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3. Results and discussion

3.1. Mechanical properties

Mechanical properties of Al-Si alloys are largely dependent 
upon an appropriate heat treatment technology. During precipita-
tion hardening – T6, series of changes in microstructure have 
occured (e.g. the dissolution of precipitates, the homogenization 
of the cast structure, such as the minimization of alloying ele-
ment segregation, the spheroidization and coarsening of eutectic 
silicon and the precipitation of finer Al2Cu or Mg2Si hardening 
phase), which then leads to the improvement of mechanical prop-
erties. Because the morphology, the amount and the distribution 
of the precipitates during aging process significantly influence 
the mechanical properties, it is very important to investigate the 
effects of heat treatment on the alloys [11].

Influence of heat treatments onto mechanical properties 
(ultimate strength tensile – UTS; Brinell hardness – HBW; 
Elongation (A5); and Impact energy (E)) for recycled AlSi9Cu3 
cast alloy is shown on Fig. 1. The Fig. 1 shows mechanical 
properties after solution treatment (T4 = 515°C – blue curve) 
and after two different artificial aging temperatures (T6 = 515°C 
/ 4 h + 170°C – orange curve or 515°C / 4 h + 190°C – grey curve) 
for comparising their effect, but also shows mechanical proper-
ties of secondary AlSi9Cu3 cast alloy in as-cast state which are: 
UTS = 211 MPa; 98 HBW 2.5 / 62.5 / 15; A5 = 1.3 % and E = 3 J. 
These results and previous work shows that secondary (recycled) 
aluminium cast alloys have comparable properties as primary 
aluminium alloys [23]. The Brinell hardness results show that 

there is an obvious precipitation hardening phenomenon for each 
curve. The best precipitation hardening phenomenon is observed 
on curve at temperature 190°C of artificial aging (Fig. 1a). The 
heat treatment T4 shows only the first peak of aging and than 
intermediate stage of aging – the hardness decrease and do not 
increase again (Fig. 1a). For samples aged at temperature 170°C 
of artificial aging a single aging peak and next hardness high 
plateau was observed (Fig. 1a). The results (Fig. 1) show that 
solution heat treatment improved some of mechanical properties 
compared to the as-cast state of secondary AlSi9Cu3 alloy, but 
precipitation hardening has greater influence onto mechanical 
properties improvement. The highest hardness was measured on 
samples heat treated at 170°C artificial aging (139 HBW 2.5 / 
62.5 / 15 with holding time from 8 to 32 h) (Fig. 1a). Highest 
UTS and A5 were measured for 190°C of artificial aging, but 
comparable results have the temperature 170°C, too (Fig. 1b,c). 
When compare results in first aging peak 170°C / 4 h = 276 MPa 
and 190°C / 4 h = 287 MPa, in the second aging peak 170°C / 
16 h = 311 MPa and 190°C / 16 h = 309 MPa (Fig. 1b) for com-
pany is maybe better to use artificial aging at 170°C (at lower 
temperatures have castings comparable strength) due to lower-
ing economic costs. Impact energy is for both temperature of 
artificial aging comparable (Fig. 1d).

These results show that optimal properties have specimens 
after precipitation hardening at 515°C / 4 h + 170°C / 16 h. 
Mechanical properties also shows that it is very important what 
mechanical properties are required, because in some case it 
will be worth to use only solution treatment for improving 
properties. 

a) b)

c) d)

Fig. 1. Basic mechanical properties of secondary AlSi9Cu3 after treatment, a) Brinell hardness; b) Ultimate tensile strength; c) Elongation; d) 
Impact energy
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a) b) c)

170°C / 16 h

190°C / 16 h 

Fig. 4. TEM micrographs of the precipitation hardened AlSi9Cu3 specimens after precipitation hardening at two different temperatures of artificial 
aging; a) mag. 34 000×; b) 210 000×; c) SAED of Al2Cu precipitates

TABLE 2

The average value of precipitates dimensions (width, length, thickness) and number per unit area (amount) of AlSi9Cu3 alloy

ArtiÞ cial aging

Precipitates morphology
Oval particles Platelets Needles

Width [nm] Length [nm] Amount 
[mm–2] Width [nm] Thickness 

[nm] Length [nm] Amount 
[mm-2] Length [nm]

170°C / 16 h 70 140 9.105 30 2-4 60 5.107 15-20
190°C / 16 h 80 150 34.105 50 2-4 75 10.107 15-20

4. Conclusion

The present study describes effect of heat treatment (T4, 
T6 at 170°C and T6 at 190°C) on the properties of secondary 
AlSi9Cu3 cast alloy. The study confirms that structure changes 
(spheroidisation of Si particles, fragmentation and dissolution 
of intermetallic phases and ternary eutectic, and creating of 
dispersed intermetallic precipitates) depend on precipitation 
hardening of this experimental material and these changes led 
to increasing properties of this alloy (because the overall ma-
trix was strengthened by a mechanism called the precipitation 

strengthening). The results of mechanical properties, SEM and 
TEM study show, that the „optimum’’ schedule for mechanical 
properties is as follows: solution treatment: 4 h at 515°C; water 
quenching at 50°C; artificial aging: 16 h at 170°C.
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