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Atomic bondings and properties of Ul

andU2 phases of Al-Mg-Si alloy
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(College of Physics Science and Engineering, Guangxi University, Nanning 530004, China)

Abstract: Atomic bondings of Ul and U2 phases in Al-Mg-Si alloy during aging were calculated by using the EET

theory and the improved TFD theory. The results show that the strongest bonding and the second strong bonding in two

phases are both Al—Si bonds, which are stronger than those in Al matrix. The firm network structures of Al—Si bonds

are formed in U1 and U2 phases to enhance the bond network and strengthen alloy, while the bonding networks of Al—Si

in U1 phase are not only stronger than those in U2 phase, but also

with greater combining energy, therefore the structure

of Ul is more stable. The calculation results also show that the electron density on the interface (001),,/(110)y; between

Ul and matrix of Al is continuous with lower strain energy so that the interface (0001),,//(110)y; is more stable, while

that on the interface (001)4)//(010)y; is not continuous with a greater stored energy, poor atom-matching and higher stored

energy, which will lead to precipitate a new phase or form a creak to break the alloy.
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Table 1  Atomic bonding of metastable phase Ul
Bond 7, Dy /nm D, /nm e AD, /om po/nn’! Ep/(kK'mol™)

DATS 12 0.248 18 0.245 45 0.695 82 0.002 73 2.803 73 86.743 20
DATSE g 0.262 19 0.259 46 0.406 48 0.002 73 1.550 35 47.965 59
DMeTS ) 0.285 79 0.283 06 0.213 28 0.002 73 0.746 29 25318 63
DAL 6 0.294 49 0.291 76 0.127 08 0.002 73 0.431 52 15.144 93
DM 12 0.340 48 0.33775 0.028 23 0.002 73 0.082 93 3.191 42
DNeTMe 6 0.405 00 0.402 27 0.003 08 0.002 73 0.007 61 0.321 13
DA 8 0.405 00 0.402 27 0.001 83 0.002 73 0.004 52 0.158 47
DSt 0.405 00 0.402 27 0.001 57 0.002 73 0.003 87 0.105 62
DSt ¢ 0.417 07 0.414 34 0.000 99 0.002 73 0.002 37 0.064 54
DA—Me 0.486 40 0.483 67 0.000 10 0.002 73 0.000 21 0.008 26

nJ

U1 phase: a=0.405 nm, »=0.405 nm, ¢=0.674 nm; Al atom state: e=4, R;=0.119 0 nm, n.=2.529 6; Mg atom state: e=3, R;=0.125 80 nm, n.~=1.302 2; Si atom
state: &=4, Rj=0.117 0 nm, n.=3.66 4

2 U2
Table 2 Atomic bonding of metastable phase U2
Bond I, Dna /mm 5% /nm Ny ADna /nm po/nm’! Ea/(kJ-mol ™)
DA 8 0.258 58 0.260 79 0.386 28 0.002 20 1.493 82 46.216 61
DS 8 0.258 58 0.260 79 0.386 24 0.002 20 1.493 65 46.211 38
DS 16 0.260 77 0.262 98 0.355 10 0.002 20 1.361 72 42.129 61
DS 8 0.260 78 0.262 98 0.355 08 0.002 20 1.361 61 42.126 24
DS 16 0.262 75 0.264 95 0.329 18 0.002 20 1.252 83 38.760 71
DS 8 0.265 71 0.267 91 0.293 84 0.002 20 1.105 86 34.213 68
DNeSi 8 0.274 57 0.276 77 0.271 51 0.002 20 0.988 87 33.548 16
pMe—Si 8 0.278 46 0.280 66 0.233 89 0.002 20 0.839 95 28.496 06
DA 8 0.295 81 0.298 02 0.099 93 0.002 20 0.337 81 11.856 17
DATMe 16 0.310 71 0.31291 0.073 24 0.002 20 0.235 73 9.072 18
DM 16 0.311 94 0.314 14 0.069 87 0.002 20 0.223 98 8.619 93
DM 8 0.32127 0.323 47 0.048 84 0.002 20 0.152 03 5.850 84
pie—Me g 0.359 18 0.361 39 0.014 80 0.002 20 0.041 20 1.738 63
DSt 8 0.394 89 0.397 09 0.001 91 0.002 20 0.004 85 0.132 15
DS5Si 8 0.432 38 0.434 58 0.000 45 0.002 20 0.001 05 0.028 63
DATAL g 0.444 86 0.447 06 0.000 33 0.002 20 0.000 74 0.025 87

U2 phase: a=0.675 nm, b=0.405 nm, ¢=0.794 nm; Al atom state: é=4, R,=0.119 0 nm, n.~2.529 6; Mg atom state: ¢=3, R;=0.125 80 nm, n.=1.302 2; Si atom
state: &=4, R1=0.117 0 nm, n.=3.664
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3 (001)p// (110)y;
Table 3  Atomic bonding of (001),;// (110)y, interphase boundary

Al Cell
Bond I, D, /nm Bna /nm N AD, /nm po/nm ! Ea/(kJ-mol ™)
DATAL 12 0.286 35 0.282 15 0.238 87 0.004 20 0.834 18 31.269 87
DA 6 0.404 96 0.400 76 0.005 10 0.004 20 0.012 59 0.472 11
Bond _ Ul Cell
1, D, /nm Dna /nm Ny AD, /nm po/nm’! Ex/(kJ-mol )
DM 12 0.248 18 0.245 45 0.695 82 0.002 73 2.803 73 86.743 20
DS 4 0.262 19 0.259 46 0.406 48 0.002 73 1.550 35 47.965 59
DMETSE 1) 0.285 79 0.283 06 0.213 28 0.002 73 0.746 29 25318 63
DA 6 0.294 49 0.291 76 0.127 08 0.002 73 0.431 52 15.144 93
DM 12 0.340 48 0.33775 0.028 23 0.002 73 0.082 93 3.191 42
pMe—Me ¢ 0.405 00 0.402 27 0.003 08 0.002 73 0.007 61 0.32113
DA 8 0.40500 0.402 27 0.001 83 0.002 73 0.004 52 0.158 47
DS 8 0.405 00 0.402 27 0.001 57 0.002 73 0.003 87 0.105 62
DSi—Si 6 0.417 07 0.414 34 0.000 99 0.002 73 0.002 37 0.064 54
DM 12 0.486 40 0.483 67 0.000 10 0.002 73 0.000 21 0.008 26

In Al matrix, Al atom state: e=5, R;=0.119 0 nm, n.=2.897 0. In U1 phase, Al atom sate: =4, R;=0.119 0 nm, n.=2.529 6; Mg atom state: e&=3, R;= 0.125 80 nm,
n=1.302 2; Si atom state: &=4, R1=0.117 0 nm, n.~=3.664. Interface combination state: (001), face: $=0.164 0 nmz, >n=1.951 7, p=11.901 9 nm’z, oN=2,
Apemin=0.082 4%, ¢’ =68; (110)y; face: $=0.472 8 nm’, Y n=5.631 9, p=11.911 8 nm ™%, oy =79, p =11.906 9 nm 2

Ap 2 S
o (hkl)  (uvw)
o' Paiky — Pluvw) A
TFD
2.2 TFD
DA ¥ 3
[13] Pluww) =7 2 Phkd) =g )
(uvw) (hkl)
Ap | p(u\/w) _p(hkl) | %100% (4)
Py Puvw) Ap (Pluvwy T Piaiy) * =
a( 2
0,
Ap  10% Z ng  nalytnglgtnclct
)
Ap 10% Sy Skt (uvw)  (hkl)
Ap 10%
) p
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231 Ul U2
Ul U2
|AD,,(n,)|=<0.005 nm BLD
[12, 16]

(ear 6, EMg 4,e5i 6)
[16]
Al 3 4 5



20 7 Al-Mg-Si ur  u2 1271

4 (001)// (010),
Table 4 Atomic bonding of (001)4)// (010)y, interphase boundary

Al Cell

Bond g D, /nm D, /nm Mo AD, /nm po/nm’”! Ex/(kJ/mol)
DNTA 12 0.286 35 0.286 33 0.208 57 0.000 02 0.728 39 25.563 9
DA 6 0.404 96 0.404 94 0.004 45 0.000 02 0.011 00 0.3859 7

Bond _ U2 Cell

I, D, /nm D, /nm Ty AD, /nm po/nm”! EA/(kJ/mol)
DM 8 0.258 58 0.256 16 0.461 24 0.002 42 1.783 72 60.716 65
DS 8 0.258 58 0.256 17 0.461 19 0.002 42 1.783 52 60.709 77
DTS 16 0.260 77 0.258 36 0.424 02 0.002 42 1.625 99 55.347 39
DS 8 0.260 78 0.258 36 0.423 99 0.002 42 1.625 86 55.342 95
DATSE 16 0.262 75 0.260 33 0.393 07 0.002 42 1.495 97 50.921 53
DS 8 0.265 71 0.263 29 0.350 86 0.002 42 1.320 47 44.947 90
pYe—st g 0.274 57 0272 15 0.316 95 0.002 42 1.154 34 46.021 49
pMe—Si g 0.278 46 0.276 04 0.273 03 0.002 42 0.980 50 39.091 00
DAL 8 0.295 81 0.293 40 0.119 32 0.002 42 0.403 37 15.378 66
DATMe 16 0.310 71 0.308 29 0.085 50 0.002 42 0.275 18 12.287 63
DM 16 0.311 94 0.309 52 0.081 56 0.002 42 0.261 46 11.675 09
DM g 0.32127 0.318 85 0.057 01 0.002 42 0.177 47 7.924 56
pMe—Me g 0.359 18 0.356 77 0.016 89 0.002 42 0.047 02 2.458 93
DSS 8 0.394 89 0.392 47 0.002 29 0.002 42 0.005 79 0.175 84
D35S 8 0.432 38 0.429 96 0.000 54 0.002 42 0.001 25 0.038 10
DA—AL g 0.444 86 0.442 44 0.000 39 0.002 42 0.000 88 0.033 55

In Al matrix, Al atom state: e=4, R;=0.119 0 nm, n.=2.529 6. In U2 phase, Al atom state: £&=6, R;=0.119 0, n.=3; Mg atom state: &= 4, R;=0.125 21 nm, n.=2; Si
atom state: ¢=5, Rj=0.117 0 nm, n.=3.904. Interface combination state: (001)4; face: $=0.163 99 nmz, >n=1.704 2, p=10.392 nmfz, oN =2, Apmin =47.856%,
a*=80; (010)y; face: $=0.535 95 nm’, Yn=3.418 9, p=6.379 1 nm™>, oy =40, p =8.385 5 nm ™’

4 5 Mg [19]
4 Mg
Mg Mg [14]
12 [19]
Mg Ul 02
3 Si 10 (Ul
Si Eyi  —2.0327x10° kJ/mol 0 200gr =
6 -1.7151x10* kJ/mol U2 Eur=
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