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Abstract - In this article, the chemical and mineralogical composition of the sands of the local quartz mine "Jerdanak" in 

Sherabad district (Surkhondarya, Uzbekistan) is analyzed by X-ray phase analysis (XRD), Scanning Electron Microscopy (SEM), 

Emission Semi-qualitative Spectral (EYaS), Infrared Spectroscopy (IR) analysis methods were determined. Then, the sand was 

washed several times in distilled water for enrichment and dried. The obtained clean sand was crushed, sieved and reduced with 

magnesium and aluminum at different temperatures up to 1800℃ for up to 8 hours, and technical silicon (93%-94%) was 

obtained. Magnesium metal and silicon (IV) oxide in a 2:1 mole ratio and aluminum, magnesium metals and silicon (IV) oxide 

in a 1:0.1:1.33 ratio for obtaining technical silicon by the magnoalluminothermic method; 1:0.2:1.33; It was obtained in 0.2:2:1 

mole ratio. The resulting reaction was washed three to four times in distilled water, hydrochloric acid, and alkali to remove 

silicon from the samples. The purity of the isolated silicon was reanalyzed using XRD, SEM, EyaS, and IR-analysis methods. The 

optimal reaction temperature was 800°C, the reaction duration was 6 hours, and the reaction yield was the highest (75%) when 

the mole ratio of silicon oxide and magnesium was 1:2. 
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1. Introduction 
One of the urgent problems today is to meet the need for 

energy without having a negative impact on the 

environment[1]. The use of alternative energy is the solution 

to such problems, and, at the same time, the negative impact 

of greenhouse gas emissions on the environment reduces the 

secret. The evaluation showed that if the installed photovoltaic 

cells with a power of 6 kW require an investment of about 

10,000 euros, the system will pay for itself in 6 or 7 years, 

reducing the annual energy bills of the population by 60%. 

The European Union's Renewable Energy (RTE) authorities 

have set a target of increasing the share of RTE in Europe by 

20% by 2020. It has been studied that Norway's target for the 

share of renewable energy in 2020 is 67.5% from 60.1% in 

2005 [2, 3]. Crystalline silicon is the main element for the 

production of solar batteries, solar panels, and photovoltaic 

elements [4]. More than 90% of solar cells manufactured in 

2012-2013 were based on this crystalline silicon. Thus, the 

natural occurrence, price and quality of silicon raw materials 

are the most important factors for all photovoltaic elements [5, 

6]. Silicon is the second most abundant element on Earth, 

making up 75% of the Earth's crust. However, silicon is not 

found in nature as an element but combines with oxygen to 

form various forms of silicates and sands [7, 8]. Due to its 

stable physicochemical properties, quartz sand (SiO2) is 

widely used in fields such as silicate glass, quartz ceramics, 

silicon metal, solar cells, and quartz fiber. SiO2 used in these 

areas is required to be of high purity. Obtaining high-purity 

quartz is one of the important areas of quartz processing. 

There are several stages of metallurgical treatment of quartz 

sand, one of which is effective for boron removal, and the 

other is effective for phosphorus removal [9, 10]. Quartz sands 

are ground into powder through various grinding devices.  

The produced silicon (IV) oxide powder was treated with 

magnesium granules in the temperature range of 500-900℃. 

Analysis of the results using X-ray diffraction revealed the 

formation of Si and other by-products, such as MgO, Mg2Si 

and Mg2SiO4 (Forsterite) [11, 12]. A two-step washing 

method is used to remove additional products. When the 

process of magnesiothermic reduction of amorphous and 

crystalline silicon is carried out at different temperatures, the 

yield of silicon at 800℃ is determined to be 22.5%. An acid 

solution was used to wash silicon [13-17]. The onset 

temperature of the reaction was found to be about 465°C, and 

the temperature of the system increased sharply from 535 °C 

to 1270 °C[18, 19]. When the temperature is lowered to 

792°C, they found that Mg2Si and MgO are formed in the 

outer layer, and Si and MgO are formed in the grains inside 

the SiO2 aggregate. It has been studied that it takes about 8 

hours for newly formed Mg2Si to be converted back to Si with 

a yield of up to 92% [20, 21]. 
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Metallurgical grade silicon containing ∼99.3% Si was 

washed with hydrochloric acid to produce metallurgical grade 

silicon (MG-Si) powder from Al-Si alloys produced by the 

aluminothermic reduction of Egyptian sand under the 

following conditions: particle size 100% -0.1 mm, reaction 

temperature 50℃, reaction time 20.0 minutes, solid/liquid 

ratio 1:9 g/ml and acid concentration 6.24 M.  

The amount of iron in aluminum-silicon alloy is almost 

soluble in solution (except aluminum), and iron content 

(∼0.2%) was found in purified silicon metal [22, 23]. The 

main goal of this study is to extract silicon from the quartz 

sand of the "Jerdanak" quartz mine in Sherabad District, 

Uzbekistan, using a magnethermal method. 

2. Materials and Methods 
2.1. Materials 

Quartz sand from the "Jerdanak" quartz mine, located in 

Sherabad District, Uzbekistan, was used as the main raw 

material in this research. Aluminum and Magnesium were 

purchased "technically pure" from "Merit Chemicals" 

company. 

2.2. Methods 

2.2.1. X-ray Diffraction (XRD) Analysis 

X-ray Diffraction (XRD) is an analytical method that 

provides information on crystal structures, phases, crystal 

orientations (texture) and other structural parameters, such as 

average size, crystallinity, deformation and crystal defects. 

"SHIMADZU" XRD-6100 powder diffractometer 

manufactured in Japan was used. 

2.2.2. IR Analysis 

The composition of the sands was investigated using IR-

spectra and elemental analysis with Shimadzu IR Tracer-100. 

2.2.3. SEM-EDS Analysis 

In this research work, the microstructure composition was 

analyzed using a Jeol JSM-IT200LA (Japan) SEM-EDS 

device. 

3. Emission Semi-Qualitative Spectral Analysis 

(EYaS) Analysis 
Emission Semi-Qualitative Spectral Analysis (EYaS) is a 

method of emission semi-qualitative spectral analysis with an 

accuracy range of 1-10-5 to 3%. It is used to determine the 

mass fractions of 54 elements in a sample, used for rocks, ores 

and minerals. Spectrograph PGS-2 (DFS-8) diffraction grating 

with 600 lines per mm was used in this research. 

4. The Process of Preliminary Processing of Raw 

Materials 
Minerals are separated from each other based on the 

difference in the properties of minerals. Preparation processes 

for enrichment, in turn, are divided into the following classes: 

grinding, chattering, crushing, and classification.  The main 

(enrichment) processes, in turn, are divided into the following 

and constitute enrichment methods: gravity enrichment, 

flotation enrichment, magnetic enrichment, electric 

enrichment and special chemical enrichment [24, 25]. In the 

research, the methods of washing, sieving, grinding, and 

chemical enrichment of quartz sand were used. 

4.1. Experimental Part 

In this research work, IR, SEM, EYAS and XRD analyzes 

were carried out before the enrichment of quartz sand from the 

"Jerdanak" quartz mine of Sherabad district. The analyzed 

sand sample was sifted through a 0.63 mm sieve (D120/H38 

steel mesh). The sieved sand was washed in distilled water and 

acids and dried in a drying oven. Then, it was ground to 200-

300 nm in a nano mill (Retsch PM 400 ball mill), rotating 400 

times per minute. Experiments were carried out by taking 

crushed quartz sand, magnesium and aluminum in different 

mole ratios: 1) 12 g of crushed quartz sand was taken and 9.6 

g of magnesium (Mg: SiO2 = 2:1 mole ratio), 2) 7.5 g of Al, 

0.65 g of Mg and 12.5 g of SiO2 (Al: Mg: SiO2=1:0.1:1.33 mol 

ratio), 3) 7.5 g of  Al, 1.3 g of  Mg and 12.5 g of SiO2 (Al: 

Mg:SiO2=1:0.2:1.33 mol ratio), 4) 0.54 g of Al, 4.8 g of Mg 

and 6 g of SiO2 (Al: Mg: SiO2=0.2:2:1 mol ratio) were mixed 

and refluxed at 1200 ℃ for 6 hours. Each of the obtained 

samples was divided into two parts. One part was washed 4 

times in distilled water and cleaned in hydrochloric acid and 

alkali. Then, the filtered products were dried in a drying oven 

at 100 ℃. The second part was not washed. The obtained 

products were reanalyzed. In the mixed experiment, the 

samples with a relatively high percentage were re-reacted by 

changing the temperature and time. 

5. Results and Discussion  
5.1. IR Analysis 

The samples of the reaction product between Mg and 

enriched quartz sand (Mg: SiO2=2:1) before and after cleaning 

were studied by the IR-spectroscopy method. When the 

reaction product is washed in acid, alkali, and water, it can be 

seen that due to the release of additional substances, the 

vibrations characteristic of aluminum and magnesium 

compounds are not observed (Figures 1 and 2). In the IR-

spectrum analysis of the reaction product between Mg and 

enriched quartz sand presented in Figure 2, it is possible to 

observe a vibration characteristic of crustal silicon in the 

region of 1072.42 cm-1. There are also vibrations attributed to 

Mg2Si at 767.67 cm-1 and MgO at 694.37 cm-1. At 800℃, the 

reaction yield was 75%. When the sample obtained as a result 

of the reaction was analyzed by the X-ray IR-spectroscopy 

method, it was found that the purity of technical silicon was ≈ 

94% (Table 1). The experiment was conducted at different 

temperatures and times. At the temperature of 800 ℃, the 

production yield of technical silicon was 75%. When the 

sample obtained as a result of the reaction was analyzed by the 

X-ray fluorescence method, it was found that the purity of 

technical silicon was ≈ 94% (Table 2). 
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Fig. 1 IR spectrum images of the reaction product obtained at Mg: 

SiO2=2:1 mol ratio before washing 

Fig. 2 IR spectrum images of the reaction product obtained in the ratio 

of Mg: SiO2=2:1mol after washing 

Table 1. Elemental analysis of the reaction product of Mg: SiO2=2:1 mole ratio at 800℃ 

Analyte Result [3-sigma] Proc.-Calc. Line Int.(cps/uA) 

Si 93.896 % [ 0.502] Quan-FP SiKa 21.5356 

K 4.168 % [ 0.068] Quan-FP K Ka 1.0906 

Cl 0.663 % [ 0.048] Quan-FP ClKa 0.0439 

Al 0.662 % [ 0.053] Quan-FP AlKa 0.0605 

Fe 0.297 % [ 0.007] Quan-FP FeKa 4.1029 

S 0.173 % [ 0.030] Quan-FP S Ka 0.0649 

 
Fig. 3 X-ray image of the reaction product of Mg: SiO2=2:1 mole ratio at 800℃. 

Table 2. EYaS analysis after purification of Mg:SiO2=2:1 reaction products at 800℃ 

Element Si Al Ca Na K Fe Mg P B Mn Cu Ni 

Amount, % <94 0,3 0,03 1,0 <0,1 >0,3 >15 0,02 - 0,002 0,0008 0,0008 
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Technical silicon with a purity of 94% to 96% (GOST 

2169-69) corresponds to the Kr3 brand. In recent years, 

companies producing solar panels have been trying to use low 

grade silicon Kr2 and Kr3 and fine fractions in order to reduce 

the cost of their products. 

6. Methodology and Analysis of Silica Recovery 

in a Mixed Method 
Crushed quartz sand, magnesium, aluminum were taken 

in different mole ratios and tested: 1) 7.5 g of Al, 0.65 g of Mg 

and 12.5 g of SiO2 (Al:Mg:SiO2=1:0.1:1.33 in mole ratio); 2) 

7.5 g Al, 1.3 g Mg and 12.5 g SiO2 (Al:Mg:SiO2=1:0.2:1.33 

mol ratio); 3) 0.54g Al, 4.8g Mg and 6g SiO2 

(Al:Mg:SiO2=0.2:2:1 mole ratio) were mixed and refluxed at 

1200 ℃ for 6 hours. Each of the obtained samples was divided 

into two parts. One part was washed 4 times in distilled water 

and cleaned in hydrochloric acid and alkali. Then, the filtered 

products were dried in a muffle furnace at 100 ℃. The second 

part was not washed. Re-analyses were performed on each 

sample [26, 27] (Table 3). Then, the reaction temperature and 

time were changed on the samples with a relatively high result, 

and the experiments were continued. Due to the low purity of 

silicon in the results of the above analysis, the temperature was 

changed, and a new experiment was conducted on the basis of 

a sample with a relatively high purity of Si. The reaction is 7.5 

g of Al, 1.3 g of Mg and 12.5 g of SiO2 

Al:Mg:SiO_2=1:0.2:1.33 mole ratio and 0.54 g of Al, 4.8 g of 

Mg and 6 g of SiO2 Al:Mg: SiO2=0.2:2:1 mole ratio samples 

were made by raising the reactor temperature to 1800 ℃ for 8 

hours [28].  

6.1. SEM-EDS Analysis 

After the reaction product was washed and purified, RXD 

and SEM analysis were again performed (Figure 4, Table 4). 

Table 3. ESS analyzes of the products obtained as a result of the reaction (%) 

The name of the sample Si Al Ca Na K Fe Mg P B Mn Cu Ni 

Al:Mg:SiO2       0,2:2:1 washed 25 0,2 0,03 0,03 <0,1 0,07 0,3 0,02 0,06 0,002 0,0006 0,1 

Al:Mg:SiO2        0,2:2:1 unwashed 25 0,4 0,006 0,15 <0,1 0,2 15 0,01 0,02 0,002 0,02 0,4 

Al:Mg:SiO2 1:0,1:1,33 washed 20 20 0,006 0,5 <0,1 3 0,2 0,02 0,006 0,02 0,001 8 

Al:Mg:SiO2 1:0,1:1,33 unwashed 18 23 0,01 1 <0,1 5 0,6 0,02 0,006 0,02 0,001 12 

Al:Mg:SiO2 1:0,2:1,33 washed 28 15 0,02 0,7 <0,1 3 0,3 0,01 0,005 0,01 0,01 6 

Al:Mg:SiO2  1:0,2:1,33 unwashed 25 15 0,008 0,1 <0,1 3 2 0,01 0,01 0,02 0,008 8 

 
Fig. 4 SEM analysis of the sample formed by the mixture of Al:Mg:SiO2=1:0.2:1.33 mol ratio 

Table 4. Results of SEM analysis of reaction products carried out by mixed method at 1800oC 

The ratios of mol N O Mg Al Si Fe Ni 

Al:Mg:SiO2=1:0,2:1,33 - 1,55 - 0,13 99,24 0,05 0,03 

Al:Mg:SiO2=0,2: 2:1 - 18,42 0,30 0,47 80,48 0,30 0,02 

 

From the RXD analysis, it was found that the intensity of 

the formed silicon was high when the X-rays fell at an angle 

of 20°-30° (Figure 5). So, the purity level of TK obtained as a 

result of the above reaction was equal to 99.24%. TK of this 

purity corresponds to the Kr00 brand. This brand of TK is used 

to improve the ductility, hardness and strength of aluminum. 

Addition of TK to aluminum alloys makes them strong and 

light. Therefore, they are used in the automotive industry to 

replace heavy cast iron parts. Automotive parts such as engine 

blocks and tire rims are most commonly made of aluminum-

silicon casting. In addition, the technical silicon of this brand 

can be used as a basic material in the solar and electronics 

industries. For example, it will be possible to use it in the 

production of solar cells, semiconductors and silicon chips 

[29, 30]. It can be seen from Figure 6 that the purity of the 

silicon obtained in the reaction carried out in the ratio of 

Al:Mg:SiO2=0.2:2:1 is 80.48% and should continue to give. 
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Fig. 5 RXD analysis of the sample formed as a result of the mixture of Al:Mg:SiO2=1:0.2:1.33 mol ratio 

 

 
Fig. 6 SEM analysis of a sample with Al:Mg:SiO2=0.2:2:1 ratio 

7. Conclusion 
From the conducted research, it can be concluded that the 

"Jerdanak" mine, located in the Surkhandarya region can be 

used as an effective raw material for obtaining silicon due to 

the high content of silica in quartz sands. In this study, 

technical silicon was obtained as a result of the enrichment of 

quartz sands of the "Jerdanak" mine and the reaction with 

magnesium metal, a mixture of magnesium and aluminum 

metals. The highest purity was achieved at 800°C for 6 hours. 

The yield of the reaction and the purity of the extracted silicon 

increased up to 800°C. At a temperature above 800°C, the 

release of silicon decreased as the temperature increased due 

to the reaction of the formed silicon with excess magnesium. 

It was determined that the optimal temperature for obtaining 

technical silicon by magnoalluminothermic method is 

1800°C. 

 

Acknowledgment 
Authors thank Termez State University for supporting this 

research work. 

Funding 
The research was supported by Termez State University, 

Termez, Uzbekistan.  

Disclosure statement 
We hereby confirm that all the figures and tables in the 

manuscript are ours.  

Ethical Clearance: The project was approved by the local 

ethical committee at the Termez State University. 

Authors' Contribution Statement 
Jiyanova S.I: Conducted the drafting, Turaev Kh.Kh: 

Completed the conception, design, and drafting; Toshkulov 

A.Kh: responsible for the acquisition of data. Eshmurodov Kh.  

E: data interpretation. Nabiev D.A: Participated in the 

conception, design, and drafting. Jiyanova S.I: Took part in 

revision and proofreading. 



 Nabiev D.A et al. / IJETT, 72(10), 321-327, 2024 

 

321 

References 
[1] Tiago L. Afonso, António C. Marques, and José A. Fuinhas, “Strategies to Make Renewable Energy Sources Compatible with Economic 

Growth,” Energy Strategy Reviews, vol. 18, pp. 121-126, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[2] Arne Lind et al., “Analysis of the EU Renewable Energy Directive by a Techno-Economic Optimisation Model,” Energy Policy, vol. 60, 

pp. 364-377, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[3] Nadarajah Kannan, and Divagar Vakeesan, “Solar Energy for Future World: - A Review,” Renewable and Sustainable Energy Reviews, 

vol. 62, pp. 1092-1105, 2016. [CrossRef] [Google Scholar] [Publisher Link] 

[4] Govinda R. Timilsina, Lado Kurdgelashvili, and Patrick A. Narbel, “Solar Energy: Markets, Economics and Policies,” Renewable and 

Sustainable Energy Reviews, vol. 16, no. 1, pp. 449-465, 2012. [CrossRef] [Google Scholar] [Publisher Link] 

[5] Ehsanul Kabir et al., “Solar Energy: Potential and Future Prospects,” Renewable and Sustainable Energy Reviews, vol. 82, no. 1, pp. 894-

900, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[6] Gøran Bye, and Bruno Ceccaroli, “Solar Grade Silicon: Technology Status and Industrial Trends,” Solar Energy Materials and Solar 

Cells, vol. 130, pp. 634-646, 2014. [CrossRef] [Google Scholar] [Publisher Link] 

[7] Tatsuo Saga, “Advances in Crystalline Silicon Solar Cell Technology for Industrial Mass Production,” NPG Asia Materials, vol. 2, pp. 

96-102, 2010. [CrossRef] [Google Scholar] [Publisher Link] 

[8] A. Müller et al., “Silicon for Photovoltaic Applications,” Materials Science and Engineering: B, vol. 134, no. 2-3, pp. 257-262, 2006. 

[CrossRef] [Google Scholar] [Publisher Link] 

[9] Stephen Maldonado, “The Importance of New “Sand-to-Silicon” Processes or the Rapid Future Increase of Photovoltaics,” ACS Energy 

Letters, vol. 5, no. 11, pp. 3330-3656, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[10] T.H. Lane, and S.A. Burns, “Silica, Silicon and Silicones...Unraveling the Mystery,” Immunology of Silicones, Current Topics in 

Microbiology and Immunology, vol. 210. pp. 3-12, 1996. [CrossRef] [Google Scholar] [Publisher Link] 

[11] Xiaodong Pan et al., “Resource, Characteristic, Purification and Application of Quartz: A Review,” Minerals Engineering, vol. 183, 2022.   

[CrossRef] [Google Scholar] [Publisher Link] 

[12] A.J. Buttress et al., “Production of High Purity Silica by Microfluidic-Inclusion Fracture using Microwave Pre-Treatment,” Minerals 

Engineering, vol. 131, pp. 407-419, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[13] Yves Delannoy, “Purification of Silicon for Photovoltaic Applications,” Journal of Crystal Growth, vol. 360, pp. 61-67, 2012. [CrossRef] 

[Google Scholar] [Publisher Link] 

[14] S. Arunmetha et al., “Study on Production of Silicon Nanoparticles from Quartz Sand for Hybrid Solar Cell Applications,” Journal of 

Electronic Materials, vol. 47, pp. 493-502, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[15] A. Darghouth, S. Aouida, and B. Bessais, “High Purity Porous Silicon Powder Synthesis by Magnesiothermic Reduction of Tunisian 

Silica Sand,” Silicon, vol. 13, pp. 667-676, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[16] Ahmad Zadi-Maad, “Magnesiothermic Reduction of Amorphous and Crystalline Silica,” Bandung Institute of Technology, pp. 1-65, 2013. 

[CrossRef] [Google Scholar] 

[17] Chandra P. Khattak et al., “Production of Solar-Grade Silicon by Refining of Liquid Metallurgical-Grade Silicon,” AIP Conference 

Proceedings, vol. 462, no. 1, 1999. [CrossRef] [Google Scholar] [Publisher Link] 

[18] A.W Putranto et al., “The Potential of Rice Husk Ash for Silica Synthesis as a Semiconductor Material for Monocrystalline Solar Cell: A 

Review,” IOP Conference Series: Earth and Environmental Science, vol. 733, pp. 1-10, 2021. [CrossRef] [Google Scholar] [Publisher 

Link] 

[19] Mokhichekhra Shaymardanova, “Studying of The Process of Obtaining Monocalcium Phosphate based on Extraction Phosphoric Acid 

from Phosphorites of Central Kyzylkum,” Baghdad Science Journal, vol. 22, no. 1, pp. 1-19, 2024. [CrossRef] [Google Scholar] [Publisher 

Link] 

[20] Larisa Petrovna Demyanova, and Viaseslav S. Rimkevich, and Alexandre S. Buynovskiy, “Elaboration of Nanometric Amorphous Silica 

from Quartz-Based Minerals using the Fluorination Method,” Journal of Fluorine Chemistry, vol. 132, no. 12, pp. 1067-1071, 2011. 

[CrossRef] [Google Scholar] [Publisher Link] 

[21] Jens Götze, and Robert Möckel, Quartz: Deposits, Mineralogy and Analytics, Springer Berlin, Heidelberg, pp. 1-360, 2012. [CrossRef] 

[Google Scholar] [Publisher Link] 

[22] William B. Frank et al., “Aluminum,” Ullmann's Encyclopedia of Industrial Chemistry, 2009. [CrossRef] [Google Scholar] [Publisher 

Link] 

[23] Eli Aghion, and Gilad Golub, Production Technologies of Magnesium, Magnesium Technology, Springer, pp. 29-62, 2006. [CrossRef] 

[Google Scholar] [Publisher Link] 

[24] Andrei A. Bunaciu, Elena Gabriela Udriştioiu, and Hassan Y. Aboul-Enein, “X-Ray Diffraction: Instrumentation and Applications,” 

Critical Reviews in Analytical Chemistry, vol. 45, no. 4, pp. 289-299, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[25] Scanning Electron Microscopy (SEM), Electron Microscopy of Polymers, Springer Laboratory, pp. 87-120, 2008 [CrossRef] [Google 

Scholar] [Publisher Link] 

[26] M.A. Shaymardanova et al., “Study of Processe of Obtaining Monopotassium Phosphate Based on Monosodium Phosphate and Potassium 

Chloride,” Chemical Problems, vol. 21, no. 3, pp. 1-15, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[27] Abror Nomozov, “A Studying Synthesis of A Chelate-Forming Sorbent Based On Urea-Formaldehyde and Diphenylcarbazone,” Indian 

Journal of Chemistry, vol. 63, no. 6, pp. 579-585, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[28] Nomozov Abror Karim ugli et al., “Salsola Oppositifolia Acid Extract as a Green Corrosion Inhibitor for Carbon Steel,” Indian Journal 

of Chemical Technology, vol. 30, no. 6, pp. 872-877, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

 

 

https://doi.org/10.1016/j.esr.2017.09.014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Strategies+to+make+renewable+energy+sources+compatible+with+economic+growth&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2211467X1730055X
https://doi.org/10.1016/j.enpol.2013.05.053
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Analysis+of+the+EU+renewable+energy+directive+by+a+techno-economic+optimisation+model&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0301421513003893
https://www.sciencedirect.com/journal/renewable-and-sustainable-energy-reviews
https://doi.org/10.1016/j.rser.2016.05.022
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solar+Energy+for+Future+World%3A+-+A+Review&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1364032116301320
https://doi.org/10.1016/j.rser.2011.08.009
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solar+energy%3A+Markets%2C+economics+and+policies&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1364032111004199
https://doi.org/10.1016/j.rser.2017.09.094
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solar+energy%3A+Potential+and+future+prospects&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1364032117313485
https://doi.org/10.1016/j.solmat.2014.06.019
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solar+grade+silicon%3A+Technology+status+and+industrial+trends&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0927024814003286
https://doi.org/10.1038/asiamat.2010.82
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Advances+in+crystalline+silicon+solar+cell+technology+for+industrial+mass+production&btnG=
https://www.nature.com/articles/am201082
https://doi.org/10.1016/j.mseb.2006.06.054
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.+M%C3%BCller%2C+Silicon+for+photovoltaic+applications&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0921510706003813
https://doi.org/10.1021/acsenergylett.0c02100
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Importance+of+New+%E2%80%9CSand-to-Silicon%E2%80%9D+Processes+for+the+Rapid+Future+Increase+of+Photovoltaics&btnG=
https://pubs.acs.org/doi/full/10.1021/acsenergylett.0c02100
https://doi.org/10.1007/978-3-642-85226-8_1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Silica%2C+Silicon+and+Silicones...Unraveling+the+Mystery&btnG=
https://link.springer.com/chapter/10.1007/978-3-642-85226-8_1
https://doi.org/10.1016/j.mineng.2022.107600
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Resource%2C+characteristic%2C+purification+and+application+of+quartz%3A+a+review&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0892687522002102
https://doi.org/10.1016/j.mineng.2018.11.025
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Production+of+high+purity+silica+by+microfluidic-inclusion+fracture+using+microwave+pre-treatment&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0892687518305090
https://doi.org/10.1016/j.jcrysgro.2011.12.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Purification+of+silicon+for+photovoltaic+applications&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0022024811010256
https://doi.org/10.1007/s11664-017-5794-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+on+Production+of+Silicon+Nanoparticles+from+Quartz+Sand+for+Hybrid+Solar+Cell+Applications&btnG=
https://link.springer.com/article/10.1007/s11664-017-5794-0
https://doi.org/10.1007/s12633-020-00433-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=High+Purity+Porous+Silicon+Powder+Synthesis+by+Magnesiothermic+Reduction+of+Tunisian+Silica+Sand&btnG=
https://link.springer.com/article/10.1007/s12633-020-00433-1
http://dx.doi.org/10.13140/RG.2.2.13104.97281
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ahmad+Zadi-Maad%2C+Magnesiothermic+Reduction+of+Amorphous+and+Crystalline+Silica&btnG=
https://doi.org/10.1063/1.57941
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Production+of+solar-grade+silicon+by+refining+of+liquid+metallurgical-grade+silicon&btnG=
https://pubs.aip.org/aip/acp/article-abstract/462/1/731/666468/Production-of-solar-grade-silicon-by-refining-of
https://doi.org/10.1088/1755-1315/733/1/012029
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+potential+of+rice+husk+ash+for+silica+synthesis+as+a+semiconductor+material+for+monocrystalline+solar+cell+&btnG=
https://iopscience.iop.org/article/10.1088/1755-1315/733/1/012029/meta
https://iopscience.iop.org/article/10.1088/1755-1315/733/1/012029/meta
https://doi.org/10.21123/bsj.2024.9836
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Studying+of+The+Process+of+Obtaining+Monocalcium+Phosphate+based+on+Extraction+Phosphoric+Acid+from+Phosphorites+of+Central+Kyzylkum&btnG=
https://www.bsj.uobaghdad.edu.iq/index.php/BSJ/article/view/9836
https://www.bsj.uobaghdad.edu.iq/index.php/BSJ/article/view/9836
https://doi.org/10.1016/j.jfluchem.2011.06.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Elaboration+of+nanometric+amorphous+silica+from+quartz-based+minerals+using+the+fluorination+metho&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0022113911001898
https://doi.org/10.1007/978-3-642-22161-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=G%C3%B6tze%2C+J.%3B+M%C3%B6ckel%2C+R.+Quartz%3A+Deposits%2C+Mineralogy+and+Analytics&btnG=
https://link.springer.com/book/10.1007/978-3-642-22161-3
https://onlinelibrary.wiley.com/authored-by/Frank/William+B.
https://doi.org/10.1002/14356007.a01_459.pub2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=William+B.+Frank%2C+Aluminum&btnG=
https://onlinelibrary.wiley.com/doi/10.1002/14356007.a01_459.pub2
https://onlinelibrary.wiley.com/doi/10.1002/14356007.a01_459.pub2
https://doi.org/10.1007/3-540-30812-1_2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Aghion%2C+E.%2C+Golub%2C+G.+%282006%29.+Production+Technologies+of+Magnesium&btnG=
https://link.springer.com/chapter/10.1007/3-540-30812-1_2
https://doi.org/10.1080/10408347.2014.949616
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=X-Ray+Diffraction%3A+Instrumentation+and+Applications&btnG=
https://www.tandfonline.com/doi/abs/10.1080/10408347.2014.949616
https://doi.org/10.1007/978-3-540-36352-1_5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Electron+Microscopy+of+Polymers&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Electron+Microscopy+of+Polymers&btnG=
https://link.springer.com/chapter/10.1007/978-3-540-36352-1_5
https://doi.org/10.32737/2221-8688-2023-3-279-293
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+of+processe+of+obtaining+monopotassium+phosphate+based+on++monosodium+phosphate+and+potassium+chloride&btnG=
https://chemprob.org/wp-content/uploads/2023/08/279-293.pdf
https://doi.org/10.56042/ijc.v63i6.9006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Studying+synthesis+of+a+chelate-forming+sorbent+based+on+urea-formaldehyde+and+diphenylcarbazone&btnG=
https://or.niscpr.res.in/index.php/IJC/article/view/9006
https://doi.org/10.56042/ijct.v30i6.6553
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Salsola+Oppositifolia+Acid+Extract+as+a+Green+Corrosion+Inhibitor+for+Carbon+Steel&btnG=
https://or.niscpr.res.in/index.php/IJCT/article/view/6553


Nabiev D.A et al. / IJETT, 72(10), 316-322, 2024 

 

322 

[29] Takahiro Tamura, Tsuyoshi Ishikawa, and Mitsumasa Kimata, “Effect of Bead Diameter on Quartz Sand Grinding Using Horizontal Dry 

Bead Mill,” Journal of the Society of Powder Technology, vol. 57, no. 12, pp. 627-632, 2020. [CrossRef] [Google Scholar] [Publisher 

Link] 

[30] Abror Nomozov et al., “Synthesis of Corrosion Inhibitors Based on (Thio) Urea, Orthophosphoric Acid and Formaldehyde and their 

Inhibition Efficiency,” Baghdad Science Journal, vol. 22, no. 4, pp. 1-15, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

 

http://dx.doi.org/10.4164/sptj.57.627
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+Bead+Diameter+on+Quartz+Sand+Grinding+Using+Horizontal+Dry+Bead+Mill&btnG=
https://www.jstage.jst.go.jp/article/sptj/57/12/57_57.627/_article/-char/ja/
https://www.jstage.jst.go.jp/article/sptj/57/12/57_57.627/_article/-char/ja/
https://doi.org/10.21123/bsj.2024.10590
https://scholar.google.com/scholar?q=Synthesis+of+Corrosion+Inhibitors+Based+on+(Thio)Urea,+Orthophosphoric+Acid+and+Formaldehyde+and+Their+Inhibition+Efficiency&hl=en&as_sdt=0,5
https://www.bsj.uobaghdad.edu.iq/index.php/BSJ/article/view/10590

