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Effects of solution heat treatment on microstructures and
properties of Al-Si-Cu-Mg cast alloys
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Abstract: The dissolution of the intermetallic phases was studied and the function of solution strengthening in
Al-Si-Cu-Mg casting alloys during solution heat treatment was analyzed. The results show that the 6 phase (Al,Cu)
dissolves gradually in the initial stage of solution, but still exists around (FeMn);SiAl;, particles until holding time
prolongs. In the final stage of solution the needle-like Al;Ti phases blunt but QO phases (Cu,MggSisAly) still exist. With the
solution time prolonging, the amounts of Cu and Mg atoms in matrix increase, and Mn and Ti intermetallics dissolve
partly. However, the function of solution strengthening mainly originates from Cu atoms. The increase of mechanical
properties of alloy during solution heat treatment are due to the combined effect of dissolution of the intermetallic phases,
uniformity of structure and spheroidization of silicon particles.
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Table 1 Chemical composition of samples (mass fraction, %)

Si Cu Mg Mn Ti Al
9.85 1.48 0.35 0.18 0.20 Bal.
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Table 2  Eutectic reaction of Al-Si-Cu-Mg alloy

Eutectic reaction Reaction 5
temperature/'C
L—a(Al)y+Si+Mg,Si+ALCut 408
W(AILMgsSiyCu)

L—a(Al)+W+Mg,Si+Al,Cu+Si 505
L—a(Al)+Si+Mg,Si 517
L—a(Al)+Si+ALCu 525
L—a(Al)+Si 577
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Fig.1 Mechanical properties of Al-Si-Cu-Mg alloy as function of solution time at 525 °C: (a) Hardness; (b) UTS and Elongation

B2 R T AL-Si-Cu-Mg & & (R8T 11 35
Fig.2 SEM images of Al-Si-Cu-Mg alloy solutioned at 525 °C for various times: (a) As-cast; (b) 10 h; (c) 14 h

B3 HSamEsds
Fig.3 SEM images of as-cast alloy: (a) Unmodified, (b) Modified; (c), (d) Magnified images of (b)
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Table 3 Results of EDS analysis of phases shown in Fig.3 (mass fraction,%)

Locations Al Si Cu Mg Mn Fe Ti Phase Morphology
A 50.97 1.78 46.6 0.66 0 phase (AL,Cu) Nodular
B 51.31 12.92 35.77 Al;Ti Acicular
C 57.10 22.10 1.85 9.74 8.59 0.61 (FeMn);SiAl,, Massive
D 28.85 27.54 16.35 24.27 2.98 O phase(Cu,MggSisAly) Lamellar
E 53.14 3.710 40.59 1.560 0.65 0.34 6 and Q phase Network

B4 525 CREFAEPIERETHT AR

Fig.4 Dissolving process of precipitated phases of alloy solution treated at 525 ‘C for different time: (a) 2 h; (b) 6 h; (c), (d) 10 h;

(e), () 14h
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Fig.5 EDS analysis of Fe-rich phase arrowed as “C” in Fig.4
(c) and (e): (a) 10 h; (b) 14 h
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Table 4 Results of EDS analysis of matrix solution treated at 525 ‘C for different time (mass fraction, %)

Solution time/h Al Si Cu Mg Mn Fe Ti
0 99.74 0.26 - - - - -
2 96.91 2.02 0.59 - - - 0.48
4 96.36 2.03 1.08 0.09 - - 0.44
8 95.38 2.08 1.85 0.13 0.08 - 0.48
12 95.73 1.58 1.91 0.15 0.08 - 0.55
16 96.05 1.29 1.78 0.23 0.05 0.02 0.58
24 95.79 1.47 1.77 0.25 0.11 - 0.61
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Fig.5 Comparison of atom diameter of various alloying

elements

Alloying element Atom diameter /nm

Cu 0.2552
Mn 0.2612
Si 0.263 2
Al 0.286 4
Mg 0320 4

6 [EVAVEKJEHTH Si A BT TEM B30 A ik X A 5
Fig.6 TEM images and corresponding SADP of Si particles

in matrix of alloy quenched
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