58 2009 6

Vol.58 Special June 2009

1000-3290/2009/58 /S230-05 ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.
L1,
*
s
411105
2008 12 16 2009 2 1
LL, ALSe ALZr
AliZr AL Sc
AL, Zr Cy
Cnh Cy B G Y y A .
PACC 7115H 3120 4630 6155H
ALSe  ALZr
1. )
Al;Se  ALZr
2.
Sc
VASP °
7
PWO1 . Al 3s 2p
Sc 3p 4s 3d Zr 4s 4p 5s 4d
' Se Al
Al Sc . Al-Sc 8 320 eV
Al-Li K Monkhorst-Pack °
Se Al-Se E8x8x8 K
: ’ 10x10x10 K DOS
Zr Al-Mg-Se K
Al-Mg-Sc-Zr AL Zr
Al;Se . 0.2 eV/nm.
* 08]J6001

F . E-mail tangbiyu@xtu. edu. cn



L1,

S231
12 13
3.
3.1.
Vo~
E V g =FK V, 0 — > C.ee; 3
ALSc  ALZr Cus Al € o7t Z,* e ¥
Pm3m*’ . AlLSe  ALZr EV E V,
Birch- 0 C; € =
Murnaghan 0 e, e, ey e, es eg
a B, AE
AL, Se  ALZr 14
0.2% 0.5% ALZr  AlSc
Ch Cn Cy 2
L AlSe  AbZr “ o 2 7=0 =0.01 £0.02
E. AH
¢
a/nm By/GPa E../eV AH/eV
Al Se  0.411 87.5 4.190 0.463
0.410 91.5 — — 4 3. 3
ALZr  0.411 100.6 4.657 0.459 15 16 17
0.409 — — — 4
3
Al Se
11
Efn[]i = - Elol - NAE;\Inm
_ NREE()[" / N’\ + NB 1 1 Cll - C12 >0 Cll >0 C44 >
Efmm A B N, Ny B
A B Birch-Murnaghan B,
1 3
Al Se Al,Zr
Al;ZI‘ 2
" ey ey e3 AEIV,
¢! b4 b4 1+7 2-1 3Ci-Cp 7?
A
AHy =- E, - NyEga e 2 y y y % Cy-2Cp 7?
B
_NREsolid / N/\+NB 2 63 y 0 }’2 4_72 -1 %CM}/Z
AH E ilid E ?n]id A B
N, Ny
A B Al,Zr Al Sc
Y G v A .
Al;Se
Hershey e
3.2. ¢
5C, +4C c, 7C, -4C
3 11 12 2 _ 44 11 12
G+ T G 8 G



S232 58
B Cy Ch-Cy, C,+2Cy, 0 4 3 6
8 Pugh G/B
Y v G/B <0.57
Y GIB > 0.57
Al Se AL Zr G/B 0.57
Hershey Y=
=9GB/ 3B+ G 3
B= C,+2C, /3. 3 Al Zr A2
A 22
y A= 2C,+Cy, /1C,y A=1
Al Sc
v= Y-2G /2G . 15
Al;Se Al Zr AL Zr
3 AlSc AlZr
C,,/GPa C,/GPa C4/GPa B/GPa G/GPa G/B Y/GPa y A
Al;Se 182.3 44.5 69.8 87.5 67.1 0.77 160.3 0.19 1.01
189.1 43.2 66.1 91.2 68.3 0.75 164.2 0.20 0.90 15
157.2 56.5 4.4 90.1 69.2 0.77 166.3 0.20 0.90 16
Al Zr 177.2 62.2 81.4 100.5 67.8 0.68 166.1 0.23 1.27
175.9 62.6 69.6 100.3 64.1 0.64 158.6 0.20 1.15 16
L (@)
4r — BDOos
4 -
2 -
2 -
O 1 0 1 1 1
0.4} F—Al®s)
_ ---Al(p)
E I E 0.4F
L 021 8
A a L
0.0 1 0.0 L— 1 .
2r :: .
- 1 —Zr(s) P
Lz ¥
! - =Zr(d) i
2+ o
1F i o
" i {r'l
i ii A
Yl
i A
0 1 0 L n 1 N L e kA
-15 -10 -5 0 5 =30 =20 -10 0
BER eV fe eV
. 1 ALSc  AlZr DOS  PDOS . a ALSc b ALZr


Absent Image
File: 0


Ll

5233

3.3. 4
Al;Se Al Zr DOS
PDOS 1 AlySe AlSc  ALZr
Al Zr DOS Al Se
4.918  AlZr
12.312. Al Zr ALSe
23
Al Zr Al;Se ALZr
1 Blake N Hopkins M A 1985 J. Mater. Sci. 20 2861 Rev. B 63 134112
2 Parker B A Zhou Z F Nolle P 1995 J. Mater. Sci. 30 452 13 Jiang C Sordelet D J Gleeson B 2006 Acta Mater . 54 2361
3 YinZM Pan Q L. Zhang Y H Jiang F 2000 Mater. Sci. Eng. A 14 Mattesini M Ahuja R Johansson B 2003 Phys. Rev. B 68 184108
280 151 15  Hyland R W Stiffler J] R C 1991 Seripta Metall . Mater . 25 473
4 Schuster J C Bauer J 1985 J. Less-Common . Met . 109 345 16  FuCL 1990 J. Mater. Res. 5971
5 Desch P B Schwarz R B Nash P 1991 J. Less-Common . Met. 168 17 Ghosh G Vaynman S Asta M Fine M E 2007 Intermetallics 15 44
69 18  Ledbetter H M 1973 J. Appl. Phys. 44 1451
6 Kresse G Furthmiiller J 1996 Phys. Rev.B 54 11169 19  Taga A Vitos L Johansson B Grimvall G 2005 Phys. Rev. B 71
Perdew J P Chevary J] A Vosko S H Jackson K A Pederson M R 014201
Singh D J Fiolhais C 1992 Phys. Rev. B 46 6671 20  Pugh S F 1954 Phil. Mag. 45 823
8 Blschl P E 1994 Phys. Rev. B 50 17953 21 Karki B B Stixrude L Clark S J Warren M C Ackland G J Crain J
9 Monkhorst H J Pack J D 1976 Phys. Rev. B 13 5188 1997 Am. Mineral . 82 51
10 Birch F 1978 J. Geophys. Res. 83 1257 22 Tvergaard V Hutchinson ] W 1988 J. Am. Ceram. Soc. 71 157
11 Zubov V I Tretiakov N P Teixeira Rabelo J N 1995 Phys. Lett. A 23 Wang YF Zhang W B WangZZ Deng Y H Yu N Tang BY Zeng
198 223 X Q Ding W J 2007 Comput. Mater. Sci. 41 78
12 Beckstein O Klepeis ] E Hart G L. W Pankratov O 2001 Phys .



S234 58

Structural elastic and electronic properties of L1, aluminum
phases from first principles calculation”

Wang Na  Tang Bi-Yu'
Faculty of Material and Photoelectronic Physics ~ Xiangtan University ~Xiangtan 411105  China
Received 16 December 2008  revised manuscript received 1 February 2009

Abstract

First principles calculations are performed to study structural elastic and electronic properties of typical L1, precipitates of
Al-based alloys Al;Sc and Al;Zr . The calculated formation energy and the cohesive energy show that both typical LI,
precipitates of aluminum alloys have a strong alloying ability and Al;Zr phase has a higher structural stability than Al;Sc phase.
According to the calculated density of states of these phases it is found that the higher structural stability of Al;Zr is attributed
to an increase in the number of bonding electrons below Fermi level. Three independent single-crystal elastic constants C;; C,
and Cy at zero-pressure as well as polycrystalline mechanical parameters such as bulk modulus B shear modulus G Young’s
modulus ¥ Poisson’s ratio v and anisotropy value A for both phases are calculated. The mechanical properties of both

phases are further analyzed and discussed in comparison with experimental observations and other theory results.
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