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metals produchion; Metal formung, casting, refractones and powder metallurgy; Mew and advanced ceramies.
polymers, and composites; Characterization and structure of matenals; Recychng and waste mimimaration;
Comrosion, coating, and protection of materials; Process control and modeling; MNanotechnology; Sustainable
development; Welding; Emnironmental protection; Education; Accreditation & cerification.
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Serbaa, with the co-orgamzation of the Institute for Technology of Muclear and Other Mineral Eaw Materials,
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The Orgamizing Commuttes would hke to extend their appreciation and gratitude to all sponsors and fnends of
the conference for their donations and support.

We would ke to thank all the authors whe have contnibuted to thus book of abstracts and also the members of
the scientific and orgam=ing commmttess, reviewers, speakers, chanpersons, and all the conference participants
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organization of MME SEE 2023.

On behalf of the 5% MME SEE Scientific and Organizmg Committes

Miroslav Sokié, PhD



Table of Contents

Rawiomaterials s ce s iies i e g i i Sl i s it

Fladimir Malbaiic, Aleksandar Vasic

PRODUCTION AND PERSPECTIVES OF FOR LTUBITA IRON ORESUSE oo
Marija Markevic, Aleksandra Dakovic, Dangela Smiljanic, Milena Obradevic, Milica ﬂ.;egm'rc

BENTONITE CLAYS AS AFLATOXIN Bl ADSORBENTS ...
Milica Vidak Vasic, Lidga Radevanevic, Zagorka Radojevic

FAW EAOLINITIC-ILLITIC CLAYS FOR THE PRODUCTION OF REFRACTORY CERAMICS ..

Fladimir Jovanovié, Dejan Todorewe, Branislay Iveievic,
Dragan Radulevic, Mladen Bugaréic, Senja Milicevic
THE ADVANTAGES OF USING PELLETIZED GYPSUM

New industrial achievements, developments,

and trends in metals/MATETIALS ... ———————

Srdan Stankewic, Srefanie Herz, Axel Schippers

PERSPECTIVES OF LATERITE BIOHYDROMETALLURGTY ..ottt st

Dragana Randelovie, Grozden Jovanovic, Branizlavr Markovie, AMiroslar Solde

REE EXTRACTION FROM HYPERACCUMULATING PLANTS:

Grozdanka Begdanovic, Samja Petrovic
A NOVEL APPROACH TO COPPER LEACHING FROM CHALCOPYRITE
WITH SULPHURIC ACID SOLUTIONS...

Sanja Jevaié, Vase Mangjlovic, Milisav Ranitovic,

Naraia Gapie, Marja Stlewvic, Zeljko KEamberone
JAROSITE FROM ZINC HYDROMETALLURGY:

Nenad Milosavijevié, Tamara Riseic, Goran Jevac, Mijajlo Taukovié
ANATYSIS OF EFFECTIVNESS OF BOTTOM STIRRING AFTER

THE MODERNIZATION ON BASIC OXYGEN FURNACE NO.2 IN HBIS SERBIA GROUP ...

Ferrous and nonferrous metals production ...

Alexander Birich, Bernd Friedrich

GEREEN GOLD PRODUCTION FROM PRIMARY AND SECONDARY RESOURCES ...

Mile Burdevic, Srecke Manasijevic
DETERMINATION OF OPTIMAL MODIFIER. LEVEL FORE EUTECTIC

SILICON PHASE IN HYPOEUTECTIC AlSirMgnsCuns CAST ALLOT .ottt

Miles Markovié, Darja Bordevic, Vase Mangjlovic, dleksandar Vasic, j’e{ﬁo Kamberownd
THE EFFECT OF THE PLASTIC TO COEE RATIO ON

THE MOST CRITICAL PROCESS PARAMETERS IN A BLAST FURNACE ..o

Metal forming, casting, refractories, and powder metallurgy..............

Radomur Radifa, Srecko Manasijevic, Medeljko Duéie, Alekzandar Jovitie

CIRCULAR ECONOMY AND DIGITATIZATION IN CAST PRODUCTION ..o

.12

17

31

37

49

73

84
91

93



Jelena Seasic, Milan Traca, Jevana Ruiic, Marke Simic, Andrijana Zekié, Dusan Bogic
SURFACE EFFECTS INDUCED BY SHORT-PULSED LASERS
ON PM-SYNTHESIZED CuCrZr ALLOY ..

Marke Simic, Jovara RuZic, Jelena Eréic, Duian Beiic, Ze]_';rfm Radovanovié, Jelena Stasic
INFLUENCE OF THE MILLING TIME ON THE STEUCTURAL PARAMETERS

New and advanced ceramics, polvmers, and composites ...

Malia Athirah Badruddin, Mohd Sabri Mohd Ghazali, Muhamad Syaizwiadi Shaifudin,

Abdul Mu’iz Anig Aiman Mohd Suhaimi, Wan Mohamad Ikhmal Wan Mohamad Kamaruzzaman,

Nursabrina dmirah Mohd Nasir, Nusaibah Yusaf, Chen 500 Kien
EFFECT OF DIFFERENT CaSi(0; CONTENTS ON THE MICROSTRUCTURE AND

ELECTRICAL PERFORMANCE OF Zn0-BASED VARISTOR CERAMICS .l

Wan Mohamad Ikhmal Wan Mohamad Eamaruzzaman, Muhamad Svaizwadi Shaifudin,
Nursabrina Amirah Mohd Nasir, Nur Aiman Svafig Mohd Hamidi, Nusmbah Yusof,

Azila Adnan, Lee Qon Jew, Wan Mohd Nersani Wan Nik, Mohd Sabri Mohd Ghazali
ANTICORROSIVE IMPROVEMENTS OF WATERBORNE POLYURETHANE COATINGS

USING EGGSHELLS BIOWASTE FOR MILD STEEL IN ARTIFICIAL SEAWATER ..o

Danina Krapiimik, Sneiana Uskokovic-Markovic,

Aleksandra Dakovic, Danijela Smiljanic, Maja Kozarsks, Vesna Lazié

PREPARATION AND CHARACTERIZATION OF CHITOSAN-CLAY COMPOSITES
AS POTENTIAL DRUG CARRIERS ..

Muhamad Svaizwadi Shaifudin, Mehd Sabri Mohd Ghazalr,

Wan Mohamad Ikhmal Wan Meohamad KEamaruzzaman, Wan Rafizah Wan Abdullah, Lee Oon Jew

MICEROSTEUCTURE AND ELECTRICATL PERFORMAMNCE OF BARIUM TITANATE

DOPED ZINC OXIDE VARISTOR CERAMICS VIA MODIFIED CITRATE-GEL METHOD ...

Characterization and structure of materials....

Bosgan Markoli, Izrek Naglié, Bla Leskovar, Adam Zaky. Zan Kresnik, Andrej Resmik
SPECIAL COPPER ALLOYS FOB. MOULDS IN FRODUCTION
OF HIGH-END GLASS PRODUCTS ..

Izrek Naglié, Blai Leskovar, Adam Zaky Boigan Markoli, Jovica Srejanovic, Z'af_;iro Kamberovic
QUASICEYSTALS IN AL-MMN-BASED ALLOYS CONTAINING
COPPER., CALCIUM AND STRONTIUM...

Adam Zaky, Blai Leskovar, Izrok Naghé, Bosgan Markeli

OPTIMISATION OF AN Al-Mn ATT.OY REINFORCED WITH QUASICREYSTALS

Gordana Markevic, Vase Manejlovic, Miroslav Sokic,
Jovana Ruiic, Dusan Milsjkov, Aleksandra Paiaric
PREDICTING THE MODULUS OF ELASTICITY OF BIOCOMPATIBLE TITANIUM ATLLOYS

Tagana Volkov-Husevic, Samja Martinevie, Ana Ah, Milica Flahovie

CAVITATION EROSION EESISTANCE OF SOME ENGIMEERING MATERIALS ....oee

Sanja Martinovic, Ana Al Aleksandar Savié, Dragomir Glidié,
Dragana Zivejinovic, Tagana Velkev-Husevic
PRINCIPAL COMPOMNENT ANALYSIS OF MORPHOLOGICAL DESCRIPTORS

FOR. ASSESSMENT OF SURFACE DEFECTS INDUCED BY EXTREME CONDITIONS..............

Jovana Ruiic, Marke Simic, Dusan BoZic, Nikolay Stoimenov, Stanislav Goshev, Jelena Stasic
STUDY OF THE CHAMGES IN MECHANICAL PROFPERTIES OF

THE COPPER-ZIR.CONIUM ALLOYS INFLUENCED BY MINOE BOFON ADDITION ...

... 98

113

118

--123

128

w135

-- 136

- 142

147

154

159

164

171




Nadira Busadic, Than Busadic, Dienana Smayjic-Terzic

GEOPOLYMERS BASED ON FLY ASH FROM THE STANAFRI THEFEMAT POWER PLANT ...

Ljubiia Balanovic, Dajana Milkic, Dragan Manasijevic,

Ivana Markevie, Milan Gorgievski, Ures Stamenkovic, Knisana Bolinovie
MICROSTRUCTURAL AND THERMAL CHARACTERIZATION OF
THE Bi+-In—5n TERNARY ATLLOYS .

Ljubica Radovié, Fernands Carrasco Lopez, Igor Radisavljevic, Nenad Radewic
DISTRIBUTION OF ALLOYING ELEMENTS IN
FRICTION STIR. WELDED AA2024-T351 ALLOY ..

Dragana Mihajlovié, Marke Ralon, Derde Veljovic, Bojan Medo, Veljko Polic

177

.- 154

- 191

ADVANCEMENT OF BIOCOMPATIBILITY AND MECHANICAL SURFACE CHARACTERISTICS

OF THE Ti-13Nb-132r ALTOY USING ELECTROCHEMICAT ANODIFATION ..o

Naralija Dolic, Zdenka Zovke Brodarac, Franjo Eezina
INFLUENCE OF HOMOGENIZATION ON CHEMICAI. PROPERTIES OF

Dragan Manasyjevié, Ljinbisa Balanovié, Ivana Markevie, Milan Gorgievsia,

Uros Stamenkovic, Knisting BeZinevic, Duike Minic, Milena Premowvic Zecevic
MICROSTRUCTUEE AND THEEMATL CONDUCTIVITY OF

THE Az Bi Sn TEFRMARY ATTANS -0 o Lt i e i i iy

Maryja Mihailowie, Aleksandra Patarie, Sneiana Aksennjevié, Branka Jordewvic
MICROSTRUCTURE DEVELOPMENT DURING HEAT TREATMENT OF
HIGH CHROMIUM WHITE CAST IRON ...

Aleksandra Partaric, Gordana Markovic, Nataia Pordevic, Slavica Mihajlevic, Marija Mihailovie
MICROSTRUCTUEE ASSESSMENT OF Co ALLOY INTENDED FOE. DENTISTEY ..

Maja KEokunesoski, Aleksandra .S'vapmy'i'-:', Zvezdana anﬁywﬁ,
Ivan Jovanovic,Jelena Filipovie Trickewic, Ana Valenta Sobor
PRELIMINARY CYTOTONICITY TESTING OF MEWLY SYMNTHESISED SBA-15 MATERTATL .

Jelena Nikelic, Viadimir Topalovie, Maripa Bosic,

Veliko Savic, Milena Obradovic, Srdan Marjaievic, Sneiana Grujic

DISSOLUTION OF POLYPHOSFHATE GLASS: IMPACT OF pH ON

DIFFUSION COEFFICIENTS OF MODIFYING CATIONS AT LOW TEMPERATURES. ...

Tagarna Softarid, Srefan Kolasinae, Zorica Lopidic.

Anja Antanaskevic, Fladimir Adamovic, Jelena Avdalovic, Mladen Bugaréic
CHARACTERIZATION OF RAW PEACH STOMNES AND ITS EIOCHAR

BY SEM. FTIR AND RAMAM SPECT RS oY il

Aleksandar Pordevic, Milena Zecevie, Duske Mimic
EFFECT OF CHEMICATL COMPOSITION ON THE MICROSTRUCTURE, HARDNESS,
AMD ELECTRICAL CONDUCTIVITY OF THE TERNARY Bi-Cu-Ge SYSTEM ... .. ...

Recycling and waste IMINIMIZATION .......oo.ccoooemrressseneses s mmsmsssseessssssssssssmssssessssssssess

Zdenka Zovke Bredarac, Franje Kozing, Daver Stanié, Marnn Folta
QUALITY ASSESSMENT OF THE AlSisCus(Fe) ALLOY
WITH REGARD TO RECYCLING RATIO ..

Sonja Smuljamie, Uroi Hnbar, Magai Spraiezer, Jakob Kémg
CRYSTALLIZFATION CONTROL IN FOAM GLASS PREPARATION
FROM CONTAIMER GLASS WASTE ..

198

204

S211

26

231

237

42

149




Uros Swojakevic, Aleksandar Jovanovic, Ivana Mikavica, Braneslay Markovie, Fladimir Pavicevic
DIEECTIONS AND CHALLENGES OF THE CTRCULAR ECOMNOMY:
MOVEMENT OF MUNICIPAL SOLID WASTEIN CITY OF PARACIN e 263

Silvana Dimirjevic, Stevan Diminjevie, Aleksandra Ivanovic, Marije KEoraé, Milisav Ranitowné
COMPARATION OF CORROSION AND MECHANICAL PROPERTIES OF
COMMERCIAL AND RECYCLED 6060 AND 6082 ATUMINIUM ALLOYS ... 269

Corrosion, coating, and protection of materials......ocrcnn 277

Alelksandra Ivanovic, Stlvana Diminijevic, Stevan Dimirrijevic, Renata KEovadenic
DEALLOYING OF PdMa5 ALLOY IN 1.OM NITRIC ACID . oo enenaece 21D

Marija KEorac, Stevan Dimingjevic, Kemal Delinid, Silvana Dimitrijevic, j’a{ﬂm Kamberowic
INFLUENCE OF ZINC ADDITION ON ANTI-TARNISH SILVER ALLOYS

Miljana Popovic, Ana Alil, Bojan Gligerijevic, Endre Romhbangi
INFLUENCE OF COLD ROLLING AND ANNEALING ON
THE MECHANICAL AND CORROSION PROPERTIES OF AN AAS1E2 Al-Mg ATLOY ................ 291

Process conirol and modeling ... ... . . . 29

Milana Zarie, Mujana Kgeveanin, Ivona Radovie
INFLUENCE OF FUNCTIONAL GROUPS ON
THERMODYMNAMIC PROPERTIES OF BINARY MIXTURES ... NSO | ||

Gvozden Jovanovic, Vasoe Manejlovié, Miroslav Sokac, Alen Delic, Milorad Gavrilovska
INFLUENCE OF MOLD PREHEATING ON EATLWAY
ALUMINOTHERMIC WELDING CASTING SIMULATION ... SOT

[7¥]
—
L

Sustainable develOPINEIE ... e seee e cesecs e e emssmesssesssssmssess e ssssssees ses i

Branimir Grgur

CHATTENGES IN EMERGY STORAGE ..o ee e eermeneaememneeeeneeanessssmeaneene S LT
Dusan Milojkov, Miraslay Sokié, Angelina Mirrovic, -

Dangela Smiljanic, Jelena Pemovie, Marija Simie, Vukosava Zivkovic-Radovanovic

DEVELOPMENT OF SUSTAINABLE METHOD FOR METAL EECOVERY FROM

QLD FLOTATION TATLINGS (MATDANPEE, SEFBIA) USING Aspergillus niger FUNGUS ... 325

Weldswp .. . . . R

Srefan Dikaé, Mihayle Arandelovie, Simon Sedmak, Rademir Jovicie, Dragomir Glisié
EFFECTS OF MULTIPLE WELDING DEFECTS ON
MECHANICAL PROPERTIES OF WELDED JOINT ..o e s eame S5

Nebopia Tadic. Mirar Misovic, Zarke Radovic, Ratka Pemrovié

CHARACTERIZATION OF FRICTION STIR. WELDING JOINTS IN T075-T6 ALLOY PLATES.. 339
Environmental protection.. .. ocessemcessmamssmssssmssssemssmsssmamsssmssssemsessssesmassssses 345

Milica Stojkevic, Sefifa Dedic. Maja Bolic, Migana Ci MJIC,

WMadimir Pavicevic, Mirjana Risric, Aleksandra Peric-Grujic,

THE OPTIMIZATION OF METALS AND METALLOIDS EXTRACTION FROM FLY ASH ... 347

Aleksandar Jevanovic, Mladen Bugardic. Maryja Stevanevic, Mireslav Sekic, Aleksandar Marinkowe
SEQUENCING BATCH REACTOR SYSTEMS FOR THE TREATMENT OF WASTEWATER...... 353



Marija Simic, Jelena Petrovic, Marija Ercegovic, Marija Koprivica,

Jelena Dimirrijevic, Aleksandar Jovanowé, Dusan Milsjkov

Mz/Te-PYRO-HYDRO CHAR DERIVED FROM CORN COB

AS EFFECTIVE ADSORBENT OF LEAD REMOVAL FROM AQUEOQUS SOLUTIONS ............... 359

Janko Zivanié, Mladen Bugaréic, Amja Antanaskevic, Zorica Lopicic,

Miroslay Sakic, Aleksandar Jovanovié, Milan Milivajevic

THE ADSORFTION OF ARSENIC(V) IONS FROM AQUEOUS SOLUTIONS

BY COMPOSITE OF NATURAL POLYMER AND METAL OXIDE ... o e re e vevmeneans F03

Danijela Smiljanic, Aleksandra Dakewié, Milena Obradowie,

Marija Markevic, Milica @Zegovic, Milena Pann¢, Danina Krajisnik
CLAY-CHITOSAN-SURFACTANT COMPOSITES

AS EFFICIENT ADSORBENTS OF ZEARALEMONE. ..o e enmsvsencenee 3 1
Nela Vujovic, Vesna Alivejvodic, Miroslav Sokie,

Gvozden Jovanovic, Branislav Markevid, Zeljko Kamberovic

INNOVATIVE INDUSTRIAL SYMBIOSIS AFPROACH FOR

Jovana Boinjakevic, Nataia Enelevic, Aleksandar Maninkevic,

Srecko Manasievic, Andrija Savic, Milena Milosevie

REMOVAL OF MESOTRIONE BY HETEROGENEQUS

PHOTOCATALYTIC TREATMENT USING UV-VIS LAMP AS LIGHT SOURCE ... 383

Naraia Eneievic, Jovana Bosnpakovic, Marga Vuksanovic, Jovana Milanovic,

Lpljana Jankevic-Mandic, Adela Egelja, Aleksandar Marinkovi¢

TESTING OF THE ADSORPTION-DEGRADATION CAPACITY OF

CEYSTAL VIOLET DYE WITH OXIDIZED COTTON LINTERS ... PR S - .

Katarina Solas, Jelema Dikie, Borde Veljovic, Jovana Dokaé, Zoran Andic, Sanja Jevaé
MECHANOCHEMICAL SYNTHESIS AND CHARACTERIZATION OF

THE ADSORBENTS BASED ON NATURAL ZEOLITE AND HYDROXYAPATITE...................... 395
Borislav Malinevic, Andele Bojic, DraZenke Bjelic, Tijana Buridié
NICEEL RECOVERY FROM STATIC RINSING IN THE ELECTROPLATING PROCESS ... 401

BT 4L - 111

Jelena Vupanéevic, .§'_psi'n Trafela, Neio Sednik, Zoran Samardiya, Krisrina jﬂgﬂf Soderimk
ELECTROCHEMICAL SENSORS FOR DETECTION OF BISPHENOLS ... e eeerevsmeenes 11

ABhilash Erishnamurthy, Spela Trafela, Eristing Zagar Soderinik
DETECTION AND SENSING OF BENZENEDIOLS USING
MODIFIED SCREEM-PRINTED ELECTRODES .oooooo oo eeeeeeeeeeeeeeeeeeeneneenens 415



Mew industrial achievements,
Congress Proceedings developments. and frends in metals matenals

ANOVEL APPROACH TO COPPER LEACHING FEOM CHALCOPYRITE
WITH SULPHURIC ACID SOLUTIONS
Grozdanka Bogdanovié!, Sanja Petrovié?
e-mail: ghogdanovici@ifbor bg.acrs

1-University of Belzrade, Techniczl Faculty in Bor, VI 12, P.O. Box 50, 19210 Bor, Serbia,
2-Mining and Metallorgy Institute Bor, Zeleni bulevar 35, 19210 Bor, Serbia

Chalcopyrite is the most abundant copper sulphide mineral Extensive research in the field of hydrometallurgy was
conducted with the aim of developing efficient processes for leaching copper from chalcopyTite concentrates and low-
grade ores smnd'or complex chalcopyrite-conmining ores. Chalcopyrite leaching in sulphuric acid solotion was most
studied with Fe (TIIT) ions as an oxidant, with or without the assistance of microorganizms due to the simplicity and low
cost of the process.

In recent years, thers has been increased inferest in the possible use of different oxidizing reagents (hydrozen peroxide,
ozone, chromium (VI) ions, etc.) for chalcopyrite leaching, with research being conducted at the laboratory level, probably
due to their hizher cost The addition of organic compounds, sach as alcobols (methanol, ethanol, ethylene glycol,
isopropanol), i the acidic aqueouns solation of hydrogpen peroxide and sulfonic acid, had increased chalcopyite leaching.
The aim of this paper is to present 3 brief overview of the oxidative leaching of chalcopyrite by means of hydrogen
peroxide in sulphuric acid solutions and with the presence of alcohols.

Keywords: leaching, chalcopytite, sulphuric acid, hydrogen peroxide, alcohols

Introduction
The demand for copper has increased significantly in the last two decades. A large part of the world's

economic copper resources occurs in the form of chaleopymite (CuFeS:), usually with a low content
(= 0.5 wt% Cu). As a consegquence, the extraction of copper from low-grade sulphide ores is
considered economical due to the depletion of high-grade copper ores. Chalcopymite (CuFe51) is a
copper iron sulfide mineral consisting of 34 .6 wt.% Cu, 30.5 wt.% Feand 34 9wt % 5_Itis considered
the most abundant copper sulfide mineral in most porphyry deposits, which account for about 70 %
of the world's Curesources [1]. Chaleopyite cccurs with other minerals such as pynte (FeSa). bomite
(CusFeSs), sphalente (ZnS), chalcocite (CuaS) and covellite (CuS) [2].

Copper extraction from chalcopyrite is mamly carmied out by pyrometallurgical (refining, smelting,
casting and finally electrolytic refimng stages) and hydrometallurgical processes (leaching. solvent
extraction and electrowinning). In recent years, extensive research has been carried out in the field of
hydrometallurgical processes that can be used for the treatment of low-grade ores and sulphide
concentrates without the emission of sulfur dioxide [3].

The largest number of studies on chaleopyrite leaching were performed in sulfime acid solutions [4-
6], hydrochloric acid [3, 7] or nitric acid [8], usually in the presence of various oxidizing agents: (02,
Fe™, Clz, H10x, oxidants-bacteria, etc.) [9-11]. The main goal of the research is to investigate the
kinetics and mechanism of chalcopyrite oxidation, with the aim of developing commercial and cost-
effective processes for extracting copper from increasingly low-grade raw matenals.

In the last 30 years, the oxidative leaching of chalcopyrite with Fe(IIT) in sulfate and chloride media
has been extensively investigated [11]. Although the leaching of chalcopymite with won(III)-sulfate
has several advantages (a cheap process with mimimal comosion problems) [12], igh recoveries
cannot be obtained in this process due to the formation of a layer of reaction products on the surface
of the mineral. In addition to the elemental sulfur on the surface of the leached chalcopymite, other
products can also be formed. Mateos et al. [13] indicate that duning the leaching of chalcopytite in an
ron(IIT)-sulfate solution, the passivating layer consists of sulfide (or polysulfide) that is formed by
the transformation of chalcopyrite during reaction.
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The formation of a passive layer on the surface of the mineral hinders the contact between the mineral
and the leaching solution and leads to a reduction in metal extraction.

Given that the leaching rate of chalcopymte i1s much lower compared to other sulfide mmerals, due to
its special crystal and electronic structure [10], finding conditions for more efficient dissolution of
chalcopyrite attracts great attention of researchers.

At the laboratory level, research was camed out and strong omidizing agents were used for
chaleopyrite dissolution, such as hydrogen peroxide (redox potential 1.77 V. SHE). The oxidation of
chalcopyrite with hydrogen peroxide was mainly investigated in combination with sulfuric acid [9,
14-15]. In order to increase the efficiency of chalcopyrite leaching through the influence on the
persistence of hydrogen peroxide in the solution, different organic compounds are applied and their
mfluence on the mechanism and kinetics of muneral oxidation 15 examined [16-20].

Leaching in the presence of organic acids and alcohels

Fecent research studies have shown that the addition of short-chain organic compounds such as
methanol, ethanol, ethylene glycol, acetone, isepropanc] and‘or carboxylic acids (formic and acetic)
in acidic solutions (H:50:-H201) significantly improves the disselution of chalcopytite [21].

The dissolution of chalcopymite was investigated in the presence of hydrogen peroxide and ethylene
glycol [22]. The addition of small ameunts of ethylene glycol was observed to significantly improve
copper extraction. The mechanism of chalcopymite dissolution was determined based on the
examination of various parameters. The effect of temperature on the reaction rate indicates that the
surface reaction controls the overall leaching rate. The reaction order calculated m relation to the
concentration of hydrogen peroxide is equal to 1 indicating that the concentration of peroxide has a
greater influence on the leaching rate. It was found that elemental sulfur is present on the surface of
chalcopyrite and that the addition of ethylene glycol stabilizes hydrogen peroxide at higher
temperatures, which can later affect the improved extraction of copper [22].

Puiz-Sanchez and Tapidus [18] also examined the effect of adding ethylene glycol on the leaching of
chalcopyrite concentrate in the acidic Ha504-HaO:z solution. For this purpose, the chalcopyrite
concentrate was leached at a temperature of 20 °C and atmospheric pressure (79 kPa). The test results
showed that in the absence of ethylene glycol decomposition of hydrogen peroxide occurs (about 99
% of the peroxide decomposes after 24 h) and that this decomposition is catalyzed by Fe*”, Fe®™ and
Cu*” ions (Fenton reagents) that are present in the solution as a consequence of the mineral dissolution
process itself. The hydroxyl radicals, which are formed as products in Fenton's reactions, can lead to
the appearance of peroxide decompoesition. After 24 h of leaching, copper and iron extraction ceases
(44 % Cu and 37 % Fe extracted). In contrast, in the presence of ethylene glycol, the peroxide
consumption was minimal (~16 %) in the same time period and the final extractions for copper and
iron were 90 and 71 %, respectively.

The use of orgamic acids and alcohols in the process of chalcopymte oxidation in sulfuric acid
solutions was the topic of research by the authors Solis—Marcial and Lapidus [16-17]. The
electrochemical and chemical dissolution of chalcopyrite in the presence of formic and acetic acids,
as well as in the presence of methanel and ethancl was examined [16]. Chemical tests of chalcopyrite
concentrate leaching were performed in a solution of 1.0 mol/dm® H:SO4 (with and without organic
acids) in the presence of 0.2 mol/dm® CuSO; and 0.035 g Os/min. The experiments were performed
at a temperature of 40 °C. The copper extraction values obtained in the presence of formic acid are

approximately the same as the copper extraction values obtained in expeniments with pure sulfunc
acid. This result is probably due to the decomposition of formic acid by oxidants (CuS0+ and O3)

during the reaction.
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On the other hand, it was shown that in the presence of acetic acid, copper extraction reaches 63 %
during 5 h of leaching with a tendency to further increase with time.

The results have shown that the kinetics of chalcopyrite oxidation in solutions of 1.0 mol/dm® Ha504
with alcohols is faster compared to the kinetics of oxidation i solutions of 1.0 mol/'dm® H250;s with
organic acids, as well as compared to the kinetics of oxidation in a solation of 1.0 mol/dm® H2S04
[16].

The positive effect of the methanol on acidic chalcopyrite leaching was shown by Petrovié and
Bogdanovié [23]. The results obtained on chalcopytite leaching with hydrogen peroxide in sulfuric
acid solution n the presence and absence of methanol are presented in Figure 1.

Cu extraction.
\

'] 1 10 & 2 e 138
Tine. min

~s—withouat methanol == | mall CH3IOH

Fizure 1 Copper extraction from chalcopymite concentrate with and without methanol

(Conditions: 3 mol'L Hx504, 2 molL H+0s, 40°C, 400 min”', 120 min) [23]

In the presence of 1 mol/dm’ methanol, copper leaching degree increased more than 30 % compared
to the extraction value obtained in the acidic peroxide solution without methanol. The results in Fig.
1 show that copper extraction reaches 73 % after 120 minutes in the presence of methanel. In the
H:50:-H20; solution, in the absence of methanol, the oxidation reaction of chalcopyrite essentially
ceased after 30 minutes and the plateaun appears on the dissolution curves indicating that the oxidation
practically ends. The improvement in chalcopyrite dissolution with polar organic solvent may be
attributed to the stabilization of hydrogen peroxide.

Organic reagents used to leach chalcopyrite, along with references are shown in Table 1.

Table 1 Chaleopyrite leaching studies in the presence of orgame reagents

ChalcopyTite sample Leaching solution Reference
H:50—H:0:—Acetons

ConCentrate H;50,—H;0; —Ethylene glycol [6]
H:50—Cns0—Acetons

3 H: 50— CuS0y—0s—Formic Acetic acid
mineral and mate 14

i s H.50, ~CuS04-0,-Methanol Erhanol [1e]

relatively pure chalcopytite H:50:—H:0,/(Cas04 - 05) -Methanol' 2-propanol [17]

ConCentrate H;50,-H;; —Ethylene ghycol [18]

H;50.-H;0:—Acetone Ethanol Ethylena
e slycol Tsopropanol Meshsnol [19]
chalcopyTite mineral H;50,;—H;0—Ethylene zlycol [22]
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Conclusion

Chalcopytite presents the most important mineral of copper, but it is a refractory mineral and its
dissolufion in vareus leaching selutions is very difficult. The results obtained in mumnerous leaching
studies of chalcopyrite leaching with hydrogen peroxide as an oxidizing agent have shown that the
presence of polar crganic solvents in the leach liquor increases the copper extraction from
chalcopytite, probably due to the stabilization of hydrogen peroxide. Furthermore, the used organic
additives in the chalcopyrite leaching process could modify the porosity as well as the thickness of
the products layer formed during the oxidation responsible for the passivation phenomenon.
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