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ABSTRACT 

In this study, the ideal conditions for extracting magnesium metal from the ashes residues from burning fuel oil 

was investigated. Ash was extracted from power plants in Al Durah Refinery in Baghdad and performed treatment 

operations for it such as grinding, screening, and washing with water to get rid of the soluble impurities present 

in the ash to make it more useful. In order to increase the effectiveness of the magnesium metal extraction process 

and the wet magnetic separation process to separate the iron metal from the ash, then we used different conditions 

to dissolve the magnesium metal present in the ashes, where we used hydrochloric acid in different concentrations 

(3, 6 and 9) molar and different temperatures (room temperature, 60 and 80). It is used those different granular 

sizes (53, 75, and 150) microns, and three different times (30, 60, and 120) minutes, so total it is conducted to 81 

dissolving experiments to reach the ideal conditions for melting the magnesium metal, after which it is designed 

to a cell to perform the electrolysis process to separate the magnesium mineral. And finally extracted the Mg in a 

pure form. 
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INTRODUCTION  

The problem with extracting magnesium from fly ash and reaching ideal methods Power plants annually consume 

very large quantities of fuel oil, and the burning of petroleum fuels produces large quantities of how much fly ash. 

Fly ash contains large quantities of minerals such as vanadium, nickel, iron, magnesium and other minerals. These 

minerals are extracted and utilized by multiple extraction methods [1, 2]. This large amount of ash can be 

considered as an important source of many minerals, especially in countries that produce large quantities of oil. 

The main source of magnesium in the world is sea water, but for countries that do not have borders with the seas, 

it is considered that they do not have a source for the mineral magnesium, so this ash is considered a very important 

source for this mineral because the percentage of magnesium in the ash resulting from burning the fuel oil is 

higher than the percentage of magnesium in sea water [2, 3].  

Chemical leaching to the fly ash to extract Mg Annually, very large quantities of solid fuel are burned in all 

countries that use fuel to operate power stations. Burning fuel leads to the formation of tons of fly ash annually, 

which is reprocessed in most countries to take advantage of it instead of the ash dumps that occupy large areas 

within urban lands and consume For water (from 10 to 100 m3 / ton) and this leads to pollution, which makes 

Recycling and utilization of ashes is much better than disposal. Construction and operation of landfills requires a 

high cost, which leads to increases in the cost of power generation [4]. Fly ash contains many minerals such as 

vanadium, nickel, magnesium and iron, which makes this type of ash important and is used as a substitute for 

many ores for the production and extraction of many minerals that are high in ash. The effect of temperature, 

micro and nanoparticle size, as well as the time required to extract magnesium from fly ash resulting from burning 

fuel oil will be studied.  
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These conditions and variables in the case of chemical dissolution and microorganism dissolution will be studied 

[5]. Hydrochloric acid has been used in the treatment of fly ash, because the use of sulfuric acid leads to the 

formation of calcium sulfate on the surface of the ash particles, and this prevents the interaction between ions and 

sulfates. The use of the fluoride method leads to toxic emissions of ammonia and fluorine [1, 5]. The use of 

hydrochloric acid to dissolve minerals in fly ash has a number of advantages over the use of other acids, as the 

low solubility of silicon dioxide in hydrochloric acid as well as the possibility of selective crystallization is 

considered an artificially sophisticated technique for collecting hydrochloric acid, i.e. collecting hydrochloric acid 

for reuse in leaching processes to extract minerals from Ash from burning fuel oil [6, 7]. The ashes resulting from 

burning the fuel contains a percentage of iron oxide, which can be removed by using a wet magnetic separation. 

The presence of iron in the ash is not only in the form of magnetite but also like hematite, which does not have 

magnetic properties. Leaching with acid to carry out extraction [7].  

EXPERIMENTAL SETUP 

Materials 

Heavy fuel is extracted from crude oil by refining operations. Heavy fuel is used widely in power generation 

plants such as electric power plants or oil refinery stations. When these heavy fuels are burned, high energy is 

generated which is used to operate these plants, and the combustion plants are ashes. We collected the ashes found 

in the oil refinery stations to be used in our research and conducted studies on it that clarify the ideal conditions 

for extracting the magnesium mineral from this ash. The ashes of heavy fuel combustion contain many minerals 

such as vanadium, nickel, iron and magnesium in different proportions. The following table shows the chemical 

analysis that was performed for a sample of heavy fuel combustion ashes weighing 10 grams, as mentioned in the 

table below. 

Table 1. The metals contained in 10 grams of heavy fuel ashes after conducting chemical analysis. 

Element V Ni Fe Mg Su Si Co K Ba C 

Concentration, % 29.8 10.2 2.6 2.4 2.2 1.3 0.02 0.018 0.008 B 

Samples preparation 

The grinding process with a ball mill to make the ash micro granular size the second stage, the ash produced from 

burning the fuel is concentrated by separating metals that can be separated by physical methods, we will use the 

magnetic separation method to separate the iron in the ash. The wet magnetic separation process was carried out 

for the iron present in the ashes resulting from burning the fuel and is present in the form of magnetite. The device 

is equipped with a rotation feature at different speeds to mix water with ash and increase the efficiency of 

separating iron from ash. After that the process of washing with water is one of the basic methods of disposing 

soluble solids and is used to a large posting in which incineration is used in a very large manner because it fulfills 

the condition of waste disposal and the damage is minimal and the reuse is completed. Burning waste also has its 

drawbacks and the main residue fly ash contains with a high concentration of minerals and harmful substances, 

this fly ash is classified as a hazardous waste because it contains a high concentration of minerals and toxic 

substances such as dioxins.  Many soluble salts are removed by washing with water.  

These impurities must be removed before using fly ash because their removal facilitates the extraction of minerals 

in fly ash and soluble chlorides such as NaCl, KCl, CaCl2 and other soluble impurities contained in the ashes 

where they have been removed. After washing with water there are other methods of washing operations, where 

other liquids are used to carry out the washing process, such as ethanol, which has a greater ability to dissolve 

impurities in fly ash, however, much of the wastewater that contains a high concentration of chlorides and heavy 

metals is then generated. After that in this work we do the sieving process during the severing process, the sample 

is subjected to a vertical or horizontal vibratory motion. During this process, particles of equal or less granular 

size enter the sieve opening into the openings of each sieve, so the particles pass through the sieve mesh, which 

determines the percentage of particle passage through the sieve openings. It is the ratio of particle size to sieve 

openings, particle direction, and the number of encounters between the particle and the mesh openings. Three 

sieves will be screened to select three granular sizes with a specific mesh size. The granular sizes collected in the 
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sifters are used in the experiments that we will undertake to extract magnesium from the ashes of the burning fuel 

oil. 

Measuring devices 

Many instruments were used in this study. As an example, Scanning Electron Microscope (SEM), X-ray 

diffraction (XRD) 

Tests procedure 

Leaching processes 

Leaching processes are carried out to extract magnesium from the ashes resulting from burning the fuel with the 

use of hydrochloric acid with multiple molar concentrations. Many experiments were conducted under different 

conditions to obtain the magnesium metal with new purity and the results showed good concentrations of the 

magnesium in this work we will do 81 leaching teats in different conditions to dissolve the magnesium metal 

present in the ashes, where we used hydrochloric acid in different concentrations (3, 6 and 9) molar and different 

temperatures (room temperature, 60 and 80). It is used those different granular sizes (53, 75, and 150) microns, 

and three different times (30, 60, and 120) minutes, so total it is conducted to 81 dissolving experiments to reach 

the ideal conditions for melting the magnesium metal, after which it is designed to a cell to perform the electrolysis 

process to separate the magnesium mineral. And finally extracted the Mg in a pure form. 

Electrolysis processes 

We manufactured a cell to perform the electrolysis of magnesium chloride to extract pure magnesium metal The 

cell consists of an iron container that was manufactured in a cylindrical shape that contains a movable base from 

the bottom that can be separated, as well as a cover on the top connected to a graphite electrode The cylinder also 

contains a tube for entering Archon gas to protect the reaction from oxidation. The electrolysis process was 

performed by applying 22% MgCl2, 54% NaCl and 23% CaCl2 The aforementioned elements were placed in the 

cell, sealed tightly and tied to Arcon gas, and the electrical energy was connected, and the iron cell was the cathode 

and the graphite electrode was the anode, and the current was passed with a power of 7 volts, and heat was applied 

to the body of the iron cell by a thermal torch at a temperature (600-800 C) 

 

Figure 1. Schematic diagram of a daw cell. 
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Figure 2. The Dow cell that our mouth manufactured in the laboratory 

Table 2. Conditions used in the electrolysis process in a Dow cell. 

 
 

The electrolysis process was carried out using the Dow cell and the conditions mentioned in the above table were 

applied, so pure magnesium metal was deposited on the cell surface near the carbon electrode, and the magnesium 

was skimmed in the presence of Arcon gas and separated and extracted from the cell. 

RESULTS AND DISCUSSIONS 

The results of the chemical analysis of the samples  

Table 2 shows the result of the chemical analysis of the samples and the percentage of magnesium metal in each 

sample.  
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Table 3. Shows the result of the chemical analysis of the samples. 

 



Study of the Ideal Conditions for Extraction of Magnesium Obtained from Burning Fuel Oil Residues 

136 
 

 



Study of the Ideal Conditions for Extraction of Magnesium Obtained from Burning Fuel Oil Residues 

137 
 

 
 

In the Fifty-eighth experiment, it was used 80 C and an atomic volume of 53 microns, and when using hydrochloric 

acid at a concentration of 6 Molar, three experiments were conducted with this concentration and the conditions 

mentioned above and three leaching times, where the first experiment was carried out by placing 10 grams of the 

ash flowing on it in the aforementioned preparation processes in a glass flask. The volume of 500 ml and the 

addition of hydrochloric acid at a molar concentration and the volume of 250 ml at room temperature was placed 
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on the machine magnetic stirrer and the granular volume used in this experiment was 53 microns and the leaching 

time was 30 minutes after filtering the acid loaded with magnesium dissolved in it by filter paper The chemist has 

to detect the percentage of magnesium metal, which is present in it, and the ratio was 1.39 grams. The previous 

experiment was repeated with the same conditions, but the leaching time was 60 minutes, so the percentage of 

magnesium obtained was 1.86 grams.  

The experiment was repeated again but with a different leaching time, which is 120 minutes, so the percentage of 

magnesium metal dissolved in hydrochloric acid after the chemical analysis process of the sample was 2.15 grams. 

In the Sixty-first experiment, it was used 80 C and an atomic volume of 53 microns, and when using hydrochloric 

acid at a concentration of 9 Molar, three experiments were conducted with this concentration and the conditions 

mentioned above and three leaching times, where the first experiment was carried out by placing 10 grams of the 

ash flowing on it in the aforementioned preparation processes in a glass flask. The volume of 500 ml and the 

addition of hydrochloric acid at a molar concentration and the volume of 250 ml at room temperature was placed 

on the machine magnetic stirrer and the granular volume used in this experiment was 53 microns and the leaching 

time was 30 minutes after filtering the acid loaded with magnesium dissolved in it by filter paper The chemist has 

to detect the percentage of magnesium metal, which is present in it, and the ratio was 1.51 grams. The previous 

experiment was repeated with the same conditions, but the leaching time was 60 minutes, so the percentage of 

magnesium obtained was 1.89 grams. The experiment was repeated again but with a different leaching time, which 

is 120 minutes, so the percentage of magnesium metal dissolved in hydrochloric acid after the chemical analysis 

process of the sample was 2.2 grams. Figure 3 shows the optimal conditions for magnesium leaching into 

hydrochloric acid 

 

Figure 3. A chart showing the percentage of magnesium mineral extracted and the different conditions used 

during the extraction process 

Through experiments, it was shown that the leaching efficiency increases with increasing molarity of hydrochloric 

acid, as shown in the figure 4 
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Figure 4: A chart showing the efficiency of the extraction process with the difference in time and the molar 

concentration of the acid HCl. 

SEM and XRD analysis 

The tests were carried out for the magnesium metal resulting from the extraction process by SEM and XRD figure 

4 shows the SEM test for Mg metal. 
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Figure 5. Pictures showing the SEM test for the extracted magnesium metal atoms. 

Figure 5 shows the XRD test for Mg metal. 

Figure 6. Pictures showing the XRD test for the extracted magnesium metal atoms. 

CONCLUSIONS 

These conditions were used in the best percentage of the magnesium mineral extracted from the ashes resulting 

from burning heavy fuels compared to other experiments that were used. Fuel oil ash is considered a waste that 

must be treated and utilized instead of making it a harmful source for the environment, as the ash contains, as we 

mentioned earlier, many minerals, including the mineral magnesium. The results showed that the percentage of 

magnesium obtained due to the extraction and treatment process is a good proportion and the resulting ash can be 

considered Burning heavy fuel is an important source of many minerals, including magnesium, so the economic 

feasibility of this method is good and beneficial, especially in oil-producing countries that do not have seas within 

their borders. 
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