
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

XI International Symposium on 

Recycling Technologies and 

Sustainable Development 

PROCEEDINGS 

 

Hotel Albo, Bor 

2-4 November 2016 
 

 

University of Belgrade 

Technical faculty in Bor 
 

 

Editors 

Zoran M. Štirbanović 

Zoran S. Marković 

 



 

University of Belgrade 

Technical faculty in Bor 
 

 

 

 

 

 

 

XI International Symposium on  
Recycling Technologies and  

Sustainable Development 
  

 

PROCEEDINGS 
 

Editors 

Zoran M. Štirbanović 

Zoran S. Marković 
 

 

Hotel  Albo, Bor 

02-04 November 2016 



 

 

XI International Symposium on  

Recycling Technologies and Sustainable Development 

 

PUBLISHER 

University of Belgrade, Technical Faculty in Bor 

 

FOR THE PUBLISHER 

Prof. dr Nada Štrbac, Acting Dean 

 

EDITORS 

Dr Zoran M. Štirbanović, Assistant Professor 

Dr Zoran S. Marković, Professor 

 

TECHNICAL EDITORS 

Vladimir Nikolić, BSc 

Dragana Marilović, BSc 

 

PRINTED BY 

Happy trend DOO, Zaječar, Serbia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

CIP - Каталогизација у публикацији 

Народна библиотека Србије, Београд 

   

502.131.1:628.477.6(082) 

628.477.6(082) 

502.174:502.521(082) 

   

SYMPOSIUM on Recycling Technologies and Sustainable 

Development (11 ; 2016 ; Bor) 

   Proceedings / XI International Symposium on Recycling 

Technologies and Sustainable Development, Bor, 02-04 

November 2016 ; editors Zoran M. Štirbanović, Zoran S. 

Marković. - Bor : University of Belgrade, Technical 

Faculty, 2016 (Zaječar : Happy trend). - XI, 339 str. : 

ilustr. ; 25 cm 

   

Tiraž 100. - Bibliografija uz većinu radova. - Registar. 

   

ISBN 978-86-6305-051-8 

   

a) Отпадне материје - Одрживи развој - Зборници b) 

Отпадне материје -  

Рециклажа - Зборници c) Земљиште - Ремедијација - 

Зборници 

COBISS.SR-ID 226885132 

 



 XI Int.Symp. RT&SD, 2-4 November 2016, Hotel Albo, Bor, Serbia 

 iii 

 

Sponzors: 
 

 
 

 
 

 
 

 

Friends of the Symposium:   
 

      

                                     

 
                  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 XI Int.Symp. RT&SD, 2-4 November 2016, Hotel Albo, Bor, Serbia 

 v 

XI International Symposium on  

Recycling Technologies and Sustainable Development 

SCIENTIFIC COMMITTEES 

Dr Zoran Marković, Professor, University of Belgrade, Technical faculty in Bor, Serbia, President 

Dr Dragana Živković, Professor, University of Belgrade, Technical faculty in Bor, Serbia, Vice President 

 

International Scientific Committee 

Dr Vasilis Fthenakis, Professor, Columbia University, USA 

Dr Takashi Nakamura, Professor, Tohoku University, Japan 

Dr Mira Petrović, Research professor, Catalan Institute for Water Research, ICRA, Spain 

Dr Hojae Shim, Associate Professor, University of Macau, China 

Dr Junbeum Kim, Associate Professor, University of Technology of Troyes, France 

Dr Veena Sahajwalla, Scientia Professor, University of New South Wales, Australia 

Dr Jakob Lamut, Professor, University of Ljubljana, Slovenia 

Dr Florian Kongoli, Director, Flogen Technologies Inc., Canada 

Dr Ivan Nishkov, Professor, University of Mining and Geology "St.Ivan Rilski", Bulgaria 

Dr Ofira Ayalon, Associate Professor, University of Haifa, Israel 

Dr Stefan Salhofer, Associate Professor, BOKU-University of Natural Resources and Life Sciences, Vienna, 

Austria 

Dr Sulejman Muhamedagić, Professor, University of Zenica, Bosnia & Herzegovina 

Dr Damien Giurco, Associate Professor, University of Technology Sydney, Australia 

Dr Viktor Simončić, Consultant, VIKOS, Croatia 

Dr Adele Muscolo, Associate Professor, Mediterranean University of Reggio Calabria, Italy 

Dr Peter Glavić, Emeritus Professor, University of Maribor, Slovenia 

Dr Evangelos Gidarakos, Professor, Technical University of Crete, Greece 

Dr Cipriana Sava, Associate Professor, „Dimitrie Cantemir” Christian University, Romania 

Dr Alejandro Rodríguez Pascual, Professor, University of Cordoba, Spain 

Dr Stojan Simić, Associate Professor, University of East Sarajevo, Bosnia & Herzegovina 

Dr Zdenka Zovko Brodarac, Assistant Professor, University of Zagreb, Croatia 

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

Dr Irena Grigorova, Associate Professor, University of Mining and Geology "St.Ivan Rilski", Bulgaria 

Local Scientific Committee 

Dr Rodoljub Stanojlović, Professor, University of Belgrade, Technical faculty in Bor, Serbia 

Dr Mile Bugarin, Principal Research Fellow, Mining and Metallurgy Institute Bor, Serbia 

Dr Tibor Halaši, Professor, University of Novi Sad, Faculty of Sciences, Serbia 

Dr Milan Trumić, Professor, University of Belgrade, Technical faculty in Bor, Serbia 

Dr Gordana Dražić, Professor, Faculty Futura Belgrade, Serbia 

Dr Grozdanka Bogdanović, Professor, University of Belgrade, Technical faculty in Bor, Serbia 

Dr Zvonko Gulišija, Principal Research Fellow,  ITNMS Belgrade, Serbia 

Dr Nada Štrbac, Professor, University of Belgrade, Technical faculty in Bor, Serbia 

Dr Dejan Koželj, Director, Rakita Exploration doo Bor, Serbia 

Dr Radoje Pantović, Professor, University of Belgrade, Technical faculty in Bor, Serbia 

Dr Goran Vujić, Associate Professor, University of Novi Sad, Faculty of Technical Sciences, Serbia 

Dr Željko Kamberović, Professor, University of Belgrade, Faculty of Technology and Metallurgy, Serbia 

Dr Ana Kostov, Principal Research Fellow, Mining and Metallurgy Institute Bor, Serbia 

Dr Miodrag Žikić, Associate Professor,University of Belgrade, Technical faculty in Bor, Serbia 



 XI Int.Symp. RT&SD, 2-4 November 2016, Hotel Albo, Bor, Serbia 

 vi 

Dr Milena Kostović, Professor, University of Belgrade, Faculty of Mining and Geology, Serbia 

Dr Ljubiša Andrić, Principal Research Fellow,  ITNMS Belgrade, Serbia 

Dr Dragan Milanović, Senior Research Associate, Mining and Metallurgy Institute Bor, Serbia 

Dr Snežana Milić, Associate Professor, University of Belgrade, Technical faculty in Bor, Serbia 

Dr Slaviša Putić, Professor, University of Belgrade, Faculty of Technology and Metallurgy, Serbia 

Dr Mirjana Rajčić-Vujasinović, Professor, University of Belgrade, Technical faculty in Bor, Serbia 

Dr Jovica Sokolović, Assistant Professor,University of Belgrade, Technical faculty in Bor, Serbia 

Dr Marina Stamenović, Professor, Belgrade Polytechnic, Serbia  

Dr Zoran Štirbanović, Assistant Professor, University of Belgrade, Technical faculty in Bor, Serbia 

Dr Snežana Šerbula, Associate Professor,University of Belgrade, Technical faculty in Bor, Serbia 

Dr Vesna Conić, Research Associate, Mining and Metallurgy Institute Bor, Serbia 

Dr Nenad Stavretović, Professor,University of Belgrade, Faculty of Forestry, Serbia 

Dr Mile Dimitrijević, Associate Professor,University of Belgrade, Technical faculty in Bor, Serbia 

Dr Maja Trumić, Assistant Professor, University of Belgrade, Technical faculty in Bor 

 

ORGANIZING COMMITTEE 

Dr Zoran Štirbanović, Assistant Professor,University of Belgrade, Technical faculty in Bor, President 

Dr Zoran Marković, Professor, University of Belgrade, Technical faculty in Bor,Vice  President 

Dr Rodoljub Stanojlović, Professor, University of Belgrade, Technical faculty in Bor 

Dr Milan Trumić, Professor, University of Belgrade, Technical faculty in Bor 

Dr Grozdanka Bogdanović, Professor,  University of Belgrade, Technical faculty in Bor 

Dr Radoje Pantović, Professor,  University of Belgrade, Technical faculty in Bor 

Dr Zoran Stević, Professor, University of Belgrade, Technical faculty in Bor 

Dr Jovica Sokolović, Assistant Professor, University of Belgrade, Technical faculty in Bor 

Dr Maja Trumić, Assistant Professor, University of Belgrade, Technical faculty in Bor 

Dr Vladimir Despotović, Assistant Professor, University of Belgrade, Technical faculty in Bor 

MSc Dejan Antić, Teachnig Assistant, University of Belgrade, Technical faculty in Bor 

MSc Aleksandra Stojanović, Teaching Associate, University of Belgrade, Technical faculty in Bor 

BSc Vladimir Nikolić, Teaching Associate, University of Belgrade, Technical faculty in Bor 

BSc Dragana Marilović, Teaching Associate, University of Belgrade, Technical faculty in Bor 

BSc Predrag Stolić, University of Belgrade, Technical faculty in Bor 

BSc Sandra Vasković, English Professor, University of Belgrade, Technical faculty in Bor 

Dobrinka Trujić, University of Belgrade, Technical faculty in Bor 



 vii 

TABLE OF CONTESTS 
 
 
 
 
 

PLENARY LECTURE  

Viktor Simončič 
WASTE MANAGEMENT MUST BE TAYLOR-MADE TO LOCAL CIRCUMSTANCES 

 
1 

INVITED LECTURES  

Mile Dimitrijević, Snežana Milić, Milan Radovanović, Zoran Štirbanović,  
Jovica Sokolović  
MINING AND ITS ENVIRONMENTAL IMPACT 

 
 

8 

Stojan Simić, Branko Despotović 
EFFICIENCY OF REFINING HYDROCRACKED BASE OILS DEPENDING ON THE TYPE 
OF ACTIVE CLAY 

 
 

24 
 

Radmila Marković, Masahiko Bessho, Mile Dimitrijević, Dragana Božić, 
Zoran Stevanović, Atsushi Shibayama, Shuto Yokoo  
ADSORPTION OF COPPER IONS USING CROSS-LINKED GELATIN HYDROGELS 

 
 

30    

SECTION LECTURES  
 

Mariusz Grabda, Sylwia Oleszek, Etsuro Shibata, Takashi Nakamura 
SEPARATION OF ZINC AND LEAD FROM EAF DUSTS BY CO-INCINERATION WITH 
BFR-CONTAINING WASTE PLASTICS 

 
 

36 

Zoran Stević, Miša Stević, Ivana Jovanović, Sanja Petrović 
APPLICATION OF NEW TECHNOLOGIES IN THE TREATMENT OF HAZARDOUS 
WASTE 

 
 

42 
 

Boris Obrovski, Ivana Mihajlović, Jovan Bajić, Mirjana Vojinović Miloradov, 
Branislav Batinić, Miloš Živanov 
INNOVATIVE FIBER OPTIC SENSOR METHOD FOR MONITORING OF SURFACE 
WATER QUALITY 

 
 
 

48 

Mile Dimitrijević, Ana Radojević, Snežana Milić, Dragana Medić,  
Boban Spalović 
RECYCLING OF PLATINUM–GROUP METALS FROM AUTOMOTIVE CATALYTIC 
CONVERTERS 

 
 
 

54 

Danijela Slavnić, Maja Bulatović, Marija Ječmenica Dučić, Karolj Damjanov, 
Goran Mitrović, Branko Bugarski, Marko Rakin, Nikola Bajić, Mirko Komatina  
MODULAR SYSTEM FOR BIOGAS PRODUCTION FROM AGRICULTURAL WASTE 

 
 

60 

Dragica Gavrilovski, Marica Ilić-Stamenković, Ivan Marković 
THE POSSIBILITIES OF USING STRAW AS A BUILDING MATERIAL 

 
65 



 XI Int.Symp. RT&SD, 2-4 November 2016, Hotel Albo, Bor, Serbia 

 viii 

Dragana V. Medić, Mile D. Dimitrijević, Snežana M. Milić,  
Boban R. Spalović 
LEACHING LiCoO2 FROM SPENT Li-ION BATTERIES 

 
 

71 
 

Marija Petrović, Tatjana Šoštarić, Mirjana Stojanović, Jelena Petrović,  
Jelena Milojković, Marija Mihajlović, Zorica Lopičić 
BIOSORPTION OF METAL IONS FROM AQUEOUS SOLUTION BY MODIFIED CORN 
COB 

 
 
 

77 

Cipriana Sava, Gheorghe Pinteală 
ASPECTS REGARDING RECYCLING OF WASTE FROM A TOURIST 
ACCOMMODATION UNIT 

 
 

83 

Mladenka Novaković, Ivana Mihajlović, Maja Đogo, Boris Obrovski,  
Mirjana Vojinović Miloradov 
DETECTION OF POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) IN MUNICIPAL 
LANDFILL LEACHATE 

 
 
 

89 

Vladimir Pavićević, D. Radosavljević,Marina Stamenović, Vesna Alivojvodić, 
Aleksandra Božić 
FINANCIAL CRITERIA FOR INFRASTRUCTURE PROJECTS − CONDITION FOR 
SUSTAINABLE DEVELOPMENT 

 
 
 

94 

Ivana Jovanović, Sanja Petrović, Zoran Stević, Zoran Štirbanović,  
Milenko Ljubojev, Dragan Milanović 
MODELS OF CORRELATION BETWEEN THE MORTAR STRENGTH AND AMOUNT OF 
ADDED GROUND FLY ASH 

 
 
 

100 

Vojka Gardić, Yasumasa Ogawa, Tatjana Apostolovski Trujić, Daizo Ishyama, 
Zoran Stevanović, Radmila Marković, Јelena Petrović, Stefan Đorđievski, 
Jovica Sokolović 
APPLICATION OF SEQUENTIAL EXTRACTION PROCEDURE FOR DETERMINATION 
OF EXTRACTABLE ARSENIC CONTENTS IN RIVER SEDIMENT 

 
 
 
 

106 

Veselin Bežanović, Mladenka Novaković, Dragana Štrbac, Maja Đogo,  
Tamara Ivetić, Goran Štrbac, Ivana Mihajlović 
APPLICATION OF ZINC TIN OXIDE NANOMATERIAL FOR ADSORPTION OF 
PHARMACEUTICALLY ACTIVE COMPOUNDS FROM WATER 

 
 
 

111 

Sanja Petrović, Mirjana Rajčić-Vujasinović, Ivana Jovanović, Zoran Stević, 
Vesna Grekulović 
SOLAR ENERGY: THIN FILM SOLAR CELLS 

 
 

116 

Saska Sekulic, Kristina Simeonov 
SUSTAINABLE WASTE MANAGEMENT FOR THE PURPOSE OF OBTAINING ENERGY 

 
122 

Vesna Alivojvodić, Marina Stamenović, A. Božić, Filip Glišić, N.Bukumirić,  
V. Pavićević 
PRODUCTION AND PHYSICAL AND MECHANICAL PROPERTIES OF RUBBER 
PRODUCTS BASED ON USE OF DIALKYL TEREPHTHALATE PLASTICIZERS 
OBTAINED FROM WASTE PET 

 
 
 
 

129 

Bojana Tot, Goran Vujić, Bojan Batinić 
CAPACITY BUILDING FOR THE EFFECTIVE USE OF WASTE COLLECTION DATA IN 
THE PILOT MUNICIPALITIES 

 
 

134 



 XI Int.Symp. RT&SD, 2-4 November 2016, Hotel Albo, Bor, Serbia 

 ix 

Vesna Alivojvodić, MarinaStamenović, Nataša Bukumirić, Vladimir Pavićević 
CHALLENGES IN RECYCLING RARE EARTH ELEMENTS 

 
140 

Žaklina Tasić, Marija Petrović Mihajlović, Milan Radovanović, Ana Simonović, 
Snežana Milić, Milan Antonijević 
PLANT EXTRACTS AS POTENTIAL INHIBITORS OF METALS CORROSION 

 
 

146 

Vladimir Nikolić, Jovica Sokolović, Rodoljub Stanojlović 
PREDICTING OF INDUSTRIAL RESULTS AND VALORIZATION OF COAL FROM OLD 
TAILING PONDS IN COAL MINE VRŠKA ČUKA“ AVRAMICA, SERBIA 

 
 

152 

Vesna Conić, Suzana Dragulović, Dragan Milanović, Srdjana Magdalinović, 
Vlastimir Trujić, Mile Bugarin 
RECYCLING OF PRECIOUS METALS FROM SECONDARY RAW MATERIALS BY 
ECOLOGICAL PROCESSING 

 
 
 

159 

Jovica Sokolović, Branislav Stakić, Savo Perendić, Dejan Ćirić 
TECHNO-ECONOMIC JUSTIFICATION OF PRODUCTION OF THE FILTER 
ANTHRACITE® IN COAL MINE „VRSKA CUKA” AVRAMICA 

 
 

164 

Maja Trumić, Dragana Marilović, Milan Trumić, Grozdanka Bogdanović, 
Ljubiša Andrić 
INFLUENCE OF SECONDARY RAW MATERIAL DENSITY AND GRAIN SHAPE ON 
SCREENING KINETICS 

 
 
 

171 

Dragan Milanović, Vesna Conić, Srđana Magdalinović, Suzana Dragulović, 
Milorad Ćirković, Mile Bugarin 
CHARACTERIZATION OF THE POLYMETALLIC MINERALIZATION FROM WEST 
SERBIA 

 
 
 

177 

Daniela Urošević, Ljiljana Avramović, Radojka Jonović, Atsushi Shibayama, 
Kazutoshi Haga, Han Baisui, Zoran Stevanović, Jelena Petrović 
TESTING THE RE-FLOTATION PROCESS OF TAILINGS FROM THE OLD BOR 
FLOTATION TAILING DUMP 

 
 
 

184 

Milan Gorgievski, D. Božić, V. Stanković, N. Štrbac, D. Živković, A. Mitovski,  
V. Grekulović 
CHARACTERIZATION OF CORN SILK BY SEM AND FTIR ANALYSIS USED FOR THE 
BIOSORPTION OF COPPER IONS FROM AQUEOUS SOLUTIONS 

 
 
 

190 

Ivan Todorov, Filip Glišić, Vladana Ilijin 
RECOVERY OF ZINC USING WAELZ KILN PROCESS 

 
196 

Filip Glišić, Ivan Todorov, Vladana Ilijin 
POSSIBILITIES OF RECYCLING OF BIOPOLYMERS, BIOPLASTICS AND 
BIOCOMPOSITES 

 
 

202 

Seka Prvulović, Zoran Štirbanović, Zoran Marković, Gracijan Strainović, 
Dragan Milanović, Srdjana Magdalinović, Daniela Urošević 
THE POSSIBILITY FOR IMPROVING TECHNOLOGICAL PARAMETERS OF COPPER 
FLOTATION WITH DIFFERENT FINENESS OF GRINDING 

 
 
 

209 

Predrag Stolić, Aleksandra Milosavljević, Snežana Stolić 
CONCEPTUAL DESIGN OF VIRTUAL LABORATORY FOR RIVER WATER FLOWS 
POLLUTION MONITORING 

 
 

215 



 XI Int.Symp. RT&SD, 2-4 November 2016, Hotel Albo, Bor, Serbia 

 x 

Maja Trumić, Aleksandra Stojanović, Milan Trumić, Jovica Sokolović,  
Zoran Štirbanović 
INFLUENCE OF PARTICLE SIZE CLASS PET/PE MIXTURE ON THE SEPARATION 
EFFICIENCY OF PET AND PE PLASTIC BY ELECTROSTATIC SEPARATION METHOD 

 
 
 

221 

D.R. Ushakov, I.V. Verbitskyi, Z. Stević 
CALCULATION OF FILTER PARAMETERS FOR PULSED POWER SUPPLY BY NON-
LINEAR LOADS 

 
 

227 

Miodrag Žikić, Saša Stojadinović, Jovica Sokolović, Dejan Tanikić,                                   
Milica Đorđević, Radoje Matić 
STANDARDIZED CONDITIONS FOR PRODUCTION AND DISTRIBUTION OF COPPER 
REFINERY SLAG ABRASIVES – CASE STUDY BOR 

 
 
 

234 

Ljiljana Avramović, Radojka Jonović, Mile Bugarin, Atsushi Shibayama, 
Kazutoshi Haga, Han Baisui, Radmila Marković, Milan Jovanović 
COPPER RECOVERY PROCESS FROM THE BOR MINE TAILINGS BY HIGH PRESSURE 
LEACHING 

 
 
 

240 

Velizar Stanković, Vladan Milošević, Darko Milićević, Grozdanka Bogdanović 
REMOVAL AND RECOVERY OF VALUABLE COMPONENTS FROM THE FLOTATION 
TAILINGS OF THE FLOTATION PLANT RTB BOR 

 
 

248 

Dragan S. Radulović, Milan Petrov, Milan Trumić, Grozdanka Bogdanović, 
Maja Trumić, Ljubiša Andrić 
UTILIZATION OF WASTE MATERIALS FROM FLOTATION PLANT "FELDSPAR" 
BUJANOVAC 

 
 
 

254 

Jelena Petrović, Daizo Ishiyama, Vojka Gardić, Marija Milivojević,  
Radojka Jonović, Ljiljana Avramović 
EXAMPLES OF GOOD PRACTICE – ECOINDUSTRIAL PARKS 

 
 

262 

Jakob Lamut, Martin Debelak, Barbara Lamut, Matjaž Knap 
SUSTAINABLE STEEL PRODUCTION AND CIRCLE ECONOMY 

 
269 

Miljan Šunjević, D.Reba, M. Vojinović-Miloradov, M. Zeković, B. Obrovski 
BUILDING MATERIAL RECYCLING POSSIBILITIES IN SERBIA 

 
273 

Maja Trumić, Milan Trumić, Vladimir Despotović, Marija Ristić 
PET PLASTIC SEPARATION FROM PP/PET PLASTIC MIXTURE USING CORONA - 
ELECTROSTATIC SEPARATOR 

 
 

278 

Milica Đorđević, Novka Živadinović, Ivana Profirović, Zoran Štirbanović, 
Jovica Sokolović 
THE POSSIBILITY FOR INCREASING THE CAPACITY OF PROCESSING SMELTER 
SLAG IN FLOTATION PLANT BOR 

 
 
 

283 

Ivan Todorov, Vladana Ilijin, Filip Glišić, Aleksandra Božić, Marina 
Stamenović, Vesna Alivojvodić 
THE CHEMICAL RECYCLING OF FLEXIBLE POLYURTHANE FOAM BY GLYCOLYSIS 

 
 

289 

Filip Glišić, Ivan Todorov, Vladana Ilijin, Nataša Bukumirić, Vesna Alivojvodić, 
Vladimir Pavićević  
RECYCLING OF WASTE MATERIALS USING SUBCRITICAL AND SUPERCRITICAL 
FLUIDS 

 
 
 

294 



 XI Int.Symp. RT&SD, 2-4 November 2016, Hotel Albo, Bor, Serbia 

 xi 

Nataša Bukumirić, Filip Glišić, Vesna Alivojvodić, Marina Stamenović,  
Šimon Đarmati, Vlada Pavićević 
ECOTOXICOLOGICAL SIGNIFICANCE OF THE ACTIVE SUBSTANCES OF UNUSABLE 
DRUGS 

 
 
 

302 

Vesna Alivojvodić, Marina Stamenović 
URBAN GROWTH AND WASTE MANAGEMENT OPTIMIZATION 

 
311 

M. Grujić, B. Spaskovski, B. Tomić, Z. Marković, M. M. Grujić 
TECHNOLOGICAL TESTS OF REVITALIZED COPPER CONCENTRATOR MAJDANPEK 

 
316 

M. Grujić, B. Spaskovski, B. Tomić, Z. Marković, M. M. Grujić 
VERIFICATION OF DEWATERING PROCESS WORK AFTER REVITALIZATION OF 
THE FLOTATION PLANT MAJDANPEK 

 
 

323 

 
AUTHOR INDEX 

 
333 

 
 

 
 

 



 corresponding author: d.radulovic@itnms.ac.rs  
 

 

 
 
 
 
 
 
 
 
 
 

 

UTILIZATION OF WASTE MATERIALS FROM FLOTATION PLANT 
"FELDSPAR" BUJANOVAC  

 

Dragan S. Radulović1#, Milan Petrov1, Milan Trumić2,  
Grozdanka Bogdanović2, Maja Trumić2, Ljubiša Andrić1, 

1Institute for Technology of Nuclear and other Mineral Raw Materials, 
Belgrade, Serbia 

2University of Belgrade, Techinical faculty in Bor, Serbia 
 
 

ABSTRACT - This paper gives a review of results determining conditions of thickening and 
filtration of waste material from the flotation plant “Feldspar” – Bujanovac. This flotation plant 
last few years did not fuctiona as should be, and have many problems. Investigation of waste 
materials, should to enable recycling and re-use of flotation tailings. 
Tests of possibilities of thickening and filtration of the non-magnetic fraction of waste material 
sample of the class -0,063 mm after magnetic separation in laboratory conditions have been 
carried out within this research. Based on dewatering testing, time of thickening and calculated 
results have been determined. 
 
Key words: feldspar, valorization, waste material, dewatering 

1. INTRODUCTION 

Waste material from the flotation plant “Feldspar” Bujanovac by its 
chemical and mineral composition [1, 2] is very valuable raw material that in 
present conditions is practically underutilized. In this paper we have treated waste 
material from the tailing dump. Additionally, this plant has large quantities of this 
raw material (rough estimate is over 100 000 t) that is very valuable from the point 
of view of ceramic industry. Investigations of this raw material were carried out on 
several occasions. This paper presents the pooled data with the proposed 
technological scheme of valorisation of the tailings. In accordance with the request 
of the ceramic industry, the task was to obtain a product with the following 
characteristics from waste material in the flotation plant “Feldspar” Bujanovac: 

- product size to be 100% - 0,063 mm 
- Fe2O3 content to be lower than 0,2% 
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- moisture content in the finished product to be around 20% (moisture 
content should be such to enable the product to be loaded and transported in extra-
large bags) 
 In the field of research and application of flotation and dewatering process 
[3-5] and based on previous results the following tests have been carried out: 
 - Possibility of sorting and grinding the waste material starting sample, 
 - Possibility of magnetic separation of ground and sorted product, 

- Determination of conditions of thickening and filtration of waste material 
sample after magnetic separation in laboratory conditions [3-6]. 
The work plan within laboratory testing has envisaged the following: 
 - Physical/chemical and mineralogical characterization 
 - Determination of composition according to grain sizes 

This paper shows only one section of the above envisaged tests relating to 
thickening and filtration as research associated with pa possibility of magnetic 
separation has been rather extensive both in view of application of various devices 
and in respect of application of different matrices in a highly gradient magnetic 
separator. Due to those facts such research has not been presented in this paper. 

 
2. DETERMINATION OF PHYSICAL/CHEMICAL AND MINERALOGICAL 
     PROPERTIES OF WASTE MATERIAL SAMPLES FROM THE  
     FLOTATION PLANT “FELDSPAR” BUJANOVAC 
 

 2.1. Chemical composition of the waste material starting sample 

 Chemical analyses have been made on the starting sample in the 
Laboratory for chemical analysis of the ITNMS. Results of chemical analyses are 
given in Table 1. 

 
Table 1. Chemical composition of the waste material starting sample 

Composition SiO2 Al2O3 Fe2O3 TiO2 Cr2O3 CaO Na2O K2O LOI 
Contents % 68,55 20,74 0,56 0,025 0,08 0,46 3,25 4,13 1,71 

 

 2.2. Chemical composition of the non-magnetic fraction of the class 
                       -0,063 mm of the waste material sample after magnetic  
                        separation. 

After sizing the starting waste material sample, class -0,063 mm is treated 
on the magnetic separator for removal of iron surplus. Table 2 gives chemical 
composition of the non-magnetic fraction (NMF) of this class. 

 
Table 2. Chemical composition of the NMF class -0,063 mm of the waste material 
sample 
Composition SiO2 Al2O3 Fe2O3 TiO2 Cr2O3 CaO Na2O K2O LOI 
Contents % 67,42 21,65 0,182 0,017 0,05 3,11 3,94 4,13 1,58 
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2.3. Mineralogical analysis of sample 

Mineralogical analysis has been carried out in the Laboratory for 
mineralogical characterization of the ITNMS on five samples by classes of sizes 0,15 
mm to 0,050 mm. Generally, all tested samples represent a feldspar-micaceous raw 
material with an increased quartz content. Mica content falls in lower classes. 
Feldspars are represented with microcline, orthoclase and Na-plagioclase. 
Microcline is the major material by its share. Na-plagioclase content rises in lower 
classes. All feldspars are poorly sericited and kaolinited. Of iron minerals limonine-
getite has been identified. Apart from mica, all other grains are acuteangular. No 
presence of middling has been noted in the whole sample (all classes). All samples 
are similar by their composition and only in the class -0,063 + 0,050 mm there is 
major presence of heavy minerals.  

2.3.1. Microscopy analysis of the sample of the magnetic fraction of  
                        chats from class –0.063mm 

Mineral composition: Quartz, feldspars, Fe hydroxides, micas, zircon, 
granates, apatite Microdescription: Examined sample consists from dominant 
feldspar and quartz. From the mineral feldspar are presented potassium feldspars 
and plagioclases. From accessory minerals is fortified the presence of granate, 
zircon, and apatite. From the minerals carriers of iron is fortified presence of Fe 
hydroxides, and granatas which can content the iron. This minerals usually appears 
like free, or like inclusions in feldspars and quartz. The method of x-ray diffraction 
proved the presence of main minerals and the presence of Fe-hydroxides 
(lepidocrokite),too. 

 
Figure 1. Difractogram of parha magnetic fraction of the examined sample 

 

  

Figure 2. Fe hydroxides, zoom of lens 
20X, a missed light 

Figure 3. Fe hydroxides in the form of 
inclusion and the free, zoom of lens 10X, a 

missed light 
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3. EXPERIMENTAL WORK 
 

3.1. Determination of composition according to grain sizes 

 As the starting sample of waste material from “Feldspar” – Bujanovac has 
been sieved wet through a sieve with holes of 0,063 mm, composition according to 
grain sizes has been determined so that the class -0,05 + 0,00 mm was sorted on 
cyclosizer and the class + 0,05 mm has been sieved wet through a series of sieves 
[5- 10]. Sorting and sieving results are shown in Table 3. 

 
Table 3. Composition of waste material sample according to grain sizes 

Size class, mm M, % ↓ ∑M, % ↑∑M, % 

-0,400+ 0,300 1,89 1,89 100,00 

- 0,300 + 0,200 4,17 6,06 98,11 

- 0,200 + 0,150 6,59 12,65 93,94 
- 0,150 + 0,100 18,98 31,63 87,35 

- 0,100 + 0,075 6,74 38,37 68,37 

- 0,075 + 0,063 6,68 45,05 61,63 

- 0,063 + 0,050 10,89 55,94 54,95 

- 0,050 + 0,044 0,47 56,41 44,06 

- 0,044 + 0,033 5,39 61,80 43,59 

- 0,033 + 0,023 7,54 69,34 38,20 

- 0,023 + 0,015 7,95 77,29 30,66 

- 0,015 + 0,011 4,37 81,66 22,71 

- 0,011 + 0,000 18,34 100,00 18,34 

Input 100,00 / / 

 
 Based on granulometric composition (Table 3., Figure 4.) it can be 
concluded that the upper size limit of the start sample is under the 0,2mm, apropos 
classing into the plant "Feldspat"- Bujanovac didn’t work properly, because 
according the technology scheme, waste schoud have been under the 0,063mm. 
 

 
 

    Figure 4. Granulometric composition of waste sample from “Feldspar Bujanovac” 
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Experimental work relating to this paper consisted of sorting the waste 
material starting sample. Then, on class -0,063 mm, specific areas of thickening and 
specific capacity of filtration have been determined. Magnetic separation tests have 
been done on this class. The waste material starting sample in the form of pulp had 
a mass of m=8630 g after drying. After drying this sample was sieved wet on a sieve 
with holes of 0,063 mm. From the class -0,063 mm samples have been taken for the 
tests of magnetic separation, sedimentation and thickening of m=500 g. 
Sedimentation tests were carried out by using the Kynch method and pH value of 
samples was changed as well as the percentage of solid phase in input raw material. 
For filtration tests the method used was that with the filter piece of paper. The 
written scheme of sample treatment is shown in Figure 5. 

 

 
 

Figure 5. Scheme of laboratory treatment of waste material samples from the 
flotation plant “Feldspar” Bujanovac [3, 4] 

 
 3.2. Review of results of sedimentation tests on waste material  
                        samples “Feldspar” Bujanovac 

 Sedimentation tests have been carried out by using the Kynch method on 
waste material samples of the class -0,063 mm. During such tests on the starting 
raw material the percentage of solidity was 5, 10 and 15%. During the first three 
tests pH value was around 2,8 (just as in the plant) and during the next three tests 
pH value was around 5,5 just as in the waste material flotation plant. Test results 
have been shown as six equations. pH value of waste material coming out of the 
plant is around 2,5 where as pH value of waste material in the waste material 
flotation plant is around 5,5. 

 For 5% percentage of solidity pH= 2,8 and pH= 5,8 respectively: 
 

S= 695  tr/Co  Ho= 695  8,5/ 51,6  355= 0,322 m2/t/24h                       (1) 
 

S= 695  tr/Co  Ho= 695  18,7/ 51,6  355= 0,709 m2/24h           (2) 
  

For 10% percentage of solidity pH= 2,7 and pH= 5,6 respectively: 
 

S= 695  tr/Co  Ho= 695  9/ 51,6  355= 0,172 m2/24h           (3) 
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S= 695  tr/Co  Ho= 695  17,8/ 51,6  355= 0,341 m2/24h           (4) 

 
 For 15% percentage of solidity pH= 2,6 and pH= 5,5 respectively: 
 

S= 695  tr/Co  Ho= 695  19/ 51,6  355= 0,234 m2/24h           (5) 
 

S= 695  tr/Co  Ho= 695  20,3/ 51,6  355= 0,240 m2/24h           (6) 
 
 where is: 

tr – thickening time, min; C0– contents of solid, g/l; H0– column height of 
input pulp, mm 
 
 3.3. Review of results of filtration tests on waste material samples  
                       “Feldspar” – Bujanovac 

 For filtration tests the method with a piece of paper has been used. Within 
the tests several experiments have been carried out. Results of one of them are 
shown here and it has been performed on the class -0,063 mm. It was adopted that 
the percentage of solidity in the sediment or at filtration input be 40%. Based on 
laboratory data a calculation has been made of specific capacity of filtration by 
models: 

a) Waste material sample for filtration has the following characteristics 
-percentage of solidity at input (40% solidity) 
-size class -0,063 mm 
- sample mass m=2 kg 
-specific sample mass γ=2,65 g/cm3 

qw = 0,6∙q0/F’∙t = 0,6∙104,6/94,98 ∙3 = 0,22026 g/cm2min 
 

q= qw(100-w)/100 = 0,22026  70,25 /100 = 0,154733 g/cm2min 
 or it is: 
 
   q=0,0928398 t/m2/h 
 

where: 
qw – specific filtration capacity of wet cake with moisture w; 
q –specific filtration capacity of dry cake; 
t –filtration time in minutes 
w –moisture in % 

 
 As the plant operates with a capacity of Q = 4t/h and the mass of waste 
materials is around 40%, for this capacity (1,6 t/h) the area of filter cloth should be 
F = 17,23 m2. After all investigation is proposed a new technological scheme of 
process of valorization of tailings from plant „Feldspar“-Bujanovac. 
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Figure 6. New proposed scheme of technological process of valorization of tailings 

from plant „Fedspar“-Bujanovac 
 

4.CONCLUSION 
  
 Based on performed laboratory tests and analyses the following can be 
concluded: 
 - it is possible to obtain the product of satisfactory quality for the needs of 
ceramic industry from waste materials obtained at the flotation plant “Feldspar” –
Bujanovac 

- sorting in the flotation plant “Feldspat” – Bujanovac did not function as it 
should and this can be seen based on the composition according to grain sizes and 
upper size limit of waste material sample 

-flotation process in the plant “Feldspat” – Bujanovac did not function as it 
should and this can be seen based on the mineralogical and chemical composition 
of waste materials. 

Sorting problems could be resolved by regulating the operation of classifier 
and this would somewhat resolve the existing problems and enable emergence of 
useful minerals in waste materials. However, as the mineralogical analysis shows 
that there is no middling in any classes of sizes in samples of waste materials, 
special flotation of large and small classes should be introduced. 

If operation continues under the existing conditions in the plant (with 
waste materials whose upper size limit is 0,15 mm) it would be possible to perform 
dewatering or thickening and filtration of flotation waste materials based on the 
results shown during operation (items 4 and 5). Based on the well known mass 
flow of waste materials and other technological parameters selection of thickening 
and filtration equipment and in this way a commercial products for ceramic 
industry can be obtained. 
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