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Abstract

Recycling aluminum from urban waste is a crucial method for reducing energy consumption and
preserving the environment. The extraction of aluminum from bauxite is not only costly but also
generates significant environmental pollutants. In contrast, recycling aluminum through the
remelting of scrap, particularly beverage cans, can reduce the need for raw material extraction
while consuming up to 95% less energy. This study examines the aluminum recycling process
using the salt flux method. The effects of parameters such as temperature, salt composition in the
flux, mixing conditions, and scrap shape on recycling efficiency and aluminum purity were
evaluated. The results showed that at 900°C, with a flux composition of 70% sodium chloride and
27% potassium chloride, in the presence of argon gas and proper mixing, the purity of the
recovered aluminum reached 98.05%. Reducing the temperature to 800°C significantly lowered
energy consumption while having minimal impact on the final product's purity. Additionally,
compacted scrap exhibited a higher recycling yield compared to sheet-like scrap. The findings of
this study indicate that the use of salt flux not only enhances the recycling process and reduces
slag formation but also presents an economical and environmentally friendly solution for
industrial-scale aluminum recycling.
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Table 1. Investigation of Physical and Chemical Methods for Aluminum Recycling

Reference Technolo Capacit Uses
G)Q?nam& About 200 broad
Wolan%ki chopping Reduce the size of each scrap stream industries use facilities in
2001( ! North America
)Ruan et . Capabilities vary, separating nonferrous i e @ |_ndustry 1S
Manual sorting concentrated in low labor
al., 2017( components from each other at best
cost areas
)DeGaspa . . It separates nonferrous components from . L
ri, 1999( Magnetic sorting steel Widely used in industry
)Gaustad,
Olivetti, Separates lighter materials (foam, plastic,
& Air separation rubber, etc.) from the non-ferrous scrap Widely used in industry
Kirchain, | physical stream.
2012( and
)Adam Premelting - :
Gesing & | Technologi flotati It separates non-ferrous elements from About_ 10 |nQustr|es use
A P otation facilities in North
Wolanski, each other (Al, Mg, Cu, etc.) Ameri
2001( merica
)Nakajima
etal., eddy current It separates metal waste from non-metal Widely used in industry
2010(
)Kruesi,
2011;
We_rhelt, Sort mixed streams by metal and alloy .
Fricke- - . o e Use in small scale
Spectroscopy techniques family, ability to sort by alloy in trial . -
Begemann stage industry, pilot plant scale
, Gesing, g
& Noll,
2011(




)Drini,
Katgerma
n, & Hops/electrolytic process Removes Si, Fe, Mg, Mn, Cu, Zn, Cr
Boom,
2004(

Industrial use, small
market

)Kahveci
& Unal,
2000;
Padamata,
Yasinskiy,
&

Partial crystallization Removes Si, Fe, Mg, Mn Pilot plant scale, research

and development

Polyakov,
2021(

)Rousseau
& Melin,
1989(

Laboratory scale, research
and development

One-way freeze

distillation Removes Si, Fe, Cu, Mg, Mn, Zn

)Wilson,

Veasey, & T . . Pilot plant scale, research
Squires, Distillation Zn removes Li from the aluminum melt and development

1994(

)Gaustad, | Chemical
Olivetti, | separation
& and
Kirchain, melting
2011; A technolog
Gesing, ies hot crush Separates cast and wrought aluminum Little use in industry
AuBucho
n, Torek,
Dalton, &
Wolanski,
2003(

)Kercher
& Webb,

1982; Filters Removes SiC and alumina components Widely used in industry
Schloema
nn, 1982(

IWyss &
Schultz, flotation Removes hydrogen Widely used in industry
1999(

)Adam
Gesing,
Stewart, prevent oxidation; It removes gases,
Wolanski, Fluxes calcium, strontium, sodium, magnesium, Widely used in industry
Dalton, & lithium from aluminum
Berry,
2000(
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Table 2. X-ray fluorescence results of the primary scrap

composing elements

weight percent (%) 94.94 2.19 0.90 0.83 0.66 0.48
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figure 1. Photo of the devices: a) used furnace b) used press machine c) alumina crucible and tablet-shaped aluminum
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Table 3. Operating Conditions of Experiments

Used scrap

condition NaCl (%) KClI (%) CaF2 (%) NaOH (%)

900 x tablet shaped

900 x tablet shaped 70 27 15 15
900 v tablet shaped 70 27 1.5 1.5
900 v tablet shaped 26 64 7.2 2.8
900 v sheet 63 27 3 7

900 v tablet shaped 27 63 3 7

800 v tablet shaped 63 27 3 7
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Figure 2. 3D Diagram of the Effect of KCI and NaOH Percentage on Aluminum Efficiency Without Mixing
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Figure 3. 3D diagram of the effect of KCI and NaOH percentage on the efficiency aluminum in the state with mixing
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Table 4. X-ray fluorescence results of the products

Percentage of elements Experiment 3 Experiment 4 Experiment 5 Experiment 6 Experiment 7
Al 98.05 98.68 97.95 97.66 97.94
Si 0.23 0.2 0.24 0.30 0.28
Fe 0.41 0.24 0.45 0.41 0.43
Cu 0.17 0.18 0.18 0.19 0.16
Mn 0.84 0.52 0.88 0.90 0.83
Mg 0.08 0.03 0.14 0.34 0.13
Zn 0.05 0.02 0.02 0.03 0.01
Cr 0.02 0.02 0.02 0.01 0.02
Ti 0.02 0.03 0.02 0.02 0.02
Pb 0.01 0.01 0.01 0.02 0.01
Vv 0.01 0.01 0.01 0.01 0.01
Na 0.01 0.01 0.01 0.01 0.01
,Lit,gtr?,lsl;l,iéil?;r’,g?Ga 0.11 0.05 0.07 0.1 0.02
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L X-ray fluorescence (XRF)
2 Inductively coupled plasma mass spectrometry
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Figure 4. Image of All Products (Products on the Left and Slags in Darker Color on the Right)
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Table 5. Examining the effect of the shape of the scrapes on Aluminum purity

Comparison of differences in the shape and initial state of lesions

The third experiment The fifth experiment

Purity 98.05% 97.95%

Recycled amount
(based on initial 79% 62%
weight)
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Table 6. The amount of slag produced in different tests

The amount of slag produced in different tests (in terms of weight

percentage of the original sample)

Experiment 3
27.1 Experiment 4
38.2 Experiment 5
27.6 Experiment 6
23.7 Experiment 7
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