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1 Introduction
Aluminum alloy, renowned for i ts exceptional 
castability, high corrosion resistance, and notably 
high strength-to-weight ratio in the heat-treated 
conditions, has garnered increased attention in the 
automobile industry [1-4]. The recycling of aluminum 
alloys has emerged as a prominent area of interest in 
contemporary times due to its environmentally friendly 
and cost-effectiveness [5-7]. Compared to industrial 
primary aluminum, scrap aluminum alloys exhibit 
characteristics such as low melting temperature, short 
melting time, minimal metal combustion loss, and low 
energy consumption. During the alloy composition 
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adjustment stage, less metal needs to be added to scrap 
aluminum alloys, resulting in a more even distribution 
of alloy constituents and optimized microstructure [8]. 
Additionally, the energy consumption for producing 
one ton of recycled aluminum is only about 3%-5% 
of that for producing primary aluminum, reducing 
production costs and decreasing the emissions of 
carbon dioxide and sulfur oxides during the production 
process. This plays a positive role in conserving 
resources and protecting the environment [9, 10].

However, during the recycling of aluminum alloys, 
it is unavoidable that a certain amount of iron will 
be mixed into the original aluminum alloys [11, 12]. 
Iron is one of the primary detrimental elements in 
aluminum alloys. Although the maximum solubility 
of iron in aluminum is 0.052wt.%, iron often reacts 
with aluminum alloy to form iron-rich phases, thereby 
affecting the performance of the alloy. As most of the 
iron-rich phases exhibit higher microhardness and a 
coarse acicular morphology, these iron-rich phases 
can act as stress concentrators in the aluminum alloy 
matrix, fracturing the integrity of dendritic cells, 
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thereby severely affecting the mechanical properties of the 
alloy. Therefore, corresponding process measures are typically 
employed in actual industrial production to mitigate the impact 
of the iron-rich phase on the mechanical properties of the alloy. 
Adding alloying elements has been proven to be an efficacious 
means of enhancing the mechanical properties and optimizing 
the microstructural characteristics of Al-Si-Mg aluminum 
alloys [17, 18].  

Sr is commonly used as a modifier during the melting 
process in aluminum alloy. Adding Sr to Al-Si alloy can 
increase the undercooling of eutectic nucleation, thus 
inhibiting eutectic growth and modifying the morphology and 
size of eutectic silicon. Moreover, the addition of Sr promotes 
the primary aluminum nucleation in Al-Si alloys, thereby 
achieving the purpose of refining the primary aluminum phase. 
This refinement decreases the cleavage effect of the eutectic 
silicon phase on the aluminum matrix, thereby improving 
the mechanical properties of recycled aluminum alloys [19-23]. 
Previous studies [22, 24] have shown that when the Sr content 
in Al-Si alloys exceeds around 0.02wt.%, it has a favorable 
modification effect on the eutectic silicon phase within the 
alloy. Therefore, this investigation opted a Sr content at a 
level of 0.03wt.%. Mn and Fe have similar atomic radii. 
By incorporating Mn into the iron-rich aluminum alloy, it is 
capable of replacing the needle-like β-phase Fe, leading to a 
transformation of the alloy’s iron-rich phase into a Chinese-
script-like α-phase [14]. Currently, there is no consensus regarding 
the optimal amount of Mn to add into iron-rich aluminum alloys. 
Some believe that the Mn content in the α-Al(Mn,Fe)Si phase is 
approximately half of the Fe content, suggesting that the amount 
of Mn added should be half of the Fe content in the alloy. Thus, 
in this study, the Mn addition amount is set at 0.10wt.%.

Heat treatment is another method that can significantly 
enhance the mechanical properties of recycled aluminum 
alloy. Its objective is to foster the formation of the Mg2Si 
phase and further refine the morphology of the eutectic
Si [17, 23, 25, 26]. During the solution treatment stage, both the 
Mg2Si and eutectic Si formed during the casting process 
dissolve owing to the rise in temperature, leaving the alloy 
matrix in an oversaturated state. Subsequently, with aging 
treatment, the precipitate of the Mg2Si strengthening phase 
disperses within the aluminum matrix, while the eutectic 
silicon phase transforms into a nearly spherical shape. 
Pramod et al. [21] reported that following T6 heat treatment, 
the morphology of eutectic Si changed to fibrous in A356 
alloy and globular in Sc-added A356 alloy. Bayraktar et al. [27] 
found that T6 heat treatment in Al-12Si-0.6Mg alloy resulted 
in solid solution hardening (Mg2Si), refinement of δ and 
π phases, spheroidization of eutectic silicon crystals, and 
partial rounding of the edges of primary silicon crystals. 
Aging treatment parameters play a crucial role in affecting the 
mechanical properties of the alloy. Zheng et al. [28] observed 
enhanced mechanical properties in the Al-Mg-Si alloy as 
aging time increased from 2 h to 6 h, peaking at 6 h. However, 
surpassing 6 h of aging led to a decline due to over-aging. 

Geetha et al. [29] explored the influence of aging temperature 
(100 °C, 200 °C, 300 °C, and 400 °C) on the mechanical 
properties of A356 alloy, noting an initial increase followed by 
a decrease in ultimate strength values. In our investigation, the 
aging temperature ranged from 140 °C to 170 °C, while the 
aging time ranged from 3.5 h to 5.5 h.

Existing research has predominantly focused on high-iron-
content aluminum alloys [ω(Fe) ≥ 0.5wt.%], with relatively 
less attention given to low-iron-content aluminum alloys 
where ω(Fe) ≤ 0.4wt.% [6, 30, 31]. Additionally, within low-iron-
content aluminum alloys, there exists a more diverse range of 
iron-rich phases, highlighting their significant research value. 
Therefore, in this study, the three alloys with iron content of 
0.2wt.%, 0.3wt.%, and 0.4wt.% were investigated. Through 
comparative analysis of metallographic microstructure 
observation and tensile performance, the optimal iron content 
for a new recycled Al-Si-Mg aluminum alloy was determined. 
Based on this iron content, a suitable amount of Sr element 
and Mn element was added. Additionally, the effects of 
different aging times and temperatures in the T6 heat treatment 
process on the microstructure and mechanical properties of 
this alloy were investigated. Tensile tests were conducted 
to obtain mechanical properties, including tensile strength, 
yield strength, and elongation of the alloy. This investigation 
provides valuable heat treatment parameters for the industrial 
production of the new recycled aluminum alloy.

2 Materials and experiment
The experimental raw materials comprised high-purity 
aluminum (99.99% purity), Al-Si intermediate alloy (Si 
content: 15.01wt.%), pure magnesium (99.99% purity), Al-Fe 
intermediate alloy (Fe content: 10.75wt.%), and Al-Ti-B 
refiner (Ti content: 5.01wt.%; B content: 0.97wt.%). This 
study aimed to explore the impact of varying iron content 
(0.2wt.%, 0.3wt.%, and 0.4wt.%) on the microstructure and 
properties of recycled aluminum alloy. Al-10Sr and Al-80Mn 
intermediate alloy were introduced after the optimal iron content 
was determined. 

The SPZ-25 type melt ing furnace with a handheld 
thermocouple temperature controller was heated to 745 °C to 
melt the alloys. The melt was stirred evenly, degassed with 
argon gas (99% purity) for 10 min, and the furnace scum was 
scooped away before pouring into the mold preheated to 200 °C.
The alloys with different iron content were subjected to 
chemical composition analysis by means of XRF-1800 X-ray 
fluorescence spectrometer. The test results are presented in 
Table 1.

Specimens utilized for microstructure observation were 
obtained from the castings. Subsequently, a preparation process 
involving sandpaper polishing and diamond polishing paste 
treatment, followed by corrosion treatment using a 0.5wt.% 
HF solution was carried out. Metallographic microstructure 
was observed using a Zeiss Axio Vert. A1 optical microscope, 
and SEM images were captured using a TESCAN tungsten 
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Table 1: Chemical composition of the three alloys with different iron content (in wt.%)

Alloy Si Mg Fe Ti Al

Alloy 1 (0.2wt.% Fe) 6.86 0.36 0.18 0.12 Bal.

Alloy 2 (0.3wt.% Fe) 6.75 0.39 0.32 0.14 Bal.

Alloy 3 (0.4wt.% Fe) 6.52 0.32 0.37 0.14 Bal.

filament scanning electron microscope. Standard tensile 
samples, measuring 30 mm in length and 12 mm in diameter, 
were machined from the castings, with three specimens of 
each alloy taken for testing.

By comparing the microstructure and tensile properties 
of alloys with three different iron content, the optimal iron 
content can be determined. Subsequently, the newly designed 
alloy, which incorporated Al-Sr and Al-Mn intermediate 
alloys, underwent a T6 heat treatment, which entailed a 
solution treatment at 535 °C for 5 h, followed by quenching in 
cold water. Subsequently, it underwent aging treatments and 
finally air cooling. Existing research [32] investigated the 
Al-7Si alloy with a similar Al-Si ratio to that selected for this 
study, and found that the best mechanical properties were 
achieved with an aging temperature of 160 °C and an aging 
time of 5 h. Therefore, for the newly designed aluminum alloy 
in this study, four different aging temperatures (140, 150, 
160, and 170 °C) and three aging times (3.5, 4.5, and 5.5 h) 
were set to explore the most suitable aging parameters for the 
recycled aluminum alloy. A MXQ1300-type vacuum furnace 
was employed in the heat treatment process. Microstructural 
observations and tensile performance tests were conducted on 
the specimens after heat treatments. 

3 Results and discussion
3.1 Effect of iron content on microstructure 

and tensile properties
The metallographic microstructure of the three alloys with 
different iron content is depicted in Fig. 1. The eutectic silicon 
phase and iron-rich phase grow along the grain boundaries 
of the aluminum matrix. The eutectic phase, when being 
unmodified and has not subjected to heat treatment, exhibits 
block-like and lamellar morphologies. Furthermore, with 

an increase in iron content, there is a concurrent rise in 
the precipitation of the eutectic silicon phase within the 
aluminum matrix. As illustrated in Fig. 1(c), there is a notable 
aggregation of eutectic silicon phases across a considerable 
area, leading to significant embrittlement of the aluminum 
matrix and potentially impacting the tensile properties of the 
alloy. 

In Al-Si-Mg alloys, the iron-rich phase primarily exists in 
two forms: the β-AlFeSi phase and the π-AlSiMgFe phase. 
The microstructural morphology of the iron-rich phase 
varies with the iron content in the alloys, as depicted in 
Fig. 2. The distinct compositions of phase elements enable 
clearer differentiation when observed using the backscattered 
electron mode (BSE) of scanning electron microscopy. Further 
discrimination of the iron-rich phase in the alloy is achieved 
through EDS map scanning analysis, based on the distribution 
of Mg and Fe elements. Since the π-AlSiMgFe phase contains 
Mg elements, the overlapping regions where Mg and Fe 
elements coalesce denote the presence of the π-AlSiMgFe 
phase. Conversely, regions where only Fe elements aggregate 
correspond to the β-AlFeSi phase. At an iron content of 
0.2wt.%, the predominant π-AlSiMgFe phase in the alloy 
exhibits a distinct morphology of Chinese characters. While, 
with an iron content of 0.3wt.%, the π-AlSiMgFe phase shows 
a skeleton-like morphology. As the iron content increases to 
0.4wt.%, there is a notable enlargement in the size of the 
iron-rich phase. In Fig. 2(c), SEM image displays a noticeably 
larger size of the iron-rich phase compared to that of Fig. 2(b), 
indicating that the size of the iron-rich phase in the alloy 
increases with the iron content. Concurrently, observations 
in the alloy reveal both Chinese character-like or skeleton-like 
morphologies for the π-AlSiMgFe phase and a needle-like
morphology for the β-AlFeSi phase, with intertwining 
patterns. Lu et al. [33] observed that in Al-Si alloys, when 

Fig. 1: Microstructures of the three alloys with varing iron content: (a) 0.2wt.% Fe; (b) 0.3wt.% Fe; (c) 0.4wt.% Fe
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Fig. 2: SEM images and EDS mapping results of iron-rich intermetallics in the three alloys 
with varing iron content: (a) 0.2wt.% Fe; (b) 0.3wt.% Fe; (c) 0.4wt.% Fe

the iron content exceeds 0.3wt.%, the predominant iron-rich
phase primarily manifests as the needle-like β phase. Additionally, 
there is a gradual proliferation of the needle-like β phase 
within the alloy as the iron content increases. Sweet et al. [34] 
also noted that at an iron content of 0.5wt.%, the alloy 
concurrently exhibits both the needle-like β phase and the 
Chinese character-like π phase. Furthermore, the intertwined 
growth between the β phase and π phase was observed. 

Figure 3 illustrates the tensile curves of alloys with three 
different iron content. It is notable that the recycled aluminum 
alloy does not exhibit a discernible yield point. Consequently, 
the 0.2% yield strength measurement was utilized for this 

study. The aluminum alloy with an iron content of 0.2wt.% 
demonstrates superior tensile strength and elongation, 
presenting the optimal overall tensile properties. Figure 4 
shows a comparison of the specific tensile properties of the 
three alloys. With an increase in iron content, the tensile 
strength of the alloy initially decreases before exhibiting an 
upward trend. The highest tensile strength is observed at an 
iron content of 0.2wt.%, reaching 152.8 MPa. Conversely, 
both yield strength and elongation decrease as the iron content 
rises. At an iron content of 0.2wt.%, the alloy demonstrates an 
optimal yield strength of 81.9 MPa, marking a 9.4% and 9.8% 
higher compared to alloys with iron content of 0.3wt.% and 
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Fig. 3: Tensile stress-strain curves of the three alloys with 
varing iron content

Fig. 4: Variation of tensile strength (a), yield strength (b), and elongation (c) of the alloys with varying iron content 

Table 2: Chemical composition of the new recycled aluminum alloy (in wt.%)

Element Si Mg Fe Ti Sr Mn Al

Designed composition 7.00 0.35 0.20 0.15 0.03 0.10 Bal.

Testing result 6.92 0.31 0.23 0.12 0.035 0.13 Bal.

Fig. 5: Microstructure (a) and tensile stress-strain curve (b) of the as-cast newly designed recycled aluminum alloy 

0.4wt.%, respectively. In a study by Karabulut et al. [35], a similar 
pattern was identified. Within the AlSi7Mg0.3 aluminum 
alloy, an increase in iron content corresponded to a decrease 
in tensile strength, yield strength, and elongation. This 
underscores the proportional reduction in the alloy’s tensile 
properties with higher levels of iron content. Therefore, given 
the alloy’s favorable comprehensive mechanical performance 
at an iron content of 0.2wt.%, this specific iron content was 
chosen for further investigation. 

Al-Sr intermediate alloy and Al-Mn intermediate alloy 
were added to the alloy with an iron content of 0.2wt.%. The 
chemical composition testing result of the new alloy is shown 
in Table 2. 

Figure 5 illustrates the microstructure and the tensile curves 
of the alloy with an iron content of 0.2wt.%, a Sr content of 
0.03wt.%, and a Mn content of 0.1wt.%. It is evident that 
the as-cast newly designed recycled aluminum alloy exhibits 
a tensile strength, yield strength, and elongation of 187.2 MPa, 
96.7 MPa, and 6.5%, respectively. Compared to the alloy 
without Sr and Mn addition, the tensile strength, yield strength, 
and elongation are increased by 18.4%, 15.3%, and 10.8%, 
respectively. This underscores the significant enhancement 
effect of Sr and Mn on the alloy. 

3.2 Effect of aging treatment on microstructure 
and tensile properties

The metallographic microstructure of the alloy treated by 
varing aging times (3.5, 4.5, and 5.5 h) at the same aging 
temperature of 140 °C is shown in Fig. 6. Figure 7 shows the 
microstructure of the alloy treated by varing aging temperatures 
(140, 150, 160, and 170 °C) for the same aging time of 5.5 h.
Both Fig. 6 and Fig. 7 distinctly reveal the transformative 
impact of T6 heat treatment on the morphology of the eutectic 
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Fig. 6: Microstructure of the alloy at different magnification levels treated by an aging temeperature of 140 °C and varing 
aging times: (a, b) 3.5 h; (c, d) 4.5 h; (e, f) 5.5 h

Fig. 7: Microstructure of the alloy at different magnification levels treated by an aging time of 5.5 h and varing aging 
temperatures: (a, b) 140 °C; (c, d) 150 °C; (e, f) 160 °C; (g, h) 170 °C

silicon structure, transitioning it from its initial lamellar or 
needle-like configuration to an approximately spherical 
shape. Notably, absent in these images are any discernible 
Chinese-character or needle-like iron-rich phases, indicating 
that heat treatment effectively modifies the morphology of the 
Fe-rich phase. This modification alleviates stress concentration 
near the Fe-rich phase, thus preventing any degradation in 
the mechanical performance of the alloy. However, there 
is still phenomenon of eutectic silicon enrichment in the 
microstructure of the alloy. Compared to the untreated alloy, 
there is no significant change in the distribution of eutectic 
silicon phase. This suggests that while heat treatment fails 

to significantly alter the distribution of eutectic silicon, its 
primary mode of enhancing alloy performance lies in the 
modification of eutectic silicon morphology from lamellar or 
needle-like to an approximately spherical shape. Cai et al. [36] 

observed that heat treatment influences the spheroidization and 
dissolution of primary eutectic Si and Mg2Si phases, resulting 
in improved tensile properties. 

Image Pro Plus was used to measure the size of grain area (A). 
The following formula was used to calculate the grain size 
(equivalent grain diameter, D), and the results of grain size are 
shown in Fig. 8.

π
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Fig. 9: SEM images of the alloy treated at an aging temperature of 140 °C for different aging times: (a) 3.5 h; (b) 4.5 h; (c) 5.5 h

Fig. 8: Variation of equivalent grain size in the alloy treated by different aging parameters: (a) varing aging 
times at an aging temperature of 140 °C; (b) varing aging temperatures at an aging time of 5.5 h

As depicted in Fig. 8, the grain size increases with prolonged 
aging time. Upon reaching an aging time of 5.5 h, the grain 
size exhibits a 20.6% increase compared to that of 4.5 h. An 
excessively extended aging time will lead to coarsening of 
the grains, and thus, the duration of the aging time should 
be controlled. With increasing aging temperatures, the 
equivalent grain size of the alloy initially decreases before 
rising, attaining its minimum at 160 °C, with an equivalent 
grain size of 33.8 μm. Initially, this decline may be attributed 

to the heightened formation of the Mg2Si phase, influencing 
recrystallization nucleation and refining the aluminum matrix 
grains. However, as the aging temperature continues to rise, 
the solubility of the Mg2Si phase increases, accelerating grain 
growth and diminishing the strengthening effect. 

The SEM images of the alloy after different aging times are 
shown in Fig. 9, and the corresponding EDS point scanning 
results are summarized in Table 3. It is evident that in the 
microstructure of the heat-treated recycled aluminum alloy, 

Table 3: EDS point scanning results of alloys treated at an aging temperature of 140 °C for different aging times (wt.%)

Point Al Mg Si Ti Fe

Point 1 40.98 0.28 58.31 0.04 0.39

Point 2 32.38 0.08 66.60 0.61 0.33

Ponit 3 97.16 0.75 1.76 0.25 0.08

Point 4 32.47 0.01 66.90 0.15 0.47

Point 5 34.75 0.12 64.49 0.58 0.06

Ponit 6 97.96 0.62 1.12 0.21 0.10

Point 7 85.34 0.14 7.26 0.11 7.15

Point 8 34.26 0.03 65.09 0.55 0.07

Ponit 9 28.90 0.23 70.57 0.02 0.28

Ponit 10 98.30 0.41 0.88 0.17 0.24
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the nearly spherical particles present are eutectic silicon 
phase. There is a discernible reduction in the size of these 
eutectic silicon particles as the aging time prolongs, indicating 
that appropriately extending the aging time can change the 
morphology of the eutectic silicon phase, thereby mitigating 
its adverse impact on the alloy matrix. Furthermore, the 
scanning results from Point 7 reveal the presence of small 
white particles, which identified as iron-rich phases. Notably, 
the morphology of the particles in Fig. 9(c) differs significantly 
from that in as-cast alloys, indicating the modifying effect 
exerted by heat treatment on the iron-rich phase.

The strain-stress curves of the alloy after different aging 
times and aging temperatures are illustrated in Fig. 10. In 
comparison to the as-cast recycled aluminum alloy, the T6 
heat-treated alloy exhibits significant improvements in both 
tensile strength and yield strength. Figure 10(a) indicates that 
the optimal tensile curve is attained at an aging temperature of 
140 °C for an aging time of 5.5 h. However, there is minimal 

impact of aging time on the tensile strength of the alloy. From 
Fig. 10(b), it is evident that the impact of different aging 
temperatures on the alloy varies significantly. Therefore, it can 
be inferred that the aging temperature plays a crucial role in 
determining the tensile properties of the alloy.

Figure 11 illustrates the specific tensile properties of the 
alloy under varying aging times and temperatures, including 
tensile strength, yield strength, and elongation. In Figs. 11(a), 
(c), and (e), it is evident that as aging time increases, both 
tensile strength and yield strength demonstrate a rising trend, 
reaching peaks of 271.7 MPa and 222 MPa, representing 
increments of 45.1% and 130%, respectively compared to the 
as-cast alloy. This increase in strength can be attributed to 
solution aging strengthening, where an extended aging time 
leading to the generation of more Mg2Si particles within the 
α-Al matrix, which can been observed from Fig. 9. Thereby, 
this enhances both the tensile and yield strength. Conversely, 
the elongation of the alloy exhibits an inverse trend. As 

Fig. 11: Variation of tensile strength (a, b), yield strength (c, d), and elongation (e, f) of the alloy treated by different aging 
parameters: (a, c, e) varing aging times with an aging temperature of 140 °C; (b, d, f) varing aging temperatures 
with an aging time of 5.5 h

Fig. 10: Tensile stress-strain curves of the alloy treated by different aging parameters: (a) varing aging times with an 
aging temperature of 140 °C; (b) varing aging temperatures with an aging time of 5.5 h
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aging time extends from 3.5 h to 5.5 h, the alloy’s elongation 
decreases by 41.9%, potentially due to non-uniform growth 
and deterioration in the roundness of Mg2Si phases.

Figures 11(b), (d), and (f) reveal that the significant 
enhancements in both tensile and yield strength of the alloy 
following T6 heat treatment, with peak values at 291.3 MPa
and 238.1 MPa, respectively. These values represent remarkable 
increases of 1.6 and 2.5 times compared to the as-cast alloy. 
However, there is a notable trade-off as the elongation 
decreases by 35.4% compared to the as-cast state. The tensile 
strength exhibits an upward trend with increasing aging 
temperature, plateauing at around 290 MPa. Specifically, a 
temperature rise from 140 °C to 150 °C results in a 10.8% 
increase in tensile strength. Similarly, the yield strength follows 
a similar pattern, peaking at 160 °C, beyond which further 
temperature increments yield no significant improvements. 
Interestingly, the elongation initially decreases with aging 
temperature, reaching its apex of 7.4% at the lowest aging 
temperature of 140 °C. However, a subsequent temperature 
increase from 140 °C to 150 °C induces a significant 56.3% 
reduction in elongation, possibly attributable to nonuniform  
growth of the Mg2Si phase, which can be seen from 
Figs. 7(a-d). This observation aligns with findings by Pezda [37],
who noted a similar trend in hypoeutectic Al-Si-Mg alloy, 
where lower aging temperatures (165 °C) contributed 
favorably to the increase in tensile strength, but it concurrently 
restricted elongation. Therefore, the optimal aging treatment 
parameters are an aging time of 5.5 h and an aging temperature 
of 170 °C, under which the alloy samples exhibit a tensile 
strength of 291.3 MPa, a yield strength of 238.1 MPa, and an 
elongation of 4.2%. 

 4 Conclusions
In this study, the optimal iron content was determined by 
comparing the microstructure and tensile properties of the alloys 
with varying iron content. The effects of aging temperatures and 
aging times on the microstructure and mechanical properties of 
the newly designed recycled aluminum alloy were investigated. 
The main findings can be summarized as follows:

(1) The optimal iron content is 0.2wt.% and heat treatment 
parameters for the newly designed recycled aluminum alloy 
are the solution treatment at 535 °C for 5 h, followed by an 
aging treatment at 170 °C for 5.5 h. After the optimal T6 
heat treatment, the recycled aluminum alloy exhibits tensile 
strength, yield strength, and elongation, measuring at 291 MPa, 
238 MPa, and 4.2%, respectively. 

(2) As the iron content increases, the size of the iron-rich 
phase in the alloy increases. When the iron content is 0.2wt.%, 
the π-AlSiMgFe phase presents in a Chinese character shape. 
When the iron content is 0.3wt.%, the π-AlSiMgFe phase 
appears skeletal. When the iron content reaches 0.4wt.%, the 
needle-like β-AlFeSi phase and π-AlSiMgFe phase with Chinese 
character shape or skeleton-like shape grow intertwined.

(3) The addition of Sr and Mn, along with and the effect of 
heat treatment, has transformed the morphology of eutectic 

phase in the alloy from needle-like or plate-like to a globular 
shape. It alleviated the cracking effect of eutectic Si phase on 
the aluminum matrix. 

(4) With increasing aging time, the equivalent grain 
size, tensile strength, and yield strength increase, while the 
elongation decrease. With increasing aging temperature, the 
tensile and yiled strength increase, while the equivalent grain 
size and elongation derease at first and then increase. 
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