3 ) v iR
XL, 5 BOF 5 B BB P A wp O s L X8 L 351 50
B TR ESIRZ, TIEEZK KR +
O E R, il X 2 R BRI X B RT3 K,
It H T 78 A7 1) i X T B TR X E AL  RE
6. AR RAL, M5 Y T 2 4 A 1R
wE L), BeAh, P O EIRRESER T, hEiE

Temperature/K

900
[ 850

B2 BRI B e JiRE 37 i FE 0 A

Fig.2 Central temperature field in simulation
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Fig.5 Void migration with a bulk diffusion mechanism: (a) migration of R*=10 void upon various temperature gradients and (b) migration

of voids with different initial sizes upon VI'=1.5
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Void migration with a surface diffusion mechanism: (a) migration of R*=10 void upon various temperature gradients and

(b) migration of voids with different initial sizes upon VT*=1.5
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Phase Field Study of Voids Evolution and Migration of Fe-Cr Alloy upon
Temperature Gradient

Zhu Wei !, Cheng Dazhao?, Liu Caiyan?®, Ma Cong!, Wu Lu!, Zhang Jing?
(1. The First Sub-Institute, Nuclear Power Institute of China, Chengdu 610005, China)
(2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)
(3. School of Material Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: The austenite Fe-Cr steels, the critical in-pile components, has been in service for a long time under high temperature and
irradiation; the irradiated vacancies aggregate into voids leading to irradiation swelling and hardening. In this paper, the phase field method
coupled the central temperature field and one-dimensional temperature field was used to study the vacancy clustering and voids’ evolution
behavior of Fe-Cr alloy. The calculation results show that in the central temperature field, the temperature gradient promotes the migration
of vacancy to the region with high central temperature, leading to high vacancy concentration in the central high temperature region, giving
priority to void nucleation and large void size; while is leads to low vacancy concentration and small void size in the low temperature
region. In one-dimensional temperature field, under the control of bulk diffusion mechanism, the migration velocity of the void is
positively correlated with the temperature gradient, but not with the initial radius of void. Under the control of the surface diffusion
mechanism, the migration velocity of the void is positively correlated with the temperature gradient but negatively correlated with the
initial radius of void. The results of this study provide insights into the prediction of microstructure and properties of service components
in materials with uneven thermal conductivity due to local microstructure aging or under macroscopic temperature gradients.
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Corresponding author: Zhang Jing, Ph. D., Professor, State Key Laboratory of Solidification Processing, Northwestern Polytechnical

University, Xi’an 710072, P. R. China, E-mail: jingzhang@nwpu.edu.cn



