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Residual bond structure analysis of equilibrium phase diagram
of Al-Si and Mg-Al alloys under pressure condition
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Abstract: By using the calculated results of EET theory, the local valence electron structure elements of residual
chemical bonds of Al-Si and Mg-Al alloy melts, that is, the residual bond structure models, were established. From the
viewpoint of effect of pressure on melt structure, the essential reason of deviation phenomenon for maximum solution
point and eutectic point in thermodynamics equilibrium phase diagram was analysed. Moreover, under pressure condition,
the change of thermodynamics equilibrium phase diagram was macroscopic reflection of microstructure change of alloy
melt. The results show that the pressure function reduces the diffusion rates of Si-Si and Al,, residual bond structures in
alloy melt, making them not easy to capture the other residual bond structures and wandering atoms around them, so the
possibility of segregation is decreased greatly. However, taking Mg atoms as “bridge”, the “dangling” Al bonds will
connect with Alj, residual bond structures, forming the atomic clusters including Mg;;Al, structures, which supply
“effective crystal embryo” for forming f(Mg;;Al,,) phase spontaneously, and reduce the Al quantity in the Mg-Mg and
Mg-Al atom clusters.

Key words: Al-Si alloy; Mg-Al alloy; pressure; residual bond structure model; melt structure; non-equilibrium phase

diagram

(2007CB613702) (2007DFC50090)
2008-12-29 2009-07-10
010-51537859  E-mail: mgb07@mails.tsinghua.edu.cn



19 12 Al-Si Mg-Al 2075
EET Al-Si  Mg-Al
[1]
[2]
[3-7] 1
Al-Si Al-Ge Cu-Al Fe-C Ag-Cu Bi-Sn
Bi-Pb (8712]
[17]
1985 - (Clausius-Clapeyron)
MITUs ¥
[18]
Tsui M ar AV
Cs Ga Bi Se " A M
N, 2000 T AV
KATAYAMA [P S-Pring8 AH
X (1)
« ) -
McMILLAN"  Nature
1.1 Al-Si
Al-Si
660.7 Si ( )
1.65% Si 12.6%
577
Si
Al-Si 1
Mg-Al

Al-Si



2076

2009 12
Al
900 Al-Si
Si a(Al)
£ 800
LF]
E
o
£ 700 2
v
=
600 — [21-24]
500 5=
Al
x(Si)/%
1 Al-Si 8]
Fig.1 Effect of pressure on Al-Si alloy equilibrium phase
diagram!®
Si
( 1978 PAULING
a(Al) ) “c (Empirical
[19]
electron theory of solids and molecules, EET)**'>> EET
12 Mg-Al
2 Mg-Al
2
650.1 Al (
) 12.7% Al 32.2% EET
437 ( 1 10 100 Al-Si Mg-Al
1 000 MPa) Mg-Al
750 2.1 AI-Si
— 0.1 MPa Al-Si
esobN ™. ‘ Si Al a(Al)  ALSi
e Al-Si EET [25-26]
g \ Al—Al Al—Si  Si—Si
g 550+ % .
Ei P S e S b Si 5 6
= HiE T Si N 3
if:. Wh ST -
450 i TR Nt e Sisi
Mg,,Al,, 4 A B C D
3SR/[g 10 20 310 4IO 510 Al 3 Si
w(A1)/% Si—si
2 Mg-Al (20] na Al—Al Al—Si 4
Fig.2 Effect of pressure on Mg-Al alloy equilibrium phase Al—Si Al—Al LN na

diagram®”

Al-Al ALSi
( 3 n n*



19 12 ALSi  Mg-Al 2077
1.0 1.0
A(a) (b)
. — LALAl . — pAlAl
Al-Si o — ,AlISI
08r o« — 08¢ nS‘i-S‘i
& — nS|—S| A —
0.6 0.6
- -
= =
04+ 04+
0.29 0.2
0 * 0 .
A B C D A B C D
A" Af
3 Al-Si Si

Fig.3 Covalent electron number change of every bond under different Si hybridigation conditions in Al-Si alloy melt: (a): Fifth

exponent; (b) Sixth exponent

I3y

Si**

NS
S (5) .@
@

_ S
S i(’\.\ ::: @ Si {y

S‘4.\’ .
! Strong chemical

(a) bond
Si

Si

4 Al-Si Si-Si

Secondary strong

chemical bond (b)

Fig.4 Si-Si residual bond structure model in Al-Si alloy melt: (a) Lattice structure before melting; (b) Residual bond structure after

melting
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