"t
h'd
University of Belgrade, Chamber of Commerce

Technical Faculty in Bor and Industry of Serbia

International

ViinerallProcessingisd
{ RECYCIMBIConTeErence

~

— —

N
S J INTERNATIONAL MINERAL PROCESSING & RECYCLING CONFERENCES

PIOCEENINES

Editors:
STIRBANOVI

(1
Milan TRUMIC

28-30 May 2025

Belgrade, Serbia



= 4\
University of Belgrade, Chamber of Commerce
Technical Faculty in Bor and Industry of Serbia
International

Mineral Processing &
Recycling Conference

INTERNATIONAL MINERAL PROCESSING & RECYCLING CONFERENCE

Proceedings

Editors:
Zoran STIRBANOVIC
Milan TRUMIC

28 — 30 May 2025, Belgrade, Serbia



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

XV International Mineral Processing &
Recycling Conference

PUBLISHER:
University of Belgrade, Technical Faculty in Bor

FOR THE PUBLISHER:
Dean: Prof. Dr Dejan Tanikic, University of Belgrade, Technical Faculty in Bor

EDITORS:
Prof. Dr Zoran Stirbanovié, University of Belgrade, Technical Faculty in Bor
Prof. Dr Milan Trumic, University of Belgrade, Technical Faculty in Bor

TECHNICAL EDITORS:

Dr Vladimir Nikoli¢, University of Belgrade, Technical Faculty in Bor
MSc Dragana Marilovic, University of Belgrade, Technical Faculty in Bor
MSc Katarina Balanovié, University of Belgrade, Technical Faculty in Bor

PROCEEDINGS COVER DESIGN:
MSc Aleksandar Cvetkovic, University of Belgrade, Technical Faculty in Bor

PRINTED BY:
Grafika Galeb, Nis, Serbia
Printed: 200 copies

PUBLISHING LICENCE:
All papers in the Proceedings are published under CC-BY licence.

PUBLICATION YEAR:
2025

CIP - Katanorusauuja y ny6amkaumju
HapogHa 6ubnuoreka Cpbuje, beorpap,

622.7(082)

502.131.1:628.477.6(082)
628.477.6(082)

INTERNATIONAL Mineral Processing and Recycling Conference (16 ; 2025 ; Belgrade)

Proceedings / XVI International Mineral Processing and Recycling Conference, IMPRC, 28 — 30 May 2025,
Belgrade, Serbia ; editors Zoran Stirbanovi¢, Milan Trumic. - Bor : University of Belgrade, Technical Faculty,
2025 (Nis : Grafika Galeb). - XIX, 706 str. : ilustr. ; 25 cm

Na vrhu nasl. str.: Chamber of Commerce and Industry of Serbia. - Tiraz 200. -
Bibliografija uz svaki rad.

ISBN 978-86-6305-158-4

a) Pyge -- Npunpema -- 360pHuum 6) OTnagHe martepuje -- Ogp>KUBU Pa3Boj —
360pHuuM B) OTNagHe maTtepuje -- Peymknaka -- 360pHULMN

COBISS.SR-ID 168462601 -ID 114566153




XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia




XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

foy ZiJiIN (@

SERBIA ZIJIN COPPER DOO BOR SERBIA ZIJIN MINING

QziJin

s Erasmus Mundus Joint Master
& ; in Sustainable Mineral and
EMIM PROMISE ( o . 5
Metal Processing Engineering
; metal.
. minerals N

an Open Access Journal by MDPI

HBIS SERBIA ~~ RUDNIK

BEisRe () SLoBAL

\J o MET TECH

O
J <»NOVOS

KRUG INTERNATIONAL LTD.

~— S ERBIA —

iv



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

SCIENTIFIC COMMITTEE

Prof. Dr Milan Trumic, University of Belgrade, Technical Faculty in Bor (Serbia) President

Prof. Dr Grozdanka Bogdanovié, University of Belgrade, Technical Faculty in Bor (Serbia) Vice
President

Prof. Dr Jovica Sokolovi¢, University of Belgrade, Technical Faculty in Bor (Serbia) Vice President
Prof. Dr Zoran Stirbanovié, University of Belgrade, Technical Faculty in Bor (Serbia) Vice President
Prof. Dr Corby Anderson, Colorado School of Mines (USA)

Prof. Dr Zhiyong Gao, Central South University (China)

Prof. Dr Pablo Brito-Parada, Imperial College London (United Kingdom)

Prof. Dr Junbeum Kim, University of Technology of Troyes (France)

Prof. Dr Srecko Stopi¢, RWTH Aachen University (Germany)

Prof. Dr Lijie Guo, Beijing General Research Institute of Mining and Metallurgy (China)

Prof. Dr Mauricio Torem, Pontifical Catholic University of Rio de Janeiro (Brazil)

Prof. Dr Georgios Anastassakis, National Technical University of Athens (Greece)

Prof. Dr Przemyslaw Kowalczuk, Norwegian University of Science and Technology (Norway)
Prof. Dr Kerstin Forsberg, KTH Royal Institute of Technology (Sweden)

Prof. Dr Alexandre Chagnes, Université de Lorraine (France)

Prof. Dr Erin Bobicki, University of Alberta (Canada)

Prof. Dr Kazutoshi Haga, Akita University (Japan)

Prof. Dr Quentin Campbell, North-West University (South Africa)

Dr Fardis Nakhaei, Missouri University of Science and Technology (USA)

Dr Aleksandar Jankovic, Kresnik Pty Ltd (Australia)

Prof. Dr Rraghupatruni Bhima Rao, Aryan Institute of Engineering and Technology (India)

Prof. Dr Magdalena Regel-Rosocka, Poznan University of Technology (Poland)

Prof. Dr Juan M. Menéndez Aguado, University of Oviedo (Spain)

Prof. Dr Efrén Garcia Ordiales, University of Oviedo (Spain)

Prof. Dr Alejandro Rodriguez Pascual, University of Cordoba (Spain)

Prof. Dr Antonis Peppas, National Technical University of Athens (Greece)

Prof. Dr Komnitsas Konstantinos, Technical University of Crete (Greece)

Prof. Dr Semra Kurama, Eskisehir Technical University (Turkey)

Prof. Dr Mehmet Polat, Izmir Institute of Technology (Turkey)

Prof. Dr Valery Morozov, National University of Science and Technology MISiS (Russian
Federation)

Dr Kadriann Tamm, Tallinn University of Technology (Estonia)

Prof. Dr Maria Sinche Gonzalez, University of Oulu (Finland)

Prof. Dr Sénia Denise Rocha, Federal University of Minas Gerais (Brazil)

Prof. Dr Rodrigo Souza, Pontifical Catholic University of Rio de Janeiro (Brazil)

Prof. Dr Frederico Marques Penha, KTH Royal Institute of Technology (Sweden)

Prof. Dr Silvie Hevidnkovd, VSB — Technical University of Ostrava (Czech Republic)

Dr Hector Mufiiz Sierra, Institute of Chemical Process Fundamentals of the Czech Academy of
Sciences (Czech Republic)

Dr Slavomir Hredzak, Institute of Geotechnics of the Slovak Academy of Science (Slovakia)

Dr Vladimir Jokovié, University of Queensland (Australia)

Prof. Dr Gabor Musci, University of Miskolc (Hungary)

Prof. Dr Francisc Popescu, University Politehnica Timisoara (Romania)



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

Prof. Dr Adian Cioabla, University Politehnica Timisoara (Romania)
Prof. Dr Irena Grigorova, University of Mining and Geology “St. Ivan Rilski” (Bulgaria)
Prof. Dr Jakob Lamut, University of Ljubljana (Slovenia)
Prof. Dr Filip Kokalj, University of Maribor (Slovenia)
Prof. Dr Aleksandra Anic¢ Vucinic, University of Zagreb (Croatia)
Asst. Prof. Dr Branimir Farkas, University of Zagreb (Croatia)
Prof. Dr Ilhan Busatli¢, University of Zenica (Bosnia & Herzegovina)
Prof. Dr Svjetlana Sredic, University of Banja Luka (Republic of Srpska, Bosnia & Herzegovina)
Prof. Dr Afrodita Zendelska, University “Goce Delchev ” (North Macedonia)
Prof. Dr Aleksandar Jovovié, University of Belgrade, Faculty of Mechanical Engineering (Serbia)
Prof. Dr Milena Kostovic, University of Belgrade, Faculty of Mining and Geology (Serbia)
Prof. Dr Predrag Lazi¢, University of Belgrade, Faculty of Mining and Geology (Serbia)
Prof. Dr Zeljko Kamberovi¢, University of Belgrade, Faculty of Technology and Metallurgy (Serbia)
Prof. Dr Vlada Veljkovic, University of Nis, Faculty of Technology (Serbia)
Prof. Dr Goran Vuji¢, University of Novi Sad, Faculty of Technical Sciences (Serbia)
Prof. Dr Srdan Roncevic, University of Novi Sad, Faculty of Sciences (Serbia)
Prof. Dr Bogdana Vujic¢, University of Novi Sad, Technical Faculty “Mihajlo Pupin” (Serbia)
Prof. Dr Marina Stamenovic, The Academy of Applied Technical Studies Belgrade (Serbia)
| Prof. Dr Dimitrije Zakic, University of Belgrade, Faculty of Civil Engineering (Serbia) |
Prof. Dr Vladimir Pavicevic, University of Belgrade, Faculty of Technology and Metallurgy (Serbia)
Prof. Dr Nada Strbac, University of Belgrade, Technical Faculty in Bor (Serbia)
Prof. Dr Milan Antonijevic, University of Belgrade, Technical Faculty in Bor (Serbia)
| Prof. Dr Zoran Stevic, University of Belgrade, Technical Faculty in Bor (Serbia) |
Prof. Dr Dejan Tanikic, University of Belgrade, Technical Faculty in Bor (Serbia)
Prof. Dr Ljubisa Andric, University of Belgrade, Technical Faculty in Bor (Serbia)
Prof. Dr Snezana Serbula, University of Belgrade, Technical Faculty in Bor (Serbia)
Prof. Dr SneZana Mili¢, University of Belgrade, Technical Faculty in Bor (Serbia)
Prof. Dr Mira Cocic, University of Belgrade, Technical Faculty in Bor (Serbia)
Prof. Dr Maja Trumic, University of Belgrade, Technical Faculty in Bor (Serbia)
Asst. Prof. Dr Vladan Milosevic, University of Belgrade, Technical Faculty in Bor (Serbia)
Asst. Prof. Dr Vladimir Nikoli¢, University of Belgrade, Technical Faculty in Bor (Serbia)

Dr Mile Bugarin, Mining and Metallurgy Institute Bor (Serbia)

Dr Zoran Stevanovic, Mining and Metallurgy Institute Bor (Serbia)

Dr Radmila Markovié¢, Mining and Metallurgy Institute Bor (Serbia)

Dr Jelena Petrovi¢, Mining and Metallurgy Institute Bor (Serbia)

Dr Ivana Smicklas, Vinca Institute of Nuclear Sciences (Serbia)

Dr Ivana Jeli¢, Vinca Institute of Nuclear Sciences (Serbia)

Dr Miroslav Sokic, Institute for Technology of Nuclear and Other Mineral Raw Materials (Serbia)
Dr Dragan Radulovic, Institute for Technology of Nuclear and Other Mineral Raw Materials
(Serbia)

Dr Sonja Milicevic, Institute for Technology of Nuclear and Other Mineral Raw Materials (Serbia)
Dr Milinko Radosavljevi¢, Mining Institute (Serbia)

Dr Svetlana Polavder, Mining Institute (Serbia)

Dr Miroslav Ignjatovic, Chamber of Commerce and Industry of Serbia (Serbia)

vi



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

ORGANIZING COMMITTEE

Prof. Dr Zoran Stirbanovi¢, University of Belgrade, Technical Faculty in Bor, President
Prof. Dr Milan Trumié, University of Belgrade, Technical Faculty in Bor

Prof. Dr Grozdanka Bogdanovic, University of Belgrade, Technical Faculty in Bor
Prof. Dr Jovica Sokolovic, University of Belgrade, Technical Faculty in Bor

Prof. Dr Maja Trumic, University of Belgrade, Technical Faculty in Bor

Dr Vladimir Nikolic, University of Belgrade, Technical Faculty in Bor Secretary
Dr Miroslav Ignjatovi¢, Chamber of Commerce and Industry of Serbia

MSc Dragana Marilovic, University of Belgrade, Technical Faculty in Bor

MSc Katarina Balanovic, University of Belgrade, Technical Faculty in Bor

MSc Ivana llic, University of Belgrade, Technical Faculty in Bor

MSc Tamara Gavrilovié, University of Pristina — Kosovska Mitrovica

MSc Oliver Markovié, University of Belgrade, Technical Faculty in Bor

MSc Dragan Milenkovic, University of Belgrade, Technical Faculty in Bor

MSc Sandra Vaskovic¢, University of Belgrade, Technical Faculty in Bor

BSc Vera RazZnatovi¢, Chamber of Commerce and Industry of Serbia

Dobrinka Truji¢, University of Belgrade, Technical Faculty in Bor

vii



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

LIST OF REVIEWERS

Prof. Dr Georgios Anastassakis, National Technical University of Athens (Greece)

Prof. Dr Pablo Brito-Parada, Imperial College London (United Kingdom)

Prof. Dr Milan Trumic, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Srecko Stopi¢, RWTH Aachen University (Germany)

Prof. Dr Grozdanka Bogdanovic, University of Belgrade, Technical Faculty in Bor (Serbia)
Prof. Dr Ljubisa Andric, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Jovica Sokolovi¢, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Zoran Stirbanovié, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Maja Trumic, University of Belgrade, Technical Faculty in Bor (Serbia)

Dr Radmila Markovié, Mining and Metallurgy Institute Bor (Serbia)

Dr Jelena Petrovi¢, Mining and Metallurgy Institute Bor (Serbia)

Dr Stefan Pordijevski, Mining and Metallurgy Institute Bor (Serbia)

Dr Vesna Conic, Mining and Metallurgy Institute Bor (Serbia)

Dr Ivana Jeli¢, Vinca Institute of Nuclear Sciences (Serbia)

Prof. Dr Maja Nujkic¢, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Ivana Markovic, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Marija Petrovi¢-Mihajlovic, University of Belgrade, Technical Faculty in Bor (Serbia)
Prof. Dr Zaklina Tasi¢, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Radoje Pantovic, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr SneZana Mili¢, University of Belgrade, Technical Faculty in Bor (Serbia)

Dr Ljiliana Avramovi¢, Mining and Metallurgy Institute Bor (Serbia)

Prof. Dr Przemyslaw Kowalczuk, Norwegian University of Science and Technology (Norway)
Prof. Dr Alexandre Chagnes, Université de Lorraine (France)

Prof. Dr Aleksandar Nikoloski, Murdoch University (Australia)

Dr Dragana Medic, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Ljubisa Balanovic, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Juan M. Menéndez Aguado, University of Oviedo (Spain)

Dr Hector Muiiiz Sierra, Institute of Chemical Process Fundamentals of the Czech Academy of
Sciences (Czech Republic)

Dr Vladimir Nikoli¢, University of Belgrade, Technical Faculty in Bor (Serbia)

Dr Dragana BoZi¢, Mining and Metallurgy Institute Bor (Serbia)

Dr Marija Sljivié-lvanovié, Vinéa Institute of Nuclear Sciences (Serbia)

Dr Dragan Radulovié, Institute for Technology of Nuclear and Other Mineral Raw Materials
(Serbia)

Prof. Dr Maria Sinche Gonzalez, University of Oulu (Finland)

Prof. Dr Kerstin Forsberg, KTH Royal Institute of Technology (Sweden)

Dr Srdan Stankovic, University of Belgrade, Faculty of Biology (Serbia)

Prof. Dr Igor Miljanovi¢, University of Belgrade, Faculty of Mining and Geology (Serbia)
Prof. Dr Milena Kostovic, University of Belgrade, Faculty of Mining and Geology (Serbia)
Dr. Yu Yuexian, Xi'an University of Science and Technology (China)

Dr. Yunfeng Song, Central South University (China)

Prof. Bojan Marinkovic, Pontifical Catholic University of Rio de Janeiro (Brazil)

viii



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

Prof. Dr Aleksadra Fedajev, University of Belgrade, Technical Faculty in Bor (Serbia)

Dr Ljiljana Toli¢ Stojadinovic, Innovation Center of the Faculty of Technology and Metallurgy
(Serbia)

Dr. Vasily Timofeevich Lebedev, Petersburg Nuclear Physics Insttitute (Russian Federation)
Prof. Mauricio Leonardo Torem, Pontifical Catholic University of Rio de Janeiro (Brazil)
Prof. Dr Vesna Alivojvodic, The Academy of Applied Studies Polytechnic, Belgrade (Serbia)
Dr Saied Karimi, Hamedan University of Technology (Iran)

Dr Mathilde Perrin, University of Grenoble Alpes, CEA-Liten (France)

Dr Aleksandar Jankovic, Hatch (Australia)

Dr Vladan Milosevi¢, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Milan Antonijevic, University of Belgrade, Technical Faculty in Bor (Serbia)

Dr Sonja Milicevi¢, Institute for Technology of Nuclear and Other Mineral Raw Materials (Serbia)
Prof. Dr Milan Gorgievski, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Dragan Manasijevic, University of Belgrade, Technical Faculty in Bor (Serbia)
Prof. Dr Semra Kurama, Eskisehir Technical University (Turkey)

Dr Aleksandra Mitovski, Engineering Dobersek GmbH (Germany)

Prof. Dr Carmen Mihaela Neculita, Research Institute on Mines and Environment, University of
Québec in Abitibi-Témiscamingue (Canada)

Dr Janine Rodrigues Figueiredo, Federal University of Ouro Preto, (Brazil)

Prof. Dr Ana Radojevic, University of Belgrade, Technical Faculty in Bor (Serbia)

Dr Jelena Jordanovic, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Komnitsas Konstantinos, Technical University of Crete (Greece)

Dr Jelena Avdalovic, Institute of Chemistry, Technology and Metallurgy (Serbia)

Dr Milica Mladenovié, Vinca Institute of Nuclear Sciences (Serbia)

Prof. Dr Xiaomin Ma, Taiyuan University of Technology (China)

Prof. Dr SneZana UrosSevic, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Milan Radovanovic, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Ana Simonovic, University of Belgrade, Technical Faculty in Bor (Serbia)

Prof. Dr Francesco Ferella, University of L'Aquila (Italy)

Prof. Dr Fatma Arslan, Istanbul Technical University (Turkey)

Prof. Dr Giilay Bulut, Istanbul Technical University (Turkey)

Dr Samah S. Abdallah, Central Metallurgical Research and Development Institute (Egypt)
Prof. Dr. Vesna Grekulovic, University of Belgrade, Technical Faculty in Bor (Serbia)

Dr. Vandana Kumari Jha, KTH Royal Institute of Technology (Sweden)

Dr Vesna Krsti¢, Mining and Metallurgy Institute Bor (Serbia)

Dr Sanja Petrovic, Mining and Metallurgy Institute Bor (Serbia)

Dr Goran Packovski, Mining and Metallurgy Institute Bor (Serbia)

Dr Ivana Jovanovié, Mining and Metallurgy Institute Bor (Serbia)

Prof. Dr Tanja Kalinovic, University of Belgrade, Technical Faculty in Bor (Serbia)

Dr Jelena Kalinovié, University of Belgrade, Technical Faculty in Bor (Serbia)

Dr Predrag Stoli¢, University of Belgrade, Technical Faculty in Bor (Serbia)



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

PLENARY LECTURES

Pablo R. Brito-Parada
A MINERAL'S JOURNEY — UNRAVELLING FLOTATION PHENOMENA THROUGH
PARTICLE TRACKING

Srecko Stopic, Dusko Kosti¢, Mitar Perusi¢, Richard Schneider, Bernd Friedrich
RECOVERY OF VALUABLE METALS FROM BAUXITE RESIDUE (BR) USING
DECARBONIZING TECHNOLOGIES

Corby G. Anderson
HOW THE RARE EARTHS BECAME THE LANTHANIDES AGAIN

Junbeum Kim
EMERGING TECHNOLOGIES AND EMERGING WASTES: CHALLENGES AND
OPPORTUNITIES

INVITED LECTURES

Aleksandar Nikoloski, Pritam Singh, Tina Chanda Phiri
AN OVERVIEW OF GLOBAL COPPER SMELTING SLAG PRODUCTION AND
REPROCESSING APPROACHES

Maria Sinche-Gonzalez
EDUCATION IN MINERAL PROCESSING AND FILLING THE GAP OF TALENTED
MINERAL PROCESSING ENGINEERS

Predrag Umicevi¢, lvica Karoglan, Gregor Radisi¢, Viktor Simoncic¢
INNOVATIVE BIODEGRADABLE WASTE TREATMENT AS A POSSIBLE SOLUTION FOR
RECULTIVATION OF TAILINGS AND SLAG LANDFILLS

Kerstin Forsberg
CRYSTALLIZATION CHALLENGES IN HYDROMETALLURGY

Belinda McFadzean, Avuyile Wali, Megan Becker, Stefan Geldenhuys
CRITICAL MINERALS: CHALLENGES AND OPPORTUNITIES IN PLATINUM GROUP
MINERAL FLOTATION

Alexandre Chagnes, Pierric Hubert, Safi Jradi
INNOVATIVE STRATEGIES FOR METAL RECOVERY FROM LFP-NMC LITHIUM-ION
BATTERY BLENDS

Michal Syc, Jiii Hyks
FROM LINEAR TO CIRCULAR ECONOMY — STORY OF THE BOTTOM ASH

Przemyslaw B. Kowalczuk
CRITICAL RAW MATERIALS (CRM) RECOVERY FROM NORWEGIAN DEPOSITS:
CHALLENGES AND OPPORTUNITIES

19

21

23
25

37

44

50

55

62

66

70



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

SESSION LECTURES

Massoud Aghamirian Vu Truong, Kristina Muntu, Jean-Gabriel Fraboulet, Sean
Salour, Brian Kawenski Cook
INVESTIGATIONS INTO LITHIUM MINERALS PROCESSING

Héctor Muiiiz Sierra, Michal Syc, Ayse Asya Arslanturk
THE APPLICATION OF PHYSICAL CONCENTRATION TECHNOLOGIES IN THE
RECYCLING OF NEW WASTE STREAMS

METALS YOUNG RESEARCHER AWARD

Diego Poblete, Claudio Leiva, Maria Sinche-Gonzales, Claudio Acuia
HOLLOW DROP BUBBLES A PROPOSED NEW TECHNOLOGY FOR OPTIMIZED
METAL EXTRACTION VALIDATED IN THE LABORATORY

Wanjia Zhang, Zhitao Feng, Zhiyong Gao
PREDICTION OF COLLECTOR FLOTATION PERFORMANCE BASED ON MACHINE
LEARNING AND QUANTUM CHEMISTRY: A CASE OF SULFIDE MINERALS

Helir Munoz, Sophia Korili, Antonio Gil
SYNTHESIS OF MOF@ALUMINUM SALINE SLAG COMPOSITES FOR CO, CAPTURE
AS A NEW STRATEGY OF VALORIZATION OF SECONDARY ALUMINUM WASTES

Jernej Imperl, Mitja Kolar, Vilma Ducman, Gorazd Zibret, Lea Zibret
SELECTIVE SEPERATION OF MAGNESIUM FROM SLOVENIAN DOLOMITES

Vladan Nedelkovski, Dragana Medi¢, Aleksandar Cvetkovi¢, Sonja Stankovic,
Zaklina Tasi¢, Milan Radovanovi¢, Snezana Mili¢

ANODE NANOMATERIAL RECOVERED FROM SPENT BATTERIES FOR PEROXIDE-
ASSISTED CRYSTAL VIOLET PHOTOCATALYTIC DEGRADATION

Dragana Marilovi¢, Sonja Stankovi¢, Grozdanka Bogdanovi¢
EFFECT OF TEMPERATURE ON THE LEACHING COPPER FROM FLOTATION
TAILINGS WITH IONIC LIQUID

PAPERS

lyiola Olatunji Otunniyi, Oluwayimika Olasunkanmi Oluokun
CLEAN GOLD SOLUTION FROM PRINTED CIRCUIT BOARD PHYSICAL PROCESSING
DUST BY SELECTIVE COMPLEXATION

Ugur Ulusoy Firat Burat, Guler Bayar, Behrad Mojtahedi, Gulsah Guven
CHARACTERIZATION AND COMPARISON OF THE PARTICLE SHAPE OF
MICRONIZED GRAPHITE GROUND IN DIFFERENT MILLS USING DIA

Aleksander Sokolov, Edvins Letko, Vitalijs Kuzmovs, Ulises Miranda Ordonez
ON-LINE XRF ANALYSIS OF ELEMENTS IN MINERALS ON A CONVEYOR BELT

Aleksandra Mitrovic, Jelena Vucicevic
LABORATORY-SCALE REACTORS EMPLOYING MOVING BED BIOFILM REACTOR
(MBBR) TECHNOLOGY: A COMPREHENSIVE REVIEW

Xi

73
75

86

89
91

98

106

113

119

125

131
133

142

148

154



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

Vesna Marjanovi¢, Emina PoZega, Miomir Miki¢, Milutin Stojadinovi¢
INCREASING RECYCLING RATES IN THE FIELD OF CONSTRUCTION AND
DEMOLITION WASTE MANAGEMENT BY IMPLEMENTING THE LEGAL ACT OF THE
REPUBLIC OF SERBIA AND THE EUROPEAN UNION

Radmila Markovi¢, Vesna Marjanovi¢, Aleksandra lvanovi¢, Milutin Stojadinovic¢
CHARACTERISTICS OF COPPER POWDER OBTAINED AT LOWER VALUES OF
CATHODE CURRENT DENSITY

Messai Ali, Berrekbia Linda, Meramria lkram, Juan M. Menéndez-Aguado,
Begoiia Fernandez Pérez, Vladimir Nikoli¢, Milan Trumi¢, Boustila Amir
POTENTIAL OF USING ZINC PROCESSING TAILINGS (ZPT’s) IN THE PRODUCTION OF
BURNT CLAY BRICKS

Aleksandra Bozi¢, Dominik Brki¢, Marina Stamenovi¢, Marija Mileti¢
DETERMINATION OF PCB CONCENTRATION IN SOIL

Stefan Milanovi¢, Nikola Simi¢, Lazar Kricak, Milanka Negovanovi¢, Miljan
Gomilanovi¢, Nikola Doki¢

ENVIRONMENTAL IMPACT WITH THE GREENHOUSE GASES AND AIR POLLUTANT
PREDICTION BY DRILLING AND BLASTING WORKS

Dragan Milosevi¢, Jasmina Neskovi¢, Pavle Stjepanovié, Svetlana Polavder
LANDFILL FOR COMBUSTION PRODUCTS FROM THE KOSTOLAC
THERMOELECTRON

Fatma Arslan, Giilay Bulut
EVALUATION OF MINERAL PROCESSING AND METALLURGICAL PLANTS WASTES

Abhishek Gupta, Tom Newman, Frank Hrach
BENEFICIATION OF MINERAL ORES USING TRIBO-ELECTROSTATIC SEPARATOR

Valentin Alexeyevich Chanturia, Valeriy Valentinovich Morozov, Galina
Petrovna Dvoichenkova, Elena Leonidovna Chanturia

THE SELECTION OF APPLICATION MODES OF AGENTS MODIFYING DIAMOND
SPECTRAL CHARACTERISTICS IN THE PROCESS OF X-RAY LUMINESCENCE
SEPARATION

Valeriy Valentinovich Morozov, Galina Petrovna Dvoichenkova, Irina Vasilyevna
Pestryak, Valentina Anatolyevna Chut-Dy

UP-TO-DATE METHODS AND TECHNOLOGIES FOR IMPROVING THE
PERFORMANCE OF FOAM SEPARATION OF DIAMOND-BEARING KIMBERLITES

Plamen Georgiev, Marina Nicolova, Irena Spasova, Mihail lliev, Ralitsa llieva
NON-FERROUS METALS BIOLEACHING FROM PYROMETALLURGY COPPER SLAG
USING SPENT MEDIUM OF DIFFERENT FUNGAL SPECIES

Milica Zdravkovié, Vesna Grekulovi¢, Edina Huseinovi¢, Robert Vianello, Nada
Strbac, Melita Huremovié, Milan Gorgievski

UV-VIS IDENTIFICATION OF COPPER COMPLEXES WITH INHIBITOR ORGANIC
COMPONENTS IN THE ELECTROLYTE

Xii

160

166

171

179

184

190

196

202

208

214

220

226



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

Moloud Nazeri, Maria Sinche-Gonzalez, Emad Abkhoshk
DISSOLUTION KINETICS OF LOW-GRADE ZINC SILICATE ORE IN HYDROXIDE
SOLUTION

Ivana Smiciklas, Mihajlo Jovi¢, Jelena Amidzi¢, SneZana Dragovic
EVALUATION OF WASTE MATERIALS FOR CADMIUM REMOVAL: COMPARATIVE
STUDY OF SORPTION CAPACITY AND STABILITY

Tanja Kalinovi¢, Ana Radojevi¢, Jelena Kalinovi¢, Jelena Jordanovi¢, SneZana
Serbula

CASE STUDY ON METAL(LOID)S DISTRIBUTION IN LINDEN TREE PARTS, IN AREAS
WITH HIGHT ENVIRONMENTAL POLLUTION

Branimir Farka$, Ana Hrastov, Iva Steficar
POSSIBILITY OF INSTALLATION OF SOLAR POWER PLANTS IN EXPLOITATION SITES

Marija Simi¢, Marija Kovacevi¢, Katarina Stojanovi¢, Branislava Savi¢ Rosi¢,
Dragana Vasi¢ Anicijevi¢, Tanja Brdari¢, Danka Aé¢imovic¢
ELECTROCHEMICAL OXIDATION OF BISPHENOL S WITH SnO,-MWCNT
ELECTRODES

Marija Simié¢, Marija Kovacevi¢, Katarina Stojanovi¢, Marija Jemenica Duci¢,
Dragana Vasic¢ Aniéijevi¢, Danka A¢imovi¢, Tanja Brdari¢

COMPARATIVE STUDY OF ELECTROCHEMICAL DEGRADATION OF RHODAMINE B
USING GLASSY CARBON, STAINLESS STEEL, AND NICKEL ELECTRODES

Marija Kovacevi¢, Marija Simi¢, Katarina Stojanovi¢, Danka Aéimovi¢, Sanja
Zivkovi¢, Tanja Brdari¢, Dragana Vasi¢ Anicijevi¢

PHOTODEGRADATION OF CIPROFLOXACIN WITH COPER-MODIFIED
TITANIUM(IV)-OXIDE

Francielle Camara Nogueira, Carlos Alberto Pereira, Leandro Vinicius Alves
Gurgel, Stephania da Consolagdo Silva Nogueira, Iranildes Daniel Santos
PROCESS WATER REUSE IN IRON ORE FLOTATION: REDUCING AMINE
CONSUMPTION

Jovica Sokolovié, Ivana Polovi¢, Dejan Taniki¢, Zoran Stirbanovi¢, lvana Ili¢
THE EFFECT OF PARTICLE SIZE ON THE FLOTATION KINETICS OF RAW AND WASTE
COAL

Zuzana Dankova, Alexandra Bekényiova, Zuzana Kollova, Erika Fedorova, Pavel
Baco, Jaroslav Briancin

SLOVAK DOLOMITE AS A RAW MATERIAL SOURCE FOR METAL MAGNESIUM
PRODUCTION

Fatma Arslan, Ciineyt Arslan
RECYCLING OF WASTE CELL PHONES

Fulya Mennik, Nazlim ilkyaz Ding, Beril Tang Kaya, Firat Burat
THE RECYCLING OF PLASTICS AND METALS FROM END-OF-LIFE NMC-TYPE
ELECTRIC VEHICLE LITHIUM-ION BATTERIES USING SELECTIVE FROTH FLOTATION

Xiii

232

238

244

250

256

261

267

273

279

286

292

298



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

Paul Delaney
PERFORMANCE OF IRON ALUMINIUM AND COPPER IRON BIMETALLIC PARTICLES
IN REMOVAL OF HEAVY METALS AND METALLOIDS

Samah S. Abdallah, Samah M. El-Sayed, Mohamed A. Abdel-Khalek
SELECTIVE BIO-FLOCCULATION OF HEMATITE MINERAL USING BACILLUS SUBTILIS
FOR PHOSPHOROUS REMOVAL FROM IRON ORES

Patrycja S. Bednarek, Nima Razavi, Przemyslaw B. Kowalczuk
THE ROLE OF ADDITIVE MANUFACTURING IN MINERAL AND METAL EXTRACTION

Zeynep Ugerler Camur, Tiilay Tiirk, Murat Olgag Kangal
INVESTIGATION OF SURFACE PROPERTIES OF PVC FOR SELECTIVE RECOVERY

Martin Straka
ELECTROCHEMISTRY OF INDIUM IN METHYL-TRIOCTYLAMMONIUM
BIS(TRIFLUOROMETHYLSULFONYL)IMIDE IONIC LIQUID

Seyed Hamzeh Amiri, Maria Sinche-Gonzalez
GRADE IMPROVEMENT OF IRON ORE CONCENTRATE BY APPLYING PLANT AUDITS,
STANDARDIZATION AND PROCESS OPTIMIZATION

Henrique Dias Gatti Turrer, Josue Mesquita De Souza Junior, Gillian Nikka
Omaga, Juliette Laine, Marcello Rodrigues Cruz, Nubia Bottosso, Vinicius Seerig
ADVANCEMENTS IN MINERAL PROCESSING: COLLABORATIVE EFFORTS AND
TECHNOLOGICAL INNOVATIONS AT ARCELORMITTAL

Zuzana Kollova, Pavel Baco, Zuzana Dankova, Zoltan Németh
THE POTENTIAL SOURCES OF CRITICAL RAW MATERIALS IN SLOVAKIA

Amalia Andreas, Titus Nghipulile, Godfrey Dzinomwa
SELF-FLOTATION OF GALENA IN A COMPLEX SULPHIDE ORE FROM A COPPER
MINE IN NAMIBIA

Janine Rodrigues Figueiredo, Erica Linhares Reis, Arthur Silva de Oliveira
PROCESSING OF FINE LITHIUM MINERAL TAILINGS

Theodor Steller, Stefan Eisert, Bernd G. Lottermoser
EXPLORING ELECTROHYDRAULIC FRAGMENTATION FOR PROCESSING ELECTRIC
ARC FURNACE SLAGS

Yergeshev Akim Ruslanovich, Tokpayev Rustam Rishatovich, Khavaza Tamina
Narimanovna, Karmeyeva Marina, Nauryzbayev Mikhail Kasymovich, Ignatkina
Vladislava Anatolyevna

REFRACTORY POLYMETALLIC ORES BY FLOTATION. DIRECTIONS FOR IMPROVING
METALLURGICAL BALANCE

Valentine A. Chanturia, Igor Zh. Bunin, Maria Ryazantseva
THE USE OF DIELECTRIC BARRIER DISCHARGE TO REGULATE THE TECHNOLOGICAL
PROPERTIES OF CHALCOPYRITE AND SPHALERITE

Xiv

306

313

320

327

333

340

347

353

359

368

375

381

389



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

Luis Verdugo, Barbara Etschmann, Maryam Abdus-Salam, Andrew Hoadley,
Jorge Menacho, Joel Brugger

MECHANOCHEMICAL LEACHING OF CHALCOPYRITE IN LOW MOISTURE
CONDITIONS

Miomir Miki¢, Milenko Jovanovi¢, Radmilo Rajkovi¢, Daniel KrZzanovi¢, Sandra
Milutinovic

RECULTIVATION PROCEDURE OF FLOTATION TAILINGS AT THE LOCATION OF RTH
IN BOR

Vandana Kumari Jha, Christophe Duwig, Samaneh Teimouri, Kerstin Forsberg
METAL RECOVERY FROM SPENT BATTERIES THROUGH ANTISOLVENT
CRYSTALLIZATION IN A T-MIXER USING A COUPLED CFD-PBE APPROACH

Luka Ceyssens, Nina Miladinovi¢, Giuseppe Granata, Tom Van Gerven
MECHANOCHEMICAL ACTIVATION OF ARGON OXYGEN DECARBURIZATION SLAGS
FOR IMPROVED MINERAL CARBONATION

Miomir Miki¢, Vesna Marjanovi¢, Emina PoZega, Radmilo Rajkovi¢
TREATMENT OF ACIDIC MINE WATERS BY THE NEUTRALIZATION PROCESS

Julio Valenzuela Elgueta, Silvia Ahualli Yapur, Angel Vicente Delgado Mora
INFLUENCE OF CATIONIC SURFACTANTS ON THE ELECTROKINETIC PROPERTIES
AND STABILITY OF SILICA-KAOLINITE SUSPENSIONS UNDER COPPER
HYDROMETALLURGY CONDITIONS

Dragana Medi¢, Maja Nujki¢, Zaklina Tasi¢, Vladan Nedelkovski, Stefan
Pordievski, Sladana Alagi¢, Snezana Mili¢

CHARACTERIZATION OF ELECTRODE MATERIALS FROM SPENT BATTERIES IN THE
PROCESS OF RECOVERING VALUABLE METALS

Stefan Dordievski, Dragana Adamovi¢, Milos Duki¢, Ana Petrovi¢, Jelena
Petrovi¢, Zoran Stirbanovi¢

IMPROVEMENT OF BOR RIVER WATER QUALITY THROUGH TREATMENT AND
RECIRCULATION OF MINING AND METALLURGICAL WASTEWATER

Kristina Pavicevi¢, Danica Jovasevi¢, Maja Rajkovi¢, lvana Jeli¢, Marija Jankovi¢,
Marija Sljivié-lvanovi¢

BIOCHAR IN WASTEWATER REMEDIATION: A BRIEF REVIEW OF CHARACTERISTICS
AND PREPARATION MATERIALS

Semra Kurama, Hiiseyin Bogag Poyraz, Zahide Bayer Oztiirk
A PROPOSAL FOR ZERO WASTE IN THE IRON AND STEEL INDUSTRY: ZIRCONIA
NOZZLE WASTE EVALUATION

Boris Borche Fidanchev, Afrodita Zendelska
NEW SAG-BALL MILL AND FLOTATION LINE FOR RECONSTRUCTING OF “ZLETOVO”
FLOTATION PLANT-PROBISHTIP, NORTH MACEDONIA

Nela Vujovié, Vesna Alivojvodi¢, Dragana Radovanovié, Marija Stulovi,
Miroslav Soki¢, Filip Kokalj

POTENTIAL OF RECYCLING AND REUSE MINING WASTE IN SERBIA: CHALLENGES
AND PROSPECTS

XV

395

401

407

413

416

422

429

435

441

449

457

463



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

Haldun Kurama
DISSOLVED AIR FLOTATION: IS IT REALLY A SUITABLE SOLUTION FOR INDUSTRIAL
PURIFICATION PROCESSES?

Carmen M. Neculita, Flavia L. Braghiroli
VALORIZATION OF RESIDUAL MATERIALS IN THE PREVENTION AND TREATMENT
OF CONTAMINATED MINE WATER AND AIR

Vladimir Topalovié¢, Ana Vujosevi¢, Anja Antanaskovi¢, Veljko Savi¢, Marija
Djosi¢, Zorica Lopicic, Jelena Nikoli¢

CHEMICAL STABILITY AND FERTILIZER EFFICIENCY OF BIOGLASS AND BIOCHAR ON
ROSE PLANTINGS

Vladimir Topalovi¢, Veljko Savi¢, Marija Djosi¢, Danijela Smiljani¢, SneZana
ZildZovi¢, Snezana Gruji¢, Jelena Nikoli¢

THE EFFECT OF FLUXING AGENT CATIONS IN FLY ASH-BASED GLASS ON CHEMICAL
STABILITY

Aleksandar Cvetkovi¢, Marija Petrovi¢ Mihajlovi¢, Zaklina Tasi¢, Milan
Radovanovi¢, Ana Simonovié, Vladan Nedelkovski

INFLUENCE OF ORGANIC COMPOUND STRUCTURE ON BRASS CORROSION
INHIBITION EFFICIENCY

Aleksandar Cvetkovi¢, Vladan Nedelkovski, Dragana Medi¢, Sonja Stankovic,
Zaklina Tasi¢, Milan Radovanovié, Snezana Mili¢

WASTE TO RESOURCE TRANSFORMATION: INNOVATIVE APPROACHES TO
RECYCLING CATHODE MATERIALS FROM LITHIUM-ION BATTERIES

Gasper Tavcar, Davide Mombelli, Carlo Mapelli, Gianluca Dall’Osto, Dragan
Radulovi¢, lvica Ristovi¢, Mateusz Ciszewski, Jasna Kastivnik, Ana Mladenovic,
Alenka Mauko Pranjic

OPTIMIZING METAL RECOVERY FROM EAF DUST: A COMPREHENSIVE APPROACH
BEYOND THE WAELZ KILN PROCESS

Amir Mohammad Bidmeshki, Mahmoud Abdollahy
SOLVENT EXTRACTION OF La, Ce, AND Nd ELEMENTS FROM THE NiMH BATTERIES
LEACH SOLUTION

Igor Zh. Bunin
LOW-TEMPERATURE ATMOSPHERIC PLASMA IN THE COMPLEX PROCESSING OF
HARD-BENEFICIATION MINERAL RAW MATERIALS

Xiaopeng Peng, Lijie Guo, Xingshan Jin
THE STUDY ON THE STRESS CHARACTERISTICS OF BACKFILL BARRICADE IN
UNDERGROUND METAL MINES BASED ON SIMULATION EXPERIMENTS

Sonja Stankovi¢, Vladan Nedelkovski, Milan Radovanovi¢, Stefan Dordievski,
Dragana Medi¢, SneZzana Mili¢

SUSTAINABLE PRODUCTION OF GRAPHENE OXIDE AND ZINC OXIDE
NANOPARTICLES FROM SPENT Zn-C BATTERIES

XVi

469

476

483

490

497

503

509

515

522

529

537



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

Jasna Kastivnik, Gasper Tavcar, Dragan Radulovi¢

ENHANCING EU ECONOMIC RESILIENCE: EXPLORING NEW SOURCES AND
BENEFICIATION OF CRITICAL RAW MATERIALS NIOBIUM AND TANTALUM FROM
CENTRAL AFRICA

Dzafer Dautbegovi¢, Mirsada Hasanbasic
THE IMPACT OF THE TRANSFER STATION ON THE ORGANIZATION OF MUNICIPAL
WASTE COLLECTION

Genc Demi, Bukurosh Koci, Islam Nika
RECYCLING OF CHROMIUM TAILINGS IN BULQIZA PLANT

Mafeni Samuel Ramatsoma, Veruska Govender, Deshenthree Chetty, Olga
Bazhko

KINETIC AMD PREDICTION FOR A MINE TAILINGS DUMP: A SOUTHERN AFRICAN
MINE CASE STUDY

Dragan S. Radulovi¢, Jovica Stojanovi¢, Gasper Tavcar, Vladimir Jovanovié,
Dejan Todorovi¢, Branislav lvosevié¢, Sonja Mili¢evic

CHARACTERIZATION OF AN ORE SAMPLE FROM CONGO BASED ON TANTALUM
AND NIOBIUM FOR POSSIBLE FURTHER TECHNOLOGICAL TESTS

Dragan S. Radulovi¢, Jovica Stojanovi¢, Grozdanka Bogdanovi¢, Vladimir
Jovanovié, Dejan Todorovi¢, Branislav Ivosevi¢, Vladimir Simi¢

STUDY OF MINERALOGICAL AND PHYSICOCHEMICAL PROPERTIES OF SAMPLES OF
FLOTATION TAILINGS "RUDNIK“ MINE

Sara Zivojinovié, Zivko Dorovi¢, Milo$ Vuleta
OPTIMIZATION RECYCLING IN IRON AND STEEL METALLURGY: UTILIZATION OF
BY-PRODUCTS FOR EFFICIENCY AND SUSTAINABILITY

Aleksandra Milosavljevi¢, Marijana Pavlov - Kagadejev, Ana Kostov
IR CAMERA APPLICATION IN CONTROL OF THE CURRENT STATE OF AN
INDUCTION FURNACE IN LABORATORY CONDITIONS

Kostovi¢ Milena, Baji¢ Sanja
WASTE FOUNDRY SAND REGENERATION

Ilhan Busatli¢, Nadira Busatli¢, Nevzet Merdi¢, NedZad Haraci¢, Lejla
Mujezinovic¢

GEOPOLYMERS BASED ON FLY ASH WITH THE ADDITION OF GRANULATED BLAST
FURNACED SLAG

Sadaf Samadi-Tavanaa, Saeid Karimi, Mehdi Pourabdoli, Zoran Stirbanovi¢
RECYCLING OF PRINTED CIRCUIT BOARDS (PCBS) USING VARIOUS DEEP EUTECTIC
SOLVENTS (DESS) AND INSIGHTS FROM DFT SIMULATIONS

Kristina Muntu, Jean-Gabriel Fraboulet, Sean Salour, Christine Bonnet, Enkhzul
Bayarmagnai, Brian K. Cook, Massoud Aghamirian

VARIABILITY IN FLOTATION PERFORMANCE OF LEPIDOLITE SAMPLES FROM THE
EMILI DEPOSIT, FRANCE

XVii

543

549

556

562

568

575

581

587

592

598

605

613



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

Titus Nghipulile, Theophile Mwaku, Godfrey Dzinomwa, Benjamin Mapani,
Jaquiline Tatenda Kurasha

REPROCESSING OLD MINE TAILINGS TO RECOVER COPPER AND PRECIOUS
METALS USING FROTH FLOTATION

Sonja Milicevi¢, Jovica Stojanovi¢, lvana Jeli¢, Snezana ZildZovi¢, Vladimir
Jovanovi¢, Dejan Todorovi¢

ZEOLITE ACID (UN)STABILITY AS MAJOR DISANDVANTAGE FOR ITS HUMAN
CONSUMPTION

Pawet Tomach, Jacek Feliks, Marta tuczak, Grzegorz Fabijanski
INVESTIGATION OF ULTRA-FINE GRINDING OF AGGLOMERATED BASALT DUST

Francesco Ferella, Svetlana B. Zueva, lonela P. Birloaga, Valentina Innocenzi,
Nicolo M. Ippolito, Francesco Veglio
PRODUCTION OF HIGH-PURITY QUARTZ FOR OPTICAL APPLICATIONS

Roshanak Adavodi, Adriana Zuffranieri, Soroush Rahmati, Pietro Romano,
Francesco Ferella, Francesco Veglio’

SELECTIVE EXTRACTION OF MOLYBDENUM, NICKEL, AND COBALT FROM
SECONDARY RESOURCES USING BIFUNCTIONAL IONIC LIQUIDS

Predrag Stoli¢, Zoran Jovanovi¢, Zeljko Mravik, Marko Jeli¢, Sonja Jovanovié¢
SELECTED ASPECTS OF SENSOR APPLICATION IN THE DESIGN AND
IMPLEMENTATION OF INTELLIGENT INSTRUMENTATION FOR RECYCLING
SYSTEMS

Maja Trumi¢, Katarina Balanovi¢, Tamara Gavrilovi¢
PREDICTION OF RESULTS OF FLOATATION PROCESS USING ARTIFICIAL NEURAL
NETWORKS

Tomasz Suponik, Pawet Friebe, Umut Kar, Dawid Franke, Pengbo Chu
FINANCIAL AND TECHNOLOGICAL POTENTIAL OF ECO-EFFICIENT RECYCLING OF
WASTE ELECTRONIC EQUIPMENT

David Oluwasegun Afolayan, Adamu Hassan Abubakar, Samuel Olumide
Ogunmodimu

GRAVITY CONCENTRATION OF FINE PARTICLES COMPLEX ORES-CONTAINING
BARYTE USING LABORATORY-BUILT MINERAL JIG

Olajuyi Seun Isaiah, Afolayan David Oluwasegun, Ogunmodimu Samuel
Olumide

PRELIMINARY INVESTIGATION ON NIGERIAN LITHIUM ORES FOR EFFICIENT
LITHIUM OXIDE EXTRACTION

Andelija Bogdanovi¢, Hassene Affouri, lvan Koji¢, Ksenija Stojanovic¢
ORIGIN, DEPOSITIONAL ENVIRONMENT AND MATURITY OF ORGANIC MATTER IN
EOCENE COALS FROM TUNISIA

Andriela Dutra Norberto de Oliveira, Luis Gonzaga Santos Sobral, Armando
Lucas Cherem da Cunha

THE INFLUENCE OF DIFFERENT FORMS OF MINERAL PROCESSING ON THE BIO-
OXIDATION OF SULPHIDE MINERALS BEARING GOLD

xviii

620

626

632

639

646

652

659

665

674

681

690

696



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

Andriela Dutra Norberto de Oliveira, Luis Gonzaga Santos Sobral, Armando
Lucas Cherem da Cunha

BIODESULPHURISING HIGH SULPHUR CONTENT TAILINGS FROM COAL MINING IN
BRAZIL

ABSTRACTS

Maria Cristina Vila, Maria Lurdes Dinis, Laura Ferrando-Climent, Nirosham
Gajendra, Deniz Avsar, Duygu Yilmaz, Erika Levei, lulia Torok

INNOVATIVE PRE-FEASIBILITY STUDIES TOWARDS THE SUSTAINABLE
PRODUCTION OF RARE EARTH CONCENTRATES FOR SELF-SUPPLY IN EUROPE

Randal Tzeou Hah Fauline, Agnés Grandjean, Antoine Leydier, Emeric Brun,
Florian Herbelet, Xavier Heres, Justine Taurines

MODELING AND SIMULATION OF SOLID PHASE EXTRACTION FOR LEACHED ORE
PURIFICATION

Michelle Airah N. Pablo, Joshua P. Pocaan, Jacob Louies Rohi W. Paulo, Piolo N.
Gervacio, Arnel B. Beltran, Carla Mae J. Pausta, Aileen H. Orbecido
LEACHING OF CALCIUM FROM PHOSPHOGYPSUM FOR CARBON SEQUESTRATION

Michael Angelo B. Promentilla
A PROBLEMATIQUES APPROACH FOR UNDERSTANDING CIRCULAR ECONOMY
INTEGRATION BARRIERS IN THE MINING AND MINERAL PROCESSING SECTOR

Joshua Pocaan, Brian Gerald Bueno, Jaica Mae Pagaduan, Aileen Orbecido,
Carlito Tabelin, Ana Santos, Anne Jungblut, Vannie Joy Resabal, Renan Ma.
Tanhueco, Michael Angelo Promentilla, Arnel Beltran

DEVELOPMENT OF LIMESTONE-BASED PASSIVE TREATMENT SYSTEM FOR
COPPER-RICH ACID MINE DRAINAGE

Mathilde Perrin, Emmanuel Billy
BLACKMASS FLOTATION OF END-OF-LIFE BATTERIES: HOW TO DO WITHOUT PRE-
TREATMENT?

Xix

702

707
709

711

712

713

714

715



XVI International Mineral Processing
and Recycling Conference
28-30 May 2025, Belgrade, Serbia

DOI: 10.5937/IMPRC25497C Original research article

INFLUENCE OF ORGANIC COMPOUND STRUCTURE ON BRASS
CORROSION INHIBITION EFFICIENCY

Aleksandar Cvetkovi¢?, 0009-0003-5184-6874,
Marija Petrovi¢ Mihajlovi¢, 0000-0001-5486-3870,
Zaklina Tasi¢, 0000-0001-6544-1980,

Milan Radovanovi¢, 0000-0002-5175-6022,

Ana Simonovié¢, 0000-0003-2392-0048,

Vladan Nedelkovski, 0000-0001-7724-1118,
University of Belgrade, Technical Faculty in Bor, Bor, Serbia

ABSTRACT - In this study the influence of organic compounds with different structures on the inhibition of
brass corrosion in sodium chloride solutions of 0.9%, 2% and 3.5% is investigated. The experimental work
includes the evaluation of the inhibition efficiency of 2-mercapto-1-methylimidazole (MMI), 2-amino-5-ethyl-
1,3,4-thiadiazole (AETDA) and N-acetyl-L-leucine at various concentrations using electrochemical methods,
including open circuit potential (OCP), cyclic voltammetry (CV), and potentiodynamic measurements (PD). The
results show that all tested inhibitors reduce the corrosion currents and potentials, with the highest efficiency
observed in solutions with the lowest sodium chloride concentration of 0.9%, where AETDA exhibited the
highest inhibition efficiency of 92.93%, while MMI showed an efficiency of 88.78% at the same inhibitor
concentration of 102 M. Compared to AETDA and MMI, N-acetyl-L-leucine at a concentration of 10> M showed
the lowest inhibition efficiency of 44.21%, while AETDA and MMI achieved inhibition efficiencies of 76.12% and
72.16%, respectively. Adsorption isotherms were used to evaluate the binding mechanisms of inhibitors on the
brass surface, and physisorption was found to be the most likely mechanism for all tested compounds. These
findings provide insight into the potential application of the investigated inhibitors to prevent brass corrosion
under corrosive conditions.

Keywords: Corrosion Inhibition, Brass, Electrochemical Methods, Sodium Chloride Solutions, Organic
Inhibitors.

INTRODUCTION

Brass, an alloy of copper and zinc, is prone to corrosion in chloride-containing
environments, leading to dezincification and structural degradation. Organic inhibitors,
particularly those containing sulfur, nitrogen, and oxygen, have been widely studied for
their ability to mitigate corrosion. The aim of this study is to evaluate the inhibition
efficiency and adsorption behavior of three organic inhibitors (MMI, AETDA, and N-
acetyl-L-leucine) in NaCl solutions of different concentrations [1, 2, 3, 4, 5].

EXPERIMENTAL

An brass electrode (Cu 70% - Zn 30%) was immersed in NaCl solutions (0.9%, 2.0%,

# corresponding author: acvetkovic@tfbor.bg.ac.rs
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and 3.5%) with different concentrations of inhibitors. Electrochemical measurements
were performed using an electrochemical workstation with a three-electrode setup. OCP,
CV, and PD techniques were employed to assess the inhibition efficiency. The Langmuir
adsorption isotherm was applied to determine the adsorption mechanism [1, 2, 3, 4, 5].

RESULTS AND DISCUSSION

Open Circuit Potential (OCP) Measurements

OCP values, given on Figure 1, indicated a shift towards more positive potentials in
the presence of inhibitors, suggesting reduced anodic dissolution. AETDA exhibited the
most stable potential, indicative of strong surface adsorption [6, 7].

“o 100 200 300 a0 500

Figure 1 OCP valuers of AETDA a), N-acetyl-L-leucine b) and MMI c) for the
measurement period of 10 minutes

Cyclic Voltammetry (CV)

Cyclic voltammetry was used to investigate the corrosion mechanism of brass in
sodium chloride solutions of varying concentrations (0.9%, 2.0%, and 3.5%) and to
evaluate the effect of three different inhibitors: MMI, AETDA and N-acetyl-L-leucine. In
blank NaCl solutions, characteristic anodic and cathodic peaks were identified,
corresponding to the oxidation and reduction of copper and zinc. In the presence of
inhibitors, a reduction in current and a shift in peak potentials were observed, indicating
inhibition of corrosion processes.

For MMI and AETDA, a significant decrease in peak intensities and narrowing of the
voltammogram were noted, especially at higher inhibitor concentrations, suggesting
effective surface protection of brass. N-acetyl-L-leucine showed weaker inhibition, with
voltammograms resembling those of the uninhibited (blank) solutions. The voltammetric
responses confirm that MMI and AETDA act as mixed-type inhibitors (inhibiting both
anodic and cathodic reactions), while the effect of N-acetyl-L-leucine is more limited. The
obtained voltammograms are represented on Figure 2 [1, 8, 9].

Potentiodynamic Polarization (PD)

Polarization curves demonstrated that AETDA provided the highest inhibition
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efficiency, followed by MMI and N-acetyl-L-leucine. Corrosion potential (Ecorr) shifted
positively, and corrosion current density (jcorr) decreased in inhibited solutions,
confirming the protective role of the inhibitors. Tafel extrapolation was used to determine
electrochemical parameters, including the Ecorr and jeorr for brass in solutions with and
without added inhibitor which do to the length requirements were not represented in
Table 1 but the IE% values were calculated using equation 1) [6, 10, 11].

|E(%) = ((jkor —jkor(inh)) /jkorr) - 100% (1)
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Figure 2 Cyclic voltammograms of brass imersed in a) the base (blank) solution, b)
solutions with different amount of AETDA, c) solutions with different amounts of MMI
and d) solution with different amount of N-acetyl-L-leucine

The results demonstrated that all inhibitors reduced the corrosion current density
compared to the blank solution, indicating their effectiveness in suppressing corrosion
processes. AETDA exhibited the highest inhibition efficiency of 92.93% in 0.9% NaCl,
followed by MMI with 88.78%, while N-acetyl-L-leucine showed the weakest
performance. The polarization curves revealed a shift in Ecorr toward more positive values
and a notable reduction in both anodic and cathodic current densities, suggesting that
the inhibitors acted as mixed-type inhibitors [6, 10, 11].
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Figure 3 Polarization curves of brass in blank solutions and solutions with different
amount of inhibitors

Adsorption Isotherm Analysis

The Langmuir adsorption isotherm, given on Figure 4, was applied to evaluate the
interaction between inhibitors and the brass surface. The obtained values in Table 1.
suggested physisorption as the predominant mechanism [12, 13].

Min AETDA N-azetil-L-Leucin

%] = L BT TRTIBEATTE ¥ = & LTAEHEAIRLIE I8

7 AL & | SSERESIII0LTIE 08 i) = 2 BEOABSITRLAN ¥ + 7 BATTT 1140062008
i = ) GeRsoaen TI .

1 Z2InemEan, [ ARSI
o« 0 S0 30208 % 00908337 10M2LY

Figure 4 Langmuir adsorption isotherm for a) MMI, b) AETDA and c) N-acetyl-L-leucine
C/O = 1/Kads +C (2)

The isotherm is mathematically represented by the equation 2) where where Cis the
inhibitor concentration, 0 is the surface coverage, and Kags is the adsorption equilibrium
constant. A linear plot of C/0 versus C allows for the determination of Kags, where a higher
value indicates stronger interaction between the inhibitor and the metal surface. The
Gibbs free energy of adsorption AGags is calculated from equasion 3) [12, 13].

500



XVI International Mineral Processing and Recycling Conference, 28-30 May 2025, Belgrade, Serbia

AG = -RTInKags (3)

Table 1 Inhibition efficiencies IE% and parameters obtained through Langmuir
adsorption isotherm for the applied inhibitors

MMI AETDA N-acetyl-L-leucine
NaCl%

102M | 103M | 10“*M | 102M | 103M | 10*M | 103M | 10“M | 10°°M | 10°M

3.5% |78.62% |76.12% |60.19%|81.31% | 72.16% | 65.33%| / / / /
2.0% |82.21% / / 89.99% / / / / / /
0.9% |88.78%| / / 192.92%| / /  144.21%|37.75% | 25.98% | 10.78%

0 0.7862 | 0.7612 | 0.6019 | 0.8131 | 0.7216 | 0.6533 | 0.4412 | 0.3775 | 0.2598 | 0.1078

C/6 |12.7-103|1.31:103|0.17-103]12.3-1031.39-103|0.15-103]2.27-10°3|2.65-10#|3.85-10°(9.28-10°°

R? 0.9999 0.9998 0.9998

AG -23.9532 ki/mol -22.9545 ki/mol -26.7422 ki/mol

Values of AGads between -20 and -40 kJ/mol suggest physisorption, while values more
negative than -40 kJ/mol suggest chemisorption. In this study, the Langmuir isotherm
suggests physisorption for all applied inhibitors given their AGags values in Table 1 [12,
13].

CONCLUSION

The investigated inhibitors effectively reduced brass corrosion in chloride media.
AETDA exhibited the highest inhibition efficiency, while N-acetyl-L-leucine showed the
weakest performance. Making the order of inhibition efficiency AETDA > MMI > N-acetyl-
L-leucine. Adsorption studies confirmed physisorption as the dominant mechanism for
all inhibitors. These findings contribute to the understanding of organic inhibitors and
their potential applications in corrosion protection strategies.
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