
EDITOR
Prof. Dr Snežana Šerbula

28    International Conference Ecological Truth th

& Environmental Research 

University of Belgrade
Technical Faculty in Bor

16 - 19 June 2020, Hotel Aquastar Danube, Kladovo, Serbia

PROCEEDINGS





 

PROCEEDINGS 

28
th

 INTERNATIONAL CONFERENCE  

ECOLOGICAL TRUTH AND ENVIRONMENTAL RESEARCH – EcoTER’20 

 

Editor: 

Prof. Dr Snežana Šerbula 

University of Belgrade, Technical Faculty in Bor 

 

Technical Editors: 

MSc Jelena Milosavljević 

University of Belgrade, Technical Faculty in Bor 

Dr Jelena Kalinović 

University of Belgrade, Technical Faculty in Bor 

Asst. Prof. Dr Tanja Kalinović 

University of Belgrade, Technical Faculty in Bor 

Asst. Prof. Dr Žaklina Tasić 

University of Belgrade, Technical Faculty in Bor 

Asst. Prof. Dr Ana Simonović 

University of Belgrade, Technical Faculty in Bor 

 

Publisher: University of Belgrade, Technical Faculty in Bor 

For the Publisher: Dean Prof. Dr Nada Štrbac 

Printed: GRAFIK CENTAR, Beograd, 60 copies 

Year of publication: 2020 

 

ISBN 978-86-6305-104-1 

CIP - Каталогизација у публикацији 
Народна библиотека Србије, Београд 
 
502/504(082)(0.034.2) 
574(082)(0.034.2) 
 
INTERNATIONAL Conference Ecological Truth & Environmental Research (28 ; 2020 ; 
Kladovo) 
    Proceedings [Elektronski izvor] / 28th International Conference Ecological Truth and 
Environmental Research - EcoTER'20, 16-19 June 2019, Kladovo, Serbia ; [organized by University 
of Belgrade, Technical faculty in Bor (Serbia)] ; editor Snežana Šerbula. - Bor : University of 
Belgrade, Technical faculty, 2020 (Beogad : Grafik centar). - 1 USB fleš memorija : ilustr. ; 9 x 6 cm 
(u obliku kartice) 
 
Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Tiraž 60. - Bibliografija uz 
svaki rad. - Registar. 
 
ISBN 978-86-6305-104-1 
 
а) Животна средина -- Зборници б) Екологија -- Зборници 
 
COBISS.SR-ID 15372809 

 



 

 iii 

 

 

 

28
th

 International Conference 

Ecological Truth and Environmental Research 2020 

 

is organized by: 

 

 

UNIVERSITY OF BELGRADE, TECHNICAL FACULTY IN 

BOR (SERBIA) 

 

 

 

Co–organizers of the Conference: 

 

 

University of Banja Luka, Faculty of Technology 

– Banja Luka (B&H) 

 

 

University of Montenegro, Faculty of Metallurgy and Technology 

– Podgorica (Montenegro) 

 

 

University of Zagreb, Faculty of Metallurgy 

– Sisak (Croatia) 

 

 

University of Pristina, Faculty of Technical Sciences  

– Kosovska Mitrovica 

 

 

Association of Young Researchers – Bor (Serbia) 

 



 

v 

 

 

 

 

 

 

 

 

 

Conference is financially supported by 

The Ministry of Education, Science and Technological 

Development of the Republic of Serbia 

 

 

 



 

vii 

 

HONORARY COMMITTEE 

Prof. Dr Zvonimir Stanković, Bor (Serbia) 

Dr. Petar Paunović, Zaječar (Serbia) 

Dragan Ranđelović, Spec. MBA (Serbia) 

Mihajlo Stanković, Special Nature Reservation of Zasavica, Sremska Mitrovica (Serbia) 

 



 

ix 

 

SCIENTIFIC COMMITTEE 

Prof. Dr Radoje Pantović, President 

Prof. Dr Nada Štrbac, Vice President 

Prof. Dr Snežana Šerbula, Vice President 

Prof. Dr Jan Bogaert (Belgium) Prof. Dr Šefket Goletić (B&H) 

Prof. Dr Ladislav Lazić (Croatia) Prof. Dr Džafer Dautbegović (B&H) 

Prof. Dr A. Nadgórska-Socha (Poland) Prof. Dr Jakob Lamut (Slovenia) 

Prof. Dr Sebastián Bellú (Argentina) Prof. Dr Borislav Malinović (B&H) 

Prof. Dr Giulia Guerriero (Italy) Prof. Dr Jelena Šćepanović (Montenegro) 

Prof. Dr Saša Drmanić (Serbia) Prof. Dr Slavica Sladojević (B&H) 

Prof. Dr Slobodan Jovanović (Serbia) Prof. Dr Nada Šumatić (B&H) 

Prof. Dr Nataša Valentić (Serbia) Prof. Dr Jacques Yvon (France) 

Prof. Dr Natalija Dolić (Croatia) Prof. Dr Dejan Filipović (Serbia) 

Prof. Dr Milutin Milosavljević Kosovska 

Mitrovica  
Prof. Dr Mirjana Rajčić Vujasinović (Serbia) 

Prof. Dr Nenad Stavretović (Serbia) Prof. Dr Snežana Milić (Serbia) 

Prof. Dr Slaviša Putić (Serbia) Prof. Dr Dejan Tanikić (Serbia) 

Prof. Dr Miodrag Žikić (Serbia) Prof. Dr Milan Trumić (Serbia) 

Prof. Dr Ivan Mihajlović (Serbia) Prof. Dr Maja Vukašinović Sekulić (Serbia) 

Prof. Dr Jovica Sokolović (Serbia) Prof. Dr Nenad Vušović (Serbia) 

Prof. Dr Milovan Vuković (Serbia) Dr Jasmina Stevanović (Serbia) 

Prof. Dr Nada Blagojević (Montenegro) Dr Mirjana Marković (Serbia)  

Prof. Dr Darko Vuksanović (Montenegro) Dr Jelena Milojković (Serbia) 

Prof. Dr Irena Nikolić (Montenegro)  

 



 

 xi 

 

ORGANIZING COMMITTEE 

Prof. Dr Snežana Šerbula, President 

Prof. Dr Snežana Milić, Vice President 

Prof. Dr Đorđe Nikolić, Vice President 

Prof. Dr Slađana Alagić (Serbia) Jelena Milosavljević, MSc (Serbia) 

Prof. Dr Milica Veličković (Serbia) Dragana Medić, MSc (Serbia) 

Dr Ana Simonović (Serbia) Predrag Stolić, MSc (Serbia) 

Dr Danijela Voza (Serbia) Aleksandra Papludis, MSc (Serbia) 

Dr Tanja Kalinović (Serbia) Sonja Stanković, BSc (Serbia) 

Dr Maja Nujkić (Serbia) 
Mara Manzalović, English language teacher 

(Serbia) 

Dr Žaklina Tasić (Serbia) Enisa Nikolić, English language teacher (Serbia) 

Dr Jelena Kalinović (Serbia)  

 



 xiii 

 

 

PREFACE 

The world today is faced with the rapid changes in technology. The excessive unsustainable 

consumption of fossil fuels and primary raw materials require a multidisciplinary approach 

in finding adequate sustainable solutions. That is why environmental research and ecological 

truth are at the focus of the 28
th

 International Conference Ecological Truth & Environmental 

Research 2020 (EcoTER’20), which will be held at Kladovo, Serbia, 16-19 June 2020. On 

behalf of the Organizing Committee, it is a great honor and pleasure to wish all the 

participants a warm welcome to the Conference. 

We hope to convey the message of the conference, which is that a transformation of attitudes 

and behavior would bring the necessary changes. This is also an opportunity for the 

participants who are experts in this field to exchange their experiences, expertise and ideas, 

and also to consider the possibilities for their collaborative research. 

The 28
th

 International Conference Ecological Truth & Environmental Research 2020 is 

organized by the University of Belgrade, Technical faculty in Bor, and co-organized by the 

University of Banja Luka, Faculty of Technology, University of Montenegro, Faculty of 

Metallurgy and Technology – Podgorica, University of Zagreb, Faculty of Metallurgy – 

Sisak, University of Pristina, Faculty of Technical Sciences – Kosovska Mitrovica and the 

Association of Young Researchers, Bor. 

These proceedings include 51 papers from the authors coming from the universities, research 

institutes and industries in 7 countries: Russia, Lithuania, Nigeria, Croatia, Bosnia and 

Herzegovina, Montenegro and Serbia.  

As a part of this year's conference, the third student section is being held. We appreciate the 

research of the students and their mentors who have made a contribution to the conference. 

Abstracts of the students' papers have been included into the EcoTER’20 proceedings. 

Financial assistance provided by the Ministry of Education, Science and Technological 

Development of the Republic of Serbia is gratefully acknowledged. 

We appreciate the effort of all the authors who have contributed to these proceedings. We 

would also like to express our gratitude to the members of the scientific and organizing 

committees, reviewers, speakers, chairpersons and all the Conference participants for their 

support to EcoTER’20. Sincere thanks go to all the people who have contributed to the 

successful organization of EcoTER’20. 

 

 

On behalf of the 28
th

 EcoTER Organizing Committee, 

Snežana Šerbula, Professor 
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Abstract 

The problem of fly ash as a by-product of thermal power plants is an actual issue. This ash is 

extremely hazardous to the environment. It contains particles of extremely small diameter that are 

easily carried by the wind, and have many toxic elements and heavy metals. The scattered particles 

reach the water and soil, thus causing environmental contamination. Multiple solutions have been 

offered to remedy this serious problem, which relates not only to the environment (land, air and water) 

but also significantly affects the health of people living close to the thermal power plants. Remediation 

of ultra-fine particles spread by aeolian erosion reduces the potential for water and soil 

contamination as well as crops used by the population for nutrition, and thus for acute and chronic 

diseases found to be caused by fly ash pollution. The use of elemental sulfur, which is a secondary 

product of the oil refining process, in order to bind fly ash, manages waste, thus solving two 

environmental problems. 

Keywords: environment, fly ash, heavy metals, solid waste, risk, pollutants, contamination, 

waste management, protection. 

 

INTRODUCTION 

Now days, it is virtually impossible to imagine a life without electricity. The primary 

energy sources used in power generation are coal, oil, natural gas and fossil fuels. When low-

calorie coal types are used in the production of electricity, many environmental pollutants are 

produced as a result of their combustion. Their combustion produces solid waste as well as 

harmful gases that lead to significant pollution of water, land and air. One of the biggest 

problems facing both employees in thermal power plants and, even more importantly, people 

living near the thermal power plant is fly ash [1]. 

In most existing thermal power plant installations, ash that has not reacted in the coal 

combustion process is carried to special landfills where it is deposited. At the exit of the 

thermal power plant, ash is soaking with water. At the landfill, the water level should be 

constantly above the ash level to prevent ash spreading [2]. To make an ash watering system 

more effective, it must be constant, adapted to the weather conditions. Water has to be applied 

over a larger area than the surface of the ejected ash. This requires a large amount of water, 

which significantly complicates the ash moistening process without being a permanent 

solution [3]. In practice, adequate wetting is practically impossible to achieve because the 

quantities of ash that emerge from the thermal power plant daily are extremely high. Data 

show that about 35 million tons of coal, mainly lignite, is used in power plants in Serbia 
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annually [4,5]. This type of coal has a lower heat output of 6000-8000 kJ/kg, average 

moisture content of 45-53% and ash of 10-23%. Daily consumption of coal is from 17000 to 

19000 tons per unit of power plant ("Nikola Tesla" thermal power plant, Obrenovac), 

whereby a significant amount of ash remains by burning coal in thermal power plants, 

producing every kilowatt of electricity. The landfills where ash is deposited have a total area 

of approximately 1639 hectares. Between 1974 and today, between 250 and 300 million tons 

of ash and slag have been disposed. Ash is one of the most common pollutants in the 

workplace and the environment, polluting land, water and air. 

 

MATERIALS AND METHODS 

In this study, the possibility of using elemental sulfur to bond fly ash was investigated. To 

be used for this purpose, it is necessary to modify the elemental sulfur, which is a secondary 

product of the oil refining process, with dicyclopentadiene to a chain crystal structure. The 

process of homogenization and binding of ultrafine ash particles with sulfur would be carried 

out in the reactor at temperatures of 150ºC to 170ºC by injecting sulfur in an amount of 15% 

to 22% with intensive mixing of the components. As the ash leaving the thermal power plant 

is already at the high temperature required for the sulfur agro-metering process, no additional 

heating of the system is necessary. The ash is fed to the corresponding reactor with a rotary 

mixer at the exit point from the existing plant. At these temperatures, elemental sulfur enters 

the molten state boundary, and plays the role of filler and binder. The ash particles get coated, 

and increase the dimensions and weight. Analyzes show that the particle content of less than 

63 μm decreases from 17.5% to 7% (with 15% sulfur added) and 1% (with 22% sulfur 

added). During the cooling process of the obtained product (after homogenization and 

agglomeration), a product is obtained that can be deposited much more easily into the landfill 

without additional use of the wetting system used so far to prevent the fly ash from scattering. 

The resulting ash-sulfur agglomerate cannot be dispersed by the wind due to the size and 

weight of the particles. Sulfur that coats the ash prevents heavy metals from leaching from the 

ash and thus reduces water and soil pollution. This procedure is a permanent solution to the 

problem of the deposition of ash from thermal power plants, and the problem of 

environmental pollution also.  

 

RESULTS AND DISCUSSION 

The bonding of ultra-fine ash particles with elemental sulfur solves three current problems. 

This implies a drastic reduction in the amount of fly ash spread by aerosol erosion over the 

wider area of the thermal power plant. This has a direct impact on reducing the respiratory 

diseases of the surrounding population, as well as reducing pollution of water and land on 

which food crops are cultivated. Reducing the intake of heavy metals into the body would 

significantly reduce the number of patients with malignant diseases. Statistics show that over 

50% of the population has respiratory problems, and that almost 2/3 of school and preschool 

children have similar problems, which can be directly linked to the impact of ash dump. In 

addition to the complex effects of air pollution factors, other food and drinking factors are 

also important, as the areas around power plants are mostly populated by agrarian 
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populations, and many households use both drinking water and the food they produce at these 

locations. Considering the statistical data on the number of patients with respiratory diseases 

in these regions, environmental pollution in the ash dumps reaches the level of ecological 

catastrophe. Chemical analysis of ash reveals the presence of heavy metals (Zn, Cr, Cd, Sr, 

Pb, Co, and Ni) that through the diet indirectly enter the human body and increase the number 

of cancerous diseases. Remediation of fly ash has therefore become a burning problem from 

an environmental point of view. 

 

 
Figure 1 SEM micrographs original fly ash 

 

Using sulfur, which is a co-product in the oil refining process, reduces the sulfur landfill, 

which without that threatens to become a serious environmental problem. Elemental sulfur is 

a product of oil refining process and a result of desulphurisation of the resulting petroleum 

products. It is a ballast material and also threatens to become a serious environmental 

problem. In the future, the amount of sulfur obtained and deposited in this way will be 

increasing with us, with the tightening of domestic regulations on the sulfur content of 

petroleum products and the approximation of those regulations to EU norms. In recent years, 

the world has been intensively working on finding effective ways to rationally consume 

rapidly increasing amounts of elemental secondary sulfur. This technological solution enables 

the use of elemental sulfur, which is a by-product of the petroleum refining process, as a 

binder of fly ash particles of less than 63 μm and reduces the amount of these ultrafine 

particles from 17.5% to 1%. This would allow its permanent binding to soil and thus 

suppressing aeolian erosion of deposited ash. Implementing suitable technical solutions 

shown in this article, it could effectively solve both environmental problems in one place. 
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Figure 2 SEM of a sample of fly ash bound with sulfur 

 

CONCLUSION 

Repairing fly ash problems by bonding to elemental sulfur, it is not necessary to make 

drastic changes to the existing equipment within the thermal power plant. As the ash 

temperature at the outlet of the reactor is at the appropriate level required for the sulfur 

bonding process, it is sufficient to associate the outlet system with a mixer in which to 

agglomerate. Some solutions even require sintering of the material, which requires the 

investment of large material assets and new facilities. After sulfur-coated agglomeration, the 

resulting product is transported to already existing by-products landfills. It is not necessary to 

use water used in large quantities for the purpose of wetting fine ash particles, which thus far 

prevents the ash from spreading around the environment and affects the pollution of 

surrounding soil and water due to the presence of heavy metals in the ash. By wetting system, 

it would be necessary to ensure that the water level is always above the ash level, which is 

difficult to achieve under current conditions. Ash binding to sulfur completely replaces the 

use of water, which significantly reduces material investment, as a problem of summer high 

temperatures. Elemental sulfur that would be used as a binder for ash agglomeration is 

available without investment because it is a secondary product in the oil refining industry, and 

as such is a disposal problem, so this technological solution would practically solve the 

problem of its disposal as well. Ash after agglomeration can still be used in the construction 

industry and in the road construction process. 

 

REFERENCES 

[1] V. Vidojković, N. Đorđević, T. Boljanac, et al., Hem. Ind; 60 (5–6) (2006) 144–147. 

[2] L. Gray, K. J. Champagne, Y. Soong, et al., International Ash Utilization Symposium, 

Center for Applied Energy Research, University of Kentucky, (1999) Paper #6. 

[3] C. Song, H.H. Schobert, Fuel; 75 (1996) 724–736. 

[4] T.C. Eisele, S.K. Kawatra, D.D. Banerjee, SME Annual Meeting, Preprint (1996). 

[5] B.G. Kutchko, A.G. Kim, Fuel; 85 (17–18) (2006) 2537–2544. 

 


