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Abstract: The production of Al-alloys is mainly based on electrolytic pure Al alloyed with the
necessary other elements, which are added in high purity into the melt pool during smelting processes.
This fact is responsible for high costs and emissions during aluminum production. The usage of
aluminum scrap in its downstream production processes provides multiple benefits since it reduces
the overall cost of aluminum production by preserving raw materials through the utilization of scrap
streams. This work provides some indicative examples with the aim to propose and demonstrate
alternative ways to exploit aluminum waste for the production of aluminum alloys.
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1. Introduction

For years, aluminum alloys have been promoted as promising materials as they are
abundant in nature and lightweight. Aluminum alloys find application in various sectors
such as the automotive industry, aerospace industry, food packaging and construction.
Particularly in the automotive industry, aluminum alloys are employed systematically since
they are lightweight and reduce transport fuel use and, subsequently, carbon emissions [1].

The primary production of aluminum is achieved in two stages. In the first stage,
bauxite, an ore containing rich alumina (30-50% Al,O3) is extracted and processed in order
to increase the specific surface area. Bauxite is treated with caustic soda and a solution of
sodium hydroxide in a pressurized vessel and heated at temperatures between 415 K and
550 K. This process is called Bayer method. During this process, aluminum is transformed
to sodium aluminate and dissolved in the solution. Other minerals present in bauxite such
as iron oxides, silica and titanium oxides precipitate as solid impurities. The solution is
gradually cooled down and is filtered in order to remove the solid impurities. The solution
is then supersaturated with sodium aluminate and seeded with aluminum hydroxide in
order to form aluminum trihydroxite (AI(OH)3) crystals [2]. These crystals are heated at
1375 K so as to dehydrate the AI(OH)3; and form the alumina Al,Os. In the second stage,
alumina is treated in order to transform to aluminum with the Hall-Héroult process. In this
stage alumina is mixed with molten cryolite (Na3AlFg) and it is treated at a temperature of
1200 K. In order to extract aluminum from alumina, carbon anodes are employed and a cell
potential of 3-5 V causes the migration of oxygen anions (O?~) towards a carbon anode
while aluminum cations (AI**) migrate towards graphite cathodes. As a result, aluminum
metal sinks in the bottom of the cell where it is collected [3].

It is evident that the primary production of aluminum is energy-demanding, since it
requires 113 GJ /t and ~45 kWh of energy. In addition, the usage of carbon cathodes leads
to increased CO, emissions in the atmosphere, since the production of each kg of primary
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aluminum leads to 12 kg of CO, emissions which equals 3% of annual CO, emissions from
raw materials production [4]. Moreover, the demand for aluminum is expected to increase
from 2005 to 2050 by a growth factor of 2.6 and 3.5. More specifically, in 2020 the global
production of primary aluminum was close to 65 million tons. By 2030 metal demand is
expected to increase to about 120 million tons [5]. Nowadays, with policies focused on
the reduction of greenhouse emissions [3], it is important to limit the counter effects of
aluminum production and shift to more eco-friendly solutions.

Over the years, multiple solutions have been presented in order to decrease both
energy demand and CO; emissions. The replacement of carbon anodes with inert anodes
is an alternative method for producing primary aluminum alloys; however, it is very
challenging to fulfil the requirements for inert anodes [3]. The usage of aluminum scrap
for the production of new aluminum alloys is the most efficient way to increase the life
expectancy of aluminum products and decrease production energy. This process is called
secondary aluminum production. It has been proven that the recycling of aluminum alloys
can decrease energy by up to 90% in the production of lightweight materials [6]. The
secondary production of aluminum alloys requires ~2.8 kWh of energy and emits ~0.6 kg
of CO; for the recovery of each kilogram, while a 10% increase of aluminum life cycle
decrease the industry greenhouse emissions by 15% percent [7]. Nowadays 20 million
tons are produced from recycled scrap which is expected to increase to 30 million tons by
2030 [5]. Despite the significant advantages of the production of secondary aluminum from
recycled scrap, this practice poses certain limitations. Aluminum scrap, as it is comprised
from different aluminum grades, has a significant amount of impurities. For instance,
the production of high purity aluminum alloy from scrap requires the incorporation of
Hoopes process which requires more energy than primary production (17-18 kWh/kg) [8].
Therefore, it might be just as energy consuming as primary production. In order to take full
advantage of aluminum recycling, new aluminum alloys must be produced with broader
limits regarding major alloying elements such as Cu, Mg, Fe and Si.

The aim of the present study is to demonstrate how it is possible to produce aluminum
alloys from scrap. For this purpose, a theoretical showcase will be presented with a variety
of aluminum alloys found in scrap combined to form aluminum alloys. The effect of the
additions will be examined with Thermo-Calc® software [9]. Theoretical studies using
thermodynamic calculations indicate how to use scrap in the remelting process and match
the new compositions.

2. Materials and Methods

In this study, the opportunity to produce aluminum alloys exclusively from scrap
has been investigated. For this purpose, an imaginary scrap yard is invented at the
premises of an aluminum production factory containing blocks of aluminum scrap. The
aluminum scrap here derives mainly from two sources: consumption in households and
manufacturing operations. The consistency of the aluminum scrap is listed in Figure 1a. By
assuming that each aluminum alloy occupies an equal fraction in each aluminum grade,
the fraction of the aluminum alloys in the scrap is illustrated in Figure 1b. The chemical
composition for each alloy is provided on Table 1. The aim of this study is to exploit the
aluminum alloys from the scrap in order to produce aluminum alloys.

Various tests were performed with different combinations of aluminum grades from
the scrap in order to find the optimum solution. The usage of master alloys in order to
adjust the chemical composition was not taken into consideration. The phase diagrams
from the resulted chemical compositions were performed with Thermo—Calc® software in
order to evaluate the effect of the new chemical composition on the microstructure and the
performance in the process afterwards.
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Figure 1. (a) Graph showing the consistency of aluminum, (b) Graph showing the percentage of each aluminum alloy in

the scrap.

Table 1. Chemical composition of each alloy in scrap [10,11].

Alloys Si (%) Fe (%) Cu (%) Mn (%) Mg (%) Zn (%) Ti (%)

1050 0-0.25 0-04 0-0.05 0-0.05 0-0.05 0-0.07 0-0.05
1200 - - 0-0.05 0-0.05 - 0-0.1 0-0.05
3104 0-0.6 0-0.8 0.05-0.25 0.8-1.4 0.8-1.3 0-0.25 0-0.1
3005 0-0.6 0-0.7 0-0.3 1-1.5 0.2-0.6 0-0.25 0-0.1
3003 0-0.6 0-0.7 0.05-0.2 1-15 - 0-0.1 -
5083 0-0.4 0-0.4 0-0.1 0.4-1.0 449 0-0.25 0-0.15
5182 0-0.2 0-0.35 0-0.15 0.2-0.5 4-5 0-0.25 0-0.1
5754 0-0.4 0-0.4 0-0.1 0-0.5 2.6-3.6 0-0.2 0-0.15
5010 0-0.4 0-0.7 0-0.25 0.1-0.3 0.2-0.6 0-0.3 0-0.1
6061 0.4-0.8 0-0.7 0.15-0.4 0-0.15 0.8-1.2 0-0.25 0-0.15
6063 0.2-0.6 0-0.35 0-0.1 0-0.1 0.45-0.9 0-0.1 0-0.1
6082 0.7-1.3 0-0.5 0-0.1 0.4-1.0 0.6-1.2 0-0.2 0-0.1

3. Results and Discussion

The results show that from 12 alloys available in scrap it is possible to produce two
commercial aluminum alloys: 5754 and 3105. Figure 2 shows the combination of aluminum
alloys in scrap that led to these alloys. These combinations were found after trial and
error. The most efficient way to find the optimum combination of alloying elements was
to separate the aluminum alloys of scrap according to their chemical composition and
to examine if it was possible to produce an alloy grade that already exists in the scrap.
Initially, the scrap was separated into four categories: 1xxx, 3xxx, 5xxx and 6xxx. However,
this approach posed certain problems: (a) it does not ensure that the chemical composition
of the new alloy would always fall into the certain composition of a commercial aluminum
alloy and (b) it did not always lead to the minimum number of alloys that can be produced
from scrap.
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Figure 2. Graph showing the combination of aluminum alloys in order to produce (a) 5754 alloy and
(b) 3105.

In order to fulfill the aforementioned requirements, the alloys in scrap were combined
according to their chemical composition. In this example, the chemical composition of
5xxx alloys and 1050 alloy were combined, excluding 5010 alloy due its relatively high iron
(Fe) content and low magnesium (Mg) content. Due to the absence of alloying elements,
1050 alloy helped to alleviate any differences in chemical composition among 5xxx series.
Similarly, the chemical composition of 6xxx aluminum alloys was similar to 3xxx alloys
with respect to Mg and Si. In this group, the Fe and Mg contents of 5010 was similar to 6xxx
and 3xxx, so it was possible to create a new composition that fell into a certain commercial
alloy. Table 2 indicates the chemical compositions that derive from the two groups and
their deviations from the standard. Both 5754 and 3105 alloys could be utilized in the
building sector while 5754 alloy finds applications even in railing and aircraft building [10].

Table 2. Chemical composition of the new 5754 and 3105 alloys and their difference s with standard

composition.

5754 3105
EN AW-5754 [8] New EN AW-3105 [8] New
Si (%) 0-0.4 0-0.3 0-0.6 0.2-0.6
Fe (%) 0-0.4 0-0.4 0-0.7 0-0.5
Cu (%) 0-0.1 0-0.1 0-0.3 0-0.2
Mn (%) 0-0.5 0.2-0.5 0.3-0.8 0.3-0.6
Mg (%) 2.6-3.6 2.7-33 0.2-0.8 0.4-0.8
Zn (%) 0-0.2 0-0.2 0-0.4 0-0.2
Ti (%) 0-0.15 0-0.1 0-0.1 0-0.1

The pseudo-binary phase diagrams of the new alloys in Figures 3 and 4 indicate
that chemical composition range was not expected to present significant deviations in
microstructure and melting temperatures compared to the standard chemical composition.
However, it is important to note that the chemical composition range of 3105 favors the
appearance of intermetallic particles such as AlgFe,Si at elevated temperatures which may
have had an impact on the time and temperature of homogenization, since in 3xxx alloys
homogenization parameters depended on size and distribution of intermetallic phases [12].
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In practice, a vast variety of alloys exist in scrap yards, but their consistency always changes,
so calculations with trial and error can be time consuming and not lead to the optimum
solution. For this purpose, databases could be employed with all the available chemical
compositions and calculate in situ the optimum route to consume the majority of scrap.
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Figure 3. Pseudo—binary phase diagram for 5754 alloy composition.
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4. Conclusions

In this work, a case study was used to show how the scrap from the aluminum industry
can be exploited in order to produce new commercial aluminum alloys. This work proves
that the production of alloys can be achieved exclusively from scrap, since two aluminum
alloys (5754 and 3105) could be produced from scrap containing 12 different aluminum
alloys. Similar chemical composition is the key factor that indicates which aluminum
alloys can be combined in order to produce an alloy that falls within the range of a certain
commercial alloy. Particularly in aluminum alloys, the production of non-heat-treatable
alloys from scrap is favored, since they do not pose many limitations compared to heat
treatable alloys.
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