Journal of Physics: &%, PURPOSE-LED

Conference Series & PUBLISHING™
PAPER « OPEN ACCESS You may also like

. . . - sical and chemical properties of
Aluminum smelting by physical process of Sl talings mad molied by metal
electromagnetic wave generation with microwave X Deng, B Ma and B Du
OV en - Investigation of Metal Cation Effects on

Corrosion Behavior of Aluminum Alloys
Masatoshi Sakairi, Md. Saiful Islam and Li
Li
To cite this article: N Y Perez Rangel et al 2021 J. Phys.: Conf. Ser. 2046 012075
- Polarization of Aluminum during AC
Corrosion in Sulfate Solutions
T.C. Tan and D. T. Chin

View the article online for updates and enhancements.

The Electrochemical Society

aneing solid state & electrochemical science & technology

TASS SN
LSRN

{ I |‘“““‘:‘\\\\\\\
s

Spotlight
Your Science

IR

R et S Submission.deadline:
eeting e >,

May 24-28, 2026 Dec?'?j'bef 5, 2025

Seattle, WA, US = \

Washington State : SUBMIT YOUR ABSTRACT )
Convention Center

This content was downloaded from IP address 8.243.64.131 on 18/11/2025 at 14:37



https://doi.org/10.1088/1742-6596/2046/1/012075
https://iopscience.iop.org/article/10.1088/1755-1315/1335/1/012033
https://iopscience.iop.org/article/10.1088/1755-1315/1335/1/012033
https://iopscience.iop.org/article/10.1088/1755-1315/1335/1/012033
https://iopscience.iop.org/article/10.1149/MA2020-02111229mtgabs
https://iopscience.iop.org/article/10.1149/MA2020-02111229mtgabs
https://iopscience.iop.org/article/10.1149/1.2113955
https://iopscience.iop.org/article/10.1149/1.2113955
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssLuLKxRBOicbEEikok8GFM1cVvIm9F2kl8HybeDB8ri9bFkzUKcpDhQBJQ7u8KKE5AWuBeUZNPUf28GOPoIJlXtRIwJHemkgr80DLsA15VZfYI2prU3FF1ZtzxgkTAVTzzw7CZMJl3FBmPTHgOWWmFifNFkdJ5UvVMcbOuOZSPfbB-8am8XwYQyJHS34Ps-PTtdIxoje0oxTm7lyaIvqPgOOYUdAaC32PucLrZP6yKUDqcYzkpe6LyLDNYz5QN_-eHPlYIfrsU_2xcwLQRtVF4QFa_vaSSlgdrJ9JX5kE9EhOvo02E6A8TDLFXddjMk9jCnDQsdaSTw0Du2GxF8G-WMHwW_luiP9BD-t1ZVOWFUIPGQCO5_eui&sig=Cg0ArKJSzB5NyQHkE9LV&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://www.electrochem.org/249%3Futm_source%3DIOP%26utm_medium%3Dbanners%26utm_campaign%3DIOP_249_abstract_submission%26utm_id%3DIOP%2B249%2BAbstract%2BSubmission

5+ 1 IMRMPT IOP Publishing
Journal of Physics: Conference Series 2046 (2021) 012075  doi:10.1088/1742-6596/2046/1/012075

Aluminum smelting by physical process of electromagnetic
wave generation with microwave oven

N Y Perez Rangel', E Florez Solano', and E Espinel Blanco®

' Grupo de Investigacion en Ingenierias Aplicadas para la Innovacién, Gestion y
Desarrollo (INGAP), Universidad Francisco de Paula Santander, Seccional Ocaiia,
Colombia

2 Grupo de Investigacion en Tecnologia y Desarrollo en Ingenieria (GITYD),
Universidad Francisco de Paula Santander, Seccional Ocafia, Colombia

E-mail: nperezr@ufpso.edu.co

Abstract. In Colombia, there is a demand for quantities of metal parts of iron, steel, and
aluminum for different purposes, which requires the demand for large quantities of energy
leading to a high emission of gaseous pollutants; the need to start recycling and reuse, as in the
case of aluminum, which is used in products such as foods used in soda cans, beers, fruit syrup,
tuna, grains, etc. In addition, there are other residues such as aluminum chips that are generated
from machining processes, everything is based on the preservation of the environment. This
project presents a new microwave oven technique to transform aluminum chip into blocks or
sheets of aluminum to be reused, from the recycling of aluminum shavings and scrap produced
mainly by machine-tool shops and machining centers, when, after carrying out the washing
processes prior to casting, microwave irradiation is used as a physical property of material state
transformation by implementing high frequencies that allow heat to be produced by high
frequency vibrations, All this in order to perform the fusion process in less time and obtain
aluminum with better mechanical properties.

1. Introduction

The casting process is a direct method that allows the creation of parts using liquid metal, with the
advantage of manufacturing any type of part without delimiting aspects such as shape, size and quantity
to produce [1]. This process consists in bringing the material to be used to its melting point in order to
obtain its liquid state, which will subsequently be emptied into molds or extruded according to the
application for the part to be manufactured.

It should not be forgotten that the structural arrangement is important since the mechanical properties
that will characterize the part produced depend on it, a factor in this process is temperature, given that
the above conditions are directly related to this factor [2].

Aluminum is a material that due to mechanical properties such as strength, tenacity and its high
strength/weight ratio is being highly demanded in the current market [3], taking into account the
environmental impact of primary aluminum production, the need to recycle and contribute to the
environment arises, knowing that in order to produce one tone of primary aluminum, 4 tones of bauxite,
which is the material from which aluminum comes, must be extracted, the secondary aluminum comes
from the recycling of aluminum which has already completed a cycle or which is the product of
metallurgical processes in the form of chips, the latter in most cases ends up in sanitary landfills without
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a final disposition and contaminating. Another important aspect to consider is the fact that energy
consumption and production of carbon dioxide to the environment is lower when secondary aluminum
is produced than primary aluminum.

The aluminum chip has been studied for its difficult fusion between the small particles that make it,
mechanical properties and wear have been evaluated [4], obtaining favorable results that provide the
basis for further work in this sector and contributing to the conservation of the environment. To obtain
the melting and smelting of aluminum we find different processes such as gravity casting [5], agitation
casting [6], direct extrusion [7-9] and friction extrusion [10], which allow to obtain the aluminum in
block, bars or sheets according to their application because they are preferred in sectors such as transport
(tankers, military vehicles, railway systems, aviation), construction (beams, light bridges, armored
plates).

Currently the technique of using 2.45 GHz microwave energy as a method to produce the required
temperature capable of melting metals in conventional microwave ovens is growing, this is shown in
review articles such as: Parametric review of microwave material processing and applications [11] and
A review of the literature on the exposure time of microwave welding of different materials [12], where
we can see the steps to make the casting of different metals using microwaves. Different processes with
microwaves [13-18] have also been carried out with quite favorable results, among them a reduction in
casting times and improvements in mechanical properties due to the short time used for this process.

In detailing the literature, it is possible to melt metals in microwave ovens, but it does not specify the
conditions to be done casting, such as details of the crucible to melt the metal, in the case of aluminum
chip there is no information demonstrating its use in the process using this technique, which causes this
process to have its limitations and open the way for further research. The present work was carried out
with the purpose of obtaining aluminum smelters from chips by conventional microwave oven, in which
the melting of the aluminum chip is achieved and subsequently subjected to hardness and metallography
tests to assess the final condition of the molten aluminum.

2. Materials and methods
Recycled aluminum chip will be used to make its transformation and obtain compact aluminum blocks
that will be used in machining processes; in this way waste produced by machine tool workshops is
recycled and reused, contributing to the environment by reducing the emission of carbon dioxide (CO,)
and reducing the expenditure of electrical energy, causing an increase in the performance in the process
of melting aluminum chip.

Taking into account different laboratory experiences to achieve melting of aluminum chip in a
microwave oven, it is necessary to bear in mind the removal of a layer of alumina contaminants that
forms on the surface of chip particles from oxidation with the environment to be removed through
caustic soda-based chemical pretreatment, then proceed to place the aluminum chip in a silicon carbide
crucible that will be contained hermetically in alumina refractory brick, this system will be subsequently
placed inside the microwave oven.

Finally, the sample is removed from the furnace and placed in a hydraulic press which exerts pressure
and solidifies the already melting aluminum as shown in Figure 1; the state of the aluminum is verified
by means of metallography and hardness tests which reveal the mechanical properties of the formed
material [2].

3. Results

After following step by step the scheme set out above in Figure 1, Figure 2 shows the process performed
on aluminum from its initial chip state to the solid sample, where you can see the complete melting of
the aluminum chip particles and the compaction of the same, which generates great expectation to work
in leaps and bounds in the metal smelting sector through the microwave oven, thus obtaining a
significant performance in the melting time and energy consumption, knowing that when implementing
the microwave oven the times to obtain molten aluminum decrease by 60% as well as the energy
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consumption demanded for the process, all this compared to traditional melting in muffle furnace and

crucible furnace.

The samples obtained by melting in a microwave oven can be seen in (Figure 3; Figure 3(a) to
Figure 3(c)), where the union of the aluminum chip that gives way to a solid piece of aluminum is

Pretreated Aluminum Chip

> \ Microwave
- . Oven
Silicon ;

Carbide
Crucible

o Refract
Caustic Soda in Brick ory
Water at 0.25 Molar 11c

Content

Press

Aluminum Chip Final Piece of Cast
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Figure 1. Schematic of the process of casting aluminum chip in
microwave oven.

‘L\""f" =

Aluminum Place the It hermetizes Microwave
chip in silicon crucible inside the sample by sample is
carbide a refractory plugging the introduced.
crucible. alumina brick. brick hole.

Pretreated Final.prod:lct “cast Sample pressing, Final smelting process in microwave oven

aluminum aluminum”. after melting.

chip.

Figure 2. Step-by-step scheme that was carried out for the smelting of aluminum
chip in microwave oven.

(b)
Figure 3. Samples of aluminum chip smelting with microwave oven. (a) sample 1;
(b) sample 2; (c) sample 3.

IOP Publishing



5+ 1 IMRMPT IOP Publishing
Journal of Physics: Conference Series 2046 (2021) 012075  doi:10.1088/1742-6596/2046/1/012075

Aluminum for its good mechanical properties, light weight and corrosion resistance is implemented
in many industrial processes such as aeronautics, construction, among others. What makes the
development of this smelting process through microwave irradiation generate a positive impact and
allow the recycling of aluminum in all its forms.

3.1. Metallographic analysis

Metallographic analysis was performed by preparing the sample as indicated in ASTM E112-13
standard [19], obtaining the metallographic images using an Optika B-157ALC microscope (see Figure
4; Figure 4(a), Figure 4(b)), in which the microstructure of the aluminum can be observed after the
casting process. Microscopically you can detail the cohesion between chip particles to give way to the
formation of the compact sample, which can be used in industrial or commercial processes. Below are
the metallographic images (as seen in Figure 5; Figure 5(a) to Figure 5(d)).

(a) (b)
Figure 4. Metallography test: (a) metallographic
microscope; (b) test piece in already polished resin.

Figure 5. Metallographic images at different zoom: (a) zoom 50x;
(b) zoom 100x; (¢) zoom 400x; (d) zoom 600x.
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3.2. Hardness analysis

The hardness analysis was performed using a Mitutoyo HR-300 hardness tester, applying the
ASTM E10-18 standard [20], (see Figure 6; Figure 6(a), Figure 6(b)), where the final conditions of the
product obtained are evaluated, which makes it possible to make a comparison with the characteristics
of aluminum specified in the market. The test results are shown below in Table 1.

(a) (b)
Figure 6. Test pieces for hardness:
(a) front cut; (b) back cut.

Table 1. Hardness test results.

Substrate  Value 1 Value2 Value3 Value4 Average
Sample 1 46.7 52.8 49.2 46.5 48.8
Sample 2 44.2 27.3 45.3 58.0 43.7

4. Conclusions

In this investigation it can be concluded that the sample was made with recycled and melted aluminum
chip by irradiation of conventional 2.45 GHz microwave oven. The high vibrations produced by the
magnetron of the microwave oven with a high frequency of 2.45 GHz, cause the material of silicon
carbide to vibrate in such a way that temperatures are obtained around 700 °C, achieving the casting of
the aluminum chip.

Through the metallography test you can see the uniformity of the casting, which means that the small
particles of aluminum chips reached their melting point, and a compact sample was produced. We can
also observe an average hardness ranging from 43.7 to 48.8 Brinell hardness (HB), which compared to
the normalized primary aluminum hardness ranging from 23.27 to 65 Brinell hardness (HB), we can
affirm that it is in the stipulated ranges for this material, which makes it some aluminum in condition to
perform any function within the commercial market for which it is required.
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