
 

  
 

 

 
INTERNATIONAL CONFERENCE  

MEĐUNARODNA KONFERENCIJA  

 

MEETING POINT OF THE SCIENCE AND PRACTICE IN THE FIELDS OF 
CORROSION, MATERIALS AND ENVIRONMENTAL PROTECTION  

STECIŠTE NAUKE I PRAKSE U OBLASTIMA KOROZIJE,  
ZAŠTITE MATERIJALA I ŽIVOTNE SREDINE 

 

 

PROCEEDINGS 
KNJIGA RADOVA 

 

 

Under the auspicies of the  
MINISTRY OF EDUCATION, SCIENCE AND TECHNOLOGICAL  

DEVELOPMENT OF THE REPUBLIC OF SERBIA 

 

Pod pokroviteljstvom 
MINISTARSTVO PROSVETE, NAUKE I TEHNOLOŠKOG RAZVOJA 

REPUBLIKE SRBIJE 
 
 
 
 

May 16-19, 2022 : : Divčibare, Serbia 



 

 

 

CIP - Каталогизација у публикацији 
Народна библиотека Србије, Београд 
 
620.193/.197(082)(0.034.2) 
621.793/.795(082)(0.034.2) 
667.6(082)(0.034.2) 
502/504(082)(0.034.2) 
66.017/.018(082)(0.034.2) 
 
INTERNATIONAL Conference YUCORR (23 ; 2022 ; Divčibare) 
    Meeting point of the science and practice in the fields of corrosion, materials and environmental 
protection [Elektronski izvor] : proceedings = Stecište nauke i prakse u oblastima korozije, zaštite 
materijala i životne sredine : knjiga radova / XXIII YuCorr International Conference = XXIII YuCorr 
[Jugoslovenska korozija] Međunarodna konferencija, May 16-19, 2022, Divčibare, Serbia = [organized 
by] Serbian Society of Corrosion and Materials Protection ... [et al.]] ; [organizatori Udruženje 
inženjera Srbije za koroziju i zaštitu materijala ... [et al.] ; [editors, urednici Miroslav Pavlović, Marijana 
Pantović Pavlović, Miomir Pavlović]. - Beograd : Serbian Society of Corrosion and Materials 
Protection UISKOZAM : Udruženje inženjera Srbije za koroziju i zaštitu materijala UISKOZAM, 2022 
(Beograd : Serbian Society of Corrosion and Materials Protection UISKOZAM : Udruženje inženjera 
Srbije za koroziju i zaštitu materijala UISKOZAM). - 1 elektronski optički disk (CD-ROM) ; 12 cm 
Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Radovi na engl. i srp. 
jeziku. - Tiraž 200. - Bibliografija uz većinu radova. - Abstracts. 
ISBN 978-86-82343-29-5 
а) Премази, антикорозиони -- Зборници б) Превлаке, антикорозионе -- Зборници в) 
Антикорозиона заштита -- Зборници г) Животна средина -- Заштита -- Зборници д) Наука о 
материјалима -- Зборници 
COBISS.SR-ID 68624905 

 

XXIII YUCORR – International Conference | Međunarodna konferencija 

PUBLISHED AND CD BURNED BY | IZDAVAČ I NAREZIVANJE CD 
SERBIAN SOCIETY OF CORROSION AND MATERIALS PROTECTION (UISKOZAM) 
UDRUŽENJE INŽENJERA SRBIJE ZA KORZIJU I ZAŠTITU MATERIJALA (UISKOZAM),  
Kneza Miloša 7a/II, 11000 Beograd, Srbija, tel/fax: +381 11 3230 028, office@sitzam.org.rs; www.sitzam.org.rs  

FOR PUBLISHER | ZA IZDAVAČA Prof. dr MIOMIR PAVLOVIĆ, predsednik UISKOZAM 
SCIENTIFIC COMMITEE | NAUČNI ODBOR: Prof. dr M. G. Pavlović, Serbia – President 
Prof. dr Đ. Vaštag, Serbia; Dr M. M. Pavlović, Serbia; Prof. dr D. Vuksanović, Montenegro; 
Prof. dr D. Čamovska, North Macedonia; Prof. dr M. Antonijević, Serbia; Prof. dr S. Stopić, Germany; 
Prof. dr R. Zejnilović, Montenegro; Prof. dr L. Vrsalović, Croatia; Dr N. Nikolić, Serbia; 
Dr I. Krastev, Bulgaria; Prof. dr B. Grgur, Serbia; Prof. dr M. Gvozdenović, Serbia; 
Prof. dr S. Hadži Jordanov, North Macedonia; Prof. dr R. Fuchs Godec, Slovenia;  
Prof. dr J. Stevanović, Serbia; Dr V. Panić, Serbia; Dr M. Mihailović, Serbia;  
Prof. dr V. Marić, Bosnia and Herzegovina; Prof. dr J. Jovićević, Serbia; Prof. dr D. Jevtić, Serbia;  
Dr F. Kokalj, Slovenia; Prof. dr M. Gligorić, Bosnia and Herzegovina; Prof. dr A. Kowal, Poland; 
Prof. dr M. Tomić, Bosnia and Herzegovina; Prof. Dr B. Arsenović, Bosnia and Herzegovina 

ORGANIZING COMMITEE | ORGANIZACIONI ODBOR: Dr Miroslav Pavlović – president 
Dr Nebojša Nikolić – vice president; Dr Marija Mihailović – vice president 
Prof. dr Miomir Pavlović; Dr Vladimir Panić; Jelena Slepčević, B.Sc.;  
Prof. dr Milica Gvozdenović; Zagorka Bešić, B.Sc.; Gordana Miljević, B.Sc.;  
Miomirka Anđić, B.Sc.; Dr Marija Matić; Dr Marijana Pantović Pavlović; Dr Dragana Pavlović; 
Dr Sanja Stevanović; Lela Mladenović – secretary 

EDITORS | UREDNICI: Dr Miroslav Pavlović, Dr Marijana Pantović Pavlović, Prof. dr Miomir Pavlović 

SCIENTIFIC AREA | OBLAST: CORROSION AND MATERIALS PROTECTION | KOROZIJA I ZAŠTITA MATERIJALA  

PAGE LAYOUT | KOMPJUTERSKA OBRADA I SLOG: Dr Marijana Pantović Pavlović 

CIRCULATION | TIRAŽ: 200 copies | primeraka 
PUBLICATION YEAR | GODINA IZDANJA: 2022 
ISBN 978-86-82343-29-5  

mailto:office@sitzam.org.rs
http://www.sitzam.org.rs/


 

 

 

May 16-19, 2022, Divčibare, Serbia 

 
 

Ovaj PDF fajl sadrži elektronsku Knjigu radova prezentovanih u okviru Međunarodne 
konferencije XXIII YuCorr. U knjizi su plavom bojom obeleženi aktivni linkovi ka 
pojedinim njenim delovima, iz Sadržaja do naznačenih stranica. 

 
This PDF file contains Proceedings presented on the XXIII YuCorr International 
Conference. It can be easily navigated through the book contents by a single click on 
the appropriate links in Contents (showed in blue). 

 
 
 

Autori snose punu odgovornost za sadržaj, originalnost, jezik i 
gramatičku korektnost sopstvenih radova. 

 
 

Authors bear full responsibility for the content, originality, 
language and grammatical correctness of their own works. 

 
 
  



 

 

 

XXIII YUCORR IS ORGANIZED BY 
ORGANIZATORI XXIII YUCORR-a 

 
 

 
 

SERBIAN SOCIETY OF CORROSION AND MATERIALS PROTECTION  

Udruženje Inženjera Srbije za Koroziju i Zaštitu Materijala 

 
 

 
INSTITUTE OF CHEMISTRY, TECHNOLOGY AND METALLURGY,  

UNIVERSITY OF BELGRADE 

Institut za Hemiju, Tehnologiju i Metalurgiju, 
Univerzitet u Beogradu 

 
 

 
UNION OF ENGINEERS AND TEHNICIANS OF SERBIA, BELGRADE  

Savez Inženjera i Tehničara Srbije 

 
 

 
ENGINEERING ACADEMY OF SERBIA  

Inženjerska Akademija Srbije 
  



 

 

XXIII YUCORR IS ORGANIZED UNDER THE AUSPICIES OF THE  
 

MINISTRY OF EDUCATION, SCIENCE AND TECHNOLOGICAL 
DEVELOPMENT OF THE REPUBLIC OF SERBIA 

 

 
 

XXIII YUCORR JE FINANSIJSKI POMOGLO  
 

MINISTARSTVO PROSVETE, NAUKE I TEHNOLOŠKOG RAZVOJA 
REPUBLIKE SRBIJE  

 

SPONSORS | SPONZORI 
INTERNATIONAL SOCIETY OF ELECTROCHEMISTRY, Switzerland 

SAVEZ INŽENJERA I TEHNIČARA SRBIJE, Beograd 

INŽENJERSKA KOMORA SRBIJE, Beograd 

HELIOS SRBIJA a.d., Gornji Milanovac  

METAL CINKARA d.o.o., Inđija 

SURTEC ČAČAK d.o.o., Čačak 

ALFATERM d.o.o., Čačak 

INSTITUT ZA PREVENTIVU d.o.o., Novi Sad 

EKP ELKER a.d., Prijedor, Republika Srpska, B&H 

EKO ZAŠTITA d.o.o., Bijeljina, Republika Srpska, B&H  

IPIN d.o.o., Bijeljina Republika Srpska, B&H  

HEMIPRODUKT d.o.o., Novi Sad 

INSTITUT ZA OPŠTU I FIZIČKU HEMIJU, Beograd 

SZR “GALVA”, Kragujevac 

NOVOHEM d.o.o., Šabac 



XXIII YuCorr, May 16-19, 2022, Divčibare, Serbia  

XXIII YuCorr CONTENTS-I 

Table of Contents 
PLENARY LECTURES __________________________________________________________ 1 

Obtaining the new substance from waste blood biohazard for the treatment of anemia in 
piglets 

Održivi razvoj u saniranju biohazarda na primeru otpadne klanične krvi 
Branko Bugarski1,*, Vesna Ilić2, Ivana Drvenica2, Stefan A. Bošković3, Radoslava Stojanović1 _____2 

Immune System as a Target of Xenobiotics Toxicity 

Imunski sistem kao meta toksičnog delovanja ksenobiotika 
Ivana Mirkov1,*, Aleksandra Popov Aleksandrov1, Dina Tucović1, Jelena Kulaš1, Dušanka Popović1, 
Anastasija Malešević1, Milena Kataranovski1 ___________________________________________7 

Probing and Modelling the Relaxation Processes in "filled" and "empty" Lead-Free 
Electroceramic Materials 

Andrei Rotaru1-4*, Jason A. McNulty3, Michael A. Carpenter4, Finlay D. Morrison3 ___________ 14 

Consideration of Energy Flows in the Life Cycle of Energy Production from Biogas 

Razmatranje energetskih tokova u životnom ciklusu proizvodnje energije iz biogasa 
Slobodan Cvetković1*, Mina Popović1, Jovana Perendija1 _______________________________ 16 

CFD analysis of Renewable Solid Fuel Combustion 

CFD analiza sagorevanja obnovljivih čvrstih goriva 
Filip Kokalj1,*, Niko Samec1 _______________________________________________________ 25 

Traditional and new approaches in metal corrosion protection 

Tradicionalni i novi pristupi u zaštiti metala od korozije 
Đenđi Vaštag __________________________________________________________________ 35 

INVITED LECTURES __________________________________________________________ 36 

Chemocompatibility of fluorapatite-based antibacterial nanophosphorus prepared by 
precipitation method for biomedical applications 

Hemokompatibilnost antibakterijskih nanofosfora na bazi fluorapatita pripremljenog 
metodom precipitacije za biomedicinsku primenu 

Dusan Milojkov1,*, Vaso Manojlovic2, Branislav Nastasijevic3, Miroslav Sokic1 ______________ 37 

Ecologically friendly corrosion inhibitor for low alloy steels and aluminium alloys 

Ekološki prihvatlјiv inhibitor korozije za nisko legirane čelike i aluminijumske legure 
Bojana Radojković1,*, Dunja Marunkić1, Jovanka Pejić1, Milena Milošević1, Bore Jegdić1, 
Aleksandar Marinković2 __________________________________________________________ 43 

Extraction of novel exopolysaccharide as potential biosorbent for removal of Ni2+ ions from 
contaminated water 

Verica Ljubic1, Slobodan Cvetkovic1, Jovana Perendija1, Aleksandra Djukic-Vukovic2, and Mina 
Popovic1* _____________________________________________________________________ 52 

Tailoring of MgO/Mg(OH)2 structures by molten salt electrolysis 

Formiranje MgO/Mg(OH)2 struktura elektrolizom iz rastopa 
Nataša M. Vukićević* ____________________________________________________________ 60 

Hardness and morphology analysis of electrolytically produced copper coatings 

Analiza tvrdoće i morfologije elektrolitički dobijenih bakarnih prevlaka 
Ivana O. Mladenović1,*, Nebojša D. Nikolić1 __________________________________________ 66 

Influence of internal corrosion of steel pipelines and replacement of old ones with new ones 



XXIII YuCorr, May 16-19, 2022, Divčibare, Serbia  

XXIII YuCorr CONTENTS-II 

Uticaj unutrašnje korozije čeličnih cevovoda i zamena starih sa novim 
Željko Krivačević, Dejan Grgić, Saša Stojanović, Aleksandar Pešić ________________________ 76 

Synthesis of chromium-tin red glazes under oxidative conditions 

Sinteza hrom-kalajnih crvenih glazura u oksidacionim uslovima 

Bojan Jokić1,*, Biljana Babić2 ______________________________________________________ 83 

ORAL PRESENTATIONS ______________________________________________________ 84 

High-temperature resistance of SiC-HfC multilayered ceramics 

Visokotemperaturna otpornost SiC-HfC višeslojevite keramike 
Branko Matović ________________________________________________________________ 85 

The effect ultrasound sonification on nitric acid leaching of pyrolyzed printed circuit board 
powder 

Uticaj ultrazvuka na luženje sprašenih i pirolizovanih štampanih ploča azotnom kiselinom 
Gvozden Jovanović1,*, Mladen Bugarčić1, Nela Petronijević1, Srećko Stopić2, Branislav Marković1, 
Srđan Stanković3, Bernd Friedrich2, Miroslav Sokić1 ___________________________________ 86 

Electrical properties of electrochemically co-polymerized aniline and sulphanilic acid 

Električna svojstva elektrohemijski kopolimerizovanog anilina i sulfanilne kiseline 
Nikola Novaković1, Miloš Petrović1, Branimir Jugović2, Branimir Grgur1, Milica Gvozdenović1,* _ 95 

POSTER PRESENTATIONS ___________________________________________________101 

Novel Calcium Phosphate Coatings with Selenum on Titanium 
Marijana R. Pantović Pavlović1,2,*, Nenad L. Ignjatović3, Vladimir V. Panić1,2,4, Miroslav M. 
Pavlović1,2 ____________________________________________________________________ 102 

The optimization of hydrothermally obtained hydroxyapatite deposition process on titanium 
by novel in-situ process 

Katarina Đ. Božić1,2,*, Miroslav M. Pavlović1,2, Stefan V. Panić1, Đorđe N. Veljović3, Marijana R. 
Pantović Pavlović1,2 ____________________________________________________________ 103 

Rare-earth / manganese oxide-based composites for oxygen reduction reaction 
Stefan V. Panić1,*, Marijana R. Pantović Pavlović1,2, Katarina Đ. Božić1,2, Miroslava M. Varničić1, 
Maja R. Stevanović3, Vojin M. Tadić4, Miroslav M. Pavlović1,2 ___________________________ 108 

Green Corrosion Inhibitors with Cysteine and Cerium-Cysteine Complex on 7000 series 
Aluminum Alloy 

Zeleni inhibitori korozije sa cisteinom i kompleksom cerijum-cisteina na 7000 seriji 
aluminijumske legure 

Jovanka Pejić1, Bojana Radojković*1, Anđela Simović2, Dunja Marunkić1, Bore Jegdić1, Miroslav 
Pavlović1,3, Jelena Bajat4 ________________________________________________________ 113 

Investigation of the Influence of Mg Content on Corrosion Behavior of Al Alloys of Al-Mg 
System 

Ispitivanje uticaja sadržaja Mg na koroziono ponašanje Al legura sistema Al-Mg 
Jelena Šćepanović*, Dragan Radonjić, Darko Vuksanović ______________________________ 114 

Waste Tires in Podgorica, Resource or Waste That Endangers the Environment 

Otpadne gume u Podgorici, resusrs ili otpad koji ugrožava životnu sredinu 
Darko Vuksanović*, Dragan Radonjić, Jelena Šćepanović ______________________________ 120 

Use of Municipal Waste as a Resource 

Iskorišćenje komunalnog otpada kao resursa 
Dragan Radonjić*, Jelena Šćepanović, Darko Vuksanović ______________________________ 132 



XXIII YuCorr, May 16-19, 2022, Divčibare, Serbia  

XXIII YuCorr CONTENTS-III 

Rosa Canina (Rosehip) as a corrosion inhibitor in acidic media 
Regina Fuchs–Godec1*, Marija Riđošić2, Miomir G. Pavlović2, Milorad. V. Tomić2 ___________ 137 

The application of thin films to prevent corrosion 
Regina Fuchs–Godec ___________________________________________________________ 142 

Magnetic properties of electrodeposited Ni-Co powders 

Magnetna svojstva elektrohemijskih taloženih Ni-Co prahova 
Vesna Maksimović1,* Nebojša Nikolić2 _____________________________________________ 148 

Physical and mechanical properties of glass-ceramic-metal composite materials after 
sintering 

Fizička i mehanička svojstva staklo-keramika-metal kompozitnih materijala nakon 
sinterovanja 

Vladimir Pavkov1, Gordana Bakić2, Vesna Maksimović1*, Ivana Cvijović-Alagić1, Branko Matović1

 ____________________________________________________________________________ 149 

Titanium Aluminide Cyclic Oxidation Kinetics 

Kinetika ciklične oksidacije titan aluminida 
Ivana Cvijović-Alagić*, Milan T. Jovanović ___________________________________________ 150 

Capacitive properties of electrochemically synthesized polyaniline on graphite electrode 

Kapacitivna svojstva elekrode na bazi elektrohemijski formiranog polianilina 
Jelena Gojgić, Miloš Petrović, Branimir Jugović, Branimir Grgur, Bojan Jokić, Milica Gvozdenović
 ____________________________________________________________________________ 151 

Electrochemical co-deposition of neodymium and praseodymium from oxyfluoride molten 
salts 

Elektohemijsko taloženje neodijuma i prazeodijuma iz oksifluoridnih rastopa 
Nataša M. Vukićević, Dominic Feldhaus, Vesna S. Cvetković, Bernd Friedrich, Jovan N. Jovićević
 ____________________________________________________________________________ 152 

Influence of Parameters and Regimes of the Electrodeposition on Morphology and Structure 
of Tin Dendrites 

Uticaj parametra i režima elektrohemijskog taloženja  na morfologiju i strukturu dendrita 
kalaja 

Nebojša D. Nikolić1,*, Jelena D. Lović1, Vesna M. Maksimović2 __________________________ 154 

Platinum nanoparticles supported on bacterial nanocellulose for ethanol electrooxidation 

Platinske nanočestice deponovane na bakterijskoj nanocelulozi za elektrooksidaciju etanola 
Sanja Stevanović1,*, Marijana Ponjavić1, Jasmina Nikodinović Runić2, Sanja Jeremić2, Vladan 
Ćosović1, Vesna Maksimović3 ____________________________________________________ 155 

Electrochemical impedance spectroscopy of oxygen evolution reaction in acidic conditions 
on Pt nanoparticles 

Milica Košević1,*, Marija Mihailović1, Srećko Stopić2, Bernd Friedrich2, Jasmina Stevanović1,3, 
Vladimir Panić1,3,4 ______________________________________________________________ 157 

Anodic Linear Sweep Voltammetric Examination of Deposits from Ore Leaching Solutions 
Containing Ni, Co and Fe Ions 

Milica Košević1, Srećko Stopić2, Bernd Friedrich2, Vladimir Panić1,3,4, Jasmina Stevanović1,3, Sanja 
Krstić5, Marija Mihailović1, * ______________________________________________________ 158 

Corrosion behavior of copper in 3 % NaCl with addition of cynarae extract 

Koroziono ponašanje bakra u 3% rastvoru NaCl sa dodatkom ekstrakta cynarae 
Bojan Jokić1,*, Milica Gvozdenović2, Marijana Jovanović2, Branimir Jugović3, Branimir Grgur2 _ 159 



XXIII YuCorr, May 16-19, 2022, Divčibare, Serbia  

XXIII YuCorr CONTENTS-IV 

Investigation of the possibility the Pb-Zn slag  from "Topionica" -Veles quality improving 
using magnetic separation 

Ispitivanje mogućnosti poboljšanja kvaliteta Pb-Zn šljake iz "Topionica" -Veles primenom 
magnetne separacije 

Dejan Todorović, Vladimir Jovanović, Branislav Ivošević, Dragan Radulović, Sonja Milićević __ 165 

Possibility of “Topionica” - Veles Pb-Zn slag valorization by gravity concentration procedure 

Mogućnost valorizacije Pb-Zn šljake “Topionica”-Veles postupkom gravitacijske koncentracije 
Dragan Radulović, Vladimir Jovanović, Dejan Todorović, Branislav Ivošević, Sonja Milićević __ 173 

Cu, Mn, Pb and Zn concentrations in bark of different tree species as indicator of 
atmospheric pollution 

Dragana Pavlović*, Marija Matić, Olga Kostić, Dimitrije Sekulić, Natalija Radulović, Miroslava 
Mitrović, Pavle Pavlović _________________________________________________________ 182 

Human health risk assessment of PTEs in soil originating from urban parks in Serbia 
Marija Matić*, Dragana Pavlović, Veljko Perović, Milica Marković, Dimitrije Sekulić, Miroslava 
Mitrović, Pavle Pavlović _________________________________________________________ 190 

Thymus Serpillum and Origanum Minutiflorum as green corrosion  inhibitors 

Marija Riđošić1, Regina Fuchs-Godec2, Milorad Tomić1*, Miomir Pavlović1 ________________ 198 

Determination of Corrosion Resistance of Aluminium after Anodization in Sulfuric Acid and 
Post-Processing 

Milorad Tomić1*, Marija Riđošić1, Milena Milovanović2, Stana Stanišić3, Dubravka Banjac3, Dragan 
Tošković1, Vladan Mićić1, Miomir G. Pavlović1 _______________________________________ 205 

Carbon-based Polymer Nanocomposites as Indispensable Sensing Elements in Different 
Sensing Applications 

Marija Riđošić*, Milorad Tomić ___________________________________________________ 206 

Testing of Chemical Composition of Materials Using a Portable Handmade Device for X-Ray 
Fluorescent Analysis-XRF. Part I 
Ispitivanje hemijskog sastava materijala primjenom prenosnog ručnog uređaja za 
rendgensku fluorescentnu analizu-XRF. Dio I 

Zorica Ristić, Stana Stanišić, Božidarka Arsenović ____________________________________ 207 

Ecosystem Sustainability From the Aspect of the Role of Green and Blue Water 

Održivost ekosistema sa aspekta uloge zelene i plave vode 
Božidarka Arsenović____________________________________________________________ 213 

New Heteropolynuclear Systems Obtained Using 3d-4f Nodes 
Adina-Elena Neacsu,1 Robert-Alin Pelle,1 Catalin Maxim,1 Delia-Laura Popescu,1 Marius Andruh,1 
and Traian-Dinu Pasatoiu1,* ______________________________________________________ 221 

Luminescent Materials Based on 3d-4f Nodes 
Traian-Dinu Pasatoiu,1,* Augustin Madalan,1 and Marius Andruh1 _______________________ 222 

Ash radioactivity level and ambient dose equivalent rate in the vicinity of TPP Kosovo B Obilić 

Nivo radioaktivnosti u pepelu i jačina ambijentalnog doznog ekvivalenta u okolini TE “Kosovo 
B” Obilić 

Ljljana Gulan1, Stanimirka Jovanović1, Marija Mitrović2,*, Jelena M. Stajić3 ________________ 223 

Radon concentration in dwellings in the mining area of “Trepča” complex 

Koncentracija radona u stanovima u rudarskom području “Trepča“ kompleksa 
Marija Mitrovic1,*, Aleksandra Lempic2, Ljiljana Gulan2 ________________________________ 229 



XXIII YuCorr, May 16-19, 2022, Divčibare, Serbia  

XXIII YuCorr CONTENTS-V 

Corrosion costs for oil and gas industry 
Nikola Kostić1,*, Živče Šarkoćević1, Ivica Čamagić1, Dragan Lazarević1, Jasmina Dedić1 _______ 235 

The role of drainage systems in the prevention of material degradation of bridge structures 

Uloga sistema za odvodnjavanje u prevenciji degradacije materijala konstrukcija mostova 

Vujadin Aleksić1,*, Bojana Zečević2, Srđan Bulatović1, Ana Maksimović2, Ljubica Milović3 ____ 241 

S P O N S O R S ____________________________________________________________251 

 



XXIII YuCorr, May 16-19, 2022, Divčibare, Serbia  

XXIII YuCorr POSTER-165 

Investigation of the possibility the Pb-Zn slag  from "Topionica" -

Veles quality improving using magnetic separation 

Ispitivanje mogućnosti poboljšanja kvaliteta Pb-Zn šljake iz "Topionica" -Veles 

primenom magnetne separacije 

Dejan Todorović1,*, Vladimir Jovanović1, Branislav Ivošević1, Dragan Radulović1, Sonja Milićević1 

1 Institute for Technology of Nuclear and Other Mineral Raw Materials, Franše d’ Eperea 86, 

Belgrade, Address, Serbia 

* dtodorovic@itnms.ac.rs 

Abstract 

Smelting slag from "Topionica" -Veles (Northern Macedonia) owned by the company "KEPS MONT 

GROUP" Skopje is a potentially valuable raw material. Tests have shown that this is an 

inhomogeneous raw material with significant contents of non-ferrous metals, primarily Pb, Zn, Cu, 

and silver is present from precious metals. Mineralogical tests have shown that the composition of 

man-made raw materials is very complex and consists of amorphous and mineral phases, ie the 

microscopic method showed the following composition: amorphous phase, lead alloys, zinc alloys, 

vistite (FeO), sphalerite, galena, cerusite, elemental silver, elemental copper, elemental iron, 

magnetite, spinel, rutile, hematite, troilite (FeS). The most common amorphous phase (glass matrix) 

of spinel, silicate and mixed (spinel-silicate) composition is in the sample, while vistite, which occurs 

in the form of skeletal separations in the glass matrix, is significantly less represented. Based on SEM 

analysis (scanning electron microscopy), these are Fe-Mn-Zn spinels. Lead and zinc alloys are the 

most common. Mineralogical analysis by size classes determined that useful and unuseful 

components of Pb-Zn slag "Veles" were released at a fineness of -0.1 + 0.00 mm, so that magnetic 

separation tests were performed on this size class. Magnetic separation was performed on two 

devices, a Davis wet analyzer and a dry disk magnetic separator. By magnetic separation on a Davis 

magnetic separator, a small degree of iron concentration in the MF (1,134) relative to the input was 

obtained, with low iron distribution in the magnetic fraction of 16.79%. Magnetic separation on a 

dry disk magnetic separator also yielded a low degree of iron concentration in the magnetic fraction 

with distribution of 55.38% and 44.62% in the non-magnetic fraction. 

Keywords: lead, zinc, slag, magnetic separation. 

Izvod 

Šljaka iz "Topionice" -Veles (Severna Makedonija) u vlasništvu firme "KEPS MONT GROUP" 

Skoplje je potencijalno vrijedna sirovina. Ispitivanja su pokazala da se radi o nehomogenoj sirovini 

sa značajnim sadržajem obojenih metala, prvenstveno Pb, Zn, Cu, a od plemenitih metala prisutno je 

srebro. Mineraloška ispitivanja su pokazala da je sastav tehnogene sirovina vrlo složen i sastoji se 

od amorfne i mineralne faze, odnosno mikroskopska metoda pokazala je sljedeći sastav: amorfna 

faza, legure olova, legure cinka, vistit (FeO), sfalerit, galenit, cerusit, elementarno srebro, 

elementarni bakar, elementarno gvožđe, magnetit, spinel, rutil, hematit, troilit (FeS). U uzorku je 

najzastupljenija amorfna faza (staklasti matriks) spinelnog, silikatnog i mešanog (spinel-silikatnog) 

sastava, dok je znatno manje zastupljen vistit koji se javlja u obliku skeletnih izdvajanja u staklastom 

matriksu. Na osnovu SEM analize (skenirajuća elektronska mikroskopija) radi se o Fe-Mn-Zn 

spinelima. Najčešće su legure olova i cinka. Mineraloškom analizom po klasama krupnoće utvrđeno 

je da su korisne i nekorisne komponente Pb-Zn šljake "Veles" oslobođene pri finoći -0,1+0,00 mm, 

pa su na ovoj klasi krupnoće izvršena ispitivanja magnetske separacije. Magnetska separacija 

izvršena je na dva uređaja, Davisovom mokrom magnetskom analizatoru i suvom magnetskom 

separatoru sa diskom. Magnetskom separacijom na Davisovom magnetskom separatoru dobijen je 
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mali stepen koncentracije gvožđa u MF (1,134) u odnosu na ulaz, sa niskom raspodelom gvožđa u 

magnetičnoj frakciji od 16,79%. Magnetskom separacijom na suvom magnetskom separatoru sa 

diskom takođe je dalo nizak stepen koncentracije gvožđa u magnetičnoj frakciji sa raspodelom od 

55,38% i u nemagnetskoj frakciji 44,62%. 

Ključne reči: olovo, cink, topionička šljaka, magnetska separacija. 

Introduction 

An industry with a minimum amount of waste is a challenging, but also a vital strategy for the 21st 

century. This philosophy profoundly reshapes our thinking about resources and production, where 

waste is no longer waste but a secondary resource and is a key part of a sustainable life cycle. This 

encourages industry, government and society as a whole to redesign our practices to avoid waste 

disposal and to take advantage of useful waste components. 

Slag from "Topionica" -Veles (Northern Macedonia) owned by the company "KEPS MONT 

GROUP" Skopje, according to the previously performed physical-chemical and mineral 

characterization is a potentially valuable raw material. Mineralogical and chemical analysis showed 

that it is an inhomogeneous raw material with significant contents of non-ferrous metals, primarily 

Pb, Zn, Cu, and of precious metals, Ag-silver is present [1]. Also, analyzes have shown that despite 

the presence of very useful elements and minerals, slag from "Topionica" -Veles has a very variable 

content of useful metals, ranging from a wide range of several% of non-ferrous metals to over 10%, 

also silver content is very variable from a few g/t to a few tens of grams per ton of man-made raw 

material. As in the sample, according to previous mineralogical tests [2], some components of the 

amorphous phase in which the iron in the melting process passed, spinels and elemental iron observed 

in the sample are present from the magnetic components, it was decided to perform the magnetic 

separation process on two Davis devices. wet analyzer and dry disc magnetic separator [3, 4, 5]. 

Sample preparation and sampling for characterization and technological investigation 

The sample of "Veles" Pb-Zn slag after physical-chemical and mineralogical characterization was 

crushed to the size required for technological tests in laboratory operating. The whole sample was 

crushed to a size of 100% -2 mm, a size suitable for a laboratory mill with balls "Denver", in which 

the conditions for the release of useful components from slag were determined. Then, the initial ore 

sample was homogenized and samples of mass m = 1 kg were taken from it, on which grinding 

experiments were performed [7, 8]. The scheme of sample preparation for technological processing 

is given in Figure 1 [1]. 
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Figure 1. Written scheme of "Topionica" -Veles Pb-Zn slag preparation for technological testings 

Characterization of the representative sample 

Physico-chemical and mineralogical tests of Pb-Zn slag "Smelter" -Veles were performed in order to 

obtain data that would be the basis for further technological tests to define the procedure for 

processing and cleaning of Pb-Zn slag "Smelter" - Veles, and obtaining commercial products, 

primarily the separation of non-ferrous metals and silver. 

Particle size distibution 

The granulometric composition of the initial sample of Pb-Zn slag was performed for the needs of 

technological tests after crushing to 2 mm ggk. The granulometric composition of the Pb-Zn slag 

sample is shown in Table 1. 

 

Table 1. Particle size distribution of Pb-Zn slag from „Topionica“ Veles 

Grain size, mm M, % ↓∑ M, % ↑∑ M, % 

-2.00 + 1.60 0.54 0.54 100.00 

-1.60 + 1.19 8.20 8.74 99.46 

-1.19 + 0.80 24.86 33.60 91.26 

-0.80 + 0.63 19.20 52.80 66.40 

-0.63 + 0.40 25.03 77.83 47.20 

-0.40 + 0.30 11.04 88.87 22.17 

-0.30 + 0.20 6.53 95.40 11.13 

-0.20 + 0.15 2.14 97.54 4.60 

-0.15 + 0.10 0.85 98.39 2.46 

-0.10 + 0.00 1.61 100.00 1.61 

Ulaz 100.00   
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The mean grain diameter of the Pb-Zn slag sample was found to be d50=0.6504 mm, while the d95 

was 1.314 mm. 

Chemical characterization of the raw sample 

Table 2 shows the components obtained by silicate analysis and Table 3 shows the useful metal 

contents in the sample as well as the sulfur content. 

 

Table 2. Basic components content of the Pb-Zn slag from „Topionica“ Veles initial sample 

(silicate analysis) 

Comp. SiO2 Al2O3 CaO MgO Na2O K2O Fe2O3 TiO2 G.Ž. 

Cont.,% 17.43 7.43 12.39 2.135 0.391 0.565 47.68 0.503 
poveć. 

mase. 5.98 

 

Table 3. Useful metals and sulfur content in the Pb-Zn slag from „Topionica“ Veles initial sample 

Component Pb, % Zn, % S, % Ag, ppm 

Content 2,24 7,10 2,10 27,53 

 

Mineralogical characterization of the raw sample 

The most common phase is the amorphous phase (glass matrix) of spinel, silicate and mixed (spinel-

silicate) composition, while whistle, which occurs in the form of skeletal separations in the glass 

matrix, is significantly less represented. Based on SEM analysis, these are Fe-Mn-Zn spinels. Lead 

and zinc alloys are the most common. Based on SEM analysis, these alloys are predominantly with 

copper. The grains of these phases range up to 100 µm, and appear almost exclusively as inclusions 

or inclusions, and in the best case simple to complex fusions with a glass matrix of elemental iron 

and vistitis, while those larger than 100 µm are mostly free or in the form of simple fusions. The 

presence of visible and "invisible" (structural) silver has not been determined in zinc alloys. Lead 

alloys almost always occur in the form of regular spheres. Unlike zinc alloys, lead alloys have the 

presence of visible, but also "invisible" (structural) silver, which was confirmed by SEM analyzes. 

Based on these analyzes, only a small part (about 10%) has silver with a content of up to 1%. Silver 

is oval in shape, even in the form of smaller wires whose dimensions go up to 5 µm. Except in these 

alloys, elemental silver, but also copper, appear in the glass matrix and whistle in the form of small 

inclusions that rarely exceed 2-3 μm (silver) and 7-8 μm (copper). It is important to note that 

elemental silver often occurs in cracks in the host's grain. Galena and sphalerite are in a subordinate 

position in relation to Pb and Zn alloys, and they are almost exclusively in the form of simple to 

complex fusions with these alloys. Ceruzite is traceable and is exclusively related to sphalerite in the 

form of simple and complex adhesions or inclusions. Apart from vistite, magnetite, hematite, troilite 

and spinel, iron also occurs in elemental form, but also as pyrite and arsenopyrite in a significantly 

smaller volume. Microphotographs are given below in Figures 2, 3, 4 and 5. 
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Figure 2. Inclusions of spherical lead alloy in 

the glass matrix. Reflected light, air, II Nikoli. 

Figure 3. Complex intergrown of Pb-Zn alloys 

with sphalerite, galena and cerusite (dark 

gray).. Reflected light, air, II Nikoli 

  
Figure 4. Complex intergrown of Pb-Zn alloys 

with sphalerite, galena and vistite. Reflected 

light, air, II Nikoli 

Figure 5. Inclusion of elemental silver (bright 

white dot) in the glass matrix. Reflected light, 

air, II Nikoli 

Technological laboratory investigation 

As part of the technological tests, the sample was first prepared for testing. Then, as part of 

technological tests, grinding tests were first performed, which were supposed to determine the 

conditions for the release of useful components from inert and harmful ones. In the second phase, the 

methods and procedures of concentration were examined, i.e. tests of the magnetic separation of 

useful components in separate products were performed. 

Grinding experiments and mineralogical analysis of size classes have determined that useful 

components from Pb-Zn slag "Veles" are free at fineness of grind -0.1 + 0.00 mm. Based on this fact 

can be expected that such crushed technogenic raw material should be subjected to the process of 

magnetic separation, ie concentration, and in that way harmful and useless components should be 

removed. By applying this separation procedure, finished products, concentrates with increased metal 

content in relation to the input and with their satisfactory utilization should be obtained. 

Magnetic separation should remove most of the elemental iron, magnetite and vistite, as well as the 

amorphous phases of the spinel and ferrite composition that contains iron in its structure. The sample 

was divided into two parts and one was used to perform magnetic separation experiments on a Davis 

analyzer, and the other part of the sample was used to perform experiments on a dry magnetic disk 

separator. 
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Magnetic separation of Pb-Zn slag "Veles" on a Davis magnetic analyzer 

A sample of Pb-Zn slag from Veles was treated on a Davis magnetic analyzer, whereby the magnetic 

fraction (MF) and the non-magnetic fraction (NMF) were obtained. Chemical analysis of the 

following elements was performed on the magnetic separation products: Pb, Zn, Cu and Fe. The 

obtained results of chemical analysis together with product masses are arranged and presented in the 

form of material balance in Table 4. 

 

Table 4. Magnetic concentration balance of Pb-Zn slag on a Davis analyzer 

Product M,% Pb, % Zn, % Cu,% Fe,% IPb, % IZn, % ICu, % IFe, % 

MF 14.81 1.030 3.480 0.620 34.830 9.14 7.36 20.42 16.79 

NMF 85.19 1.780 7.610 0.420 30.010 90.86 92.64 79.58 83.21 

Feed 100.00 1.669 6.998 0.450 30.724 100.00 100.00 100.00 100.00 

 

From the balance of the magnetic separation experiment on the Davis magnetic analyzer, at a 

magnetic induction of B = 0.4T, it can be seen that the separation of the magnetic and non-magnetic 

phases is not good. The relative mass fraction of the magnetic fraction is 14.81%, while the mass 

fraction of the non-magnetic fraction is 85.19%. Interestingly, the content of non-ferrous metals in 

the magnetic fraction is relatively high 1.03% Pb, 3.48% Zn and 0.62% Cu. The distribution of lead 

in MF is 9.14%, the distribution of zinc in this fraction is 7.36%, while the distribution of copper is 

20.42%. The distribution of non-ferrous metals in the non-magnetic fraction are relatively large: Pb 

in NMF is 90.86%, Zn in NMF is 92.64%. The low concentration of iron-Fe in the magnetic fraction 

(34.83% Fe in MF) relative to the input and the non-magnetic fraction where the iron content is about 

30% (30.724% Fe in the input, and 30.010% Fe in NMF), can be explained by that iron is probably 

present in the vitreous phase, spinels, franclinite, elemental iron, and vistite. Depending on the 

magnetism of these forms, one part passed into the magnetic fraction, while one part remained in the 

non-magnetic fraction. Thus, iron was concentrated in the magnetic fraction with a small degree of 

concentration of 1,134 in relation to the input, ie the content of Fe in the MF fraction increased in 

relation to the input by 13.4%. The utilization of iron in the magnetic fraction is low 16.79%, which 

means that its loss in the non-magnetic fraction (NMF) is 83.21%. 

Magnetic separation of Pb-Zn slag "Veles" on a dry magnetic separator whit disc 

A sample of Pb-Zn slag from Veles was treated on a dry magnetic separator whit disc, whereby the 

magnetic fraction (MF) and the non-magnetic fraction (NMF) were obtained. Chemical analysis of 

the following elements was performed on the magnetic separation products: Pb, Zn, Cu and Fe. The 

obtained results of chemical analysis together with product masses are arranged and presented in the 

form of material balance in Table 5. 

 

Table 5. Magnetic concentration balance of Pb-Zn slag on a dry magnetic separator whit disc 

Product M,% Pb, % Zn, % Cu,% Fe,% IPb, % IZn, % ICu, % IFe, % 

MF 53.11 1.380 6.440 0.490 32.720 42.90 48.97 56.92 55.38 

NMF 46.89 2.080 7.600 0.420 29.860 57.10 51.03 43.08 44.62 

Feed 100.00 1.708 6.984 0.457 31.379 100.00 100.00 100.00 100.00 

 

From the balance of the magnetic separation experiment on the Davis magnetic analyzer, at a 

magnetic induction of B = 0.7T, it can be seen that the separation of the magnetic and non-magnetic 

phases is not good. The mass fraction of the magnetic fraction in this experiment is far higher than in 

the previous experiment 53.11%. The content of non-ferrous metals in the magnetic fraction is 

relatively high 1.38% Pb, 6.44% Zn and 0.49% Cu. There was an increase in the content of Pb and 
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Zn in the magnetic fraction. The content of copper (Cu) in the magnetic fraction of 0.49% is higher 

than in the input, where the content of Cu is 0.457%. The presence of Zn-zinc in the magnetic fraction 

can be attributed in part to the existence of franclinite, ZnFeO4 or amorphous forms that are 

chemically similar to franclinite. The Zn content in the magnetic fraction of the magnetic separator 

with a disk of 6.44% is much higher than in the previous magnetic separation test (3.48% Zn in MF 

on a Davis magnetic analyzer) and only slightly lower than the Zn content in the input sample where 

it is 6.984 %. 

In the case of a magnetic separator with a disk, the mass participation of the magnetic fraction is 

53.11%, so the utilization (loss) of non-ferrous metals in it is considerable. Thus, the distribution of 

lead in MF is 42.90%, the distribution of zinc in this fraction is 48.97%, while the distribution of 

copper in the magnetic fraction of the magnetic separator with disk is the largest of all non-ferrous 

metals 56.92%, because copper in this experiment concentrates in this fraction. The distribution of 

non-ferrous metals in the non-magnetic fraction are lower, so the lead in NMF is 57.10%, but the 

degree of Pb concentration in relation to the input is 1.218 times, which is a low degree of 

concentration, ie the Pb content in the NMF fraction increased 21.8%. the distribution of zinc in NMF 

is 51.03% but the degree of concentration of Zn in relation to the input is 1.088 times, which is a very 

low degree of concentration for zinc, ie the content of Zn in the NMF fraction increased in relation to 

the input by 8.8%. It is interesting to note that the degree of zinc concentration in the magnetic 

separator with disk in the non-magnetic fraction in relation to the initial sample is 1.088. 

The low concentration of iron-Fe in the magnetic fraction (32.72% Fe in MF) relative to the input 

and the non-magnetic fraction where the iron content is about 30% (31.379% Fe in the input, and 

29.86% Fe in NMF), can be explain that less magnetic minerals with lower iron content, such as 

spinels, and franclinite consisting of different divalent and trivalent cations (in this case slag Fe and 

Zn) also pass into the magnetic fraction. If a strong magnetic field separates franclinite in which the 

Zn content is significant and therefore the Zn content in the MF increases, it is logical that weaker 

magnetic minerals with lower Fe content are released in such a magnetic field and therefore the Fe 

content in the MF magnetic fraction of the magnetic separator with disk. Thus, iron was concentrated 

in the magnetic fraction with a small degree of concentration of 1,043 in relation to the input, ie the 

Fe content in the MF fraction increased in relation to the input by 4.3%. The distribution of iron in 

the magnetic fraction is 55.38%, which means that its loss in the non-magnetic fraction (NMF) is 

44.62%. 

Conclusion 

Magnetic separation on the Davis analyzer at B = 0.4T of the "Veles" slag sample with a size of -1.0 

+ 0.0 mm showed that non-ferrous metals were separated in the magnetic fraction to a small extent 

(the content of non-ferrous metals in MF is 1.03% Pb, 3.48% Zn and 0.62% Cu). In this way, there 

was a loss of non-ferrous metals in the magnetic fraction, and in addition, their presence spoils the 

quality of this fraction in which iron (Fe) should be concentrated. At the same time, there was a low 

concentration of Fe in magnetic fraction of 34.83% Fe. It is important to note that there is a 

concentration of copper (Cu) in the magnetic fraction, which is not good from the point of view of 

the quality of this product. 

On the other hand, in the non-magnetic fraction of NMF, there was a weak concentration of Pb and 

Zn, in relation to the input, while in this fraction there was a decrease in the content of Cu in relation 

to the input. It should also be noted that the Fe content in NMF is a significant 30.01%, which is a 

small decrease compared to the Fe content in the feedstock of 30.724%. 

Based on all these data, it can be said that the Davis magnetic analyzer did not successfully separate 

Pb-Zn slag, ie the NMF did not obtain a significant concentration of non-ferrous metals relative to 

the input, even the copper content in this fraction was reduced compared to its content at the entrance. 
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Also, a significant concentration of iron in relation to the input was not achieved in the magnetic 

fraction. 

In general, it can be said that by applying a stronger magnetic field (B = 0.7T) in the process of Pb-

Zn slag separation, there was no serious separation of non-ferrous metals from iron-bearing 

components. 

Namely, in the magnetic fraction, non-ferrous metals were separated to a significant extent (the 

content of non-ferrous metals in MF is 1.38% Pb, 6.44% Zn and 0.49% Cu). In this way, there was a 

significant loss of non-ferrous metals in the magnetic fraction, and in addition, their presence spoils 

the quality of this fraction in which, by the nature of things, iron (Fe) should be concentrated. At the 

same time, there was a weak concentration of Fe in MF of 32.72% Fe. It is important to note that 

there was a concentration of Cu copper in the magnetic fraction, which is not good from the point of 

view of the quality of this product. 

On the other hand, in the non-magnetic fraction of NMF, there was a weak concentration of Pb and 

Zn, in relation to the input, while in this fraction there was a decrease in the content of Cu in relation 

to the input. It should also be noted that the Fe content in NMF is significant by 29.86%, which is a 

small decrease compared to the Fe content in the feedstock of 31.379%. 
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