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Abstract

In this study, used aluminum beverage cans were recycled and chemical composition of an aluminum alloy ingot
obtained from the recycled cans was examined by emission spectroscopy. The ingots were remelted at 750 °C, and
then 0.25 wt.% Si, 0.5 wt.% Si, 1.5 wt.% Mg and 3 wt.% Mg powders were added to improve the mechanical properties
of the alloy. The microstructure and mechanical properties of the as-cast recycled aluminum alloy and recycled
Al-Mg-Si alloy at different Si and Mg contents were investigated via optical microscopy (LOM), scanning electron
microscopy (SEM), hardness tester, and universal testing machine (UTM). The results revealed that the microstructure
of the recycled aluminum alloy ingot consisted of Al-Mg-Mn solid solution and four different secondary phases:
AI19(FeSSiMn), AI33(Fe38iMn), AIﬂ(FezMn), and A|19(M928i) phase. The hardness and tensile strength of the recycled
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Investigation and improvement of the properties of recycled

aluminum alloy by adding Si and Mg

aluminum alloy increased with the addition of Si and Mg powders. As the Mg content increased from 1.5 wt.% to 3 wt.%,

the volume fraction of the AI19(M928i) secondary phase increased. The experimental results indicated that the addition

of Si and Mg can modify the microstructure and improve the mechanical properties of the recycled aluminum alloy.

Keywords: Aluminum beverage cans, recycled aluminum alloy, Al-Mg-Si alloy, microstructure, mechanical property

Introduction

Aluminum alloy is a metal with many outstanding properties,
such as a lightweight, high ductility, good corrosion
resistance, and recyclability (Sharma et al., 2020). Hence,
it is widely used in a wide range of applications, such
as automotive parts, electrical appliance parts, window
frames, and food packaging (Sharma et al., 2020, Miller
etal., 2000, Borgert & Homberg, 2022, Cooper & Allwood,
2012, Brough & Jouhara, 2020). Based on reports, 50.6
million tons of aluminum alloy products were used in
2013, the need for these consumptions has increased to
59 million tons by 2016, and the demand for aluminum
alloy products tends to grow every year (Galevsky
etal., 2018). Thus, aluminum alloy wastes are increasing,
especially the wastes from food packaging with single-use
products (i.e., beverage cans, aluminum foil, and food
cans). Common waste disposal methods are reuse,
composting, recycling, and sanitary landfill (Sakai et al.,
1996). Recycling is probably the most beneficial method
for aluminum and its alloy waste disposal. Recycling
aluminum uses only 5% of the energy expended to
produce the aluminum from bauxite ore and produces
carbon dioxide lower than primary aluminum production
by 20 times (Raabe et al., 2022). Hence, it could be a
promising method to sustain environmentally friendly
aluminum products and is beneficial for a country that

does not have much bauxite ore reserves.

Aluminum beverage cans were invented in 1959
as alcoholic drink containers (Buffington & Peterson,
2013). A beverage can made of aluminum alloy is lighter,
has higher corrosion resistance, and make drinks much
cooler than steel cans in a short span of time. The shape
of the aluminum beverage cans has been continuously
modified to meet consumer needs (Hosford & Duncan,
1994). Aluminum beverage cans are composed of two
parts: can body and can lip. Many researchers have
reported that the can body and can lid parts are made

of aluminum alloy grade 3004 and aluminum alloy grade

5182, respectively (Dagwa & Adama, 2018, Alsaffar &
Bdeir, 2008, Risonarta et al., 2019, Padmanabhan et al.,
2011).

Nowadays, recycle of used aluminum beverage
cans could be conducted via two techniques: (i) melting
the main body and lid parts separately and (ii) melting
the beverage can without disassembling it (Hosford &
Duncan, 1994, Dagwa & Adama, 2018, Alsaffar & Bdeir,
2008, Risonarta et al., 2019, Padmanabhan et al., 2011).
From an economical point of view, the second recycling
method appears to be the most effective way to recycle
aluminum beverage cans at a low cost. This approach is
easy to perform and consumes a short operation time. The
recovery mass of recycled aluminum via this technique
is 52.5% - 59.1% (Alsaffar & Bdeir, 2008). However, in
this method a recycled aluminum alloy ingot has complex
physical and chemical properties because it was casted
from two different aluminum alloys. The ingot has a Mg,
Mn, and other trace elements with incompatible content
from the trace aluminum alloy. Therefore, the properties
of the recycled aluminum alloy ingot must be improved
to enhance its mechanical properties and become
a commercial aluminum alloy. The most widely used
method for improving the performance of aluminum alloy
ingots is the addition of alloying elements (e.g., Mg, Si,
Cu Fe, and Cr) (Rana et al., 2012). However, the type and
quantity of the alloying elements significantly affect the
aluminum alloys’ properties (Jiang et al., 2020, Simsek &
ézy[]rek, 2019, Wang et al., 2014). Moreover, aluminum
has a solubility limit. Hence, the addition of an excess
quantity would create a different secondary phase and
reflect the physical and mechanical properties of an ingot.
Improving the properties of recycled aluminum beverage

cans by adding alloying elements has been rarely studied.

Therefore, this research aims to investigate
the properties of recycled aluminum beverage cans and
improve their properties with the addition of Si and Mg

elements. The Si and Mg elements were added to
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enhance the mechanical properties and modify the
chemical composition of recycled aluminum alloys.
The microstructure and mechanical properties of the
recycled aluminum alloy and recycled Al-Mg-Si alloy
were systematically studied. The role of Si and Mg on
the changes in the microstructure and mechanical

properties of the aluminum alloy were also examined.

Materials and methods

Raw materials

Used aluminum beverage cans were utilized
in this study. The chemical compositions of the can lid
and can body are shown in Table 1. The used aluminum
beverage cans were recycled in seven steps: (i) clean
the used cans with water, (ii) compress the cleaned
cans into small pieces (Figure 1(a)), (iii) put them in a
refractory crucible (Figure 1(b)), (iv) melt them in a gas
furnace (Figure 1(c)), (v) add flux to the melt to remove
impurities, (vi) pour the molten into a rectangle permanent
steel mold (with a dimension of 45 x 150 x 30 mm3),
and (vii) quench using water to room temperature. The

recycled aluminum alloy ingots were used as initial
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materials. The chemical composition of the ingots was
determined using the emission spectroscopy model
Thermo ARL 3460. The results of the as-cast recycled
aluminum beverage can specimen (defined as the as-cast

recycled Al alloy) are shown in Table 2.

Figure 1 Raw materials and equipment used in this study:
(a) compressed aluminum beverage cans, (b) refractory
crucible, and (c) gas furnace.

Table 1 Chemical composition of the can body and lid used in this study (wt.%).
Part Mg Mn Fe Si Al
Investigated from the as-cast ingot
Body 0.72 0.96 0.44 0.29 Bal.
Lid 3.51 0.34 0.25 0.10 Bal.
From the literature reviews
Body (AI3004) 1.0 1.2 Bal.
Lid (AI5182) 45 0.35 0.26 Bal.
(Alsaffar & Bdeir, 2008)
Body 4.82 0.27 0.26 Bal.
Lid 2.53 0.33 0.32 Bal.
(Risonarta et al., 2019)
Table2  Chemical composition of the as-cast recycled Al alloy (wt.%).
Mg Mn Fe Si Cu Zn Al
1.26 0.86 0.43 0.28 0.17 0.06 Bal.
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Experimental procedure

The as-cast recycled Al alloy ingot was cut into
small pieces. The magnesium powder with a purity of
99.9% and mean particle size of 177 ym was used as
a reinforced alloying element of the recycled Al alloy.
A commercial silicon powder with an average particle size
of 56 ym was also used as a reinforced alloying element.
The mixture composition in this study is reported in Table 3

The sectioned ingots were melted at 750 + 5 °C in the

Table 3

Investigation and improvement of the properties of recycled

aluminum alloy by adding Si and Mg

electrical furnace under an ambient atmosphere. Then
Mg and Si powders were added to the melt at different
amounts to improve the properties of the recycled Al
alloy and investigate the role of Mg and Si on the
evolution of the microstructure and mechanical properties
in the recycled Al alloy. Afterward, the mixture was stirred
for two minutes, cast in a preheated (550 °C) 14 mm
in diameter permanent steel mold, and then water

quenched to room temperature.

The mixture composition of Mg and Si particles reinforced the recycled Al alloy.

Element (wt.%)

Alloy

Recycled Al alloy Mg Si
Recycled Al alloy 100
Al-0.25%Si 99.75 0.25
Al-0.5%Si 99.50 0.50
Al-1.5%Mg 98.50 1.50
Al-3%Mg 97.00 3.00
Al-1.5%Mg-0.25%Si 98.25 1.50 0.25
Al-1.5%Mg-0.5%Si 98.00 1.50 0.50
Al-3%Mg-0.25%Si 96.75 3.00 0.25
Al-3%Mg-0.5%Si 96.50 3.00 0.50

Characterization and Property testing

Density analysis

The density and porosity of the as-cast recycled
Al alloy and recycled Al-Mg-Si alloy specimens were
evaluated and computed using Equations (1) and (2)
(Michailidis & Stergioudi, 2011):

m (1
Ps = v
Porosity =1 —? X100 (2)
t
Pt = PraVra + PugVug + PsiVsi 3)

where P is the density of a specimen (g/cm®) ;
m is the mass of the specimen evaluated using a digital

balance (g) ; V is the volume of the specimen computed

from its dimension (cm®) ; P, is the total theoretical density
of specimen ; P, is the theoretical density of the recycled
Al alloy, which was computed based on its chemical
composition (2.761 g/cm®) ; ng and p,, are the densities
of Mg and Si (i.e., 1.7 and 2.33 g/lcm®) ; V_,V and V_

RA” Mg Si
are the volume fractions of the recycled Al alloy, Mg, and

Si elements, respectively.

Microstructural evaluation

The microstructure of the as-cast recycled Al alloy
and recycled Al-Mg-Si alloy specimens were characterized
via light optical microscopy (LOM) and using the
scanning electron microscopy (SEM) model FEI Quanta
450 equipped with an energy dispersive spectrometer
(EDS X-Max). LOM was used to examine the morphology
and distribution of the secondary phase in the casted
specimens. With SEM having a better resolution, it is
used to obtain a precise characterization of the formation

of the secondary phase during the casting process.
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The specimens for the microstructural observation were
mechanically polished using SiC paper no. 400, 600,
800, 1,000, and 1,200 grits, followed by alumina powder
particle with sizes of 0.5, 0.3, and 0.05 um.

Mechanical properties

The hardness and tensile strength of the
specimens were evaluated using the hardness tester
equipped with a Brinell indenter model INNOVATEST
Europe BV and universal testing machine model
NRI-TS500-50B. The hardness specimens were
mechanically polished using SiC paper ranging from
400 to 1,000 grits. The hardness test was performed
on the polished surface of the specimens. A steel ball
indenter with a diameter of 2.5 mm, load of 16.25 kgf, and
dwelling time of 10 s was applied in all the specimens.
The tensile test specimens were prepared according to
the tensile test specimen standard ASTM E8, with 6 + 0.1
mm in diameter and 24 + 1 mm gauge length. A tensile
test was conducted at a constant crosshead speed of 1

mm/min under ambient temperature.

Estimation cost

In this study, the cost of a recycled Al alloy
was computed using Equation (4) (Apisithpinyo, 2006).
Five repeat experiments were conducted in each study.
The production yield of the recycled Al alloy was also

investigated by Equation (5) (Risonarta et al., 2019):

Estimation cost = DM + DL+ OH (4)
. . _ Mout
Production yield = — (5)

where DM is the direct materials cost, DL is the
direct labor cost and OH is the manufacturing overhead
cost, m is the mass of the recycled Al alloy ingot, and
mmput is the mass of the used aluminum beverage cans.
The prices of the used aluminum beverage can, liquefied
petroleum gas, and labor cost were 40 baht/kg, 21.50
baht/kg and 40 baht/h, respectively. In particular, the
OH cost in this study was computed from the main
equipment depreciation only. The gas furnace and

refractory crucible prices were 60,000 and 1,200 baht.,
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respectively. The salvage value of all equipment was
estimated as 60% of the product price. Therefore, the
overhead cost computed based on the above data was
estimated to be 30 baht/time.

Results and discussion

Density and porosity analysis

The density and porosity of the as-cast recycled
Al alloy and recycled Al-Mg-Si alloy specimens are shown
in Figure 2. It was found that the density of the as-cast

recycled Al alloy was 2.73 g/cm®

The density of the specimens decreased from
2.73 g/cm® to 2.71 g/em® when 0.25 wt.% Si powder was
added. By further increasing the Si powder content to 0.5
wt.%, the density of the specimens gradually decreased
to 2.70 g/cm®. Similar results were also observed in the
added Mg powder specimen, where the density specimen
decreased with the increase in the Mg powder content. At
0.5 wt.% Si and 3 wt.% Mg addition, the density reduced
by approximately 3% compared to the as-cast recycled Al
alloy. This is attributed to the Si and Mg having a density
(i.e., 2.33 and 1.7 g/cm®) lower than that of the as-cast
recycled Al alloy (2.73 g/cm®). Hence, the addition of Si
and Mg powders caused a decrease in the recycled Al
alloy density. The porosity results in Figure 2 also reveal
that the porosity of the specimens tended to increase
when Si and Mg powders were added. With the addition
of 1.5 and 3 wt.% Mg powders, the porosity rose from
1.27% to 1.74% and 2.13%, respectively. The increasing
porosity in the recycled Al-Mg-Si specimen may cause
by the fabrication method (Khamsuk et al., 2020) and the
rise of Mg and Si powder content. In this study, a stirring
process was used to mix magnesium and silicon powders
in molten recycled Al alloy to disperse those alloying
powders evenly in the specimen. This process generally
creates gas bubbles in the melt, those bubbles might get
trapped in the specimen and become a pore. Meanwhile,
the addition of Mg and Si powder in recycled Al alloy
casting also caused gas bubbles and enhanced
hydrogen solubility in the molten recycled Al alloy
(Jang et al., 2019). So, the amount of porosity in the
specimen increased with increasing the Mg and Si

powder content.
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Figure 2 Density and porosity of the as-cast recycled
Al alloy and recycled Al-Mg-Si at different Si
and Mg contents.

Microstructural observation

The microstructures of the as-cast recycled Al
alloy and recycled Al-Mg-Si alloy at different amounts of
Si and Mg content specimens are shown in Figure 3. The
as-cast recycled Al alloy specimen consisted of a dendrite
microstructure and secondary phases localized at the
dendrite boundary (Figure 3(a)). With the addition of 0.25
wt.% Si, the grain size of the specimens decreased (Figure
3(b)). By increasing the Si content to 0.5 wt.%, grain size
gradually decreased and dark particle secondary phase
was observed (Figure 3(c)). The microstructure of the

recycled Al alloy obviously changed when Mg powders

(a) | (b)

(d) (e)
100 um

(9) (h)
1(&@1

Figure 3 Microstructure of (a) the as-cast recycled

Investigation and improvement of the properties of recycled
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were added (Figure 3(d)-(i)). With the addition of 1.5
wt.% Mg, the specimen had a finer and higher volume
fraction in the secondary phase (Figure 3 (d)) compared
to those in the non-Mg added Al alloy specimen (Figure
3(a)-(c)). Furthermore, the secondary phase was homoge-
neously distributed throughout the specimen. Figure 3(e)
and (f) show that the volume fraction of the secondary
phases in the Al-0.25%Si-1.5%Mg and Al-0.5%Si-1.5%Mg
specimens were higher than that of the Al-1.5%Mg
specimens (Figure 3(d)). With the future increase of
the Mg content to 3 wt.%, the size of the second phase
became finer and more abundant. The results indicated
that the addition of Mg and Si led to refining the recycled
Al alloy structure and increased the amount of fine second
phases. Birol (2012) has also found a similar result: a
coarse grain structure of an Al-Mg alloy ingot completely
transformed to a fine grain structure when 2 wt.% Mg was
added. This result is attributed to the addition of Mg and
Si powder reducing the solidification interval and solute
atoms inhibit a grain boundary motion resulting in a fine
grain (Birol, 2012). The increase in the secondary phase
may be due to an increase in the interaction between the
added Mg and Si and alloying elements in the recycled
Al alloy. The morphology and chemical compounds of the

secondary phase were studied using SEM.

ae (o)
k& Seconda/phase :
3D

100 pm

(f)
100 ym 190 ym

: (0]
i ’, 7
$100 ym 100 ym

Al alloy, (b) Al-0.25%Si, (c) Al-0.5%Si, (d) Al-1.5%Mg,

(e) Al-1.5%Mg-0.25%Si, (f) Al-1.5%Mg-0.5%Si, (g) Al-3%Mg, (h) Al-3%Mg-0.25%Si, and (i) Al-3%Mg-0.5%Si specimens.
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The SEM micrographs of the as-cast recycled Al
alloy and recycled Al-Mg-Si alloy at different Si and Mg
contents are shown in Figure 4. Figure 4 (a) shows that
the as-cast recycled Al alloy specimen is composed of four
different secondary phases (i.e., a light particle (indicated

by a white dotted circle-1), long light particle (circled-2),
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Chinese-script (circled-3), and dark particle (circle-4))
distributed in the Al alloy solid solution. The microstructures
of the specimens examined via SEM were similar to the
LOM observation results. The volume fraction of the fine
secondary phases increased with increasing Si and Mg
contents.

Figure 4 SEM micrograph of (a) the as-cast recycled Al alloy, (b) Al-0.25%Si, (c) Al-0.5%Si, (d) Al-1.5%Mg,
(e) Al-1.5%Mg-0.25%Si, (f) Al-1.5%Mg-0.5%Si, (g) Al-3%Mg, (h) Al-3%Mg-0.25%Si, and (i) Al-3%Mg-0.5%Si specimens.

The EDS analysis indicated that the secondary
phase in the white dotted circle-1 was an intermetallic
AI1gFe3SiMn phase (Figure 5 (a)), the long light particle
was an intermetallic AlssFeBSiMn phase (Figure 5 (b)), the
Chinese-script particle was an AIHFeZMn phase (Figure
5 (c)), and the dark particle was an AI19(MQZSi) phase

(Figure 5 (d)). The chemical composition of the recycled

Al alloy solid solution phase was also identified. The
Al alloy phase consisted of 1.0 wt.% Mg and 0.7 wt.%
Mn (Figure 5 (e)). This result is well consistent with the
analytical results of spectrometer in Table 2. It is
also clearly seen from Figure 4 that the intermetallic
AI19(MQZSi) phase increased with the increasing Mg and Si

contents.
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Figure 5 EDS analysis of the casted Al alloy at (a) light particle (AlsaFeasiMn), (b) light long particle (AIﬂFezMn),

(c) Chinese-script particle (AIMFeZMn), (d) dark particle (AI19(MQZSi)), and (e) solid solution position.

Hardness and tensile testing

The hardness values obtained from the as-cast
recycled Al alloy and recycled Al-Mg-Si alloy at different
Si and Mg contents specimens are shown in Figure 6. The
hardness values of the recycled aluminum beverage cans
mixed with 2 wt.% Mg powder (Hayyawi et al., 2016) and
similar chemical composition materials (Li et al., 2016,
Alizadeh et al., 2022) are also plotted in Figure 6 for
comparison. The as-cast recycled Al alloy ingot obtained
by recycling from used aluminum beverage cans under
this production condition has a hardness of approximately
40.67 = 2 HB. When the Si contents were 0.25 and 0.5
wt.%, the hardness of the Al alloys increased to 44.03 and
47.15 HB, respectively. The hardness of the specimens
increased to 50.67 and 55.36 HB when 1.5 and 3 wt.%
Mg was added, respectively. With the addition of both
alloying elements, the hardness of the recycled Al alloys
was raised, and a hardness of 59.60 HB was obtained in
the Al-3%Mg-0.5%Si specimens. It was also found in this
study that the hardness value of the Al-3%Mg-025%Si
specimen is comparable to that of a casted Al5083
alloy (Alizadeh et al., 2022). These results revealed that

an Al alloy produced by recycling used beverage cans

could improve its chemical composition and hardness
to be comparable to AI5083 by the addition of Si and
Mg. These results also indicate that the addition of Si
and Mg enhanced the hardness of the recycled Al alloy.
The result obtained was similar to research works done
by other researchers using Mg as an additional alloying
element in aluminum alloy casting manufacturing (Simsek
& (")zy[]rek, 2019, Li et al., 2016).

Figure 7 showed the ultimate tensile strength and
elongation of the as-casted recycled Al alloy and recycled
Al-Mg-Si alloy at different amounts of Si and Mg contents.
The as-casted recycled Al alloy has an approximately
ultimate tensile strength of 77.72 + 8 MPa. The tensile
strength increased with increasing Si and Mg contents.
From the result of Figure 7, it could be observed that the
addition of 0.5 wt.% Si and 3 wt.% Mg powders improve
the ultimate tensile strength of the Al alloy to 129.78 £ 5
MPa. The tensile test results are well consistent with those
of the hardness properties. Meanwhile, the elongation of
the recycled Al alloy decreased with increasing amount

of the Si and Mg contents.

173



174

J Sci Technol MSU

where M stands for the Taylor factor, F is the
secondary phase strength, f is the volume fraction of
the secondary phase, b is the Burgers vector, r is the

precipitate radius, ky is the Hall-Petch slope, and is the

The addition of Si and Mg alloying elements
led to an increase in the volume fraction of the fine
secondary phase and reduced the grain size which

resulted in improving the strength of the recycled
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Figure 6 Hardness of the as-cast Al alloy and recycled
Al-Mg-Si alloy plotted as a function of the Mg content.

160 T . T 10
? i
A, 140 &
2 10" 2
= S
1Y) 100 ¢ (&)
= A =
2 80 9 15 I~
A =
© 60 & 2
— Tensile strength Elongation | X
E’ 40 £ -0 Recycle Al alloy --M- Recycle Al alloy ~
5} -+ Al-0.25% Si --@- Al-0.25% Si i
= 20F - A-AL05%Si - M- A1-0.5% Si
0 L 1 1 1 ] 0
0 1 2 3
Mg content (wt.%)

Figure 7 Ultimate tensile strength of the as-cast Al alloy
and recycled Al-Mg-Si alloy plotted as a function of Mg
content.

The enhanced strength of the recycled Al alloy
was caused by the addition of Mg and Si contents leading
to the acceleration of the intermetallic phase refinement,
raised volume fraction of intermetallic phases and formation
of fine grain structure in the specimen. In particular, those
that presented intermetallic phases and grain boundary
inhibited dislocation motion. The increase in the
strength can also be explained by the secondary phase
strengthening (OSP) and grain size reduction strengthening
(Ogb) mechanisms in Equation 6-7 (Esmaeili et al.,
2013):

G = Gopt Oy (6)

MFE(F)2
o = MFD
br

tkyd 12 (7)

Estimation cost

In this study, the used aluminum beverage cans
were melted in a refractory crucible with a 12 cm diameter
and 17 cm height using a gas furnace (25 cm in diameter
and 45 cm in height) under a melting temperature of 900
+ 50 °C. Each cycle of the recycling process used 8 +
0.1 kgs of used aluminum beverage cans and 6.8-7.4
kgs of liquefied petroleum gas. The production cost of
the recycled Al alloy ingot was 156-168 baht/kg. which is
compatible with the estimated Al recycling cost reported
by Zeng et al. (2022). Recycling one ton of aluminum
requires approximately 435-3,802 USD. However, it
should be noted here that the raw material cost, labor
cost, and overhead cost in the USA is significantly higher
than in Thailand. Hence, the production cost in this study
is relatively high. This condition is ascribed to the recycling
process in this study, which is a small-scale production,
resulting in high costs, and the main cost was the labor
cost. The production yield obtained from the recycled
aluminum beverage cans was 53%-55%. The recycling
yield was slightly low. This may be due to the cans
containing high impurity content such as paint coatings,
aluminum oxide, and alloying elements. Furthermore,
the recycling process was carried out under ambient air
which caused the formation of aluminum oxide on the
molten surface in large quantities. The production yield
might probably be enhanced by controlling the recycling
atmosphere condition and removing the paint coatings

prior melting process.

Conclusions
The used aluminum beverage cans were

recycled using a gas furnace. The properties of the as-cast
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recycled Al alloy were systematically investigated. Si and
Mg powders were used to improve the properties of the
recycled Al alloy. The evolution of the microstructure and
mechanical properties of the recycled Al alloys at different
Si and Mg contents were investigated. The conclusions

can be summarized as follows:

1. The recycled Al alloy ingot mainly contained
1.26 wt.% Mg and 0.86 wt.% Mn and had a tensile strength
of approximately 77 MPa. The microstructure of the ingot
composed of AI19(FeSSiMn), AIBS(FessiMn), AIﬂ(FezMn),
and AI19(M928i) phases distributed in the Al-Mg solid

solution.

2. The microstructure greatly changed when
1.5 wt.% Mg was added to the recycled Al alloy. The
volume fraction of the fine secondary phases increased
with increasing Mg and Si contents. The amount of the
AI19(M928i) secondary phase raised with increasing
alloying elements. The addition of Mg and Si enhanced

the grain refinement in the recycled Al alloy.

3. The tensile strength and hardness of the
recycled Al alloy specimens increased with increasing Mg
and Si contents. The hardness increased by approximately
46% when 3 wt.% Mg and 0.5 wt.% Si were added.

4. The estimated cost and production yield of the
recycled Al alloy from the used aluminum beverage cans
were 156 - 168 baht/kg and 53% - 55%.
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