UNIVERSITY OF BELGRADE
TECHNICAL FACULTY IN BOR

PROCEEDINGS

XIi

International Symposium on
RECYCLING TECHNOLOGIES and
SUSTAINABLE DEVELOPMENT

Editors:
Grozdanka Bogdanovic¢
Milan Trumic

Hotel Jezero, Bor Lake, Serbia
13 - 15 September 2017



University of Belgrade
TECHNICAL FACULTY IN BOR

PROCEEDINGS

G"‘79ugers"‘9 °

XII INTERNATIONAL SYMPOSIUM on
RECYCLING TECHNOLOGIES and
SUSTAINABLE DEVELOPMENT

Editors
Grozdanka Bogdanovic
Milan Trumi¢

Hotel Jezero, Bor Lake, Serbia
13-15 September 2017.



XII INTERNATIONAL SYMPOSIUM on
RECYCLING TECHNOLOGIES and SUSTAINABLE DEVELOPMENT

PUBLISHER
University of Belgrade, Technical Faculty in Bor

FOR THE PUBLISHER
DEAN: Prof. Dr Nada Strbac

EDITORS
Prof. Dr Grozdanka Bogdanovi¢
Prof. Dr Milan Trumi¢

PROCEEDINGS COVER DESIGN
Predrag Stoli¢

PRINTED BY
HAPPY TREND, Zajecar, Serbia

Printed: 150 copies

CIP - Karajmormsaumja y OyoOamKaumijm
Haponua 6ubsmmorexka Cpbuje, Beorpan

502.131.1:628.477.6(082)
628.477.6(082)
502.174:502.521(082)

SYMPOSIUM on Recycling Technologies and Sustainable
Development (12 ; 2017 ; Borsko jezero)

Proceedings / XII International Symposium on
Recycling Technologies and Sustainable Development, Bor

Lake, 13-15 September 2017. ; editors

Grozdanka Bogdanovié¢, Milan Trumié¢. - Bor : University
of Belgrade,

Technical Faculty, 2017 (ZajeCar : Happy Trend). - X,
282 str. : ilustr. ; 25 cm

Tiraz 150. - Bibliografija uz vecé¢inu radova. -
Registar.

ISBN 978-86-6305-069-3

a) OrnamHe MaTepuje - OOpPXMBY paszBoj - 30opHMUM b)
OrnanHe MaTepuje -

Peumkiaxa - 30opHMUM C) 3empumre - Pemenmjaumja -
300pHULIU

COBISS.SR-ID 244139788

ISBN 978-86-6305-069-3




XII International Symposium “Recycling Technologies and Sustainable Development”

NATIONAL SCIENTIFIC COMMITTEE

Prof. Dr Milan Trumié¢, University of Belgrade, Technical faculty in Bor, Serbia,
President

Prof. Dr Grozdanka Bogdanovi¢, University of Belgrade, Technical faculty in Bor,
Serbia, Vice President

Prof. Dr Rodoljub Stanojlovi¢, University of Belgrade, Technical faculty in Bor, Serbia
Dr Zoran Stevanovi¢, Mining and Metallurgy Institute Bor, Serbia

Prof. Dr Milan Antonijevi¢, University of Belgrade, Technical faculty in Bor, Serbia
Doc. Dr Mira Coci¢, University of Belgrade, Technical faculty in Bor, Serbia

Prof. Dr Zoran Stevi¢, University of Belgrade, Technical faculty in Bor, Serbia

Prof. Dr Nada Strbac, University of Belgrade, Technical faculty in Bor, Serbia

|Prof. Dr Zoran Markovi¢, University of Belgrade, Technical faculty in Bor, Serbia

Dr Dejan Kozelj, Rakita Exploration doo Bor, Serbia

Prof. Dr Radoje Pantovi¢, University of Belgrade, Technical faculty in Bor, Serbia
Prof. Dr Goran Vuji¢, University of Novi Sad, Faculty of Technical Sciences, Serbia
Prof. Dr Zeljko Kamberovi¢, University of Belgrade, Faculty of Technology and
Metallurgy, Serbia

Prof. Dr Miodrag Ziki¢, University of Belgrade, Technical faculty in Bor, Serbia

Prof. Dr Milena Kostovi¢, University of Belgrade, Faculty of Mining and Geology,
Serbia

Prof. Dr LjubiSa Andri¢, ITNMS Belgrade, Serbia

Dr Dragan Radulovic, ITNMS Belgrade, Serbia

Prof. Dr Vlada Veljkovi¢, University of Nis, Faculty of Technology, Leskovac, Serbia
Dr Dragan Milanovi¢, Mining and Metallurgy Institute Bor, Serbia

Prof. Dr Snezana Mili¢, University of Belgrade, Technical faculty in Bor, Serbia
Prof. Dr Slavisa Puti¢, University of Belgrade, Faculty of Technology and Metallurgy,
Serbia

Prof. Dr Mirjana Rajci¢-Vujasinovi¢, University of Belgrade, Technical faculty in Bor,
Serbia

Prof. Dr Jovica Sokolovi¢, University of Belgrade, Technical faculty in Bor, Serbia




XII International Symposium “Recycling Technologies and Sustainable Development”

Prof. Dr Marina Stamenovi¢, Belgrade Polytechnic, Serbia

Prof. Dr Dusan Stanojevi¢, High Technology School of Professional Studies, Sabac,
Serbia

Doc. Dr Zoran Stirbanovi¢, University of Belgrade, Technical faculty in Bor, Serbia
Prof. Dr Mile Dimitrijevi¢, University of Belgrade, Technical faculty in Bor, Serbia

Doc. Dr Maja Trumi¢, University of Belgrade, Technical faculty in Bor

INTERNATIONAL SCIENTIFIC COMMITTEE

Prof. Dr Vasilis Fthenakis, Columbia University, USA

Prof. Dr Takashi Nakamura, Tohoku University, Japan

Prof. Dr Hojae Shim, University of Macau, China

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

Prof. Dr Veena Sahajwalla, University of New South Wales, Australia

Prof. Dr Jakob Lamut, University of Ljubljana, Slovenia

Dr Florian Kongoli, Flogen Technologies Inc., Canada

Prof. Dr Ivan Nishkov, University of Mining and Geology "Stlvan Rilski", Bulgaria
Prof. Dr Ofira Ayalon, University of Haifa, Israel

Prof. Dr Stefan Salhofer, BOKU-University of Natural Resources and Life Sciences,
Vienna, Austria

Prof. Dr [lhan Busatli¢, University of Zenica, Bosnia & Herzegovina

Prof. Dr Damien Giurco, University of Technology Sydney, Australia

Dr Viktor Simonc¢ié¢, VIKOS, Croatia

Prof. Dr Adele Muscolo, Mediterranean University of Reggio Calabria, Italy

Prof. Dr Evangelos Gidarakos, Technical University of Crete, Greece

Prof. Dr Cipriana Sava, ,Dimitrie Cantemir" Christian University, Romania

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

Prof. Dr Stojan Simi¢, University of East Sarajevo, Bosnia & Herzegovina

Prof. Dr Zdenka Zovko Brodarac, University of Zagreb, Croatia

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

Slovakia

v



XII International Symposium “Recycling Technologies and Sustainable Development”

Prof. Dr Irena Grigorova, University of Mining and Geology "Stlvan Rilski", Bulgaria

ORGANIZING COMMITTEE

Prof. Dr Grozdanka Bogdanovi¢, University of Belgrade, Technical faculty in Bor,
President

Prof. Dr Milan Trumi¢, University of Belgrade, Technical faculty in Bor

|Prof. Dr Zoran Markovi¢, University of Belgrade, Technical faculty in Bor

Prof. Dr Zoran Stevi¢, University of Belgrade, Technical faculty in Bor

Prof. Dr Jovica Sokolovi¢, University of Belgrade, Technical faculty in Bor
Doc. Dr Zoran Stirbanovi¢, University of Belgrade, Technical faculty in Bor
Doc. Dr Maja Trumié¢, University of Belgrade, Technical faculty in Bor

Doc. Dr Vladimir Despotovié, University of Belgrade, Technical faculty in Bor
M.Sc. Aleksandra Stojanovi¢, University of Belgrade, Technical faculty in Bor
B.Sc. Vladimir Nikoli¢, University of Belgrade, Technical faculty in Bor

B.Sc. Dragana Marilovi¢, University of Belgrade, Technical faculty in Bor
M.Sc. Predrag Stoli¢, University of Belgrade, Technical faculty in Bor

B.Sc. Sandra Vaskovi¢, University of Belgrade, Technical faculty in Bor

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







TABLE OF CONTENTS

PLENARY LECTURES 1

Zorana Naunovi¢

ECONOMIC AND ENVIRONMENTAL VIABILITY OF A MUNICIPAL WASTE TO ENERGY
RECOVERY SYSTEM 3
Slavomir Hredzak, Marek Matik, Anton Zubrik, Michal Lovas, Katarina

Stefu$ova, Miroslava Vaclavikova, Ingrid Znamenackova, Silvia Dolinska, Ol'ga
Sestinova

COMPOSITION OF LOW-GRADE NICKEL ORE LEACHING RESIDUUM IN SLOVAKIA 13
Stojan Simi¢

REDUCTION OF HARMFUL EMISSIONS IN ENVIRONMENT BY OPTIMIZATION OF

HEAT ENERGY CONSUMPTION IN INDUSTRY AND ENERGETICS 21
SECTION LECTURE 31
Sladana C. Alagié¢

VARIOUS ROLES OF PLANTS IN HEAVY METAL PHYTOREMEDIATION FROM
POLLUTED SOILS 33
PAPERS BY SECTIONS 41
Vladislav Ivanchenko and Yuri Chugunov

RECYCLING OF INDUSTRIAL WASTE IN THE VORTEX AIR-MINERAL FLOW - NEW
TECHNOLOGY FOR THE PRODUCTION OF METALS, ORE CONCENTRATES AND
BUILDING MATERIALS 43
Ksenija Milicevic, Stephanie Kruse, Karoline Raulf, Bernd Friedrich

RECOVERY OF RARE EARTH OXIDES FROM NDFEB MAGNET GRINDING SLURRIES

AND THEIR REUSE IN MOLTEN SALT ELECTROLYSIS 48
Yildirim ismail Tosun

RECYCLING AND CONCENTRATION OF IRON SLIME WASTES AS BY PRODUCT OF

IRON WORKING FOUNDRIES AND FLY SLAG WASTE OF BLAST FURNACE 51
Yidirim ismail Tosun

MODELLING OF THE CAPITAL COST FOR LOW GRADE IRON ORE CONCENTRATION

AND RECYCLING PLANT - ASSESMENT ON THE WASTE QUALITY OF FURNACE 53
Jelena Carapi¢, Milo$ Cabarkapa, Vladan Milosevié, Dejan Todorovié,
Branislav IvoSevi¢, Sonja Milicevi¢, Serbia

INFLUENCE OF THE COOLING PROCESS ON THE SLAG PROPERTIES 54
Jovica Sokolovi¢ , Zoran Stirbanovié, Rodoljub Stanojlovié, Zoran Markovié

ANALYSIS OF THE INDUSTRIAL RESULTS OF COPPER SLAG PROCESSING BY

FLOTATION 60
Zoran Stirbanovi¢, Milica Pordevié, Novka Zivadinovié, Jovica Sokolovié,

Ivana Jovanovi¢, Daniela Urosevié¢

OPTIMIZATION OF SMELTER SLAG FLOTATION IN FLOTATION PLANT BOR 67



XII International Symposium “Recycling Technologies and Sustainable Development”

Mira Coci¢, Mihovil Logar, Visa Tasi¢, SneZana Devi¢, Sasa Coci¢

THE POSSIBILITY OF USING THE FINAL FLOTATION WASTE FOR OBTAINING THE
GLASS-CERAMICS 74
Yildirim ismail Tosun

RECOVERY OF HEMATITE FROM THE COAL BOILER’S BOTTOM ASH BY COLUMN
FLOTATION - OPTIMUM CONCENTRATION PLANT DESIGN 82
Ivana Jovanovi¢, Sladana Krsti¢, Jasmina Negrojevi¢, Sanja Petrovi¢, Dragan
Milanovi¢

EFFECT OF CLASSIFIED FLY ASH ON THE SETTING TIME OF CEMENT MIXTURES 83
Grozdanka Bogdanovi¢, Dejan Anti¢, Maja Trumi¢, Milan Trumi¢, Velizar
Stankovic

AGITATION LEACHING OF A LOW-GRADE COPPER ORES 91
Dragan S. Radulovi¢, Milan Petrov, Maja Trumi¢, Milan Trumi¢, Grozdanka
Bogdanovi¢, Ljubisa Andri¢

POSSIBILITY OF USING LIMESTONE FROM ”GIGOVI(fI”—ULCIN] DEPOSIT AS FILLER IN
VARIOUS INDUSTRY BRANCHES 97
Daniela Uro$evié, SladanaKrstié, Vesna Krsti¢, Zoran Stirbanovié
MINERALOGICAL-PETROLOGICAL ANALYSIS OF IRON ORE FROM SURFACE MINE

“DUGE NJIVE”, BORANJA 105
Dragana Marilovi¢, Maja Trumi¢, Milan Trumi¢, Grozdanka Bogdanovié¢
INFLUENTIAL PARAMETERS ON DEINKING FLOTATION EFFICIENCY 111

Ana Popovi¢, Aleksandar Marinkovi¢, Jelena Rusmirovi¢, Vladimir Pavicevic¢,
Bojan Jankovi¢

RECYCLING OF PVC WITH PLASTICIZERS OBTAINED BY CHEMICAL RECYCLING
FROM PET 116
Tihomir Kovacevi¢, A. Bozi¢, J. Rusmirovi¢, M. Stamenovi¢, V. Alivojvodi¢, N.
Tomi¢, A.Marinkovié¢

POLYURETHANE PRODUCTS BASED ON POLYOLS SYNTHESIZED FROM WASTE

POLY(ETHYLENE TEREPHTHALATE) 121
Maja Trumi¢, Milan Trumi¢, Nevena Muncan, Dragan Radulovi¢
FLOTATION SEPARATION OF THERMAL HEAT TREATED ABS AND PS PLASTICS 128

Dragana V. Medi¢, Boban R. Spalovi¢, Mile D. Dimitrijevi¢, Ivan N. Pordevic,

Uros S. Stamenkovic

PRETREATMENT CATHODE MATERIAL FROM SPENT Li-ION BATTERIES 135
Suzana Dragulovi¢, Dragana Bozi¢, Vesna Coni¢, Silvana Dimitrijevi¢, Danijela
Simonovi¢, Zdenka Stanojevi¢ Simsi¢, Dana Stankovié

PRODUCTION OF SILVER - SULPHATE FOR CATALYSIS OF THE SULPHIDE MINERALS

PROCESS 142
Predrag Stoli¢, Danijela MiloSevié¢
IMPROVING OF E-WASTE MANAGEMENT USING DATA SCIENCE ELEMENTS 147

Slavica Mileti¢, Dejan Bogdanovi¢, Dragan Milanovi¢, Vesna Coni¢, Zdenka
Stanojevié¢ Simsié

AHP ANALYSIS OF ORGANIZATIONAL CULTURE OF SUSTAINABLE BUSINESS IN
MINING COMPANY 154
Vladimir Pavic¢evi¢, Darko Radosavljevi¢, Ana Popovi¢, Marina Stamenovic,
Vesna Alivojvodi¢, Aleksandra BozZi¢

TECHNICAL CRITERIA FOR INFRASTRUCTURE PROJECTS - CONDITION FOR
SUSTAINABLE DEVELOPMENT 162
Cipriana Sava, Gheorghe Pinteala

ASPECTS REGARDING ENVIRONMENTAL PROTECTION AND SUSTAINABLE SPORT

FISHING IN ROMANIA 169

viii



XII International Symposium “Recycling Technologies and Sustainable Development”

Vladimir Nikoli¢, Milan Trumi¢, Maja Trumi¢, Ljubisa Andri¢

MODERN DIRECTIONS OF USING NATURAL ZEOLITES IN THE WORLD

Miodrag Zikié, Mira Martinovi¢, Sasa Stojadinovi¢, Jovica Sokolovié, Dejan
Tanikic

RECLAMATION OF VELIKI KRIVEL] MINE WASTE DUMP SARAKA POTOK -
SUCCESSFULNESS ANALYSIS

Sladana C. Alagi¢, Mile D. Dimitrijevié, Snezana B. To$i¢2, Maja M. Nujkié¢,
Boban R. Spalovi¢

THE POTENTIALS OF THE GRAPEVINE AND PEACH TREE FOR THE APPLICATION IN
ZINC PHYTOREMEDIATION: A COMPARATIVE ANALYSIS

Zoran Stevi¢, Ilija Radovanovi¢, Vojkan Nikoli¢, Misa Stevi¢, Oleksandr
Bondarenko

HIGH-FREQUENCY WOOD DRYING SYSTEM WITH HIGH ENERGY EFFICIENCY
Zaklina Tasi¢, Marija Petrovi¢ Mihajlovi¢, Ana Simonovi¢, Milan Radovanovié,
SneZana Mili¢, Milan Antonijevi¢
ANTIBIOTICS AS POTENTIAL CORROSION INHIBITORS FOR COPPER

Ilhan Busatli¢, Sefkija Botonji¢, Azra Halilovi¢, Nadira Busatli¢, Amna Kari¢
POSITIVE EXAMPLES OF WASTEWATER TREATMENT EFFECTIVENESS IN "NATRON-
HAYAT" MAGLA] FACTORY

G.V. Mitrofanova, V. A. Ivanova, A.V. Artemiev

EVALUATION OF THE POSSIBILITY OF USING PROCESS WATER FROM THE
DRESSING PLANT WITHOUT SETTLING IN THE TAILINGS POND.

Ljubisa Obradovi¢, Jasmina Stevanovi¢, Radmila Markovi¢, Suzana Stankovi¢
CHARACTERIZATION OF THE DRAINAGE WASTEWATER FROM DAM 1A AND 3A ON
VELIKI KRIVEL] TAILING DUMP

Vojka Gardi¢, Radmila Markovi¢, Nobuyuki Masuda, Jelena Petrovi¢, Stefan
Pordievski, Jovica Sokolovi¢, Dragana Bozi¢
SLUDGE LEACHABILITY AFTER LIME NEUTRALISATION OF ACID MINE DRAINAGE
FROM SARAKA AND ROBULE LOCATIONS

Grozdanka Bogdanovi¢, Zaklina Tasi¢, Nikola Pi¢orusevié, Andjelija
Bogdanovi¢

THE APPLICATION OF MEMBRANE FILTRATION PROCESSES IN WASTEWATER
TREATMENT

Ljiljana Avramovi¢, Radojka Jonovi¢, Radmila Markovi¢, Atsushi Shibayama,
Kazutoshi Haga, Han Baisui, Daniela Urosevi¢

SEPARATION OF COPPER AND IRON USING LIX-984N BY THE SOLVENT
EXTRACTION

Milan M. Petrov, Ljubisa D. Andri¢, Dragan Radulovi¢
FLOTOEXTRACTION OF BLUE WATER

Milan Gorgievski, D. Bozi¢, V. Stankovi¢, D. Manasijevic¢, V. Grekulovi¢, M.
Markovic
PHYSICO-CHEMICAL CHARACTERIZATION OF THE OAT STRAW BY DTA-TGA AND
SEM-EDX ANALYSIS

Dragana Markovi¢-Nikoli¢, Ljubisa Balanovi¢, Aleksandar Boji¢, Milorad
Caki¢, Dragan Cvetkovi¢, Goran S. Nikoli¢
STRUCTURAL AND BIOSORPTION CHARACTERISTICS OF THE CATIONIC
SURFACTANT-MODIFIED LAGENARIA VULGARIS SHELL

Dragana Z. Markovi¢-Nikoli¢, Milorad D. Caki¢, Aleksandar Lj. Boji¢, Goran S.
Nikoli¢
KINETIC AND THERMODYNAMIC STUDIES ON ORTHOPHOSPHATE BIOSORPTION
USING THE QUATERNARY AMMONIUM MODIFIED LAGENARIA VULGARIS SHELL

177

184

189

195

200

207

215

216

223

229

237

243

253

258

260




XII International Symposium “Recycling Technologies and Sustainable Development”

LjiljanaTrumbulovi¢, Marko Pavlovi¢, Dragan Radulovi¢, Milan Petrov,

Ljubisa Andri¢

DANGEROUS PRODUCTS IN HOUSEHOLDS 262
LjiljanaTrumbulovi¢, Marko Pavlovi¢, Dragan Radulovi¢, Milan Petrov,

Ljubisa Andri¢

PHARMACEUTICAL WASTE MANAGMENT 270
AUTHOR INDEX 279




JSARPmy, XII INTERNATIONAL SYMPOSIUM on
%, RECYCLING TECHNOLOGIES and
3‘5. SUSTAINABLE DEVELOPMENT

13-15 September 2017, Hotel Jezero, Bor Lake, Serbia

University of Belgrade, Technical Faculty in Bor
Vojske Jugoslavije 12, 19210 Bor, Serbia
Tel. ++381 30 424 555 Fax +38130 421 078

Q
Q’QEuge;S“S v

POSSIBILITY OF USING LIMESTONE FROM “GIGOVICI”-ULCIN]
DEPOSIT AS FILLER IN VARIOUS INDUSTRY BRANCHES

Dragan S. Radulovié¢#, Milan Petrov?, Maja Trumi¢2, Milan Trumi¢z,
Grozdanka Bogdanovié?,Ljubi$a Andri¢?t

IInstitute for technology of nuclear and other mineral raw materials, 86 Franchet
d’Espery Street, Belgrade, Serbia
2Techical faculty in Bor, Vojske Jugoslavije 12, University of Belgrade, Serbia

ABSTRACT - This paper presents results of investigations of the possibility of using
“Gigovi¢i”-Ulcinjlimestone (Republic Montenegro) as filler in various industry branches.
Micronization methods, granulometric composition, oil and water absorption and
degree of whiteness were investigated, and chemical and thermal analyses (DT/TG)
were performed.

Physico-chemical properties of this limestone classify it among high quality carbonate
raw materials with relativelyhigh CaCOs content of 98.16%, as well as low MgCO3
content of 1.53% and low silicate content (Si0z 0.30%). Its quality satisfies
requirements of standards on using of calcium carbonate as filler in industry of paints
and coatings; paper industry, rubber and PVC industry; glass industry; production of
mineral fertilizers; foundry industry; sugar industry and metallurgy. Due to the low
degree of whiteness (85,25%) “Gigovi¢i” limestone cannot be used in pharmaceutical
and cosmetics industry. Due to relatively high content of MgO (0,73%) and Fe
(340ppm), as well as high content of heavy metals, Cu (18 ppm), Ni (24 ppm) and Cd (9
ppm), “Gigovi¢i” limestone cannot be used, in production of cattle feed and for
neutralization of acidic soils.

Keywords: limestonefiller, industrial use, standards, comminution and classification;
recycling of industrial minerals

INTRODUCTION

Republic of Montenegro has big reserves of limestone in coastal area and in
south of the territory [1]. Even though deposits are huge, limestone is mainly used

# corresponding person: d.radulovic@itnms.ac.rs
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in construction as construction stone, and to some extent as architectural stone [2].

Since calcium carbonate as filler is much more expensive than construction
stone, relevant institutions of Montenegro initiated investigations of the possibility
of using limestone as filler [3]. On the basis of the obtained results it was evaluated
whether it can be used as filler in accordance with standards (SRPS) in various
industry branches [3-6].

“Gigovi¢i”-Ulcinj deposit consists of carbonate sediments, mostly limestone
ones, and less dolomitic sediments. Ore reserves are estimated at about 5,000,000 t
of limestone [1]. The aim of investigations presented in this paper was to determine
the possibility of using raw material as filler in various industry branches.

MATERIALS AND METHODS

Starting limestone sample used in investigations was from “Gigovi¢i” -
Ulcinj deposit. First, its specific volumetric weight (density) and granulometric
composition were determined. Its density was measured by pycnometer with xylol
as fluid, granulometric composition was determined by Tyler screen [7].

Granulometric composition of the micronized sample was determined by
sieve size 63 pum, classification on Cyclosizer and Bach elutriator. Limestone filler
quality was determined by chemical analysis. Thermal (DT/TG) analysis of the
sample was performed using Netzsch-Simultaneous Thermal Analysis- STA 409 EP
device, with heating speed of AT= 10 °C/min, in temperature interval from 20 to
1000 °C. Degree of whiteness was determined by whiteness meter, according to
MgO 100% standard.

INVESTIGATION OF PHYSICAL PROPERTIES OF STARTING SAMPLE

Specific volumetric weight of the starting sample is y= 2,708 g/cm3.

Tablel.Granulometric-composition of the initialsample“Gigovi¢i”- Ulcinj

Size class[mm ] M, % XM, % ™M, %
-19,1 + 15,9 3,68 3,68 100,00
-159+12,7 9,48 13,16 96,32
-12,7+9,52 17,23 30,39 86,84
-9,52+7,93 7,88 38,27 69,61
-7,93+5,0 13,83 52,10 61,73
-5,0+ 3,36 14,99 67,09 47,90
- 3,36+ 2,38 4,74 71,83 32,91

-2,38+1,6 5,98 77,81 28,17
-1,6+1,19 4,91 82,72 22,19
-1,19+ 0,63 6,63 89,35 17,28
-0,63+0,4 2,93 92,28 10,65
-0,4+0,3 1,69 93,97 7,72
-0,300 + 0,200 1,62 95,59 6,03
-0,200 + 0,000 4,41 100,00 4,41

Input 100,00 / /
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Based on data from the table is drown a diagram of particle size distribution shown
in Figurel, for samples of limestone “Gigovi¢i”. In Figurel, shows the direct curve of
particle size distribution and cumulative curves and average sample of outflow and
flow limestone deposits “Gigovi¢i” - Ulcinj. From the intersection of cumulative
curves average outflow and flow determined that the average diameter of the

sample of limestone dso=8.11mm, and upper size limit of the sample was
d9s=16.334 mm.

Granulometric composition Gigovici - Ulcinj

100 - e

00 12 ]

0 ~
70 e
60 yd

50
40
30 /
20 > _\‘
10 m‘/— —

0 T T T 7 T T T T T - ]

0 2 4 6 8 10 12 14 16 18 20 22 24
——Direct cuive Grain size, mm

M, %

Cunmilative curve oversize

——Cumulative curve undersize

Figure 1.The curves of particle size-composition of the starting sample“Gigovi¢i"-Ulcinj
TECHNOLOGICAL INVESTIGATIONS

For investigations of the possibility of using limestone as filler in various
industry branches limestone was micronized, and thus obtained product were
subjected to the following physico-chemical characterization:

-chemical analysis, thermal (DT/TG) analysis, determination of granulometric
composition, degree of whiteness and absorption of oil and water.

Determining granulometric compositionof micronized sample

Table 2. Granulometric compositionof grinded sample“Gigoviéi”
Size class [um ] M, % XM, % > M, %
+ 63 38,24 38,24 100,00
-63+44 5,17 43,41 61,76
-44+33 5,61 49,02 56,59
-33+23 4,99 54,01 50,98
-23+15 3,63 57,64 45,99
-15+11 3,51 61,15 42,36
-11+5,7 28,86 90,01 38,85
-5,7+0 9,99 100,00 9,99
Input 100,00 / /
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Granulometric composition of the micronized products showed that the
finest class -5.7 pum content is around 10%.

Determining the degree of whiteness

Whiteness was assessed on three samples of the limestone from deposit

Gigovi¢i”", and the result is shown in Table 3.

"

Table 3. The degree of whiteness the limestone samples

No | mark of the sample | whiteness according MgO- 100%
1. “Gigovi¢i”-1 85.30
2 “Gigovi¢i”-2 85.10
3 “Gigovi¢i”-3 85.35
Average value 85.25

Determination of absorption water and oil

In order to determine absorption water and oil are also used three
samples of the limestone from deposit "“Gigovic¢i”", and the results are shown in
Tables 4 and 5.

Table 4. Absorption of the oilof samplesof limestone

No. | mark of the sample | absorption of the oil, %
1. “Gigovi¢i”-1 13,82
2. “Gigoviéi”-2 13,75
3. “Gigoviéi”-3 13,77
Average value 13,78

Table 5. Absorption of the waterof samplesof limestone

No | mark of the sample | absorption of the water, %
1. “Gigovici”-1 18,81
2. “Gigovici”-2 19,07
3. “Gigovici”-3 19,13
Average value 19,00

Thermal (DT/TG) analysis

Results of thermal (DTA/TG) analysis of the micronized sample “Gigovi¢i”
limestone are presented as a diagram in Figure 2. In Figure 2 are presents the TG
and DTA diagrams of the initial sample of limestone. DTA diagram (Figure 2.)
shows endothermic peak with maximum at 8719C, which is attributed to phase
transformation of calcite (CaCOs) into CaO, according to the following reaction:

CaCO3 — Ca0 + CO2 (1N

100
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Figure 2. DTA/TG diagram of "Gigovi¢i” limestone sample

This phase transformation is accompanied by weight loss of 43.16% (TG
diagram, Figure 2) in the temperature range from 650°Cto 900°C.

Chemical analysis

Results of chemical analysis of the micronized limestone with contents of
main components and damaging components are presented in Tables 6. and 7.

Table 6. Chemical composition of main components of limestone sample
Comp.| CaO |CaCOs| COz MgCO3/Fe203|Al203{SiO2] K20 [Naz0| TiOz | P20s | LOI

Cont.,,
%

55,00(98,16(43,55|0,730{0,055|0,023|0,30{0,00640,022|<0,02|<0,005]43,80

Table 7. Chemical composition of damaging components of limestone sample

Comp.| Cu Mn S P Ni Cr | Mo | Sb | Pb | Cd | pH scl:leu As|Hg

Cont, <50 [ <25]| 65
% 18ppm|(36ppm|<0,01|<0,025|24ppm|3ppm ppm | ppm |ppm 9ppm|9,26(0,0340| / | /

Results of physico-chemical characterization of “Gigovi¢i” limestone
sample and the required filler quality (Standards) lead to conclusion that this
limestone is of good quality. Namely, its CaCOs3 content is high- 98.16%, and MgCOs3
(1.53%) and silicates (SiOz 0.3%) content low. However, relatively high content of
heavy metals was found, above all Cu (18 ppm), Ni (24 ppm) and Cd (9 ppm).

RESULTS AND DISCUSSION
Limestone filler quality for each industry branch is defined by appropriate

standards or requirements of manufacturers who use limestone as raw material in
their production cycle. Limestone quality requirements are defined as content of
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useful and damaging components, i.e. as chemical composition, as well as the
necessary size class.

Evaluation of “Gigovi¢i” limestone filler quality based on chemical
composition

According to the results presented above, limestone from “Gigoviéi” - Ulcinj
deposit can be used in the following industries:

- in industry of paints and coatings; it is among high quality raw materials in
accordance with market and standard requirements (SRPS B.B6.032);

- in paper industry; it is among A, B and C quality, while for the highest D
quality its whiteness degree is not satisfying (SRPS B.B6.033)

- in rubber and PVC industry; it satisfies the highest quality standards and
market requirements (SRPS B.B6.031);

-in foundry industry; it belongs to the highest class I in accordance with
market requirements imposed by standard (SRPS B.B6.012);

- in sugar industry; due to the increased MgO content it belongs to the
highest class in accordance with market and standard requirements (SRPS
B.B6.013);

- in metallurgy; it is in the highest class I in accordance with market
requirements imposed by standards (SRPS B.B6.011);

- in production of glass; due to the increased Mg0O, SiOz and Fez0scontents it
is in quality category IV and V in accordance with market requirements imposed by
standards (SRPS B.B6.020);

- for production of mineral fertilizers because of the increased MgO content,
which is strictly defined by manufacturer’s requirements (Azotara Pancevo).

Limestone from “Gigovi¢i” - Ulcinj deposit cannot be used:

- in pharmaceutical and cosmetics industry because its low whiteness
degree relative to market requirements defined by standard (SRPS B.B6.034);

- in production of cattle feed because of the increased content of heavy
metals Pb and Cd, which is very strictly defined for this use (“Official Gazette of the
Republic of Serbia” 31/78, 6/81, 2/90, 20/00);

- for neutralization of acidic soils; because of the increased content of
biogenic elements MgO, Fe and Cu, and heavy metals, Pb,Ni, and Cd, the contents of
which are very strictly defined (“Official Gazette of the Republic of Serbia”
60/2000).

Evaluation of “Gigovi¢i” - Ulcinj limestone filler quality based on
users’ requirements for the necessary raw material size (fineness)

Some industries require finely micronized limestone, while others require
raw material of larger particle size, sometimes even coarse. Following industries
use ground and micronized limestone:

- for paints and coatings industry; A quality 99.5% of - 20um, B quality 97%
of -20pm and 0.01% of + 44pm;
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- for paper industry for all quality categories (A, B and C) the required
fineness is 100% of -45um, where for A quality 75% of -10um, for B quality
80%, and for C quality the required fineness is 95% of -10um and 90% of -
2um;

- rubber and PVC industry requires for A and B quality raw material to be
99.5% of -45um, while for C and D quality upper limit limestone size is
45um;

- for glass industry, since “Gigoviéi” limestone corresponds to quality IV and
V according to its chemical composition, there is predefined granulometric
composition for these quality classes, subdivided into six subclasses in size
range from -1+0.1mm;

Following industries demand larger sizes and coarse limestone:
- for foundry industry, raw material should be size -50+30 mm, with class -
30 mm content up to 5%s<;
- for sugar industry, limestone is to be classified into six subclasses in size
range from -215+63mm, with maximum fine content in each subclass up to 8%;
- metallurgy uses limestone consisting of five subclasses in size range from -
70+0.1mm.

CONCLUSION

Limestone from “Gigovi¢i”- Ulcinj deposit according to its physico-chemical
properties belongs to high quality carbonate raw material with high CaCOscontent
of 98.16%, and low MgCOscontent of 1.53% and silicates (SiOz 0.3%). It meets the
requirements of standards for using calcium carbonates as fillers in industry of
paints and coatings; paper industry, rubber and PVC industry; production of
mineral fertilizers; foundry industry; sugar industry and metallurgy. According to
market demand and standards it belongs to high quality raw material in industry of
paints and coatings, rubber and PVC, sugar production, foundry industry and
metallurgy. However, for paper industry and production of glass, this limestone
does not comply with the highest standards.

Due to the low degree of whiteness, andincreased content of heavy element
(Pb 65ppm) “Gigovi¢i” limestone cannot be used in in pharmaceutical and
cosmetics industry. Due to high content of biogenic elements MgO (0.73%), Fe (340
ppm) and Cu (18ppm), as well as heavy metals Pb (65ppm), Ni (24 ppm) and Cd (9
ppm),“Gigoviéi” limestone cannot be used in production of cattle feed and for
neutralization of acidic soils.
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