53 10 2004 10
1000-3290/2004/53 10 /3482-05

ACTA PHYSICA SINICA

Vol.53 No.10 October 2004
©2004 Chin. Phys. Soc.

ZA27

2003
a
a
a
PACC 7000 6845 8140
1.
1—3
FeAl, a
FeAl,
4
5
Q
03
" 50275098
"E-mail liuguili @ sina. com 024-81040600.

10

ZA27

La

17

Y

a

2004

110023
2 16
7A27
Al
2.
2.1.
2.1.1.
67
900K S-C
Al
Al
Cu Mg Al
2
|X|<%a |Y|<%a
a Al Zn
3 1 .4
7ZA27 a
z g
V4
.7
20022031

%

a

ZA27

1
500
s 4000
ZA27 Al 7n

Zn

|Z|s%a a Al

.3
7A27 a

ZA27



10 7A27 3483
1 T 3x3
IZIs% VA
a 4 ®(O%%)a @ 100 a
o 1 )
@(0 5 0] a
J5 /5 1) (6 2.5 )
1 @(§m3 « OF 75 0fa
o544
A v - [
A % o f 8000 ce%? > 10
08'33 * 0% o s’y 3 X >0 Z 36.9°
» * o
® @
(N L] . * @ 11
PRIV SRR b 2
4% 0% o% ¢ %, % L)
L ¢ 0% o o %e_ e %,
.OOO.Q.QQ.Q.OQO
vg .. .0 0. .. ° ®
AL . . o, ‘wo* 2.2.
® ¢ &
® ®00e” o 2 ° PR
AP AT A RGP A ;
1 @Al 7n Cu Mg Ola Y Fe
2.1.2. «
GE = E-H"™. 1
1
pz—;lmuolmluo. 2
" 2
210 001 36.9°
1 1
> 5
[0
1 a Tx7Tx7 1=
2 XYZ—>X'Y 7 — Fischer 1972
Xyz"= 1T xvz " Hartree-Fock

— Slater-Koster
¢ 30.La Y Fe
6s°5d" 55’4d' 4¢°3d° Al Zn Cu
3s°3p' 45" 4s'.

Us
114
US = ZUU 3
1
Ef
U, = ZJEW E dE 4

a -

E;

I, = [ — % 'ImG, ., EdE. 5

al

—®



3484 53
1 a a
Fe La Y
1 o -22.92 4.82 3.44
Ga[ ol E - Z Ga(l+a/l' Ga[—a'l/ 6
a - -27.37 0.25 0.18
Galta’l’
Uy =lal xa’l’ 3.2, .
EI‘
Z, = Z[nﬂ, E dE 7 ZA27 Fe La Y
al Y
Z
E a Fe La
ESE Y 7Zn Cu Al
2 .
15 2 a
Ew =E - E' - E\ + E, Fe La Y
= EF - n-1E -E - E'-nkE -13.68 9.96 9.62
_E _ g 8 -44.19 -16.99 - 18.65
i cl
" E fa y Fe la Y
Zn Cu Al
a
E, E '
o Fe La Y Zn Cu Al
.E, E! a 3
RE Cu Al,Zn,
3.3.
3. 3.1.
3.1. o o - Fe
Fe Al Al-Al Zn-Al  Cu-Al
3 Fe-Al
2 Fe La Y Y e Al
¢ e FeAl, 7A27
1 Fe La Y a
@ >0.1wt%
[03 a - Al
ZA27 Fe Al 3 Al
a Fe La Y 3 REAL,
@ - @ Zn Cu REA],
2
Fe Zn Cu
Fe La Y —44.19¢V Fe Al
Fe La Y a - 13.68eV



10 ZA27 3485
03
1.0%—1.7%
FeAl, 2.Fe la Y a
3 Fe Al
3 7Zn Cu Fe Al BOI Fe A13 A7
Al-Al Zn-Al  Cu-Al Fe-Al La-Al Y-Al
BOI 0.1232  0.0560 0.1260 0.1347 0.1964  0.2000 FeAl
4.
I.FelaY «
1 Liu Y H et al 2001 Casting Technology 142 in Chinese 139
2001 142 9 Quan H J and Gong X G 2000 Chin. Phys. 9 656
2 LiuJ S ShuZ and Li C P 1993 Acta Metall . Sin. 29 11 A487 10 Zhang GY Liu GL Zeng M G and Qian C F 2000 Acta Phys . Sin.
in Chinese 1993 29 11 49 1344 in Chinese 2000
A487 49 1344
3 Peng RS LiuJ LiuZ Y and Dong B J 1993 J. the Chinese Rare 11 Zhang G'Y Liu G L and Zeng M G 2001 J. Iron and Steel Res. 8
Earth Society 11 2 148 in Chinese 2 51
1993 11 2 148 12 LiuGL Li RD?2003 Acta Phys. Sin. 52 9 2264 in Chinese
4 Chen Y G and Guo D S 1994 Rare Earths 15 5 42 in Chinese 2003 52 2264
1994 155 42 13 Harrison W A 1980 Electronic Structure and the Properties of Solids
5 Haydock R 1980 Solid State Physics 35 New York Academic San Francisco Freeman p551
Press p216 14 Xiao S X Wang CY Chen T L 1998 The Application of the Discrete
6 LiangHY Wang X X Wu H A and Wang Y 2002 Acta Phys. Variational Method in the Density Functional Theory to Chemistry and
Sin. 51 2308 in Chinese Materials Physics Beijing Science Press p92 in Chinese
2002 51 2308 1998
7 Fang Y T and Luo C L. 2000 Chin. Phys. 9 581 92
8 Sutton A P and Chen J 1990 Philosophical Magazine Letter 61 3 15  Wang L G and Wang C Y 1997 Mater. Sci. Eng. A234 —236 521



3486 53

Segregation and interaction of rare earth and iron elements
on grain boundaries in ZA27 alloys ™

Liu Gui-Li  Li Rong-De
Materials Science and Engineering College Shenyang University of Technology Shenyang 110023 China
Received 17 October 2003  revised manuscript received 16 February 2004

Abstract

The model of liquid-phase of ZA27 cast alloy was set up in terms of the molecular dynamics simulation. The atomic
structural models of the a phase-liquid interface and the grain boundary of a phase with the coincidence-site lattice were
constructed by computer programming. The environment-sensitive embedding energy ESE  of rare earth or iron atom in grain
on grain boundary and on a phase-liquid interface was calculated by Recursion method. The bond order integrals BOI between
Fe RE atom and Al were also computed. The results show that RE and iron elements are more stable on the o phase-liquid
interface than in grain which explains the fact of very small solid solubility of RE and iron elements in a phase and the
enrichment of RE and iron elements in the solid — liquid growth front when solidifying. This leads to the segregation of RE and

iron atoms on the grain boundaries and the formation of the complicated RE-compounds.
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