
University of Belgrade, Technical faculty in Bor Chamber of Commerce and Industry of Serbia

May 12-14, 2021, Belgrade, Serbia

Editors:
Jovica Sokolović
Milan Trumić

PROCEEDINGS

ISBN 978-86-6305-113-3



 



 

i 
 

 

University of Belgrade, Technical faculty in Bor 

Chamber of Commerce and Industry of Serbia 

 

 

 

 

PROCEEDINGS 

 

 

 

XIV International 

MINERAL PROCESSING and 

RECYCLING CONFERENCE 

 

Editors: 

Jovica Sokolović 

Milan Trumić 

 

 

 

May 12 – 14, 2021, Belgrade, Serbia 



XIV International Mineral Processing and Recycling Conference, Belgrade, Serbia, 12-14 May 2021 

 

ii 
 

XIV INTERNATIONAL  
MINERAL PROCESSING and RECYCLING CONFERENCE 
 
PUBLISHER: 
University of Belgrade, Technical Faculty in Bor 
 
FOR THE PUBLISHER: 
DEAN: Prof. Dr Nada Štrbac 
 
EDITORS: 
Prof. Dr Jovica Sokolović 
Prof. Dr Milan Trumić 
 
PROCEEDINGS COVER DESIGN: 
Branislav Gapić 
 
PRINTED BY: 
Tercija d.o.o., Bor, Serbia 
Printed: 100 copies 
 
PUBLICATION YEAR: 
2021 
 

=========================== 
CIP - Каталогизација у публикацији 
Народна библиотека Србије, Београд 
 
622.7(082) 
502.131.1:628.477.6(082) 
628.477.6(082) 
 
INTERNATIONAL Mineral Processing and Recycling Conference (14 ; 2021 ; Beograd) 
    Proceedings / XIV International Mineral Processing and Recycling Conference, IMPRC, May 
12-14, 2021, Belgrade, Serbia ; editors Jovica Sokolović, Milan Trumić. - Bor : University of 
Belgrade, Technical Faculty, 2021 (Bor : Tercija). - XI, 514 str. : ilustr. ; 25 cm 
 
Na vrhu nasl. str.: Chamber of Commerce and Industry of Serbia. - Tiraž 100. - Bibliografija uz 
svaki rad. - Registar. 
 
ISBN 978-86-6305-113-3 
 
а) Руде -- Припрема -- Зборници б) Отпадне материје -- Одрживи развој -- Зборници в) 
Отпадне материје -- Рециклажа -- Зборници 
 
COBISS.SR-ID 37464585  

=========================== 
 



XIV International Mineral Processing and Recycling Conference, Belgrade, Serbia, 12-14 May 2021 

 

iii 
 

 

 

 

 
  

Conference is financially supported by 
Republic of Serbia, 

Ministry of Education, Science and 
Technological Development 



XIV International Mineral Processing and Recycling Conference, Belgrade, Serbia, 12-14 May 2021 

 

iv 
 

SCIENTIFIC COMMITTEE 

Prof. Dr Milan Trumić, Serbia, President 

Prof. Dr Grozdanka Bogdanović, Serbia, Vice President 

Prof. Dr Jovica Sokolović, Serbia, Vice President 

Prof. Dr Mauricio Torem, Brazil 

Prof. Dr Sanja Miskovic, Canada 

Prof. Dr Qingqing Huang, USA 

Prof. Dr Zhiyong Gao, China 

Prof. Dr Wencheng Xia, China 

Prof. Dr Takashi Nakamura, Japan 

Prof. Dr Boris Albijanic, Australia 

Prof. Dr Rraghupatruni Bhima Rao, India 

Prof. Dr Przemyslaw Kowalczuk, Norway 

Prof. Dr Junbeum Kim, France 

Prof. Dr Srećko Stopić, Germany 

Prof. Dr Alejandro Rodriguez Pascual, Spain 

Prof. Dr Adele Muscolo, Italy 

Prof. Dr Georgios Anastassakis, Greece 

Prof. Dr Mehmet Polat, Turkey 

Prof. Dr Leonid Vaisberg, Russia 

Prof. Dr Vladimir Čablik, Czech Republic 

Dr Slavomir Hredzak, Slovakia 

Prof. Dr Gabor Musci, Hungary 

Prof. Dr Francisc Popescu, Romania 

Prof. Dr Ivan Nishkov, Bulgaria 

Prof. Dr Jakob Lamut, Slovenia 

Prof. Dr Aleksandra Anić Vučinić, Croatia 

Prof. Dr Ilhan Bušatlić, Bosnia & Herzegovina 

Prof. Dr Svjetlana Sredić, Republic of Srpska, Bosnia & Herzegovina 

Prof. Dr Mirjana Golomeova, North Macedonia 

Prof. Dr Nada Štrbac, Serbia 

Prof. Dr Milan Antonijević, Serbia 

Prof. Dr Miodrag Žikić, Serbia 

Prof. Dr Zoran Stević, Serbia 

Prof. Dr Dejan Tanikić, Serbia 

Prof. Dr Snežana Šerbula, Serbia 

Prof. Dr Mira Cocić, Serbia 

Prof. Dr Ljubiša Andrić, Serbia 



XIV International Mineral Processing and Recycling Conference, Belgrade, Serbia, 12-14 May 2021 

 

v 
 

Prof. Dr Milena Kostović, Serbia 

Prof. Dr Aleksandar Jovović, Serbia 

Prof. Dr Željko Kamberović, Serbia 

Prof. Dr Vlada Veljković, Serbia 

Prof. Dr Goran Vujić, Serbia 

Prof. Dr Jelena Radonić, Serbia 

Prof. Dr Srđan Rončević, Serbia 

Prof. Dr Irma Dervišević, Serbia 

Prof. Dr Marina Stamenović, Serbia 

Prof. Dr Vladimir Pavićević, Serbia 

Prof. Dr Zoran Štirbanović, Serbia 

Prof. Dr Maja Trumić, Serbia 

Dr Miroslav Ignjatović, Serbia 

Dr Ivana Smičiklas, Serbia 

Dr Miroslav Sokić, Serbia 

Dr Dragan Radulović, Serbia 

Dr Vladan Milošević, Serbia 

Dr Sonja Milićević, Serbia 

Dr Milinko Radosavljević, Serbia 

Dr Mile Bugarin, Serbia 

Dr Zoran Stevanović, Serbia 

Dr Radmila Marković, Serbia 

ORGANIZING COMMITTEE 

Prof. Dr Jovica Sokolović, Serbia, President 

Prof. Dr Milan Trumić, Serbia 

Prof. Dr Grozdanka Bogdanović, Serbia 

Dr Miroslav Ignjatović, Serbia 

Prof. Dr Zoran Štirbanović, Serbia 

Prof. Dr Maja Trumić, Serbia 

MSc Vladimir Nikolić, Serbia 

MSc Dragana Marilović, Serbia 

MSc Predrag Stolić, Serbia 

MSc Katarina Balanović, Serbia 

BSc Ivana Ilić, Serbia 

BSc Sandra Vasković, Serbia 

BSc Slavica Stevanović, Serbia 

Dobrinka Trujić, Serbia 



XIV International Mineral Processing and Recycling Conference, Belgrade, Serbia, 12-14 May 2021 

 

vi 
 

TABLE OF CONTENTS 
 
 

PLENARY LECTURES 1 
Zhiyong Gao, Mengjie Tian, Jianyong He, Wanjia Zhang, Wei Sun, Jian Cao 

ATOMIC FORCE MICROSCOPY (AFM) FORCE MEASUREMENT IN SURFACE 
CHEMISTRY OF MINERAL FLOTATION 3 

Aleksandar Jovović, Danijela Božanić, Goran Vujić 
WASTE AND WASTEWATER MANAGEMENT AS A POTENTIAL FOR REDUCTION OF 
GHG EMISSIONS 11 

SECTION LECTURES 17 
Zoran Stevanović, Peter Bayer, Stefan Kamsties, Radmila Marković,  
Vojka Gardić, Aleksandar Doderović, Nikola Stanić 
APPROACH FOR SOLVING ENVIRONMENTAL ISSUES AT ABANDONED MINING 
WASTES IN REPUBLIC OF SERBIA 19 

Ivana Smičiklas, Mihajlo Jović, Marija Egerić, Marija Šljivić-Ivanović, Slavko 
Smiljanić 
AVAILABILITY OF ESSENTIAL AND TRACE METALS IN AN ACIDIC SOIL AMENDED 
WITH BAUXITE RESIDUE (RED MUD) 27 

Nemanja Stanisavljević, Nikolina Tošić, Bojan Batinić, Isidora Berežni 
FUTURE QUESTIONS FOR RECYCLING SOCIETIES 33 

PAPERS BY SECTIONS 35 
Arun Kumar Jena, Satya Sai Srikant, Shiv Kumar Angadi, Raghupatruni Bhima Rao 
COMMINUTION CHARACTERISTICS OF IRON ORES 37 

Vladimir Nikolić, Milan Trumić, Juan Maria Menéndez-Aguado 
DETERMINATION OF BOND WORK INDEX IN NON-STANDARD MILLS 43 

Katarina Balanović, Milan Trumić, Maja Trumić 
EXPERIMENTAL STUDY ON THE GRINDING RATE CONSTANT OF QUARTZ IN A BALL 
MILL 50 

Nemanja Bogdanović, Milan Trumić 
MONITORING THE GRINDING KINETICS IN BALL MILL WITH DIFFERENT SIZE BALL 56 

Maja Trumić, Milan Trumić, Grozdanka Bogdanović, Ljubiša Andrić 
INFLUENCE OF GRAIN DENSITY AND SHAPE ON THE SCREENING RATE CONSTANT 
VALUE 61 

Nikola Đokić, Lazar Kričak, Stefan Milanović, Marinko Pavlović, Stefan Krstić 
THE IMPACT OF LIMESTONE FRAGMENTATION ON RAW MIX PRODUCTION IN 
CEMENT INDUSTRY 66 

Nataša Đorđević, Slavica Mihajlović, Milica Vlahović, Sanja Martinović 
APPLICATION OF MECHANOCHEMICALLY ACTIVATED SODIUM CARBONATE IN 
ENVIRONMENTAL PROTECTION 72 

Galina Dvoichenkova, Evgeny Kovalenko, Valery Morozov, Yuri Podkamenny 
DESTRUCTION OF CRYSTALLINE MINERAL COATINGS ON THE SURFACE OF 
DIAMONDS WITH THE USE OF THERMAL AND ELECTROCHEMICAL TREATMENT 78 



XIV International Mineral Processing and Recycling Conference, Belgrade, Serbia, 12-14 May 2021 

 

vii 
 

Valentine Chanturiya, Igor Zh. Bunin, Maria Ryazantseva 
THE ALTERATIONS OF THE CALCIFEROUS MINERALS SURFACE AND DIRECTED 
AJUSTMENT OF THE FLOATABILITY THROUGH THE APPLICATION OF HIGH - POWER 
ELECTROMAGNETIC PULSES 

 
 
 

84 

Kyriakos Syrmakezis, Konstantinos Tsakalakis 
EFFECT OF GAS RATE AND PRESSURE IN THE GAS HOLDUP IN A LABORATORY 
FLOTATION COLUMN 93 

Valery Morozov, Irina Pestriak, Erdenezul Jargalsaikhan 
OPTIMIZING THE FLOTATION OF COPPER-MOLYBDENUM ORES USING THE 
ABSORPTION CAPACITY OF ORE TO THE COLLECTOR 100 

Zoran Petkovic 
NEW REAGENT AND METHOD FOR SELECTIVE FLOATING OF CLAYS IN THE 
CONCENTRATION PROCESS OF NON-FERREOUS MINERALS 106 

Vladimir Riaboy, Vitaly Kretov, Sergei Levkovets, Ilia Riaboy, Ekaterina Smirnova 
APPLICATIONS OF A NEW THIOAMIDE GROUP COLLECTOR IN SULFIDE ORE 
FLOTATION 114 

Maria Sinche-Gonzalez, Daniel Fornasiero 
EFFECT OF SULPHATE IN MINING-PROCESS WATER ON SULPHIDE FLOTATION 120 

Kadriann Tamm, Zeinab Arab Zadeh, Xiaosheng Yang 
FROTH FLOTATION STUDIES FOR BENEFICIATION OF ESTONIAN PHOSPHATE ROCK 130 

Nedeljko Magdalinović, Zoran Štirbanović, Dragiša Stanujkić, Jovica Sokolović 
SELECTION OF COPPER-PYRITE FLOTATION CIRCUIT DESIGN BY APPLYING THE 
PREFERENCE SELECTION INDEX METHOD 136 
Grozdanka Bogdanović, Maja Trumić, Zoran Stevanović 
VALORIZATION OF COPPER FROM LOW-GRADE ORE BY LEACHING: INFLUENCE OF 
SULPHURIC ACID CONCENTRATION  142 

Miljan Marković, Milan Gorgievski, Nada Štrbac, Dragana Božić, Velizar Stanković, 
Vesna Grekulović, Milica Zdravković 
KINETIC STUDY OF COPPER IONS BIOSORPTION ONTO BARLEY STRAW 148 

Mladen Bugarčić, Dragana Milošević, Miroslav Sokić, Gvozden Jovanović,  
Zorica Lopičić, Aleksandar Marinković, Milan Milivojević 
SYNTHESIS AND CHARACTERIZATION OF COBALT FERRITE/EXPANDED VERMICULITE 
AS A SORBENT OF NICKEL IONS 154 

Dragana Medić, Snežana Milić, Slađana Alagić, Silvana Dimitrijević,  
Stefan Đorđievski, Maja Nujkić, Aleksandra Papludis 
INFLUENCE OF pH VALUE OF LEACH SOLUTIONS ON EFFICIENCY OF  
ELECTROLYTIC DEPOSITION OF COBALT 160 

Gizem Hacialioglu, Kaia Tõnsuaadu, Kristjan Urtson, Toivo Kallaste, Andres 
Trikkel 
DISSOLUTION OF RARE EARTH ELEMENTS FROM PHOSPHATE ORE IN 
HYDROCHLORIC ACID 166 

Slavomir Hredzák, Marek Matik, Oľga Šestinová, Anton Zubrik,                                      
Daniel Kupka, Silvia Dolinská, Ingrid Znamenáčková 
POSSIBILITIES OF EOLIAN SANDS GRAVITY UPGRADING FROM THE ŠAJDÍKOVE 
HUMENCE DEPOSIT (WEST SLOVAKIA) 172 



XIV International Mineral Processing and Recycling Conference, Belgrade, Serbia, 12-14 May 2021 

 

viii 
 

Milena Kostović, Nina Pantelić 
POSSIBILITY OF CLEANING OF BURNING COAL FROM SURFACE MINING 

 
179 

Sanjay Chaudhuri, Uday Sankar Chattopadhyay, Subash Maji, Thonangi Gouri 
Charan 
BENEFICIATION OF NON COKING COAL FROM OPEN CAST MINES OF WESTERN 
COALFIELD AREA FOR VALUABLE UTILIZATION 184 

Mehmet Bilen 
CORRELATION BETWEEN IMAGE ANALYSIS AND CALORIFIC VALUES OF COALS 190 

Serdar Yilmaz, İhsan Toroglu, Dilek Cuhadaroglu, Anna Rasskazova 
PREDICTION OF CALORIFIC VALUE FOR SOME TURKISH LIGNITES BASED  
ON MOISTURE AND ASH CONTENT 196 
Jovica Sokolović, Slobodan Mitić, Ivana Ilić 
A COMPARISON OF SEPARATION EFFICIENCY OF RAW AND WASTE COALS  
IN A COAL SEPARATION PLANT IN THE ANTHRACITE COAL MINE "VRŠKA ČUKA" 202 

Ljiljana Tankosić, Svjetlana Sredić 
COMPARISON OF THE INFLUENCE OF POLYACRYLAMIDE AND SODIUM OLEATE ON 
SELECTIVE FLOCULATION OF GETITE FROM SLUDGE 208 

Aleksandr Nikolaev, Sergey Avksentiev , Raul Izquierdo Pupo, Alberto Turro Breff 
RESEARCH ON REGIMES OF LIMONITE ORE HYDROTRANSPORT FOR  
THE CONDITIONS OF PERDO SOTO ALBA PLANT   214 

Andrey Goryachev 
PROCESSING OF SULFIDE COPPER-NICKEL RAW MATERIALS BY LOW-TEMPERATURE 
ROASTING WITH AMMONIUM SULFATE 223 
Sibel Gezer 
A CRITICAL ASSESSMENT OF URANIUM RESOURCES OF TURKEY 229 

Branislav Stakić, Bojana Maksimović, Dejan Ćirić 
POTENTIAL MINERAL RESOURCES OF THE ANTHRACITE MINE ,,VRŠKA ČUKA,, 
AVRAMICА 234 

Ilker Acar 
UTILIZATION POTENTIAL OF A SERPENTINE-RICH SAMPLE AS A REFRACTORY  
RAW MATERIAL 240 
Ilker Acar 
HEXAVALENT CHROMIUM ANALYSIS OF A FERROCHROME SLAG 245 

Vladimir Topalović, Srđan Matijašević, Snežana Grujić, Veljko Savić,  
Jelena Nikolić, Sonja Smiljanić, Snežana Zildžović 
THERMAL PROPERTIES OF LITHIUM GERMANATE PHOSPHATE GLASS STUDIED  
BY DTA 251 

Džafer Dautbegović, Mirsada Hasanbašić 
ANALYZE OF MUNICIPAL WASTE MORPHOLOGY 257 

Angelina Pavlović, Goran Bošković, Nebojša Jovičić 
MATERIAL FLOW ANALYSIS OF GLASS PACKAGING WASTE IN THE REPUBLIC  
OF SERBIA 263 

Višnja Mihajlović, Jovanka Milićević 
IMPACT OF THE CIRCULAR ECONOMY AND EXTENDED PRODUCER RESPONSIBILITY 
(EPR) ON REDUCTION OF PACKAGING WASTE 271 



XIV International Mineral Processing and Recycling Conference, Belgrade, Serbia, 12-14 May 2021 

 

ix 
 

Agapi Vasileiadou, Stamatis Zoras, Andreas Iordanidis 
 REACTIVITY ASSESSMENT OF SEASONAL COMPOST OF MUNICIPAL SOLID WASTES 
(MSW) AND THEIR CO-COMBUSTION WITH LIGNITE VIA ACTIVATION ENERGY 275 
Isidora Berežni, Bojan Batinić, Nemanja Stanisavljević, Francine Duarte Castro, 
Mentore Vaccari 
COMPARISON OF WEEE RECYCLING PRACTICE IN ITALY AND SERBIA 281 

Vladan Joldžić 
LEGISLATION ASPECTS ON ENVIRONMENTAL PROTECTION AND WASTE  
MANAGEMENT ON THE EXAMPLE OF THE REPUBLIC OF SERBIA 292 

Dragana Marilović, Maja Trumić 
EFFECT OF SODIUM DODECYL SULFATE IN DEINKING FLOTATION 298 
Vesna Conić, Dragana Božić, Suzana Dragulović, Ljiljana Avramović,  
Radojka Jonović, Mile Bugarin 
RESEARCH ON ACID LEACHING OF Cu, Zn AND In FROM JAROSITE WASTE 304 

Marija Šljivić-Ivanović, Mihajlo Jović, Slavko Smiljanić, Ivana Smičiklas 
ANALYSIS OF THE EFFECTS OF THE VARIABLES IN THE PROCESS OF CADMIUM 
SEPARATION BY SEASHELL WASTE 310 

Dragana Bozić, Radmila Marković, Zoran Stevanović, Daniela Dascalu,  
Vulpe Bianca, Mariana Adina Matica 
DIFFERENT NEUTRALIZING AGENTS USED FOR TREATMENT OF ACID MINE WATER 316 

Ljiljana Avramović, Radojka Jonović, Vanja Trifunović, Vojka Gardić, Mile Bugarin, 
Mariana Adina Matica, Gheorghița Menghiu 
METAL RECOVERY FROM SLUDGE OBTAINED DURING THE NEUTRALIZATION 
PROCESSES OF AMD WATER 322 

Vojka Gardić, Zoran Stevanović, Radmila Marković, Ljiljana Avramović, Radojka 
Jonović, Dragana Bozić, Jelena Petrović, Renata Kovačević, Ljubiša Obradović, 
Vanja Trifunović, Bianca Boros , Adriana Isvoran, Vasile Ostafe 
STABILIZATION AND CHARACTERIZATION OF THE SOLID WASTE GENERATED  
IN NEUTRALIZATION SLUDGE LEACHING PROCESS 328 

V. Aishvarya, Barsha Marandi, Abdul Rauf Sheik, Indra Narayan Bhattacharya, 
Kali Sanjay 
PRODUCTION OF ELECTROLYTIC MANGANESE DIOXIDE (EMD) FOR Li ION BATTERY 
APPLICATIONS FROM SECONDARIES 334 

Marija Šljivić-Ivanović, Ivana Jelić, Slavko Dimović 
CEMENTITIOUS WASTE MATERIALS UTILIZATION IN RADIONUCLIDE 
IMMOBILIZATION BY SORPTION 339 

Blagica Cekova, Viktorija Bezhovska, Filip Jovanovski 
APPLICATION OF FLOATING ASH TO GET PORTLANT CEMENT 345 

Marinko Pavlović, Nikola Đokić, Taras Kulyk, Stefan Krstić 
EFFECT OF FUEL ASH ON RAW MIX IN CLINKER PRODUCTION 351 

Veljko Savić, Vladimir Topalović, Jelena Nikolić, Srđan Matijašević,  
Snežana Zildžović, Snežana Grujić, Sonja Smiljanić 
DISSOLUTION OF GLASS MADE FROM COAL FLY ASH, GLASS CULLET AND CALCIUM 
CARBONATE 357 

Irma Dervišević, Јоvana Galjak, Ivica Ristović  



XIV International Mineral Processing and Recycling Conference, Belgrade, Serbia, 12-14 May 2021 

 

x 
 

UTILIZATION OF SECONDARY RAW MATERIALS FROM MINE TAILINGS  
AND INDUSTRIAL LANDFILLS 

 
363 

Branko Despotović, Branka Dugić Kojić, Pero Dugić 
OPPORTUNITIES FOR CHOOSING RAW MATERIALS FOR ECOLOGICALLY ACCEPTABLE 
LUBRICANTS AND PRACTICAL EXPERIENCE 369 

Marija Tasić, Jelena Jovanovic, Milan Kostić, Olivera Stamenković,  
Vlada Veljković 
TECHNO-ECONOMIC ANALYSIS OF CHERRY OIL BIODIESEL PRODUCTION 375 

Jovana Bošnjaković, Vladimir Pavićević, Vesna Radojević, Jovica Sokolović 
ARSENIC REMOVAL FROM WATER BY ADSORPTION – A SHORT REVIEW 381 

Radmila Marković, Ljubiša Obradović, Vojka Gardić, Renata Kovačević,  
Zoran Stevanović, Adriana Isvoran, Vladan Marinković 
CONTAMINATION OF RIVERS WATERCOURSES IN BOR DISTRICT WITH  
As AND Cd IONS  388 

Snežana Šerbula, Jelena Kalinović, Jelena Milosavljević, Ana Radojević,  
Tanja Kalinović 
UNPRECEDENTED COPPER SMELTING ACTIVITY IN THE VERY CENTRE OF BOR – 
 POOR AIR QUALITY 394 

Žaklina Tasić, Ana Simonović, Marija Petrović Mihajlović, Milan Radovanović, 
Milan Antonijević 
INVESTIGATION OF THEOBROMINE USING A PENCIL GRAPHITE ELECTRODE 400 

Jelena Milosavljević, Snežana Šerbula, Jelena Kalinović, Ana Radojević,  
Tanja Kalinović, Boban Spalović 
SPECIFIC SOIL ENZYME ACTIVITIES AND ENZYME-BASED SOIL QUALITY INDICES  
IN THE LONG-TERM POLLUTED ANTHROPOGENIC ECOSYSTEM 406 

Ana Radojević, Snežana Šerbula, Jelena Kalinović, Jelena Milosavljević,  
Tanja Kalinović 
ASSESSMENT OF METAL(LOID) POLLUTION IN THE URBAN–INDUSTRIAL, TOURIST 
AND TRAFFIC ZONES OF BOR, USING COMON HAZEL 412 

Jelena Kalinović, Snežana Šerbula, Jelena Milosavljević, Ana Radojević,  
Tanja Kalinović 
ASSESSMENT OF THE SOIL CONTAMINATION LEVEL IN BOR AND ITS 
SURROUNDINGS (SERBIA) BASED ON DIFFERENT POLLUTION INDICES 418 

Slavica Mihajlović, Nataša Đorđević, Aleksandra Patarić, Marina Blagojev 
THE IMPACT OF MINERAL RESOURCES EXPLOITATION ON THE ENVIRONMENT 424 
Aleksandra Papludis, Maja Nujkić, Snežana Milić, Dragana Medić, Slađana Alagić, 
Sonja Stanković 
INFLUENCE OF METALLURGICAL ACTIVITIES ON THE CONTENT OF MANGANESE, 
STRONTIUM AND CHROME IN CHICORY 430 
Miomir Mikić, Sandra Milutinović, Miroslav Ilić, Ivan Jelić, Miloš Ilić 
DEGRADED AREAS RECULTIVATION ON LOCATION OF OPEN PIT ZAGRAĐE 5 436 

Stefan Krstić, Marinko Pavlović, Nikola Đokić, Taras Kulyk 
REMEDIATION AND RECLAMATION OF DEGRADED AREA IN THE SOUTH-EASTERN 
PART OF THE MARLSTONE QUARRY "TREŠNJA" 442 

Emina Požega, Danijela Simonović, Saša Marjanović, Milenko Jovanović, Zdenka  



XIV International Mineral Processing and Recycling Conference, Belgrade, Serbia, 12-14 May 2021 

 

xi 
 

Stanojević Šimšić,  Slađana Krstić, Miomir Mikić 
THERMOELECTIC MATERIALS APPLICATION AND THEIR CONTRIBUTION  
TO PROVIDING CLEANER ENERGY 

 
 

447 
Milenko Jovanović, Miomir Mikić, Radmilo Rajković, Daniel Kržanović,  
Emina Požega 
HYBRID GEOMATERIALS 452 

Lyubomir Ilchev, Nadezhda Davcheva-Ilcheva 
STRUCTURE, ORGANISATION AND FUNCTIONING OF A SUSTAINABLE DEVELOPING 
METALLURGICAL PLANT 459 

Elisaveta Valova 
BIODIVERSITY CONSERVATION NEAR THE ADA TEPE MINE - MISSION POSSIBLE 466 
Zoran Štirbanović, Zorica Trkulja, Sandra Vasković, Sanja Popović,  
Jelena Milutinović 
THE AWARENESS OF IMPORTANCE OF RECYCLING AMONG HIGH SCHOOL  
AND UNIVERSITY STUDENTS IN BOR 471 
Aleksandra Jelić, Nebojša Ćurčić, Novak Milošević, Marina Stamenović,  
Marta Trninić, Slaviša Putić 
CURRENT METHODS AND MODELS IN PROCESS SAFETY AND RISK MANAGEMENT 477 

Martina Petković, Anita Klikovac, Dragan Knežević, Biljana Nikolić 
THE IMPACT OF LANDSLIDES AND EROSIONS ON THE MULTI-RISK ASSESSMENT  
IN THE MUNICIPALITY OF SMEDEREVO 483 

Martina Petković, Milenko Petrović, Dragan Knežević, Akaid Saradak 
ANALYSIS OF THE STABLE FIRE EXTINGUISHING SYSTEMS IN UNDERGROUND 
EXPLOITATION AND MINING 490 

Miomir Mikić, Milenko Jovanović, Daniela Urošević, Radmilo Rajković 
NOISE SOURCES AND CONTROL IN UNDERGROUND METAL MINING 495 

ABSTRACTS 501 
Hamid Reza Shirazi, Hamid Khoshdast, Mohammad NaeimZeidabadi Nejad 
TROUBLESHOOTING OF THE SECONDARY VIBRATING SCREEN AT THE GOHAR-
ZAMIN IRON ORE COMPLEX BY MONITORINGTHE 3D CLOGGING PATTERNS 503 

Alireza Gholami, Mohammad NaeimZeidabadi Nejad, Hamid Khoshdast 
INTELLIGENT SIMULATION OF METALLURGICAL RESPONSE OF GOHAR-ZAMIN IRON 
ORE PROCESSING COMPLEX USING BIOGEOGRAPHY-BASED ANN METHOD 504 
Bogoljub Vučković 
CADASTRE OF MINING WASTE FROM ABANDONED MINES IN SERBIA 2020,  
EU/IPA FUND - PRELIMINARY REMARKS 505 

Cherifa Benzidane 
THE ROLE OF ALGERIAN LEGISLATION IN MANAGEMENT OF HEALTHCARE WASTE 506 

Cherifa Benzidane 
THE STRATEGY OF UNITED ARAB EMIRATES IN DEVELOPING RENEWABLE ENERGIES 507 

Marija Tasić, Katarina Stamenković, Milan Kostić, Olivera Stamenković,  
Vlada Veljković 
SIMULATION OF CHERRY OIL BIODIESEL PRODUCTION 508 

AUTHORS INDEX 509 
 



 corresponding author: n.djordjevic@itnms.ac.rs 
 
 

 
 
 

APPLICATION OF MECHANOCHEMICALLY ACTIVATED SODIUM  
CARBONATE IN ENVIRONMENTAL PROTECTION 

 

Nataša Đorđević1#, Slavica Mihajlović1, Milica Vlahović2, Sanja Martinović2  
1 Institute for Technology of Nuclear and Other Mineral Raw Materials, 

Belgrade, Serbia 
2 University of Belgrade, Institute of Chemistry, Technology and Metallurgy, 

Belgrade, Serbia 
 

ABSTRACT – Sodium carbonate samples were mechanicaly activated in a vibro mill. The increase in the 
free surface area of the activated samples was monitored by the BET method, and the state of the crystal 
lattice by the diffraction method. The analysis of the results showed a significant increase in the free 
surface of the activated material as well as significant changes in the crystal structure of the samples due 
to grinding in a vibro mill. Such activation of sodium carbonate would enable a significant increase in the 
sorption properties of sodium carbonate and thus its application in environmental protection. 
 
Keywords: Air Protection, Sodium Carbonate, Mechanochemical Activation. 

 
INTRODUCTION 
 

Due to the increasing pollution of the environment, there is a need for fast and 
efficient methods of prevention and solving the problem of ecological protection. 
Increasing the concentration of carbon dioxide in the atmosphere is one of the key 
parameters of nature pollution, which has multiple negative consequences for life on 
Earth. One of the most effective ways to maintain the concentration of CO2 in the air is 
the natural absorption of carbon dioxide by plants. Unfortunately, deforestation in the 
world is in expanding, and the problem of greenhouses and rising temperatures 
worldwide contributes to the growing problem. The reduction of the Earth's green 
mantle, especially in Brazil and Argentina in order to increase livestock is one of the 
causes of the increase in the amount of CO2 in the air. 

Possibilities of improving CO2 intake by polyethyleneamines were investigated, using 
zinc-silicate supports [1], as well as other methods [2-4]. It is known that different models 
have been tested in order to absorb carbon dioxide, either in industrial plants or directly 
exposed to air (since carbon dioxide is obtained as a by-product of many industrial plants, 
its release greatly affects environmental pollution). A special problem is the exhaust 
gases from cars, where carbon dioxide and water vapor are obtained as a product in the 
process of fuel combustion. All the carbon dioxide that goes into the atmosphere as a 
result of human activities has a great impact on environmental pollution, creating a 
greenhouse effect and raising the average temperature, which directly affects the 
climate. At least its partial elimination from industrial plants would already significantly 
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reduce its concentration and slow down the process of environmental pollution. It is of 
great importance to monitor the level of carbon dioxide in the air, whether it is natural 
disasters that contribute to disturbances of the atmosphere, water and soil, or human 
impact through heavy and automotive industry and life in big cities [5-14]. 

 
EXPERIMENTAL 
 

In order to investigate the possibility of improving the absorption capacity of sodium 
carbonate, Na2CO3 was mechanochemically activated in a high-energy mill with torsion 
springs and ring working elements "KHD HUMBOLDT WEDAGAG". The mill consists of a 
housing in which there is a mechanism with a horizontally placed working vessel. The 
working vessel of the mill has a cylindrical shape of small height and is located on a 
specially constructed bearing with a cap. Under the working vessel of the mill, which has 
a vibrating oscillatory movement, there is a drive mechanism with an elastic shaft. The 
eccentric flywheel and torsion springs convert the circular motion of the elastic shaft into 
the vibrating oscillatory motion of the working vessel of the mill. The working vessel has 
two massive annular working elements of different diameters, with a total weight of 3 
kg, which occupy one third of the working volume of the mill. The lid of the working 
vessel of the mill has a felt seal around the perimeter. The base of the working vessel of 
the mill is placed horizontally on the body of the mill. 

The volume of the working vessel of the mill is 2 dm3, and the mass of material that can 

be activated under optimal conditions is 200 g. Engine power is 0.8 kW. The device works 

discontinuously in an air atmosphere. Intense vibrating movement of the working vessel 
of the mill with massive rings, leads to heating of the vessel to a temperature of 80 °C. 

A sample of Na2CO3, weighing 50 g, was activated by mechanochemical procedure for 
1, 3, 5, 7, 14 and 28 minutes. The activated samples are then disposed of in order to 
absorb carbon dioxide. Exposure to activated sodium carbonate depends on the current 
needs of the environment in terms of carbon dioxide absorption (industrial plant, 
laboratory conditions, closed or open system, atmospheric conditions, already existing 
equipment using CO2 absorbent). The standing time of the samples was from 1 to 85 
days. The temperature at which the samples were deposited was room temperature. As 
a function of the activation time in the mechanochemical reactor, the residence time of 
the sample after activation and the atmosphere in which the sample is located (carbon 
dioxide content in the atmosphere), it is necessary to monitor changes in CO2 in the 
atmosphere and activated sodium carbonate using different methods. was followed by 
the BET method. Crystallographic tests of activated Na2CO3 were performed. X-ray 
diffraction of polycrystalline samples was performed on a PHILIPS PW-1700, an 
automated diffractometer with a copper tube, which operates at 40 kV and 35 mA. The 
device is equipped with a graphite monochromator and a proportional counter filled with 

xenon. Shooting angle (2) of 4-15 °. 
The bond energy values represented in sodium carbonate are as follows [9]: 
a) Na - O (364 kJ/mol) 
b)  C - O (1076.4 kJ/mol) 
c)  C = O (532.2 kJ/mol) 

The decomposition temperature of sodium carbonate is 851 C. Sodium carbonate 
has a monoclinic crystal lattice (a = 8.907; b = 5.239; c = 6.043), specific gravity 2500 
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kg/m3. The chemical composition of sodium carbonate according to the catalog MERCK 
index 11.8541, and the content of Na2CO3 was 99.5%. A chemical analysis was performed 
on a representative sample, which is in full agreement with MERCK's characterization.

 

 
RESULTS AND DISCUSSION 
 

The increase in the specific surface area of Na2CO3 determined by the BET method as 
a function of the time of mechanochemical activation is shown in Figure 1. The highest 
degree of fragmentation and increase of free surface area was achieved in the first 40 
minutes of activation, from 6.8 m2/g of inactivated sample to 8.25 m2/g. In the period 
from 40 to 100 minutes of activation, the free surface area continues to increase slightly, 
so that the free surface area of ground sodium carbonate for 28 minutes is 8.6 m2/g. An 
increase in the free surface area of activated sodium carbonate indicates the possibility 
of a significant increase in the adsorption capacity of CO2 from the air. 

Mechanochemically activated Na2CO3 samples were submitted for X-ray diffraction 
analysis. The samples were isolated from the outside atmosphere, so that no additional 
influence on the already activated samples could occur. The aim of this analysis was to 
establish how the structure of sodium carbonate behaved as a function of the grinding 
time in the vibro mill. Table 1 shows the intensities of diffraction peaks of activated 
Na2CO3 depending on the activation time. Figure 2 shows the diffractograms of Na2CO3 
activated for 1-21 min in a vibro mill. 

 

 
Figure 1 Change of specific surface of Na2CO3 as a function of time of  

mechanochemical activation by BET method 

 
Table 1 Values of the intensity of diffraction maxima at a certain diffraction angle as a 

function of the activation time of Na2CO3 samples 

 Peak intensities I (cts) depending on the activation time, min 

Diffraction angle, 2 1 min 3 min 5 min 7 min 14 min 28 min 

30 350 193 199 276 177 193 

34.165 146 128 125 142 106 108 

35.225 222 166 164 228 144 154 

37.965 310 196 174 228 146 156 

40 154 194 83 106 72 86 

Middle value 35.471 236 155 149 196 158 139 
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As a function of the time of activation of sodium carbonate, the crystal lattice is 
disturbed at all diffraction angles and the free surface of the activated material is 
increased. During the first five minutes of activation, there is a sharp decrease in the 
value of the intensity of diffraction maxima. Between the fifth and seventh minutes of 
grinding, the values of the maximum intensity increase, also at all diffraction angles. The 
increase in the intensity of diffraction maxima can be explained by the fact that after five 
minutes of grinding, after the collapse of the crystal structure, the mechanical energy 
supplied to the system allows a certain recrystallization of the existing system, the partial 
arrangement of the destroyed structure. After the fifth minute, the intensities decrease 
again until the fourteenth minute of grinding, after which the change in the intensity of 
the maximum has a steady flow with a slight tendency to increase in function from the 
time of grinding. This stationary flow of the curve can be explained by the assumption 
that after the collapse of the newly formed structure, after 14 minutes of grinding, no 
changes in the structure of the activated sample occur. It can also be concluded that by 
further extending the grinding time after 28 minutes, no further change in the structure 
of the activated material would be achieved. 
 

 
Figure 2 Diffractograms of Na2CO3 activated 1-21 min in a vibro mill 
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The results of the BET method after activation indicate the fact that due to grinding 
there was a significant increase in the free surface area of the activated sodium 
carbonate powder. As sodium carbonate is a known sorbent of carbon dioxide from the 
air, increasing the free surface area of the activated powder significantly increases the 
possibility of CO2 sorption. 

Comparing the results of the diffractograms of the activated samples in relation to 
the inactivated sample, it can be noticed that the grinding of sodium carbonate led to a 
disturbance of the crystal structure. In order to monitor the change in the intensity of 
diffraction maxima as a function of the activation time, five characteristic peaks at certain 
values of diffraction angles were selected from the data given with the diffractograms. 
Based on the analysis, it can be concluded that during 28 minutes of activation there is a 
sudden and significant decrease in the value of the intensity of diffraction maxima, ie the 
collapse of the crystal structure, at all angles of diffraction. This is due to the fact that the 
invested mechanical energy is spent on the comminution of existing grains of sodium 
carbonate, and then leads to the collapse of the internal structure of Na2CO3 crystals. 

Based on the results, it can be seen that during the first five minutes of activation, 
there is a sharp decrease in the value of the intensity of diffraction maxima, the collapse 
of the crystal structure, at all angles of diffraction. This is a consequence of the fact that 
the invested mechanical energy is spent on crushing the existing grains of sodium 
carbonate, and then it leads to the destruction of the internal structure of the Na2CO3 
crystal. Between the fifth and seventh minutes of grinding, the values of the maximum 
intensity increase at all diffraction angles. The increase in the intensity of diffraction 
maxima can be explained by the fact that after five minutes of grinding, after the collapse 
of the crystal structure, the mechanical energy supplied to the system allows a certain 
recrystallization of the existing system, partial arrangement of the destroyed structure. 

As sodium carbonate is an effective carbon dioxide absorption agent, based on the 
attached research results, it can be concluded that mechanochemical activation can 
significantly contribute to an additional increase in the absorption capacity of sodium 
carbonate. In the next course of experiments, it is important to determine the increase 
in the degree of CO2 absorption on sodium carbonate as a function of activation time, by 
monitoring the change in sample mass during relaxation in atmospheres with increased 
CO2 concentration and humidity, and spectrophotometric analysis of activated samples 
after relaxation time. 

 
CONCLUSION 
 

Based on the results of the BET method of samples of sodium carbonate activated 
from 1 to 28 minutes, it can be concluded that grinding the samples leads to a significant 
increase in the free surface area of activated material, which increases the possibility of 
adsorption and absorption (sorption by surface area and volume) of CO2. From the results 
obtained by diffractometric analysis, a significant destruction of the crystal lattice of the 
ground sample is observed, which enables not only the sorption of CO2, but also the 
hemisorption of gas on the activated sample. The results of further tests will be 
presented in the next paper. Increasing the sorption capacity of CO2 on sodium carbonate 
opens up great possibilities for its application in environmental protection, especially in 
industrial conditions. 
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