
 
 

University of Belgrade
Technical Faculty in Bor and

Mining and Metallurgy Institute Bor

49th International
October Conference
on Mining and Metallurgy

PROCEEDINGS

Editors:
v

Nada Strbac
Ivana Markovic
Ljubisa Balanovic

Bor Lake, Serbia
October 18·21, 2017



PROCEEDINGS,

49'" INTERNATIONAL OCTOBER CONFERNCE

on Mining and Metallurgy

Editors:

Prof. dr Nodo litrboc

Doc. dr Ivana Markovic

Doc. dr LjubiSa Balanovic

University ofBelgrade, Technical Faculty in Bor

Tecbnical Editor:

M. Sc. Urol Stamenkovic

University a/Belgrade. Technical Faculty in Bor

Publisher: University of Belgrade, Technical Faculty in Bor

For tbe publisher: Dean Prof. dr Noda Strbac

Circulation: 200 copies

Printed by "Happy trend DOO", Zajelar, 2017

ISBN 978-86-6305-066-2

Clp· KaTaIlOnl3altHja y ny6JIHKaInljH - HapoJJ.Ha 6H6murreKa Cp6Hje. Eeorpa.n

622(082)
669(082)

tNTERNATIONAL OClober Conference on Mining and Metallurgy (49; 2017; BOT Lake)
Proceedings /49th International October Conference on Mining and Metallurgy - IOC 2017,
Bor Lake, Serbia, October 18-21, 2017;
[organized by] University ofBelgrade, Technical Faculty Bor and Mining and Metallurgy Institute Bor,
editors Nada Strbac, Ivana Markovic, Ljubi~aBalanovic. - Bor: University of Belgrade. Technical Faculty,
2017 (Zajeear: Happy trend). - x:x:m, 664 str. : ilustr. ; 25 em

TiraZ 200.• Bibliografija uz svaki rad. ~ Registar.

ISBN 978-86-6305·066·2

a) Py.n:apct1l0 w 360plUu{H b) MeTaJl)'prnja· 36opHHl..{H

COBISS.SR-ID 246349324

Bor Lake, Serbia, October 18-21, 2017

11



 
  

The 49th International October Conference on Mining and Metallurgy

11·21 October, 2017, Bar uh, Bo" s.tb.

_.Ioc.ltbor."'_Kn

......•..

Conference is financially supported by

The Ministry of Education, Science and

Technological Development of the

Republic of Serbia

iii



 

 
  

The 49th International October Conference on Mining and Metallurgy

18 . 21 October, 2017, Bor Lake, Bor. Serbia

W'WW.iOc.ffbor.bg,ac .rs

SCIENTIFIC COMMITTEE

Prof. dr Nada ~trbae (Serbia) - president
Prof dr Radojc Pantovic (Serbia) - vice-president
Prof. dr Grozdanka Bogdanovic (Serbia)- vice-president
Prof. dr Oragos[av Guskovie (Serbia) - vice-president
Prof dr Aleksandar Dimilrov (Macedonia)
Dr Ana Kostov (Serbia)
Dr Andrei Rolaru (Romania)
Prof. dr Andelka Mihajlov (Serbia)
Prof. dr Batric Pdic (USA)
Prof. dr Bos~an Markoli (Slovenia)
Prof. dr Boyan Boyanov (Bulgaria)
Prof. dr Brallka Jordovie (Serbia)
Prof dr Carl Heinz Spitzer (Germany)
Prof dr Costas Matis (Greece)
Prof. dr Dejan Tanikie (Serbia)
Prof dr Desimir Markovic (Serbia)
Prof. dr Dimitris Panias (Greece)
Prof. dr Dimitriu Sorin (Romania)
Prof. dr Dragan Manasijevic (Serbia)
Prof. dr Dusko Minie (Serbia)
Prof. dr Endre Romhanji (Serbia)
Prof. dr Fathi Habashi (Canada)
Prof dr Guven Onal (Turkey)
Prof. dr Gyorgy Kaplay (Hungary)
Prof. dr Heikki Jalkanen (Finland)
Prof. dr Iwao Katayama (Japan)
Prof. dr Jakob Lamut (Slovenia)
Prof. dr Jelena Penavin Skundric (B&H)
Prof. dr lozef Medved (Slovenia)
Prof. dr Karlo Raic (Serbia)
Prof. dr Kemal Delijie (Montenegro)
Prof. dr Krzystof Fitzner (Poland)
Prof. dr Luis Filipe Malheiros (Portugal)
Dr Magnus Ericsson (Sweden)
Prof. dr Milan Antonijevic (Serbia)
Prof. dr Milan Trumie (Serbia)
Prof. dr Mile Dimitrijevic (Serbia)
Prof. dr Mirjana Raj~ie Vujasinovic (Serbia)

Prof dr Mirko Gojie (Croatia)
Dr Mile Bugarin (Serbia)
Dr Milenko Ljubojev (Serbia)
Dr Mir:jam Jan-l31aZic (Slovenia)
Dr Miroslav Sokic (Serbia)
Prof. dr Mirsada Orue (B&H)
Dr Nadeida Talijan (Serbia)
Prof. dr Nenad Radovic (Serbia)
Prof. dr Nenad Vusovic (Serbia)
Prof. dr Nobuyuki Masuda (Japan)
Prof dr Onuralp Yucel (Turkey)
Prof. dr Petr M. Solozhenkin (Russia)
Prof. dr Rodoljub StanojloviC (Serbia)
Prof. dr Sanda Krausz (Romania)
Prof. dr Seshadri Seetharaman (Sweden)
Dr Slavomir Hredzak (Slovakia)
Prof. dr Snczana Serbula (Serbia)
Prof dr Stoyan Groudev (Bulgaria)
Prof. dr Sulejman Muhamedagic (B&H)
Prof. dr Svetlana Ivanov (Serbia)
Dr Srecko Stopie (Germany)
Prof. dr Tamara Holjevac Grguric (Croatia)
Prof. dr Tatjana Volkov-Husovic (Serbia)
Prof. dr Tomas Havlik (Slovakia)
Prof. dr Velizar Stankovic (Serbia)
Prof. dr Velimir Radmilovic (USA)
Prof. dr Vitomir Milie (Serbia)
Dr Vladan Cosovic (Serbia)
Prof. dr Vladimir Krstic (Canada)
Prof. dr Vladislav Kecojevic (USA)
Prof. dr Vlastimir Trujic (Serbia)
Prof. dr Yon Du (China)
Prof dr Zoran Markovic (Serbia)
Prof. dr arko Radovic (Montenegro)
Prof. dr Leljko Kamberovic (Serbia)
Prof. dr Zivan Zivkovic (Serbia)
Dr Walter Valery (Australia)
Dr Zvonko Gulisija (Serbia)

ORGANIZING COMMITTEE

Doc. dr Ivana MarkoviC - president
Doc. dr LjubiSa Balanovic - vice-president
Doc. dr Sa~a Stojadinovic - vice-president
Prof. dr Svetlana Ivanov
Prof. dr Dragan Manasijevie
Prof. dr Snczalla Urosevic
Dr Alia Kostov (IRM Bor)
Doc. dr Vesna Grekulovic
Doe. dr Aleksandra Mitovski
Doc. dr Dejan Petrovic
Doc. dr Milan Gorgievski

vii

Doc. dr Ana Simonovie
Doc.dr Tanja Kalinovic
Doc.dr Marija Petrovic Mihajlovie
M.Sc. Uros Stamenkovic
M.Sc. Oliver Markovic
Siaviea Stevanovic, prof. eng!.
Sandra Vaskovic, prof. engL
Predrag Stolic, dipl. ing.
Dr Ana Radojevic
M.Sc. Jelena Milosavljevic



 
 

 
  

The 49lh International October Conference on Mining and Metallurgy, 18 - 21 October 2017, Bor Lake, Serbia

Lidija GomidZelovic, Ana Kostov, LjubiJa Balanovic, Dragan Manasijevic, Emina
Pofega, Vesna Krsti< (Serbia)

RKM model: thermodynamic ofAI-Cu-Ni system

Ljiljana Nikoli< Bujanovi<, Milena Tomi<, Milan Cekerevac, Milol Simific,
Marijana Stamenkovi< Dokovi< (Serbia)

Nickel (Nl) removal from waters ofdifferent origins using tetra-oxy ferro(vi) ion

Vasily Lutsyk, Vera Vorob'eva (Russia)

4D computer model ofthe Fe-Ni-Co-FeS-NiS-CoS subsystem T-x-y-z diagram

Vesoa Grekulovic, Mirjana Raj~ic Vujasinovic, Milan Gorgievski, Ivana Markovic,
Aleksandra Mitovski, Milica Bolkovic (Serbia)

Composite coatings ofnickel with addition ofAI,O, particles

Almaida Gigovic-Gekic, Jusuf Durakovi<, Hasan Avdulinovie, Belma Faki< (Bosnia
and Herzegovina)

Analysis ofthe microstructure and determination ofthe case depth of20MnCr5 and C22
steels after carburizing

Irena Nikoli< (Montenegro)

Thermal insulating lightweight materials based on fly ash and expanded perlite

Jovana Dokie, zeljko Kamberovic, Marija Korae, Milisav Ranitovi<, Nemanja
Todorovi< (Serbia)

Conceptual studyfor valorization ofIn, Ga and Ge

Predrag Stolie, Danijela Milolevic (Serbia)

Site administration and analysis - do traditional statistics tell us everything?

Trajfa Tonfi<, Slobodan Radosavljevi<, Jovica Stojanovie, Ana Radosavljevic
Mibajlovie, Rade Jelenkovie, VIadan Stojanovi< (Serbia)

The study ofore mineralogy ofthe polymetallic-gold orefrom the Kriveljslw kosina
location near Bor, Serbia

Mustafa EI-Musbahi, Ghassan EI-Masry, Benur Maatug, Mustafa Essuri (Libya)

A seismic isolation system using a hybrid composite for earthquake protection of
structures

Eray Abakay, Saduman Sen, Ugur Sen (Turkey)

Influence ofsome reactive elements addition on the microstructural properties ofniobium
carbide coatings

Sndana Ignjatovi<,llija Vasiljevic, Milanka Negovanovi<, Lazar Krifak, Radoje
Pantovic (Serbia)

The application ofEuler deconvolution for defining the position and depth ofmagnetic
anomaly sources

Sbebret Tilvaldyev, Geovani Garcia Sanchez, Alejandro Garza Saenz, Jesus Jaquez
Muiioz, Victor Gallardo Rubio (Mexico)

Analysis ofthe propulsive system for an unmanned aerial vehicle

Ljiljana Avramovic, Mile Bugarin, Dragan Milanovi<, Vesna ConiC, Miroslav
Pavlovi<, Marina Vukovie, Nebojla Nikoli< (Serbia)

The particle size distribution ofAg powders obtained by chemical and electrochemical
processes ofsynthesis

xx

428

432

436

440

444

448

452

456

460

464

467

471

475

479



The 49th International October Conference on Mining and Metallurgy

1a ·21 October :l017, Bar L.k. Ser1:Ii.t

THE PARTICLE SIZE DISTRIBUTION OF Ag POWDERS OBTAINED BY
CHEMICAL AND ELECTROCHEMICAL PROCESSES OF SYNTHESIS

Ljiljana Avramovic\ Mile Bugarin" Dragan Milaoovic l
, Vesna Conic I ,

Miroslav Pavlovie, Marina VukovicJ
, Nebojia Nikolic2

IMining and Metallurgy Institute, Zeleni bulevar 35, Bor, Serbia

'fCTM-Department of Electrochemistry, University of Belgrade, Njego~eva 12, Belgrade, Serbia

'Institute for Multidisciplinary Research, University of Belgrade, Kncza Vi~eslava Ia, Belgrade,
Serbia

Abstract
The particle size distribution and the specific suiface area (SSA) ofsilver powders obtained by chemical
and electrochemical processes ofsynthesis have been analyzed. Silver particles produced by a chemical
reaction with hydrazine as the reducing agent consisted of agglomerates of approximately spherical
grains. The pine-like dendrites were formed by the potentiostatic electrolysis from the ammonium
electrolyte at overpotentials inside and outside the plateau of the limiting diffusion current density. The
values ofaverage grain size and SSA for the chemically synthesized powder were between those obtained
for the powders produced by electrolysis, that is detailed explained and discussed.

Keywords: silver; particle size distribution: specific surface area; chemical reduction; electrolysis

1. INTRODUCTION

Silver has found wide applications thanking its unique optical, chemical and electrical
characteristics [I, 2]. It is used in electronics, optics, as catalysts. gas sensing, chemical and
biological sensing, in surface-enhanced Raman scattering (SERS), etc. Due to the stroog
antiviral, antibacterial and antifungal effects, silver is also used in medicine.

Different methods for the production of metal powders including mechanical commuting,
chemical reaction. electrolysis and liquid metal atomization are used in practice [3, 4]. Powders
are fmely divided solids, smaller than I000 ~m in its maximum dimension. A particle is defmed
as the smallest unit of a powder. The particles of powder may assume various forms and sizes,
whereas the powders, as an association of such particles, exhibit, more or less, the same
characteristics as if they were formed under identical conditions and if the manipulation of the
deposits after removal from the electrode was the same [3, 4). The size of particles of many
metal powders con vary in a quite wide range from a few nanometers to several hundreds of
micrometers. The most important properties of a metal powder are: the specific surface, the
apparent density, the flowability and the particle grain size distribution. These properties, called
decisive properties, characterize the behavior ofa metal powder.

Application of Ag in the powder form in some of the above mentioned areas is closely associated
with the shape and size of the particles. In this study, we analyze and compare Ag powders
obtained by the chemical and the electrochemical methods of synthesis. For the chemical
synthesis, hydrazine as the reducing agent was used. The potentiostatic regime of electrolysis
was used for electrochemical production of Ag powders. For that purpose, the ammonium
electrolyte was used. From the mentioned properties characterizing the behavior of the powders,
!be particle size distribution and the specific surface area were analyzed.
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2. EXPERIMENTAL

The procedure for the chemical synthesis of Ag powders using hydrazine as the reducing agent
was described elsewhere [5].

For the electrochemical synthesis of Ag powders. the potentiostatic regime of electrolysis was
used. Silver was electrochemically deposited at overpotentials of 625 and 925 mY from the
ammonium electrolyte based on 0.10 MAgNO, in 0.50 M (NH.,),SO. to which was added NH,
to dissolve present silver sulfate precipitate. The electrolytic production of Ag powders was
performed in an open cell, at the room temperature using Pt cylindrical wire as the working
electrode. The counter and reference electrode was of pure Ag. Ag powders were removed from
the electrode surface every 10 min, rinsed with the distilled water and dried in a tube furnace
under a controlled nitrogen atmosphere at 110-120'C for 16 h.

Morphologies of chemically and electrochemically synthesized Ag particles were characteriZed
using a TESCAN Digital Microscopy scanning electron microscope - model VEGA3, Czech
Repuhlic. The particle size distrihution curves were obtained using a MALVERN Instruments
Ltd, United Kingdom - MASTERSlZER 2000 device. The values of the specific surface area
(SSA) were recorded using the Malvern software which controls the apparatus operation and
processes the obtained data.

3. RESULTS AND DISCUSSION

The particle size distribution (PSD) curve for the chemically synthesized Ag powder is shown in
Fig.18. Morphology of Ag particles corresponding to this particle size distribution curve is
presented in Fig. lb. As seen from Fig. Ib, agglomerates consisted of approximately spherical
grains were formed by the process of silver reduction with hydrazine. The average size of the
particles (Fig. la) was about 2.2 J.lffi. The specific surface area (SSA) of this powder has been
already determined [5] to he 0.0298 m2g~1.

Particle size (11m)

a) b)

Figure I - (a) The particle size distribution curve,
and (b) morphology of the chemically synthesized silver powder particles

The particle size distribution curves for the electrochemically produced Ag powders at
overpotentials of 625 and 925 mY are shown in Fig. 2a. Increasing overpotential leads to the
formation of smaller particles and to narrower particle size distribution curves. Figure 2h shows
morphology of the particle obtained at an ovcrpotential of 625 mV, while morphology of the
particle obtained at an overpotential of 925 mY is shown in Fig. 2e. For this ammnnium
electrolyte, an overpotential of 625 mY belonged to the plateau of the limiting diffusion current
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It is clear from the above consideration that the values of PSD and SSA obtained for the
chemically synthesized powder were between those obtained for the electrochemically produced
powders at oveJl>Otentials at 625 and 925 mY. The increase ofSSA value and the smaller panicle
size for the powder produced at 925 mY in relation to those produced at 625 mY can be
explained as follows: increasing oVeJl>Otentialleads to the formation of a more disperse deposit
characterized by the decreased particle size. This is due to the fact that the increase of
overpotential leads to the decrease of the height of protrusion at which dendrites start to grow
instantaneously. Hence, increasing overpotential means a larger number of growth sites suitable
for growth of dendrites [4]. On the other hand, the velocity of dendrite growth has maximum for
SOme optimal value of the dendrite tip radius. The optimal tip radius decreases with the
increasing oveJl>Otential. With the dendrite tip radii larger than the optimal value, the difference
between maximal and actual velocities of dendrite growth increases with the increasing

-481-

~ ~
Figure 2 - The particle size distribution cwves (a), and morphologies oftbe silver powder particles

obtained by the potentiostatie electrolysis at oveJl>Dtentials of: (b) 625 mY, and (c) 925 mY

density, while an ove'1'otential of 925 mY was for about 225 mY outside this plateau [5]. In the
both cases, the 3D (three-dimensional) pine-like dendrites constructed from approximately
spherical grains were formed. The average sizes of grains constructing these pine-like dendrites
were about: 0.57 ~ (625 mY) and 0.25 J.lDl (925 mY). On the other hand, the average sizes of
the particles extracted from Fig. 2a were 3.5 J.lDl for the panicles produced at 625 mY, and 1.7
/lm for the particles produced by the electrolysis at 925 mY. For these Ag powders, the specific
surface areas (SSA) were: 0.0208 m'g-' for the powder produced at 625 mY, and 0.0373 m'g-I
for the powder produced at 925 mY.
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overpotential. Hence, smaller particles and narrower particle size distribution curves are
expected with the increasing overpotential of powder formation.

4. CONCLUSION

The Ag powder obtained by the cbemical process with hydrazine as the reducing agent was
compared with the electrochemically produced powders obtained by the potentiostatic
electrolysis from the ammonium electrolyte at overpotentials inside (625 mV) and outside (925
mV) plateau of the limiting diffusion current density. The best characteristics, i.e. the highest
SSA value and the smallest average grain size showed the powder obtained by the electrolysis at
925 mY.
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