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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 (CO2) 
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 
observed. 
 

 
Figure 1. Schematic of the process of casting aluminum chip in 
microwave oven. 

 

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

 

 

 

 

 

 
(a)  (b)  (c) 

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

 

  
(a) (b) 

  
(c) (d) 

Figure 5. Metallographic images at different zoom: (a) zoom 50x; 
(b) zoom 100x; (c) 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 Value 2 Value 3 Value 4 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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