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Relationship between atomic bonding and property of Al-Mg-Si alloy

GAO Ying-jun, CHEN Hao-tian, ZHU Tian-xia, ZHANG Shuang, HUANG Chuang-gao

(School of Physics Science and Engineering, Guangxi University, Nanning 530004, China)

Abstract: The macro-property of the alloy was gone back to the electronic scale of atomic bonding by using the
empirical electronic theory (EET) in solid and molecule and the improved interface TFD theory established based on
bond theory and band theory. The investigation of interface bonding feature of the atomic bonding of sequence phase and
the atomic bonding at the interface between the matrix and the precipitate in Al-Mg-Si alloy was systematically summed
through comparing the bond strength, cohesive energy, interface energy between the precipitate and the matrix. The
results show that the most effect of strengthening for the alloy is owing to the " phase, the second is the pre-f" phase; the
variation of the cohesive energy and the strongest bond energy can also show the melting point of the alloy, which
indicates that the melting points of pre-5” phase, f” phase and U, phase are higher than those of GPZ phases and the
matrix. The calculated results of atomic bond strength evolution of precipitates are in good agreement with the
experiment results of the strengthening alloy.
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Fig. 1 Calculated strength factor curves of precipitates in
sequence arrange in row of Al-Mg-Si alloys: (a) Al-0.4Mg-
0.28Si-0.25Fe alloy; (b) Al-0.6Mg-0.39Si-0.25Fe alloy; (c)
Al-0.8Mg-0.47Si-0.25F¢ alloy

Table 1 Calculated results of characteristic parameters of precipitate phase in Al-Mg-Si alloy™® '

Phase na Y% Ey/(mJ-m %) E,/(mJ'm?) pl(electronnm ) Apni/%  y/(mIm?)

GPZ, 0.264 03 88.37 31.278 9 6.2543 X107 10.5371 1.393 170.9

GPZ, 0.236 46 83.55 31.776 7 1.2897 % 10° 11.947 8 2.010 212.5

GPZ; 0.226 22 86.84 33.844 0 2.6749X10° 12.0779 1.472 183.6

pre-f"” 0.636 47 76.89 69.298 0 3.0407X10° 9.434 5 9.363 65.45
b’ 0.784 21 92.15 83.5210 3.4310%10° 10.38 1 0.110 127.63
p 0.486 24 79.84 57.6810 3.1405X%10° 6.688 2 59.80 235.6
U, 0.695 82 85.56 86.743 2 2.0327X10° 11.906 9 0.082 107.05
U, 0.386 28 83.29 46.216 6 4.0726%10° 8.3855 47.856 267.61
p 0.324 65 78.36 32.899 1 0.8468 % 10° 1.7383 142.68 236.91

na: Pair number of strongest covalent bond; Y: Strength factor; Ey: Strongest bond energy; E_: Binding energy; p: Electronic

density ; Apni,: Difference of electron density; y: Interface energy; GPZ,: MgSi; GPZ,: Al,MgSi; GPZ;: Al{MgSi.
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Table 2 Calculated strength change (Ag,) of precipitate

phases in Al-Mg-Si alloys with different compositions

Phase Ao /MPa Ao,/MPa Aocz/MPa
GPZ, 2.056 3 2.6518 1.7679
GPZ, 2.786 9 3.6384 24255
GPZ; 1.775 8 2.3184 1.5456
pre-f"” 43.0513 55.8211 37.470 5

b’ 579156 75.094 3 50.4079

b 27.6659 35.8711 24.079 3

U, 49.2250 63.563 5 42.667 8

U, 17.880 5 23.1829 15.561 3

Aoy: For  Al-0.4Mg-0.28Si-0.25Fe  alloy; Aoy For

Al-0.6Mg-0.39Si-0.25Fe alloy; Aos: For Al-0.8Mg-0.47Si-
0.25Fe alloy.
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Fig. 2 Yield strength experimental curves of precipitate phase
of Al-Mg-Si alloy"®: (a) Al-0.4Mg alloy; (b) Al-0.4Mg-0.28Si
alloy; (c) Al-0.6Mg-0.72S:i alloy; (d) Al-0.8Mg-1.12Si alloy
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Table 3 Interface combination factors of different precipitates and matrix in Al-Mg-Si alloys!® %!
Interface Interface combination factor
Structure cell Order 5
A phase surface B phase surface p/(electronnm °) o o' Ap/%
a(Al) Al: 4 10.392 02
a(Al)(100 GPZ,(100 Mg: 4 4 8 1.393
(AD00) (100) MgSi £ 10.537 81
Si: 5
a(Al) Al: 5 11.901 36
Al: 4
a(Al)(100) GPZ,(100) 25 63 1.472
AlgMgSi Mg: 3 12.077 88
Si: 4
a(Al) Al: 5 11.901 36
Al: 5
a(Al)(100) GPZ;(100) 37 39 2.010
Al,MgSi Mg: 2 11.947 98
Si: 6
a(Al) Al: 4 10.392 02
a(Al)(001) pre-f"(010) Mg: 2 17 200 0 9.363
Mg;Sie ,g 9.943 5
Si: 6
a(Al) Al: 4 10.392 02
Mg: 3
a(Al)(001) £"(010) 11 194 0 0.1102
MgsSig Mg: 4 10.381 0
Si: 5
a(Al) Al: 4 10.392 02
a(Al)(001 '(001 Mg: 3 0 480 59.800
(D00 A(00D) MgsSig g 6.688 2
Si: 6
a(Al) Al: 4 10.392 00
Al: 5
a(Al)(001) Ui(110) ) 0 138 199.029
Al,MgSi, Mg: 2 0.025 29
Si: 5
a(Al) Al: 4 10.392 0
Al: 6
a(Al)(001) U,(010) ) 0 80 47.856
Al4Mg4SI4 Mg 4 6.379 07
Si: 5
a(Al) Al: 4 10.392 0
a(Al)(001 010 Mg: 3 0 12 142.679
(ahiool) AO10) Mg,Si g 1.738 32
Si: 4
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electron/nm’, 1fif GPZ, Fl GPZ; #1544k AL AR ST —
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