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Abstract: The atomic bonding, interface combination factor, crystal cohesive energy, interface energy between the
precipitation and matrix were calculated using the empirical electronic theory in solid (EET), and the improved TFD
theory were established basis on bond theory, and it went back to the electronic scale of atomic bonding for researching
the macro-property of alloy to investigate the atomic bonding of pre-$” and " phase and of interface between the matrix
with pre-f” and A" phase. Comparing with the calculation results of the two phase, it shows that the interface energy of
pre-f" is smaller, the smaller work energy for nuclear is needed, so the phase is easy to form, while the interface energy
of " phase is larger when the phase is more difficult to form. The calculation result indicates that not only the electronic
density is continuous in interface of the two precipitation phase and matrix, but also the atomic bonding in the interface is
stronger. The stronger the bonding in interface is, the smaller the inner stress in interface is. The combination solidity of
interface has a good effect on enhancing the strength of alloy. The calculation results are good agreement with experiment
results.
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Fig. 1 Cell structures of pre-f"(a) and 4"(b) phases
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Table 1 Parameters of cohesive energy in theoretical calculation!'”
Atom 1,/eV L/eV L/eV a b c Ax=Ax' yleV
Mg 7.646 15.035 80.143 9.620 5 —25.168 23.1935 -
Si 8.151 16.345 33.492 - - - 0.0% 1.385
Atom m b,/(kJ-nm-mol ") fo An, ny n
Mg 0 19.143 29 1.558 8 0.654 4 2 0.697 8
Si 0 13.769 74 1.9758 —2.266 7 4 0.336
AP AT BRI 4.184 0 KI/(grmol)e PEAMUEI L cheps —clele) (7)
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Table 2 Parameters of cohesive energy in experimental

calculation formulal'® 2

Atom number Cohesive

Phase in cell energy/(kJ-mol ") HY/
(kJ-mol ™)
Mg Si Mg Si
pre-f" 10 12 0.145  0.446 10
Vi 10 12 0.145  0.446 36
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Table 3 Atomic bonding of pre-5" phase

% 6.

M 5 BTG T W, pre-pr A S I L 1 4544
o, P E UL R 9.913 2 nm 2, ST LA
JEZEH 9.363%, IRAAHCH 0=17 200, IXLE(E EELY]
T Al-Mg-Si 541 WA pre-p 1 KA S vy 1%
FEZEAE— AL N ORFF I RIS, AR S 519
Ut . S AL Sk 5 S L S5 R I SR 2R
Ak, W Siiy Sihy Sis JR AR A e=5 AT
BT e=6 24, HAEHT Si AT ITEA R 24
WHARA, PAEHEE 0.119 nm, LA pre-p A 45 H
IVEHORFEANAR, 1T Mgy JR I8 IRAS H e=4 [F 2
e=2 288, JE 242 0.125 21 nm #8151 0.125 73 nm,
JiF ROPMAE R T8l St JR g, DRt
Mg, [RARAT i M A FRT S M AN B S o K B 13 B
S T A S R (Y

M 6 THIEH, o//p T F T3 % 2 i

Bond I, D,,/nm D,,/nm 1, AD,,/nm po/nm’ Ey/(kJ-mol )
D3-Stz 8 0.249 87 0.245 77 0.636 47 0.004 097 2.5472 69.298
D3-St 8 0.252 89 0.248 79 0.566 80 0.004 097 22413 60.975
DI 16 0.257 34 0.253 24 0.477 91 0.004 097 1.857 1 50.525
pSish 4 0.269 93 0.274 38 0.294 69 0.004 097 0.983 2 29.701
D Me 8 0.277 39 0.276 53 0.303 37 0.004 097 1.187 4 34.693
Dy ME 16 0.281 15 0.281 87 0.267 93 0.004 097 0.998 5 30.231
p)eMe: 8 0.282 24 0.291 35 0.352 11 0.004 097 0.710 4 31.026
pyeSis 16 0.286 08 0.282 00 0.217 34 0.004 097 0.639 4 24.100

Siy: e=5, R=0.117 0 nm, n.=3.904; Si,: &=5, R=0.117 0 nm, n.,,=3.904; Si;: e=5, R=0.117 0 nm, n.=3.904; Mg;: e=2, R=0.125 73 nm,
n=0.236 3; Mg,: e=4, R=0.125 21 nm; n.=1.000 0; Mg;: =2, R=0.125 73 nm, n.=0.236 3.

R4 PR RS
Table 4 Atomic bonding of f" phase

Bond I, D,, /nm D,, /nm 1, AD,, /nm po/nm’ Ey/(kJ-mol )
DN 8 0.239 51 0.241 50 0.784 21 0.001 99 3.2742 83.521
DS 4 0.239 62 0.241 60 0.781 47 0.001 99 3.2613 82.814
DS 8 0.249 15 025113 0.573 67 0.001 99 23025 58.349
DSt 16 0.250 64 0.252 63 0.546 57 0.001 99 2.1807 55.261
DS Me 8 0.262 63 0.264 62 0.483 52 0.001 99 1.8410 58.764
DM 16 0.284 57 0.286 55 0.254 03 0.001 99 0.892 7 19.323
Dl e 16 0.285 06 0.287 04 0.238 16 0.001 99 0.8355 18.085
D e 8 0.286 02 0.288 00 0.242 36 0.001 99 0.847 3 18.175

Siy: e=6, R=0.117 0 nm, n.=4; Siy: &=5, R=0.117 0 nm, n.=3.904; Siz: e=3, R=0.117 0 nm, n.=2.336; Mg;: e=4, R=0.125 21 nm, n=2;
Mg,: e=2, R=0.125 21 nm, n.=0.236 3; Mgs: =3, R=0.125 73 nm, n.=1.302 2.
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Table S Interface atomic bonding of pre-£"(010)//Al(001)

Bond I, D,,/nm D,, /nm 1, AD,,/nm po/nm’ Ey/(kJ-mol ™)
Dyt 8 0.249 87 0.244 98 0.656 19 0.004 892 2.758 1 72322
DS 8 0.252 89 0.248 00 0.584 36 0.004 892 23107 63.636
DS 16 0.257 34 0.252 44 0.492 72 0.004 892 1.9147 52.729
pSh s 4 0.269 93 0.265 04 0.303 82 0.004 892 1.1255 30.997
Dy e 8 0.277 39 0.272 50 0.338 89 0.004 892 12217 26.445
DM 16 0.281 15 0.276 25 0.293 39 0.004 892 1.043 5 22.588
Dy 8 0.282 24 0.277 34 0.417 76 0.004 892 1.480 2 18.883
DS 16 0.286 08 0.281 99 0.242 79 0.004 892 0.848 7 18.370

pre-4"(010), Si: e=6, R=0.117 0 nm, n=4; Mg: =2, R=0.125 73 nm,

nm 2, Apmin=9.363%.

£ 6 £(010)/AL(001)FL 1 R Bk
Table 6 Interface atomic bonding of £”(010)//Al1(001)

n=0.236 3; Al(001), Al: n==2.961; 6=172 00, 6'=0, p=9.913 2

Bond I, D,,/nm D,, /nm 1, AD,,/nm po/nm’ Ey/(kJ-mol )
pi-Sis 8 0.239 51 0.234 88 0.971 74 0.004 63 4.0572 110.38
DSish 4 0.239 62 0.234 99 0.968 33 0.004 63 4.041 1 109.94
D2 8 0.249 15 0.244 52 0.710 85 0.004 63 2.853 1 77.62
DS 16 0.250 64 0.246 02 0.677 27 0.004 63 2.702 1 73.513
pSi-Me 8 0.262 63 0.258 01 0.610 71 0.004 63 23254 66.723
pjiMe: 16 0.284 57 0.279 94 0.299 82 0.004 63 1.053 6 30.232
p)a-e 16 0.285 06 0.280 43 0.289 52 0.004 63 1.0157 29.143
pyiaMe: 8 0.286 02 0.281 39 0.286 05 0.004 63 1.000 1 18.175

Siy: e=5, R=0.117 0 nm, n.=3.90 4; Mg,: e=3, R=0.125 8 nm, n.=1.302 2; Mg,: e=3, R=0.125 8§ nm; n.=1.302 2; Mgz: e=4, R=0.1257

nm; n.=2; o=111 94; ¢'=0; p=10.386 nm % Apmin=0.110 2%.

Ny Apuin RAT 0.110 2%, WS 5 FEAARTE B S H 45
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Table 7 Results of interface and cohensive energy

7y =y Interface

Phase c c Interface energy/
(kJymol ") (kJ'mol ) (mJm )

pre-f"  —3.325 —3.421  pre-f"//A1(001)  65.45
b’ —3.757 —3.531 £"'//A1(001) 127.63




%23 % 4

RES T

Al-Mg-Si &4 Pre-g" Y BB MR S 10 JR 7R 4% 5 Tk fig 925

& 7 LR R, pre-p ML GroE M
SEIAEAHZE /N T 10%, P RT LA TS 45 45 e
GrHE, SOk R JRERVE S A B 45 R S se
HAEARZE 20%, B SE RN HFEA RN g7
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K PRI

2) pre-f" B IX P ANFH 55 B A4 ) St i) i85 2
Ap N, HAEAT 9.363% 0.11025%, HiHHIX
ANFH 5 BEARTE B ST A ORFF U (I Sk, X
SEVEG R TZAH SR S FUT R AR . AT
AR 5 EAA I i BT B R p 4000k 9.913 2
H110.386 nm 2, IX &Lk B FL 45 AR, AR
GamFtisai . ey DAHERT, X PANHT AR BE
A AR A SR E 5 S0 PTG I DU R 5

3) BT pre-f AHII ST RERR /I, T ZERIEAZ T/,
R, Frgs i e . SHae/ MOAH S TATH, 4%
T RE /AT AT R (R 520, R N2 AR 2 A
o AHXTME, prAHRI SRR, Frifek, B
ST GG, AR K. Bk, &4
M A M, A5 A H A 3 51 (1 S50 45
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