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Effect of atomic bonding of interface of ' phase on
property of Al-Mg-Si alloy
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(School of Physics Science and Engineering, Guangxi University, Nanning 530004, China)

Abstract: The atomic bonding, interface combined factor, crystal cohesive energy, interface energy between the

precipitation with matrix were calculated using the empirical electronic theory in solid (EET) and the improved TFD

theory which were established basis on bond theory to investigate the atomic bonding in interface between the matrix

with B’ phase. The calculation results show that the atomic bonding of ' phase is less than that of 4", therefore the

effect of f’ phase strengthening for alloy is not stronger than that of 5”. The electronic density continuous in interface

between the f’ phase and matrix is poor, and also the atomic bonding in interface is weaker, and makes the inner stress

larger, and the combination of interface is not stable. The research for the macro-property of alloy goes back to the

electronic scale of atomic bonding.
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Fig. 1 Cell structure of §' phase
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Table 1 Parameters of cohesive energy in theoretical calculation!'> "]
2 B,/
Atom [,/eV  L/eV  L/eV a b c Ax=Ax" y/leV m B fa An, nr n
1
(kJ-nm'mol )
Mg 7.646 15.035 80.143 9.6205 —25.168 23.1935 0.693 - 0 19.14329 15588 0.6544 2 0.697 8
Si 8.151 16.345 33.492 - - - 1.385 0 13.76974 19758 —22667 4 0.336
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Table 2 Parameters of cohesive energy of f' phase in

experimental calculation®'

Atom number Cohesive energy/

H}/
in cell (kJ-mol ) |
(kJ-mol )
Mg Si Mg Si
18 10 0.145 0.446 -32.4
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Table 3 Valence electron structure of 4

MEE MR 3 4G, R E, AR

3 TSR G AT LR, AR R
B Sip 5 Mg, 454, Ui Sty & 15 Mg, TE 3o i,
Siy b 155 5 A4 gt B T 3Lt - A AT IR AR
1) Si;—Mg, ## b, 17 H e s g 3L v 0 HOh
0.483 55. W LLAH, 1T HAH ) S s B ) 2L v -6
B AL S s L ROR 2 1%, X5 S
GRS A AT A S ARG N 1 A A
Iy, HIER 3 BRI Mg R 5ol Ak T R 2Ry
WA 4 Mg AT e=4 2R, bR, Mg,
WY =2 ZRBOIRASHE, SR> g T
HAH pre-p" 1 g AR HL T S5 PR LG, B 59
KL, BARG FEAA R s A AR A % —ATER R4 8
.

a(001)//4'(00 1) [ ¥y~ 35 [ Hi 1 25 & pp=8.542
nm >, FEHE AR 85 2R B Apmin=59.80%. Hi}
P EET B, XEW T Al-Mg-Si &4a Al g
AT ST L5 B 250 — A AT e B IS4 1,
a2, N TS 2518 Apmin=59.80% I}, HL
TARIHELNE, XERN 5B R
MoK FR. KNk, W5 EET HASHEWT pAH S & Al A7AE
BORWIN D) 5—J71, BT i BRI S ki)
KRIFHEREE AT I, Apmin=59.80% AN IE
SEFU AR N N 4 T g OR, A gUAHAE
W RSO FA B GNT H THEE BRI T p
FH 5 B AA ST L2 BEAE — O U R ANIE S . %
AHAN T S8 S I3 s 5 T P A 5 R RS A A T
ALk, Siys Siy JRTERERIER] T 28 6 4%, 1M Mg, FF
A3 24K 0.125 80 nm, Mg, ETHEIEE 3 4y, k4%
490.125 80 nm, HT-7E BAHII(001) [ 1) J LA 3= 225 2
tH Mg, Ji AR, PRI Mg, 283058 3 B, B R4
Ko PRSI, PN AR RE, AAT A

Bond 1, D,,/nm Do /NM n, AD,,,/nm p,l/nmfl Ey/(kJ -mﬁl)
DM 24 0.265 93 0.261 14 0.483 55 0.004 79 1.8176 57.681
D5 Me 24 0.27279 0.268 00 0.371 60 0.004 79 1.3613 43.212
DM 24 0.273 90 0.269 11 0.346 17 0.004 79 1.2639 41.243

DS 4 0.274 59 0.269 80 0.246 01 0.004 79 0.8959 25.075
DS Me 16 0.276 74 0.271 95 0.310 42 0.004 79 1.1218 36.605
piiMe 24 0.282 08 0.277 24 0.273 98 0.004 79 0.975 1 21.432
DS Me: 12 0.285 84 0.281 06 0.237 17 0.004 79 0.8297 18.308
Dy Me 24 0.291 56 0.286 78 0.190 43 0.004 79 0.653 1 14.412

Si: =5, R(1)=0.117 0 nm, 7,=3.904; Mg;: &=4, R(1)=0.125 21 nm, 1=2.000 0; Mgy: e=2, R(1)=0.127 3 nm, n,=0.236 3.



614 A G EE R

2013 4E3 H

R4 BRI «001)/8'(001) SR KM HL 1454

Table 4 Interface valence electron structure of a(001)//4'(001) of Al cell and f' cell

Bond Al cell
on —
1, D,,/am D /mm n, AD,,,/nm p,l/nmfl E/(K] -mﬁl)
Dﬁ'A' 12 0.286 35 0.286 33 0.208 57 0.000 02 0.728 39 25.563 93
D‘fB"A' 6 0.404 96 0.404 94 0.004 45 0.000 02 0.011 00 0.38597
Bond p' cell
on —
1, D,,/am D, /mm n, AD,,,/nm p,l/nmfl E/(k] -mﬁl)
DlSilngl 24 0.265 93 0.261 59 0.486 24 0.004 34 1.828 40 52.825
DzSiZhngl 24 0.272 79 0.268 45 0.373 67 0.004 34 1.396 80 39.574
Dfizﬂ’Mg‘ 24 0.273 90 0.269 56 0.353 99 0.004 34 1.292 40 37.771
Dfi"s“ 4 0.274 59 0.270 25 0.248 79 0.004 34 0.906 04 24.952
D5SiZhngl 16 0.276 74 0.272 40 0.321 12 0.004 34 1.160 30 33.523
Dsi"MgZ 24 0.282 08 0.277 74 0.261 57 0.004 34 0.927 29 26.790
D?izﬂ’Mgz 12 0.285 84 0.281 50 0.226 43 0.004 34 0.792 16 22.886
DgiZh’Mgz 24 0.291 56 0.287 22 0.181 81 0.004 34 0.623 56 18.015

a(Al): =4, R=0.119 0 nm; nc=2.529 6; f': £=2, nc =2.961; Si: ¢=6, R=0.117 0 nm, nc=4; Mg: ¢=3, R=0.125 80 nm, p=8.542 nm 2, Apmin=59.80%.
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Table S Results of interface and cohensive energy

Interface
EM EX/
Phase 4 4 Interface energy/
(kJmol ") (kJ-mol ") 5
(mJ-m ~)
s —3.1405 —3.584 £"//A1(001) 235.6
4 it

1) fAH R AN R B A O Mg—Si B, L ny

B4 0.483 55, LLIEART na {8 0.208 57 KM f5 /i 47,
Beomt B AE (o 57.681 kl/mol, 454 REME N—3140.5
kJ/mol, Zi&RemRM pAHGH T R 145 G A3 7 I,
TERGZAH T BRI R R, IR R 0 75 A RS 7 2
M EZRI R s EESE O, LS I, pAH S RE A
—235.6 mJ/m®, FLIHBRERMANA S, THTH, RIS
3 H ) BIIHT H 0 B TR AR AT o

2) BOAH S R ST IR L2 B 22 Ap B,
JLAH N 59.80%, Ui BH1ZAH 5 FEARTE U S HIAE — 20k
ASAF FAESE, X H A AN SR S A 7oA
MR, XA mER . denr DAHERT, % AHT)
R o T 8 2 A T v o S i) BT K ) I S T AR
S, ATLLEH, Frings G R S e e ok,
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