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Structure model of Al,Ca cell
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Table 1 Valence electron structure of Al,Ca

Bond 1, D,nm Ba */nm n, AD,/nm

DI ™ 32 034806 0.34667 0.397 06
DM 96 028419 028280 0.17921 ,
1.31x10°

D& 192 033324 033185 0.13831

DS~ 96 0.56837 0.56698 0.000 09
Fv:99.251 488
D.*. The theoretic bond distance

2  Mg,Ca ffr EF25H4

Mg,Ca A =7 itk 454, “F A1 Pgs/mme (DY),
J s AE R B0 3mSR a=0.6225 nm,
c=1.018 nm!"". 7E AL F MM A 2 A Mg, 6 4 Mgy,
44 Cali 1, Mg MR 2 pros.

7F MgyCa i il i AT 7 FAS 1] 22008 () JE A0 4, e
IR DY SR BEER D, S 5 VB 1, 43 ) ) -

D/(;a—Ca s DA:\/(ﬁao/3)2+(0124 CO)2 N 1A=12;

DS, p,=0.376¢q, Iy=4; DY~ , p_=0.5a,

1c=24; DII;’Ig;—Mgu , D, :\/(\/ga0 16)* +(c, /4)*
Ip=24; pMe=¢, D, =(Ba,/6)*+(0.312¢,) »
Ig=24; D", D.=./(0.5a,)° +(0.188¢,)* »

I=48; DY, Dy =\[(\Ba,/3)* +¢,> /4 1 I6=24.

Fig.2 Structure model of Mg»Ca cell
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Table 2 Valence electron structure of Mg ,Ca

Bond I, Dgnm p /nm n, AD,/nm

D 12
Dé‘a —Ca 4
D(’Y‘&’n*’“ﬁ 1 24

0.38092 0.37808 0.30245
0.38277 0.37993 0.28172
0.31125 0.30841 0.10801
DYs-MeEn 24 031155 0.30871 0.10677 2.84x107
DMer=C 24 036492 0.36208 0.08773
DMg"—Ca 48

F

DY&® 24

0.36538 0.36254 0.08620
0.43850 0.43566 0.00521

Fy:47.6648095
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a-Mg IR (1121 )T b P64 L7 13 0 57k S
3.1 AhCa(ll)E ERIHEMBTHE

ALCa FMI(111) K ZF oo & 3a s, Mk
A1 BT Z0mE RSN B, RN T AR A (R] S A
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Fig.3 Interface of AL,Ca (111)//a-Mg(1121):(a) AlL,Ca (111)
and (b) a-Mg (1121)
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Table 3 Interface bond factor of Al,Ca(111)//a-Mg(1131)

Interface Interface bond factor
Unit Misorder

A B

pmm” o o Apl%

A Al:A4 Ca:A6 0.000 36
AlLCa a-Mg 0 36

B Mg:A3 Al:A6 0.001 81

133.80
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Table 4 Interface bond factor of Mg,Cao1)//a-Mg (0001

Interface Interface bond factor
Unit Misorder
A B pm? o o Ap/%
Mgi:A2
0.175 02
Mg,Ca a-Mg Mgii:A4,Ca:AS 0 72 190.31
B Mg:A3 ALA1  7.047 90
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Calculation of Valence Electron Structures and Analysis on Strengthening Mechanism
of the Second Phase in Mg-Al-Ca Alloy

Zhang Wei', Liu Weidong®, Wang Yanchun', Zhang Shouting'
(1. State Key Laboratory of Geological Processes and Mineral Resources, Key Laboratory of Underground Information Detection
Technique and Instrument of Ministry of Education, China University of Geosciences, Beijing 100083, China)

(2. Liaoning Institute of Technology, Jinzhou 121001, China)

Abstract: The valence electron structures of Al,Ca and Mg,Ca, and the interface electron structures of ALCagin//a-Mg(1121),
Mg>Caoo1y//a-Mgooor1) are calculated and analyzed based on the empirical electron theory of solids and molecules and an improved
Thomas-Fermi-Dirac(TFD) theory. The strongest bond (n,=0.397 06) of Al,Ca and the secondary strong bond (n,=0.302 45) of Mg,Ca
greatly hinder the dislocation movement and grain-boundary sliding, so that the alloy’s intensity is enhanced. Compared the Fv value of
y-Mgi7Al» (F\{'Msv/\'u =44.22), the total bond-forming ability in unit volume F, value of Al,Ca and Mg»Ca is 99.25 and 47.66, respectively.
It shows that the high temperature stability of Al,Ca is better and its existence is advantageous to improve the high temperature
performance of Mg-Al alloy. The interface electronic density difference of the second phase in crystal boundary and the substrate is greater
than that of the y-Mgi7ALiz110)//a-Mgooo1y, the y-Mgi7Al1, and the substrate, with a better interface strengthening effect effectively to
increase the operation temperature of Mg-Al alloy. The bigger difference of the interface electron densities would prevent grain growth and
a finer microstructure can be obtained during solidification, as a result, the nucleation rate of y-Mg;7Al; is increased and the mechanics
properties of Mg-Al alloy are enhanced.

Key words: Al,Ca; Mg,Ca; valence electron structure; interface electron structure; mechanical properties
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