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The beneficiation of mineral resources not only bolsters a coun-
try’s economy but also improves quality of life and fosters sustain-
able growth. The development of the phosphate mine in the Bled El 
Hadba region represents a pivotal move to meet increasing demand. 
This study aims to develop a comprehensive 3D geographic model 
of the deposit, estimate its phosphate reserves, and assess the pa-
rameters and characteristics for effective exploitation. Utilizing the 
block model method in Surpac 6.6.2, a detailed analysis is achieved 
that supports informed decision-making for sustainable resource 
management. This approach underscores the importance of techno-
logical innovation in the strategic planning and efficient utilization 
of mineral resources.

The results revealed total reserves of 425,304,000 m3, equivalent 
to 893,138,400 tons, with an average grade of 21.65 %. The stripping 
ratio was determined to be 3.3:1. These findings provide valuable 
insights into the deposit’s potential and the optimal depth range for 
extracting the highest concentration of P2O5. For detailed extraction 
planning and estimating P2O5 concentration over five-year periods 
from 2023 to 2066, with an average annual phosphate ore produc-
tion of 20.7 million tons, Minesched software was utilized. This 
comprehensive approach ensures efficient resource management and 
maximizes the economic return from the deposit. These findings have 
profound implications for enhancing both the efficiency and sustain-
ability of Algeria’s mining industry. By securing a consistent supply 
of phosphate products, particularly for agriculture, this research  
addresses the rising demand for phosphates. Additionally, the data 
can inform strategic planning, enabling optimized resource extrac-
tion and reduced environmental impact. This contributes not only 
to the immediate needs of the industry but also to the long-term 
economic and ecological sustainability of the region. Ultimately, 
the study supports sustainable development by balancing industrial 
growth with environmental stewardship, ensuring that future ge
nerations can continue to benefit from these vital resources.
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In many places in the world, groundwater contains arsenic com-
pounds. To purify water containing arsenic effectively, arsenic (III) 
compounds must be oxidised. The subject of this study is oxidation of 
arsenic (III) compounds in an aqueous solution in a flow column mode.

The industrial arsenic oxidation technology involving aggressive 
oxidising agents such as chlorine or ozone, which is used most com-
monly today, has a number of serious disadvantages. The most prob-
lematic include extremely high risks for human health and the envi-
ronment, the process cost and overall complexity. Catalytic oxidation 
of arsenic (III) compounds with atmospheric oxygen is an alternative 
that is free from the above disadvantages. Previously, the author 
studied the process of effective catalytic oxidation of arsenic (III) 
on the new active manganese dioxide (NADM) he had synthesised.

Later, however, it turned out that NADM has a significant 
drawback: during prolonged flow column stops, its catalytic activity 
drops sharply. This work proposes both a theoretical justification for 
and a solution to this problem. A new calcium-doped active man-
ganese dioxide NADM-Ca0.5 was synthesised. It was shown that  
NADM-Ca0.5 demonstrates high catalytic activity towards arse
nic (III). The fact that flow column long stops do not affect its cata-

lytic activity was also experimentally confirmed. On the basis of 
the study results, some theoretical aspects are also discussed of the 
mechanism for catalytic oxidation of arsenic (III) with oxygen on 
active manganese dioxide in an aqueous solution.

For successful industrial implementation of the technology for 
catalytic oxidation of arsenic (III) compounds on NADM-Ca0.5, 
experimental work on pilot plants in the field is required and further 
laboratory research is needed in order to develop a detailed theo-
retical basis for the mechanism of catalytic oxidation of arsenic in 
aqueous solutions.

The results of this work are of interest for both industrial compa-
nies specialising in water purification from arsenic compounds, and 
scientists and researchers studying catalytic oxidation of arsenic (III), 
as well as heterogeneous catalytic oxidation with oxygen in general.

Keywords: groundwater, water purification from arsenic, arse-
nic (III) oxidation, arsenic (III) oxidation catalysts, arsenic sorption.

References

1.	 Shaji, E., Santosh, M., Sarath, K. V., Prakash, P., Deepchand, V., 
Divya, B. V. (2021). Arsenic contamination of groundwater: A global 
synopsis with focus on the Indian Peninsula. Geoscience Frontiers,  

12 (3), 101079. https://doi.org/10.1016/j.gsf.2020.08.015
2.	 Rajakovic, L., Rajakovic-Ognjanovic, V. (2018). Arsenic in Water: 

Determination and Removal. Arsenic – Analytical and Toxicological 

Studies. https://doi.org/10.5772/intechopen.75531
3.	 Hering, J. G., Katsoyiannis, I. A., Theoduloz, G. A., Berg, M., 

Hug, S. J. (2017). Arsenic Removal from Drinking Water: Experi-
ences with Technologies and Constraints in Practice. Journal of 

Environmental Engineering, 143 (5). https://doi.org/10.1061/(asce)
ee.1943-7870.0001225

4.	 Ghurye, G., Clifford, D. (2004). As(III) oxidation using chemical 
and solid-phase oxidants. Journal AWWA, 96 (1), 84–96. https:// 
doi.org/10.1002/j.1551-8833.2004.tb10536.x

5.	 Zhang, W., Singh, P., Issa, T. B. (2011). Arsenic(III) Remediation 
from Contaminated Water by Oxidation and Fe/Al Co-Precipi-
tation. Journal of Water Resource and Protection, 3 (9), 655–660. 
https://doi.org/10.4236/jwarp.2011.39075

6.	 Ghurye, G., Clifford, D. (2001). Laboratory study on the oxidation of 

Arsenic III to Arsenic. University of Houston.
7.	 Pokhrel, R., Goetz, M. K., Shaner, S. E., Wu, X., Stahl, S. S. (2015). 

The «Best Catalyst» for Water Oxidation Depends on the Oxidation 
Method Employed: A Case Study of Manganese Oxides. Journal 

of the American Chemical Society, 137 (26), 8384–8387. https:// 
doi.org/10.1021/jacs.5b05093

8.	 Abower, D. (2024). Research into arsenic (III) effective catalytic oxi-
dation in an aqueous solution on a new active manganese dioxide in 
a flow column. Technology Audit and Production Reserves, 1 (3 (75)), 
15–23. https://doi.org/10.15587/2706-5448.2024.298969

9.	 Kariakin, Iu. V. (1947). Chistye khimicheskie reaktivy. GNTIKhL, 
574.

10.	 Murray, J. W. (1974). The surface chemistry of hydrous manganese 
dioxide. Journal of Colloid and Interface Science, 46 (3), 357–371. 
https://doi.org/10.1016/0021-9797(74)90045-9

11.	 Feistel, U., Otter, P., Kunz, S., Grischek, T., Feller, J. (2016). Field 
tests of a small pilot plant for the removal of arsenic in groundwater 
using coagulation and filtering. Journal of Water Process Engineering, 

14, 77–85. https://doi.org/10.1016/j.jwpe.2016.10.006
12.	 Johnston, R., Heijnen, H. Safe Water Technology for Arsenic Removal 

Environmental Health Advisor. Bangladesh. Johnston and Heijnen: 
Safe Water Technology for Arsenic Removal

13.	 Oscarson, D. W., Huang, P. M., Defosse, C., Herbillon, A. (1981). 
Oxidative power of Mn(IV) and Fe(III) oxides with respect to 
As(III) in terrestrial and aquatic environments. Nature, 291 (5810), 
50–51. https://doi.org/10.1038/291050a0



ABSTRACTS AND REFERENCES: CHEMICAL AND TECHNOLOGICAL SYSTEMS

53TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 4/3(78), 2024

ISSN 2664-9969

14.	 Tran, L. (2017). Arsenic removal using manganese oxide for arsenic 

oxidation process. Case study – Skovby waterworks. Denmark Bache
lor’s thesis Environmental Engineering.

DOI: 10.15587/2706-5448.2024.310805

STUDY OF TECHNOLOGICAL ASPECTS OF MANUFACTURE OF 
POLYMER COMPOSITE MATERIAL BY CENTRIFUGAL FIBER 
FORMING METHOD

pages 22–27

Vadym Lisovyi, Department of Industrial Pharmacy, Department 

of Chemical Technologies and Resource Saving, Kyiv National Uni-

versity of Technologies and Design, Kyiv, Ukraine, ORCID: https://

orcid.org/0000-0002-8038-0650

Volodymyr Bessarabov, Doctor of Technical Sciences, Department 

of Industrial Pharmacy, Kyiv National University of Technologies 

and Design, Kyiv, Ukraine, e-mail: v.bessarabov@kyivpharma.eu, 

ORCID: https://orcid.org/0000-0003-0637-1729

The object of the study is the technological aspects of manufac-
turing the hesperidin polymer composite material by the method of 
centrifugal fiber formation. This method is considered the basis of 
a relatively new and cost-effective way of producing solid disper-
sion systems. Using the centrifugal molding method, it is possible 
to obtain highly soluble forms of active pharmaceutical ingredients 
in the form of fibers of various sizes using a wide range of polymeric 
materials with high speed and low cost due to simple equipment. Due 
to the innovative design of the centrifugal fiber formation method, 
it was chosen for the development of solid dispersion systems of the 
bioflavonoid hesperidin, which has a wide range of different pharma-
cological properties, but low bioavailability.

Solid dispersed systems of hesperidin by the method of centrifu-
gal fiber formation were produced on the basis of a pharmaceutically 
acceptable polymeric carrier of polyvinylpyrrolidone and mannitol. 
For the obtained solid dispersed systems, such basic pharmaco-tech-
nological characteristics as loss in mass during drying, bulk volume, 
bulk volume after shrinkage, bulk density, bulk density after shrink-
age, compressibility index, Gaussner coefficient were determined.

Comprehensive tests of the stability of the studied samples of the 
solid dispersion system of hesperidin were carried out under the condi-
tions of accelerated tests for 6 months. According to the obtained results, 
it was established that the developed polymer composite material is 
stable in the studied conditions, and its conditional shelf life is 2 years.

A technological scheme for the production of the hesperidin 
polymer composite material in the form of solid dispersed systems 
by the method of centrifugal fiber formation has been developed. In 
particular, the technological process is described step by step and the 
critical indicators of quality control of the obtained composite mate-
rial are determined. The proposed technology can be implemented in 
modern chemical and pharmaceutical industries. This will contribute 
to the expansion of the market of highly effective socially oriented 
medicines.

Keywords: hesperidin, solid dispersion system, polymer, centrifu-
gal formation of fibers, polymer composite material.
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The object of research is the process of cooling mineral fertilizer 
granules in a granulation tower. The main problem that was solved 
was the analysis of the temperature mode of cooling the granules to 
increase their strength and quality, as well as to reduce the probabi
lity of their destruction during storage and transportation.

The design of a rotating vibrating granulator (RVG) and a ma
thematical model for calculating the temperature of granules and air 
at different stages of the granulation process are presented. Reynolds, 
Peclet and Prandtl criteria are used to describe hydrodynamic and 
thermodynamic processes.

In the course of the work, a calculation model and the possibi
lity of predicting the final temperature of mineral fertilizer granules 
were created, which allows to avoid negative consequences, such as  
a decrease in the strength of the granules and their destruction 
during shipment, transportation and introduction into the soil.  
Improving the technological performance of the granulation tower, 
in particular the temperature regimes of granule cooling, contributes 
to the improvement of product quality. The calculation model allows 
to adjust the process parameters to ensure the formation of granules 

with specified properties that meet modern requirements for the 
monodisperse composition of mineral fertilizer granules.

Results were obtained that show the influence of hydrodynamic and 
thermodynamic factors on the process of cooling and crystallization of 
granules. This is due to the use of a rotating vibrating granulator, which 
ensures uniform distribution of liquid droplets across the cross section 
of the tower and their effective cooling due to contact with the air flow.

The results can be used in practice to improve the operation of 
granulation towers in the production of mineral fertilizers, which 
allows to improve the quality of products and improve their storage 
and use. Compared to similar methods, the use of the proposed models 
provides increased strength and uniformity of granules, which are 
key advantages in conditions of large-scale production of fertilizers.

Keywords: granulation tower, heat transfer coefficient, rotating 
vibrating granulator, mineral fertilizers, thermodynamic processes, 
hydrodynamic parameters.
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The object of this research is the polychlorinated biphe-
nyls (PCBs) in sediments along Shatt Al-Arab Estuary, Iraq. The 
study examines the problem of river PCB pollution. PCB effects on 
humans include cancer, impaired reproduction, neuro-developmental 
effects in infants, immunotoxicity and endocrine disruption. PCBs 
lead to liver damage and stimulate changes in the DNA sequence. 
The Shatt Al-Arab Estuary is formed in southern Iraq near Al-Qurna 
city after the confluence of the Tigris and Euphrates Rivers. The 
Shatt Al-Arab Estuary region is shared between Iraq and Iran. The 
Estuary receives pollutants when it is passing during Basrah City 
regions, due to industrial, agricultural and human activities which 
discharge the pollutants to the Estuary without treatment.

The concentrations of Σ13 PCBs compound in sediment samples 
were determined and analyzed at each site by using gas chromato
graphy-mass spectrometry (GC-MS, Agilent). Six sites were chosen 
along Shatt Al-Arab Estuary. They are Al-Qurna (S1), Al-Deer (S2), 
Al-Qarma (S3), Al-Ashar (S4), Abi Al-Khasib (S5) and Al-Fao (S6), 
at Basrah city, south of Iraq. Sediment samples were collected sea-
sonally, starting from Autumn season on September 2019 to summer 
season on July 2020. The Σ13 (PCB-18, PCB-29, PCB-31, PCB-28,  
PCB-44, PCB-52, PCB-101, PCB-141, PCB-149, PCB-138, PCB-153,  
PCB-189, and PCB-194) concentrations at the sediment samples 
ranged from 4.48 ng/g in Al-Deer site during summer season to 
27.75 ng/g in Al-Ashar site during winter season for all selected sites. 
The Al-Deer site were found to have the lowest mean of PCBs its 
0.345 ng/g and Al-Ashar site were found to have the highest mean 
of PCBs its 2.135 ng/g. PCBs concentrations in sediment samples 
during autumn, winter, spring and summer seasons ranged from 7.75 
to 21.68 ng/g, 16.25 to 27.75 ng/g, 7.28 to 22.01 ng/g and 4.48 to 
14.41 ng/g, respectively. The congener distribution patterns in these 
samples indicate the dominance highly chlorinated congeners (tri- 
and hexa-PCBs) in comparison with remaining others PCBs con-
geners. This project is the first of its kind in Basrah and all Iraq that 
reports PCB concentrations in the region and is considered a baseline 
study and can be used for subsequent studies.

Keywords: sediments, Shatt Al-Arab Estuary, polychlorinated 
biphenyls, PCBs, seasonal variation, gas chromatography-mass spec-
trometry.
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The study is dedicated to using zinc oxide nanoparticles (ZnO) 
to intensify the fermentation of whey, an important resource in the 
food industry. Traditional methods of whey fermentation take a lot 
of time and require significant resources, reducing their economic 
efficiency. This study found that the addition of ZnO nanoparticles 
significantly accelerates the fermentation process. Treating whey 

with the electro-spark method for 60 seconds allowed achieving the 
necessary acidity level (160 ± 10 °T) in 18 hours, almost twice as fast 
as traditional methods, which take up to 36 hours. ZnO nanoparticles 
also improve the activity of lactic acid bacteria and increase the 
bactericidal ability of macrophages, which contributes to the overall 
efficiency of the fermentation process.

The use of ZnO nanoparticles in whey production can signifi-
cantly improve the efficiency of the technological process, reducing 
fermentation time and improving the quality of the final product. 
This opens up new prospects for medium and small enterprises look-
ing to improve the economic efficiency of their operations.

In addition to accelerating fermentation, ZnO nanoparticles 
have additional advantages in terms of product safety and quality. 
The study showed that ZnO nanoparticles enhance the antioxidant 
properties of fermented products, which is important for maintain-
ing their freshness and nutritional value. The high reactivity of 
ZnO nanoparticles allows them to interact with bacterial mem-
brane receptors, increasing their metabolic activity and resistance 
to external factors.

Thus, the study demonstrates the significant potential of us-
ing ZnO nanoparticles to intensify the whey fermentation process, 
contributing to more efficient production of food products and 
ensuring their high quality. This is especially important in modern 
conditions of limited resources and growing demands for economic 
efficiency and food safety. The introduction of ZnO nanoparticles 
into production processes can be a key step in improving fermen-
tation technologies and increasing the competitiveness of food 
products in the market.

Keywords: whey, lactic acid, zinc oxide nanoparticles, whey fer-
mentation, intensification, cytotoxicity of nano-ZnO.
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The object of the study is black dried organic mulberry. The 
subject of research is the antioxidant properties of black dried 
organic mulberry. The research hypothesis is that due to its antioxi-
dant properties, organic black mulberry can serve as a source for the 
production of food additives to slow down oxidation processes in 
fat-containing products.

The study investigated changes in the quality of the fat base for 
the production of flour confectionery products: butter with sesame 
oil in a ratio of 80:20 %. Black dried inorganic mulberry was used as 
a control sample. This made it possible to compare the inhibitory-
stabilizing effect on lipids of organic and inorganic raw materials.  
On the 10th day of storage of the samples, the peroxide number in the 
fat with the addition of organic mulberry was 1.7 times lower than in 
the fat base without the addition of stabilizers. The peroxide num-
ber in the fat with organic mulberry added was 17.5  O mmol/kg.  
Primary oxidation in the sample with inorganic mulberry also oc-
curred more slowly than in the sample without any additives. On the  
10th day of storage, the amount of peroxides was 1.2 times less 
than the amount of peroxides in the fat base without the addition 
of mulberry. The fat acid value of black organic dried mulberry 
added on day 10 was 1.21 mn/KOH, with black inorganic dried 
mulberry added 1.80 mg/KOH. The sample without added anti-
oxidants had an acid value of 2.12 mg/KOH. The content of ascor-
bic acid in black dried inorganic and organic mulberries does not 
differ significantly and is 10.78 and 10.49 mg/100 g, respectively. 
It has been proven that the content of polyphenolic compounds 
is 18.2 and 27.2 mg/100 g, respectively, in dried inorganic and 
organic black mulberries. It is their presence that explains the 
antioxidant properties of mulberry. Therefore, organic production 
affects the accumulation of polyphenolic compounds in plants. 
Polyphenolic compounds have antimicrobial properties, so their 
higher amount in organic raw materials is dictated by the fact that 
organic plants must independently fight against microbiological 
pests without the use of pesticides. Further research will be de-
voted to the creation of nutritional supplements based on organic  
black mulberry.

Keywords: black organic dried mulberry, peroxide number, acid 
number, ascorbic acid, polyphenolic content, antioxidant properties.
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