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The study focuses on the development of polymer composites
based on the Latex 2012 aqueous dispersion with mineral fillers of
volcanic (andesite) and technogenic (fly ash from Burshtyn TPP and
Kurakhove TPP) origin, aimed at achieving optimal thermal insulation
properties. The main problem addressed was determining the influence
of the type, concentration, and combination of fillers on the thermal con-
ductivity of composites. High thermal conductivity of polymeric mate-
rials significantly limits their application in thermal insulation systems,
making it crucial to investigate the mechanisms of interfacial interac-
tions between fillers and the matrix for creating effective compositions.

The sizes of filler crystallites were determined using the Scher-
rer method: for andesite — 110 nm, fly ash B — 100.4 nm, and fly
ash K — 113 nm. These data indicate the fillers' ability to affect
phonon scattering in the material, reducing overall thermal con-
ductivity. The thermal conductivity of the fillers is as follows: fly
ash B — 0.2072 W/m-K, fly ash K — 0.2241 W/m-K, and andesite —
0.2118 W/m-K. Fly ash B demonstrated the best results due to its
low thermal conductivity and high surface energy, which contributes
to better interaction with the polymer matrix.

An analysis of the dependence of composite thermal conducti-
vity on temperature and filler concentration showed that increas-
ing filler concentration increases thermal conductivity due to the
formation of thermal bridges between particles. However, combin-
ing different fillers in optimal proportions can mitigate this effect.
Based on the Nielsen model, the composite compositions were op-
timized to achieve minimum thermal conductivity. The best results
were obtained for a binary filler system of fly ash B and andesite in
a 53:35 mass ratio, providing the lowest effective thermal conduc-
tivity of the composite — 0.173 W/m-K. Other successful combina-
tions include fly ash B with fly ash K (60:40 wt. %) and andesite
with fly ash K (45:55 wt. %), which also demonstrate significant
improvements in thermal insulation properties.

The proposed compositions can be applied in the field of energy-
efficient construction, thermal regulation systems, thermal insula-
tion materials for industrial equipment, and other areas requiring
low thermal conductivity. The research results are also valuable for
developing materials that operate under significant temperature
variations (from —125°C to +100 °C), providing stable thermal
insulation properties.

Keywords: polymer composites, composite thermal conducti-
vity, mineral fillers, fly ash, andesite, Nielsen model.

References

1. Dinzhos, R. V,, Fialko, N. M., Lysenko, E. A. (2014). Analysis of thermal
conductivity of polymer nanocomposites filled with carbon nanotubes
and technical carbon. Journal of Nano- and Electronic Physics, 6,01015.

2. Kurta, S. A. (2012). Napovniuvachi — syntez, vlastyvosti ta vyko-
rystannia. Ivano-Frankivsk: Vyd-vo Prykarpat. Nat. Univ. named
after V. Stefanyk, 296.

3. Lazarenko, A., Vovchenko, L., Prylutskyy, Y., Matzuy, L., Ritter, U.,
Scharff, P. (2009). Mechanism of thermal and electrical conductivity in
polymer-nanocarbon composites. Materialwissenschaft Und Werkstoff-
technik, 40 (4), 268—272. https://doi.org/10.1002/mawe.200900439

4. Mamunya, Ye. P, Levchenko, V. V., Parashchenko, I. M., Lebedev, E. V.
(2016). Thermal and electrical conductivity of the polymer-metal com-
posites with 1D structure of filler formed in a magnetic field. Polymer
Journal, 38 (1), 3—17. https://doi.org/10.15407 /polymer;j.38.01.003

5. Heap, M. J., Alizada, G., Jessop, D. E., Kennedy, B. M., Wadsworth, E. B.
(2024). The influence of temperature (up to 120 °C) on the thermal
conductivity of variably porous andesite. Journal of Volcanology
and Geothermal Research, 452, 108140. https://doi.org/10.1016/
jjvolgeores.2024.108140

6. Wang, Q., Wang, D., Chen, H. (2017). The role of fly ash microsphere
in the microstructure and macroscopic properties of high-strength
concrete. Cement and Concrete Composites, 83, 125-137. https://doi.
org/10.1016/j.cemconcomp.2017.07.021

7. Mironyuk, I. F, Tatarchuk, T. R., Vasylyeva, H. V., Yaremiy, I. P,
Mykytyn, 1. M. (2019). Morphology, phase composition and radio-
logical properties of fly ash obtained from the Burshtyn thermal
power plant. Physics and Chemistry of Solid State, 19 (2), 171-178.
https://doi.org/10.15330/pcss.19.2.171-178

8. Wasekar, P. A,, Kadam, P. G., Mhaske, S. T. (2012). Effect of Ceno-
sphere Concentration on the Mechanical, Thermal, Rheological and
Morphological Properties of Nylon 6. Journal of Minerals and Mate-
rials Characterization and Engineering, 11 (8), 807—812. https://doi.
org/10.4236 /jmmce.2012.118070

9. Melnyk, L. I, Cherniak, L. P, Yevpak, V. V. (2024). Composites based
on fly ash with different polymer matrixes. Scientific Notes of Taurida
National V. I. Vernadsky University. Series: Technical Sciences, 2 (1),
106-112. https://doi.org/10.32782/2663-5941,/2024.1.2/18

10. Blake, A. J., Clegg, W. (2009). Crystal Structure Analysis. Principles
and Practice. International Union of Crystallography. Oxford Uni-
versity Press, 251-263.

11. Melnyk, L. (2024). Formation of composite with variation of dispersity
of filler and type of binder. Technical sciences and technologies, 1 (35),
198-203. https://doi.org/10.25140,/2411-5363-2024-1(35)-198-203

12. Nielsen, L. E. (1974). The Thermal and Electrical Conductivity of
Two-Phase Systems. Industrial & Engineering Chemistry Fundamen-
tals, 13 (1), 17-20. https://doi.org/10.1021/i1600492004

MEASURING METHODS IN CHEMICAL INDUSTRY

DOI: 10.15587/2706-5448.2024.319177

DEVELOPMENT OF ELEMENTS OF AN INFORMATIONAL-AND-
MATHEMATICAL MODEL OF HYDRODYNAMIC PROCESSES

IN A CERAMIC CATALYTIC CONVERTER FOR DEVELOPING

AN ENTERPRISE COMPUTER SIMULATION MODEL

pages 12-16

Anton Myronov, PhD, Department of Integrated Technologies, Pro-
cesses and Apparatuses, National Technical University "Kharkio

Polytechnic Institute”, Kharkio, Ukraine, ORCID: https://orcid.
0rg/0000-0002-4250-6259, e-mail: anton.myronov@khpi.edu.ua

Mariia Ilchenko, PhD, Department of Integrated Technologies,
Processes and Apparatuses, National Technical University "Kharkiv
Polytechnic Institute”, Kharkiv, Ukraine, ORCID: https.//orcid.
0rg/0000-0002-1353-2108

Yevheniia Ponomarenko, Department of Integrated Technologies,
Processes and Apparatuses, National Technical University "Kharkio

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/3(80),

2024

53—)



ABSTRACTS AND REFERENCES:
ECOLOGY AND ENVIRONMENTAL TECHNOLOGY

I55N-L 2664-9969; E-IS5N 2706-5448

Polytechnic Institute”, Kharkio, Ukraine, ORCID: https://orcid.
01g/0000-0002-9878-6093

Kostiantyn Gorbunov, PhD, Department of Integrated Technologies,
Processes and Apparatuses, National Technical University "Kharkiv
Polytechnic Institute”, Kharkiv, Ukraine, ORCID: https://orcid.
0rg/0000-0002-0078-6520

Serhii Bykanov, PhD, Department of Integrated Technologies, Pro-
cesses and Apparatuses, National Technical University "Kharkio
Polytechnic Institute”, Kharkio, Ukraine, ORCID: https.//orcid.
0rg/0000-0002-9713-0930

Hanna Ponomarenko, PhD, Department of Integrated Technologies,
Processes and Apparatuses, National Technical University "Kharkio
Polytechnic Institute”, Kharkio, Ukraine, ORCID: https://orcid.
0rg/0000-0002-5531-7617

Liudmyla Solovei, Department of Integrated Technologies, Processes
and Apparatuses, National Technical University "Kharkiv Polytechnic
Institute”", Kharkiv, Ukraine, ORCID: https.//orcid.org/0000-0001-
5308-6782

The object of this study is the hydrodynamic processes in
ceramic catalytic converters used in high-temperature petroleum
refining. This is essential for improving fuel quality and adhering to
environmental regulations. The research addresses the optimization
of catalytic converter performance by understanding the interactions
within their porous ceramic structures, influenced by fluid flow, heat
transfer, and chemical reactions. It advocates for computational
modeling to simulate these processes more accurately, overcoming
the limitations of traditional methods.

The paper is aimed at developing a robust system integrating
computational fluid dynamics (CFD) with experimental data to
optimize ceramic catalytic converter performance. A mathematical
model was created to combine fluid dynamics within the ceramic’s
porous structure with the chemical kinetics of catalytic reactions in
petroleum refining.

Key findings show that optimizing parameters such as flow
velocity and catalyst loading enhances the distribution of reactants
across its surface, leading to improved conversion efficiency and re-
duced energy consumption. The research demonstrates that diffusion
and kinetic limitations critically influence catalytic performance.
Higher cobalt concentrations in the catalyst layer promoted diffu-
sion-controlled reactions, enhancing efficiency at high flow rates.

The results offer practical applications for the petroleum refining
industry, providing a framework to design more efficient catalytic
converters. This modeling approach enables engineers to optimize
catalytic system designs, improving operational efficiency and com-
pliance with regulatory standards.

Moreover, the study highlights areas for further research, such
as expanding the model to include more complex operational condi-

tions and integrating real-time experimental data for better accuracy.
This will improve both the design and performance of ceramic cata-
lytic converters in high-temperature refining processes. Future work
could also explore scalability for industrial systems, facilitating the
integration of optimized catalytic converters into refinery setups to
meet performance and environmental standards.

Keywords: ceramic catalysts, mathematical modeling, computer
simulation model, hydrodynamics, reaction kinetics, CFD modeling,
oil refining.
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The object of research is the hydroecological situation in the
surface waters of Ukraine, indicated by the data of modern monitor-
ing of surface waters, especially in the part of the Dnipro basin that
forms the Kremenchuk Reservoir. Ukraine has not formed a holistic
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system of measures for monitoring and maintaining the quality of
surface waters and state supervision over diseases associated with
drinking water. The qualitative characteristics of drinking water are
determined by the ecological state of the surface water bodies that
are sources of drinking water. Therefore, this work is devoted to de-
termining the need and ways to improve the state monitoring of the
qualitative characteristics of waters in artificial water-accumulating
objects and parts of the river basins that form them.

The work uses scientific methods of systemic analysis, gene-
ralization and systematization, takes into account synergistic ap-
proaches in hydroecology and consideration of possible development
scenarios based on the autopsy method. It is shown that diagnostic
water monitoring covers only a small part of water bodies in Ukraine,
and the modern hydrological monitoring network of Ukraine has up
to 400 posts, including chemical pollution in half of the points, which
is not enough. The state of the legal field of development of the water
strategy of Ukraine, the monitoring mission of the state and the im-
plementation of the legislative framework of Ukraine to EU require-
ments are analyzed, but the state of surface waters in Ukraine encour-
ages to study the experience of water protection in European and
world countries. This experience indicates that in the field of moni-
toring and protection of surface waters in Ukraine, a much higher
and more accurate level of monitoring and a more stringent level
of state regulation of water relations towards greening are needed.

The work develops a structural and logical scheme of factor
analysis, including systems of hydro-ecological monitoring of the for-
mation of the aquatic environment of part of the Dnipro basin in the
Kremenchuk Reservoir area. The need for systematic improvement
of monitoring of water quality characteristics in artificial water stor-
age facilities, which is the Kremenchuk Reservoir, and the need for
a significant concentration of monitoring points, both in the reservoir
and in the Dnipro basin that forms it, has been identified. A change in
monitoring points and systematic diagnostics of reservoirs using mo-
dern capabilities of satellite sounding of water bodies within the frame-
work of the greening of water relations in Ukraine has been proposed.

Keywords: hydroecological situation, surface waters, artificial
water storage facilities, water directives, Kremenchuk Reservoir.
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The object of this research is the problem of greenhouse
gas (GHG) emissions, which are one of the main factors of global
climate change, which necessitates the creation and implementa-
tion of innovative technologies for their reduction. Greenhouse
gas emissions have been found to significantly affect ecological
and socio-economic systems, creating a number of challenges,
such as increased risk of natural disasters, deterioration of public
health and increased mortality. This causes significant economic,
environmental and social losses. Leading approaches to reduc-
ing GHG emissions are analyzed, including carbon capture and
storage (CCS), use of renewable energy sources (RES), energy
efficiency developments, and biotechnologies for waste reuse. The
advantages and limitations of these technologies are studied, as well
as their potential for adaptation to the conditions of industrial en-
terprises of Ukraine. The importance of CCS for reducing emissions
at large industrial facilities, such as power plants and cement plants.
is assessed, and the important role of RES in reducing dependence
on fossil fuels is determined fuel and increasing energy efficiency.
The expediency of applying a comprehensive approach to the imple-
mentation of these technologies, which covers the improvement of
the regulatory and legal framework, the attraction of investments
in environmental protection projects, the implementation of in-
ternational experience and the creation of climate funds to finance
the most effective solutions, is substantiated. A new computational
mathematical model is proposed, which takes into account the fac-
tors of saving resources, reducing costs for environmental protec-
tion and obtaining profits from trading carbon quotas. A three-level
mechanism for the implementation of measures to reduce GHG
emissions is proposed, which includes the development of regional
emission reduction strategies, the implementation of programs at
the local level, and the creation of centers of environmental and cli-
mate culture to coordinate actions between stakeholders. The pros-
pects for the application of innovative technologies in Ukrainian
industry as an effective tool for achieving climate goals, reducing
the negative impact on ecosystems, and increasing the competitive-
ness of enterprises have been assessed.

Keywords: industrial enterprise, greenhouse gases, innovative
technologies, capture and storage technologies, energy system.

10.

11

12.

13.

14.

References

. Li, S, Tang, Y. (2024). The Impact of the Digital Economy on Carbon

Emission Levels and Its Coupling Relationships: Empirical Evidence
from China. Sustainability, 16 (13), 5612. https://doi.org/10.3390/
su16135612

. Saha, A. K., Al-Shaer, H., Dixon, R., Demirag, I. (2020). Determi-

nants of Carbon Emission Disclosures and UN Sustainable Develop-
ment Goals: The Case of UK Higher Education Institutions. Aus-
tralian Accounting Review, 31 (2), 79—107. https://doi.org/10.1111/
auar.12324

. Vasylenko, 1. A., Chuprynov, Ye. V., Ivanchenko, A. V., Skyba, M. 1,

Vorobiova, V. L, Halysh, V. V. (2019). Zeleni tekhnolohiyi u promyslo-
vosti. Dnipro: Aktsent PP, 366.

. Pysarenko, T. V., Paladchenko, O. E, Molchanova, I. V., Kova-

lenko, O. V. (2021). Perspektyoni svitovi naukovi ta tekhnolohichni
napriamy doslidzhen u sferi "Povitria”. Kyiv: UkrINTEI, 56. Avail-
able at: https://mon.gov.ua/static-objects/mon/sites/1/innovatsii-
transfer-tehnologiy/2021/Analit.material /10.09/Povitrya/NAZ.
TSSR-13.Povitrya.10.09.pdf

. Mykhailova, Ye. O. (2016). Vykydy parnykovykh haziv v Ukraini ta

sviti. Zbirnyk naukovykh statei ta materialio VIII-yi mizhnarodnoi nau-
kovometodychnoi konferentsiyi ta 115-yi mizhnarodnoi konferentsiyi
EAS "Bezpeka liudyny u suchasnykh umoovakh", materialy dopovidei.
Kharkiv, 256-264.

. Solodovnik, O., Gavrylychenko, I. (2024). Conceptual and metho-

dological bases of disclosure of the information on greenhouse gas
emissions in the company’s sustainability statement. Economy and
Society, 63. https://doi.org/10.32782/2524-0072/2024-63-44

. Markina, L., Vlasenko, O., Todchuk, D., Kovtunov, O., Onopchuk, I.

(2024). Management of climate impact processes of waste-to-energy
technologies using the example of thermal destruction. Ecological Sci-
ences, 3 (54), 105-112. https://doi.org/10.32846,/2306-9716,/2024.
ec0.3-54.16

. Osaulenko, O. H., Kobylynska, T. V. (2020). Statystyka zminy kli-

matu: yevropeiskyi dosvid ta natsionalna otsinka. Kyiv: TOV "Avhus-
tTreid", 344. Available at: http://194.44.12.92:8080/jspui/handle/
123456789,/5652

. GHG Protocol supplies the world’s most widely used greenhouse gas ac-

counting standards and guidance. Greenhouse Gas Protocol. https://
ghgprotocol.org/standards-guidance

Savko, V., Tarnavskyi, Yu. (2023). Servisno-orientovani systemy up-
ravlinnia yakistiu povitria. Prykladna heometriia, inzhenerna hrafika
ta obiekty intelektualnoi vlasnosti, 1 (XII), 70-74. Available at:
https://jagegip.kpi.ua/article/view /281854

Markina, L., Vlasenko, O., Todchuk, D. (2024). Defining the main
directions of Ukraine’s climate policy. Sustainable Development
and Circular Economy: Trends, Innovations, Prospects. https://doi.
org/10.30525/978-9934-26-390-3-7

Stratehiya nyzkovuhletsevoho rozoytku Ukrainy do 2050 roku. Avail-
able at: https://mepr.gov.ua/diyalnist/napryamky/zmina-klimatu/
pom-yakshennya-zminy-klimatu/strategiya-nyzkovugletsevogo-roz-
vytku-ukrayiny-do-2050-roku/

Yusuf, A, Giwa, A., Mohammed, E. O., Mohammed, O., Al Hajaj, A.,
Abu-Zahra, M. R. M. (2019). CO, utilization from power plant:
A comparative techno-economic assessment of soda ash production
and scrubbing by monoethanolamine. Journal of Cleaner Production,
237, 117760. https://doi.org/10.1016 /j,jclepro.2019.117760

Barylo, A. A., Benmenni, M., Budko, M. O. et al.; Kudria, S. O. (Ed.)
(2020). Vidnooliuvani dzherela enerhiyi. Kyiv: Instytut vidnovliuva-

;58

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/3(80), 2024



I55N-L 2664-9969; E-IS5N 2706-5448

ABSTRACTS AND REFERENCES:
ECOLOGY AND ENVIRONMENTAL TECHNOLOGY

noi enerhetyky NANU, 392. Available at: https://ela.kpi.ua/items/
d2954f23-8e1f-498c-b9ce-150¢9{21987b

15. Vidnovlyuvana enerhetyka nabyraye obertiv. Ukrhydroenergo. Avail-
able at: https://uhe.gov.ua/media_tsentr/novyny/vidnovlyuvana-
enerhetyka-nabyraye-obertiv

16. Abramova, K., Gaidutskyi, 1. (2023). Theoretical and methodologi-
cal foudations of the wind energy industry and its development in
Ukraine. Economy and Society, 56. https://doi.org/10.32782/2524-
0072/2023-56-79

17. Burenko, T. (2019). Enerhoefektyvnist u promyslovosti: dodat-
kovyi tiahar chy instrument modernizatsiyi ta zmenshennia vykydiv
parnykovykh haziv? ECOBUSINESS. Ekolohiya pidpryiemstoa,
1 (78), 14—17. Available at: http://ecolog-ua.com/sites/default/
files/banners/2019/1 2019 full/present nomer.pdf

18. Makedon, V., Mykhailenko, O., Krasnikov, P. (2023). Management of
the development and implementation of national and international
projects in the field of renewable energy. Entrepreneurship and Inno-
vation, 26, 5-13. https://doi.org/10.32782/2415-3583/26.1

19. Products. Energy, sustainability and innovation. Enel Group. Available
at: https://www.enel.com/company /services-and-products

20. Stepova, O. V. (Ed.) (2023). Ekolohiya. Dovkillia. Enerhozberezhennia.
Poltava: NUPP imeni Yuriya Kondratiuka, 246. Available at: https://
reposit.nupp.edu.ua/handle/PoltNTU /11950

21. Ma, B, Lin, S,, Bashir, M. E, Sun, H., Zafar, M. (2023). Revisiting the
role of firm-level carbon disclosure in sustainable development goals:
Research agenda and policy implications. Gondwana Research, 117,
230-242. https://doi.org/10.1016/j.gr.2023.02.002

22. Santi, M., Sancineto, L., Nascimento, V., Braun Azeredo, J., Oroz-
co, E. V. M., Andrade, L. H. et al. (2021). Flow Biocatalysis: A Chal-
lenging Alternative for the Synthesis of APIs and Natural Com-
pounds. International Journal of Molecular Sciences, 22 (3), 990.
https://doi.org/10.3390/ijms22030990

23. Makedon, V., Dzeveluk, A., Khaustova, Y., Bieliakova, O., Nazaren-
ko, I. (2021). Enterprise multi-level energy efficiency management
system development. International Journal of Energy, Environment,
and Economics, 29 (1), 73-91. Available at: https://er.knutd.edu.ua/
handle/123456789,/20180

24. Makedon, V., Baylova, O. (2023). Planning and organizing the
implementation of digital technologies in the activities of indus-
trial enterprises. Scientific Bulletin of Kherson State University. Series
Economic Sciences, 47, 16-26. https://doi.org/10.32999/ksu2307-
8030/2023-47-3

DOI: 10.15587/2706-5448.2024.314331

ANALYSIS OF THE ENVIRONMENTAL IMPACT OF PHOSPHATE
MINING ON THE EXAMPLE OF DJEBEL ONK DEPOSIT
(TEBESSA), ALGERIA

pages 31-41

Younes Yahiaoui, PhD Student, Department of Mining, Metal-
lurgy and Materials Engineering, Laboratory of Mining Metallurgy
and Materials (L3M), National Higher School of Engineering and
Technology, Annaba, Algeria, ORCID: https.//orcid.org/0009-0009-
7436-2059

Djamel Nettour, Associate Professor, Department of Mining, Metal-
lurgy and Materials Engineering, Laboratory of Resources Valori-
zation and Environment (LAVAMINE), National Higher School of
Engineering and Technology, Annaba, Algeria, ORCID: https.//
orcid.org/0000-0003-0056-5389, e-mail: d.nettour@ensti-annaba.dz

Rachid Chaib, Professor, Department of Transportation Engi-
neering, Laboratory of Transports and Environment Engineering,
Mentouri Brothers University Constantined, Constantine, Algeria,
ORCID: https.//orcid.org/0000-0001-8680-1906

Cherif Gherbi, Associate Professor, National Higher School of Kouba,
Kouba, Algeria, ORCID: https.//orcid.org/0000-0002-4999-3547

The object of the study is natural phosphates, which play
a major role in various industrial sectors, ranging from agriculture
to pharmaceuticals, via the metallurgy and chemistry. In Algeria,
their importance in the international market is significant, thanks
to the deposits of Djebel Onk, located in the south-eastern part
of the region of Tebessa. However, the mining and processing of
these phosphates lead to waste significant, both in liquid form
than in solid, raising significant environmental concerns. In this
perspective, a thorough analysis is necessary for a rational and
hard reliable, ensuring the preservation of the environment. This
research was undertaken to quantify and analyze the distribution
of various heavy metals in the phosphate waste generated by Djebel
Onk plant (Kef Essennoun deposit). These wastes are crucial to
achieve the objectives of sustainable development in relation to
public health and the environment. The work focuses on the study
of samples of the different releases of the treatment processes. These
latter were subjected to a characterization of different analysis
techniques, qualitative and quantitative, namely: XRD, IR, XRF,
SEM and AAS. The results obtained distinguish differences are no-
table between the levels recorded by the raw phosphate and those
samples wastes of treatment processes. Thus, the waste produced
consists of 59.2 % dolomite, 20.5 % calcite, and 19.8 % fluorapatite.
The presence of kaolinite was also noted in these residues, though
in a small proportion (0.5 %). It has also been noted that these con-
centration of the elements in trace metal increases relatively with
the decrease of the diameter of the grain size, in particular in the
mud. This shows that the efficiency of the modes of treatment will
allow for some cases, reduce the concentration of elements in the
phosphate studied. This opens up promising research opportunities
for scientists and engineers to develop more efficient and advanced
treatment methods.

Keywords: sustainable exploitation, phosphate tailings, mineral
processing, heavy metals, environmental impact.
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The object of research is natural clinoptilolite as a potential
sorbent in the processes of water and soil purification from oil, pe-
troleum products (A-95 gasoline, kerosene), industrial oil, benzene,
toluene, hexane, water-gasoline emulsions, as well as water-organic
condensate. It is known that this material has a high adsorption
capacity for various organic media. Therefore, the lyophilic proper-
ties of different fractions of clinoptilolite in relation to the specified
environments were investigated.

The lyophilic properties of clinoptilolite were studied using the
lying drop method to measure the marginal wetting angle of different
zeolite fractions using the specified media. The data obtained deter-
mined the suitability of clinoptilolite for cleaning soils and waters
from these liquids.

The dependence of the wetting of clinoptilolite on the dispersion
of clinoptilolite was established. All clinoptilolite fractions are cha-
racterized by high lyophilicity in all media except oil. The wettability
of clinoptilolite with oil and the corresponding work of adhesion sig-
nificantly depends on its dispersion. It was established that with an
increase in the size of clinoptilolite particles from 0.1 to 2.5-3.0 mm,
the work of adhesion increases from 13.5-1073 to 51.2:1073 J /m?. The
influence of the surface morphology of clinoptilolite may cause this.
An increase in temperature in the clinoptilolite-oil system contri-
butes to the wetting of small fractions of zeolite with oil.

The obtained experimental data show that natural clinoptilolite
with a wide fractional composition can be used to purify natural and
wastewater waters and soils from the indicated organic and water-
organic environments. At the same time, only clinoptilolite fractions
over 1 mm are suitable for oil sorption.

Keywords: zeolite, clinoptilolite, oil, oil products, natural and
wastewater treatment, lyophilic properties, marginal wetting angle.
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The objects of the study are sorption materials based on commer-
cial silica gel and nickel (IT) oxide with different mass ratios of NiO
to SiOs: 1:1 and 0.5:1. To obtain such materials, expensive reagents
and complex synthesis schemes are not required. In addition, they are
distinguished by chemical stability, controlled morphology and have
a significant number of reactive functional groups, which contributes
to high adsorption capacity for various types of contaminants.

The morphology of composite sorbents was studied using the elec-
tron microscopy method, the presence of a crystalline phase of nickel
oxide on the amorphous surface of silica gel was investigated by X-ray
phase analysis, and the successful application of a layer of nickel-
containing compounds was confirmed by infrared spectroscopy.

The main parameters of the mesoporous structure of the samples
were determined by the method of low-temperature nitrogen adsorp-
tion/desorption. It was found that with an increase in the amount of
the deposited oxide layer, the specific surface area and pore volume
of the obtained sorbents decrease by 1.5-2 times compared to the
original silica gel.

The physicochemical features of the extraction of methylene blue
dye by nickel-containing composites based on silica gel were studied.
Tt was found that modification of the SiO, surface with nickel (IT) oxide
leads to an increase in the sorption capacity of materials in relation to
cationic dyes. It was shown that the highest sorption capacity is pos-
sessed by a sample with a mass ratio of NiO to SiO, equal to 0.5:1. The
maximum sorption value is 21 mg/g, which is almost 2 times higher
than that for the original silica gel. The adsorption kinetics is adequately
described by pseudo-first and pseudo-second order models, which indi-
cates a high affinity of methylene blue with the surface of such samples.

The results obtained indicate that the obtained sorption mate-
rials based on commercial silica gel and nickel (IT) oxide can be used
in the purification of water contaminated with organic cationic dyes.

Keywords: adsorption, organic dyes, modification, nickel (IT)
oxide, water purification, silica gel.
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