58 4 2009 4 Vol.58 No.4 Apr. 2009
1000-3290/2009/58 04 /2605-7 ACTA PHYSICA SINICA (©2009 Chin . Phys. Soc.

bce He i

621907
2008 3 24 2008 9 23
bee He bee Lattice Kinetic Monte Carlo
LKMC 298—1298 K bee He . bee He
4 1 298—598 K 2 598—798 K 3 798—998 K 4 998—1298 K.
He He He He
He He He He
He He He He
1298 K He He
bee He
PACC 6170Q 6630] 6185
-2 HR-2
1. 1100 K
He
- bee
He-V
bee
a He
n a He .He He
\Y MD
He-V He bee KMC A
He
12
He
He He MD  KMC
He
He bee He
He-V LKMC
He-V 7 Takaki
o 100—400 K
! He
* 20801007 20060862

+ E-mail chenph@live.cn



2606

Fe

He a
d He-V He

58
Robinson 2 “ - "
LKMC bee 1 e 110
He LKMC 110
bee He 1 f 111 111
110
2. 111
0.1—0.3 eV
LKMC e SIA, 111
2 1
1
1
i He
LKMC bee He T Vi
10" s 'K, ky T
Boltzmann
bee He . . E'
6 He r, = vmexp( ~ T) 1
bee r v ex (— Ey ) 2
SIA 110 111 PR R T
1 bee He 2 E,
He E, E, v,
1 a 1b He-V He 10* s™""7  Morishita " Fu "
1e¢ 1d Fe-He He
1 e 1 f He He-V
1 LKMC
2 1



4 bee He 2607

He,V, He 3
He +V +He_y/ - 0 —SiA 4 ay, a, b, b, He,V,
HeV/ He
+V o E, He,V, —He, \V,, = ay+a, n” - n-17%"
+He
+HeV 3
E, He,V, — He,V_,,, = b, + b, m? - m-1%
Vi ——>V,,—SIA, SIA
He,V,—>He,V,~SIA | 4
LKMC
2 LKMC He
v SIA
1 17 18
leV feV
HeV—>He + V 2.30 || He,V,—HeV, + He 3.12
HeV, >HeV + V 0.78 He,—He, + He 0.81 . 3
HeVy—HeV, + V 0.83 He; V—>He, V + He 1.83
HeV,—>HeV, + V 1.16 | HeyVy—>He, Vs, + He 2.07 -
He, V—>Te, + V 3.71 | HesV;—>He,V; + He 2.91 tX
He, V,—>He, V + V 1.61 | He;V,—He,V, + He 3.16
He,V,—>He, Vs + V 1.04 He,—He, + He 0.84 1/n noox
He, V,—~He, V, + V 1.32 He, V—>THe, V + He 1.91 FIUN
He, V—>He, + V 4.59 | He,Vy—He; Vy + He 2.36
He; Vo> HeyV + V 1.85 | He,Vy—He, Vy + He 2.57 __{____ ——— _._\._.
He, V;—He, V, + V 1.80 | He,Vy—Te; V, + He 3.05 | !___i !___i |
He; V,—He; Vs + V 1.57 V,>V+V 0.30 ' | ' | ' |
Hey V—>He, + V 5.52 ViV, + V 0.37 l'_'_d l - P - l -
He, V,—>He,V + V 2.30 V, >V, +V 0.62
He,V,~He,V, +V  2.03 SIA,—SIA + SIA 0.80 ;
He,V,—>He, V; + V 1.97 SIA,—>SIA, + SIA 0.92
HeV, >V, + He 2.85 SIA,—SIA, + SIA 1.64
HeV, >V, + He 3.30 He 0.078
HeV,—V, + He 3.84 SIA 0.3 c, T 5 bee
He, > He + He 0.46 He,V, 1.1 E, 105 kJ/mol .
He, V—>HeV + He 1.84 v 0.65 E,
He,V,—~HeV, + He  2.75 SIA, s<4 0.1 v T = eXp( Tk, T) >
He,V,>HeVs + He  2.96 SIA, s=4 2.0
v SIA . 3.
Morishita " He,V,, n<5 m<5
He 1 . 3.1
He,V, n=5 m=5 He 208 K bee

Caturla 1 3 4 LKMC bee



2608 58
He
100a, x 100a, x 100a, a, bee 10 s He
1000 x 1000 x He He
1000 28.664 pm x 28.664 pm .10 s He
x 28.664 pm  bee He .He 100 He, 4
100 ppm He 5 3000 s
5 He He,_,
bce 3.93x 107"
3.2. bee He
ppm 100a, x 100, x 100 a,
3.93x 107" 2.1
bee He
298 K—
10r 1298 K 100 K.
/l
st »
/ L
£ h 100
< 6t .
i /./ 801
l%
= Aro7 60 |
! Z
2 /' a0}
0 Lttt ottt st i
10! 10° 10™ 10% 10% 10% 20
iF1a]/ ps ok
4(I)0 I 8(1)0 l 12IOO
4 He BE/K
6 He
7
6 -
& T ——— 14 F
2ol /
k - 12 -
1o 4} /
=l ] 10}
B B
3t -
E | ./ ® 8r
2ot [/ < 6l
L ./
1 —I/ 4+
10° 10° 10%° 10% 10%® 2+ /././/
ETJ‘[‘lﬂ/ps i i i I
400 800 1200
EE/K
5 He He
7 He,V, He
bee He 0.078
eV ls 4.8158 x 10" 6 bee
1 km bee He He 6
He He
He, 4 bee He
He 5 He
4 5 .He



4 bee He 2609

0.6 n
»
0.5 ;" ¢ %9
b &
o "%q’ .
e L ]
o3 . M .
0.2} / :’
o1} —" T e . C o
/ & »
0.0F #=—a—s—u—u—u— & hd
400 800 1200 T o 2
/K ¢ &
8 He,V, V/He
11 1298K He,V, SIA,
He
a4 e %
4 7 He V., He
® 8 He,V,
P 3 He 7
8 He V He
F' 4 5 2 Vo
4 1
®
L 4 598 K He
2 598—798 K He
s 3 798—998 K
He 4 998—1298 K
9 298K He, He He He.V,
He, V,
‘ He
o 9—11 298 K 798 K 1298 K bee
&
®
6—38 bee He
4 .
298—598 K
He
‘ He
He
10 798K  He, He
He
1 He, n<3
898 K He He He He
898 K He 20 ppm 598—798 K
2 898 K He He

He



2610 58

fee .
He He,V, 0.327, 0.45T, 0.54T, T,
He . 2 0.44T, 0.55T, 1
He, n<6 He
He He bee fee He
He . . bee  fee
798—998 K
He 10
He, V, He, 6<n< He
15 He
He He
4.
998—1298 K
1000 K LKMC He
11 ppm He
He
He,V, He . bee He
. 4 1 298—598 K 2 598—
He,V, n<4 m<?2 He,V, 798 K 3 798—998 K 4 998—1298 K.
He 298—598 K He
He He
1298 K bee He He, n<3
4 4 0.8 eV 350 K
He-V He, n<3 He
He He
He, n<3 598—798 K
He, 3<n< He He
8 He He
He He He
1000 K He 798—
He 998 K He
He Fe He He He
He ) 998—1298 K
7 He He
He 4 He He
4 ) He 1298 K
-2 HR-2 fee He He
bee He
fee
bee

bee



4 bee He 2611

1 Wilson K L Thomas G J 1976 J. Nucl. Mater. 63 266 377 307
2 Kaletta D 1983 Rad. Eff. 78 245 12 Robinson M 1983 Phys. Rev. B 27 5347
3 Zhang CH ChenK Q WangYS SunJ G 1997 Acta Phys. Sin. 13 Evans ] H Escobar G T van Veen A 2004 Nucl. Instr. Meth. B
46 1774 in Chinese 1997 217 276
46 1774 14  Wang X P Xie F Shi Q W Zhao T X 2004 Acta Phys. Sin. 53
4 Mansur LK Lee EH Maziasz P J 1986 J. Nucl. Mater. 141 633 2699 in Chinese 2004
5 Trinkaus H Singh B 2003 J. Nucl. Mater. 323 229 53 2699
6  Takaki S FussJ Kugler H 1983 Rad. Eff. 79 87 15 Tang] Yang X Q Qiu K 2005 Acta Phys. Sin. 54 3307 in
7 ZhaoY W Liu K Z Chen X L 2006 Phy. Exp. 26 11 in Chinese 2005 54 3307
Chinese 2006 26 11 16 Fedotov AV van Veen A Ryazanov A 1 1996 J. Nucl. Mater .
8 Zheng H 2007 Acta Phys . Sin. 56 389 in Chinese 2007 385 233
56 389. 17 Morishita K Sugano R Wirth B D 2003 J. Nucl. Mater . 323 243
9 Perujo A Forcey K S 1995 Fus. Eng. Design 28 252 18  FuCC Willaime F 2004 Phys. Rev. Lett. 92 175503
10 Ullmaier H 1993 Rad . Eff. 78 1 19 Caturla MJ Soneda N Alonso E B D 2003 J. Nucl. Mater. 276
11 Kalashnikov A N Chernov I I Kalin B A 2002 J. Nucl . Mater . 13

Simulation of He behavior in bcc Fe on heating”

Chen Pi-Heng" Shen Liang Ao Bing-Yun Li Rong Li Ju
Jational Key Laboratory for Surface Physics and Chemisiry ~Mianyang 621907  China
Received 24 March 2008 revised manuscript received 23 September 2008

Abstract

Temperature is an important factor for the behavior of He in metals. In this paper we write a LKMC lattice kinetic Monte
Carlo program to simulate the behavior of He in bbe Fe under the temperature range of 298—1298 K. The simulation results
show that the temperature influence on He behavior can be divided into four different stages 1 298—598 K 2 598—798 K 3
798—998 K 4 998—1298 K. In the first stage with the increase of temperature the concentration of He in the grain has a
little decrease  but the average number of He in He bubbles increases greatly In the second stage with the increase of
temperature the concentration of He in the grain decrease rapidly but the average size of He bubbles almost keeps constant. In
the third stage with the increase of temperature the concentration of He in grains and the average numbers of He in He bubbles
both decrease rapidly. In the third stage with the increase of temperature the average numbers of He atoms in the grain and the
average size of He bubbles both increase. At 1298 K the average number of He atoms is almost equal to that at room

temperature and almost no He escapes from Fe grains.
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