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ABSTRACT: In this study, the industrialization of aluminium foam (sponge) and the created aluminium powder 

as size 60 μm with the sodium chloride (NaCl), used four different volume fractions (10%,20%,30%, and 40%). 

So, this mixture compressed of different pressures (250 MPa,300 MPa, and 350 MPa) under high temperature  at 

600 C̊ up to aluminium melting. While  the sodium chloride (NaCl) solving in hot water at 70 C̊ after integrated 

manufacturing of the metal foam (spongy) applying physical tests are microstructure and X-ray diffraction.  The 

results diagram compared with standard diagram 
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INTRODUCTION 

The studied recycling of cans made from Aluminum under temperature 450 – 950, so the scrap aluminum is 

enhancement [1]. The investigation in this article of the environment, energy, and economics are to recycle 

aluminum cans [2]. In this present study, the aims are utilization chemical processes to recycle aluminum to useful 

chemical components [3,4]. The study was an effect of the aluminium matrix mixture with other reinforcement 

materials. So, it gives good compatibility [5,6]. The studied  subject was the effect of the aluminium alloy the 

corrosion, sliding wear, and abrasive wear. So, the results show good agreement [7]. It  suggested program to 

collect cans, melting, and storing the recycle aluminium cans [8]. It  prepared the aluminum foam by using 

technical ultrasonic and injection gas in the melting process. So, it  generates gas with the bubbles inside the 

mixture under high temperature [9]. The prepared mixture from metal-polymer is titanium powder and carbonyl 

iron powder with polyol isocyanate to model metal foam [10]. The aim of the research is to prepare a metal filter 

by the Aluminum powder process. It includes the study of the variables on the concentration of the pores of the 

Aluminum metal foam as the compact pressure and the weight percentage of NaCl. 

EXPERIMENTAL WORK 

Good experimental plan is required in order to achieve good results. In this experimental setup, a description of 

the materials is included and apparatus used in the preparation of the filter as well as explaining the method of 

preparation, and the tests that have been made. 

Raw Materials 

The raw materials used in this study are Aluminium and NaCl powders, with a means particle size of 60 μm. 

Raw Materials Preparation Stage 

Preparation of Aluminium Powder 

This stage includes examining the powder and the separation of the granule sizes to determine the sizes of granule 

Aluminium powder used for the manufacturing of the metallic candidate. It uses a sieving that is shown in Figure 

1.
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Figure 1. Electrical Sieves. 

Preparation of Sodium Chloride 

Sodium chloride is dried to get rid of moisture. The drying is done at a temperature of (100°C) for a quarter of an 

hour using the drying furnace, as shown in Figure 2. 

 

Figure 2. Drying Furnace. 

Preparation of the Mold and Sampling 

This stage includes three steps that are needed to be made to give the final shape samples: 

1- Preparation of molds. 

2- Determining the ratios with mixing. 

3- Squeezing the powder (preparation of samples). 

Molds Preparation 
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The mold preparation is represented in the form of choosing the appropriate mold and then cleaning it and 

lubricating of the wall mold using graphite. It uses  a diameter 17 mm as shown in Figure 3. 

 

Figure 3. Steel mold. 

Determining the Ratios and Mixing  

This stage includes a set of the ratios of raw materials which have been used to determine the proportion of 

Aluminium powder (mean particle size 60 μm) and Sodium Chloride ratios (10, 20, 30, 40) wt.% with using the 

sensitive balance as shown in Figure 4  

 

Figure 4. Sensitive balance. 

After that, mixing the previous ratios is done through using an electric mixer for six hours using the device as 

shown in Figure 5. 
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Figure 5. Electric Mixer. 

Compacting the Powders  

Method that is used for pressing the semi-dry in one direction from the top  formed the models by taking 3 gram 

of the mixture for each sample and place it in the mold after cleaning and lubricating  the mold. Then, it is put in 

a piston with different values of the pressure (30, 35, 40, 45, 50, 55, 60) KN chosen with proven weight of the 

mixture and PR is 0.3, and when you extract the model PR is 1.1 a piston shown in Figure 6. 

 

Figure 6. Compacting Machine. 

The Sintering Stage 

This stage includes a preparation of appropriate crucible and well cleaned. Then, it puts Alumina powder on the 

inner surface of the crucible. After that, the samples are putting in the Alumina powder and then are placed 

Alumina above the sample. Further, crucible is put inside the furnace at a temperature of (600 °C) which is below 

the melting point of Aluminium (660 °C) but far below that of NaCl (801°C) for 2 hours, and cooled slowly in 

the furnace upon room temperature. The sintering furnace is shown in Figure 7  
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Figure 7. Sintering Furnace. 

The Final Stage (Preparation of the samples) 

Sintered specimens are immersed into (70°C) hot stirrer water.  As shown in Figure 8. 

 

Figure 8. Stirrer 

The imbedded NaCl particles are finally dissolved in hot water, leaving behind an open cell Aluminium metal 

foam with the same chemical composition as that of the original Aluminium powder. Finally, the specimens are 

dried with pressurized air. 

Physical Test 

Powder Tests 

To obtain good result, a number of tests are carried out for the used powder as listed below. 
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Powder Particle Size 

All the powders that used are imported with particle size of 60µm. so, the standard sieves with electrical vibration 

are used in order to get the smallest size of the powders. 

Testing of the Samples 

Microstructure 

After preparation of the final models are grinding leaves, with a range from 180 to 2500 and after the completion 

of the grinding. Then, using solution is required which consists of (HF 5% and 95% water). The device used for 

grinding is shown in Figure 9. 

 

Figure 9. Grinding and Polishing Device. 

Then be seeing the microstructure by the microscope is described as follows. 

 

Figure 10. Optical Microscope. 
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X-ray Diffraction 

The X-Ray diffraction was used in order to determine the interfaces of each powder separately. Then, it must be 

compared with the standard charts. The speed used is (2 deg./min). The step is (0.02deg), and the angle 2Ө used 

is from 0◦ to 100◦ with AL target, wave length of 1.54060A◦, voltage and current are 40 KV and 20 µA 

respectively. 

 

Figure 11. X-Ray diffraction for Al 

RESULT AND DISCUSSION 

This section shows the results that have been reached during the current study and discussion. The following 

samples have been pressed in hydraulic pressure piston during different pressures measured in unit of kilo newton 

by using different weights of (Al + NaCl). Also, they are pressed by using templates (Dies) with different diameter. 

Then, they are measured every part of the parts shows in the table below and get the following results. 

Table 1. The Results of the samples obtained. 

Rate at extraction 

samples kn/mm 

Rate 

at pressing 

kn/mm 

Weight 

gm)) 

Sample 

high mm)) 

Load 

KN)) 

Diameter 

die (mm) 
Sample no. 

1.1 0.3 2 3.7 35 17 1 

1.1 0.3 5 9.10 45 17 2 

1.1 0.3 4 7 40 17 3 

1.1 0.3 3 5.38 35 17 4 

1.1 0.3 3 5.49 50 17 5 

1.1 0.3 5 8.9 60 17 6 

1.1 0.3 5 5.68 40 17 7 

1.1 0.3 5 5.52 60 17 8 

1.1 0.3 3 5.48 45 17 9 

1.1 0.3 5 5.5 60 17 10 

1.1 0.3 5 5.7 50 17 11 

1.1 0.3 2 10.35 46 17 12 
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Figure 12. Chart (result) of X-Ray diffraction for Al foam. 

 

Figure 13. Final Sample. 

 

 



The Preparation of Aluminium Foam Using Powder Technology for Industrial Applications 

178 

 

 

Figure 14. Microstructure 

 

Figure 15. SEM 

CONCLUSIONS 

Through this study, it is concluded that the percentage of the added salt (sodium chloride) to the Aluminium 

material affects  the size of Pores phenomenon of the Aluminium. When the ratio of NaCl is (10 wt.%), it will get 

the pores of a certain size, but with increasing the percentage of NaCl, the size of the pores will increase. In the 

other hand, the size of the pores is directly proportional to the ratio of Sodium Chloride added to the Aluminium 

powder. 

RECOMMENDATIONS  
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During the process of conducting the practical part of this study, some problems are faced that led to the failure 

of some samples where these samples shattered after extraction of the template or after a sintering process for the 

samples at a (600°C) sintering temperature. This cause is due to: 

1. Speed at which samples is extracted from the sample template leading to a crush of samples. 

2. Alumina material which is used for immersion of samples during the sintering process are not pure, which 

are used to prevent the oxidation of the samples at high temperatures. 

3. Aluminium powder may be oxidized. Therefore, we recommend that you have not to take out the samples 

very quickly from the template (die) and use the appropriate ones.  
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