University of Belgrad

Technical Faculty in Bc

Mining and Metallurg
Institute Bor

54" International

October Conference
on Mining and Metallurgy

PROCEEDINGS

Editors:
Ljubisa Balanovi¢
Dejan Taniki¢

18-21 October 2023, Bor Lake, Serbia



PROCEEDINGS,
54" INTERNATIONAL OCTOBER CONFERNCE
on Mining and Metallurgy

Editors:
Prof. dr Ljubisa Balanovi¢

Prof. dr Dejan Taniki¢

University of Belgrade, Technical Faculty in Bor

Technical Editor:
M. Sc. Miljan Markovié¢

University of Belgrade, Technical Faculty in Bor

Publisher: University of Belgrade, Technical Faculty in Bor
For the publisher: Dean Prof. dr Dejan Tanikic¢
Circulation: 200 copies

CIP - Karanoruzanuja y myonukauuju Haponna 6ubimnoreka Cpouje, beorpan

622(082)(0.034.2)
669(082)(0.034.2)

INTERNATIONAL October Conference on Mining and Metallurgy (54 ; 2023
; Borsko jezero)

Proceedings [Elektronski izvor] / 54th International October Conference on Mining
and Metallurgy - 10C 2023, 18-21 October 2023, Bor Lake, Serbia ; [organized by]
University of Belgrade, Technical Faculty in Bor and Mining and Metallurgy Institute
Bor ; editors Ljubisa Balanovi¢, Dejan Tanikic. - Bor : University of Belgrade,
Technical Faculty, 2023 (Ni$ : Grafika Galeb). - 1 USB fleS memorija; 1 x 1 x5cm

Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Tiraz 200. -
Preface / LjubiSa Balanovi¢. - Bibliografija uz svaki rad.

ISBN 978-86-6305-140-9
a) PynapctBo -- 30opuunum b) Meranypruja -- 300pHHLIN

COBISS.SR-ID 126659849

Bor Lake, Serbia, October 18-21, 2023



The 54" International October Conference on Mining and Metallurgy
18-21 October 2023, Bor Lake, Serbia
www.ioc.tfbor.bg.ac.rs

Conference is financially supported by
The Ministry of Science, Technological
Development and Inovation
of the Republic of Serbia







The 54" International October Conference on Mining and Metallurgy
18-21 October 2023, Bor Lake, Serbia
www.ioc.tfbor.bg.ac.rs

Platinum Donors

@ iJin @ ZiJiNn & sevomo

SERBIA ZIJIN MINING  SERBIA ZIJIN COPPER DOO gl [ 5050 EArms

Gold Donors

18 HBIS SERBIA Du d ee

ECIOUS METALS
AVALA

Silver Donor

Lirokuttestyor

Exhibitions

] —
I:Labtim (’”‘“tlum metalurg

REFRATEC

Friends of the Conference
- DONAU LABBEOGRAD “"-n INSTIT“T

THE FOUNDATION ‘B.SC. ENG. BOSKO INJAC’

\






The 54" International October Conference on Mining and Metallurgy
18-21 October 2023, Bor Lake, Serbia

www.ioc.tfbor.bg.ac.rs

SCIENTIFIC COMMITTEE

Prof. Dr Dejan Taniki¢ (Serbia) - president
Prof. Dr Nada Strbac (Serbia) - vice-president
Prof. Dr Radoje Pantovi¢ (Serbia) - vice-president

Dr Ana Kostov (Serbia)

Prof. Dr Adam Grajcar (Poland)

Prof. Dr Adina Negrea (Romania)

Dr Andrei Rotaru (Romania)

Prof. Dr Batri¢ Pesi¢ (USA)

Dr Biserka Trumié (Serbia)

Prof. Dr BoStjan Markoli (Slovenia)

Dr Branislav Markovi¢ (Serbia)

Prof. Dr Cornelia Muntean (Romania)
Prof. Dr Daniela Grigorova (Bulgaria)
Prof. Dr Dejan Ivezi¢ (Serbia)

Prof. Dr Desimir Markovi¢ (Serbia)
Prof. Dr Dimitris Panias (Greece)

Prof. Dr Dimitriu Sorin (Romania)

Prof. Dr Dmitry Vasilyev (Russia)

Dr Dragan Komljenovié¢ (Canada)

Prof. Dr Dragan Manasijevi¢ (Serbia)
Dr Dragan Milanovi¢ (Serbia)

Prof. Dr Dragan Milovanovi¢ (Serbia)
Prof. Dr Dragoslav Guskovi¢ (Serbia)
Prof. Dr Dusan Orac (Slovakia)

Prof. Dr Dusko Mini¢ (Serbia)

Prof. Dr Endre Romhanji (Serbia)

Prof. Dr Essen Suleimenov (Kazakhstan)
Prof. Dr Farzet Biki¢ (Bosnia and Herzegovina)
Prof. Emeritus Fathi Habashi (Canada)
Prof. Dr Grozdanka Bogdanovié¢ (Serbia)
Prof. Dr Gyorgy Kaptay (Hungary)

Prof. Dr Ivan Mihajlovié¢ (Serbia)

Prof. Dr lveta Vaskova (Slovakia)

Prof. Dr Jakob Lamut (Slovenia)

Prof. Dr Jasmin Suljagié¢ (Bosnia and Herzegovina)
Dr Jasmina Stevanovié¢ (Serbia)

Dr Jasna Staji¢ Trosi¢ (Serbia)

Prof. Dr Jovica Sokolovié¢ (Serbia)

Prof. Dr JoZzef Medved (Slovenia)

Prof. Dr Kaikun Wang (China)

Prof. Dr Karl Heinz Spitzer (Germany)
Prof. Emeritus Karlo Rai¢ (Serbia)

Prof. Dr Kemal Deliji¢ (Montenegro)
Prof. Dr Komnitsas Konstantinos (Greece)
Prof. Dr Kostas Matis (Greece)

Prof. Dr Krzysztof Fitzner (Poland)
Prof. Dr Luis Filipe Malheiros (Portugal)
Prof. Dr Milan Antonijevic (Serbia)
Prof. Dr Milan Trumi¢é (Serbia)

Dr Mile Bugarin (Serbia)

Dr Milenko Ljubojev (Serbia)

Prof. Dr Milovan Vukovi¢ (Serbia)

Prof. Dr Mira Coci¢ (Serbia)

Mirjam Jan-Blazi¢ (Slovenia)

Prof. Dr Mirjana Raj¢i¢ Vujasinovié¢ (Serbia)
Prof. Dr Mirko Goji¢ (Croatia)

Dr Miroslav Soki¢ (Serbia)

Prof. Dr Mirsada Oru¢ (Bosnhia and Herzegovina)
Dr Nadezda Talijan (Serbia)

Prof. Dr Natalija Doli¢ (Croatia)

Prof. Dr Nedeljko Magdalinovi¢ (Serbia)
Prof. Dr Nenad Radovi¢ (Serbia)

Prof. Dr Nenad VuSovi¢ (Serbia)

Prof. Dr Nicanor Cimpoesu (Romania)
Prof. Dr Nobuyuki Masuda (Japan)

Prof. Dr Onuralp Yucel (Turkey)

Prof. Dr Pavel Broz (Czech Republic)
Prof. Dr Petr Solozhenkin (Russia)

Prof. Dr Petrica Vizureanu (Romania)

Dr Sun Zhongmei (China)

Prof. Dr Ridvan Yamanoglu (Turkey)
Prof. Dr Rodoljub Stanojlovié¢ (Serbia)
Prof. Dr Rositsa Paunova (Bulgaria)
Prof. Dr Sead Cati¢ (Bosnia and Herzegovina)
Prof. Dr Sergey Krasikov (Russia)

Dr Slavomir Hredzak (Slovakia)

Prof. Dr Snezana Mili¢ (Serbia)

Prof. Dr SneZana Serbula (Serbia)

Prof. Dr Srba Mladenovi¢ (Serbia)

Dr Sreéko Stopi¢ (Germany)

Prof. Dr Stojan Groudev (Bulgaria)

Prof. Dr Sulejman Muhamedagi¢ (Bosnia and
Herzegovina)

Prof. Dr Svetlana Ivanov (Serbia)

Prof. Dr Tatjana Volkov-Husovi¢ (Serbia)
Prof. Dr Tomas Havlik (Slovakia)

Prof. Dr Velimir Radmilovi¢ (Serbia)
Prof. Dr Velizar Stankovi¢ (Serbia)

Prof. Dr Vesna Grekulovi¢ (Serbia)

Dr Vladan Cosovié (Serbia)

Vladan Mihailovi¢ (Serbia)

Dr Vladan Kasi¢ (Serbia)

Prof. Dr Vladimir Krsti¢ (Canada)

Prof. Dr Vladislav Kecojevi¢ (USA)

Dr Walter Valery (Australia)

Prof. Dr Xuewei Lv (China)

Prof. Dr Yong Du (China)

Prof. Dr Zarko Radovi¢ (Montenegro)
Prof. Dr Zdenka Zovko Brodarac (Croatia)
Dr Zoran Stevanovi¢ (Serbia)

Prof. Dr Zeljko Kamberovi¢ (Serbia)

vii






The 54" International October Conference on Mining and Metallurgy
18-21 October 2023, Bor Lake, Serbia
www.ioc.tfbor.bg.ac.rs

ORGANIZING COMMITTEE

Prof. dr Ljubisa Balanovi¢, Full Professor (UB TF Bor) - president
Prof. dr Sasa Stojadinovié, Full Professor (UB TF Bor) - vice-president
Prof. dr Srba Mladenovié¢, Full Professor (UB TF Bor) - vice-president

Dr Ana Kostov, Principal Research Fellow (MMI Bor) - vice-president

Prof. dr Nada Strbac, Full Professor (UB TF Bor)
Prof. dr Dragan Manasijevié¢, Full Professor (UB TF Bor)
Prof. dr Vesna Grekulovié, Full Professor (UB TF Bor)
Prof. dr Porde Nikolié¢, Full Professor (UB TF Bor)
Prof. dr Milan Radovanovié, Full Professor (UB TF Bor)
Prof. dr Marija Petrovi¢ Mihajlovié¢, Full Professor (UB TF Bor)
Prof. dr Zoran Stirbanovié, Associate Professor (UB TF Bor)
Prof. dr Milan Gorgievski, Associate Professor (UB TF Bor)
Prof. dr Sasa Marjanovi¢, Associate Professor (UB TF Bor)
Prof. dr Ivana Markovi¢, Associate Professor (UB TF Bor)
Prof. dr Zaklina Tasié¢, Associate Professor (UB TF Bor)
Doc. dr Dejan Petrovié, Assistant Professor (UB TF Bor)
Doc. dr Andelka Stojanovié, Assistant Professor (UB TF Bor)
Doc. dr Uro$ Stamenkovi¢, Assistant Professor (UB TF Bor)
Dr Jasmina Petrovié, Assistant with PhD (UB TF Bor)
Vladimir Nikoli¢, Assistant (UB TF Bor)

Milica Zdravkovié, Assistant (UB TF Bor)

Miljan Markovi¢, Assistant (UB TF Bor)

Milijana Mitrovié, Assistant (UB TF Bor)

Milan Nedeljkovié, Assistant (UB TF Bor)

Avram Kovacevié, Teaching Assistant (UB TF Bor)
Sandra Vaskovié, English Lecturer (UB TF Bor)
Oliver Markovié, IT service (UB TF Bor)

Violeta Aleksi¢, Liquidator (UB TF Bor)







The 54" International October Conference on Mining and Metallurgy
18-21 October 2023, Bor Lake, Serbia
www.ioc.tfbor.bg.ac.rs

PREFACE

On behalf of the Organizing Committee, it is a great honor and pleasure to welcome all
esteemed participants of the 54" International October Conference on Mining and Metallurgy
(10C 2023), scheduled to take place at the picturesque Bor Lake, Serbia, from October18™ to 21%
2023.

The collaborative efforts of the University of Belgrade, the Technical Faculty in Bor, and
the Mining and Metallurgy Institute Bor have meticulously organized this year's IOC. Our focus
remains unwavering on showcasing the latest research findings and advancements in geology,
mining, metallurgy, materials science, technology, environmental protection, and other
engineering disciplines. Our primary objective is to foster a dynamic environment where
academics, researchers, and industry professionals can come together to share their knowledge,
experiences, and innovative ideas while exploring opportunities for collaborative research
endeavors.

Our conference agenda is rich and diverse, encompassing plenary sessions, engaging
invited lectures, technical presentations, enlightening oral and poster sessions, informative
technical tours, a diverse exhibition, and memorable social gatherings. At the heart of this event
lies our strong commitment to sustainable development within the mining and metallurgy sector.
We are dedicated to exploring ecologically conscious methodologies, responsible resource
extraction practices, and cutting-edge technologies that reduce the industry's environmental impact
and enhance the well-being of local communities.

The conference proceedings comprise 129 papers authored by individuals from
universities, research institutes, and industries in 22 countries. We are proud to welcome
participants from Bosnia and Herzegovina, Bulgaria, Canada, China, Croatia, Germany, Greece,
India, Iran, Kazakhstan, Libya, North Macedonia, Montenegro, Morocco, Romania, Russia,
Slovakia, South Africa, Spain, Turkey, United States, and, of course, Serbia.

We are excited to host the 8" International Student Conference on Technical Sciences (ISC
2023) as part of I0C 2023. This event offers students from Serbia and the wider region a unique
chance to showcase their research and discuss the future of their fields with experts.

We sincerely thank the Ministry of Science, Technological Development, and Innovation
of the Republic of Serbia for their generous financial support. In addition, we express our profound
gratitude to all our sponsors, exhibitors, and friends of the Conference for their contributions and
unwavering support for playing a pivotal role in ensuring the success of 10C 2023.

We would like to express our heartfelt thanks to all authors, committees, reviewers,
speakers, and chairpersons for their invaluable contributions in shaping 10C 2023.

We look forward to welcoming you to the 55th International October Conference on
Mining and Metallurgy (10C 2024), which will be held in October 2024.

On behalf of the 54" IOC Organizing Committee,
Prof. dr Ljubisa Balanovi¢
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ENERGY: ONE OF THE BIGGEST CHALLENGES IN 21ST CENTURY

Velimir R. Radmilovi¢

Serbian Academy of Sciences and Arts, Knez Mihailova 35, 11000, Belgrade, Serbia

It is not sustainable for human kind to produce close to 80% of energy needs by burning fossile
fuels (dominant in global primary energy production) mainly due to the detrimental effect of
increasing CO> emission into atmosphere, causing global warming and catastrophic climate
changes on one hand (global temperature rise, warming oceans, shrinking ice sheets, glacial retreat,
see level rise,...) as well as adverse effects on human health on the other. In order to solve many
problems we are facing as humanity, such as poverty, infectious diseases, drinking water, etc., a
reliable, affordable and more equally and fairly distributed energy supply is needed. An ever-
increasing demand for energy (mostly for heat, electricity, and transport fuels) by a growing
population, which will approach the 10 billion mark by the middle of 21% century, out of which
80% will live in urban areas, requires building more than double of the existing installed capacities
for energy production, currently at 19 terawatts. All of this indicates that meeting the demands for
sufficient supply of affordable and reliable energy that has a minimal impact on the environment,
will be one of the biggest challenges facing humanity in 21st century. This requires opening and
exploring many different avenues of research and development, including scavenging of heat, lost
during energy production and conversion processes. One of such avenues is the field of
thermoelectric materials, which demonstrate energy harvesting based on Seebeck effect i.e. the
conversion of the temperature gradient into electric power, with potential applications in sensors,
consumer electronics, medical devices, etc. Thermoelectric M203(ZnO), nanowires, where M
could be In, Ga, Fe, synthesized using facile solid-state diffusion, enabled us to control their defect
structure at atomic level. Two kinds of defects, planar, parallel to basal wutzite planes, and zigzag,
parallel to pyramidal planes, facilitate decoupling of electrical and thermal properties through
quantum confinement effects and control of phonon scattering. Both of these factors facilitate
achieving a high figure of merit, ZT (ZT=0-S%T/k, where o, S, T, and k represent electrical
conductivity, the Seebeck coefficient, absolute temperature and thermal conductivity,
respectively), used to rank thermoelectric materials. High angle annular dark field (HAADF)
imaging of these nanowires revealed the presence of planar defects - monoatomic layers of indium
perpendicular to the [001] direction, separated by wurtzitte MZn,Opn+1)* slabs of  various
thicknesses at nanoscale. Incomplete In/Ga monoatomic layers were observed as well. The ends
of these incomplete layers are associated with edge dislocations, providing fast diffusion paths for
large indium and gallium atoms. In summary, M203(ZnO), polytypoid nanowires were converted
from pure ZnO nanowires using a simple preferential diffusion process along line defects, which
can be used to produce a wide range of ZnO alloys with controllable alloy concentration and layer
density. From this study it is apparent that better control of atomic scale features could be the key
in developing next-generation thermoelectric materials.




The 54™ International October Conference on Mining and Metallurgy
18-21 October 2023, Bor Lake, Serbia
www.ioc.tfbor.bg.ac.rs

PLENARY LECTURE

EFFICIENT EXTRACTION OF VANADIUM FROM VANAIDUM SLAG
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College of Metallurgy and Materials Engineering, Chongging University of Science and
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Abstract

The high roasting temperature and low leaching efficiency of vanadium from vanadium-bearing converter
slag are regarded as the main factors significantly influencing the application of roasting-leaching
processes in the cleaner production of vanadium. Composite salt roasting with CaO/MgO and subsequent
acid leaching were conducted to improve the recovery rate of vanadium from vanadium-bearing converter
vanadium slag. It has been shown that the leaching efficiency of vanadium can be improved by roasting it
with a composite salt of CaO/MgO. The maximum vanadium leaching efficiency of 94% was achieved under
the optimum MgO/(CaO+MgO) mole ratio of 0.5. A mechanical activation treatment was also performed
to enhance the extraction of vanadium from the vanadium-bearing converter slag. The results demonstrated
that the mechanical activation significantly decreased the optimum roasting temperature from 900 < to
800 < and increased the leaching efficiency from 86.0% to 90.9%.

Keywords: Vanadium slag, Roasting, Leaching, Mechanical activation, Vanadium.

1. INTRODUCTION

Vanadium is considered a very significant metal in materials production. It is also known as
“industrial monosodium glutamate” in many manufacturing fields, typically in carbon steels, tool
steels, and Ti-Al-V alloys [1]. Vanadium is almost always extracted from vanadium slag in the
form of vanadium pentoxide by salt roasting and water or acid leaching, followed by precipitation
and calcination [2]. Calcification roasting—acid leaching, compared with sodium roasting process,
appears to be a clean production method for the extraction of vanadium from vanadium slag,
without the emission of corrosive gas, less harmful wastewater, and little noxious solid waste, but
with low vanadium recovery [3].

The key factors for the extraction process are the extent of conversion of soluble vanadates in the
roasting step and their rates of dissolution in the leaching step. Over the past decades, extensive
work has been carried out on the improvement of the recovery of vanadium in the extraction
process by new methods, such as microwave roasting [4], liquid oxidation technologies [5], and
electro-oxidation [6].

However, for the calcification vanadium extraction process, part of vanadium spinel failed to form
soluble vanadate during the roasting process, resulting in insufficient vanadium conversion and
affecting the subsequent leaching process. In our previous study, we proposed the method of
mechanical activation pre-treatment to enhance the effectiveness of calcification roasting for
vanadium recovery from converter vanadium slag [7]. The feasibility of this process was
investigated, and a systematic analysis was conducted on the mechanisms underlying mechanical
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activation, oxidation roasting, and leaching behaviour [8]. Roasting with a composite additive
(CaO+MgO), followed by acid leaching, was also employed to enhance the recovery of vanadium.
The effect of composite additive (CaO+MgO) on the roasting and leaching behaviour of vanadium
slag was investigated. The phase evolution and microstructure of the vanadium slag during
roasting - leaching were also examined [9,10].

2. EXPERIMENTAL

2.1 Materials

The vanadium slag used in the study was obtained from Panzhihua Iron and Steel Corporation,
Sichuan Province, China. The chemical composition of the vanadium slag is shown in Table 1.
The CaO and MgO powder used as the additive in the roasting experiments was analytically pure,
with a purity greater than 99.9%. Sulfuric acid used in the leaching experiments was obtained from
Chongging Chuandong Chemical Co. Ltd, with a purity of 96-98%. All aqueous solution was
prepared with deionized water.

Table 1 - Chemical composition of the vanadium slag (wt.%)
\ Cr Ti Fe Mn Ca Mg Al Si P @)

8.57 0.98 8.63 31.00 5.67 1.84 176 | 1.84 | 6.77 | 0.06 | 32.80

2.2 Experimental procedure

For the composite salt roasting process, the vanadium slag was firstly mixed with a determined
amount of CaO and MgO, and then roasted in an open muffle furnace at 850°C for 2 h in air. After
roasting, the samples were removed from the furnace and cooled to room temperature in air. The
roasted samples were milled to a particle size smaller than 75 um, and then leached in a sulphuric
acid solution with a constant pH value of 2.5, 50°C leaching temperature, 150 rpm stirring speed,
and 1:10 solid to liquid ratio. A three-necked round-bottomed flask equipped with a water
condenser, thermometer, pH meter, thermostatic water bath, and magnetic stirrer was used for
leaching. Sulfuric acid with a concentration of 15% was used to maintain the acidity of the leaching
solution throughout the leaching process. After a specific leaching time, the slurry was filtered and
the leaching residue was dried at 100°C for 24 h.

For the mechanical activation process, the vanadium slag was firstly mixed with a determined
amount of CaO, and then introduced into a planetary ball mill (Retsch PM 100, Germany) for
mechanical activation. The mole ratio of vanadium-to-calcium in the mixture was maintained at
1.5. The mechanical activation experiments were conducted at a ball to ore weight ratio of 5:1,
rotation rate of 400 rpm, and lasting 80 minutes. The activated samples were then roasted in a
muffle furnace at 750 °C, 800 °C, 850 °C, and 900 °C for 2 h in the separate experiments. The
roasted samples were subjected to leaching in sulfuric acid, as previously described.

The chemical compositions of the samples were established with the help of inductively coupled
plasma-optical emission spectrometry (ICP-OES), using an Optima 8000 Instrument
(PerkinElmer, USA).

3. RESULTS AND DISCUSSION

3.1 Effect of composite salt roasting with CaO/MgO on vanadium extraction

The effect of composite additive (CaO+MgO) on the leaching of vanadium slag was studied using
roasted vanadium slag with four different MgO/(CaO+MgQO) molar ratio: 0, 1/3, 2/3, and 1, at
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roasting temperature of 850°C for 2 h. After roasting, the samples were ground into a powder with
particle sizes < 75 pum and then leached in sulfuric acid with a constant pH of 2.5, leaching
temperature of 50°C, liquid/solid ratio of 20:1 (ml/g), and reaction time of 60 min. The effect of
MgO/(CaO+MgO) molar ratio on the leaching efficiency of vanadium and impurities was shown
in Figure 1.
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Figure 1 - Effect of MgO/(CaO+MgO) molar ratio on the leaching efficiency of vanadium and impurities

As shown in Figure 1, the leaching efficiency of vanadium increased from 87.3 to approximately
94% with the increase of MgO/(CaO+MgO) molar ratio to 0.5, then sharply decreased to
approximately 80% as MgO/(CaO+MgO) continued to increase to 1. The leaching efficiency of
manganese shows similar trends with vanadium, increased from 34.8 to 41.1% then significantly
decreased to 7.2%. The increase of MgO/(CaO+MgO) molar ratio has little influence on the
leaching of iron and chromium, and the leaching efficiency of iron and chromium is always lower
than 0.5 and 1.6%, respectively. However, the leaching of phosphorus is significantly influenced
by the MgO/(CaO+MgO) molar ratio. As the MgO/(CaO+MgO) molar ratio increased to 1, the
leaching efficiency of phosphorus gradually decreased from 23.8 to 3.1%. The phosphate ions
would combine with vanadate ions in the leach liquor to produce heteropolyacid anions, which
inhibits precipitation of ammonium vanadate and thus decreases the recovery of vanadium.
Therefore, the decrease in the rate of phosphorus leaching is highly beneficial for the subsequent
vanadium precipitation.

3.2 Effect of mechanical activation pretreatment on vanadium extraction

Figure 2 shows the effect of mechanical activation and roasting temperature on the leaching of
vanadium. The insufficient calcification roasting of unmilled vanadium slag at 750°C resulted in
a vanadium leaching rate of less than 40%, as depicted in Figure 2. Upon increasing the roasting
temperature to 800°C, the vanadium leaching rate sharply increased to 73%. Subsequently, with
further increases in the roasting temperature to 850°C and 900°C, the vanadium leaching rate
gradually rose to reach 85.4%. The vanadium leaching rate for the mechanically activated
vanadium slag initially increased and then decreased with increasing roasting temperature. The
optimal roasting effect was achieved at 800°C, resulting in a vanadium leaching rate of 90.9%.
However, when the roasting temperature was further elevated to 850°C or higher, the vanadium
leaching rate declined. On one hand, elevating the roasting temperature can facilitate the formation
of acid-soluble calcium vanadate; on the other hand, it enhances the coating effect of silicate glass
in relation to the vanadate phase. When the roasting temperature exceeds a certain threshold, the
prominence of glass phase coating gradually intensifies, leading to a decrease in vanadium
leaching rate due to increased diffusion resistance.
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Figure 2 - The effect of mechanical activation and roasting temperature on the leaching of vanadium

The influence of mechanical activation time on the leaching rate of vanadium is illustrated in
Figure 3. It can be observed that the leaching rate of vanadium gradually increases as the activation
time prolongs. At a leaching time of 20 minutes, the leaching rate of un-activated vanadium slag
reaches approximately 76%, whereas that of activated vanadium slag for 80 minutes approaches
87%. The leaching rate of vanadium for un-activated and activated 20-minute vanadium slag
exhibits a gradual increase within the leaching time range of 20 to 60 minutes. However, the
leaching rate of vanadium for activated 40-minute and 80-minute vanadium slag shows a very
slow increase after 20 minutes. After reaching the activation time of 40 minutes, the leaching rate
of vanadium remains relatively stable. The most significant contribution to the enhancement in
vanadium leaching rate is observed when increasing the activation time from 20 to 40 minutes,
while further extending it from 40 to 80 minutes has less pronounced impact. It can be seen that
prolonging activation time can not only improve the leaching rate of vanadium, but also shorten
the leaching time.
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Figure 3 - The effect of activation time on the leaching efficiency of vanadium

4. CONCLUSION

The effects of composite salt roasting and mechanical activation on the recovery of vanadium from
the vanadium-bearing converter slag were studied and the following conclusions can be drawn:

(1) The leaching efficiency of vanadium can be improved by roasting it with a composite salt of
Ca0/MgO. The maximum vanadium leaching efficiency of 94% was achieved under the optimum
MgO/(CaO+MgO) mole ratio of 0.5.
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(2) The mechanical activation significantly decreased the optimum roasting temperature from 900
°C to 800 °C and increased the leaching efficiency from 86.0% to 90.9%.
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Abstract

This paper, although it does not address the technical context of the conference, does instigate the need for
planning future methodology of academics engaging in passing their knowledge (teaching) to students and
other audiences. Due to advancement of the internet, almost instantaneous communication with anyone,
anywhere, in the world is enforcing the new methods of knowledge transfer, referred as the online teaching.
Although very effective and advantageous, it does affect the key parameter, the enrollment as the revenue
generator, of traditional “brick and mortar” universities. The prediction is that many colleges and
universities must close the programs and/or go bankrupt. The most vulnerable university entities will be
the so-called satellite colleges, those at a distance from the main university campus. In this paper key
trigger issues for discussion, invoked by the power of digital communications, are: is there a need for so
many universities, reduce the number of online courses and share the same among universities, libraries
became mainly digitized thus merge them with university IT service, etc.? These are the key topics
discussed in-person at the conference. After the material for in-person presentation was completed, the
same issues are queried to get the *“second opinion’ from the artificial intelligence (Al). The results are
presented in the body of this paper below. Considerable agreement was revealed.

Keywords: Online teaching, University restructuring, IT and library merging, Online courses
sharing

1. INTRODUCTION

The advancement of communication via the internet in the last two decades has produced
significant impact in all spheres of life including education. Education has always been based on
the source of information (knowledge) and until the development of internet that source was “brick
and mortar” university. Anyone interested in higher education, a student, had to travel and reside
at the university as the source of information. For obvious reasons an adequate number of
universities had to be established throughout geographic regions to enable access and space for
all. The arrival of the internet has changed the direction, this time from the source, a university,
to students. Travel to the source of information is no longer needed.

The invention of the internet allowing instant communication throughout the world (world wide
web) is on the par with significance of Gutenberg’s printing press, developed in 15" century, the
invention that eliminated the need to travel to a reader, as the only source of information.
Unrestricted dissemination of books, for the first time, enabled mass communication resulting in
the permanent change of society structure. About five centuries later, the information circulated
by printed books and in-class teaching is surpassed by online communication and online teaching.
The structure of society must change again, as it did in the post-Gutenberg era. Within the context
of the conference presentation, one important component of societal structure is the institutions of
higher learning, the universities. To keep up with the ongoing changes, they must adapt
accordingly.

The aim of this presentation is to show via some actual data how the progress of online teaching
at “brick and mortar” USA universities beside benefits also causes some structural, financial,
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stresses. The sources of university revenue categorize the universities as public, private, and for-
profit universities. The in-class student enrollment as the key revenue generator for public
universities is now eroded by the demand for online teaching and competition from other peer
universities. Lower enough enrollment evokes financial viability, with the prediction that many
colleges will go bankrupt. Besides the effect on enrollment, the next discussion examines the
multiplication of online courses on the exact same subject. Are they all needed? A few best-
prepared online courses, for the same subject, would suffice.  Consequently, with time, the
university administrators will be forced to opt for reducing the number of teaching faculty, even
closing the programs. It appears that time has arrived.

Upon accepting the invitation to the IOC 2023 Conference the initial plan was to talk about the
importance of recycling, one of environmental sustainability necessities, how to grow the culture
that nothing should be thrown away. The University of Idaho (Ul) campus, and the recycling
program of the city of Moscow would have served as case examples, where on the campus’s 340
hectares, and about 12,000 students, not a single piece of trash (paper, soda cans, etc.) can be found
lying around. Everything is pristine and clean.

However, the suddenly released, on the level of shocking, news that the University of Idaho is
purchasing the University of Phoenix for about $550 million, and several townhall meetings,
thereafter, were convincing enough to change the subject of presentation. The University of
Phoenix is the 100% online teaching, for-profit, university, an obvious mismatch (not only
geographic) with the University of Idaho. Nobody on campus, not even remotely, expected this
kind of news. The news was a catalyst to swap the attention to the importance of online teaching
theme with the intention to alert the conference audience that the ongoing changes at American
universities should not be casually recorded. Instead, they should be taken as the warning signal
of “things to come” elsewhere, including own world, particularly at those so-called satellite-
campuses.

The presentation only observes the influence of online teaching on the need for traditional
universities to restructure. Due to space limitations, none of the prepared slides will be discussed
in the written form here. The role of artificial intelligence (Al), ability of computers to interact
with people, is not even mentioned in the “live” discussion.

However, the Al was given the role to “judge” and present its “opinion” on the key issues discussed
in the presentation.

2. EXPERIMENTAL

The experimental approach was to first prepare the entire presentation then to extract five key
issues and post the same, in a provocative way, to the Al. Not even once was the Al consulted
during the preparation. Microsoft Bing (it has embedded Chat GPT4) and Open Al (Chat GPT
3.5), were chosen. The first-round results produced were so convincing that it was decided not to
go to another iteration, i.e., to debate the Al. The first runs were simply copied as asked and
answered.

Once everything was completed the very last query posted was the title of the paper to test its
relevance to the subjects (queries) elaborated in the paper.

3. RESULTS

The comments to the first three queries, posted with purple heading, are by Microsoft Bing (Chat),
while the last three queries, green heading, are from the Open Al.

All universities are for profit
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That is an interesting statement, but it is not entirely accurate. There are different types of
universities, and they have different sources of funding and different goals. Some universities are
for-profit, which means they are owned by a company or investors who seek to make money from
the tuition and fees they charge. Other universities are nonprofit, which means they are not owned
by anyone and they reinvest their revenues back into the institution and educational operations.
Nonprofit universities may receive funding from the government, endowments, donations,
research grants, and other sources. Nonprofit universities are usually more affordable and offer
more financial aid than for-profit universities.

Nonprofit universities are also more likely to have higher academic standards, more qualified
faculty, more diverse programs, and more accreditation than for-profit universities. Nonprofit
universities tend to focus on providing quality education and research that benefit society, while
for-profit universities tend to focus on maximizing profits and enrollment. Therefore, it is not
correct to say that all universities are for profit, as there are significant differences between
nonprofit and for-profit universities.

It is for profit if the enrollment is the key for survival of universities

I understand your point of view, but I think it is too simplistic to say that enrollment is the only
factor that determines whether a university is for-profit or not. There are many other aspects of a
university’s mission, vision, values, governance, quality, and impact that differentiate it from a
for-profit entity. For example:

A for-profit university is owned by a private company or investors who seek to maximize their
profits and returns. A nonprofit university is not owned by anyone and operates as a public trust
or a charitable organization. A nonprofit university has a board of trustees or regents who oversee
its strategic direction and fiduciary responsibility.

A for-profit university relies heavily on tuition and fees as its main source of revenue. A nonprofit
university receives funding from various sources, such as government grants, endowments,
donations, research contracts, and auxiliary services. A nonprofit university can use its surplus
revenue to reinvest in its academic programs, student services, faculty development, research
activities, and community engagement.

A for-profit university may have lower admission standards and less rigorous academic
requirements than a nonprofit university. A for-profit university may also have less qualified
faculty and less diverse curricula than a nonprofit university. A nonprofit university strives to
maintain high standards of academic excellence and accreditation. A nonprofit university also
offers a wide range of programs and disciplines that reflect its educational mission and goals.

A for-profit university may have less accountability and transparency than a nonprofit university.
A for-profit university may not disclose its financial information, student outcomes, or
accreditation status to the public. A for-profit university may also engage in unethical or fraudulent
practices, such as misleading advertising, predatory lending, or inflating graduation rates. A
nonprofit university is subject to public scrutiny and regulation. A nonprofit university must report
its financial data, student performance, and accreditation status to the government and accrediting
agencies. A nonprofit university must also adhere to ethical and legal standards in its operations.
A for-profit university may have less social responsibility and civic engagement than a nonprofit
university. A for-profit university may not care about the welfare of its students, faculty, staff,
alumni, or society at large. A for-profit university may not contribute to the advancement of
knowledge, culture, or democracy. A nonprofit university has a social mission and a public
purpose. A nonprofit university cares about the well-being of its stakeholders and the common
good. A nonprofit university seeks to create positive change in the world through teaching,
research, and service.
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These are some of the major differences between for-profit and nonprofit universities that go
beyond enrollment numbers. Of course, there may be exceptions and variations among individual
institutions, but these are the general trends and characteristics that distinguish them.

university libraries should transfer to IT

Thank you for sharing your opinion on university libraries and IT. | assume you mean that
university libraries should be integrated with or managed by the IT department of the university.
This is an interesting idea, but it may not be feasible or desirable for several reasons.

First, university libraries and IT have different missions and goals. University libraries are not just
repositories of books and journals, but also centers of learning, research, and scholarship.
University libraries provide access to a variety of information resources, such as databases,
archives, special collections, digital repositories, and more. University libraries also offer services
and programs that support the academic needs and interests of students, faculty, and staff, such as
instruction, reference, consultation, outreach, and collaboration. University libraries aim to
advance the educational mission and vision of the university and contribute to the creation and
dissemination of knowledge.

IT, on the other hand, is responsible for providing and maintaining the technological infrastructure
and systems that enable the university to function effectively and efficiently. IT provides services
such as network administration, hardware and software support, security, web development, data
management, and more. IT aims to ensure the reliability, availability, and performance of the
university’s information technology resources and systems.

While both university libraries and IT use technology to support their operations and users, they
have different purposes and priorities. Merging them into one unit may create conflicts and
confusion over their roles and responsibilities. It may also compromise the quality and diversity
of their services and programs.

Second, university libraries and IT have different cultures and values. University libraries are
rooted in the traditions and principles of librarianship, such as intellectual freedom, information
literacy, user privacy, service excellence, collaboration, diversity, and innovation. University
libraries are guided by professional standards and ethical codes that reflect their commitment to
serving the information needs of their communities.

IT is driven by the demands and challenges of technology, such as functionality, efficiency,
security, scalability, usability, and innovation. IT is governed by technical standards and best
practices that ensure the optimal performance of their systems and solutions.

While both university libraries and IT value innovation and excellence, they may have different
perspectives and approaches on how to achieve them. Combining them into one unit may create
tensions and misunderstandings over their cultures and values. It may also undermine their identity
and autonomy.

Third, university libraries and IT have different skills and expertise. University libraries employ
librarians and staff who have specialized knowledge and skills in various aspects of information
science, such as collection development, cataloging, metadata, preservation, reference, instruction,
research support, digital scholarship, data curation, scholarly communication, copyright law and
more. University libraries also require staff who have expertise in specific disciplines or fields that
match the needs and interests of their users.

IT employs professionals who have specialized knowledge and skills in various aspects of
information technology such as network engineering software development database
administration system administration web design cybersecurity and more. IT also requires staff
who have expertise in specific technologies or platforms that match the needs and preferences of
their clients.
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While both university libraries and IT need staff who are proficient in technology, they have
different skill sets and competencies that are essential for their functions and services. Merging
them into one unit may create gaps and overlaps in their skills and expertise. It may also reduce
their opportunities for professional development and career advancement.

These are some of the reasons why | think university libraries should not transfer to IT. | hope this
helps you understand why they are distinct and valuable units in the university.

YouTube should be converted into the World's University

Converting YouTube into the world's university is an interesting idea that has both potential
benefits and challenges. Let's explore some of the advantages and considerations associated with
this concept:

Advantages:

Accessibility: YouTube is already a widely accessible platform, making educational content
available to a global audience. Converting it into a university could enhance access to education
for people who may not have had the opportunity otherwise.

Diverse Content: YouTube hosts a vast array of content across different subjects, which could
provide a diverse range of educational offerings. This diversity could cater to various learning
styles and interests.

Cost-Effective: Traditional universities often come with high tuition fees and other costs.
Converting YouTube into a university could potentially reduce financial barriers for learners,
making education more affordable and inclusive.

Global Reach: YouTube's reach is truly global, allowing learners from different countries and
cultures to connect and learn from one another. This could foster cross-cultural understanding and
collaboration.

Flexibility: Online platforms like YouTube offer flexibility in terms of when and where learners
access content, which could accommodate different schedules and lifestyles.

Considerations and Challenges:

Quiality Control: Maintaining the quality and accuracy of educational content on YouTube could
be challenging. Without proper oversight, misinformation and low-quality content might
proliferate, leading to potential negative consequences for learners.

Credibility: Traditional universities often provide recognized degrees and certifications.
Converting YouTube into a university would require a mechanism for awarding credentials that
hold value in the job market and academia.

Lack of Interaction: Traditional universities offer in-person interactions with professors and
peers, fostering critical thinking, debate, and discussion. Converting YouTube into a university
would need to address this lack of direct interaction.

Assessment and Feedback: A robust educational system requires effective assessment methods
and timely feedback. Designing these elements into a YouTube-based educational model could be
complex.

Regulation and Accreditation: The education sector is heavily regulated in many countries to
ensure quality and protect learners. Adapting YouTube to a university model would need to
address regulatory and accreditation requirements.

Monetization and Sustainability: YouTube relies on advertising revenue and creator
monetization. Converting it into a university might require rethinking its revenue model to
sustainably support educational initiatives.
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Content Ownership: YouTube content is often created by individuals and organizations, each
with their own intentions and rights. The transition to a university model would require addressing
ownership, permissions, and copyright issues.

In conclusion, while the idea of converting YouTube into the world's university has exciting
potential, it also poses significant challenges that need to be carefully considered. A successful
transition would likely require a comprehensive strategy involving educators, regulators, content
creators, and technology experts to ensure quality, credibility, and accessibility in this new
educational landscape.

A well prepared online course should be shared among universities

Sharing a well-prepared online course among universities can have several benefits, but it also
comes with certain challenges that need to be considered. Here are some advantages and
considerations:

Advantages:

Cost-Efficiency: Developing high-quality online courses can be resource-intensive. Sharing
courses among universities can help distribute the development costs, making it more cost-
effective for each institution involved.

Expertise Pooling: Different universities might have expertise in various subjects. Sharing
courses can allow students to access the best instructors and resources from different institutions,
enhancing the overall learning experience.

Wider Access: Online courses can reach a global audience, benefiting students who might not
have had the opportunity to take the course otherwise due to geographical constraints.

Variety and Diversity: Sharing courses can lead to a wider variety of courses being available to
students, increasing the range of subjects they can study and potentially fostering interdisciplinary
learning.

Quality Improvement: Collaboration among universities can lead to a continuous improvement
cycle for the course content, as feedback and insights from multiple institutions can lead to
refinements and updates.

Considerations:

Quality Control: Maintaining consistent quality across different institutions can be challenging.
Standards for content, assessments, and interaction need to be clearly defined and enforced.
Institutional Autonomy: Each university might have its own teaching style, academic calendar,
and policies. Harmonizing these differences when sharing courses can be complex.

Technology and Infrastructure: Universities may have varying levels of technological
infrastructure, and not all institutions might have the necessary resources to deliver an online
course effectively.

Intellectual Property: Ownership and licensing of course content need to be well-defined to avoid
disputes over intellectual property rights.

Cultural and Language Differences: Courses might need to be adapted to suit different cultural
contexts and languages to ensure inclusivity and effectiveness.

Faculty Involvement: Faculty members might be hesitant to adopt or adapt shared courses if they
feel it diminishes their role in curriculum development.
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Student Engagement: Online courses require active student engagement. If students are not
accustomed to online learning or lack the necessary digital literacy skills, it could impact the
effectiveness of the course.

Support and Interaction: Online courses often require technical support and opportunities for
interaction with instructors and peers. Ensuring these aspects are maintained in a shared course is
important for student success.

In conclusion, sharing well-prepared online courses among universities can offer numerous
benefits in terms of cost-efficiency, expertise pooling, and wider access. However, careful
planning is required to address challenges related to quality control, institutional autonomy,
technology, and cultural considerations. Collaboration and open communication among the
participating universities are crucial to successfully implementing a shared online course model.

The Ongoing Restructuring of Universities to Adopt the Sophistication Offered by Internet

The ongoing restructuring of universities to adopt the sophistication offered by the internet is a
significant and evolving trend in higher education. This restructuring is often referred to as "digital
transformation™ or "online education revolution.” It involves leveraging the capabilities of the
internet and digital technologies to enhance various aspects of university operations, teaching,
learning, and research. Here are some key areas where universities are adopting the sophistication
offered by the internet:

Online Learning Platforms: Universities are increasingly offering online courses and degree
programs, allowing students to access high-quality education regardless of their geographical
location. These platforms provide a range of interactive tools, such as video lectures, discussion
forums, quizzes, and assignments, to facilitate effective learning.

Blended Learning: Many universities are adopting a blended learning approach, which combines
traditional classroom instruction with online components. This approach allows for greater
flexibility and customization of learning experiences.

Massive Open Online Courses (MOOCs): MOOCs are large-scale online courses designed to
accommodate a large number of participants. They often feature video lectures, interactive
quizzes, and peer-to-peer interactions. MOOCs provide access to educational content from
prestigious universities around the world.

Digital Resources and Libraries: Universities are digitizing their libraries and academic
resources, making them accessible to students and researchers remotely. Digital libraries offer vast
collections of e-books, research papers, journals, and other scholarly materials.

Virtual Laboratories and Simulations: Fields that traditionally require physical laboratories are
exploring virtual alternatives. Virtual labs and simulations enable students to conduct experiments
and simulations in a controlled digital environment.

Collaborative Tools: The internet offers a wide range of collaborative tools that allow students
and researchers to work together remotely. Video conferencing, document sharing, and
collaborative editing tools facilitate teamwork and communication.

Personalized Learning: Adaptive learning technologies use data analytics to tailor educational
content to individual students' learning styles and progress. This personalization enhances the
learning experience and outcomes.

Global Outreach and Engagement: Universities can now reach a global audience through online
platforms, expanding their reach and influence. Virtual guest lectures, webinars, and international
collaborations are easier to facilitate.

-17 -



10.

11.

12.

The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

Flexible Scheduling: Online courses and resources allow students to learn at their own pace and
fit education into their busy schedules, making higher education more accessible to working
professionals and non-traditional students.

Assessment and Feedback: Digital tools can provide automated assessments and instant feedback
to students. This allows instructors to identify learning gaps and provide timely support.
Research Collaboration: Internet-based collaboration tools enable researchers to collaborate
across geographical boundaries. They can share data, findings, and resources, fostering
interdisciplinary research.

Administrative Efficiency: Universities are using digital systems for administrative tasks such as
registration, fee payment, and communication. This streamlines processes and improves
efficiency.

However, it's important to note that while the sophistication offered by the internet has numerous
benefits, challenges also exist. Ensuring the quality of online education, addressing issues of equity
and access, maintaining student engagement, and safeguarding data privacy are some of the
concerns that universities need to address during this restructuring process.

In conclusion, the ongoing restructuring of universities to adopt the sophistication offered by the
internet is transforming the landscape of higher education. This transformation has the potential to
make education more accessible, flexible, and innovative, but it also requires careful planning and
adaptation to ensure its effectiveness and inclusivity.

4. DISCUSSION

| disagree with the first three answers, particularly with the first two. If the students must pay for
tuition a university is for profit regardless of language manipulation. Only the universities that do
not charge (except minor application fees) for enrollment are genuine not-for-profit universities.
Therefore, education is an industry, and in the USA trillions of dollars in size.

For public universities the student enrollment is the most watched, by the administration,
parameter. If the enrollment is increasing the statements are issued that the university has recorded
the growth. This kind of terminology is appropriate for stock market analysts where the revenue
growth of a corporation is tied to volume of units sold, but inappropriate for the universities.
Besides, education cannot grow it can only improve in quality. Private universities with limited
acceptance can claim that the quality of education is the primary objective. True, they do select
the brightest available students but at the same time they do evaluate the probability of each
individual applicant becoming most influential in business, politics, etc. upon graduation. Reason?
Because well-established alumni do contribute sizeable endowments. Thus, we are back to the
money and industrial, for-profit, behavior,

Next subject of disagreement is the query regarding libraries. As explained in the presentation
most, if not all, of readers of this text have not been to a university library for months. That is
because information in research journals and books is digitized and can be readily retrieved at the
personal desk computer. The obligation of a university library is to assure full subscription to the
appropriate research digital databases eliminating the need for people resources. Therefore, the
university libraries should be reorganized and downsized. Historic and special collection values
should be curated under safeguarded conditions with supervised access. The rest of the library
(digital form) should merge with IT sector of the university. The need for having the university
library as an academic unit (dean, department chair, full, associate, and assistant professor) will be
eliminated freeing the money for increased digital subscription. Perhaps in time there will only
be one digital library per country, of similar model as is the CAS (Chemical Abstract Service) data
centers. The very last query, the appropriateness of the paper title, did recognize the importance,
and the role, of digital libraries.

As stated in the introduction the theme of the presentation is the impact of online teaching on the
number of students enrolled at traditional universities. At many public universities the impact is
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negative as expected. The major argument here is that not every university should teach the same
subject if these are digitized. In other words, they can be shared. Just like hundreds of universities
adopt the same textbooks to teach courses in math, chemistry, physics, etc., the same principle can
be applied to the prepared and selected for adoption of online courses. A few best prepared
(topics, narration, visual animation, homework problems and solutions, etc.) online courses, per
subject of teaching, could serve worldwide university systems.

5. CONCLUSIONS

The evolution of online teaching is imposing universities to restructure; merging among
institutions is one of the pathways. The driving force for the process in progress is the reduction
of costs of education. The online teaching here is nothing more than an effective delivery of
lectures, from adopted book(s) to enrolled students, to/from anywhere in the world. The lectures
are exact, i.e., unbiased. Some lectures are fully online, the others hybrid (also called blended),
in-class + online .  The conference presentation is strictly focused on the cause/effect of online
teaching on traditionally structured universities.

Although used, for curiosity, to produce the so called “second opinion”, the conference
presentation is not addressing the use of artificial intelligence (computers provide the reasoning)
in education. Atrtificial Intelligence, i.e., “the educational technology” as called by the US
Department of Education, is uncharted territory. It is not unbiased as the online lectures prepared
by the in-class professors. Time is required to express itself fully, according to advantages and
disadvantages, before its intrinsic value in education can be fully judged.
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Abstract

Reusing scrap in the foundry sector is critical to manufacturing metals with the quality the industry requires
sustainably and efficiently. The state of the art of optimization systems for foundry raw materials is based
on a characterization and classification of the different families of materials (scrap, internal returns, etc.),
with the information provided by the supplier itself, in the best of cases verified with a more or less
representative sample of the material received, which is melted and analyzed in small furnaces.

The reliability of the results given by the optimization system depends directly on the representativeness of
this information. And this is where the problem arises: when the scrap is of good quality, the final results
agree reasonably well with those expected; On the contrary, when the scrap is more heterogeneous or its
logistical control is more complex, there is a significant risk of chemical deviations in the final metal that
would mean the rejection of a substantial part of the molten castings, with the consequent negative impact
on costs and productivity.

Consequently, low-quality scrap, which is very abundant and low-cost, is underutilized in favor of much
more expensive virgin raw material and hardly sustainable production.

Keywords: Machine learning, Scrap, Load optimization
1. INTRODUCTION

The systems that are currently being implemented already offer Operations Research algorithms
that, together, collect almost all the variables that influence the casting process: complete
traceability of materials, environmental variables, preparation of furnace charges, additives, fusion
parameters (times, temperatures, electrical variables), by-products, final metal, chemical
composition or yields. The push towards the fourth industrial revolution, what has come to be
called Industry 4.0, has come hand in hand with the application of artificial intelligence (Al)
techniques to factories and production systems. There are various industry sectors where we can
find Machine Learning applications, covering all those computing systems that can perceive their
environment, think, learn, and act. These sectors include predictive maintenance, production
quality, job planning, image recognition, and logistics [1, 2].

The principle in machine learning is that the machine generates a model from examples and uses
it to solve the problem. The set of examples is used as the training set. Learning is inductive or
lazy depending on when the data is operated on to generate the model. One of the most studied
learning models is inductive learning, which encompasses all those techniques that apply inductive
inferences on a data set to acquire knowledge inherent to them [3]. In the other case, each time an
instance of the problem needs to be solved, the data is accessed to build the solution. Examples of
inductive methods are the multilayer Perceptron [4] and the C4.5 algorithm [5], while the k-
Nearest Neighbors (k-NN) [6] is a typical lazy learning method.

This paper presents the results of the practical application of Machine Learning techniques to know
as precisely as possible the behavior of the different scrap metals according to operating conditions
and inform decision-making systems in real-time. This represents a before and after in the
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parameters of efficiency and quality in the manufacture of metals. Strategic products such as steel
can reduce their manufacturing costs by 2% - 3%, improving their sustainability by increasing the
use of low-quality scrap by more than 10%. A steel plant with a production of 1 million tons/year
would mean a cost reduction of more than 10 million euros per year. This technology is also
applicable to cast iron (grey/nodular) in sectors as important as automotive or wind power.

2. CASE STUDY

For the correct application of intelligent technology in the scrap characterization process and the
real-time prediction of the chemical composition of the main elements, we must start with the
importance of building the knowledge base. This is undoubtedly one of the most critical stages of
the knowledge discovery process. The complete process of extracting knowledge from databases
is known as KDD (Knowledge Discovery in Databases). This process comprises various stages,
from obtaining the data to applying the knowledge acquired in decision-making. [7, 3].

In the case of the application, it is necessary to consider a set of variables that directly affect the
chemical contribution of the materials used. Among these variables, we can find the updated
chemical specifications of the final products, quality restrictions, expected returns by type of
product, performance, chemistry, and residual elements, based not only on certificates issued by
the supplier or on samples analyzed upon receipt, if not on the actual results obtained in production
castings. Constituting these the input variables and as the output variables, the chemical
composition of the elements to be analyzed. The Smart module was developed for the ALEA
system, where the entire knowledge discovery process is considered, starting from the construction
of the knowledge base until the visualization of the results. The figures below show the
configuration and creation windows of the knowledge base.

Among the stages of the KDD, there is one that can be considered as the core of the process, and
that consists of the extraction of knowledge from the data. This phase is crucial for obtaining
relevant results and depends on the applied machine learning algorithm. For the proper selection
of the ML model to be used in solving the problem, tests were carried out with different ML
methods implemented in Weka, R, and Python, and the ones with the best results were used. These
algorithms were included in the ALEA Smart module.

Once the knowledge base has been built, and the ML algorithms have been implemented, the
training and model creation is carried out. The results of the evolution of the chemistry of the
evaluated elements are evaluated, as well as the results of the prediction of the final chemistry of
the casting, considering this characterization. This process is dynamic and based on real-time
knowledge built from production data. Figure 1 shows an example of adjusting the Cu content of
scrap based on its production history. Figure 2 shows an example of the results of comparing the
actual chemistry and that expected by castings for the element Cu from the estimated chemistry
for each of the scraps used in the castings.
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Figure 2 - Results of the actual vs expected
chemistry (element Cu) using ML

To illustrate the results of the application of ML techniques for the characterization of scrap, as

well as its impact on the prediction of casting chemistry, we compared the estimates before

applying the model and once it was used.

Figure 1 - Cu characterization of scrap using ML
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Figures 3a and 3b compare the expected and real chemistry before and after applying the model,
respectively. The metrics for evaluating the results are highlighted in a red box.
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Figure 3a - Actual Vs expected chemistry results  Figure 3b - Actual vs expected chemistry results
(element Cu) before using the ML model (element Cu) after using the ML model

As we can be seen in the highlighted boxes, taking into account the different metrics, a significant
improvement in the chemistry estimate is obtained.

Another advantage offered by the Smart module is the possibility of analyzing outliers taking into
account the actual and expected chemical content for each element figure 4 and outliers in terms
of the error between the expected and actual value for each element figure 5.

Figure 4 - Outliers for actual and expected Figure 5 - Outliers regarding the error expected
chemical content (Cu element) vs actual value (Cu element)
Although the values of the metrics selected to evaluate the accuracy of the predictions are very
good, it was possible to detect that these are affected by inaccuracies in the manual entry of data
and the discontinuity in the calculation of the recipes. This was possible with the help of the
detection of outliers allowing us to identify these cases and evaluate the possible solutions.

3. CONCLUSIONS

The results of the application of the ML models allowed: - Detect anomalies, improvements in
load optimization, better characterization of scrap and improve the estimates of the chemistry of
the castings, reaching values of R2 above 90% higher than the values reached before the proposed
solution. A solution is implemented that significantly supports decision-making, contributing to
production cost savings.
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Abstract:
The construction of the new sintering plant (New Sinter Plant) had two primary goals:
1. production - technological goal, which meant increasing the production of sinter, improving the
quality of the produced sinter, rationalizing production as well as reducing costs per unit of product

2. improvement of environmental protection, where the project solution would meet the requirements
of the standard for emissions of polluting exhaust gases "Best Available Techniques (BAT)
Reference Document for Iron and Steel Production 2013" ("Reference document for the best
available technique (BAT) for iron production | of steel 2013").

Keywords: sinter, environmental protection, construction

1. INTRODUCTION

The construction of the new sinter line 180 m2 Sinter Plant within the HBIS GROUP SERBIA
IRON & STEEL began in June 2019 when the foundation stone for the New Sinter Plant was laid,
the installation of equipment began at the end of 2020, while the cold test period began in
December 2021. The warm test period of the new sinter line began in February 2022, and the start
of production began in April 2022. The construction of the new plant for sintering (Sinter Plant)
included the construction of new facilities and the reconstruction of facilities that are part of the
existing plants, with the aim of increasing the annual capacity from 1.37 million tons to 1.782
million tons of sinter, with better sinter quality. In order to rationalize the sinter production system,
aiming to reduce costs per product unit. The foreseen technology reduces the consumption of all
energy sources and additional materials, and the most of all coke and electricity. In order to protect
the air as well as to improve the quality of the air, by reducing its pollution trough reducing
polluting substances below the prescribed limit values, a dust removal system was installed. The
amount of flue gases and gas containing dust in the production process of metallurgical plants is
large. The dust concentration and smoke dispersion is high. Aspiration hoods and air purification
devices are installed at all production workplaces where dust and flue gases occur. Projected
concentration of dust when using cloth dusting bags from sintering plant must be less than 15
mg/Nm3, that from Electro Static Precipitator (ESP filter) less than 40 mg/Nma3. For the adopted
semi-dry process for desulfurization, the emission of sulfur dioxide must be less than 180 mg/Nma3.

2. EXPERIMENTAL

Within HBIS GROUP Serbia Iron & Steel d.o.o0. Belgrade - Smederevo branch, there are a total
of 4 sintering machines in the existing sinter plant, namely sintering machines 1 and 2 of 75 m2
and sintering machines 3 and 4 of 90 m2. The existing, largest annual production of 4 sintering
machines in the Smederevo ironworks is 1.37 million tons, and the largest monthly production was
131 thousand tons (2006). Coke consumption is high, so production is irrational. The sintering
equipment is old, the technology is outdated, the thickness of the sinter layer is only 300 mm, the

-23-



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

quality of the sinter is poor, so in order to reduce production costs in the blast furnace, it is
necessary to optimize the production of sinter material. Therefore, the construction of a new
sintering plant of 180 m2 (New Sinter Plant) is planned, which includes the construction of new
and reconstruction of existing plant facilities, with the aim of obtaining better quality sinter,
increasing the annual capacity (current 1.37 million tons to 1.782 million tons of sinter) and
rationalizing the sinter production system. Rationalization includes the reduction of costs per
product unit, i.e. reduction of consumption of all energy sources and additional materials (mostly
coke and electricity) per product unit.

3. RESULTS AND DISCUSSION

The New Sinter Plant consists of a dosing facility with a fuel crushing system, a primary mixing
facility, a pelletizing facility, a sintering facility, a screening facility, a main exhaust fan facility
(Exhauster) and a dedusting and desulfurization system. The complete process at the New Sinter
Plant is set up in the automatic monitoring and management system in such a way that it realizes
all the monitoring functions that are necessary for the control and management of the production
process.

The amount of flue gases and gas containing dust in the production process of metallurgical plants
is large. The dust concentration and smoke dispersion is high. The factory renovation project
envisages the installation of hoods for aspiration and air purification devices at all production
workplaces where dust and flue gases occur. The project solution will satisfy the requirements of
the standard for emissions of polluting exhaust gases "Best Available Techniques (BAT)
Reference Document for Iron and Steel Production 2013". The concentration of dust when using
cloth dusting bags from the sintering plant must be less than 15 mg/Nm3, that from the Electro
Static Precipitator (ESP filter) less than 40 mg/Nm3. For the adopted dry desulfurization process,
the emission of sulfur dioxide must be less than 180 mg/Nm3.

It is necessary to emphasize that in addition to the installation of equipment, there was also the
introduction of new technological systems that greatly contributed to the production of higher
quality sinter as well as energy savings. Unlike the old technology, where a mixture of natural and
blast furnace gas was used, the new Sinter Plant uses exclusively blast furnace gas, which led to a
reduction in the price of sinter. The use of lime was also introduced into the technological process,
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which was not used in the earlier technological process. By introducing lime into the technological
process, better palletization of the sintering mixture was achieved, as well as preheating of the
sintering mixture, which reduced the use of steam. In addition, by using the bottom layer that is
obtained after sieving the sinter, it was possible to protect the barns on the trolley and better
sucking trough sinter ore material. Through these two elements, the sintering process was
improved and temperature control in the sintering process was easier.

The new technical solution for dedusting the main technological process, which is reflected in the
fact that the Electro Static Precipitator (ESP filter) is placed between the sinter line and the
exhauster compare to the work system of the old sinter lines where the scrubber system was located
between the sinter lines and the exhauster, a dry dedusting system was introduced instead wet
dedusting system, which contributed to better preservation of equipment, reduction of dust
emissions, reduction of technical water consumption and better utilization of recyclable materials.
With new technical solutions and the installation of adequate dedusting equipment, by which we
mean the dedusting of all overflow areas, the installation of bag filters and Electro Static
Precipitator (ESP filter), the emission of suspended particles has been reduced to the lowest
possible minimum. All the material that are collected from the plant is returned to the production
process again, through the pneumatic transport of dust, which achieves a partial saving of material
through this recycling system. The newly built Desulfurization plant, which aims to purify the
gases produced in the production process, as well as to remove suspended substances from those
gases, giving purified air. The current efficiency of the desulfurization system is over 98% in terms
of suspended particulate matter and SO2 emissions. By installing the new sinter line of 180 m2,
the production capacity of the Sinter Plant was increased, and accordingly, with an average daily
production of 4,500 t of sinter, there is an obvious saving of electricity and fuel (Table 1). It is also
necessary to mention that with the new sinter line, the quality of sinter has been greatly improved
for less than 20% (Table 2), which contributed to an increase in the share of sinter in the backfill
of the blast furnace by 7.5%.

Table 1
SINTER
PRODUCTION BF GAS NATURAL GAS EL.ENERGY
Period / Unit t Nm?3 Nms3/t Nm3 Nm3/t KWh KWh/t
2020 1,011,079 18,785,759 19 7,339,127 7 122,230,002 121
2021 1,153,480 5,316,382 7 11,255,478 10 127,013,941 110
2022 1,131,827 52,098,773 45 2,642,842 2 102,368,728 90
Jan-Jun 2023 682,216 44,338,401 65 0 0 47,876,712 70
Table 2
QUALITY
I klass Il klass I+11 klass
2020 54 23 76
2021 41 24 65
2022 42 23 65
Jan-Jun 2023 58 24 82
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Table 3
HBIS Serbia Iron & Steel d.o.o.
KALKULACIJA CENE KOSTANJA
SINTER Mix 2021_22 2Q act 2023 usd
Production (t)
1
Name % T/T $/t sintera % T/T $/t sintera
Sinter ore Zaporozje 9% 0.064
Sinter ore Turkey 62 7% 0.044 1% 0.010
Sinter ore KUMBA STANDARD 27% 0.183 35% 0.272
Sinter ore Krivbas 64%
Sinter ore Krivbas 61% 13% 0.090 7% 0.053
Sinter ore Rudomine 11% 0.074 9% 0.072
Sinter ore KRIVBAS 57 % Fe 11% 0.076 4% 0.029
Sinter ore Mauritanija 21.8% 0.168
Sinter ore Suha Balka 60% 12% 0.084 22% 0.168
Turkish fines 58%
Turkish fines 55% 0.020
RUDA SITNA ROY HILL
Sinter ore Turkey Siderite 5% 0.037
Total Sinter Ores 0.672 0.772
Purchased Scale 0.037 0.010
Total Sinter ores & purchased scalqg 0.709 0.782
Total ores & purch scale & concent 0.742 95.12 0.782 102.78
C & B Scrap Total 0.113 0.087
Internal Recycled Material 0.085 0.058
Raw Materials 4 1.252 105.99 " 1170 112.75
Total Coke Breeze 0.036 18.07 0.027 13.58
Fuels 0.060 25.10 0.059 22.76
Subtotal Energy 15.72 6.94]
CONVERSION COST 157.94 155.80
Table 4
Fe S/t S/t
SINTER Mix 2021/ 2022 49.60 157.9397 IRON 513.45
SINTER Q2 2023 51.39 155.7985 IRON 504.69
Table 5
Fe S/t S/t
SINTER Mix 2021 / 2022 49.60 157.9397 IRON 513.45
SINTER 51.39 160.4800 IRON 513.45

In support of the fact that the savings greatly contribute to the lower price of sinter can be seen in
Table 3. Where it can be seen that with a similar composite of materials in the period of work
2021/2022 as well as the second quarter of Q2 -2023 that the price of sinter in 2023 is lower by
$2.14 /t in relation to the price of sinter in 2021/2022 when the old sinter lines 2, 3 and 4 were
operating. And that the price of sinter was directly affected by the reduction in fuel and electricity
consumption, even though the price of raw materials increased.

Analyzing Table 4, we can see that the price of produced sinter directly affected the production
price of iron through two factors, i.e. by increasing the percentage share of sinter in Blast Furnace
backfill due to the stable and high quality of sinter, as well as through the lower price of sinter as
a product due to the reduction of fuel and electrical energy consumption. Therefore, due to the
lower price of sinter by $2.14/t, the price of iron is also lower by $8.76/t.

4. CONCLUSION

If we were to equate the price of produced iron in the model, Table 5, we would get that the price
of sinter should be $160.48 $/t, which is higher than the price of sinter in the period 2021/2022
and by 1.6% with a higher share of Fe, which leads to the conclusion that the price of sinter would
increase with the percentage share of Fe. However, the price of sinter produced at the new Sinter
Plant is lower by 3% compared to the model, which leads to savings of $4.68/t.

Bearing in mind the above arguments, it can be concluded that the investment in the new
Agglomeration has successfully achieved both goals set by the HBIS Serbia Company.
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Abstract

Utilization of natural bentonite in pelletization leads to contamination and degradation in metal production
and high slag rate in blast furnace process due to additional gangue addition in the form of SiO2 and
Al203. Acid activation of bentonite by HCI or H2SO4 can enhance the adsorption properties and reduce
the alumina content in natural bentonite, which may improve metal production and reduce contamination
as well. In this paper both the acid activation process has been carried out. A detailed characterization
studies were conducted to know the physico-chemical variations in the activated bentonite as well as raw
bentonite, which includes SEM with EDS, XRF elemental analysis, XRD, BET surface area analysis with
pore volume determination, FTIR analysis and DT/TG Analysis. Besides all the detailed characterization
work, all the binders were applied in iron ore pelletization to know their effect on pellet size, strength, and
microstructure. Also, find out the relationship between CCS and porosity of the optimized pellets.

Keywords: Natural Bentonites, Acid Activation, Characterization, Pelletization

1. INTRODUCTION

Natural clays are used as a binding agent in iron ore Pelletization. The wastewater treatment
process is applied for the removal of chemical pollutants such as kaolin, bentonite, and zeolite [1-
6]. Among these clays, bentonite is one of the most widely used adsorbents as it possesses a net
negative surface charge [6, 7]. Bentonite clays primarily consist of montmorillonite as the basic
mineral. Montmorillonite Al2[(OH)2Si4010]-nH20 is belongs to a group of layered silicates. Basic
structure is composed of tetrahedral layers, formed by inter-binding of tetrahedral sheets with Si**
ion in the center and four O% ions on the tops, and octahedral layers. It is formed by binding of
octahedral sheets with AI** ion or Mg?* ion in the center and six OH" ions in the corners [8, 9].
Adsorption capability and swelling property of natural bentonites can be improved by various
methods of activation, modification with various metals, pillaring, etc. [10-19].

Binders, during agglomeration, are added to the iron ore fines to improve the pellet properties and
impart strength to the pellets during wet, dried, and indurated conditions [20-29]. The present study
highlights the changes in bentonite after acid activation in view of physico-chemical aspects which
includes specific surface area, chemical, mineralogical and morphology structures. It also focuses
on comparative analysis of microstructure, porosity, CCS, and composition of green pellets formed
by using both raw bentonite and acid activated bentonite as binders.

2. MATERIALS, METHODS AND EXPERIMENTAL SETUP

The -3 Mesh run of mines (ROM) iron ore sample, collected from Thakurani (Eastern India) iron
ore mines of Odisha, was crushed in a dodge type jaw crusher. The crushed product was passed
through a roll crusher, which was then ground to 100% passing 150um in a ball mill. The sample
was then beneficiated by gravity and magnetic separation process to obtain pellet grade
concentrate. The sample prepared, for the pelletization study, contains 100% passing 75micron
with approximately 85% below 45um. Bentonite sample was collected from Ashapura Minerals,
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Gujarat, India approximately 2 kg of -8 mesh size. It was sampled and ground to below 200 mesh
for acid activation process. H.SO4, HCl and Acrylic Acid were collected from Central Lab, AMNS
India. Limestone and anthracite coal were collected from ESSAR steel India limited having size
fraction of - 150 micron.

Characteriztion of raw (RBt) and activated bentonites

Acid activation of raw bentonite by both HCL and H>SO4 were performed, and the activated
samples were characterized using various methods to analyze the variations in physico-chemical
properties. The detailed chemical composition of the sample was determined through XRF, using
ThermoFisher X-ray Fluorescence spectrometer operated at 30 kV voltage and 100 mA current
with counting time 5 sec, except LOI which was determined by heating the sample at 950°C for 1
h in a muffle furnace. The sample was examined by Scanning Electron Microscopy-Energy
dispersive spectroscopy (SEM-EDS) technique. SEM analysis was performed using a FEI 430
Nova Nano-scanning electron microscope equipped with a tungsten filament coated with
zirconium oxide. The micro analyzer was a JEOL maker model JXA 8230. The acceleration
tension was kept at 15 kV for all the measurements. Chemical composition of nanoparticles
bentonite samples was analyzed by Energy Dispersive X- ray analyzer (EDX). The mineralogical
composition of the sample was evaluated by X-ray diffraction (XRD) analysis using Rigaku
Tabletop Model. Copper was used as anode material and the generator settings were maintained
at 30 mA and 40 kV. The X-ray patterns were acquired in the 20 range of 10 - 90 ° with a step size
of 0.001°/s. The room temperature was maintained at 25 °C during the measurements.

The nitrogen adsorption—desorption isotherm of the sample was measured at liquid nitrogen
temperature with a Quanta-chrome Nova-3200e. Pre-treatment of the sample was carried out at
230°C for 5 hours under a high vacuum. Qualitative mineral identification for the sample was done
by Fourier Transform Infrared Spectroscopy (FTIR) using Thermo Scientific Nicolet 6700 series
(iS10) FTIR Spectrophotometer over the range 4000 - 400 cm™* at room temperature, with an
accuracy of 0.01 cm™ and resolution of +4 cm™,

Experimental Setup for Pelletization Process

Pelletization experiments were carried out in a disc pelletizer having a diameter of 40 cm and a
rim height of 15cm. The disc is driven by a 1hp engine through reduction gears and provided with
a variable speed drive mechanism to regulate the disc speed. The disc is provided with a facility
to change the disc inclination. Iron ore sample of 1kg each was mixed with binder at different
proportions prior to the pelletization study. Moisture was added slowly and continuously.
Pelletization time and disc inclination were fixed at 20 min and 42°, after preliminary studies. The
quality of pellets was tested for size analysis (dso), % yield of +9mm pellets, mean drop number
(MDN), green compressive strength (GCS), cold compressive strength (CCS) and Porosity.

3. RESULTS AND DISCUSSION
XRF analysis of the raw bentonite

Chemical analysis of Raw bentonite (RBt), bentonite activated by HCL (BtHCI) and bentonite
activated by H>SOs (BtH2SO4) bentonites and activated bentonites were measured by XRF
analysis. Table 1 shows the details results of major and minor oxide concentrations by weight
percentage (%).

Table 1 - Detailed elemental analysis of the raw as well as activated bentonite

Al;Os, |SiO,, |Fe203 |S0s, |K20, |Ca0, [NaO, [Cr:0s, |[MnO, |NiO, ZnO, |Trace,
CuO, %

Compound % % % % % % % % % %

RBt, % 193  [559 [19.78 |0.13 |0.27 |1.63 |2.35 |0.03 |0.096 |0.006 [0.0591 |0.033 |0.415

BtHCI, % |18.89 |58.24 |19.45 |0.07 |0.29 |0.95 |1.68 |0.026 |0.097 |0.002 |0.052 |0.04 |0.208

BtH,SO4 19.16 |57.73 |19.57 |0.11 |0.24 |0.98 |1.85 |0.019 |0.099 |0.003 |0.05 0.035 |0.153
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SEM analysis of RBt, BtHCI and BtH2SO4

The SEM examination was carried out to assess the effect of the activation protocols on the surface
morphology of the bentonites. It shows the aggregate mass of irregularly shaped particles that
appeared to have been formed by several flaky particles stacked together in the form of
agglomerates. The surface of the raw bentonite (Fig. 1(a-c)) appears to be smooth due to closely
packed flakes in contrast to the ragged appearance of the acid activated bentonite (Fig. 1(a-c) for
BtHCI and Fig. 1(a-c) for BtH2SOy).

Bentonite activation by H.SO4 can make the bentonite more porous structured compared to raw
bentonite (Fig. 1(a-c) BtH2SO4). The SEM image of the BtH2SO4 indicates that the interlayer
spaces may have collapsed, resulting in more tightly bound structure with reduction in porous
structure. The surface morphology of the acid activated bentonite i.e., BtHCI, as shown in Fig. la—
¢ BtHCI, indicates that the acid activation by HCI results in leaching of cations, making the clay
surface more porous. After acid activation by HCI the uneven surface becomes highly porous,
(Fig. la-c, BtHCI). Fig. 1a-c, BtHCI show that the surface morphology of the raw bentonite has
undergone significant changes under the acid activation by HCI. The edges of the platelets were
the first to be exposed to acid attack. The formation of smaller pores takes place as the impurities
are removed and the exchangeable cations are replaced by H* ions. These physico-chemical
reactions alter the morphology as the pores open. Thus, the bentonite surface became more porous
and homogeneous. This was also evident from the increase in surface area. Comparing the SEM
images for all three cases the result shows that acid activation by BtH2SO4 forms more pores on
bentonite surface than the acid activation by BtHCI. It is obvious that the dimension of the particles
decreases markedly due to activation and cation exchange process. The increase in the porous
nature of activated bentonite indicates that it can be more adsorptive in case of green pelletization,
which leads to better strength and size of the pellet and porosity as well.

BET surface area analysis of RBt, BtHCI and BtH2SO4

The BET surface areas of the samples are presented in Table 2. There is a good relationship
between the BET surface area and average pore volume of the solid particles. Due to the formation
of smaller pores in solid particles, surface area of particle increases which subsequently results in
higher adsorption property. So, from the above study, it is understood that BtH.SO4 because of its
maximum surface area is the most effective binder among the three for geen pelletization. XRD
analysis of raw and activated bentonites is given in Fig. 2.

Table 2 - BET surface area and volumes of the micropores were clearly shown in the table.

Sample Name Surface Area, m?/gm | Microporous volume, cm?/gm
RBt 93.233 0.011504
BtHCI 274.41 0.006574
BtH.SO, 322.81 0.003454
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Figure 1 - SEM backscatter images of raw and activated bentonites
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Figure 2 - XRD analysis of raw and activated bentonite

FTIR analysis of RBt, BtHCI and Bt H2SO4

The effects of the acid-activation process on the FTIR spectra of the bentonite sample are shown
in Fig. 3 a-c. The band at 3678-3359cm™ (absorption by the interlayer water) becomes more
diffused with increasing severity of activation. The OH stretching band occurs at 3678cm™ which
is shifted to 3620.84 cm™ for BtHCI and 3620.05 cm™ for BtH,SO4. OH, vibrational bending can
be found at 2939cm™ for RBt which is shifted to 2930.132cm for BtHCI and 2929.795¢cm™ for
BtH.SOa. Similarly, OH vibrational bending was found at 2350 and 1761 cm for RBt, which is
shifted to 2332.45 and 1733.95 cm™ during BtHCI activation and 2320.05 and 1731.949 cm™
during BtH,SO4 activation. The intensity of the stretching bands of RBt at 991cm™ was not
affected by the acid activation. Si-O-Si stretching bands at 1203cm™ for RBt shifted to 1291.595
and 1230.795 cm™ for BtHCI and BtH,SO4. Al-Mg-OH vibrations at 815cm™ for RBt, 796.075
cm for BtHCI and 795.638 cm™* for BtH,SO, decrease with increasing intensity of activation.
The intensity of the band at 740 cm™ increases significantly with increasing concentration of acid.
The peak at 740 cm™ corresponds to the highest free SiO, content depending on decomposition by
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acid adsorption. A more intensive band was found in the activated sample by H2SO4 and HCI
addition. Disintegration of the octahedral sheets by acid activation is shown in FTIR spectra in the
1100-450 cm™ region. The intensity of the band at 540 cm™ (Si-O-Al and Si-O-Mg coupled by
OH bending or Si-O bending vibrations) is shifted to 561 cm™ for BtHCI and 556 cm™ for
BtH2SO4.
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Figure 3 - IR Spectrum of raw and activated bentonite showing adsorption properties.

Experimental Analysis and Properties of Pellets

Three binders, three moistures percentage and three discs speeds, total 45 experiments were carried
out using 3 different binders (RBt, BtHCI and BtH2SO4). Green pellet testing was carried out to
know the size and strength of the green pellet. The growth of pellet was represented by the mean
pellet diameter (dso) and the proportion of product pellets (% yield of +9mm pellets). The weighted
MDN (an average of the impact resistance capability of pellets) and green compression strength
(resistance to compression load) were used to assess the strength of the product pellets. The
individual influence on MDN of moisture > binder > rotation (Table 6) indicates the mobility of
water through the interstitial space that may influence the size enlargement and a plastic surface
resistance to impact. However, where solidity and stronger bridging is necessitated, the binder’s
ability to swell and move in presence of water and the extent of water immobilization bring about
stronger bonding. The binder content and its relationship with the moisture content assumes
significance. This is evidenced by the main and interactional effects of variables on MDN and
GCS.

The main and interactional effect of variables on every response are given in Tables 6-8.

Table 3 - Represents the main and interactional effect of variables on responses for raw bentonite.

Response Main effect Interactional effect
dso M>RBt>R (MxR)>(RxRBt)>(MxRBt)
% Yield of +9 mm pellets M>RBt>R (MxR)>(MxRBt)>(RxRBt)
MDN M>RBt>R (MxRBt)>(MxR)>(RxRBt)
GCS M>RBt>R (MxRBt)>(MxR)>(RxRBt)
Where, M = Moisture content, R = Disc Speed and RBt = Raw bentonite
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Table 4 - Represents the main and interactional effect of variables on responses for BtHCI.

Response Main effect Interactional effect
dso M>BtHCI>R (MxBtHCI)>(MxR)>(BtHCIxR)
% Yield of +9 mm pellets M>R>BtHCI (MxBtHCIH>(MxR)>(BtHCIxR)
MDN M>BtHCI>R (MxBtHCI)>(BtHCIxR)>(MxR)
GCS BtHCI>M>R (MxBtHCI)>(BtHCIXR)>(MxR)
Where, M = Moisture content, R = Disc Speed and BtHCI=Activated Bentonite content

Table 5 - Represents the main and interactional effect of variables on responses for Bt.H2S0O4

Response Main effect Interactional effect
dso M>BtH,SO,>R (MxR)>(MxBtH,S04)>(BtH,S04xR)
% Yield of +9 mm pellets M>R>BtH,SO, (MxBtH>S04)>(MxR)>(BtH,SO4xR)
MDN M>BtH,SO,>R (MxBtH,S04)>(RxBtH,S04)>(MxR)
GCS M>BtH,SO,>R (MxBtH,S04)>(RxBtH,S04)>(MxR)
Where, M = Moisture content, R = Disc Speed and Bt.H,SOs=Activated Bentonite content

lon exchange phenomenon in bentonite

Bentonite can be categorized into two types i.e., Na type and Ca type. During water-bentonite
interaction, ion exchange occurs in both cases. Na* ion is exchanged for both Na* and Ca?" ion in
Na type bentonite. Besides this, its cross-linked polymeric network of hydrophilic monomers and
swelling property help in adsorbing water molecules, which are responsible for establishing strong
bond between these two components. Also due to the presence of exchangeable cation Na*, Na
bentonite provides greater clay sheet layer extension and macroscopic swelling while encounters
water [35, 36] but in case of Ca-bentonite, swelling clay properties is relatively low as compared
to Na type bentonite due to presence of Ca?* cations in its interstitial space. As it is well known
that Na forms stronger bond than Ca, Na activated Ca- bentonite is formed to achieve high swelling
property. All Na-activated Ca bentonites are within close values range, expressing better swelling
properties than the natural Ca bentonites [35] Recent research on surface phenomenon of pellets
by Kawatra, Ripke and Railey suggested that the mineral surface charge causes a distinct
concentration gradient of ions in the water, at proximity to the solid. In this situation, a large excess
of positive ions ensues over surface negative ions. Multivalent ions are more strongly influenced
due to this behaviour than monovalent ions, and consequently, the concentration factors are
significantly higher for Ca*2 and Mg* 2 than for K* and Na*, but when it comes to swelling factor
Na* always having better swelling than Ca*? [26-36].

Intra-water molecule behaviour/physical orientation of water molecule

Higher moisture content gives better GCS, MDN as well as size of the pellets. This can be
explained through water molecules orientation where the V-shaped arrangement of water molecule
has an atomic nucleus of the oxygen nucleolus with the two hydrogen protons at an angle of 105
degrees [37]. During the approach of two liquid water molecules towards each other, an
electrostatic attraction takes place between the oxygen atom (of negative charge) which is present
at the base of the ‘v’ of one water molecule with a hydrogen atom (of positive charge) at one corner
or the other [37]. This force of attraction is called hydrogen bonding which is only 0.005-0.1times
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of normal covalent bond strength. Most significant feature of this bond is that molecules can be
easily oriented at certain circumstances. This physical alignment of the water molecules eases their
ordered absorption onto the surface of the bentonite platelet [35, 36]. Fig. 4a-c represents the
microstructure of green pellets for the binder RBt, BtHCI and BtH2SO4 respectively. Fig. 4(a (s, s
& 12)) represents the effect of acid activated bentonite by H.SO4 on the microstructure of the green
pellets. From Fig. 4a, it has been concluded that, bigger pellet has more plasticity than a smaller
pellet. In other words, it can be proved plasticity of binder is quite important than other parameters,
Here the plasticity of pellet expressed as a difference between the binder percentage variation
fraction. At higher moisture bentonite gets sufficient water to swell and creates helical structure
which results in close packing of particles. Contrariety in bentonite behaviour is clearly visible in
Fig. 4(as) Where moisture content is fixed, and bentonite dosage is varying. This variation in
bentonite dosage is the primary factor behind the formation of multi-layered pellets. So, it is quite
evident that 100% yield of +9mm pellets is achieved at both high moisture content and BtH2SO4
dosage (0.75%), As layer upon the pellet increases, plasticity of bentonite expands due to which
high MDN value is achieved but obtained GCS value is not as high as expected.

Water-bentonite interaction with BtHCI

Fig. 4(b) establishes the effect of HCI activated bentonite on the pellet surface at high moisture
content. From Fig. 4(bs & bg), it can be concluded that increased moisture content boosts the
swelling property of binder with respect to moisture, which resulted in significant increase in
+9mm pellet. But due to high moisture and low BtHCI dosages, porosity increases which reduces
the GCS of pellet. So, to achieve pellets with desired strength, additional bentonite dosage is
required. Fig. 4(b12) shows that high BtHCI dosage at high moisture content causes the formation
of multiple layers on pellet surface. Though this layering enhances the GCS and MDN of pellet,
an irregularity in pellet shape is observed after multiple drop numbers where round shaped pellet
tends to bend and gradually changes to an elliptical shape. It can also be observed that at higher
moisture content, variations in bentonite are not having effect on the green pellet MDN but
influences the dso and wet compression strength as long as the rotation and moisture content are
kept constant. Higher moisture content gives high swelling properties of the binder at higher
dosage which could help to maximize the pellet strength but could possibly reduce the porosity of
the pellet. The moisture content giving rise to plasticity formation during balling, which is
specified as a material specific parameter and the major factor for creating plasticity and porosity
depends on the variation in moisture and BtHCI contents.

Results in Fig. 4(c (7, s &12)) show that moisture and RBt have negligible effect on pellet
microstructure. Fig. 4(c7) shows porous structure associated with swollen bentonite, at higher
moisture, closely packed with iron ore particles. Comparing Fig. 4(c7 & cg), it is distinguished that
although pellet size is acceptable in both the cases, the porosity is higher in case of low RBt dosage.
At low RBt the exchange of Na* and Ca* ion is less due to low moisture and binder dosages. High
porosity filling up of the interstitial spaces with water which subsequently causes weak bonding,
hence pellet with moderate strength is obtained. Meanwhile in case of high bentonite dosage,
pellets with good strength are produced due to less porosity and Na* ion exchange, high swelling
and strong bonding between bentonite and water.

Fig. 4(co) shows that the difference in bentonite content influences the GCS. It is clearly seen that
at lower RBt content, compaction is less as compared to higher RBt dosage. This is because the
isomorphic substitution of cations within the octahedral lattice results in the presence of excess
electrons on the bentonite surface. These electrons enable the formation of hydrogen bonds of
partially covalent character between the water molecules and the bentonite surface. The effect of
excess electrons is therefore to not only strengthen the water-bentonite bonding but also to enhance
the bonding of additional layers of water. It is believed that these strong bentonite-water bonds
alter the electron distribution of the first layer of water molecules and facilitate the formation of
another water layer. Those bonds in the next layer allow the formation of a subsequent layer to the
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extent that 3 or 4 similarly oriented water layers are formed. Acceptable quality of pellets was
obtained at an RBt dosage of more than 0.50% by weight of iron ore concentrate, maintaining the
moisture content of 12%. This implies that the strength of green iron ore concentrate pellets is the
most critical measure of binder quantity. There is a trade-off moisture: bentonite ratio for
producing pellets of certain desired size and strength depending on the material characteristics
(fineness, minerology, etc.).

Figure 4 - The microstructure of dried pellets analyzed by SEM shows the water-bentonite interaction,
properties of adsorption and morphology of the green pellets.

4. CONCLUSIONS

The acid-activation of natural bentonite has led to new materials with properties different than
those of raw bentonite. The dissolution of cations from the clay mineral layers and significant
destruction of the clay mineral structure occurred at different acid/clay mineral ratios,
accompanied by a decrease of the cation exchange capacity of the starting clay mineral. It can be
concluded that the surface area of activated bentonite by H2SO4 is 4 times higher than raw
bentonite and 2 times higher than activated bentonite by BtHCI. A deeper in-sight into green
pelletization is increasingly mandated due to significant variations in the feed to pelletizing. The
geological setting influences the mineralogy of the ore, dictates the liberation and upgradation
process (es) which results in the need to develop a well-defined and specific pelletization
framework for each.

The individual and interactional effect of the materials characteristics, equipment parameters,
operating conditions, monitoring & maintenance of key factors become imperative to sustain the
production capacity and pellet quality & quantity. The paper outlines the significance of different
operating parameters on the green pellet characteristics. The predominant role of bentonite
interaction with the moisture content added in producing pellets of desired size and requisite
strength is established. There is a specific moisture-bentonite ratio that needs to be identified for a
particular ore material system and the methodology for such identification has been provided.
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Abstract

Today, with the introduction of additive manufacturing into our lives, the importance of powder
metallurgy has increased. The properties of the products produced by powder metallurgical
processes directly depend on the used raw material. Powder metallurgy needs different raw
materials as particles for various production processes. While water and gas atomization methods
are generally preferred for conventional powder metallurgical production technologies, different
gas or plasma atomization techniques are preferred for additive manufacturing. Each atomization
technique offers different powder properties. In this study, different atomization techniques such
as water, gas, plasma, PREP and ultrasonic atomization were examined, and the characterization
of the powders was presented. Titanium, nickel, copper, silver and aluminium-based powders
produced within the scope of this study were also selected for characterization. These materials
were examined by revealing the information in the literature. The effects of atomization techniques
on the particle shape, size, size distribution and purity were studied. It has been concluded that
gas atomization techniques have the ideal cost and quality combination method, especially for
additive manufacturing methods.

Keywords: Powder Metallurgy, Atomization, Additive Manufacturing, Metal Powders
1. INTRODUCTION

Human beings have had to produce to meet their needs. Therefore, production techniques have
always been vital. The production techniques emerge and develop according to the technology of
the time. Due to people's opportunities in ancient times, the first production technology was
powder metallurgy (PM) [1]. Minerals and fine particles from nature are shaped with water and
then fired [2]. In the following period, the casting method developed. Until today, casting
techniques have always been at the forefront regarding their economy, experience and applicability
[3]. However, especially in the last 20 years, the perception has changed in terms of material
production technologies. Additive manufacturing technologies have left their mark on today. The
production of parts that cannot be produced with traditional powder metallurgy and casting
techniques becomes possible with additive manufacturing [4]. Powder is primarily at the origin of
additive manufacturing of metals. Therefore, it can be said that the age of powder metallurgy is
coming again as a production technology [5]. For powder metallurgy and additive manufacturing,
the most critical point, as well as the processes, is the used raw material. Different powder raw
materials are required depending on the type of production process. Sometimes, expensive and
sometimes cheap powders meet expectations. One of the biggest obstacles to the development and
preference of additive manufacturing is the difficulties in accessing raw materials [6-8]. This study
was put forward to examine the powders produced by atomization techniques. Techniques that
will meet the needs of different powder metallurgical processes have been examined, and powders
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have been characterized. Details about the powder requirements of different powder metallurgical
processes are shared below.

Traditional powder metallurgical processes use relatively coarse powder. The powders are first
mixed with a binder and then cold-shaped. The compact with raw density is then sintered. Lower-
cost powders are usually used since so many parts will be produced simultaneously [9-10].

1.1 Powder Injection Molding

Powder injection molding (PIM) is a technology that uses the finest powder in powder metallurgy
(for industrial metallic parts). Much finer powders are used as smaller and more complex shaped
parts are produced than other traditional powder metallurgical processes [11-12]. Since the powder
sizes are quite fine, it is necessary to use a high amount of binder to transport the powders into the
mold [13]. A large amount of binder must be removed from the structure after shaping and before
or during sintering. For this reason, a structure with a high amount of porosities emerges.
Therefore, much more energy is required in sintering. This energy is provided by the fine sizes of
the particles [14].

1.2 Additive Manufacturing

Additive manufacturing has made a name for itself, especially in the last 20 years. It is a method
based on the principle of modelling very complex shaped parts in a computer environment and
then building the part layer by layer with the data transferred to the printer [15]. In this method,
raw materials in powder form are generally used. Since the powders must be laid in a thin layer,
very fine powders are not preferred as in powder injection molding. The powders preferred in these
methods are in the range of 15-63 microns [16-17]. These sizes may vary in different additive
manufacturing techniques. The powders must have good flow properties when it comes to powder
laying in the additive manufacturing method [18]. The powders are expected to be spherical and
their surfaces to be smooth. Therefore, the production conditions require specific powder
characters in the powder metallurgical methods. [19]. This characteristic feature is directly related
to the production method of the powder. Generally, powders for powder metallurgy are produced
by atomization techniques [20]. The following sections discuss the properties of powders obtained
with different atomization techniques.

1.3 Raw Material for Powder Metallurgy

In powder metallurgy, metal powders are generally characterized by four properties: particle size,
particle shape, particle size distribution and purity [21]. There are many different powder shapes.
The powder form can be grouped under two headings: spherical shape and irregular shape. The
expression irregular shape is very broad. It is grouped under the name of an unlimited group of
irregular shapes with flaky, prismatic, round and similar shapes [22]. The targeted powder shape
is mainly spherical. Spherical-shaped powders move faster. Flow characteristics are good. A
spherical shape is especially desired for additive manufacturing and powder injection molding
methods [23]. In traditional PM, where pressing is required, powders with complex shapes may
provide an advantage in packing density. Fine powders generally offer a significant advantage in
terms of particle size. Fine powders have higher energies. Therefore, they offer higher density
within the same temperature and time parameters during sintering. However, the thin size can
sometimes be a disadvantage. The increased surface energy of fine powders causes agglomerations
and negatively affects flow properties. Therefore, powders in the range of 15-63 microns, which
is an optimum size range for additive manufacturing methods involving the laying process, are
preferred [24-26]. Size distribution is also an essential concept. It is challenging to meet this
criterion in terms of powder production methods. Generally, powders of the desired composition
are blended. Purity is as effective as other properties [27]. The purity of powders directly affects
production processes. The impurity of powders is characterized on their surface. It wasn't easy to
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sinter powders with oxidized surfaces [28]. Although the mechanical density is high, the
metallurgical density is low. In addition, the mobility of powders with oxidized surfaces is limited.
Flow properties are not good. For this reason, high-purity powders are preferred. Different
atomization techniques provide various powder properties. Therefore, the atomization technique
chosen according to the method is critical. Below, the powder properties produced by different
atomization techniques are investigated [29,30].

1.4 Atomization Techniques

It is possible to produce powders with three different alternative routes in powder metallurgy.
Chemical, mechanical and atomization techniques. Metals and ceramics with high melting points
are produced by chemical techniques. High-purity powder is obtained by chemical techniques.
Powders produced by chemical methods are generally in dendritic and spongy form due to a
chemical reaction. Sizes can be fine or coarse [21,31]. Powder of high-hardness materials can also
be combined with mechanical methods. By taking advantage of the brittleness properties of the
material, its dimensions are reduced by mechanical forces. Mechanical methods are largely based
on further refining the size of an already coarse powder. Sometimes, mechanical powder
production methods are preferred to make alloys or compounds of different powders with
mechanical effects. Powders obtained by mechanical methods generally present sharp-cornered
shapes caused by mechanical size reduction. For this reason, the shapes of powders produced by
mechanical and chemical processes are usually described as irregular [32]. Apart from these two
techniques, atomization techniques are more preferred in powder metallurgy. In atomization,
which is the disintegration of molten metal by different factors, the liquid metal tries to solidify by
becoming spherical after being fragmented. However, the spherical shape can sometimes not be
achieved due to different disintegrating environments. Again, the size and purity of the powders
vary due to various disintegrating media. Below, different atomization techniques and the resulting
powders are characterized and examined [33].

Nozzle

Wul)er/
Jet/Spray
Powder

Collector

Figure 1 - Schematic representation of water atomization
1.5 Water Atomization

Among atomization techniques, water atomization gives the lowest quality in terms of powder
properties. Generally, water-atomized powders are used for traditional powder metallurgical
processes for cost reasons. Since the powders are shaped with high pressure by a press, there is no
need for the spherical shape required for other methods [34,35]. The schematic representation of
water atomization is shown in Figure 1.

SEM images of pure iron powders produced by water atomization are given in Figure 2. As can
be seen from the figure, the powders are relatively coarse in size and irregular in shape. Such
water-atomized powders also have low purity. They are not suitable for critical applications in
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production processes. Since additive manufacturing techniques are preferred for more critical
applications, water-atomised powders are not recommended. In addition, the most crucial feature
of water-atomized powders is their irregular shapes. The flow properties of the powders are
relatively poor. These poor flow properties also make them unsuitable for additive manufacturing
[36]. In PIM technology, water-atomized powders remain coarse. For this reason, just like additive
manufacturing, water-atomized powders are not preferred in PIM technology.

Figure 2 - Pure iron powder produced by water atomization

1.6 Gas Atomization

Gas atomization is the most preferred technology in the market for the breakdown of a melt. Unlike
water atomization, powders are clean due to the use of different gases in the disintegration of liquid
metal [37]. In addition, while the interaction with water causes rapid solidification in water
atomization, gas atomization has relatively slower cooling rates. For this reason, the shapes of gas-
atomized powders are quite close to spherical [38]. In gas atomization, the molten metal flows
through a nozzle and is fragmented by different types of gases (Figure 3). Air, argon, nitrogen and
helium are commonly used gases. The relationship between the liquid metal and the nozzle
transmitting the gas directly affects the properties of the powders in gas atomization. There are
many different nozzle types in the literature. Therefore, the powders on the market produced by
gas atomization may sometimes be completely different from each other.

Gas FlovN // Nozzle

Powder
Collector

Figure 3 - Schematic representation of gas atomization

Figure 4 shows different powders produced by gas atomization. As mentioned above, different gas
atomization parameters create powders with very different characteristics. Figure 4a shows
CuCrZr alloy powder, widely used in additive manufacturing. Powders are far from spherical and
have a rounded and elongated shape. Although these powders are produced by gas atomization,
such powders are not suitable for additive manufacturing. AISi10Mg powder, also frequently used
in the additive manufacturing industry, is shown in Figure 4b. This powder was also produced by
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gas atomization. Even though the powder is predominantly spherical, much satellite formation is
observed. Due to the nature of gas atomization, such satellite formations can be seen. Such
formations, which have a negative impact on the spherical shape, negatively affect the mobility of
powder. Therefore, it is not preferred in many applications. In Figure 4c, pure copper powder is
given. Copper powder has also been produced by gas atomization. As can be seen, the powder is
mainly spherical, and no satellite formation is observed.

g » ) YD e
(15 kv e 5211 00Xbe 200 pmi15 kv 250X 100 pm ¥ 15 kv* 21100xD 1200 pm

Figure 4 - Different powders produced by gas atomization. A) CuCrZr, b) AlSi10Mg, c) Pure Cu
1.7 Plasma Atomization

Plasma atomization is one of the most modern atomization techniques developed in recent years.
It is based on melting and simultaneously disintegrating the material with high-power plasma
torches (Figure 5). A furnace is not required for melting as in water and gas atomization. There is
also no tundish or crucible for liquid metal [39]. For this reason, higher purity powder is obtained
compared to water and gas atomization. Again, since there is no mechanical contact like water and
gas, the sphericity of the powders obtained by plasma atomization is higher. However, many
materials are not formed into wire form. This is a disadvantage.
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Figure 5 - Schematic representation of plasma atomization

In plasma atomization, the wire is melted by the plasma and solidifies by becoming spherical
within the system under the effect of its own surface tension. More spherical powders are obtained
than gas atomization. Figure 6 shows the Ti-6Al-4V alloy powder produced by plasma atomization
[40]. As can be seen, the powder has a spherical character. The system includes fine and coarse
particles in terms of size distribution. Satellite formations are observed, albeit in small amounts,
due to solidification and spherization distances.
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D . : ) S 50 pm
Figure 6 - Ti6Al4V powder produced by plasma atomization [40]

1.8 PREP Atomization

PREP (Plasma Rotating Electrode Process) is the technique that provides the most spherical
powder among atomization techniques. It is based on the principle of melting the rod-shaped raw
material from its face surface with a plasma. While the horizontally positioned rod rotates rapidly,
the molten liquid from the face surface is scattered in the chamber by centrifugal force. Liquid
droplets become spherical and solidify. The rotation speed of the rod is the most crucial parameter
of the PREP method. As the speed increases, the size of the particles obtained becomes smaller.
The viscosity of the metal is also important. Atomization of viscous metals is a disadvantage in
this method. Viscous metals are difficult to break down. The PREP method is mainly used to
produce powders of reactive metals. Titanium and aluminum are produced in large quantities by
this method. The PREP chamber is first evacuated and then filled with argon or helium. The
resulting powders have very high sphericity and relatively high purity. The satellite problem seen
in other methods is not seen in PREP. Due to the low production amount, the PREP method is
preferred for producing high-value-added materials and reactive material powders [41].

Anode
Tungsten Cathode

>

Powder
Collector

Figure 7 - Schematic representation of PREP atomization

Figure 8 shows the Ti6AIl4V alloy powder produced by PREP atomization. In the PREP method,
powders are mainly spherical. Since the powders are produced in a vacuum environment, they are
very clean. Traces of solidification can be clearly seen on the surfaces of the powders. Figure 8
shows the grain boundaries of Ti alloy powders. It is also possible to see amorphous powders in
titanium alloys due to rapid cooling with decreasing particle size. The viscosity of the material is
also effective in forming an amorphous structure. Due to its relatively high viscosity, titanium has
more amorphous solidification characteristics than other materials.
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Figure 8 - Ti6Al4V alloy powder produced by PREP atomization
1.9 Ultrasonic Atomization

New atomization techniques began to develop, especially with the development of additive
manufacturing. In fact, while ultrasonic atomization was available before, it has entered the market
in a more advanced form in recent years. A schematic drawing of the ultrasonic atomization is
given in Figure 9. In the process, the material is generally melted with the help of an arc and the
molten metal is scattered and solidified by ultrasonic vibration at a specific frequency. Varying
frequency ranges result in different sizes of powder [42].

Electrode

M

Material

Metal
Pawder

Ultrasonic

T

Figure 9 - Schematic representation of ultrasonic atomization

In ultrasonic atomization, the raw material can be in the form of wire or rod. The molten material
is flowed onto an ultrasonic table. The ultrasonic frequency in the table causes the vibration to
spread to the molten metal in the form of droplets, depending on its surface tension and viscosity.
There is an inverse relationship between the frequency size in the ultrasonic stage and the powder
size. The particles produced due to a frequency-dependent production have a predominantly
narrow size distribution [43]. Figure 10 shows the SEM image of powders produced by ultrasonic
atomization of a non alloyed steel. The shape of the powder is quite spherical. Another point that
draws attention from the image is that the particle sizes are close to each other. If you pay attention,
satellite formation is not observed in powder [44].
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Figure 10 - Non-alloyed steel powder produced by ultrasonic atomization [44]
2. CONCLUSION

Different quality powders are needed for powder metallurgical applications. Powder consists of a
mass of particles. Therefore, the particle's individual properties determine the powder's general
properties. Each atomization method causes different powder formations. Traditionally, water
atomization is preferred in powder metallurgy when cost is a priority due to mass production. The
shapes of water-atomized powders are irregular. Their purity is low. The economic value of the
powder is low. High density is generally not expected from parts produced with water-atomized
powders. For example, many automotive parts are made from water-atomized steel powder and
full density is not expected in these parts. When purity and sphericity are demanded, gas
atomization comes to mind first in the market. Gas atomization offers cleaner powder due to using
gas instead of water. Again, particle shapes close to spherical are obtained compared to water
atomization due to the slower cooling of liquid metal. But gas atomization also has some
disadvantages. The cost increases further as the liquid metal breaks apart with gas. It is also
essential to evacuate the gas from the system. Satellite formations are seen in the powder produced
by many gas atomizations. These satellite formations affect the final properties of the powder.
PREP is another technique among traditional atomization techniques, such as water and gas
atomization. PREP is a very old technique. The purity of the powders obtained with PREP, which
offers crucible-free production in a closed system, is very high. In addition, the sphericity of the
powders is perfect, thanks to the disintegration without using water or gas because the particles
are fragmented and sphericalized by centrifugal force in a chamber of calculated size. However,
low production volumes are possible in this method since the raw material size is limited. In other
words, it is a low-efficiency method. For this reason, it is preferred for powders of more value-
added products. The plasma atomization technique developed recently, has also begun to be widely
used. The material to be pulverized must be in wire form. This is a barrier to the production of
different materials. The powders produced are spherical, as in PREP atomization. However,
satellite formations can be seen as in gas atomization. Ultrasound atomization has become
noteworthy in recent years. As a result of production at a particular frequency, a powder with a
narrow size distribution is obtained. Due to the system's design, this atomization can be preferred
for low-volume production.
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Abstract

A brief overview of state-of-the-art in the field of computational design of materials is given. It comprises
multi-scale computational methods such as CALPHAD, atomistic simulations, phase-field and cellular
automaton, and crystal plasticity finite element analysis. In the second part of this presentation, case studies
for design of a gradient cemented carbide [1] and a heat resistant high-strength Al alloy [2] are presented.
They are considered from the point of view of a step-by-step application of the basic methods. It is suggested
that disseminating [2] this approach among professionals and students will enhance accelerated design of
materials and their processing.

REFERENCES

[1] Yong Du, R. Schmid-Fetzer, Jincheng Wang, Shuhong Liu, Jianchuan Wang, and Zhanpeng
Jin, Computational Design of Engineering Materials: Fundamentals and Case Studies, Cambridge
University Press, 2023.

[2] Qiang Lu, Jianchuan Wang, Hongcheng Li, Shenbao Jin, Gang Sha, Jiangbo Lu, Li Wang, Bo
Jin, Xinyue Lan, Liya Li, Kai Li, and Yong Du, Nat. Commun., 14(1) (2023) 2959-2971.

-46 -



The 54" International October Conference on Mining and Metallurgy
18-21 October 2023, Bor Lake, Serbia
www.ioc.tfbor.bg.ac.rs

PAPERS

-47 -






The 54™ International October Conference on Mining and Metallurgy
18-21 October 2023, Bor Lake, Serbia
www.ioc.tfbor.bg.ac.rs

Cr(VI) PHOTOSORPTION ON COMPOSITE SORBENT OF MONTMORILLONITE
WITH AMORPHOUS TiO2

Denis Ordinartsev, Nadezhda Pechischeva, Svetlana Estemirova, Andrey Rempel

Institute of Metallurgy, Ural Branch, Russian Academy of Sciences, 620016, Yekaterinburg,
Russia

Abstract

Titanium dioxide, in addition to its sorption properties, is well known as a photocatalyst, used in particular
for the reduction of Cr(VI) and its conversion to less toxic Cr(I11) under the influence of ultraviolet light.
This work is devoted to study the effect of illumination on the sorption characteristics of a composite sorbent
- montmorillonite intercalated with amorphous titanium dioxide and to compare the new sorbent with well-
known TiO2 nanopowder.

Keywords: chromium(VI), photosorption, montmorillonite, titanium dioxide, composite sorbent
1. INTRODUCTION

Titanium dioxide, in addition to its sorption properties, is well known as a photocatalyst, used in
particular for the reduction of Cr(VI) and its conversion to less toxic Cr(ll1). Not so long ago it
was noticed that the conversion process of Cr(VI1) to Cr(l11) can be accelerated under the influence
of ultraviolet light [1,2,3]. The efficiency of titanium dioxide under UV illumination increases
considerably, however for photosorption application in real conditions the values of specific
capacity per specific surface area or mass of material are considerably inferior to the currently
existing sorbents for chromium extraction [4,5]. Besides, photosorption is an irreversible process
and this means that saturated sorbent has to be utilised after all its capacity is exhausted. Despite
the availability of titanium dioxide it is not economically expedient to use it in pure form for single-
use adsorption of ecotoxicants, the more so that there are sorbents and reagents that allow to
achieve the same effect and cost much less. Thus, there is a need to create a composite sorbent in
which titanium dioxide will perform a function of active sorption centres, and a substrate will be
a carrier of these centres and a storehouse of adsorbed ions. Options for synthesis of MM sorbents
with titanium dioxide [6] are already known and their properties are studied [7]. However, their
photosorption activity towards to chromium(VI) compounds is poorly studied and the joint
contributions to photosorption and conventional sorption are not separated.

2. EXPERIMENTAL
2.1 Synthesis of MM:CS:TiO2

The reagents used were montmorillonite grade BP-183-FJ 98% basic substance, titanium butoxide
(Ti(BuO)a), distilled water, dodecyldimethyl benzylammonium chloride (CPAV) 50% CAS 8001-
54-5. 20 g of BP®-183-FJ montmorillonite (MM) was added to 200 ml distilled water, stirred for
60 minutes at 1200 rpm. 4 g of 50% dodecyl dimethyl benzylammonium chloride (CS) solution
was added. Stirring was carried out for 30 minutes (1200 rpm) to form a monomolecular layer of
CS. The inner surface of the MM acquired a neutral charge and the ability to swell in non-polar
liquids and draw non-polar liquids into the interlayer space due to hydrophobic interaction. The
solution and precipitate were then separated on a vacuum filter. The CS monomolecular layer
composite (MM:mICS) was dried at 75°C for 3 hours. With an accuracy of 0.001 g, 20 g of
MM:mICS composite was weighed, transferred into a 100 ml beaker, stirred 500 rpm, on a screw
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type stirrer, so that the blades provide uniform stirring of the powder. 10 g Ti(BuO)4 was weighed
to the nearest 0.001 g, and added in a thin stream with constant stirring to the beaker with MM.
Stirring was done for 60 minutes. As a result, a composite of MM:mICS:Ti(BuQO)s was formed.
In a 500 mL glass beaker 170 mL of distilled water was poured and stirred at 1200 rpm. Slowly
over 10 minutes, 30 g of MM:mICS: Ti(BuO)4 composite was get in. Stirring for 120 minutes,
dividing the solution and the precipitate on a Schott filter 3, washing the precipitate with two
portions of 100 ml water and one portion of 100 ml ethanol. Washing is necessary to remove
unhydrolyzed Ti(BuO)s, butyl alcohol, unbound CS molecules. The hydrolysis results in a
MM:CS:TiO, composite. The MM:CS:TiO2 composite was dried at 75°C for 3 hours. The sorbent
is a light, white powder.

2.2 Analysis of MM:CS:TiOz2

X-ray diffraction analysis of the MM:CS:TiOz sorbent was performed to confirm the introduction
of TiOy particles into the interlayer space of MM. The measurements were made using Shimadzu
XRD-7000 diffractometer. Imaging conditions: radiation - Cu Ka, graphite monochromator,
angular range 2 ©=2-80°, imaging type - step-by-step, scanning step 0.03°, exposure - 7 sec.
Chemical analysis of the basic elements of the sorbent was performed on a Spectra Blue(Spectra)
inductively coupled plasma atomic emission instrument. Carbon content was measured by IR-
adsorbtion on CS-230 analyser (Leco).

3. RESULTS AND DISCUSSION

3.1 Structure analysis of MM:CS:TiO2

Chemical analysis of the main elements of the MM:CS:TiO> sorbent showed that it contains, wt%:
TiO2 - 9.40 %, SiO2 — 40.2 %, Al203 - 13.1 %, Cl1 -0,7 %, C — 14.7 %.

X-ray phase analysis of the source material (Figure 1), showed that it contains MM as the main
phase, monoclinic syngony, space group C2/m; parameters of the unit cell: a=5.2843 A, b=9.2064
A, c=13.5099 A, © =86.407°, V=655.958 A3,
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oo : {7 [ mmosTod [
| e Peak 1 ;’f'\- 10000 ‘ | Peak 1/~ \ ek 2
10000 - eak1 [\ peakd 3 Y _
= N/ 3 X
s P : e P .
=2 ¥ o | E s - : . i
2 A b B - - - - d — 1 )
© | \ ' 4 6 8 2 / \ | 20 (deg.)
< 5000 | - 20 (deg) = [/ Y Y
:' (W2l A I 4 ."[ | | "\t . -
".f | | VJ:‘» \ ' » ; N \»., \"-.,._“LL:\ Lot A
IR “J \‘\J,'__,:\_N:'w\,\“ 0 - - - w' .
" 4 e 8 0 20 40 60 80
0 20 40 60 80
20 (deg.
20 (deg.) 52 63 (deg.)
a b

Figure 1 - X-ray diffraction patterns of initial montmorillonite (a), and after TiO- intercalation(b);
insets show enlarged fragment of peak (001).

In addition to the main phase MM contains SiO2 (polymorphic modification - quartz). The phase
composition of MM with titanium compounds deposited on it has not changed (Fig. 1). However,
the shape of Bragg peak (001) of MM changed significantly. Let's conditionally decompose this
maximum into two peaks (peak 1 and peak 2 in the inset in Fig. 1), assuming that the MM contains
2 fractions with different dispersity and different lattice period. Peak 2 refers to a fraction with
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high dispersion and a large lattice period, peak 2 contains larger crystallites and a smaller lattice
parameter. In MM, after TiO- sorption, both peaks shift towards small angles, which corresponds
to an increase in the interplanar distance in both fractions. The proportion of the more dispersed
fraction (wide maximum 1) increases by 10%. The interplanar distances in both fractions after
sorption increased by 1.4458 A for fraction 1 and by 0.2943 A for fraction 2. The X-ray diffraction
pattern of MM:CS:TiO does not contain peaks of the new compound because TiOz is in an X-ray
amorphous state.

3.2 Chromium sorption on MM:CS:TiOz2

The adsorption efficiency of MM:CS:TiO> is considerably higher than that of the native MM, and
this difference increases considerably when UV light of Hg-vapour lamp is applied and
photosorption takes place (Figure 2). Chromium content was 10 mg/l, the source was K>Cr20z,
sorption time — 2 hours.

120
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®)
=] MM:CS:TiO2 dark
= 60
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qg 40 MM dark
(<5}
S MM UV
o8
a8 20

0

4 45 5 55 6 6.5

pH
Figure 2 - Adsorption of chromium from the 15 ml of 10 mg/I solution on 0.05 g of MM:CS:TiO-
compared with adsorption on pure MM under UV-radiation and without it. Acetate buffer medium.

The comparative characteristics of the sorbents with photosorption contribution separation (Table
1) show that photosorption is inherent in the MM:CS:TiO, composite as well as the highly
dispersed TiO2[8], but completely absent in MM.

Table 1- Comparative characteristics of the sorbents

Sample Sﬁ;ﬂgﬁ?jﬁrx Sorptlotrj\(;?go/zee with Photosorption, % Qe, Mg/g
MM:CS:TiO, 43.8 98.8 55 3.75
MM 17.0 17.6 0.6 0.51
Hombifine [8] 82.1 99.8 17.7 3.0

Note: By photosorption we mean the difference between UV-activated and non-UV-activated sorption.
Adsorption values are given at pH=5.

The synthesis of MM:CS:TiO2 composite sorbent by successive modification of CS and TiO-
improves its ability to sorb chromium. The improvement of adsorption in the absence of irradiation
seems to be connected with the modification of CS, whereas the increase of adsorption under
irradiation is connected with amorphous TiO; particles.
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4. CONCLUSION

A new method of synthesis of composite sorbent based on montmorillonite and amorphous
titanium dioxide is described. The hydrophobic titanium butoxide precursor is introduced into the
sorbent interlayer space using the material property to adsorb cationic surfactants, resulting in the
formation of a hydrophobic surface. The hydrophobic interlayer space is easily accessible to
hydrophobic organic precursors. This makes it possible to form a uniform distribution of
amorphous titanium dioxide particles in the interlayer space. After introduction of titanium dioxide
into the matrix of montmorillonite an increase in the interlayer space of the matrix was recorded.
The synthesis resulted in a composite sorbent with photosorption activity towards Cr(VI)
compounds surpassing the sorption properties of commercial material Hombifine.
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Abstract

The paper focuses on micron-sized quartz concentrate obtained by electropulse disintegration of high-
purity quartzite. Research results concern the composition of the obtained quartz concentrate and its
machine contamination during electropulse disintegration.

Keywords: high-purity quartzite, electropulse disintegration

1. INTRODUCTION

Although the mechanical grinding is conventionally used for rock disintegration, the electro-pulse
crushing technique suggested and experimentally verified by researchers from Tomsk Polytechnic
University, has been employed for over 60 years [1, 2]. This technique is used to improve
metallurgical results and disintegration of strong quartz rocks, especially due to increasing
consumption of high-purity quartz concentrates [3-5]. Taking the depletion of conventional rock
crystal deposits into consideration, attention is paid to quartzites, quartz-rich rocks from West
Siberia. Quartzites contain 97 to 99 % of SiO and higher, the high purity of which is provided by
unique conditions of their formation [6, 7]. However, production of high-purity SiO, without
foreign contaminating inclusions, is currently a global technological problem, and very few
publications address this issue [8, 9].

Current research is focused on the structure of micron-sized quartz concentrate prepared by
electro-pulse crushing and material and elemental compositions of impurities.

2. EXPERIMENTAL

Electro-pulse disintegration of quartzites was performed on an original grinding unit at the Institute
of High Current Electronics SB RAS, Tomsk, Russia. The absence of multistage pulse voltage
generators and the use of a high-voltage energy storage provided by a single element, significantly
reduced the size of the grinding unit. A 300 kV pulse transformer originally designed for quartzite
disintegration, possessed high-voltage windings with turn-to-turn insulation of condenser type.
The electropulse grinding generator was based on pulsed charging of the high-voltage storage
capacitor from a low-voltage primary storage via a setup transformer. The electric discharge power
was controlled by varying the high-voltage storage capacity. High-voltage electrodes operating in
the core region of the crushing chamber, were made of different materials such as commercially
pure iron, stainless steel, and magnetic iron alloy. Quartzites were disintegrated on a repetitively
pulsed generator capable of producing a pulse train of 1000 pulses at a pulse frequency of 5 to
10 Hz, 500 J energy stored in the high-voltage storage capacitor, and 300 kV voltage. The crushing
chamber operated at the drastically nonuniform electric field of the tip-plane type and positive
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polarity of voltage pulses. Main (p ~ 10* Q-cm) and deionized (p ~ 10’ Q-cm) water was used as
operating medium [4].

3. RESULTS AND DISCUSSION

In the described conditions of electro-pulse disintegration of quartzites, the obtained quartz
crystals were rather homogeneous and ranged in size from 0.01 to 0.5 mm. Quartz crystals were
characterized by a conchoidal fracture, some of them were fused, without and with pure iron
particles adhered to their surface.

As can be seen in Fig. 1, there are many foreign magnetic and nonmagnetic contaminating
inclusions with complex compositions Fe-Cr-Ni-Cu-Al, most often Fe-Ni-Cr, and also Mn
impurities in the form of separate grains of various shape. The magnetic fraction represents
separate grains and quartz grains covered with iron hydroxide film. The grain shape of this fraction
is dendritic, lamellar, acicular, round, etc.

Flgure 1- SEM images of magnetrc and nonmagnetic iron fractrons and separate quartz gralns
with adhered metal particles after electropulse disintegration

A thermobaric effect observed during the high-voltage electric discharge, promotes cracking of
quartz grains, formation of etch holes and channels propagating from them deep into the grain, as
in the case with the microwave treatment [10]. The high temperature in the discharge channel
causes not only fusion of quartz grains, but also opening of gas-liquid inclusions, thereby
facilitating additional cleaning of quartz concentrate (Fig. 2).

Figure 2 - Fused particles of quartz concentrate with traces of gas-liquid inclusion opening

4. CONCLUSIONS

Electro-pulse disintegration of durable quartz rocks — quartzites — provided the formation of
micron-sized quartz concentrate with the size ranging from 0.01 to 0.5 mm, which can then be
used in industries. Changes in experimental conditions of the quartzite disintegration had a
significant effect on the formation of foreign contaminating inclusions in the initial material. In
order to obtain high-purity micron-sized quartz concentrate, selected were the best grinding
conditions, electric discharge parameters, materials, and configuration of the crushing chamber.
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All that minimized the machine contamination of quartz concentrate and removed the magnetic
fraction from the grinded material by using the additional cleaning.
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Abstract

EAF dust causes economical and environmental problems due to Zn and Pb contents. Recycling of EAF
dust helps to avoid disposal of wastes, conserves resources and minimizes its environmental impact. In this
paper the analytical simulation of return dust injection into EAF was analyzed. The mass of return dust
varied from 6 to 10 kg/t, and its influence on the Zn content was presented. On the basis of empirical data,
three different masses of primary EAF dust were analyzed: 10, 15, and 20 kg/t of produced steel .

Keywords: EAF dust, Zn content, enrichment.

1. INTRODUCTION

Due to its physical and chemical characteristics, the world Environmental Protection Agency
(EPA) classified electrical arc furnace dust as hazardous waste. This type of dust is in the form of
spherical particles whose granulation is below 1um. The chemical composition of EAFD depends
on the quality of scrap steel, the type of steel produced and the technological parameters of the
furnace operation. According to Jensen and Wolf ™M recycling the filter dust by injecting it into the
electric arc furnace considerably reduces the total amount of dust .

One of the most important procedures for the valorization of electric arc furnace dust (EAFD) is
the reduction melting of return dust in the furnace, whereby its enrichment with Zn is achieved in
several stepst?l.

Depending on the quality of the scrap , EAFD can have a very low % of Zn (5-7%) or significantly
higher (15-20%). Enrichment of EAFD, which initially has a high Zn content, is a much easier
process. However, in the production of alloy steel, Zn is often < 10%, so the enrichment process
is more difficult. The goal of this paper is precisely the analytical simulation of the enrichment of
depleted EAFD.

2. EXPERIMENTAL

The mass of the primary EAFD, depending on the quality of the initial scrap is 10-20 kg/t of
produced steel, and, therefore, three cases were considered in this simulation: 10, 15 and 20 kg/t.
In general, practical experience from steel production shows that, in the case of using a high-
quality scrap, the primary EAFD mass does not exceed 11 kg/t.

This means that in this analytical calculation, the value of 10 kg/t is closest to the real process
parameters.The impact of changing the mass of return EAFD in the range of 6-10 kg/t was
analyzed as an effective way to speed up the enrichment process.

Based both on practical experience and empirical data, it was observed that 97% of Zn from the
return EAFD goes back to dust, which has an increasing % of Zn in each subsequent step. A very
small part of Zn passes into slag and 1% of the total Zn remains in steell!],

As already stated, EAFD reduction enrichment is a multiple return process, which is repeated in —
n- steps, until reaching Znminy=25%, which is necessary for further economical valorization.
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The Zn content after each step can be represented by the expression:
Znm) = Zney + a1 Zn) + a2 Zny+.....+ am) ZN(n-1)

where: - Zn() — initial content of Zn in EAFD
- n—number of steps
- a12..— empirical coefficients.

The data used in the calculation are given in Table 1.

Table 1 - Parameters for calculation

Material balance Mass of primary EAFD, (kg/ t) | Mass of returned EAFD, (kg/ t)
Mass of steel — 60 t
Mass of slag — 200 kg/t 10,15, 20 6,7,8,9,10
Initial % Zn - 7%

3. RESULTS AND DISCUSSION

As a starting case, the enrichment of the primary EAFD mass of 10 kg/t with a change in the return
dust mass of 6-10 kg/t was analyzed (Figure 1).

It is observed that achieving Znmin) is possible if mearp) >7kg/t after 5 return steps. According to
the previously determined distribution of Zn between phases: dust-metal-slag, the content of Zn in
the slag was calculated and shown in Figure 2.
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EAFD(r)=9kg/t —o— EAFD(r)=10kg/t Zn(min)
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Figure 1 - Znearp) as a function of returned EAFD mass (10 kg/t)

It can be seen on the graph that %Znsiag) in all considered cases is significantly below 0,1%, which
is the treshhold value in terms of not exerting a negative impact on the further valorization of the
slag, acording to more recennt data by Maleckit®!.
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Figure 2 - Zngiag) as a function of returned EAFD mass (10 kg/t)

If larger quantities of primary EAFD (15 and 20 kg/t) are taken into consideration, it is then
practically impossible to reach Znmin) regardless of the increase in the mass of return EAFD
(Figures 3 and 4). From the simulation results presented, it can be seen that with the increase in
the mass of the primary EAFD, this process becomes more difficult. The reason for this tendency
lies in the fact that in the case of an increased mass of the primary EAFD, the return dust loses its
relatively dominant influence on the enrichment process.

Due to the increased mass of depleted primary dust, its role in the overall process is also greater.
Although the analytical calculation shows that at mearp)y > 10kg/t the desired %Znminy cannot be
achieved, it should be kept in mind that all of the above refers to depleted EAFD (7%Zn). In
practice, it has been proven that, in the case of low starting %2Zn, the mass of EAFD is relatively
small (<11kg/t) due to massive pieces of quality scrap.

30
—#%— EAFD(r)=6kg/t EAFD(r)=7kg/t EAFD(r)=8kg/t
EAFD(r)=9kg/t —@— EAFD(r)=10kg/t Zn(min)
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Figure 3 - Znearp) as a function of returned EAFD mass (15 kg/t)
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Figure 4 - Znearp) as a function of returned EAFD mass (20 kg/t)

Accordingly, it has been empirically proven that with an increase in the proportion of sheets in the
scrap, the mass of primary dust and the initial Zn content increase, which leads to the transition to
the "rich” EAFD zone (> 15%2Zn). Therefore, in practical conditions, it is realistic to consider the
combination of 10kg/t of primary EAFD and Zn() = 7%, which proved to be easily feasible in the
simulation. In contrast, the combination of a large starting mass of EAFD (15 and 20 kg/t) and a
low Zn content (7%) is hardly possible in practice and belongs to the domain of theoretical
considerations. Therefore, unfavourable simulation results for this case have no negative
consequences on possible practical solutions. As opposed to the findings regarding the content Zn
in EAFD, it was shown that its content in the slag is nowhere near the critical value of 0,1%, which
represents the contamination threshold.

4. CONCLUSION

Analytical simulation of multiple return injection of EAFD into the furnace, with the aim of
reduction melting and enrichment, showed that it is necessary to change the mass of return dust.
If depleted dust with <10% Zn is treated, which is the case in the production of alloy steels, then
it is necessary to increase the mass of return dust > 7 kg/t. The amount of Zn that passes into slag
is significantly lower than the critical value Zngiag) < 0.1%, which is a necessary condition in the
"leaching" test. The combination of low mass of primary EAFD and low content of starting Zno is
the most realistic option in practical conditions. Cases in which the simulation proved that the
procedure is unfeasible (large mass of primary EAFD and low Zn content) are virtually impossible
in metallurgy and, therefore, they should not be considered outside of theoretical analyses.
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Abstract

In this paper, the relaxation of residual stresses in cold-rolled strips made of alloys AW5083 and AW2024
was investigated, depending on the influencing parameters of the thermal and mechanical processes. In the
case of thermal procedure, the desired level of stress relaxation can be achieved with sufficient precision
by optimally choosing the annealing temperature and time to activate the thermally active processes. In the
mechanical procedure with axial tensioning, the complete relaxation of residual stresses occurs at values
of plastic deformation up to 1%. The performed analyzes and dependencies enable efficient planning and
reliable control of the stress relaxation process.

Keywords: cold rolling, residual stresses, thermal relaxation, mechanical relaxation.

1. INTRODUCTION

In cold rolling processes, as a consequence of inhomogeneous deformation, there is an inevitable
occurrence of residual stresses which are permanently retained in sheets and strips [1]. The induced
residual stresses are spatially balanced but also latently unstable. If their balance is disrupted
during subsequent processing operations and exploitation, permanent changes in the shape and
dimensions of the rolled products can occur [2,3]. Additionally, when construction elements are
exposed to external loads, due to the superimposed of the stresses, the total stress can reach the
critical value and cause damage or reduce the reliability of the construction elements [4].
Consequently, it is crucial to relax the residual stresses by either completely removing them or
transforming them into a more favourable form that cannot cause permanent consequences. To
perform and control relaxation procedures, it is necessary to know the stress values, their
distribution within the element, and the changes that occur during the relaxation process [5].

This paper presents the research findings on the thermal and mechanical relaxation of longitudinal
residual stresses in cold-rolled strips composed of alloys AW5083 and AW?2024.

2. EXPERIMENTAL

For this research, commercial aluminum alloys AW5083 and AW2024 were chosen. The initial
materials used were sheets in a soft annealed state, from which strips were subsequently cut for
cold rolling and residual stress and relaxation testing. Table 1 provides details regarding the widths
(bo), thicknesses (ho) and reduction ratio (€) applied during the cold rolling process. The selection
of these dimensions and reduction ratios was made to ensure conditions aligned with plane strain
[1]. The rolling process was conducted on a laboratory duo-rolling stand using rolls with a diameter
of 125 mm and a speed of 0.17 m/s.

The measurement of longitudinal residual stresses was conducted using the deflection method,
which relies on disturbing the stress balance and measuring the resulting elastic lines. To disrupt
the stress balance in the flat-rolled strips, metal layers were removed from one side through etching
in a 20% NaOH solution at room temperature, while the remaining part of the sample was
protected. As a result of this stress imbalance, the strip elastically bends symmetrically with respect
to the transverse axis. Figure 1 illustrates the appearance of the strip after the rolling process and
the removal of the metal layer. The complete procedure for measuring elastic lines and determining
of longitudinal residual stresses is shown in paper [6].
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Table 1. The dimensions of the tested strips and the
reduction ratios applied during the rolling process

Alloy | bo, [mm] | ho, [mm] | hy, [mm] | &, [%]
3.2 20
40 4 238 30
1.6 20
2024 " 2 12 40
128 1.024 20
' 0.640 50
1.024 20
5083 20 1.28 0.640 50 Figure 1 - The appearance of rolled strip:

a) initial state, b) after the removal of layer

The thermal relaxation of the stress was conducted by annealing the original samples following
the cold rolling process and removal of the metal layer from one side. The elastically bent strips
were placed on a 5 mm thick metal plate and securely fixed to straighten them. Subsequently, the
samples underwent thermal treatment. Upon completion of the annealing process, the samples
were debonded, and the elastic line was measured. If annealing continues the procedure is repeated
in the same way. The annealing temperature was selected to be 0.25-tm (tm - melting temperature)
[7]. Accordingly, for 5083 strips, the annealing temperature was set at 140°C for a duration of
1+10 minutes, while for 2024 strips, annealing was conducted at 125°C for 1+26 minutes. The
annealing process took place in a laboratory furnace with a temperature regulation accuracy of
+2°C. The mechanical relaxation of residual stresses was achieved through axial tensioning,
applying a degree of permanent deformation of 0.5+-1%. The axial tensioning process was carried
out using a Heckert FP100 universal machine.

3. RESULTS AND DISCUSSION

Thermal removal of residual stresses involves initiating thermal processes to relax the accumulated
elastic energy. The annealing parameters (temperature and time), are adjusted based on the
material state, the stress state, and the dominant mechanism of the process. The mechanism of the
processes leading to the relaxation of residual stresses can be performed by utilizing the Zener-
Wert-Avrami function (equation 1). In this equation, numerous coefficient values can indicate
known structural changes (vacancy creep, dislocation creep and dislocation climb). In low-
temperature tempering, the thermal climb of dislocations is the limiting process. However,
determining the activation energy of thermal processes does not always provide a precise
separation of the dominant mechanism [5,7]. Therefore, this study focuses on selecting of the
temperature and time to achieve the projected reduction in residual stress values, according to the
equation:

Gt,T/Go = exp[—(4-t)™], (1)

where: o, o¢7 - the values of residual stresses for the initial and post-annealing conditions in a
given t-T state, respectively; m - the numerical value indicating the dominant mechanism; A - the
parameter that depends on temperature, activation energy, and Boltzmann's constant.

The results presented in Figure 2 demonstrate that the relaxation of residual stresses initiates even
at the shortest annealing times and continues to progress with increasing duration. This observation
suggests a high degree of instability in the residual stresses under the conditions of thermal
treatment. However, within the range of short annealing times (1 min to 3 min), the relaxation of
stresses is only partial, exhibiting changes that are not pronounced and that are characteristic of an
incubation period. The results of multiple heating indicate that each new phase starts with the
incubation period, therefore the changes are small. The intesive changes in residual stresses in
5083 alloy strips are observed only after 5 minutes of annealing, leading to a 75% reduction in
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stresses. Subsequent annealing cycles exhibit significantly less intense changes in residual stresses
(Figure 2a). The relaxation effects observed in the 2024 alloy are notably less pronounced. For
2024 strips with an initial thickness of 4 mm the maximum relaxation percentage is limited to
41%, whereas for strips with initial thicknesses of 2 and 1.28 mm, the relaxation percentages are
limited to 25%, achieved at annealing times of 13, 8 and 5 minutes, respectively (Figure 2b,c,d).
These differences compared to 5083 alloy strips can be attributed not only to the lower annealing
temperature but also to the chemical and phase composition, and the structural mechanisms that
contribute to stress relaxation at specific temperatures. Additionally, the stress values initiate the
relaxation intensity in accordance with the energy effect and the stability of accumulated elastic
energy. The varying intensity of relaxation observed for the same annealing times in both alloys
is a consequence of the different sample thicknesses and through heating conditions. It is evident
that stress relaxation in all investigated cases is sensitive to the influencing factors defined by the
Zener-Wert-Avrami function, as well as the initial stress values.
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Figure 2 - Change of residual stresses depending on the annealing time in multilevel relaxation (different
curves in the diagrams correspond to different samples): a) 5083, ho=1.28 mm; b) 2024, hy=4mm; c)
2024, ho=2mm; d) 2024, ho=1.28 mm

The basic shape of the stress change curve with annealing time is depicted in Figure 3, aligning
with existing literature data [5,7]. The curve exhibits distinct regions: an initial incubation period
at short annealing times, followed by an intense relaxation phase in the middle part of the curve,
and concluding with another slower relaxation phase. Therefore, the relaxation of residual stresses
can be achieved within a relatively short time, which should be adapted based on the chosen
recovery temperature and time of through heating of the piece.

The mechanical relaxation of residual stresses was conducted on a series of samples with varying
thicknesses from both alloys which were cold rolled with degrees of reduction ranging from 15%
to 50% and had residual stress values ranging within the interval of 40+-70 MPa. Axial tension was
then applied to these samples, inducing a permanent deformation of 0,5+1%. Subsequent
employing the deflection method, no residual stresses were detected in the samples. Furthermore,
additional testing was conducted on four strips of 5083 alloy that were cold rolled with a reduction
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ratio of 30%. After removing the metal layer, the elastic line and residual stresses were measured
within the range of 45 MPa to 60 MPa. Subsequent tensioning of these samples, with a degree of
permanent deformation of 0.8+1%, resulted in the complete relaxation of residual stresses since
the elastic line disappeared, that is, the samples became flat. These tests provided evidence
supporting the anticipated complete relaxation of residual stresses occurring at the onset of the
plastic flow interval of the metal..

0 2 4 6 B 0 12 14 o 2 4 i 8 10 12 14 6
t, [min] t, [min]

Figure 3 - The change in the ratio oi1/co depending on the annealing time:
a) 5083, hp=1.28mm; b) 2024, ho=4 mm; c) 2024, ho=2mm; d) 2024, ho=1.28 mm

4. CONCLUSION

The tests conducted on the relaxation of residual stresses in cold-rolled strips using thermal and
mechanical procedures led to the following conclusions: High instability of residual stresses during
both thermal and mechanical procedures; In the thermal procedure, by optimally selecting the
appropriate temperature and annealing time, based on the function that describes the kinetics of
thermal processes, it is possible to achieve the desired level of relaxation of residual stresses with
sufficient precision; In the mechanical process, the complete relaxation of residual stresses occurs
at a low value of permanent deformation, at the initial stages of the plastic flow of the metal.
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Abstract

Underground drift construction in underground mines affects the disturbance of the balance that prevails
in the primary rock mass. In such an environment, there is a redistribution of stress in the rock medium
and the formation of a secondary field stress around the underground drift. Importance of the supporting
underground drifts is reflected in the fact that only by installing an optimal support structure, safe
conditions can be ensured for the continuation of work. Total installation costs and required installation
time can be highly rationalized by choosing the right type of support. Comparison and ranking of anchors
in this paper was carried out according to different criteria: stability of the drift, required installation time
and costs of support installing. In order to evaluate the precision of the obtained results and to ascertain
whether the prescribed support structures imparted requisite safety to the subterranean enclosure, stability
analysis was created utilizing Rocscience Phase software. Selection of the optimal type of anchor according
to the above criteria was carried out using the Analytic Hierarchy Process (AHP) method. The analysis
and evaluation of the obtained results according to the specified criteria was performed using the Expert
choice software.

Keywords: underground mining, drift support, anchor type, AHP method

1. INTRODUCTION

The natural balance that prevails in the rock mass is disturbed by the construction of underground
mining objects. It is necessary to mitigate the resulting changes and establish a state of equilibrium
similar to the one that existed before [1]. By installing an appropriate support structure, conditions
are created for uninterrupted and safe utilization of the underground objects.

Application of modern techniques and technology in the support installation process, the
reliability, stability and speed of constructing of underground objects are increased. In mines
around the world, the implementation of anchoring system has proven to be a highly effective
method of support. Anchoring system represent a network of embedded anchors within the rock
mass, designed to increase the load-bearing capacity of the surrounding portion of the rock mass
around the excavated underground object [2].

A universal procedure for selecting elements of anchoring system does not exist yet. For this
reason, this paper presents a methodology for selecting the optimal anchor type that can be used
in the construction of different shapes and dimensions of the underground objects. The
methodology involves comparing and ranking anchors according to several important criteria:
stability of the drift, required installation time and costs of support installing.

The adopted shape and size of the cross-section of the drift (dimension 5,3x5,3 m) and the
technical characteristics of different anchor types (Swellex, Split Set and SN) were used to define
parameters of anchoring system. A stability analysis of underground drift was conducted using the
Rocscience Phase 2 software, considering the different anchor type. The time required for
installation supporting elements was calculated, after considering all the individual operations
involved in the support process.
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Additionally, the total installation costs for supporting of 1 m of the underground drift were
determined by considering the individual prices of the supporting elements. The results obtained
according to the given criteria are shown in Table 1.

Table 1 — The input data for AHP method is defined in accordance with the criteria

Criteria Parameters Swellex Split Set SN
Anchor diameter (cm) 4,10 3,90 2,00
Anchor length (m) 3,00 2,80 2,80
Supporting system Load-bearing capacity (t) 9,00 7,00 13,00
Number of anchors in a row (com) 12 16 8
Wire mesh 100x100x8
Thickness of shotcrete (cm) 5 4 6
- . Minimum displacements (mm) 3,00 3,30 2,60
Stability of the drift Maximum displacements (mm) 7,70 8,00 7,40
Installation time Total installation time (min) 83,51 101,61 124,23
Anchor (din) 12.461,54 10.467,69 | 14.030,80
Costs of support Wire mesh (din) 7.959,69 7.959,69 7.959,69
Shotcrete (din) 6.242,76 4.995,50 7.498,51
Total costs (din) 26.663,99 23.422,88 | 29.489,00

The selection of the optimal type anchor based on the mentioned criteria was performed using the
Analytical Hierarchy Process (AHP) method. Method involves evaluating the weight of the criteria
and evaluating the types of anchors according to the criteria. The analysis and evaluation of the
obtained results according to the mentioned criteria were performed using the Expert Choice
software.

2. APPLICATION OF THE AHP METHOD
SUPPORTING ELEMENTS

The AHP method is multi-criteria decision-making method that is used to solve complex problem,
which consist of goals, criteria and alternatives. This method enables the interactive creation of a
problem hierarchy, which serves as preparation for decision making. Pairs of criteria and
alternatives are compared, a synthesis of all comparisons is made and the weight coefficients of
all in the hierarchy are determined. The sum of weight coefficients for elements at each level of
the hierarchy is 1. For the comparison of individual criteria or alternatives, the Saaty's scale is
used, which consists of nine numerical ratings [3]. Decision maker uses ratings to distinguish the
intensity of the relationship between the two elements. A hierarchical structure of the multi-criteria
decision-making model was created based on the given criteria and alternatives (Figure 1).

IN THE PROCESS OF SELECTING
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Alternatives
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Figure 1 — The hierarchical structure of the multi-criteria decision-making model
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The criteria are evaluated by importance and then compared in pairs based on Saaty's scale. After
that, the weight of the criteria is determined and consistency is checked (Figure 2).

@ Expert Choice - O X
File Edit Assessment Inconsistency Go Jools Help
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Yooy =T ¥ £ H )

987654321 23456789

Stability | " TR RS U Installation time
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| Stability Installation time ' Costs of support

Stabilty I 5.0 30
Installation time I 3.0
Costs of support I

Figure 2 — Pairwise comparison of criteria

Value for pairwise comparisons of criteria is entered into the software, a consistency ratio is
obtained (CR < 0,10). This achieves a more objective assessment of the importance of criteria. In
this case, the stability criterion is the most important, followed by cost of support, and finally
installation time. The consistency level is below the threshold value, which means that the
evaluation is correct.

After defining the weight coefficients of the criteria, it is necessary to define the final hierarchical
level of alternatives. The formation of alternatives is carried out by selection in the main Expert
Choice window, under the Alternative distributive mode (Figures 3,4,5). By comparing pairs of
alternatives based on specified criterion, the weight coefficient of the alternative is determined,
based on the data presented in Table 1.
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Figure 3 — Pairwise comparison of alternative based on the criterion of stability
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Figure 4 - Pairwise comparison of alternative based on the criterion of installation time
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Figure 5 - Pairwise comparison of alternative based on the criterion of costs of support

Based on the previous figures, it is evident that the consistency coefficient is satisfactory in all
cases (0,04 < 0,1). According to the stability criterion SN anchors have proven to be the best
choice, while for the installation time criterion Swellex anchors are preferred. The lowest costs
were achieved using Split Set anchors.

Considering the obtained results of the relationship between alternatives and criteria, it can be
conducted that SN anchors have proven to be the best solution for supporting (Figure 6).
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Figure 6 — Comparison of anchors based on three criteria

3. DISCUSION AND CONCLUSION

The selection of the optimal type of anchor for support is complex process. In order to facilitate
this decision, the paper presents the application of the analytic hierarchy process (AHP) method.
The weight of the criteria has been evaluated and the types of anchors have been evaluated
according to these criteria. Based on the results obtained through this method, it has been
concluded in the specific case, that using SN anchors achieves the best results for support an
underground drift. Therefore, by applying the presented methodology for anchors selection, it
significantly influences cost reduction, construction time, and achieves the necessary stability.
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Abstract

Blast fragmentation is a special aspect of underground mining operations, as it directly influences
productivity, cost efficiency, and overall safety. It refers to the process fracturing rock mass into smaller,
manageable pieces through the controlled use of explosives. Properly executed blast fragmentation allows
for seamless material handling, reduced wear on equipment, and optimized energy consumption. Blast
fragmentation measurement is an essential step in optimizing and controlling the overall performance of a
blasting operation. By accurately measuring the size distribution of fragmented material, mining operators
can identify areas for improvement and adjust their blast design. Various methods and technologies are
available for measuring blast fragmentation, each with its benefits and limitations. In this paper we will
discuss the use of WipFrag which is a commercially available image analysis software. This software is
designed to measure and analyze blast fragmentation by processing digital images of fragmented material.
In the previous period, a series of pictures of ore fragmentation in the stopes of the Jama Bor mine were
taken, where the open stoping mining method is applied. Analysis of the mentioned images with this
software can significantly contribute to the development in the mining industry to optimize blasting
operations, improve productivity and reduce costs.

Keywords: underground mining, blasting, fragmentation, WipFrag

1. INTRODUCTION

Inefficient blasting in underground mining may induce myriad inefficiencies in subsequent
processes, necessitating consistent evaluation and optimization of blast outcomes. As compared to
crushing and grinding, effective blasting presents a cost-effective alternative, notwithstanding its
intensive initial cost due to its overwhelming technical and economic benefits. These advantages
are primarily predicated on the fragments size distribution and the extent of induced microcracks.
The assessment of size distribution can be either qualitatively, visually as good or poor, or
quantitatively, via screening or various image analysis techniques. However, screening, while
being the most accurate method, may not be suitable for large projects. On the other hand, the
extent of microcracks, visible through specialized microscopes, can be systematically assessed via
a study of energy consumption and production output. This document aims to address the benefits
and uncertainties surrounding blast fragmentation evaluation.

The measurement of blasted rock fragment size is considerably significant in assessing the efficacy
of production blasting operations. It is also a crucial factor in evaluating blasting outcomes and
impacting subsequent mining and processing operations in underground mines. Fragment size
distribution measurement methods fall into two overarching categories: direct and indirect
methods. Despite being the most accurate among other techniques, sieve analysis, a direct method,
is not practical for large-scale projects due to cost and time limitations.

The sieving analysis method involves passing a representative sample of blasted material through
sieves with varying mesh sizes. The weight of the material retained on each sieve is measured, and
the fraction of material in each size is calculated, which indicates fragmentation characteristics.
Manual measurement methods involve physical measurement of individual rock fragments using
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rulers, providing useful information in certain situations despite being less accurate and time-
consuming. Indirect methods such as observational, empirical, and digital methods have been
developed. Visual observations of post-blasting rock material form part of the observational
methods widely utilized by blasting engineers for approximate evaluations. Recent advancements
in fragmentation evaluation techniques utilizing digital image processing programs have enabled
rapid, precise assessments of blast fragmentation size distribution. High-resolution cameras or
scanners capture images of the blasted material in image analysis, with specialized software
analysing the images to identify particle sizes. Laser scanning systems scan the surface of
fragmented material using laser beams, enabling an accurate measurement of fragment size and
shape for detailed analysis. The photographic analysis involves analysing photographs of the
blasted material, captured via standard cameras or specialized devices, to measure fragment size
distribution. Developed through the end of 20 century, digital image software has been universally
accepted in the mining and mineral processing industries, providing continuous evaluations
without hampering the production cycle. However, errors associated with digital image analysis
can complicate accurate fragmentation estimations post-blasting. Several commercially available
software such as Split-Desktop, GoldSize, WipFrag, FragScan, IPACS, can be used to quantify
size distribution. However, these systems' accuracy can fluctuate between 5% and 15%. [1]

This paper will focus on the usage of WipFrag, a commercially available image analysis software,
designed to measure and analyse blast fragmentation via digital image processing of fragmented
material.

2. CONDITIONS FOR MEASUREMENT OF SIZE DISTRIBUTION

Rock fragmentation through blasting, pivotal in the mining industry, bears substantial impacts on
the facets of productivity, economic performance, and worker safety. A crucial tool in ameliorating
drilling and mining operations lies in the accurate measurement of fragmented material's size
distribution. Employing varying technologies and methodologies for fragmentation measurement,
each comes with inherent strengths and weaknesses. The main focus here dwells on the application
of WipFrag, a commercial image analysis software designed for the measurement and analysis of
fragmentation through processing digital images. In a recent research, images of ore fragmentation
were collected from the underground mine Zijin Copper of Serbia, which is mining according to
the Supplementary mining project of changing mining method in the Borska Reka ore deposit
(MMI Bor, 2022). This strategy aimed at employing the open stoping mining method in the
excavation zone -170/-210 m. [2]

This research emphasized the photographic documentation of rock mass in the excavation, where
fragmentation was a result of previous drilling and mining undertakings. The research primary aim
was to enhance the quality of photographs by establishing numerous standards during the image
capture process. Operator numbers played a crucial role, as reducing this number curtailed the
potential for bias in the samples or the resultant image to be processed by WipFrag software. As
Maerz highlighted in his study “Some photographers will be drawn to the largest particles; others
will select areas of uniform distribution”. [3]

Consistency in camera quality was maintained throughout the study to circumvent variations in
image attributes such as resolution, colour, and contrast. The standardization of the camera’s
position, height, and distance from the rock material was also crucial. [4]

Given the underground conditions devoid of natural lighting, two reflectors were positioned on
either side of the camera lens to provide sufficient illumination. To fine-tune fragmentation
estimations, WipFrag necessitates the inclusion of benchmarks or reference lines in its analysis for
the differentiation and dimensioning of rock fragments. A pocket tape measure, adjustable to 0.5
m or 1 m based on the fragmentation, served this purpose. WipFrag recommends such positioning
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of reference objects as an effective method, as shown in Figure 1. Considering image sharpness,
the intensity is crucial, particularly when operating the camera by hand. A tripod is recommended
to overcome any camera movement during exposure that could reduce sharpness. Regarding
lighting, uniform illumination is essential. A single light source may result in intensity falloff
towards the edges of a large area, possibly leading to underexposed material at the edges,
obstructing analysis. The farther the light source, the more uniform the illumination. Hence,
placing lights in proximity may lead to substantial intensity variance, with distant objects receiving
significantly less illumination. The farther the light source, the more uniform the illumination.
Placing lights in proximity may lead to substantial intensity variance, with distant objects receiving
significantly less illumination. In sum, capturing high-quality, accurate images for fragmentation
analysis in underground mines involves multiple considerations, from camera and operator
consistency to lighting setup and positioning of reference objects. [4]

In sum, capturing high-quality, accurate images for fragmentation analysis in underground mines
involves multiple considerations, from camera and operator consistency to lighting setup and
positioning of reference objects. Such methodical approaches to imaging enable a more precise
understanding of fragmentation in mining operations, which can significantly contribute to the
industry's overall productivity and safety.

4.5 m 4.5 m

\J % | o0 :

 J t R
Om

Figure 1 - Lighting Placement Diagram

3. RESULTS AND DISCUSION

By digitally processing the image and separating its elements in WipFrag, the obtained ore
fragmentation is categorized based on the cumulative distribution curve of size classes (Figure 2).
Analysing such images with the WipFrag software can significantly contribute to the development
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of the mining industry by optimizing blasting operations, improving productivity, and reducing
costs.

1 10
Size (m)

rve of size classes

Understanding key aspect that requires careful consideration is its particle size distribution of rock
material. The particle size distribution plays a significant role in various aspects, such as the
strength and load-bearing properties of rocks and soils.

Determining material density relies on the accurate assessment of particle size distribution, and
numerous industrial applications necessitate stringent control over this distribution. Like any other
digital image, this analysis may have errors due the difference in maximum sizes caused by
captures which use only part of the available ore for photography.

4. CONCLUSION

The measurement of blast fragmentation is essential for optimizing and controlling blasting
operations. Various methods and technologies, including image analysis software such as
WipFrag, are available for measuring blast fragmentation. Digital image analysis programs offer
rapid and precise assessments of fragmentation size distribution, providing continuous evaluations
without disrupting the production cycle. The study discussed in the text focused on the usage of
WipFrag software for measuring and analysing blast fragmentation through the processing of
digital images. The research emphasized the importance of standardization in the image capture
process, including camera quality, lighting setup, and the inclusion of reference objects. Overall,
the utilization of image analysis software like WipFrag can significantly contribute to the
development of the mining industry by improving blasting operations, optimizing productivity,
and reducing costs.
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Abstract

Underground mine requires sufficient fresh air to be distributed to dilute exhaust fumes from diesel
equipment and explosive detonation products. To do so, main mine fans are installed at one end of the
ventilation system to provide sufficient pressure to initiate desired air movement. The installed fan is a
massive power consumer, and its selection is based on the required air quantity and resistance of the
ventilation network. Resistance of the network depends on the size of underground openings and their walls’
friction, and the resistance's overall influence may impact fan power significantly. Underestimated
resistance may result in a fan with insufficient power to provide desired air capacity for the mine, while the
opposite case results in expensive fan operation. Besides this, during the operation of the fan, undesired
vibrations may occur. During the design process, friction coefficients are determined by experience and
designed type of underground openings, while operating mines are different cases. Such a case is analyzed
within this paper, where a pressure and quantity survey was performed to determine the friction factors of
the ventilation model. A study explained herein was conducted inside the concrete supported adit with
regular shape along the opening. Results showed that measured resistance is within the expected range of
literature-suggested values.

Keywords: underground mining, ventilation, PQ survey

1. INTRODUCTION

Ventilation is an essential service in every underground mine, and the design of the air supply
network must be done reliably to provide enough fresh air for safe operation. The main goal is to
define the required power of the main fan that will provide enough pressure for air movement and
proper air distribution. The air distribution within the network is defined with the mine design, and
the end ventilation model will validate the mine design from this aspect. On the other hand, fan
power depends on the required air quantity and resistance of the ventilation network. Resistance
of the mine network is critical for proper fan selection and relies on the estimate or measurements
of the friction factors of underground openings. Measuring wall friction factors is only possible if
the mine is already operational, while in the design of the new mines, engineers must rely on
empirical friction factor values suggested in the literature [1, 2]. Overestimated mine resistance
leads to overestimated fan power and therefore increased energy consumption, while in the
opposite situation, insufficient fan power may result in low pressure and air velocities below
desired. A quantity survey has been done inside the concrete-lined adit to validate the commonly
used friction factors pressure. The main idea is to increase the reliability of the ventilation model
created with Ventsim [3] software and to define the main mine fan at the end of the process.

2. Methodology and survey results

Determination of the air resistance in certain underground openings is derived from the
fundamental expression for pressure drop within that same opening [4]:
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Ah=R-Q? 1)
where:

Ah - pressure loss (Pa),
R - airway resistance (Ns?/m?®),
Q - airflow (m%/s).

Airway resistance depends on the friction factor of its wall, length, perimeter, and the air’s cross-
sectional area. Therefore, equation 1 becomes:

L-O
Ah=k- e .Q? (2)
where:
k - friction factor (kg/mq),
L - airway length (m),
O - perimeter (m).
A - cross-section area of the airway (m?).
Airflow guantity is derived by measuring air velocity and adit cross sections at the exact
location:
Q=w-4 (©)

Where:
w — Air velocity (m/s)

To confirm the friction factor, it is necessary to determine airflow and pressure loss within the
airway and compare in-situ data with the model. Anemometer is used to determine air velocity,
which determines airflow quantity within the airway. Along with this parameter, pressure 10ss is
determined by a micromanometer. The measuring setup is illustrated in Figure 1 and consists of 2
Pitot tubes connected to the manometer using a PP tube of 6mm diameter. The Pitot tube is
connected to measure total (static + dynamic) pressure. The length of the underground adit is
approximately 980m, where two measurements were made at each 490m. Figure 2. illustrates
measuring installation within the underground opening.

_— -
airflow direction

—.I Pitot tube Pitot tube

Manometer
™™ |

| e \
K — J

Figure 1 - Pressure loss measurement scheme
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Figure 2 - Pitot’s tube and tubing installation inside of the underground opening

Table 1 presents measurement results, and as can be seen, airflow velocity is constant in the adit.
In contrast, the results air quantity has a slight difference due to the difference in the opening size
at different locations. Total pressure loss is 5Pa for the entire length of the underground opening
of 980m, resulting in airway resistance of 0.19169 Ns?/m®. In Figure 3 Ventsim model of the same
underground opening is presented with the results from the model. The model is created from the
geodetic survey of the adit and has a constant cross-section with an area of 5.1m2. Therefore,
constant airflow within the adit is modeled using the friction factor value suggested by literature
for the concrete-lined underground openings. Results from the model show that total pressure loss
is 5.8 Pa while total adit resistance is 0.22150 Nsz/mé,

Table 1 - PQ survey results

No. [ L(m) | Ah (Pa) [ W (m) [H(m) | A(m? | Q(m¥s) [ R (Ns¥m?) | V (m/s)

228 | 231

1.00 | 490 3 5.15 5.15 0.112962 1.00
210 | 240
2.10 | 2.40

2.00 [ 490 2 5.04 5.04 0.078735 1.00
2.10 | 2.40

Total 0.191697
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Mine resistance 0.22150 Ns*/m8 / 0.22150 Ns*/m8

Fressure Loss Fa
=

o 1 2 3 4 5 & 7 ] 9 10
Quantity ms

Figure 3 - Mine adit model in Ventsim and its results

3. CONCLUSION

Modeling mine ventilation is an essential task for mining engineers due to the health and safety
impact of the fresh air supply and its distribution on the working environment. The work presented
herein describes a simple and cost-effective procedure used to validate the ventilation motor to
obtain results as reliably as possible. In-situ PQ measurements showed that literature-suggested
values for the friction factors of the concrete-lined openings could be trusted since there is a 15%
error between measured and estimated airway resistance. A reliable estimate of pressure loss in
the ventilation network remains crucial for both newly designed and existing ventilation networks.
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Abstract

Rapid industrial development has led to an excessive consumption of natural resources and major
environmental pollution. Every industrial sector has contributed to the increase in greenhouse gas
emissions, leading to the accelerated global warming, which has become one of the leading problems in
the world. Through an analysis of the life cycle, many researchers have come to the conclusion that the
construction of road infrastructure is one of the main factors that contribute to the global warming in the
field of construction, because during the production of raw materials, transportation, preparation and
installation of mixtures, and later also during the exploitation of roads, maintenance, reconstruction and
end of their life cycle, emits a significant amount of greenhouse gases. In this paper, the use of recycled
asphalt pavement as a partial replacement of natural materials in asphalt mixtures was discussed and the
life cycle of road constructions made of the aforementioned mixtures was analyzed. The results show that
the extraction and production of natural materials have a great impact in the life cycle of the road
construction. Due to this reason, the production of asphalt using recycled asphalt can be one of the ways
of sustainable design of road constructions in terms of the environment improvement.

Keywords: recycled asphalt pavement, LCA, asphalt mixture, environmental protection

1. INTRODUCTION

The Life Cycle Analysis (LCA) is one of the key tools used to develop the new and improve the
characteristics of existing products. The LCA studies the aspects of the environmental protection
and possible impacts on the environment during the entire life cycle of the products from the
extraction of raw materials, through production, use and treatment at the end of the life cycle,
recycling and final disposal, i.e., "from the cradle to the grave".

Using the LCA method, the researchers came to the result that each meter of built road annually
causes the emission of greenhouse gases in the amount of 14.7 kg CO2eq, where the extraction
phase and material production are the main processes that contribute to the total carbon emission
and energy consumption [1].

This is the reason why the choice of materials for the road construction directly affects the local
pollution and environmental degradation.

Aggregates are the main material used for the road construction. Asphalt concrete contains on
average about 90% aggregates, 3% fillers, 2% additives and 5% binders, which means that the
construction of one kilometer of a new road requires the consumption of about 30,000 tons of
aggregates [1]. The production of asphalt binder is a complex process that involves the extraction,
transportation and processing of crude oil. Each of the mentioned production stages involves the
consumption of energy and burning of fossil fuels, which should not be ignored due to the emission
the large amounts of harmful gases. These facts are another reason why the possibility of using
alternative materials as a partial replacement of natural materials in the asphalt mixtures should be
studied.
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2. LIFE CYCLE ANALYSIS (LCA) OF THE ASPHALT ROADS CONTAINING THE
RECYCLED ASPHALT

Many researchers have investigated the possibility of using the recycled asphalt in asphalt mixtures
and analyzed the life cycle of roads with recycled asphalt content. One of them is Joke Anthonissen
[1], who, in his study, investigated the possibility of reducing the negative impact of bituminous
roads on the environment in Flanders (Belgium).

The research was carried out in three directions: the possibility of using the recycled asphalt as a
partial replacement of natural materials, lower energy consumption as a result of reducing the
temperature of asphalt mixture production, and extending the life of road construction optimizing
the mechanical properties of asphalt mixtures. In addition to these three basic aspects, the other
impacts on the environment were also considered, such as: transport distances, moisture content
in aggregates, energy consumption when making asphalt, etc.

The authors of this research came to the conclusion that the use of recycled asphalt in asphalt
mixtures provides the significant environmental benefits due to the energy savings during material
extraction and reduced transport distance. Recycled asphalt can be environmentally friendly if it
is proven by the preliminary testing that it is not contaminated with tar [2].

The research has shown that the most favorable way of making asphalt mixtures in terms of energy
saving is the production of asphalt mixture using the warm process (Warm Mix Asphalt - WMA)
at temperature of 100°C to 150°C. This process can be accomplished in three ways: using the
organic additives, chemical additives or water-based additives. The effect of all three types of
technologies is to reduce the viscosity of bitumen in order to improve the workability of the asphalt
mixture at lower temperatures [2].

The longer the service life of materials in pavement constructions, the less maintenance
interventions are required, which means less consumption of materials and energy, less transport,
and therefore less gas emissions. Therefore, the authors of the study paid attention to materials that
are more sustainable and extend the life of road constructions. Polymer-modified bitumen, as a
known type of binding material, has better properties compared to road bitumen, i.e., higher
softening point, higher viscosity, higher cohesive strength or higher ductility, which results in
higher resistance to rutting, fatigue and thermal cracks, and therefore the extended road life [2].

The addition of fibers is another technique to improve the mechanical properties of the asphalt
mixture. Field and laboratory studies indicated that the bituminous mixture with polypropylene
and aramid fibers had better properties in terms of resistance to permanent deformation, fatigue
cracking and thermal cracking compared to the control mixture without fibers. The use of fibers is
the subject of many research because it can contribute to a significant improvement in the
mechanical characteristics of the asphalt roads [2].

Martina Irene Giani with a group of authors [3] also studied the impact of asphalt roads on the
environment. The asphalt mixtures that are the subject of their study contain a certain percentage
of recycled asphalt, as a partial replacement of natural material, and were made according to the
method of production the warm asphalt mixtures (WMA). The aim of the study was to research
whether the rehabilitation of the road base layer using the CIR technology (cold asphalt recycling
in situ) can reduce the energy consumption and gas emissions and preserve natural resources [3].

In their research, the authors of the study included three types of road constructions RP1, RP2 and
RP3 (Figuresl, 2 and 3) without the content of additives, but only with the content of bituminous
emulsion consisting of about 45% water and 55% bitumen. The content of recycled asphalt, used
instead of the new aggregate and bitumen, was between 10% and 30%.
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Surface course: virgin materials and HMA
1747.5t, 1000m x 15m x 0.05 m

Bituminous Binder layer: virgin materials and HMA

emulsion 2106t, 1000 mx 15m x 0.06 m
0.6 kg/m2

Base layer: virgin materials and HMA
4935%,1000mx 15mx0.14 m

Figure 1 - Road constructions RP1 [3]

Surface course: 10% RAP and HMA
1747.5¢t, 1000m x15m x 0.05m

/ Binder layer: 20% RAP and HMA

2106t, 1000 m x 15 m x 0.06 m

Bituminous
emulsion
0.6 kg/m?

Base layer: virgin materials and HMA
4935t, 1000 mx 15 mx 0.14 m

Figure 2 - Road constructions RP2 [3]

Surface course: 10% RAP and HMA
1747.5t,1000mx 15mx 0.05m

Bituminous | Binder layer: 20% RAP and HMA
emulsion 2106t, 1000 m x 15 mx 0.06 m

0.6 kg/m?

Base layer: 30% RAP and WMA
4935t,1000m x15m x0.14 m

Figure 3 - Road constructions RP3 [3]

The analysis of life cycle of the road constructions RP1, RP2 and RP3 was carried out for a
working life of 15 years, where the phases of extraction the raw materials, production of mixtures,
installation of mixtures and transport were considered. The software used to perform the analysis
was SimaPro 7.3. The impact of global warming is expressed in tons of CO2 equivalent (CO2eq)
and is shown in Figure 4. The results showed that the RP3 road construction is the most favorable
in terms of environmental impact, so the authors devoted a part of the study to the life cycle
analysis of the RP3 road construction for working life of 30 years, where they also included the
reconstruction phase using the method of cold asphalt recycling in-situ and at the plant (Figure 4).
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The road reconstruction, using the method of cold asphalt recycling in-situ, gave better results in
terms of lower greenhouse gas emissions [3].

mtransports 1400
700
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o 500 yard operations 1000
e g
S 400 & 800
O
=
S 300 mplant IS 600
200 400
100 Hraw material 200
extraction and
0 processing 0 '
RP3 RP3 recycled in RP3 recycled in-

plant situ
Figure 4 - CO2 emission results for pavement structures RP1, RP2 and RP3 [3]

3. CONCLUSION

The results of studies show that the extraction and production of raw materials have a great impact
on the life cycle of road construction. Due to this reason, the production of asphalt using recycled
asphalt (which conserves the natural materials), together with greater savings in the production of
the WMA mixtures, is the key to the sustainable design of the road constructions in terms of the
environmental improvement.
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Abstract

For employers, occupational accidents are the biggest problem in occupational safety and health. In
underground coal mines, where a large number of injuries occur, this problem is even more significant. In
order to find a suitable model for the analysis and prediction of occupational accidents, data collection
research was conducted in underground coal mines in Serbia. This research took the form of statistical
data collection and data collection using a questionnaire. A total of 1051 correctly completed questions
were collected from the population of production workers. The descriptive statistics used to process the
collected data revealed a central problem related to the safety and health of workers.

Keywords: injury, coal mine, statistics

1. INTRODUCTION

One of the biggest problems related to occupational safety and health in the mining industry is
workplace accidents. This industry, along with construction, is known as the one with the highest
number of injuries. There are several models that describe the problem of injuries and the actions
that need to be taken to reduce the number of injuries. However, the factors that influence
occupational injuries are not clearly defined.

Considering the multidisciplinary nature of the research conducted, the empirical research method
was selected as the most appropriate method for data collection using a questionnaire. The
proposed method of analysis is based on the collection of data on workers and injuries that
occurred in underground coal mines. The data in the observed sample are collected using a
questionnaire. The questionnaire contains all the questions that the author considers relevant to the
injury of workers in the mines of Serbia, as well as the questions available in the literature [1, 2,
3, 4]. The procedure consists in interviewing the workers in a given mine. Then, the data obtained
from the interviews are statistically processed and sorted by categories.

In order to better understand the collected data and its structure, and to discover regularities in the
tendencies of the observed variables, descriptive statistics was applied. The basic statistical
indicators of descriptive statistics were calculated: Measures of central tendency (mean, mode and
median) and measures of dispersion (standard deviation, variance), as well as the display of
frequencies and percentages of the collected data.

After collecting, processing and classifying the data obtained by interviewing the workers,
descriptive statistics methods were applied. Based on descriptive statistics, basic statistical
indicators were calculated, which were used to determine the dependencies between subjects
(frequencies and percentages, arithmetic mean, standard deviation, etc.) in order to create a
preliminary picture of the data collected.

The Statistical Package for the Social Sciences (SPSS) software package, version 17.00, was used
for data processing. SPSS is a very powerful package that many researchers use to process a large
amount of data.
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2. EXPERIMENTAL

Data collected at the Resavica Underground Coal Mining Public Company (JP PEU Resavica)
were used for this study. In addition to the downloaded data on workplace injuries, a survey was
conducted among workers to determine the factors influencing the occurrence of workplace
injuries. A total of 1051 correctly completed questionnaires were analysed.

Table 2 shows (in percentage and numerical terms) the demographic characteristics of the entire
sample in the following categories: Sex, age, total calendar work experience, total work experience
at current job, and worker qualification or occupational skill.

Table 1 — Demographic characteristics of the tested sample

Demographic parameter | Category Frequency Percentage %
Paul Male 981 93,3
Female 70 6,70
18-25 82 7,80
26 -35 278 26,5
Age 36 -45 307 29,2
46-55 265 25,2
56-65 119 11,30
<10 450 42,8
11-15 160 15,2
;I')(()tzlrien ((::slendar work 16-20 105 10,0
P 21-25 124 11,8
26-35 212 20,2
<10 720 68,5
. .| 11-15 111 10,6
Total work experience in
the current workplace 16-20 66 6,30
21-25 55 5,20
26-35 99 9,40
Unqqa_llfled 308 293
Qualified 473 450
Qualification/professional | High school diploma 995 21’4
qualifications University degree :
. 39 3,70
Master's  degree  and
6 0,60
doctorate

If we look at the data on the gender of the respondents, shown in Table 1, we can see that 93.3%
of the respondents are male, while only 6.7% are female. This is certainly to be expected in mining
companies, where even at the global level, the percentage of women employed does not exceed
10%.

The following demographic parameter of the respondents - age - shows that the largest number of
respondents is found in the 36-45 years category (29.2%), while the lowest percentage is in the
youngest category 18-25 years (7.8%). The oldest employees are also represented by a very low
percentage of 11.3%.

The data on total years of service show that the highest percentage of workers belongs to the group
of workers with the least work experience (< 10 years) - 42.8%, followed by the group of workers
with the most years of service (26-35) - 20.2%. A similar distribution is found in the category of
total seniority in the current workplace, where 68.5% of workers have been working in the current
workplace for less than 10 years. The population of the younger generation that should have the
least work experience is represented by a small percentage. The data that 40% of workers have
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less than 10 years of work experience indicate that mines employ older groups of workers with
little or no experience, suggesting that miners are hired in their later years rather than immediately
after graduation from high school.

The data on the categories of qualifications or professional degrees show that most respondents
belonged to the second category, i.e. qualified is 45.00%, followed by those with the lowest
education - unqualified (29.3%), followed by secondary education (21.4%), a university degree
(3.7%) and a master's or doctorate (0.60%). Since most mining technology in Serbia is not
mechanised, skilled and unskilled workers are the labour force that drives production itself. The
selected representative sample describes very well the actual qualification structure in JP PEU
Resavica, in 2019. PEU Resavica, has the following qualification structure of employees: KV -
qualified (48.21%), NK - unqualified (29.37%), SSS - secondary school degree (17.22%), VSS -
university degree and Ms/Phd - master degree and doctorate have in total (5.17%).

3.RESULTS AND DISCUSSION

For variables within each group of questions, Table 2 shows the basic indicators of descriptive
statistics: measures of central tendency (mean, mode and median) and dispersion measures
(standard deviation, variance).

Table 2 - Descriptive response statistics of respondents

gﬁzgﬁ;[ﬁd Median Modus Mean jtar.]de.lrd Variance
Name eviation

PPE 1 5 5 4,75 0,743 0,552
PPE 2 4 4 4,01 1,169 1,367
PPE 3 4 4 3,83 1,499 2,247
PPE_4 5 5 4,32 1,087 1,181
PPE 5 5 5 4,66 0,761 0,580
WEM_1 |5 4 4,23 1,217 1,482
WEM 2 |5 4 4,28 1,121 1,258
WEM 3 |5 5 4,21 1,176 1,383
WEM 4 |4 4 3,43 1,428 2,040
WE 1 5 4 4,32 1,087 1,181
WE_2 5 5 4,50 0,886 0,785
WE_3 5 5 4,32 1,087 1,181
WE_4 5 5 4,29 1,106 1,223
WE_5 4 3 3,66 1,494 2,231
M 1 5 4 4,27 1,148 1,318
M 2 5 4 4,21 1,234 1,522
M 3 5 4 4,20 1,195 1,429
M 4 5 4 4,43 0,986 0,973
M 5 5 4 4,24 1,212 1,470
OR 1 5 4 4,29 1,055 1,114
OR_2 5 5 4,38 1,039 1,079
OR 4 4 4 4,04 1,165 1,358
T1 5 5 4,61 0,895 0,800
T2 5 4 4,34 1,034 1,069
T3 5 5 4,58 0,924 0,853
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The data presented in Table 2 show that the workers studied gave the highest score to the question
PPE_1 - I believe that personal protective equipment is necessary for work at my workplace (4.75).
Workers recognized the importance of PPE and have a positive attitude towards it. Personal
protective equipment plays an important role in the event of an injury - this refers to both
preventing injury and providing protection when the injury occurs - with personal protective
equipment influencing the severity of the injury. In addition to its role in preventing injury,
personal protective equipment also has an impact on reducing occupational illness, chronic
disease, and work comfort. The lowest rated question was WEM _4 - The conditions of the work
environment (temperature, humidity, dust...) are satisfactory (I feel comfortable at work) (3.43). It
is obvious that the conditions of the working environment in mines are not satisfactory, while the
negative conditions of the working environment in underground mines are even more pronounced.
Confined spaces, working underground, artificial ventilation, etc. contribute to a poor rating of this
ISsue.

4.CONCLUSION

The conducted analysis of the collected data in the population of productive workers in
underground coal mining in Serbia has highlighted certain indicators of safety and health at work
as those to which workers attach the greatest importance. Among the workers with the highest
rating, i.e. as positively most important, was the issue of the use of personal protective equipment,
indicating a high level of awareness among workers regarding the use of personal protective
equipment at work. The issue of working conditions was also rated among the lowest, indicating
that workers are aware of poor working conditions and the resulting hazards. Working conditions
are in fact a factor created not by workers but by mine management, which should be considered
another weakness of the OHS system in mines.
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Abstract

Methane in underground mines represents a high level of risk from the aspect of safety and health at work,
namely the explosion of this gas is one of the most common causes of major disasters in coal underground
mines. The consequences of these accidents are a large number of injured workers as well as material
damage, and very often the shutdown of the mines themselves. Methane also has a negative effect on the
atmosphere because it creates a greenhouse effect. However, methane, in addition to its negative effects, is
also used in the chemical industry as an energy source for mass consumption. The paper presents a method
for predicting methane emissions based on an artificial neural network (ANN). The model was created for
ten years of data on the amount of methane in the exhaust air for ventilation in the underground coal mine
- Soko. This method can very accurately predict methane emissions in coal mines. Data on methane
missions have multiple benefits for mines because they enable the prevention of major disasters in mines,
as well as the potential exploitation of methane, which would reduce the negative impact on the
environment.

Keywords: neural network, methane, coal mine, prediction.

1. INTRODUCTION

Globally, the largest amounts of methane are produced in countries with leading coal exploitation
such as China, India, Russia, etc., [1]. Underground coal mines in Serbia do not have methane
drainage systems from deposits, so methane is released into a free atmosphere exclusively through
a ventilation network. The amount of methane released into the atmosphere poses a serious threat
to the environment. Methane is known to take far less time to decompose in the atmosphere, but
compared to carbon dioxide, it can accumulate 84 times more heat, making it a potentially more
dangerous greenhouse gas. The underground exploitation of coal releases most of the methane
through the ventilation network, and these parameters must be checked daily,[3]. This gas poses a
special danger to the safety of miners primarily because of its propensity to explode, and is the
cause of the biggest accidents that have occurred in underground coal mines in Serbia in the last
50 years.

The Artifacial Neural Network (ANN) or shorter neural networks are often used as a substitute for
statistical data processing methods, primarily because they do not require extensive calculations
and large databases, [5]. They are most commonly used to solve and quickly process problems that
have an uncertain result and when there are a large number of variable sizes that affect the end
outcome. They successfully solve problems of prediction, classification, recognition,
approximation, optimization, etc. An artificial neural network is a system of connected neurons
that communicate with each other through their connections. Neurons are very simple processing
elements and their role is to process the signal they receive from the environment or other neurons.
The signals exchanged by neurons extend along connections that have their numerical weights
(weight coefficients). Numerical weights change during the learning process and, based on them,
the network builds its ability to independently learn and generalize the nature of a phenomenon,

[6].
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2. EXPERIMENTAL

The Soko brown coal mine is located in the Eastern part of Serbia and operates within the company
for underground coal mining JP PEU Resavica. The averageten-year production of the mine is
89,300.00 tons of commercial coal. Coal mining in this pit dates back to 1898 to the present day.
The cave survived several disasters where a large number of workers were killed, the last recorded
occurred on 01.04.2022., when as a result of methane choking, eight workers were killed and
nineteen were injured. The pit is characterized as a high-risk pit i.e. the one that works in a special
protection regime, however, despite all the measures carried out accidents resulting from the ever-
present methane are still happening.

For obtaining data, the adroit computer application is used as part of the ADK (automatic remote
control) system of gas-ventilation parameters (for data processing). Within the ADK system, in
addition to measuring devices for the control of other gas ventilation parameters, measuring
devices for continuous monitoring of methane concentrations in the characteristic locations in the
pit have been installed. One of the measuring devices is placed on the path of the total main output
of the air current at the V.O. shaft on k+240 (detector SN4-25). The measurement of the amount
of methane released into the atmosphere via the output air current is carried out daily and the data
are published in the form of reports on a monthly and annual basis. For the purpose of this paper,
twenty-year data on the released amount of methane are attached, the same are shown in Table 1.

Table 1 — Average annual absolute methane emission rate (m/min) Soko

v Average annual absolute methane
ears " .
emission rate (m*/min)
2001 4,39
2002 4,2
2003 3,6
2004 3,6
2005 1,86
2006 5,04
2007 4,29
2008 5,19
2009 2,59
2010 6,46
2011 6,59
2012 6,59
2013 4,39
2014 2,72
2015 2,71
2016 5,71
2017 571
2018 0,53
2019 1,88
2020 1,28
2021 1,76
Average of 20-year absolute
methane emission rate 4,05
(m3/min)

Data from the table indicate that the highest absolute absolute methane emission rate in the
observed period was recorded in 2011, while the minimum value of this parameter was recorded
in 2018, it is also noted that the mean value in the last twenty years was 4.05m>/min.

-85-



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

3. RESULTS AND DISCUSSION

For the purpose of modeling the problem of predicting absolute methane emission rate, feed
forward back propagation neural network was created, the architecture of which is shown in Figure
1. The created network involves an architecture consisting of two layers, has 10 neurons in its
hidden layer, while in the output it uses only 2. ANN uses the most commonly used learning rule
for the created ANN Levenberg -Marquardt backpropagation procedure (LMBP).

Hidden Layer Output Layer

Output

Figure 1 - Schematic representation of feed forward back propagation neural network

The previously collected data, a set of a total of 20 measured absolute CH4 values, were processed
in the network described above. According to predefined parameters, 75% of the data was used
for network training, while 15% was used for validation and testing. After network was trained,
the regression results shown in Figure 2 were obtained.
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Figure 2 - Results of the regression analysis for feed forward back propagation neural network

Figure 2 shows the results of each phase of the network. From the figure, it can be seen that R is
very close to unity, indicating good network performance.

The quality of the prediction of a given network implies how accurate it is, i.e., how large is the
absolute difference between the values of the predicted quantities and those actually measured.
Figure 3 shows the measured and predicted values for a period of 20 years.

- 86 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

H\“‘\//\A/ \\/—

1007 2003 2004 2005 JI0E 2007 2008 2009 200 2011 2m2 2Nn3 2014 s 206 27 208 2e

Figure 3 - Comparison of measured and predicted value of absolute methane emission rate

The graphs show that the network predicted significantly lower values of absolute methane
mobility for certain parameters that faithfully describe the trend of movement of certain quantities.
The largest error was shown for the year 2010, where the measured value was 6.46 m3/min, while
the network predicted a value of 1.35 m®min. The network predicted the value of absolute methane
emission rate for 2015, for which the absolute error is only 0.02.

4. CONCLUSION

The model is based on data measured in the value of the absolute methane emission rate over the
period from 2001 to 2021 at the Soko mine. The mine itself emits significant amounts of methane,
which can have a negative impact on the ecology, but most importantly, methane poses a major
risk to mine workers. For these reasons, it is important to predict methane emissions so that the
occupational safety and health system in underground coal mines can be improved and disasters
can be prevented. The presented model based on artificial neural networks can be used to predict
the value of absolute methane emission rate because it describes this phenomenon with satisfactory
accuracy. To make the model even more accurate, it is necessary to include a larger number of
input variables, i.e. to use data obtained on a monthly or daily basis.
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Abstract

Limited research has been made so far regarding technological approaches for the recovery of precious
metals such as Pt and Ir from single-use medical products such as electrophysiology catheters, with most,
if not all, of their quantity being discarded as medical waste. In this study, we investigate a commercial
diagnostic electrode catheter which is widely used in medical practice, for its metallic fraction recovery.
The process under investigation involves pyrolysis at a temperature of 550°C for 60 min. The recovery of
the precious metals is determined through Scanning Electron Microscopy with Energy Dispersive
Spectroscopy (SEM/EDS) and X-ray photoelectron spectroscopy (XPS) analyses of the samples before
and after treatment. It was found that the transfer of precious metals (Pt and Ir) was >90 % in the metal
fraction, without significant changes in the structure of the metals. It is within the aims of this study,
conducted under the framework of a granted research project, co-funded by Greece and the European
Regional Development Fund, that brings together a research consortium consisting of a business, a
hospital, and university, to serve as the basis for providing a solution for efficient management of such
medical wastes and metallic fraction recovery and provide motivation towards sustainable practices in a
field that so far lacks engagement and demands changes at the local, institutional, regulatory, and industry
level, before sustainable practices can be established.

Keywords: (metal recovery, pyrolysis, single use medical products).

1. INTRODUCTION

Among various single-use medical products, an alloy of Pt and Ir, is contained in cardiac
electrophysiology catheters. Up to now the prevailing culture with respect to such single-use
medical products is to discard them to medical wastes directly after the medical procedure is over.
Considering that the number of such procedures is raising worldwide, metal recovery from such
medical wastes provides an opportunity to conserve precious metals and ease the burden on ore
mining. Therefore, the development of an eco-friendly approach for the recovery of such metallic
fractions is a necessity.

As these single-use products translate not only into the precious metals of interest but also into
plastics, chemical-free pyrolysis of such wastes, carried out at temperatures of 500-600°C, which
is a relatively low-temperature range, provides an environmentally attractive option that can also
help in enhancing the separation of the metallic fractions of interest. The additional economic
benefit of recovering precious metals from medical waste may mitigate the higher initial economic
cost of investment in a pyrolysis unit (30-50% higher than an incineration unit) [1] which is still
one of the main obstacles to its promotion.

To the best of our knowledge, no integrated study has been reported so far, for both pyrolysis of
plastic materials and recovery of metallic fractions from medical products. However, results from
Jadhao et al. (2020) [2] studying the recovery of Au and Pt (among other metals) from electronic
wastes and specifically from printed circuit boards, which are major parts of electronic and
electrical equipment, applied slow pyrolysis in a temperature range of 200-600°C, for 10-60
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minutes. In their experiments, they used fragments of the waste weighing 5 g and 1 mm in size.
Under optimized operating conditions, at a pyrolysis temperature of 400°C and a pyrolysis time of
20 min, 35 wt% gas, and 60 wt% solid product were obtained. The solid product was a mixture of
metals and other solid residues. The transfer of the metals of interest to the present research project,
I.e. Pt, to the solid residue, after pyrolysis, was approximately 100%. Su et al. (2021) [1] also
reported that the basic materials of medical wastes undergo pyrolysis sequentially with increasing
pyrolysis temperature as follows: rubbers, plastics, proteins, cellulose, and synthetic fibers. The
maximum pyrolysis temperature of all samples was in the range of 370 — 520°C. Keeping the
samples in the reactor for 60 minutes after reaching the maximum pyrolysis temperature ensures
the complete decomposition of the plastic items, since after 60 min no other gaseous products are
recovered, corresponding pyrolysis times are also noted in previous studies [3]. Given that the
weight loss of most samples reached 80%, it becomes clear that pyrolysis technology can also
drastically reduce the volume of medical waste.

Combining the above data, it is therefore interesting, in the context of this research, to study the
effect of pyrolysis on the recovery of the metals of interest, from a selected type of medical material
which is typically used and in considerable quantities in hospitals, as it appears that, on the one
hand, pyrolysis is an attractive alternative to incineration/sterilization for the management of
medical wastes, and on the other hand, that with pyrolysis it may be possible to transfer valuable
metals from the original medical wastes to the solid pyrolytic residue at a high rate. It is within the
aims of this study, conducted with the participation of a public Greek hospital, under the
framework of a granted research project, co-funded by Greece and the European Regional
Development Fund, to serve as the basis for providing a solution for efficient management of such
medical wastes and metallic fraction recovery and provide motivation towards sustainable
practices.

2. EXPERIMENTAL

For the pyrolysis, a digital laboratory muffle furnace FHX-05, 1670 W WITEG with a capacity of
4.5 |, with ceramic insulation, maximum temperature up to 1200°C, with a temperature rise rate of
30/min, and with gas extraction was used. The experiments were carried out by placing the samples
to be pyrolyzed in porcelain capsules, with a capacity of 30 ml, and covering the capsules with
corresponding porcelain lids. The porcelain lids ensure the minimization of the amount of oxygen
inside the capsule, in order to escape the gases produced during pyrolysis, capsule and lid do not
close hermetically and airtight, but there are small escape points. The process under investigation
involved pyrolysis at a temperature of 550°C, for 60 min. Fragments of the following medical
product was used for pyrolysis experiments: Diagnostic catheter Boston Scientific Viking catheter,
M00440000406Fr, metals of interest: Pt/Ir (Figure 1 a, b). The JEOL JSM-7610F Plus Scanning
Electron Microscope (SEM), with integrated X-ray Energy Dispersive Spectrometer and Oxford
Instruments AZTEC analytical system was used in the present study to acquire SEM images of the
sample before and after pyrolysis. X-ray photoelectron spectroscopy (XPS) measurements were
performed before and after pyrolysis experiments. Measurements were performed on an Axis Ultra
DLD system from KRATOS. Monochromatic Al Ka radiation was used as an X-ray source. The
pass energy was kept constant at 40 eV. It was calibrated for charge-induced shifts, considering
the C1s peak (originating from surface contamination of carbon) to be at 284.6 eV.

3. RESULTS AND DISCUSSION

As seen from Figure 1 c, pyrolysis removed the purple plastic cover, 53.63% mass loss (Table 1)
and revealed the supporting stainless steel grid, leaving few plastic residuals on the grid. The ring
containing the Pt/Ir alloy of interest was macroscopically unaffected.
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(@

Diagnostic catheter

Figure 1 - (a) Cut off catheter fragment, (b) Catheter fragment before pyronS|s (c) Catheter'fragment after
pyrolysis

Table 1 — Results from pyrolysis experiment (550°C, for 60 min).

Medical product Solid residual (%) Mass loss (%)
Diagnostic catheter, metals 46.36 53.63
of interest: Pt/Ir

SEM images of Pt/Ir alloy on the catheter ring, before and after pyrolysis are presented in Table
2.

Table 2 — SEM images of Pt/Ir ring before and after pyrolysis experiment
Before pyrolysis After pyrolysis

SEM images of the surface of the Pt/Ir alloy rings revealed a quite smooth morphology with few
surface scratches attributed to the metallurgical production process before and after pyrolysis. The
percentage of Ir in the alloy was estimated by EDS spectroscopy close to 14% before and after
pyrolysis, while Pt content was measured higher after pyrolysis, due to the removal of the outer
polymeric layer of the material after pyrolysis.

Results from XPS measurements for Pt/Ir alloy of the catheter ring, before and after the pyrolysis
experiment are presented in Figure 2. Pt showed the smallest percentage increase of oxidized forms
of Pt(1l) 1.7-4.4% (Figure 2 a-b), compared to the non-pyrolyzed material, while peaks at 73.012
and 76.495 eV, attributed to Pt(IV), appeared after pyrolysis. For Ir the percentage content was
measured at 14%, while an increase of the oxidized forms of Ir (1I) was higher 13-13.3% (Figure
2 c-d). It is clarified that oxidized forms of the metals were identified during the characterization
of the starting, commercially available, material, while the manufacturer labels the product as a
Pt/Ir alloy, containing 10% of Ir.
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Figure 2 — XPS measurements for Pt and Ir on the catheter Pt/Ir ring. (a)-(b) Pt before and after pyrolysis,
(c)-(d) Ir before and after the pyrolysis.

4. CONCLUSIONS

In the field of technological approaches that can be applied to the management of the specific
medical wastes, the results of the preliminary pyrolysis experiments presented here, are
encouraging, as after pyrolysis the Pt/Ir alloy was separated from its outer polymeric layer of the
material, otherwise difficult to be accomplished, and the transfer of the Pt/Ir alloy in the metal
fraction was >90 %, without significant changes in the structure of the metals. The recovery of
metals from medical products considered in this research, stands as a basis to enhance knowledge
of the effective perspectives for the utilization of such wastes as a resource, as the recovered
metallic fractions can act as the feedstock for the efficient recovery of individual metals using e.g.
different leaching processes. Nevertheless, much more research is needed to realize the
valorisation of pyrolysis for the particular medical wastes.
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Abstract

Gabrovnica, uranium mine near Kalna in the Eastern Serbia was a natural ore with uranium
content. Exploitation of the uranium ore in this region was started in the 1960s and it was
terminated in 1996. The aim of this work was to analyze radiological characterization of
environmental samples around uranium mine Gabrovnica. Soil samples were taken in the autumn
of 2022 and spring 2023, while surface soil samples (Gabrovnicka River) were taken continuously
for six month (July-December 2022 and January-June 2023). All samples were analyzed in order
to determine gross alpha and gross beta activities and measured on ultra low level gas
proportional counter Thermo-Eberline FHT 770T.

Keywords: Gabrovnica; environmental samples; gross alpha and gross beta activity

1. INTRODUCTION

Exploitation of the uranium ore was started in the 1960s in the region of Stara Planina Mountain
(Eastern Serbia) in the vicinity of the Bulgarian border. The first investigated location was Aldina
reka, while in 1951 uranium ore occurrences were discovered in Mezdreja. Uranim ore exploitation
was carried out in three uranium mines: Mezdreja, Srne¢i Do and Gabrovnica. The area
surrounding the town of Kalna on Stara Planina Mountain represents a location characterized by
the increased content of natural radionuclides. Gabrovnica is situated north from Mezdreja, on the
left side of the Gabrovni¢ka River at about 1.5 km from its running into the Timok River [1].
Gabrovnicka River is the right tributary of the Trgoviski Timok [2]. The Gabrovnica mine had a
plant processing about 200 t/day of ore [1].

Knowledge of impacts on the natural environment from uranium mining in general, is essential.
An assessment of impact in terms of contaminated soil, surface water, groundwater, lake
sediments, etc. or activity levels and doses are very important and directly linked to potential
uptake of radionuclides by humans, principally from soils and water. Radionuclides could be taken
up and concentrated by plants in the vicinity, thereby posing a potential risk to vegetation as well
as to animals higher in the food chain, including humans [3].

Various methodological procedures were applied in order to determine the contamination of waters
in the area of the abandoned mines (geoecological, radiological, geochemical and hydro chemical
investigations were carried out in the study area). In order to analyze radioactivity contents of
natural radionuclides, gamma spectrometry were applied [4-6]. In that case, it is possible to
determine the concentrations of individual radionuclides present in environmental samples. It is
not known whether gross alpha and gross beta activity was analyzed in soil and water samples in
the vicinity of Gabrovnica mine, which is the aim of this paper.

2. EXPERIMENTAL

Soil sampling was carried out in the immediate vicinity of former mine Gabrovnica
(Hydrometallurgical plant) (43°26’25"” N and 22° 25’ 30" E) using the method of representative
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samples, from three depths: surface layer 0-5 cm, 5-10 cm and 10-15 cm during October 2022 and
April 2023.

Surface water samples from Gabrovnic¢ka River were sampling once a month and the analysis was
done in a composite six-month sample. Sampling were done upstream of the Hydrometallurgical
plant (43°26’ 32" N and 22° 25’ 40" E) and downstream of the Hydrometallurgical plant (43° 26’
24" N and 22°25' 29" E) during the period July-December 2022 and January-July 2023.

Soil sample preparation includes cleaning from grass and stones, and samples were dried in the
ven at the temperature of 105°C to constant mass, and sifted through the 2 mm sieve. A certain
mass of homogeneous sample was weight in a Alluminium planchet and fixated with -alcohol [7].
For water samples method EPA was applied [8]. An aliquot of a preserved water sample is
evaporated to dryness and ashed at 450 °C. Samples were placed in a Alluminium planchet and
fixated with alcohol.

For the gross alpha and gross beta activity measurements, the gas low-level proportional counter
Thermo-Eberline FHT 770T was used. The counting gas is a mixture of 90 % Ar and 10 %
methane. Efficiencies were determined using the certified radioactive calibration standards 2**Am
and *°Sr (9031-OL—334/11 and 9031-OL-335/11, respectively, Czech Metrology Institute),
traceable to the Bureau International des Poids et Mesures (BIPM). The counting efficiency was
26 % for alpha and 35% for beta radiation. Measurement time was 14400 s, by 4 independent
detectors simultaneously. Measurement uncertainty was expressed as an expanded measurement
uncertainty at the confidence level of 95% (k=2).

3. RESULTS AND DISCUSSION

Results for gross alpha and gross beta activity for water samples are presented in Table 1. In six-
months composite samples, lower values for gross alpha activity was obtained for samples taken
upstream of the Hydrometallurgical plant for both investigated period. The same trend was
observed also for gross beta activity. A greater difference between the results was obtained for
those taken in the second half of 2022 for the samples downstream of the Hydrometallurgical plant,
compared to those taken in the first half of 2023. For the samples taken upstream, that difference
is smaller.

Table 1 - Gross alpha and gross beta activity in surface water samples

Gross alpha
activity
(Ba/l)

0.022 +£0.005 | 0.057 +0.009

Gross beta
activity (Bg/l)

Surface water sample
Gabrovnicka River

Upstream of the Hydrometallurgical plant
July-December 2022
Downstream of the Hydrometallurgical plant
July-December 2022
Upstream of the Hydrometallurgical plant
January-July 2023
Downstream of the Hydrometallurgical
plant January-July 2023

0.279+0.017 | 0.454 £0.022

0.032+0.006 | 0.073 +£0.006

0.072+0.009 | 0.116 +0.008

In Serbian Legislation, the allowed values for gross alpha and gross beta activity are defined only
for drinking water (0.1 Bg/l for gross alpha and 1 Bq/l for gross beta) [9]. The gross beta activity
is mainly due to the presence of “°K but also **’Cs, while the gross alpha activity in samples
originates from the decay chains of 23U and 2%2Th.

The obtained results for gross alpha and gross beta acivity in soil samples from different depths
for autumn 2022 and spring 2023 are presented at Figures 1 and 2. Samples are marked with S1:
0-5 cm; S2: 5-10 cm; S3: 10-15 cm. Gross alpha activity is higher for samples taken in autumn,
with the fact that this difference is the largest for the sample S1 (0-5 cm depth). For gross beta
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activity, for the soil samples S1 and S3 higher values were obtained for samples taken in autumn,
while for sample S2 gross beta activity is higher for sample taken in spring. Gross alpha and gross
beta activity for samples taken in spring increase with depth increasing, which indicates the fact
that there was a migration of radionuclides in depth. The situation is slightly different with the
samples taken in autumn, where there was a decrease in activity at a depth of 5-10 cm, and then
an increase again at a depth of 10-15 cm.

S1
500 Gross alpha activity (Bqg/kg)

autumn 2022

spring 2023
S3 S2
Figure 1 - Gross alpha activity in soil samples
Ss1
1500 Gross beta activity

(Ba/kg)

autumn 2022
spring 2023

S2

Figure 2 - Gross beta activity in soil samples

The impacts on the environment from uranium mining are not all related to the radionuclide
content alone. The presence of other contaminants may also have an influence on the environment.
The other effects may include: the chemical toxicity of the radionuclides, including uranium; the
chemical toxicity of heavy metals and metallic compounds; the chemical toxicity of non-metallic
minerals and compounds in the ore or introduced during processing (e.g. sulphuric acid, kerosene);
acidity, resulting from sulphidic (ore) minerals; increased turbidity in surface waters; increased
salinity [3]. In order to assess the radiological impact on the environment in the vicinity of
abandoned mines, constant monitoring is necessary.

4. CONCLUSION

Soil samples in the vicinity of former mine Gabrovnica and surface water samples from
Gabrovnicka River were analyzed using screening method gross alpha/beta activity, in order to
assess the radiological impact on the environment. Results show that gross alpha and gross beta
activity in water are higher for the samples taken downstream of the Hydrometallurgical plant.
Given the fact that there are no prescribed limits for the permitted values for gross alpha and gross
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beta activity in rivers, the comparison can only be made in relation to the values defined for
drinking water. The gross beta activity is mainly due to the presence of natural radionuclide “°K
but can also contain artifical radionuclide *¥'Cs or %Sr, while the gross alpha activity originates
from the decay chains of 228U and 2%2Th. In this regard, in soil samples, greater activity is observed
with increasing depth, which means that radionuclides have migrated from the surface layer.
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LATENT HEAT OF SOME ALUMINIUM BASED PHASE CHANGE
ALLOYS FOR THERMAL ENERGY STORAGE

Dragan Manasijevi¢, Ljubisa Balanovi¢, Ivana Markovi¢, Uro$ Stamenkovi¢
Technical Faculty in Bor, University of Belgrade, V.J. 12, 19210 Bor, Serbia

Abstract

Latent heat energy storage (LHES) is one of the most effective methods of thermal energy storage (TES).
The knowledge of the thermal properties such as melting point, latent heat of melting, specific heat, thermal
diffusivity and thermal conductivity is crucial for the development of the phase change materials (PCMs)
for LHES applications. Due to their good properties, aluminium based eutectic alloys have become the
most widely studied metal-based PCMs. In the present study, latent heat of melting for Al-12.6% Si, Al-
33.3% Cu, and Al-27.8% Cu-5.2% Si (mass %) eutectic alloys were calculated using the CALPHAD
(CALculation of PHase Diagram) method and the optimized thermodynamic parameters from the
literature. The results of calculations were compared with the experimental results from the literature and
good mutual agreement was noticed. The obtained results indicate that the applied calculation approach
can be successfully used to predict the latent heat of eutectic alloys.

Keywords: aluminium alloys, phase change material, eutectic, latent heat

1. INTRODUCTION

In terms of the global energy and resource crisis, the development of phase-change energy storage
technologies has an increasing role in industrial conditions as well as in daily life [1]. Therefore,
in recent years new phase-change materials (PCMs) for thermal energy storage are being
investigated, with the ability to accumulate (storage) and release a large amount of thermal energy
in the form of latent heat of a reverse phase transformation at a constant temperature. A variety of
different materials have been studied so far and commercially implemented in the field of PCMs
for heat storage [1,2]. The disadvantage of commercial PCMs such as inorganic salts, is their low
thermal conductivity, which significantly limits the heat transfer in the material [1,2]. In order to
improve the thermal conductivity, intensive research is being carried out on a variety of metals
and eutectic alloys as potential PCMs for heat storage [3-5]. Based on a review of current literature
[1-3], it is evident that a large number of eutectic alloys, which have the potential for application
in the field of PCMs, are not yet fully investigated and many important physicochemical properties
such as eutectic concentration, latent heat of melting, thermal conductivity, specific heat etc. are
not determined. The eutectic Al-based alloys have significant potential application in the field of
high-temperature PCMs (Tm>300 °C) [3-5]. In the present work, CALPHAD (CALculation of
PHase Diagram) method was used for the calculation of phase diagrams of Al-Si, Al-Cu, and Al-
Cu-Si systems, identification of eutectic compositions, and determination of latent heat for three
eutectic Al based alloys: Al-12.6% Si, Al-33.3% Cu, and Al-27.8% Cu-5.2% Si. The results of
calculation were compared with the literature data.

2. THEORETICAL BASIS

The enthalpy of melting (fusion) of a substance, also known as latent heat of melting, is the change
in its enthalpy resulting from providing energy, typically heat, to a specific quantity of the
substance to change its state from a solid to a liquid, at constant pressure. The knowledge of this
thermophysical property of material is very important in determining the possibility of its use in
the LHES field. The CALPHAD method [6] is based on the minimization of total Gibbs energy of
the system. It employs a variety of thermodynamic models to describe Gibbs energy function
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dependencies on composition and temperature of all the phases in the system. The models are
tailored to describe the Gibbs energy of a specific phase using thermodynamic parameters. These
parameters need to be optimized so that the model can fit the available experimental data for the
particular phase. After entering the models together with their fitted parameters into specialized
thermodynamic software it is possible to calculate thermodynamic functions (specific heat
capacity, enthalpy, Gibbs energy, etc.) and phase equilibria of the system of interest. The accuracy
of the calculation largely depends on the quality of thermodynamic assessments included in the
database. In the present study, thermodynamic calculations according to the CALPHAD method
was done using PANDAT software [7] and COST MP0602 thermodynamic database [8].

3. RESULTS AND DISCUSSION

The literature values of thermophysical properties for pure Al, Cu, and Si are presented in Table
1.
Table 1 - Thermophysical properties of pure Al, Cu, and Si [9]

. . - Thermal
Metal Meltlrlg point Laten_t heat Sf Density/gem- Spec_lflc h_eiat_l conductivity
/°C melting/ Jg capacity/Jg'K WKL
Al 660.4 397 2.6989 at 20 °C 0.9at25°C 247 at 25 °C
Cu 1084.9 205 8.93 at 20 °C 0.386 at 20 °C 398 at 27 °C
Si 1414.0 1807.9 2.329 at 25 °C 0.713 at 27 °C 156 at 27 °C

Phase diagrams of the Al-Si and Al-Cu binary systems, calculated using optimized thermodynamic
parameters from [8], are shown in Fig. 1.
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Figure 1 - Phase diagram: (a) Al-Si binary system; (b) Al-Cu binary system

The calculated liquidus projection of the Al-Cu-Si ternary system is presented in Fig. 2. The
ternary eutectic composition corresponds to the point marked with the letter E.
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Figure 2 - Calculated liquidus projection of the Al-Cu-Si ternary system

The obtained eutectic reaction, eutectic composition and corresponding eutectic temperature for
the AI-Si system are: L (Al)+(Si), 12.6% Si, and 576.9 °C. For the AI-Cu system:
L—(AD+0(AlCu), 33.3% Cu, and 5478 °C. For the ternary AI-Cu-Si system:
L—(Al)+0(AlCu)+(Si), 27.8% Cu, 5.2% Si, and 523.4 °C. In the next step, enthalpy variations
with temperature for the studied alloys were calculated. Fig. 3 shows the calculated dependence
of enthalpy vs. temperature for the investigated Al-12.6% Si alloy with the characteristic jump at
the eutectic temperature corresponding to the enthalpy of melting (latent heat of melting- LHM).
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Figure 3 - Temperature dependence of enthalpy for the Al-12.6% Si alloy calculated using optimized
thermodynamic parameters from [8]

Table 2 shows the calculated latent heat values for the studied eutectic alloys with the literature
data.
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Table 2 - Comparison of the calculated and literature values of LHMs for the studied Al based eutectic

alloys (Jg)
Alloy composition Calculation — this work Literature values Reference
/mass%
Al-12.6% Si 491.6 499.2 [3]
Al-33.3% Cu 376.4 331-372 [2]
Al-27.8% Cu-5.2% Si 3934 361.0 [5]

4. CONCLUSION

Al based eutectic alloys have the potential to be used for thermal energy storage. In the present
study, the eutectic temperatures, eutectic compositions, and latent heat of melting of Al-12.6% Si,
Al-33.3% Cu, and Al-27.8% Cu-5.2% Si eutectic alloys were calculated using the CALPHAD
method and the optimized thermodynamic parameters from literature. The obtained results were
compared with the existing literature data. Among the investigated alloys, the Al-12.6% Si alloy
has the largest value of latent heat (491.6 Jg!). Thermodynamic calculation according to the
CALPHAD method is a valuable tool in seeking new potential thermal storage materials.
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Abstract

The emergence of new crises, along with old global trends in production and consumption, impose serious
challenges on planetary boundaries regarding pollution, climate change, and severe depletion of natural
resources. With the further development of industry in recent decades, the problems relating to the
environment became pronounced and provoked global interest. As a result, the United Nations proposed
Sustainable Development Goals to promote practices and targets for reducing adverse effects caused by
socio-economic development. This paper presents an approach to assessing sustainable resource
management practices measured through indicators of responsible consumption and production available
in the Eurostat database. The Evaluation Based on Distance from Average Solution (EDAS) method has
been used to evaluate the efforts of 27 European countries according to indicators that are part of
sustainable development goals. The results indicate the spatial division of EU countries in implementing
environmentally oriented sustainable practices. This research can imply that more developed European
countries should promote successful practices and help the rest to the whole of Europe reach sustainability
until targeted 2030.

Keywords: sustainable resource management, EU countries, EDAS

1. INTRODUCTION

Globalization, innovations, and the development of information and communication technologies,
as well as recent economic, pandemic, and war crises, have shaped the world's society and
economy and significantly impacted production and consumption. Growing production and
consumption undoubtedly deplete natural resources reaching and overcoming planetary
boundaries [1]. With more climate changes, land degradation, and biodiversity losses,
environmental issues have become more prominent and critical challenges for sustainability [1,2].
Along with the world, the European economies have passed turbulent times recently. After a
constant annual increase in the value of sold production from 2014-2018, the outbreak caused by
COVID-19 significantly impacted production and consumption in European Union (EU). The
value of sold production in 2020 decreased by 7%, while in 2021 increased again by 8% compared
with the previous year [3]. In addition, the newest war crisis in European territories will
undoubtedly have an influence that will need analysis in the future.

On the other hand, governments and world organizations are trying to find appropriate strategies
to deal with emerging issues and to reach long-term prosperity. To help the world become more
sustainable, United Nations proposed Sustainable Development Goals to promote practices and
targets for reducing adverse effects caused by socio-economic development and, among them,
environmental issues [4]. Under Goal 12, Ensure sustainable consumption and production patterns
of 2030 Agenda for Sustainable Development, it is defined the developed countries leading role
in implementing the programs for sustainable management and efficient use of natural resources.
Certainly, the critical part in achieving sustainability goals belongs to developing countries and
their abilities to change towards sustainable production and consumption.

The industries also seek the appropriate business strategies to balance constant pressures to reduce
environmental impact and economic performance. Therefore, sustainable resource management
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(SRM) has been defined as the way of using natural resources to maximize people's well-being
and minimize environmental impact [5]. SRM includes a set of practices that effectively and
efficiently improve environmental performance and sustainability. Therefore, in literature, SRM
is often described with multidimensional models and measurable parameters. This study aims to
determine the positions of European counties in implementing SRM practices using the multi-
criteria decision analysis tool The Evaluation Based on Distance from Average Solution (EDAS).
The ranking of 27 EU countries will be computed based on six indicators that are part of SDG12
targets. Quantitative values for each indicator were retrieved from the Eurostat database. The study
contributes to identifying the current position of EU countries in SRM to establish benchmarking
and guide lower-ranking countries to make effective improvements toward sustainable practices.

2. DATA AND METHODS

2.1 Data

This quantitative research uses data from the Eurostat database over the six sustainable production
and consumption (SPC) indicators explained in the Table 1.

Table 1 — SPC indicators

Label | Indicator Description Unit
The indicator measures the amount of economic output that is
produced per unit of gross available energy. The gross available | Euro per
SPC1 | Energy productivity energy represents the quantity of energy product necessary to | kilogram of oil
satisfy all demands of entities in the geographical area under | equivalent
consideration.
The material footprint represents the global demand for the
Raw material | extraction of materials (minerals, metal ore, biomass, fossil | Tonnes per
SPC2 . . . : .
consumption energy materials) induced by the consumption of goods and | capita
services within a geographical reference area.
Average CO2 | Average carbon dioxide (CO2) emissions per km by new
SPC3 emissions per km | passenger cars in a given year. The reported emissions are
from new passenger | based on type approval and can deviate from the actual CO2
cars emissions of new cars.
Circular material use Measures the share of material recovered and fed back into the
SPC4 economy in overall material use. The CMU is defined as the | Percentage
rate - ) : :
ratio of the circular use of material to the overall material use.
Generation of waste, | Measures all waste generated in a country. Due to the strong .
. . S A 2 . Kilograms per
excluding major | fluctuations in waste generation in the mining and construction -
SPC5 - Lo . - . capita
mineral wastes by | sectors and their limited data quality and comparability, major
hazardousness mineral wastes, dredging spoils, and soils are excluded.
. | The gross value added in EGSS represents the contribution of
Gross value added in ; . .| Percentage of
. the environmental goods and services sector to GDP. It is -
SPC6 | environmental goods . . .. | gross domestic
- defined as the difference between the value of the sector's
and services sector . X . product (GDP)
output and intermediate consumption.

2.2 Methodology

EDAS method belongs to the outranking group of methods proposed by Keshavarz and associates
[6]. One benefit of the EDAS method, as compared to other MCDA techniques, is its simplicity
and ease of understanding. Additionally, there is no requirement for the normalization of the initial
matrix. As a result, EDAS has been widely used in several engineering and decision-making
problems [7]. The main approach offered by EDAS presupposes the assessment of alternatives in
terms of distance from an average solution. An appraisal score (AS) can be calculated for each
alternative by determining the positive and negative distances from averages and their weighted
sums to rank alternatives. The detailed procedure is presented in [6].
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As described previously, the SRM is measured with six indicators used as criteria in the proposed
model. The criteria weights are equally distributed. The type of criteria and the summary statistics
are presented in the Table 2. The 27 EU countries were used as alternatives.

Table 2 — Data summary statistics and initial data for EDAS method

SPC1 | SPC2 | SPC3 | SPC4 | SPC5 SPC6

max min min max min max
criteria weights 017 | 0.17 017 | 0.17 017 | 0.17
min 248 | 7.75| 85.70 1.50 962.00 | 0.98
max 2241 | 33.62 | 125.10 | 30.00 | 6291.00 | 6.24
mean 791 | 17.97 | 11057 | 9.79 | 183350 | 2.65
std. deviation 4,18 6.82 10.07 6.71 | 1053.85 1.12

3. RESULTS AND DISCUSSION

Using the obtained data and the EDAS methodology, the rank of 27 EU countries according to the
effectiveness of sustainable resource management was obtained (Table 3). According to the
results, the Netherlands represents the leader in SRM implementation. The reason for these results
lies in the commitment of the Dutch government to establish an innovation infrastructure that
facilitates companies to move toward sustainability goals. That means permanent striving for
innovation and sustainability across all sectors and close collaboration between business, science,
and government [8].

Table 3 - Rank of 27 EU countries according to SRM indicators

Rank Country AS Rank Country AS Rank Country AS

1 Netherlands 0.932 10 Sweden 0.539 19 Croatia 0.461
2 Italy 0.812 11 Greece 0.532 20 Portugal 0.457
3 France 0.782 12 Czechia 0.522 21 Latvia 0.426
4 Ireland 0.714 13 Luxembourg 0.514 22 Cyprus 0.406
5 Denmark 0.676 14 Finland 0.508 23 Poland 0.387
6 Austria 0.644 15 Malta 0.501 24 Lithuania 0.368
7 Spain 0.633 16 Slovakia 0.480 25 Romania 0.315
8 Germany 0.616 17 Slovenia 0.479 26 Estonia 0.250
9 Belgium 0.550 18 Hungary 0.474 27 Bulgaria 0.239

Also, the results indicate regional divides within EU countries. First, two of the first three
economies in the EU are at the top of the ranking: Italy at the second place (third contributor to
EU GDP) and France at the third place (second contributor to the EU GDP). At the end of the
ranking string relating to SRM are the countries with less than 1% contribution to EU GDP [9].
From a geographical standpoint, there seems to be a west-east pattern in the variation of SRM
practices across Europe (Figure 1).
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Figure 2 — Map of the SRM variation across the EU

4. CONCLUSION

After analyzing the results, it is clear that there are significant implications to consider. As outlined
in SDG12, it is recommended that developed countries take a leadership role in implementing the
proposed framework to achieve sustainable consumption of natural resources, reduce waste
generation, and promote sustainable resource management practices among companies. These
targets should remain a top priority. It is crucial to assist developing countries in enhancing their
capabilities across various domains, including institutional, technological, and scientific aspects.
Furthermore, promoting positive attitudes and sustainable production and consumption patterns
are of great importance.
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Abstract

This study presents the results of experimental and analytical tests. Experimental part includes results of
the hardness and electrical properties of the selected ternary Ag-Ge-Sn alloys. In the experimental part of
the study, alloys of selected compositions were prepared and then examined using scanning electron
microscopy (SEM) and energy dispersive spectrometry (EDS), X-ray powder diffraction (XRD), hardness
measurements by Brinell method and electrical conductivity measurements. Analytical part includes,
calculations of equilibrium phase diagram of the Ag-Ge-Sn ternary system by using the Calphad method
and the corresponding thermodynamic program (Pandat ver. 8.1). The results include calculated
characteristic isothermal sections. Isothermal section of the ternary Ag-Ge-Sn system at 25 °C have been
extrapolated using optimized thermodynamic parameters from literature. Experimentally obtained results
were compared with the results of thermodynamic calculation of phase diagrams. Good overall agreement
between experimental and calculated values was obtained. Hardness and electrical conductivity of selected
alloys were measured and by using appropriated mathematical model these properties were predicted in
the whole composition range.

Keywords: Ag-Ge-Sn system; hardness; electrical conductivity; mathematical model.

1. INTRODUCTION

The study of ternary systems based on Ge-Sn attracts a lot of attention. Increased attention to the
research of these alloys can be attributed to the specific properties of the Ge and Sn elements, such
as good insulating properties, easy machinability, forging and many others. The ternary Ag-Ge-
Sn system has been investigated previously by our group [1]. In our previous study reliable
thermodynamic data set has been proposed and experimentally confirmed with experimental
investigation alloys from three vertical sections (Ag-GeSn, Ge-AgSn and Sn-AgGe) and two
isothermal sections at 200 and 300 °C. Since reliable thermodynamic data set has been obtained
by previous study [1], in the current study same thermodynamic parameters has been used for
calculation of the isothermal section at 25 °C. Thermodynamic calculation of the isothermal
section were performed by using Pandat software [2]. Calculated phase diagram of the isothermal
section were compared with experimental results done in current study. The following
experimental techniques were used for experimental trials of this ternary system: scanning electron
microscopy (SEM) and energy dispersive spectrometry (EDS), X-ray powder diffraction (XRD),
hardness measurements by Brinell method and electrical conductivity measurements. In addition
to the experimental test, the thermodynamic calculation of equilibrium diagrams of the state of
ternary system was performed using the CALPHAD method. For each phase present in the
examined system, the thermodynamic model and the values of thermodynamic parameters that
occur in it were determined. For better insight into the properties of the Ag-Ge-Sn alloys, hardness
and electrical conductivity were investigated in the current study. Based on experimental results
and by using appropriated mathematical model these properties were predicted along whole
composition range.
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2. EXPERIMENTAL PROCEDURE

High-purity Ag, Ge and Sn produced by Alfa Aesar (Germany) were used for preparation of
investigated binary and ternary alloys. Used elements were carefully measured in different molar
ratio. Total mass of sample were 3 g. Such samples were melted and re-melted five times in an
induction furnace under high purity Ar atmosphere. The average weight loss of the sample during
melting was about 1 mass %. Samples were used for SEM-EDS, XRD, hardness tests and
electrical conductivity measurements. Samples are prepared by classical experimental procedure
as it is deskripcion in our previous paper [3].

3. RESULTS AND DISCUSSIONS
3.1 Microstructural analysis

Twelve ternary samples were selected to SEM-EDS test. Overall compositions of samples were
situated along three vertical sections (samples 1 to 4, along Ag-GeSn vertical section, samples 5-
8 along Ge-AgSn vertical section and samples from 9-12 along Sn-AgGe vertical section).

As a result, it shown that in ten samples same three phases are detected. Detected phases are
marked as (Ge), (BSn) and e. Two SEM microstructures of samples 1 and 5 are presented as an
illustration in Figure 1a) and 1b). In microstructure of sample 3, three phase are detected. By EDS
composition of phases, it is determined that detected phases are (Ge), € and (. Microstructure of
sample 3 is given on Figure 1c). Sample 4, have two phases in microstructure. Presented phases
are determined to be (Ge) and {. Microstructure of sample 4 is given on Figure 1d).

£100, L Ay —

| micrographs of the a) sample 1, b) sample 5, ¢) sample 3 énd d)'samplé 4,

Figure 1 -

3.2 Brinell hardness measurements

Twelve ternary samples were subjected to the Brinell hardness measurements. Brinell hardness
measurements for all tested alloy samples were performed at room conditions. Relation between
mean value of Brinell hardness and alloy composition are presented graficaly on Figure 2.
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Figure 2 - Graphical presentation of Brinell hardness depending on the composition vertical section: a)
Ag-GeSn, b) Ge-AgSn and c) Sn-AgGe.

Experimental results shows that ternary alloy Ag10Ge80Sn10, sample 8 have highest hardness in
comparison with other ternary alloys. Detected hardness is 201 MN/m2. High percent of (Ge)
phase inside sample 8 is responsible for high value of Brinell hardness. In microstructures of
samples 1,2, 5-12, the same three phases are present as in sample 8. The hardness value determined
in these samples have a decreasing trend in comparison with hardness of sample 8. Reason for this

- 105 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

trend can be related to the dominant presence of (BSn) and € phase. In microstructure of samples
3 and 4, different phases are detected in comparison with all other ternary samples. Sample 3, have
(Ge)+e+( three phase structure.Sample 4, have two phase structure. In general, can be concluded
that percent of (Ge) phase influence on hardness values and that sample 8, have the highest
hardness in comparison with other ternary samples. Also it is clear that phase { is responsible for
high hardness, since this phase is dominant in sample 4. Based on the obtained results, and
appropriate mathematical model it can be predicted bihavior of Brinell hardness allong all
composition range. The final equation of the predictive model in terms of real components is:

Ln (HB) =3.94623547x(Ag) +6.70578429x(Ge)+3.7583475x(Sn)-7.8742816x(Ge)x(Sn) (1)
Iso-lines contour plot for Brinell hardness of alloys defined by equation 1 is shown in Figure 3.
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Figure 3 - Calculated iso-lines of Brinell hardness in ternary Ag-Ge-Sn system.

3.3 Electrical conductivity measurements

Electrical conductivity was measured in the same samples as Brinell test. The obtained results
of electrical conductivity are also presented graphically. Figure 4 shows a graphical
representation of the relationship between electrical conductivity of the tested alloys and the
composition of the alloys.
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Figure 4 - Graphical presentation of electrical conductivity dependence of composition and phase fraction
vertical section a) Ag-GeSn, b) Ge-AgSn and ¢) Sn-AgGe.
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From results shown in Figure 4a), it can be seen that the values for electrical conductivity are very
small and quite uniform. While value of electrical conductivity of samples 5 to 12 are higher than
for samples 1 to 4. In the microstructure of samples 5 to 12 same three phases are presented
(BSn)+(Ge)+e. Different phase fraction in responsible for slight changes in electrical conductivity.
It can be concluded that high percent of e is mostly responsible for high value of electrical
conductivity in ternary alloys. On the other hang beside ¢ phase, (BSn) phase is also responsible
for high value of electrical conductivity.

- 106 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

The final equation of the predictive model in terms of Real components is:

Ln(EP+1.00) =4.036388638x(Ag) 0.137064739x(Ge)+2.175797172x(Sn)+0.463525434x(AQ)
X(Ge)-4.099509193x(Ag)x(Sn)-16.81004221x(Ag)x(Ge)x(Ag-Ge)-11.38241626x(AQ)
X(Sn)x(Ag-Sn) 2

Iso-lines contour plot for Electrical conductivity of Ag-Ge-Sn alloys defined by equation 2 is
shown in Figure 5.
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Figure 5 - Calculated iso-lines of Electrical conductivity in ternary Ag-Ge-Sn system.
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4. CONCLUSION

The ternary Ag-Ge-Sn system has been experimentally investigated by using several experimental
techniques: SEM-EDS, XRD, hardness measurements by Brinell method and electrical
conductivity measurements. Experimentally determined phases by XRD analysis were compared
with calculated isothermal section at 25 °C and agreement between the results was reached.
Experimentally determined compositions of coexisting phases were in good agreement with
related calculated compositions. Conducted experiments did not indicate any new ternary phases
or large solubility of third element in binary phases. Microstructural, hardness, electrical
conductivity tests were performed on twelve ternary alloys. Results of Brinell hardness and
electrical conductivity measurements were presented and discussed with respect to alloys
compositions and phase constituents. By using appropriated mathematical model these properties
were predicted in the whole composition range.
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Abstract

In this paper selected system is Ag-Ge-Sn. This system was previously studied by our group. In this paper
results are focused on corrosion resistance. Experimental part includes results of the corrosion resistance
of the binary alloys Ge50Sn50, Ag50Sn50, Ag50Ge50 and ternary (Ag-Ge-Sn) alloys in 3% NacCl, of the
selected ternary Ag-Ge-Sn alloys. The corrosion resistance of these alloys was examined in 3% NaCl
solution using the potentiodynamically polarization method (Tafel plots) and electrochemical impedance
spectroscopy (EIS). Tafel plots were fitted using the DC Corrosion Technique software. The results of
electrochemical impedance spectroscopy (EIS) were fitted using the Gamry Echem Analyst program and
the corresponding equivalent circuit. The value of the exponent n was used to determine the degree that
controls the rate of the electrochemical reaction. It was investigated how the chemical composition affects
corrosion.

Keywords: Metals and alloys, Ag-Ge-Sn system, corrosion resistance

1. INTRODUCTION

Knowledge of corrosion properties of ternary systems based on Ag, Ge and Sn are of great
importance due to different applications in the field of energy and electronics and further practical
use [1]. Also, Ge-based alloys are necessary for the development of memory materials [2], for the
production of optical discs, DVDs, Blue-Ray discs, flash memory, etc. The corrosion resistance of
these alloys was examined in 3% NaCl solution using the potentiodynamically polarization method
(Tafel plots) and electrochemical impedance spectroscopy (EIS). Tafel plots were fitted using the
DC Corrosion Technique software. This paper presents representative results of performed
electrochemical measurements. The results of electrochemical corrosion parameters provide the
possibility of a clearer understanding of the potential application of the tested alloys. They provide
better understanding of practical application of the tested alloys of the ternary Ag-Ge-Sn system.

2. EXPERIMENTAL PROCEDURE

All tested samples were prepared from high purity elements: silver, germanium and tin. Samples
were melted in an induction furnace under high-purity argon atmosphere and slowly cooled to the
room temperature. Total mass of sample were 7 g and the dimension were (15x15x1) mm for
corrosion resistance. Such prepared samples are subjected to experimental tests.

Three binary GesoSnso, AgsoSnso, AgsoGeso and six ternary AgasGeioSnss, AgzoGesoSnso,
AgesGe175Sn175, AgsoGeroSnio, AgasGexsSnsg, AgisGeisSnzo  alloys were selected for
measurement of corrosion resistance.The corrosion resistance of these materials was examined in
3% NacCl solution using the potentiodynamic polarization method and electrochemical impedance
spectroscopy (EIS). Tafel polarizing plots were fitted using the DC Corrosion Technique software.
The results of electrochemical impedance spectroscopy (EIS) were fitted using the Gamry Echem
Analyst program and the appropriate equivalent circuit.

Electrochemical tests of the corrosion resistance of the alloys in 3% NaCl solution were conducted
using potentiodynamic polarization measurements (Tafel diagrams) and measurements of
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electrochemical impedance spectroscopy (Nyquist diagrams), on a potentiostat/gavanostat /ZRA
Gamry Series GTM 750 with an appropriate software.

Electrochemical methods for corrosion resistance testing are described in detail in the relevant
literature [3,4].

3. RESULTS AND DISCUSSIONS

Three binary (GesoShso, AgsoSnso, AgsoGeso) and six ternary alloys (sample 1 AgessGei175Sn17s,
sample 2 AgsoGei1oSnio, sample 3 AgasGe1oSnas, sample 4 AgzoGesoSnzo, sample 5 AgasGezsSnsg
and sample 6 Agi5Ge1sSnzo) were selected for the corrosion resistance test. Tafel plots are given
in Figures 1 and 2, while the corresponding Nyquist diagrams are given in Figures 3 and 4. Tables
1 and 2 show the obtained electrochemical polarization parameters for corrosion.The results for
electrochemical impedance corrosion parameters are shown in Tables 4 and 4.
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Figure 1 - Tafel plots for tested binary alloys GeseSnso, AgsoGeso and AgseSnso
Table 1 - Electrochemical polarization parameters of corrosion for tested binary alloys GesoSnso, AgsoGeso

and Agsosnso
Alloy Predicted percent of | -Ecorr Jeorr Veorr Ba Bk
the phase at 25 °C (mV) (uA/cm?) | (mmlyear) | (mV/dec) | (mV/dec)
B1, GesoSnso | 50%(Ge)+50%(BSn) | 456 16,10 0,54 73,40 105,8
B2, AgsoShso 33%(BSn)+67%¢ 482 2,940 0,098 37,40 57,90
B3, AgsoGeso | 50%(Ag)+50%(Ge) 296 1,060 0,035 84,40 114,3

From the presented data (Figure 1 and Table 1) for the tested samples of three binary alloys B1
GesoSnso, B2 AgsoSnso and B3 AgsoGeso it is evident that the corrosion potentials of Ecorr range
from -296 mV for B3 AgsoGeso to -482 mV for B2 AgsoShso. The jeorr COrrosion current densities
range from 1,060 pA/cm? for B3 AgsoGeso to 16.10 pA/cm? for B1 GesoSnso. The lowest value of
corrosion rate veorr=0.035 mm/year is for the binary alloy B3 AgsoGeso, Which is more corrosion
resistant than the binary alloy B1 GesoSnso (Veorr=0.54 mm/year) and the binary alloy B2 AgsoSnso
(Veorr=0.098 mm/year), which has the highest value of the corrosion rate of the three binary alloys
tested.
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Figure 2 - Tafel plots for tested ternary alloys Ag-Ge-Sn
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Table 2 - Electrochemical polarization parameters of corrosion for tested ternary alloys Ag-Ge-Sn

Allo Predicted percent of the -Ecorr Jeorr Veorr Ba Bk
y phase at 25 °C (mV) | (uA/cm?) | (mm/year) | (mV/dec) | (mV/dec)
1 - AgesGe17,5Sn175 17%(Ge)+53%e+30%C 289 0,94 0,031 32,66 67,76
2 - AgsoGe1oSnio 10%(Ge)+90%¢ 224 2,67 0,089 33,66 68,61
3 - AgssGe1oSnas | 30%(BSn)+10%(Ge)+60%e | 466 3,859 0,129 25,33 67,22
4 - Agz0GesoSnz | 20%(BSn)+40%(Ge)+40%e | 509 0,16 0,005 24,39 49,77
5 - AgxsGexsSnsy | 42%(BSn)+25%(Ge)+33%e | 533 0,22 0,007 38,58 53,59
6 - Ag15GesSnzo | 65%(PSn)+15%(Ge)+20%e | 529 0,42 0,013 37,12 51,33

Based on the presented data (Figure 2 and Table 2) of the tested alloys of the ternary Ag-Ge-Sn
system, the highest corrosion resistance was shown by sample 4 (AgzoGesoSnao), with corrosion
potential Ecorr=-509 mV, the lowest corrosion density corr=0,16 uA/cm? and the lowest corrosion
rate Veorr 0.005 mm/year. This can be related to high percent of (Ge) phase inside this sample.
Compared with other samples percent of (Ge) phase is highest in sample 4 and then decreases.
Sample 5 (Ag2sGe2sSnso) also show very high corrosion resistance, where the corrosion current
densities are jeor=0.22 pA/cm? and corrosion rate veorr=0,007 mm/year. Based on the corrosion
current density and the calculated depth indicator of corrosion-corrosion rate veorr, all tested alloys
are very resistant to corrosion (Veorr=0.005-0.129 mm / year) in 3% NacCl solution. The corrosion
resistance of the tested alloys decreases in the following order: sample 4(Agz0GesSnao),
5(Ag25Ge2sSnso), 6(AgisGeisSnze) 1(AgesGei7.5Sn17.5), 2(AgsoGeoSnio) and 3 (AgasGe1oSnas).
Similar trend is relating to reduction of (Ge) phase: 4, 5, 1, 6, 2 and 3.

Nyquist diagrams for three samples of binary alloys and six samples of ternary alloys were
recorded by electrochemical impedance spectroscopy (EIS) (Figures 3 and 4). The fitting of the
experimental data was done using an equivalent circuit (Figure 5) and the results (electrochemical
impedance corrosion parameters) are shown in Tables 3 and 4.
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Figure 3 - Nyquist diagrams for tested binary alloys
B1-GesoShs, BZ-Agsosnso and B3-AgsoGeso.

Figure 4 - Nyquist diagrams for tested ternary
alloys of the Ag-Ge-Sn system.
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Table 3. Electrochemical impedance corrosion parameters for tested binary alloys B1-GesySnso, B2-
Agsosnso and B3-Agso(385o.
Rsoln, RCOr, RP0|

Alloy @) ©) @ Riot.(2) Ceor,(F) n Ce,(F) m Fitting error

B1-GesoSnso 65,15 635,3 1672 2307,3 9,70-10“ | 0,846 2,10-10° 0,773 2,985-10*
B2-AgsoSnso 3541 3233 1870 5103,0 1,52-102 | 0,525 6,34-10° 0,743 1,598-10*
B3-AgsoGeso 34,94 10050 | 1424 | 101924 | 1,16-10° | 0,745 6,06-10° 0,901 1,090-108

Table 4. Electrochemical impedance corrosion parameters for tested ternary alloys
of the Ag-Ge-Sn sytem.
Fitting

A“Oy Rsoln,(Q) Rcor,(.Q) Rpo,(Q) Rtot,(Q) Ccor,(F) n Cc,(F) m error

3-AgssGe17,55n17,5 25,42 3263 770,5 40335 | 2,93-10* | 0,6159 | 2,39-10° | 0,7286 | 366,8-10°
4-AgsoGe1oSnio 24,29 1672 25,56 1697,56 | 2,51-10° | 0,3477 | 2,94.10° | 0,8922 | 150,2-10°¢
5-Aga5Ge10Snss 32,45 642,7 171,4 814,1 1,41-10° | 0,4133 | 4.55-10% | 0,9635 | 1.521-10°3

6-Ag30Ges0Snao 27,53 6567 943 7510 3,79-10° | 0,8792 | 1,13-10° | 0,8765 | 2,541-103
11-Ag25Ge2sSnso 26,88 398,3 4457 48553 | 1,22-10* | 0,9899 | 1,30-10% | 0,8835 | 3,269-10*
12-Ag15Ge1sSnro 26,32 3234 1605 4839 1,54-10% | 0,9613 | 2,38-10° | 0,8531 | 4.245-103

For the analyzed data using the equivalent circuit of Figure 5, a low value of the error estimation
of the fitting procedure was obtained (Tables 3 and 4). It can be concluded that the selected
equivalent circuit is sufficiently precise to describe the tested alloys.

4. CONCLUSION

The corrosion resistance of six ternary and three binary alloys was examined in 3% NaCl solution
using the potentiodynamically polarization method (Tafel plots) and electrochemical impedance
spectroscopy (EIS). The highest corrosion resistance is for sample 6 (Ag30Ge40Sn30).
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Abstract

In connection with the depletion of legacy reserves of non-ferrous and noble metals, the search for and
involvement in the processing of non-traditional minerals is a rather urgent task. The use of physical and
chemical impacts at different stages of beneficiation allows to make the processing of such raw materials
cost-effective. The object of the study in this work was a refractory gold-bearing ore. This object is
characterized by the presence of organic carbon and low-dimensional structures of noble and nonferrous
metals in the form of inclusions in sulfide minerals - concentrators. The work presents the results of studying
the effect of physical effects (cryo- and microwave impacts) on mineral raw materials at different stages of
beneficiation. It was found that because of cryo-action at the stage of grinding increases the destruction of
raw materials, and microwave impacts to flotation concentrates leads to the enlargement of valuable
components. Based on experimental and theoretical studies, the methods of intensification of ore
preparation and beneficiation processes through the use of controlled physical and chemical effects at the
successive stages of transformation of minerals, which allow to accelerate by thousands (sometimes by
millions) times the natural processes occurring in the Earth's crust for thousands of years, are substantiated
in the work.

Keywords: non-ferrous and precious metals, disintegration, flotation, intensification

1. INTRODUCTION

Engaging in the processing of unpayable, refractory mineral raw materials which contain low-
dimension structures of non-ferrous and noble metals, is due to the depletion of rich and easily
recoverable deposits [1]. There are some of serious problems in the processing of deposits of
complex unpayable raw materials with characteristic features: what valuable components to
extract first, the optimal depth of enrichment, which enrichment and processing technologies will
be the most effective and economically justified, and in some cases the inability to extract valuable
metals and, therefore, large losses during concentrating. Extraction of low-dimension structures of
non-ferrous and noble metals from refractory minerals requires a deeper structural restructuring of
the enriched minerals than the processing of ores with finely dispersed valuable metals [2]. It is
possible to intensify the enrichment and processing processes by physical-mechanical and
chemical effects (defragmentation, change in structure, etc.) at consecutive steps of raw material

reorganization. Thus, the extraction of low-dimension structures ("invisible" particles) of
metals from difficult to concentrate carbonaceous raw materials using various physical and
chemical effects at the main stages of concentration allows to create new technological solutions
for cost-effective processing and replicate them to other types of minerals.

2. MATERIALS AND METHODS

The object of the study in this work was a refractory gold-bearing ore. This object is characterized
by the presence of organic carbon and low-dimensional structures of noble and nonferrous metals
in the form of inclusions in sulfide minerals - concentrators. The main valuable component is gold,
which content in the ore is approximately 5 g/t. The mineralogical composition of the ore was
established using advanced equipment (Fig. 1). The work was conducted in various directions:
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research of the effect of cryogenic impact on the disintegration stages; flotation enrichment;
research of the effect of microwave impact for enlargement of low-sized structures of valuable
components. Experimental studies were carried out on the facilities of the Saint Petersburg Mining
University (jaw crusher, roller crusher, ball mill, Laarmann Flotation Bench Test Machine, laser
diffractometer "Mastersaizer"”, laboratory microwave oven with the ability to adjust the power to
1000 W, etc.). The elemental composition was analyzed using an EDX 7000 X-ray fluorescence
analyzer (Shimadzu).

Quartz 59.81
Mica

Carbonates
Clay-sericitic material
Carbonaceous matter
Pyrite

Arsenopyrite

Barite, chalcopyrite, etc.

0 10 20 30 40 50 60 70
b) Assay , %

Figure 1 - The object of the study: a - microphotograph of the sample, b - mineralogical composition
3. RESULTS AND DISCUSSION

3.1 Influence of cryogenic impacts on the disintegration of minerals to intensify the
extraction of precious and non-ferrous metals

One of the variants of intensification of disintegration processes is the use of cryogenic impact.
Especially, it is relevant for the deposits of the Arctic zone, which are now actively involved in
the processing. The research was conducted to obtain the maximum yield of the prepared class (-
0.14 mm) with a minimum consumption of energy and time. The effect of cryogenic impact was
studied for a prefrozen sample (down to - 50 °C) and with the use of refrigerants and cryoagents
(CO2 and N2) directly during grinding. The use of low and ultralow temperatures during grinding
leads to the development of existing defects, nucleation, and development of microcracks,
including in the volume of minerals.

As a result of the studies, a series of characteristic features was established. To evaluate the
efficiency of cryogenic impact on the fracture process, the efficiency coefficient of obtaining the
prepared class Ker was used. The results are visualized in Figure 2.

Ker were calculated according to the formula:

— Y1—Yo
ef 7 100-y,’

where vi is the yield of the desired class after grinding, % (i — method of impact); yo is the yield of
the desired class in the sample, %.

It was found that the use of cryogenic impacts allows to achieve an increase in the efficiency of
refractory minerals grinding (Kef has been increased from 0.45 to 0.98), which is achieved due to
the development of hydration and cryohydration processes occurring both on the surface and in
the volume of minerals.

It was also found that grinding in liquid nitrogen medium is the most effective, as the maximum
yield of the prepared class is achieved under equal conditions.
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Figure 2 - Visualization of the results of assessing the effect of the type of cryogenic impact on the
grinding efficiency

Nitrogen freezing provides a high rate of temperature reduction, and the inert atmosphere prevents
self-oxidation, and the destruction of organic carbon occurs. It can be assumed that the use of
ultralow temperatures will reduce the refractoriness of carbon-bearing ores due to the high content
of carbonaceous matter.

3.2 Application of microwave impact to increase the efficiency of refractory minerals
processing

To evaluate the efficiency of physical and energy methods of impact to activate the raw materials,
the effect of microwave impact on sulfide flotation concentrates obtained after flotation
beneficiation was investigated. After flotation beneficiation the concentrates were filtered and
dried. Representative samples were taken from the obtained sulfide flotation concentrates to
estimate the activation energy of the samples before impact. The sulfide flotation concentrates
were treated with Microwave impact for 5 minutes at a power of 1 kW. Thermal examination was
performed at three sample heating rates (5, 10 and 20 °C/min). The results of thermal investigation
of samples in air with heating rate of 20 degrees per minute crushed ore and ore after microwave
impact are shown in Figures 3 and 4, respectively.
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Figure 3 - Activation energy calculation Figure 4 - Results of calculation of activation
results for samples before microwave impact  energy for samples after microwave impact

Calculation of energy of activation for samples at degrees of transformation from 0.02 to 0.98 with
a step of 0.08 was carried out with application of the developed program for a computer [3]. The
analysis of the received data has allowed to establish, that average value of energy of activation
for samples of flotation sulphide concentrates before impact makes at calculation by a differential
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method 215.79 kJ/mol, on an integral-kinetic method 210.95 kJ/mol. Additionally, the pre-
exponential multiplier for these samples was calculated to be 23.495 s. The average value of
activation energy for sulfide flotation concentrate samples after microwave action is 323.16 kJ/mol
by the differential method and 313.91 kJ/mol by the integral-kinetic method. Additionally, the pre-
exponential multiplier for these samples was calculated, which is 34.865 s. To evaluate the
efficiency of microwave impact to minerals the calculation of the developed complex criterion
was conducted by the formula:

after after after
a;’;
n idif yn iint yn n4;
K =15, =1 =1 g
a before before before '
a; .
n idif n Eqiint n in4;
=1 n =1 p =1 n

which was Ka = 0.302. These values correspond to activation of raw materials at application of
various types of physical-energetic impacts. Grinding

Based on the conducted research the basic scheme of extraction of low-dimensional structures of
noble and nonferrous metals from refractory raw materials (fig. 5) was substantiated.
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l structures of eneliciation
technologies

noble metals
For sulfide

flotation
Figure 5 - Schematic scheme of the nature-like technology for the extraction of noble and nonferrous
metals using cryo- and microwave impacts

4. CONCLUSIONS

In the work research on extraction of low-dimension structures of noble and non-ferrous metals
from refractory raw materials were conducted. Experimental and theoretical studies substantiated
methods of intensification of ore preparation and beneficiation processes through the use of
directed physical impacts at the consecutive steps of mineral raw material transformation, which
allow to intensify by thousands (sometimes by millions) times the natural processes that occur in
the Earth's crust for thousands of years, have been substantiated.
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UroSevi¢!, Vladan Kamenovié!, Zvonko Damnjanovi¢?

Mining and Metallurgy Institute Bor, Zeleni bulevar 35, 19210 Bor, Serbia
2K ompijuter centar Bor, Trg Oslobodenja 8, 19210 Bor, Serbia

Abstract

Industrial activities in Bor, especially those related to the operation of the copper smelter, have caused a
number of negative impacts on the environment in the region (including air, water, and soil) and have
caused serious concern about the effects they have on human health. The Government of the Republic of
Serbia invested significant funds in the construction of a new copper smelter in Bor which began operating
in 2016. The new copper smelter uses flash-smelting technology, so the emissions of waste gases from
metallurgical plants are of different intensities and compositions than before. In the meantime, the mining
and smelting basin of Bor goes through an ownership transformation in 2018. ZiJin, one of the world's
leading mining companies in the production of copper and precious metals, became a strategic partner.
The Serbia ZiJin Bor Copper launched a number of projects to increase mining and metallurgical
production in Bor. The capacities of the copper smelter in Bor are being expanded during 2022-2023 by
about 2.5 times and a new sulfuric acid factory and a new electrolysis plant is being built. The start of
operation of the expanded facilities in the copper smelter is expected in the middle of 2023. This paper
presents the results of air quality measurements in the city of Bor in the time period when the copper smelter
in Bor is not working, due to reconstruction (June - December 2022). These measurements aimed to
determine the level of air pollution at locations not part of the state or local air quality monitoring network.
These measurements are of great importance because many people live in those areas. The obtained results
will serve as a basis for future air quality monitoring when the copper smelter in Bor starts to operate
again.

Keywords: copper smelter, air pollution, suspended particles, arsenic

1. INTRODUCTION

The copper ore has been mined and processed on the territory of the city of Bor (Serbia) for more
than a century. The operations of the copper ore excavation and processing have caused a number
of negative impacts on the environment in the region (including air, water, and soil) and have
caused serious concern about the effects they have on human health [1,2,3]. Air quality monitoring
in the city of Bor has been systematically carried out since the seventies of the last century. Since
2005, automatic methods of measuring sulfur dioxide concentrations have been applied at several
measuring points in the city [4,5,6]. The smelting technology in the copper smelter in Bor was
changed in 2016, so the concentrations of sulfur dioxide that have been recorded since then are
significantly lower than during the period of operation of the copper smelter with the old smelting
technology. Despite the changed copper smelting technology, the concentration of SO, and
carcinogenic elements, especially arsenic, in the suspended particles of the PMyo fraction is still
higher than prescribed by law at certain measuring points in the city [7,8,9].

ZiJin, one of the world's leading mining companies in the production of copper and precious
metals, became the majority owner of the copper smelter and mine in Bor in 2018 [10]. The Serbia
ZiJin Bor Copper company launched a number of projects to increase mining and metallurgical
production in Bor. The capacities of the copper smelter in Bor are being expanded during 2022-
2023 by about 2.5 times and a new sulfuric acid factory and a new electrolysis plant are being
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built. The start of operation of the expanded facilities in the copper smelter is expected in the
middle of 2023. During the reconstruction period (from June 2022 to March 2023), the copper
smelter in Bor was not operated, so this period was used for air pollution monitoring with an aim
to better understand the impact of the smelter's operation on air pollution in Bor.

2. EXPERIMENTAL

Based on the analysis of the concentrations of air pollutants measured at the existing measuring
points in the city of Bor from 2016 up to 2022, as well as the possible impact of the new mining
and metallurgical facilities on the air quality, additional measurement locations were selected. So,
those locations are not part of the national or local air quality monitoring network. This was done
in order to better assess the impact of the operation of the Bor copper smelter on air quality and
human health at those locations too.

Lisg
Fexpraiin

BR
1 ' L3
S, TP g
3 8 o, \S-rlr --------------
o <

Figure 1 - Map of the agglomeration of Bor with measurement points marked (1. Bor Lake, 2.
Brestovacka Spa, 3. Metovnica, 4. Brestovac, 5. Ostrelj, 6. Industrial zone, 7. Slatinsko naselje, 8. Police
headquarters, 9. Slatina, 10. Gornjane, KR- Krivelj, BR- Brezonik, TP - Town Park, IN- Institute MMI,

SL- Slatina) [11]

At each of additional measuring point (marked with numbers 1-10 in Figure 1), sampling of
suspended particles (PMzo) was carried out for 10 consecutive days (June 2022 - December 2022).
Daily PM1o samples were collected with reference sampler Sven/Leckel LVVS3[12] on Whatman
QM-A quartz filters with a diameter of 47 mm. Sampling and determination of the mass
concentration of suspended particles PM1o were performed in accordance with the standard SRPS
EN12341:2015 [13]. Further preparation of samples for chemical analysis was carried out in
accordance with the SRPS EN14902:2008 [14]. The content of chemical elements in the PM1o
samples was determined using ICP MS (Agilent model 7700) [15]. The detection limits of this
device for As, Pb, Cd, and Ni were 0.1, 0.5, 0.02, and 0.7 ng/m?3, respectively. The control of the
applied procedures was carried out using the reference material [16]. Simultaneously with
gravimetric measurements, continuous measurements of mass concentrations of gaseous
pollutants SOz, NOx, NO2, NO, CO, and Oz were carried out using Teledyne automatic gas
analyzers [17] installed in a mobile measuring station.

3. RESULTS AND DISCUSSION

The measurement results presented in Table 1 show that there was no exceedance of the daily limit
values for gaseous pollutants, nor was there an exceedance of the limit value for the average daily
concentration of lead in suspended particles of the PMyo fraction. There was no overshooting of
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target values for annual concentrations of cadmium and nickel in PMio. The concentration of
arsenic in PM1o at measuring point 8 (PU Bor) was above the target annual value for 3 out of 10
measurement days. The maximum measured mean daily value of arsenic concentration in PMyo at
this measuring point was 11.3 ng/m>. We believe that surface emissions of suspended particles
inside the copper smelter Bor (road dust, construction works) are the dominant source of As
detected in PMyo at this measuring point.

Table 1 - Results of air quality monitoring (measuring points marked from 1-10 in Figure 1).
Mean daily concentrations of PM1o, chemical elements in PM1o, SO2, NOx, NO2, NO, CO, and
O3 (AMS -Automatic Moniring Station)

Measuring point
Unit 1 2 3 4 5 6 7 8 9 10
PMaio pug/m® | 12.8 | 19.4 | 26.3 19.1 | 209 | 44.2 257 | 359 | 233 | 348
As ng/m® | 0.3 0.5 1.2 1.8 0.7 4.2 35 6.1 3.5 0.5
Cd ng/m® | 0.0 0.1 0.0 0.1 0.1 0.4 0.1 0.2 0.1 0.1
Pb ng/m® | 0.5 1.7 3.9 4.2 2.6 19.6 47.6 109 | 4.2 35
Ni ng/m® | 1.9 1.3 29 3.5 2.4 4.2 39 0.9 3.8 0.8
Al ng/m® | 2.4 | 38.8 | 289.2 | 230.0 | 306.6 | 565.2 | 582.2 | 268.2 | 244.0 | 237.7
Sb ng/m® | 0.0 0.1 0.1 0.3 0.1 0.7 1.0 0.5 11 0.4
Zn ng/m® | 10.0 | 29.7 3.8 18.1 | 240 | 478 235 11.8 | 451 | 105
Cu ng/m® | 1.2 5.8 8.2 335 | 414 | 731 106.1 54 | 273 | 46
Co ng/m® | 0.0 0.1 0.3 0.1 0.1 0.3 0.3 0.1 0.2 0.1
Mn ng/mé | 0.4 2.2 6.2 6.1 6.1 215 11.8 6.8 6.4 6.0
Cr ng/m® | 5.0 1.8 7.0 4.6 6.2 8.1 6.5 0.2 7.6 0.2
Fe ng/m® | 4.4 | 653 | 241.2 | 156.2 | 253.5 | 706.9 | 440.5 | 209.6 | 212.1 | 186.0
Se ng/m® | 1.8 2.3 2.0 2.2 2.0 1.8 16.5 2.2 2.3 2.0
Sr ng/m® | 0.5 1.2 1.3 1.9 24 4.6 5.2 0.7 1.7 0.6
Mo ng/m® | 0.5 0.6 1.2 11 1.0 0.5 13 0.6 1.0 0.5
Ag ng/m® | 0.5 0.6 1.8 2.0 1.8 0.4 5.1 2.0 1.8 1.8
Sn ng/m® | 0.5 0.6 0.6 4.2 1.7 0.6 1.2 0.5 0.6 0.5
Ba ng/m® | 15 2.6 2.8 2.0 149 | 118 11.8 2.7 5.8 2.3
Ca ng/m3 | 158.0 | 289.9 | 403.4 | 348.3 | 785.8 | 1177.2 | 1302.1 | 90.1 | 565.4 | 82.7
K ng/m® | 71.7 | 168.6 | 133.5 | 108.3 | 151.7 | 271.6 | 273.0 | 317.5 | 149.6 | 284.1
Mg ng/m® | 363 | 37.1 | 80.8 | 69.7 | 1105 | 146.5 | 1583 | 225 | 76.5 | 20.9
Na ng/m® | 248.2 | 258.4 | 48.1 | 136.2 | 274.8 | 231.3 | 712.7 | 11.3 | 146.5| 10.3
S ng/m® | 181.3 | 520.3 | 1112.2 | 344.6 | 569.4 | 1358.0 | 659.1 | 579.9 | 867.6 | 520.7
AMS SO, | pg/im®* | 9.3 7.3 21.0 4.4 6.1 8.0 8.0 159 | 214 | 53
AMS NOx | pg/m® | 8.0 6.5 7.9 10.0 | 9.9 19.6 165 | 25.7 | 142 | 122
AMS NO: | pg/m?® | 4.6 3.6 4.1 6.7 6.4 12.8 12.9 11.0 | 87 8.0
AMSNO | pg/im®* | 3.0 1.8 24 2.4 2.3 4.4 2.5 9.7 3.5 2.9
AMS CO | mg/m® | 0.2 0.3 0.2 0.2 0.2 0.7 0.2 0.6 0.4 0.5
AMS O3z | ug/m® | 66.1 | 726 | 94.7 93.0 | 91.8 | 576 87.1 | 68.0 | 88.0 | 67.6

4. CONCLUSION

This paper presents the results of air quality measurements at an additional 10 locations in the Bor
agglomeration in the period June - December 2022, at a time when the copper smelter in Bor was
not operating. Based on a complete insight into the results of air quality measurements in the Bor
agglomeration in 2022 [11,18], it can be concluded that, in the period when the copper smelter
was in operation, a dominant share in the levels of SO, as well as the concentrations of As, Cd,
and Pb in PMyg originates from emissions of gaseous pollutants from a copper smelter Bor.
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Abstract

Control charts are methods for collecting, processing, analyzing and displaying data to ensure the product
and process quality. Control charts as tools belong to the statistical process control (SPC). The accuracy
of the results is ensured by application the control charts for accreditation the tensile testing methods. This
paper presents the application of control charts for validation the testing method of steel wires by tension.
Control charts show that the analyzed method is under control. The main goal of control charts is to quickly
detect errors during testing and prove that the processes are under control.

Keywords: application, control charts, testing, metal materials

1. INTRODUCTION

Control charts are the statistical process control (SPC) techniques. The SPC is an online quality
control system, defined as a philosophy, strategy and methods for improving systems, outcomes
and processes. [1]. The static process monitoring methods have an irreplaceable position in a smart
process control [2]. The static methods began to be successfully applied in the twenties of the last
century. The use of control charts has grown significantly in recent times. Various forms of control
charts have been developed for the process monitoring. The classic parametric control charts
represent the presence of normal data, constant mean and variance, and data independence [3,4,5].
In a practical sense and smart manufacturing processes with a complex structure, such
prerequisites are often not met. Therefore, an incorrect application of the parametric control charts
can lead to the wrong conclusions about the static stability of process. More reliable non-
parametric control charts have been designed for these types of processes [6,7]. The non-
parametric control charts to overcome the shortcomings of classical parametric control charts have
shown a great role in a smart manufacturing process monitoring due to their ability [8,9,10,11].

The control charts are considered as the most important tool for the process quality control. They
are presented as graphs where the vertical line represents the order of control and the horizontal
value of the parameter that is controlled on the certain size samples. The graph shows the process
quality variation in relation to certain control limits. The control limits are given by the standard
or calculated depending on the process or method. When the process variation occurs within given
limits, that process is said to be in a state of static control. Otherwise, if the process variation is
outside the control limits, the process is said to be out of static control.

The control charts are the simplest form of process control providing a detailed insight into the
state. Also, they provide enough visibility to conclude whether the process is under control or not.
They clearly show where the measured individual quantities are in relation to the tolerance field.
This means that the control charts accurately show the range of individual measured quantities
[12].

This paper provides an example of control charts for the testing method of tension the metallic
materials at room temperature, method B, SRPS EN ISO 6892-1:2020.
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2. EXPERIMENTAL

This paper deals with demonstration the application of control charts in the Laboratory for
Materials Testing (LI1M) on the method: tensile testing of metallic materials at room temperature,
method B, SRPS EN ISO 6892-1:2020. The control chart is the primary tool in technique of the
static method of process control. The creator of the control charts is Dr. Suhart.

According to Dr. Suharo, a task of control charts is to:

1. maintain the production process in a state of control
2. bring the production process under control
3. with an indication of whether the state of control has been achieved.

A control chart is a diagram that shows exactly where the process being controlled is located. The
values of quality characteristic, whose variation is studying, are written on the vertical axis, The
tensile strength Rm is written in the work. The control chart is characterized by the central lines
(processes) and control limits (lower and upper limits).

This paper presents the 8 tests of steel wires (Table 1).
X-Mean value of tensile strength Rm, upper and lower limits of Rm are given in Table 1.

Nominal tensile strength of a steel wire, test tube Rm=1570 N/mm?.
Table 1 - Test tube test results

1 09 1700 1677.85 1570 1920
2 09 1659 1677.85 1570 1920
Bl oo 1654 1677.85 1570 1920
4 09 1627 1677.85 1570 1920
5 089 1739 1677.85 1570 1920
6 089 1689 1677.85 1570 1920
- 0,91 1677 1677.85 1570 1920
x cards

2500

+ é & L * é % —— Rm,N/mm2

= Middle value

=——=lower limit

tensile strength Rm

——t——upper limit

1000 —— R, MNSmm2
—@—mMiddle value
e lOwer limit

1 2 3 a = L= s
Number of sample

Figure 1 - Control chart
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Methods of a control chart: Metallic materials - Tensile testing at room temperature, Method B,
Determination of tensile strength (SRPS EN ISO 6892-1 2020) (Figure 1).

Criteria that determine the upper and lower limit values are: Nominal tensile strength Rm and
nominal wire diameter d.

Nominal value Rm=1570 N/mm? represents the lower limit value.

The upper limit value is equal to the lower limit values, plus the tolerances given in Table 2, and
they are taken from the SRPS ISO 3154:2014 Standard.

For this example, the lower limit value is Rm=1570 N/mm?, and for the upper limit value 350
N/mm? (Table 2) is added so that it amounts Rm=1920N/mm?.

Table 2 - Upper tolerance limits for nominal tensile strength Rm=1570 N/mm?

N/mm?

350

Source: [13]

3. RESULTS AND DISCUSSION

The control charts are most commonly used in various laboratories for the process control. The
control charts have proven to be an excellent tool to improve the quality of testing the metallic
materials, steel wires in the LIM.

In th8s work, the 8 samples were tested (Table 1) according to the method: Metal materials -
Tensile testing at room temperature, Method B, Determination of tensile strength (SRPS EN ISO
6892-1 2020) with the following characteristics:

Nominal wire diameter d value 0.8 <d <1

Nominal tensile strength Rm=1570 N/mm?

Calculated mean values X= 1677.85 N/mm?

Lower limit value is the nominal tensile strength and is Rm=1570 N/mm?
Upper limit value is Rm=1920N/mm?

The upper and lower limit values determine whether the process is in control or out of control.
From the experimental part of the work, Figure 1 shows that the process is under control. This
means that the variation in quality is normal and room temperature tensile testing process, method
B, is stable.

Control charts in this work have the role of intermediate checks of operators involved in the
process of testing and checking the device on which the test is performed.
4. CONCLUSION

This paper presents the role of control charts in the LIM on the method: tensile testing of metallic
materials at room temperature, Method B, SRPS EN ISO 6892-1:2020.

The graphic display of the control charts shows that during the testing process of 8 samples, the
tensile strength does not exceed the control limit, the lower and upper limit. The room temperature
tensile test method for metallic materials is controlled.

Application of control charts in the laboratory for material testing (steel wire) by tensioning leads
to the process improvement and reduction of errors.
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The control charts provide the opportunity for laboratory managers to have the objective
information about the state of quality of processes, personnel and devices.
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Abstract

Pulverized coal fuel (PCF) for blast furnaces was produced from peat and coal. The composition
of PCF with peat is close to average values, %: ash — 6.48; volatile — 22.08; sulfur — 0.37; moisture
—1.63. Pulverized coal fuel containing 5-10 wt.% peat was blown into a blast furnace. There were
no deviations in the operation of the blast furnace. Due to the introduction of peat, the consumption
of lean coal was reduced, considering the carbon content in them. The consumption of PCF and
natural gas remained virtually unchanged. The productivity of the blast furnace, the basicity of
the slag and the composition of the pig iron correspond to the work in the base period.

Keywords: blast furnace, pulverized coal fuel, calorific value, composition of pulverized coal fuel, peat

1. INTRODUCTION

There is a global trend in the development of technologies related to saving energy costs per unit
of output in blast furnace production by pulverized coal fuel instead of a part of coke. In addition
to economic aspects, it must be considered that coke production is one of the most harmful in the
ferrous metallurgy. PCF is considered as a source of energy through the combustion of carbon.
The composition of PCF is selected experimentally, based on the technological conditions of the
blast furnace process and the cost of the coals included in it. When choosing components, they are
guided by a high carbon content and corresponding calorific value, low ash content and its
composition, the minimum amount of alkali metal oxides, the composition and number of volatile
components.

Purpose of the work is study of an affordable and low-cost fuel resource — milled peat as a
component of PCF and the possibility of its use in blast-furnace production to expand the raw
material base.

2. EXPERIMENTAL

The peat structure was studied on a TESCAN VEGA LMS scanning electron microscope equipped
with an Xplore30 energy dispersive attachment. The processes occurring during the heating of
peat and coals were analyzed on a synchronous thermal analysis device (further thermal analyzer)
model STA 449 F5 Jupiter. The experiments were carried out in an argon atmosphere with
different oxygen content in the measuring chamber of the instrument. Furnace heating rate is
10°C/min. The higher calorific value was experimentally determined by increasing the temperature
of water in a calorimetric vessel, in which a metal container is placed for burning a sample of solid
fuel in a compressed oxygen atmosphere.
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Industrial experiments were carried out at the operating metallurgical plant. The standard
composition of PCF used in the blast furnace shop where the studies were carried out: 70% lean
coal (further grade T) and 30% long-flame coal (further grade D). Peat was partially replaced by
lean coal. The main replacement condition is to maintain the average carbon content of the PCF.

3. RESULTS AND DISCUSSION

Studies on a scanning electron microscope showed that peat particles have an elongated shape of
"fibers" ranging in size from 50 to 400 microns. The predominant grain structure is cellular, less
often fibrous and layered. The cell size is on average 10-30 microns. Peat carbon is a constituent
of cellulose, humic acids and other compounds [1]. This carbon is in a finely dispersed state and
it is distributed throughout the volume of peat fibers. The size of individual particles containing
carbon is several microns. Oxide components (ash) are concentrated mainly in the cell walls
(oxides of silicon, aluminum, iron, calcium, potassium and sodium). Sulfur is also present in the
cell walls.

According to the technology adopted at most metallurgical plants, raw coal is fed into a vertical
roller mill with controlled oxygen partial pressure. In the mill, coal is crushed, dried and classified
for supply with a given particle size distribution to the blast furnace. To select the operating modes
of the mill, it is necessary to know what processes occur in peat, including at the drying
temperature, and their difference from processes in coal.

As studies on a thermal analyzer at various partial pressures of oxygen Po2> showed, thermal
destruction and combustion in peat occur at a much lower temperature than in long-flame and lean
coal. The second peak on the curves of the DTG weight change rate belongs to destruction. The
first peak is associated with the evaporation of moisture from peat. In an inert atmosphere, the
temperature of the beginning of destruction (2nd DTG peak) is 220°C. It remains approximately
constant in the presence of oxygen up to the composition of synthetic air. The destruction products
in an argon atmosphere contain the same gases as in the destruction of long-flame coal: H20, COg,
CO, CHa4, Hz, SO2, NO2, NO. In [2], small emissions of hydrogen sulfide and light hydrocarbons
were also recorded. The temperatures of the beginning of the 3rd peak (combustion region) little
depend on the oxygen content in the gas (leaving about 340°C). The maximum rate of the process
in the region of the 2nd peak is observed at 300°C. The maximum rate in the region of the 3rd peak
is 380°C. These temperatures are much lower than for long-flame and lean coals. The temperature
of the end of the chemical reaction in the area of the 2nd peak varies in the range of 320-350°C. It
does not depend on the concentration of oxygen in the atmosphere. However, the temperature of
the end of the chemical reaction in the region of the 3rd peak decreases with an increase of oxygen
in the furnace atmosphere from 540 (6.7% O>) to 460-470°C (20.9% O>). The maximum burning
rate of peat is higher than that of long-flame coal, since the carbon particles in peat are micron in
size. It increases in proportion to Po2 in the device atmosphere from 2.25%/min to 4.5%/min versus
1.75-3.5%/min for coal. The temperature of the maximum CO> content in the combustion products
also decreases with an increase in Po2. This is consistent with a decrease in the temperatures of the
peak rates of chemical reactions. The results are close to the data of [2, 3-5]. However, the
temperature of the beginning of the destruction of peat from other deposits is below 200°C [2, 3-
5].

The thermal destruction of peat in an inert atmosphere accounts for 59% of the mass loss, which
is somewhat higher than a few published data [2, 4]. The maximum destruction rate is 2.69%/min
versus 2.0%/min for long-flame coal. It has been established that the rate of thermal destruction of
coals and peat decreases with an increase in the degree of metamorphism: for peat it is 2.69%/min,
for brown coal 1.48%/min, for lean coal 0.55%/min, and for anthracite 0.30%/min. The release of
volatile components begins later (at 425°C for lean, against 300°C for brown coal and 220°C for
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peat). The mass loss during combustion does not depend on the oxygen content in the gas and is
85-88%. About 27% of the total mass loss of peat belongs to combustion itself. While for long-
flame coal this value is 57%. This is due to the low mass fraction of nonvolatile carbon in the
analytical sample, which is 26.3%.

The heating time of individual particles of peat and coals was estimated using the example of long-
flame coal with a diameter of 80 um to the temperature at which the drying and grinding of PCF
is carried out (250°C). To do this, numerical methods in the Matlab package were used to solve
the parabolic differential equation of heat conduction (non-stationary case) under the Dirichlet
boundary conditions. Peat (on average) has a higher thermal conductivity and heat capacity and a
lower density than coal. The heating time of peat particles is of the order of (4+6)-107 s, for coal
it is longer (10 s). Probably, at such heating rates in industrial conditions for the production and
use of pulverized coal, the processes of destruction and combustion will overlap.

The determination of the total specific surface area was carried out on a device for measuring the
specific surface area and porosity of dispersed materials SORBI MS. Heat treatment of the samples
before measurement was carried out at a temperature of 150°C and a holding time of 60 min. The
specific surface varies in the range (1.75+3.2)-10® m?/kg at 10% peat content in PCF.

Figure 1 shows the experimental data on the higher calorific value of PCF in the presence of peat
in its composition.
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Figure 1 - Dependence of the calorific value of PCF on the content of dry ashless peat in it: 1 is higher
calorific value (calculation by additivity); 2 is lower calorific value (calculation by additivity); A is
experimental data on the highest calorific value; m is experimental data on the lower calorific value; ® is
higher calorific value of coal grade T; x is the highest calorific value of coal grade D; + is lower calorific
value of coal grade T; V¥ is lower calorific value of coal grade D; the points of intersection of the straight
lines with the y-axis are the heat of combustion of the used PCF by additivity (70% T — 30% D).

The use of peat with significantly different characteristics from coals will lead to a change in the
properties of PCF. This is especially noticeable in the yield of volatiles, which reaches 51% with
a peat content of 60.5%. The mass fraction of total carbon in this case drops to 61.56%. The mass
fraction of oxygen increases to 22.71%. The mass fraction of hydrogen (a product of the thermal
destruction of coals and peat) is at the level of 5.80-5.95%. The role of this hydrogen in the
processes taking place in the blast furnace has not been fully studied. Due to the high moisture
content of peat, the mass fraction of analytical moisture becomes 5.1%. The content of total sulfur,
the ash content of the material, the mass fraction of hydrogen, considering the determination errors,
change within acceptable limits.
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Calculations based on our experimental data showed that even with 10% peat, the decrease in the
higher calorific value of PCF will be 3.7%, and the total carbon content will be 2.8%. The
maximum content of peat in the mixture of PCF should be established according to the indicators
of the blast furnace process: the temperature of the iron, the composition of the iron and slag.

4. CONCLUSION

Samples of mixtures of peat and coals used as PCF components for blast furnaces in various
proportions were produced. For each composition, tests were carried out to determine the moisture
content; ash content; chemical composition of ash; ash deformation temperature; sulfur content;
release of volatiles; content of carbon, oxygen, hydrogen, nitrogen, sulfur, calorific value. The
indicators of PCF with peat are close to the average values, %: ash is 6.48; volatile is 22.08; sulfur
is 0.37; moisture is 1.63. It has been established that the properties of mixtures depend on the peat
content according to a linear law.

PCF containing 5-10% wt. peat blown into a blast furnace. The equipment of the PCF supply path
worked stably without changing the operating parameters. There were no deviations in the
operation of the blast furnace. Due to the introduction of peat, the consumption of lean coal was
reduced, considering the carbon content in them. The consumption of PCF and natural gas
remained virtually unchanged. The productivity of the blast furnace, the basicity of the slag and
the composition of the pig iron correspond to the work in the base period.
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FROM BOR - SERBIA IN AIM OF COPPER RECOVERY

Ljiljana Avramovié, Zoran Stevanovié¢, Vanja Trifunovi¢, Radmila Markovi¢,
Dragana Bozi¢, Daniela UroSevié, Silvana Dimitrijevié

Mining and Metallurgy Institute Bor, Zeleni bulevar 35, 19210 Bor, Serbia

Abstract

Flotation tailings deposited on the Old Flotation Tailing Dump in Bor contains 0.2-0.4% Cu and represents
a significant resource for recovery of copper and other useful components. The results of experimental
laboratory tests of the copper recovery process from the flotation tailings using the beaker leaching (BL)
and high pressure leaching (HPL) are given in this paper. By the use of beaker leaching, the degree of
copper recovery of 70% and iron of 12% at temperature of 60°C, time of 24 hours and concentration of
sulfuric acid of 15 g/l was achieved. A high degree of copper recovery of 99% was achieved by the high
pressure leaching using water as an leaching reagent at a temperature of 180°C and pressure of 1.5 MPa.

Keywords: flotation tailings, beaker leaching, high pressure leaching, copper recovery

1. INTRODUCTION

Pyrometallurgical process for copper production from sulphide minerals has existed in Bor for
many years. During the processing of such type of ore, there is a formation of tailings generated
during the flotation processes and containing the metal sulphides and under the effect of
atmospheric conditions, the self-leaching process of tailings is developed resulting in a significant
degradation the quality of surrounding water and soil [1,2].

It is estimated that more than 2000 ha of the most fertile coastal area of the Bor River, Bela River,
and downstream Timok and Danube have been degraded by the flotation tailings. In addition to
the physical contamination of the coastal area, the Bor River is constantly contaminated with
wastewater generated by a drainage through the flotation tailing dumps and landfills.

This work presents the results of experimental laboratory test of copper recovery from the flotation
tailings by the acid leaching process of tailings at the atmospheric pressure (BL) and high pressure
leaching with the addition of oxidant (HPL). The highest level of copper leaching of 99% was
achieved using the HPL method.

2. EXPERIMENTAL

For the experimental tests of the leaching process: BL and HPL, the flotation tailings from the Old
Flotation Tailing Dump in Bor was used with a particle size of 72% -75 pum. The chemical
composition of the initial flotation tailings sample is given in Table 1.

Table 1 - Chemical composition of flotation tailings

Element Cu Fe S-total S Ag Au As
sulphide
Unit % % % % glt glt %
Content 0.29 9.51 10.10 7.32 1.10 0.50 0.013
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The BL experiments were carried out in order to investigate the effect of the following parameters:
temperature (20-80°C), sulfuric acid concentration (2-40 g/l H.SO4) and process time (2-48 h).
The pulp density of 25% and stirring rate of 700 rpm were constant in all experiments. After
completion of the leaching process, the filtered leaching solutions were analyzed to determine the
leaching degree of Cu and Fe.

The HPL experiments were carried out on the same samples of flotation tailings in the Nitto Koastu
autoclave, Japan, with a volume of 2 L of reaction vessel. The effect of sulfuric acid concentration
(0-50 g/l), pulp density in the range of 10-40% and temperature (140-180°C) with the oxygen
introduction at total pressure of 0.8 to 2.0 MPa was tested. The reaction time in all experiments is
60 minutes and stirring rate is 700 rpm.

The ICP-OES Spectro Vision device was used to analyze the concentration of tested elements.
3. DISCUSSION OF RESULTS

3.1. Beaker Leaching

The leaching degrees of copper and iron, depending on the process temperature, concentration of
H2SO4 in the leaching solution and leaching time are shown in Figures 1,2 and 3, respectively.
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Based on the obtained testing results of the temperature effect (Figure 1), the leaching degree of
copper ranges from 38% (20°C) - 48% (80°C). Considering that the similar values for the leaching
degree of copper were obtained at temperatures of 60°C and 80°C (48% and 47%, respectively),
it was decided that the further tests of the flotation tailings leaching process should be carried out
at 60°C. With an increase in H2SO4 concentration in the leaching solution (Figure 2), an increase
in the leaching degree of copper to 15 g/l was observed. Further increase in the concentration of
H>SO4 to 40 g/l did not have a significant effect on a leaching degree of Cu. Maximum copper
leaching degree of 71% was achieved at a leaching time 48 hours, temperature 60°C and 15g/I
H>SO4 (Figure 3).

The most influential parameters for the leaching degree of iron is the concentration of H>SO4 in
leaching solution (Figure 2) and ranges from 2% (2 g/l H.SOa4) to 10% (40 g/l H.SO4). With an
increase in the leaching time of 48 h, an increase in the leaching degree of iron at 12.7% was
observed (Figure 3).

Having in mind the fact that copper from the leaching solutions is recovered by the solvent
extraction processes and electro-winning SX-EW, and that the increased iron concentration has a
negative impact on the electrochemical copper extraction, in a selection the optimal parameter BL,
the time was adopted of 24 h, temperature 60°C and concentration H2SO4 of 15 g/l.
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3.2. High Pressure Leaching
The results of a high pressure leaching (HPL) are presented in Table 2.

Table 2 - Experimental conditions and results of the HPL process

Exp. | Pulp density Reagent Piotal Temperature | Time | Stirring rate dtg?ggl(gz)
No. (%) (MPa) (°C) (h) (rpm) Cu Fe
1 10 H.O 2 180 1 700 95 24
2 20 H.O 2 180 1 700 98 43
3 30 H.O 2 180 1 700 92 60
4 40 H.O 2 180 1 700 94 61
5 10 20 g/l H2SO4 2 180 1 700 97 66
6 10 50 g/l H2SO4 2 180 1 700 98 95
7 10 H.O 0.8 180 1 700 21 2,35
8 10 H.O 15 180 1 700 99 49
9 10 H.O 2 140 1 700 89 40
10 10 H.O 2 160 1 700 90 37

Water and sulfuric acid were used as a leaching reagent for the HPL process (Table 2). Leaching
with water is based on the fact that the high content of pyrite (FeS>) in the flotation tailings sample
can be the source of H2SO4 (Equation 1) [3], which leads to a decrease in the pH (from 3.79 to
0.35) and thus increases copper dissolution (chalcopyrite as the main copper minerals).

2FeS; + 7.502 + H20 — Fez (SO4) 3 + H2SO4 (1)

By leaching with water, the realized degree of copper leaching was 99%, iron 49%, at 180°C,
pressure of 2 MPa, pulp density 10%, time 1 h, stirring rate 700 rpm. With an increase in the H2SO4
concentration from 20 g/l to 50 g/I, the percentage of copper leaching has been slightly increased
from 97% to 98%, while the degree of iron leaching increases from 67% to 95%. From an
economic point of view, H>O has been selected as a copper leaching medium from the flotation
tailings.

The effect of total pressure on copper dissolution from the flotation tailings has been tested in the
range of 0.8 to 2.0 MPa, with water as a dissolving medium, temperature of 180°C, pulp density
of 10% and time of 60 min (Table 2). The degree of copper leaching was 21% and iron 2.35% at
pressure of 0.8 MPa (without the introduction of oxygen). It can be concluded that after the initial
dissolution of copper, a passive layer of elemental sulfur [4] was formed on chalcopyrite, which
had a negative effect on kinetics of copper dissolution. With an increase in the pressure of 0.8 to
2.0 MPa with the oxygen supply, the degree of copper and iron leaching increased to 99%, i.e.
49%, respectively. The present oxygen allows oxidation and prevents the formation of passivation
layer (Equation 2) [3,5].

S’ +1.502 + H,0 — H2S04 (2)

With a temperature increase of 140 to 160°C, the degree of copper and iron leaching increased
from 89 to 99% and from 37 to 49%, respectively. Based on the literature data [5], the chalcopyrite
leaching controls the kinetics of chemical reaction on the grain surface with activation energy of
about 70-90 kJ/mol. This implies that the leaching degree is highly dependent on temperature. An
optimum condition for the next experiments was chosen to be the temperature of 180°C with a
copper leaching degree of 99%.

As shown in Table 2, the first degree of copper leaching has not changed much with an increase
of pulp density from 10 to 40%, i.e. no effect on the copper leaching degree [6,7]. As an optimal,
the pulp density of 40% is chosen, since in this case the copper concentration in leaching solution
is four times higher than the copper concentration in 10% pulp, which is a significant parameter
for the copper extraction process from leaching solutions.
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4. CONCLUSION

On the basis of the results obtained for the BL process of flotation tailings leaching, it can be
concluded that the maximum degree of copper recovery is 71% and iron 12%, while in the HPL
process, with the application of water as the leaching reagent, a significantly higher degree of
copper recovery of 99% and iron recovery of 61% was realized.

A high concentration of iron in the solution after leaching in the HPL process is a serious problem
in further copper recovery processes (SX-EW process) as a commercial product. Due to this
reason, a consideration should be given to the possibility of introducing an additional phase of iron
removal from the pregnant leaching solutions before the SX-EW process.

In order to select the method of copper leaching from the flotation tailings will largely be a decisive
economic aspect of the tested BL and HPL processes what will be the subject of future research.
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Abstract

This paper presents determination of the final contour of the Open Pit Veliki Krivelj, which operates within
the Copper Mine Bor, from the aspect of achieving the maximum net present value of the project. The final
contour was defined in the optimization process of the mine boundary using the modern Whittle strategic
production planning software.

Keywords: final open pit contour, optimization, open pit Veliki Krivelj.

1. INTRODUCTION

Determination of the final open pit contour is carried out through the optimization process.
Optimization of the pit boundary involves the geological and operational modeling, which is
realized through the application of optimization software that uses some of the mathematical
algorithms. The process involves identifying the combination of controlled variables that
maximize the project value in the context of a given set or range of assumptions [1].

An optimal contour of the pit is that contour of the pit that gives the maximum net present value
(NPV), which implies taking into account the time factor of the value of money in defining the
blocks that should be excavated, and which blocks should be left for duration of the project.

Strategic mine planning seeks to answer how best to develop an ore body in support of the
objective of maximizing the NPV. Development of a strategic plan may represent the totality of
planning at the conceptual or scoping stage of mine planning [2].

The Open Pit Veliki Krivelj is located about 3 km by the airline north of the town of Bor and has
the primary role in the copper production in the company Copper Mine Bor, which is a part of the
company Serbia Zijin Bor doo.

Determination of the final contour of the Open PitVeliki Krivelj was performed using the Whittle
Four-XTM algorithms (LG 3D), whereby a series of the open pit shells was determined on the
basis of different Revenue factors with an iterative step of changing the metal price in relation to
the base price. Each shell generated represents an incremental increase in the amount of reserves
according to an incremental increase in the selling metal price. The optimization criterion is based
on determination the maximum NPV, i.e., the discounted difference between the income from
metal sales and total operating costs.

2. INPUT DATA FOR OPTIMIZATION

Mining processes are complex and complicated, with many different economic, technical,
environmental and other parameters that must be planned before the project gets its practical value.
Many of these parameters are evaluated independently of the other, due to the expediency and
difficulty in predicting the values of variables under consideration. The costs, prices, reserves, ore
mining and processing, as well as many aspects of society, such as the issuance for implementation
of works are absolutely essential for the project evaluation.

-132 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

The basic, primary input in the planning and design process of the open pit is a geological block
model of the ore body. It is very important to accurately calculate the block value in optimization,
because the wrong calculation leads to the wrong optimal contour of the open pit [3].

3. METHODOLOGY

Optimization of the open pit boundary is a process based on the implementation of the Lerchs-
Grossmann (LG) algorithm. The LG algorithm gives a mathematically optimal final boundary of
the open pit, when the criterion for optimization is the maximum undiscounted cash flow [4]. The
only optimization criterion is the maximization of the net present value (NPV) of the cash flows
resulting from the sale of metal or concentrate.

The process selects the optimal final open pit boundary for the Best, Worst and Specified case of
the mining plans of excavation for which the NPV curves are obtained. In this way, a wide range
of possible pits is generated from which the engineer chooses the optimal pit, which once again
confirms that the engineer still has an irreplaceable role in designing despite the strong
development of software and computer equipment.

4. OPTIMIZATION RESULTS - ANALYSIS OF DISCOUNTED CASH FLOWS

The result of optimization is a series of the open pit contours that are generated with different
metal sales prices, which are expressed as a Revenue Factor. The cash flow for each contour is
calculated using the Metal Sales Price input parameter and Revenue Factor. Cash flow provides
an indication of how economic parameters are changed for various contours.

The results of the Open Pit Veliki Krivelj boundary optimization are shown in Figure 1.
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Figure 1 - Pit by Pit Graph

The analysis of discounted cash flows was performed with the aim of determining the final contour
of the Open Pit Veliki Krivelj. During the optimization, the base price of metal was varied in the
Revenue Factor range from 0.32 to 2.0 with a step of 0.03, and in this way the 57 potential surface
open pit contours were generated. The amounts of waste, ore and metal are determined for each
open pit contour individually with the operational NPV discounted by 10%.
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5. SELECTION OF THE FINAL (OPTIMAL) OPEN PIT CONTOUR

Figure 1 shows the resulting graph with the economic optimization parameters, formed on the
basis of annual production of the Open Pit Veliki Krivelj of 23.1 million tons of ore.
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As it can be seen from figure, the limit shell of the pit number 24 (Revenue Factor 1.01) was
chosen as the optimal final contour of the open pit. This open pit contour has a maximum
discounted value for the Best case and a significant positive value for the Worst case, while the
Specified case is respectable. The chosen final contour of the open pit enables the optimal
utilization of the deposits during the exploitation life of the open pit of 19-24 years.

The parameters of the optimal open pit contour are listed in Table 1.
Table 1 - Techno-economic parameters of the optimal open pit

Parameter Unit Value
Ore ton 426,397,362
Waste ton 648,315,385
Stripping ratio t/t 1.52
Average copper grade % 0.318
Average gold grade git 0.053
Average silver grade glt 0.24
Best case NPV $ 1,239,209,132
Specified case NPV $ 935,489,223
Worst case NPV $ 132 152 423

A graphic representation of the Whittle shell of the final contour of pit number 24 is given in
Figure 2.

1

Figure 2 - Whittle 3D vieW of the optimal pit number 24

6. CONCLUSION

On the basis of the block model of the deposit and defined input techno-economic parameters in
the software Whittle, for the change of Revenue Factor from 0.32 to 2.0, the 57 shells of the open
pits were generated. The mine shell number 24 was selected as the final mine contour. Within this
contour, 426,397,362 t of ore will be mined, with the average copper content of 0.318%, and the
maximum NPV for the Best case is $1,239,209,132.
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Vladan Marinkovi¢, Miroslava Maksimovié¢, Milenko Jovanovié,
Goran Packovski, Stefan Truji¢

Mining and Metallurgy Institute Bor, Alberta AjnStajna 1, 19210 Bor, Serbia,

Abstract

The idea of unmanned aerial vehicle is not new; Nikola Tesla was the first who presented this idea in 1915
in his dissertation. In geodesy, an unmanned aerial vehicle was first used in 1980. To make a precise and
quality 3D topo model and orthophoto image, in addition to the equipment, the certain software tools and
materials are also required. The program that is often used to make the 3D topo models and orthophoto
images is the AgisoftPhotoScan. Surfaces that can be shot by the unmanned aerial vehicles vary from
several hectares to several tens of hectares, and even hundreds of hectares. In this way, it is possible to get
up to many thousands of photos that need to be further processed. Processing of recorded photographs and
making the 3D topo models, depending on the number of photos and computer quality on which the
processing is done, can take several weeks, why besides the unmanned aerial vehicle and other necessary
equipment, the access to the quality computer equipment is also necessary.

Keywords: unmanned aerial vehicle, high precision GPS device, AgisoftPhotoScan, point cloud

1. INTRODUCTION

The idea of unmanned aerial vehicle is not new; Nikola Tesla was the first who presented this idea
in 1915 in his dissertation. On that occasion, he described a non-pilot airplane that would be used
to protect the sky above the United States [1].

In geodesy, an unmanned aerial vehicle was first used in 1980 when the professor Wester-
Ebbinhaus used an aircraft in the form of a helicopter for the photogrammetric purposes [1].

In the beginning, the unmanned aerial vehicles were used exclusively for the military purposes:
for reconnaissance and espionage. The reason for this were the exceptionally high prices of
aircrafts, as well as the technology that was available only to the army.

By entering the market of large manufacturers from Asia, the unmanned aerial vehicle technology
has become available to a wider market, so the aircrafts have found application in various industry
branches:

e In civil engineering, the unmanned aerial vehicle is used to monitor and control the
condition of structures having heavy, such as: high dams and pillars of bridges.

¢ In mining, the unmanned aerial vehicles are used to monitor the state of operations at the
open pits, and it is possible to make the calculation of excavated material volume by a
combination of several shots from different periods of time.

e In geology, it is possible to use the unmanned aerial vehicle to monitor the landslide
phenomenon and their spreading.

e In forestry and agriculture, the unmanned aerial vehicles are used to monitor the state of
forests and crops, monitoring the spread of naked (untreated areas), illegal logging, and in
a combination with a camera that captures the NIR (near infrared) spectrum, it is possible
to monitor the development of disease in plants.

¢ Inecology, the unmanned aerial vehicles can monitor spreading of pollution, or coverage
of a certain area with different waste (municipal, industrial or mining).
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¢ Infilm industry, marketing and television, the unmanned aerial vehicles are used to record
various movie sequences from the air as well as for production the advertisements and
transmission of various sports, cultural or political events.

2. MAKING THE ORTHOPHOTO IMAGES AND PRECISE TOPO MODELS

To make a precise and quality 3D topo model and orthophoto image, in addition to the equipment,
the certain software tools and materials are also required

The required equipment includes an unmanned aerial vehicle (Figure 1) and high precision GPS
device (Figure 2).

-~
l.', - T WAL “"""'

S |
[=s |

21 :m

Figure 1 - The unmanned aerial vehicle Phantom 3 Figure 2 - The high precision
Professional (manufacturer DJI) GPS device (manufacturer

Trimble, model R4)

The unmanned aerial vehicles are equipped with GPS chips, however, these chips do not have a
satisfactory precision. The field level is determined by this technology on the basis of a focal
length, that is, the distance between the camera lens on the aircraft (Figure 3) and field to be
recorded [2].

Also, the camera lens has a certain curvature which is responsible for the so-called effect of a
"bowl", that is, there are elevations in the field where they are not present. All these negative
effects can be fixed by using the high accuracy GPS devices in a combination with the field
markers (Figures 4) that fall into materials needed to make the 3D topo model and orthophotos.

Figure 3 - Camera on the aircraft Phantom 3 Figure 4 - View of ta field marker
(manufacturer Sony, model FC300X ).

Markers are black-white plates that are placed in the field being recorded. These markers must be
large enough to be visible from the air, and placed in the field by tapping on the wooden wedges.
It is very important that the markers in the field are fixed. The number and schedule of markers
depends on the size of field being recorded. After placement of markers, the position of their center
is measured by a high precision GPS device, which gives the exact position of markers in the space
in all three axes (X, Y and Z axis).
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In addition to the aforementioned equipment and materials for making the 3D topo models and
orthophoto images, the certain software tools are also needed. The two required programs are a
program that controls the flight of an unmanned aerial vehicle and program that further processes
the photos taken by the aircraft.

For the aircraft control, the most commonly used programs are: Pix4d, Altizure and Drone Deploy.
The Drone Deploy program was used to make the orthophoto images and 3D models presented in
this paper. It is possible to control with this program: the flight speed of the aircraft, flight height,
the camera operation and route by which the aircraft flies (Figures 5, 6 and 7). All these flight
parameters are very important in overlapping the images, on which the quality of orthophoto image
and 3D model depends. To create a high-quality orthophoto image and 3D model, it is necessary
to have a frontal and lateral overlapping of recorded images of at least 60% [3].

< Q (-:-
VK. polie 2 20:35 85 367 2.
035 85 %7 2 Ao
> Flight Altitude 100m B sideap i
T R [T} Frontlap 70%
@ Structures Made A Y Flight Direction 141°
,/ )
ﬂ= Tt / ¢# Max Flight Speed 15m/s
T Starting Waypoint 1
?))) ?mtade“omanfe « Set Exposure Manually in DJI Go
Set Focus Manually in DJI Go
a Make Available Offline
A Advanced
Figure 5 - Command window in  Figure 6 - Command window Figure 7 - Command
which the flight height is in which the overlapping of window in which the
adjusted images is adjusted flight route is adjusted

The program that is the most commonly used to make the 3D topo models and orthophoto images
is the AgisoftPhotoScan (Figure 8).

b LE | T3P

Figure 8 - Program AgisoftPhotoScan (the mouth of the Bela River into the river Timok)

All recorded photos are loaded into this program. In addition to photos, the information about the
marker positions are also loaded for the purpose of georeferencing and image equalization.

After loading the basic data, the creation of a point cloud is made, depending on the field size, the
point cloud can consist of several tens to several hundreds of thousands of points (Figure 9) [4].
The next step in creating a 3D topo model is to create a dense point cloud. The program uses an
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already created point cloud to perform a multiple interpolation of each point in order to result in a
dense point cloud that can comprise more than hundreds of millions of points (Figure 10) [4].

Figure 9 - A point cloud made in the program Figure 10 - A dense point cloud made in the
AgisoftPhotoScan (the mouth of the Bela program AgisoftPhotoScan (the mouth of the
River into the river Timok) Bela River into the river Timok)

A dense point cloud is the basis for creation a 3D topo model, from which it is possible later to
make a DEM (digital elevation model) (Figure 11) [4]. This model can be loaded into various GIS
programs and further processed; it is also possible to execute a contouring, thus obtaining the field
isolines that can be further exported to Dxf or Dwg format (Figure 12) [4].

Figure 11 - DEM model made in the program  Figure 12 - Field isoline made in the program
AgisoftPhotoScan (Dam 3 of the flotation AgisoftPhotoScan (Dam 3 of the flotation
tailing dump Veliki Krivelj) tailing dump Veliki Krivelj)

3. CONCLUSION

The technology behind the unmanned aerial vehicle is progressing from day to day so that in the
near future these aircrafts will be increasingly used in all spheres of life.

Despite the great possibilities that the aircrafts have to offer, there are a number of restrictions in
their use, both technical and legal.

One of the biggest technical constraint are certainly the cameras that these aircrafts carry. The best
results are achieved above the naked and non-afforested field.

It also needs to be aware of legal restrictions. In the Republic of Serbia, the law stipulates that each
aircraft is registered and that each pilot has a license. A flight height is limited for the second
category of unmanned aerial vehicle to maximum of 150m, and it is necessary to report each flights
in advance to the army of the Republic of Serbia and to get a permit for it. Also, in the Republic
of Serbia, there are the air traffic control zones such as: airports, military barracks, military and
police polygons and public administration buildings [5].
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Abstract

Shape memory alloys — SMA are specific alloys which posses unusual characteristic called shape memory
effect. This effect enables them to change their own shape and return to some memorized state, according
to the environment temperature. The area of usage of shape memory alloys is very large and heterogeneous.
There are two main groups of SMAs in commercial usage: Ni-Ti alloys and copper based alloys. This paper
will present some of the experimentally obtained mechanical characteristics of the shape memory alloy Cu-
Zn-Al.

Keywords: SMA, mechanical characteristics, Cu-Zn-Al alloy

1. INTRODUCTION

The term Shape Memory Alloy (SMA) is used for the group of metallic materials that shows the
ability to return to some previously defined shape when subjected to the adequate temperature. For
example, these materials can be plastically deformed at some relatively low temperature, and
exposure to higher temperature will return their original shape, prior to the deformation.

A wide variety of alloys exhibits the shape memory effect, but only those that can recover
substantial amounts of strain or which can generate significant force upon changing shape are of
commercial interest. The most common are the nickel-titanium alloys and copper-base alloys, such
as Cu-Al-Ni and Cu-Zn-Al. The shape memory effect has been firstly noticed on the copper based
alloys (Cu-Zn and Cu-Sn) in 30’s years of the past century [1]. Nitinol (alloy on the basis of nickel
and titanium), one of the most frequently used shape memory alloy was revealed in the 60’s years
of the past century in Naval Ordnance Laboratory in USA. This is commonly assigned as the origin
of the investigation in the field of shape memory alloys. The first reported and documented large
usage of SMA was in 1971 for a coupling which was used to connect titanium hydraulic tubing
installations in the Grumman F-14 air-craft [2]. The significant usage of the shape memory alloys
for manufacturing the valves for air-condition devices was reported in Japan in the 80’s of the past
century. Approximately at the same time started the large usage of the shape memory alloys
primarily in dental, and after that, for all other medical applications. Among many materials
including metals, alloys, ceramics etc. available commercially, only a limited number are currently
being used as prostheses or biomaterials in medicine and dentistry. The reason for this is that
prostheses need to satisfy two important demands: biofunctionability and biocompatibility [3].

The mechanical properties of shape memory alloys vary greatly over the temperature range
spanning their transformation. In this paper, some of the mechanical characteristics of Cu-Zn-Al,
one of the mostly commercially used SMA, are presented.

2. THE SHAPE MEMORY EFFECT

The main characteristic of the SMA is their shape transformation, caused by changes in the
environment temperature. Depending on the environment temperature and amount of the applied
load, shape memory alloys can be present in two different crystal structures, i.e. phases [4]. The
low temperature phase is martensite, while the high temperature phase is austenite. Solid state
phase transition from martensite to austenite, and vice versa, is a key process which enables shape
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changing of the SMAs. This effect is called marthensitic thermoelastic transformation [5]. Starting
and finishing temperatures of the martensite transformation, as well as starting and finishing
temperatures of the austenite transformation depends on the physical and chemical characteristic
of the alloy. The copper-aluminium binary alloy (Cu-Zn-Al alloy)displays shape memory effect
and has a transformation temperature which is generally too high for practical use. But, the addition
of zinc to this system produces a new alloy, Cu-Zn-Al, which is of commercial importance.

The specimens used in this study were made from Cu-Zn-Al alloy, in the form of wire, with
diameter of 2.9 mm. Before testing, the specimens were thermally prepared on three different
ways: 1. Annealed on 800 °C for 15 minutes, then water cooled; 2. Cold deformed; 3. Thermally
processed on the following way: annealed on 450 °C for 15 minutes, then water cooled, after that
annealed on 550 °C for 2 hours, then cooled in the furnace to 450 °C and finally cooled on air.

Tensile strength testing: The specimens in the form of wire were used for determination of the
tensile strength. The examinations were performed on the Universal Testing Machine, Figure 1.
Each specimen was preliminary measured, marked and mounted in the machine. The tensile force
is then applied, which causes elastic, then plastic elongation and finally tearing of the wire. The
tensile force is then noticed, together with the values of the elongations.

Figure 1 - Universal Testing Machine with specimen.

Three independent tests were performed for each group of thermally prepared specimens. The
values of the obtained tensile strengths are:

R - 445.23+422.42+ 440.78 _ 437.81[MPa], R - 749.48 + 79;.03+802.91 _ 781.14[MPa]
andR _ = 406.65+422.94+424.46 _ 419.02[MPa] .

Hardness testing: The hardness of the material was determined by the Vickers hardness test. The
specimen was a cylinder made from shape memory alloy, Figure 2, with chemical composition:
Cu—-68.16%, Zn-27.33%, Al-4.09%. In order to obtain accurate results, one side of the specimen
must be flat, so it was machined on the surface grinder. Specimen is then mounted in the Vickers
testing machine, Figure 2 and a diamond in the form of a square-based pyramid, with the angle of
the opposite sides of 136° is applied. In this particular case injection was performed at 5 different
points of the specimen. Injection force was 49.05 [N]. After unloading, area of the square which
remains on the specimen surface is calculating by measuring its diagonals.
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Figure 2 - Specimen and machine for Vickers hardness testing.
The mean value of the hardness is calculated on the following way:

_86.7+71.6+99.7+99.7+102
sr T 5

Metallographic testing: The preparing phase for the metallographic examinations includes the
following operations: 1. Sampling operation — very important step which must provide the real
crystal state of the alloy block; 2. Grinding process is the second phase of the specimen preparing.
This is necessary operation which is performed on the grinding machine using row and fine
grindstones. The final quality of the machined surface is obtained using grinding paper; 3.
Polishing is third preparing phase which includes polishing of the specimen with felt panel and
polishing pastes which usually contains metal oxide powders; 4. Abrasion is the final phase in the
specimen preparing. Abrasion substances are usually acid or salt solutions, with water, alcohol,
glycerine or some other solvent. The reagents which are used depend on the material type and the
goal is to obtain shineless surfaces. In this case ferric chloride was used (20 g of ferric chloride, 6
cm?® of hydrochloric acid and 100 cm?® of water).

HV =91.94 [N/mm?] .

Metallographic testing was performed by analysing of the structure of the prepared specimen,
using metallographic microscope which operates with reflected light “EPY type 2”, Figure 3. The
structures which were obtained by examination with magnifications of 200x and 500x are
presented at Figure 3 (a) and (b), respectively.

Figure 3 - Microscope “EPY type 2” and
structures obtained by metallographic examinations with magnification of: (a) 200x and (b) 500x.

Microhardness testing: The values of the microhardness were measured on the device for
microhardness measuring “PMT-3", Figure 4(a). The procedure is similar as the procedure for
hardness measuring and the main difference is in the amount of the load which is applied. In this
case a load of 100 g during 10 s was applied on 5 different points on the specimen.

The mean value of the microhardness obtained by this method is:
HY = 14.3+14.8+13.8+14+12.9

st 5

~13.96 [kgf/mm?]|=136.915 [N/mm?].
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Electrical conductivity testing: Electrical conductivity was measured at 5 different points on
specimen using the device for electrical conductivity measuring “Sigmatest”, Figure 4(b).

(@) (b)

Figure 4 - (a) Device for microhardness measuring “PMT-3" and
(b)Device for electrical conductivity measuring “Sigmatest”.

The mean value of the measured electrical conductivity is:

10.9+10.8+10.7+10.8+10.8 MS
O, = 5 =10.8 |:?i| .

3. CONCLUSION

Mechanical characteristics of Cu-Zn-Al shape memory alloy are presented in this paper. Some
studies have shown that the mechanical properties of SMAs mainly depend on the wire form, or
the relationship between the microstructure and thermally induced phase transitions. The
investigation shows that thermal treatment of the specimen has a big impact on its mechanical
properties. However, SMAs generally have good mechanical and physical characteristics and their
ability to remember some previous shape is widely used in almost all fields of science and
engineering.
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Abstract

An efficient method has been proposed to recovering substantial amounts of copper from re-flotation
tailings and reducing the environmental impact of flotation tailings by a combined hydrometallurgical
process which includes High Pressure Leaching (HPL)-Solvent extraction (SX)-Electrowinning (EW)
processes. As a result of HPL using water or sulfuric acid as leaching solution, high copper leaching rate
(>95%) was obtained even with water. Then, the copper concentration in the stripped solution reached
44.8 g/L and the iron concentration was 1.4 g/L by the SX tests using L1X-84l as extractant. Moreover, it
was confirmed that as lower iron concentration in the electrolyte for the copper electrowinning process,
the better the current efficiency of copper electrodeposition.

Keywords: copper recovery, flotation tailings, HPL, SX, EW

1. INTRODUCTION

In the process of copper ore processing, more precisely in the flotation process, which is carried
out in order to obtain copper concentrate, flotation tailings are generated as an intermediate product
of the process. These tailings are disposed of in a dump, while the copper concentrate is used in
the smelting process, after which pure metallic copper is obtained. In the course of long-term
mining activities, a large amount of flotation tailings was deposited at the Old Flotation Tailings
Dump in Bor, Serbia. Given that the copper content in these tailings is about 0.2-0.4%, there is a
possibility that the tailings can be used as a secondary raw material for copper recovery. In order
to increase the concentration of copper in the flotation tailings, re-flotation process of the tailings
was carried out as a pre-treatment, after which a re-flotation tailings was obtained. In this paper,
experimental investigations were carried out on the copper recovery from re-flotation tailings by
a combined hydrometallurgical process that includes the three following processes: High Pressure
Leaching (HPL) process, Solvent Extraction (SX) process, and Electrowinning (EW) process.

2. EXPERIMENTAL

In order to achieve a high level of copper leaching rate from the re-flotation tailings, which consists
of chalcopyrite as the main component of copper, leaching was carried out under high pressure in
an autoclave [1]. Then, the solvent extraction of copper from the pregnant leaching solution (PLS)
that was obtained by HPL was carried out for obtaining the Cu-rich solution. Finally, a copper
electrowinning experiment was carried out in relation to the composition of the solution obtained
by applying the optimal process parameters of solvent extraction. In order to perform tests for
obtaining copper, it is desirable that the concentration of copper in the electrolyte is high (45 g/L)
and the iron concentration is low (under 2 g/L) . Therefore, the influence of iron ions on the current
efficiency of copper electrodeposition was confirmed. Current copper electrodeposition efficiency
is described in Khouraibchia et al. [2].

2.1 High pressure leaching process

The chemical compositions of re-flotation tailings sample used for HPL tests was as following:
Cu 0.34 wt.%, Fe 8.96 wt.%, Al 8.12 wt.%, S 11.2 wt.% and SiO> 57.8 wt.%. The content of the
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investigated elements was determined using Inductively Coupled Plasma Optical Emission
Spectroscopy (ICP-OES) and X-ray Fluorescence Spectrometry (XRF). An autoclave device
(Nitto Koatsu, Japan) containing a teflon reaction cell with a volume of 2 L was used for the High
Pressure Leaching experiments of re-flotation tailings.

The investigated experimental conditions of HPL process were as following: leaching reagents —
water or 0.2-0.5 mol/L H2SOg, total pressure of O, gas 0.8-2.0 MPa, pulp density 100-400 g/L,
temperature 140-180 °C and leaching time 60 min.

2.2 Solvent extraction process

In the SX process, the influence of the pH value of PLS obtained after the HPL process on the
degree of Cu extraction was investigated. Correction of the pH value was done with a 1.0 M NaOH
solution. The following parameters of the SX process were constant: extractant L1X-841 diluted in
kerosene in the ratio 1:1, ratio of organic and aqueous phase O/A=0.2, process time 15 min. After
the SX process was completed, the solution was centrifuged for 5 min at 4000 rpm in order to
rapidly separate the phases.

After determining the optimal conditions of the SX process, the influence of sulfuric acid
concentration of 0.5, 1.0 and 1.5 M on the degree of Cu re-extraction process from Cu-rich phase
was examined. Other constant parameters of the re-extraction process were as follows: ratio of
organic and aqueous phase O/A =5, duration of the process 15 min.

The concentrations of copper in the aqueous solutions after the extraction and re-extraction
processes were determined using ICP-OES, after which the processes efficiencies were calculated.

2.3 Electrowinning process

Conditions of electrowinning process of copper are presented in Table 1. For the EW process,
platinum anode and steel cathode with an area of 10x10 mm? were used. Before and after the EW
process, electrodes were measured and based on the difference in weight, the amount of deposited
Cu was recalculated, and also the efficiency of the process.

Table 1 - Experimental conditions of EW process

Volume of Cu Fe Current Temperature Free Process
electrolyte | concentration | concentration | density (Q’C) H2S04 time (4)
L) (g/L) (g/L) (A/m?) (g/L)
0.5 44.8 14 250 40 170 4

3. RESULTS AND DISCUSSION
3.1 High pressure leaching process

Figure 1 presents the influence of H.SO4 concentration (0 (water)-0.5 mol/L) on copper recovery
from the re-flotation tailings. The copper approximately completely dissolved, while the iron
leaching rate reached 95.5%. Even though the sulfuric acid concentration is zero, as leaching
reagent water was used, a high degree of copper leaching was achieved. This is due of the
generation of sulfuric acid by the oxidation of pyrite as shown in equation (1) [4]. As a result of
the formation of sulfuric acid, there was a decrease in the pH value of the slurry from 3.79 to 0.35
after the HPL process using water as leaching reagent.

2FeS; + 7.502 + H20 = Fe(S04)3 + H2SO4 (1)

After experimental investigations of the HPL process, it can be concluded that the optimal process
parameters are as follows: water as leaching reagents, total pressure of O2 gas: 2.0 MPa, pulp
density: 100 g/L, temperature: 180 °C and leaching time: 60 min.
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From an economic point of view, water is selected to be the leaching reagent for copper leaching
from the re-flotation tailings. Under the optimal HPL conditions, leaching rate of Cu is 94.4% and
the Cu concentration in the obtained PLS is 2.9 g/L.

To further recovery of copper from PLS, a solvent extraction process was carried out using the
leaching solution obtained under the optimal HPL conditions.
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Figure 1 - Leaching rate of copper and iron as a function of sulfuric acid concentration
(Total pressure: 2.0 MPa, temperature: 180 °C, pulp density: 100 g/L, leaching time: 60 min)

3.2 Solvent extraction process

The results of the study of the influence of the pH value of the PLS on the EX process show that
the degree of copper extraction depends on the equilibrium pH values that minimize the extraction
of other metal ions such as iron [1]. For the EW process, for the selective extraction of copper, the
pH of the PLS of 2 was determined as the optimal value.

As for the re-extraction process, the degree of copper recovery from the Cu-rich organic phase
increases linearly from 24.7 to 97.4% with increasing H.SO4 concentration from 0.5t0 1.5 M. A
1.5 M solution of H.SO4 was chosen as the optimal parameter for the copper re-extraction process
from the Cu-rich organic phase. The concentration of copper and iron in the solution obtained after
re-extraction contains approximately 44.8 g/L Cu and 1.4 g/L Fe.

3.3 Electrowinning process

The results obtained for the process of electrochemical extraction of copper from the solution -
EW process, indicated a high level of current efficiency, over 98%, with the following parameters:
copper concentration in the electrolyte 44.8 g/L, H2SO4 concentration 170 g/L, current density 250
A/m?, electrolyte temperature 40°C and time 4 h. The concentration of iron in the electrolyte is
limited to a value below 2 g/L. Based on the examination of the influence of the presence of Fe
ions in the electrolyte, it was determined that the best current efficiency was achieved in the
presence of only ferrous (Fe?*) ions in the electrolyte. The presence of ferric (Fe*") ions in the
electrolyte leads to reduced current efficiency.

4. CONCLUSION

An effective method for copper recovery from re-floation tailings and reducing the negative impact
that flotation tailings have on the environment is investigated. The process consists of a
combination of the following processes: high pressure leaching (HPL) - solvent extraction (SX) —
electrowinning (EW) process.

After the HPL process using water as a leaching reagent under optimal conditions (total pressure
of Oz gas: 2.0 MPa, pulp density: 100 g/L, temperature: 180°C and leaching time: 60 min) a copper
leaching rate of >95% was achieved. In the SX process, which had an aim to concentrate Cu and
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purify the pregnant leaching solution from Fe under optimal conditions (extraction process: pH of
the solution 2, extractant L1X-841 diluted in kerosene in the ratio 1:1, O/A=0.2, time 15 min; re-
extraction process: concentration of H.SO4 1.5 M, O/A =5, time 15 min), the concentration of Cu
is 44.8 g/L, and Fe 1.4 g/L. The current efficiency of copper electrodeposition in the EW process
decreases with increasing iron ion concentration.
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Abstract

Geogrids have a special place in the field of application of geosynthetics. There are geogrids made of
synthetic materials, geogrids made of natural materials, and a hybrid type of geogrid, which combines the
features of the first two types. A special part of this field refers to geogrids and geotextiles made of natural
materials (organic), which, with some variations in the use of building materials, is the main topic of this
paper. Organic geogrids have unique characteristics, they consist of biologically and chemically
degradable natural fibers. They are designed to hold the soil in place until natural vegetation is established.
On the other hand, geogrids and geotextiles made of synthetic materials have much greater strength,
elasticity and durability. By combining these types (materials) of geogrids and geotextiles in the form of a
kind of hybrid technology for the production of these products, we obtain useful parameters suitable for the
preservation of the natural environment and the required mechanical and temporal usability. Seemingly
contradictory requirements, by applying these hybrid geomaterials, can be effectively fulfilled.

Keywords: Geosynthetics, hybrid geogrids, hybrid geomaterials, natural environment
1. INTRODUCTION

Pollution of the surface layers of the earth easily leads to pollution underground (in deeper layers).
In order to prevent this, man began to strive for the most effective solution to this global problem.

Geosynthetics play a major role in soil protection, whether it is a landfill, some other surface
pollution or degradation.

Mining and construction works are carried out in accordance with the laws on mining and
construction of the Republic of Serbia. The laws are explicit and binding, and presented with the
necessary technical documentation.

In accordance with the technical documentation of the Law on Mining, the obligation to recultivate
the land is determined, according to the current Project. By amending the Law and harmonizing it
with international standards (EN 1SO 10318-1:2015 CEN/TC 189) and articles (ISO 10318-1:2015
ISO/TC 221) related to ecology and work safety, the introduction of "new" security and protection
measures is foreseen mining facilities and surroundings. One of them is the application of
geosynthetics, as a (future) mandatory measure for securing mining and construction facilities
(dumping sites, securing slopes, embankments, canals, etc.). The aforementioned standards (ISO
10318-1:2015 ISO/TC 221) define terms related to functions, products, properties and other terms,
as well as symbols used in geosynthetics.

A special part of this field refers to geogrids and geotextiles made of organic material (from
nature). Organic geogrids have unique characteristics, they consist of biologically and chemically
degradable natural fibers. They are designed to hold the soil in place until natural vegetation is
established. On the other hand, geogrids and geotextiles made of synthetic materials have much
greater strength, elasticity and durability.

By combining these types (materials) of geogrids and geotextiles in the form of a kind of hybrid
technology for the production of these products, we obtain useful parameters suitable for the
preservation of the natural environment and the required mechanical and temporal usability.
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Seemingly contradictory requirements, by applying these hybrid geomaterials, can be effectively
fulfilled. [1, 3, 4, 7]

1.1 Geogrids — materials, differences and types

Geogrids are made of polymer materials such as polyethylene, polyester and polypropylene and
are characterized by high tensile strength. The original geogrids were made by drilling holes in a
sheet of material. Today, such geogrids are made by the so-called extrusion process. Now we have
geogrids made of polyester fibers coated with polyethylene. Many unbroken fibers are combined
into a thread, which is then woven in longitudinal and transverse directions with a certain distance
between the ribs, and the folds are additionally strengthened and then the fibers are coated.

Geogrids are most often used to strengthen and stabilize weak soil. The geogrid absorbs the forces
and prevents the formation of cracks on the newly installed asphalt layer. The third important
purpose of geogrids is to protect against soil erosion. For this purpose, there are two-dimensional
geogrids that have small mesh openings and three-dimensional geogrids. Depending on the
manufacturer, geogrids may differ, but their primary function and mode of operation is the same.

» absorb the kinetic energy of erosive elements (rain, wind) and stabilize the soil surface, creating
numerous micro-dams over it,

» keeps seeds and hydroseeding material in place, even on steep soil slopes, leading to successful
seed germination

* helps the penetration of water through the soil and moisture retention, which leads to better seed
germination and good grass growth.

The application of anti-erosion geotextiles can increase and support the effect of erosion control
in areas with particularly steep slopes or in areas subject to erosion. [1, 2, 3, 4, 5]

2. EXPERIMENTAL

2.1 Application of geogrids in measures of recultivation of degraded land

New materials and technologies make it possible to achieve significant improvements in many
areas of mining and construction in the field of faster, safer, more efficient construction, insurance,
maintenance and rehabilitation of mining and construction facilities, primarily civil engineering,
although some materials have wide application in the field of environmental protection and high-
rise buildings.

Generally speaking, within the recultivation of degraded areas, it is necessary to apply technical,
bio-technical and biological measures.

Technical measures contribute to the improvement of the resistant and deformable characteristics
of the landfill, which directly affect the increase in erosion stability of the slopes.

Bio-technical measures, together with technical measures, contribute to faster achievement and
maintenance of permanent landfill stability.

Bio-technical measures imply proper selection and application of vegetation which, together with
technical measures, will lead to permanent stability, both in horizontal and vertical direction. On
almost horizontal locations, after the completion of technical measures, biological measures of
landfill reclamation can be applied.

Biological measures are applied in the final phase of recultivation. Biological recultivation implies
the raising of arable and fruit crops, afforestation... [1, 2, 3, 7, 8]
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3. RESULTS AND DISCUSSION

3.1 Control of erosion processes

The emergence of erosion processes depends on the degree of implementation of technical
measures and the possibility of unexpected excessive natural or anthropogenic phenomena.

Analysis of erosion stability should be performed taking into account: physical and mechanical
characteristics of natural soil and landfill, indicators of filtration current flow, probability of high
water occurrence, landfill geometry, as well as other specific indicators that can affect erosion
stability.

Figure 1 - Setting up a geogrid

At landfills, there are conditions for the emergence of surface and internal forms of erosion. Some
of the surface forms of erosion arise as a consequence of the existence of internal erosion.
Locations sensitive to the emergence of surface forms of erosion are slopes (Fig. 1 and Fig. 2) and
depressions, created as a result of internal erosion processes.

Figure 2 — Jute geogrid
Prevention of surface erosion is done by reducing the water that reaches the slope, a system of
drainage channels with a mandatory perimeter channel and drainage or geosynthetics. By using
geogrids, the surface layer of the soil can be protected from erosion. They are placed and secured
with wedges, and then covered with a substrate mixed with grass seed or weeding is done by
hydroseeding.

Another way to control erosion processes is the installation of geomembranes. Geomembranes
produced from natural fibers of jute or hemp, consist of natural cellulose veils as a supporting
layer, grass seeds and additives for accelerated growth. [1, 3, 9, 10]

4. CONCLUSION

The primary function of geomembranes and geodrains on landslides is drainage, while geotextile
performs multiple functions: filtering, draining, reinforcement and separation.
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Geogrids have a reinforcing function, while the function of geocomposites is different, depending
on the combination of constituent materials.

Materials that are very effective in the rehabilitation of landfills and degraded areas are almost
never used in our country, is it because we hardly accept newspapers or because of their price?
Price cannot be the answer and justification, because what we keep with them actually has no
price.

Geosynthetics has proven to be the most effective material for wide application. Its building
elements ensure high quality and multi-purpose use in civil engineering, high-rise construction,
mining, environmental protection... Regardless of the high price of these materials, their use is
necessary and fully justified.

Geogrids and geotextiles made of organic material (coconut, jute) are a natural and 100%
biodegradable solution for erosion control using geogrids or coir geotextile mats. Organic geogrids
have unique characteristics, they consist of biologically and chemically photo-degradable natural
fibers. They are designed to hold the soil in place until vegetation is established. A geogrid or
permeable geotextile provides a natural support system (improvement of characteristics) to the soil
(soil, landfill...) and vegetation.

A hybrid approach to the use of construction materials exists as a possible life-saving solution in
many cases, where an effective result is sought both in terms of ecology and construction, safety,
and terrain security. Namely, by using (combined - hybrid) different types of materials when
making geogrids or geotextiles, we can solve seemingly contradictory requirements in their
application.

Such hybrid materials, which would contain crossed bundles of organic and synthetic origin, can,
depending on the purpose and their mutual relationship, be an "ideal compromise”, that is, a saving
solution. Material of organic origin would have a positive effect on the development and
preservation of vegetation and the entire ecosystem, while geosynthetic materials would have a
primary application of a mechanically stabilizing nature, as many times stronger and more time-
stable materials. In addition to the above, organic geogrids act as "mulch"” and thereby improve
the establishment of vegetation. After degradation, they do not leave any toxic material.

It is necessary to point out that such materials have a very wide application in the field of
environmental protection, especially in the prevention of groundwater and surface water pollution
through infiltration control, and also in the treatment and immobilization of various types of waste,
especially hazardous waste.
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Abstract

Technogenic deposit of copper from the old flotation tailings pit - Bor was created by the
deposition of flotation tailings that was created by processing ore from several ore bodies of the
Bor copper deposits. The deposit of copper was explored with drilling from the surface. Research
has established relatively low, evenly distributed contents of copper and gold. An experimental
study of the leaching process of flotation tailings is done in the aim of valorization the present
copper. The degree of copper leaching was about 60%, which is exactly the participation of oxide
copper forms regarding to the total copper content of the flotation tailings.

Keywords: Flotation tailings, Bor, copper, leaching

1. INTRODUCTION

Technogenic deposit of copper form the old flotation tailings pit in Bor was created by depositing
material that remained after the flotation processing of the ore from the old Bor open pit and from
the ore bodies that were excavated underground. Tailings were formed over a long period of time,
since the beginning of the exploitation and processing of copper and gold ore, using different
technological procedures, with different utilization of useful components, which means that a
significant amount of copper and gold remained in them, which is probably possible to valorize.

2. GEOLOGICAL EXPLORATION OF THE TECHNOGENIC DEPOSIT - OLD
FLOTATION TAILING PIT - BOR

The largest part of the material in the tailings was created by the exploitation of porphyry and
massive sulphide deposits and ore bodies of copper and gold from the Bor, Veliki Krivelj, Cerovo
and Majdanpek ore fields. Figure 1 shows the contours of the approved investigation area.

The tailings deposit is divided into two fields - Field 1 and Field 2. Based on geological
documentation and made profiles, the thickness of material ranges from 25 m to 65 m. The entire
area (Field 1 and Field 2) has an elliptical shape, and its area is about 0.6 km2 (Figure 2) [1].
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Figure 1 - Location of the research area Old Figure 2 - Situational plan of the old tailings plt with
flotation tailings pond Bor (red polygon). longitudinal profiles.

3. APPLIED METHODS AND PROCEDURES OF MODERN GEOLOGICAL
RESEARCH OF THE TECHNOGENIC DEPOSIT OLD FLOTATION PIT- BOR

For the subject of this work, the geological research conducted in the period 2018-2021 is
particularly important. In addition, research was also carried out in order to obtain the necessary
data for the recultivation of the area in question.

Sixteen drill holes were designed, in Field 2, with a total length of 500.7 m. The smallest depth of
the drill hole is 10.0 m, and the largest is 63.5 m. The obtained results on the content and
distribution of useful components obtained by chemical analysis were the basis for the spatial
contouring of technogenic raw material deposits, as well as the determination of the quality and
the calculation of the amount of technogenic raw mineral material.

Geological logging and photographing of the core was carried out by MMI Bor (Figure 3). The
samples were analyzed in the MMI Bor laboratory. The sample for chemical tests was formed in
this way, by taking the entire material of the core, 1 m long, for the sample. The preparation of the
samples involved dividing one meter of the previously logged gore into two equal halves.

The technological tests gave good results regarding the utilization of copper from the flotation
tailings.

Individual chemical analyzes of the samples included determination of the content of basic ore
elements - Cu, Au and Ag.

Figure 3 - Core of technogenic raw material from the old flotation tailing pit - Bor

The distribution of copper and gold, as well as mercury and arsenic by samples are shown in the
vertical profile of the characteristic drill hole B-14/2 (Figure 4).
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Figure 4 - The distribution of copper and gold

From Figure 4, it is possible to see that the distribution of copper and gold in the vertical profile
of the analyzed drill hole is uneven with increases and decreases. It is important to know that
elevated gold contents follow elevated copper contents, as well as that the gold contents are more
unevenly distributed with more pronounced peaks. [1]

4. POSSIBILITY OF LEACHING

This study deals with the physico-chemical and mineralogical characterization of the flotation
tailing pit and chemical characterization of the mine waste water from the accumulation ‘Robule’.
Technological composite samples (Table 1) are formed for laboratory testing of the leaching
process of copper (Figure 5). The parameters of agitation leaching of flotation tailings with the
mine waste water from the accumulation of ‘Robule’ were defined.

Table 1 - Chemical content of a composite sample of tailings

Element Content, % Element Content. %
Cu 0.43 Au, g/t <0.05
Cu, ox 0.18 Ag, g/t 0.8
Fe 16.56 Hg, g/t 0.2

Figure 5 - Composite sample of flotation tailings prepared for experimental testing

Leaching test and TCLP (Toxity Characteristic Leaching Procedure) test were carried out on a
composite sample of flotation tailings. Experimental testing the leaching process of flotation
tailings in order to determine the optimal parameters of copper extraction were performed on a
laboratory scale. Samples from flotation tailing dump were treated by the agitation leaching
method. The mine water from the accumulation Robule (mine waste water) was used as leaching
solution, The highest degree of copper leaching of 56.21% was achieved at temperature of 80°C.

Based on the results of leaching, it can be stated that the time of development the leaching process
has no significant effect on degree of copper. The highest degree of copper leaching of 56% was
achieved in the following process parameters: temperature of 80°C, time 4 h and ratio S:L = 1:2.5.
Solutions after leaching with copper content up to 1.5 g/dm3 are suitable for the SX-EW process.

5. CONCLUSION

Results of experimental laboratory testing of copper leaching from flotation tailings indicate that
the highest degree of copper leaching was achieved in the following process parameters: time: 4
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h, temperature: 80°C, ratio of solid: liquid is 1:2.5, pH of leaching solution: 1. The mine water
from the accumulation Robule with correction of pH value was used as leaching solution, what
presents a special contribution to solving the problems of use the integrated treatment of waste
mine water and flotation tailings. This would be result both into economic and ecological effect
by collecting the mine water, their recirculation in the controlled leaching process of mine waste.
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Abstract

This paper describes a general view of mining and impacts of mineral resources on countries economy. It
presents the importance of mineral resources in the development of the country’s economy, and the
requirements for their sustainable development. Requirements are explained through possible principles,
instruments and responsibilities. The main fact considered in this paper is that sustainable and smart
mining during transition to low-carbon emissions will be most important issue that will significantly shape
the development of mining in the future.

Keywords: mining, mineral resources, sustainability, responsibilities, BDP, low-carbon emissions

1. INTRODUCTION

In more than 100 countries around the world, mining companies exploit minerals and metals out
of the ground, satisfying continuously increasing demand from industrial production, agriculture,
high-tech sectors, etc. Among those countries are more than 50 that can be considered as “mining
countries,” well known for the sector’s contribution to export earnings. Mining countries also
include those where the sector is highly relevant domestically, either because it primarily serves
large domestic markets, as in the United States, or because it employs millions of workers, such
as in China or India. About 3.9 billion people live in today’s 56 “mining countries,” 90 percent of
them in the 51 developing and transition countries. Among the people in these countries, about 1.5
billion live on less than $2 a day, making up nearly two thirds of the world’s poorest population.
Their countries have potential mineral wealth, and thus one of the key questions for them is how
they can turn this endowment into an economic asset that will help them find ways out of persistent
poverty. There is practically no doubt that mining as an industry will continue to expand over the
next 20 to 30 years. This especially if the World Bank “The Climate Smart Mining Initiative” for
transition to low-carbon emission is taken in consideration.

2. MINING AT A GLANCE

A vibrant mining sector, just as any other sector, should provide significant opportunities for a

country’s growth (Mining in Developing Countries — treasure or Trouble. Mining Department

World Bank and IFC, 2002) [1]. Yet there are a number of features that distinguish mining from

sectors such as manufacturing or tourism. Mainly this is four most important issues:

- What’s under the ground is a national asset. Extractive natural resources have been treated
differently from other natural endowments. Many countries consider minerals to be assets
belonging to the “public” as a whole. This has resulted either in state ownership of mining
companies or in more-than-usual involvement of the state in the licensing of mining companies,
the mining regulation, and financial matters including investments in supporting infrastructure.

- A “footprint industry.” By its very nature, the mining leaves an environmental, social, and
economic impact. However, even when only local or regional in nature, badly managed impacts
on the environment or the social fabric of society can reflect negatively on economic parameters
countrywide. It is thus important to weigh the benefits against the risks and costs surrounding
the industry’s operations, and to mitigate any negative impacts.
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- A priority area for foreign direct investment. Many developing countries pose high risks for
foreign investors. Mining operations, with their export orientation and dollar-based cost and
revenues, are often the first ones to present an acceptable risk reward formula to investors.

- A large source of government revenues. A vibrant mining sector tends to generate large fiscal
incomes, relative to other sectors. Since in most developing countries large parts of fiscal
incomes are export-based, export sectors such as minerals and ores gain more-than proportionate
weight for government incomes. In some mining countries, up to 25 or 30 percent of fiscal
revenues rely directly on the mining sector.

By registered mineral resources, leading countries worldwide are [2]:

Russia — 75 trillion US dollars (coal, natural gas, oil, gold, timber, rare earth metals);
United States of America — 45 trillion US dollars (coal, timber, natural gas, gold, copper);
Saudi Arabia — 34,4 trillion US dollars (oil, timber);

Canada — 33,2 trillion US dollars (oil, uranium, timber, natural gas, phosphate);

Iran — 27,3 trillion US dollars (oil, natural gas);

China — 23 trillion US dollars (coal, rare earth metals, timber);

Brazil — 21,8 trillion US dollars (gold, uranium, iron, timber, oil);

Australia — 19,9 trillion US dollars (coal, timber, copper, iron ore, gold, uranium);
Irag — 15,9 trillion US dollars (oil, phosphate rock);

0. Venezuela — 14,3 trillion US dollars (iron, natural gas, oil).

ROoo~NooaMLNE

3. MINING CONTRIBUTION INDEX (MCI) TO COUNTRY ECONOMIES

International Council on Mining and Metals (ICMM's) Mining Contribution Index (MCI)
synthesizes into a single number — and an associated ranking — the significance of the mining
sector’s contribution to national economies.

This provides an indication of the relative importance of mining to the economic life of a country

based on four indicators:

1. Exports of minerals including coal as a share of total merchandise exports;

2. The total production value at mine stage of metallic minerals, industrial minerals, and coal,
expressed as a percentage of GDP;

3. Mineral rents as a percentage of GDP;

4. Exploration expenditure.

Higher value of MCI shows higher importance of mining to the economic life of a country. Figure
1 shows the Mining Contribution Index Map [3]. As it can be seen on Figure 1, MCl is significantly
higher for Russia, Australia and Chile as a countries recognized as “mining developed countries”,
reach with mineral resources. One of the main indicators of the mining developed countries is a
significantly higher royalties and taxes and consequently higher contribution of the mining sector
in GDP.

However, MCI is also very high for lot of developing countries and Africa countries as well. In
these cases, even there are not huge, currently registered mineral resources, high MCI indicate
dominant impact of mining on country economy, probably due to not developed other industries
and presence of foreign investment in mining as explained in Chapter 2. Having on mind that
mining will have to develop in the future in strict environmental limits, for the developing
Countries is crucial to start sustainable mining development regarding higher mining benefits to
the global country economy.

- 159 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

00+ O+

Twa o less data points available Above 80 Above B0, Above 40, Above 20, Zeroto 20
le=s than 80 less than 60 less than 40

Figure 1 - Mining Contribution Index Map

4. SUSTAINABLE MINING

One of the most used definition of sustainable development linking economic development and
environmental stability is “development that meets the needs of the present without compromising
the ability of future generations to meet their own needs” [4]. Albeit somewhat vague, this concept
of sustainable development aims to maintain economic advancement and progress while protecting
the long-term value of the environment, it “provides a framework for the integration of
environment policies and development strategies” (United Nations General Assembly, 1987).

According to above general definition, mining sustainability could be considered on the same way,
development of current mining operations without compromising the ability of future generations
to develop same operations and live in same conditions as we live now. Principles of mining
sustainability are based on integrated development of economic mining activity with
environmental integrity and social concerns. The instruments required for environmental integrity
are: environments laws, advanced mining technologies, advanced monitoring system and strong
bond between mining Companies and State. From the other side, the instruments necessary for
social concerns are: effective government systems, royalties and development funds. Objected on
effective development on mining integrated sustainability, those instruments must be divided as
responsibilities of all stakeholders influential on mining development which are State, Mining
Companies, Mining Consulting Companies, Institutes and Certified Laboratories. Above
principles, instruments and responsibilities are of the most importance for the development of
mining integrated sustainability for developing Countries.

5. WORLD BANK “THE CLIMATE SMART MINING INITIATIVE”

Beside Sustainable mining principles and having on mind climate changes, nowadays is of the
crucial importance transition to low-carbon emission industry. A World Bank Group report,
"Minerals for Climate Action: "The Mineral Intensity of the Clean Energy Transition,"” finds that
the production of minerals, such as graphite, lithium and cobalt, could increase by nearly 500% by
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2050, to meet the growing demand for clean energy technologies [5]. It estimates that over 3 billion
tons of minerals and metals will be needed to deploy wind, solar and geothermal power, as well as
energy storage, required for achieving a below 2°C future. While the growing demand for minerals
and metals provides economic opportunities for resource-rich developing countries and private
sector entities alike, significant challenges will likely emerge if the climate-driven clean energy
transition is not managed responsibly and sustainably.

Considering this status World Bank launched “The Climate Smart Mining (CSM) Initiative” which
will help resource-rich developing countries benefit from the increasing demand for minerals and
metals, while ensuring the mining sector is managed in a way that minimizes the environmental
and climate footprint. CSM supports the sustainable extraction, processing and recycling of
minerals and metals needed to secure supply for low-carbon technologies and other critical sectors
by creating shared value, delivering social, economic and environmental benefits throughout their
value chain in developing and emerging economies. CSM is a public-private partnership led by
the World Bank and IFC with the aim of achieving more sustainable mineral supply chains by
providing technical and policy advice, direct investment financing, leveraging private sector
financing, providing risk mitigation instruments, and helping countries define and craft tangible
solutions for decarbonizing and improving ESG standards for climate action minerals.
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Abstract

A gravity survey can help to define the structural correlation in the study area. The structures that
have influenced the development of Neogene basins can be defined using gravity data. By applying
mathematical transformations to gravity data, the geological structures (faults, nappes, etc.) that
impacted the formation of Neogene basins can be defined. We have taken the part of the Dinarides
as the test region. The paper presents the results obtained using the procedure residual, vertical
gradient, and total horizontal gradient on gravity data. The obtained results are in correlation
with the known geological data, which indicates that the application of mathematical
transformations to gravity data can detect structural correlation that affected the formation of
Neogene basins.

Keywords: gravity survey, mathematical transformation, basin

1. INTRODUCTION

The geological structures (faults, nappes, etc.) that impacted the formation of Neogene basins
today on the site are hard to observe due to the coverage. Gravity data can be used to define the
geological structures that influenced the formation of the basin. By applying certain procedures of
mathematical transformations to gravity data, structural correlation can be identified. The
mathematical transformations that give satisfactory results are the procedure residual, vertical
gradient, and total horizontal gradient, which is applied to the Bouguer anomaly data.

This paper presents the theoretical basis of the procedure residual, vertical and total horizontal
gradient, and its practical application. As a practical example, we used data from gravity
measurements in part of the Dinarides. Gravity survey data from the former Yugoslavia were used
to create the Bouguer anomaly map [1].

The Golden Software Surfer geophysical software package was applied during the processing and
analysis of gravity data.
2. THEORETICAL BACKGROUND

The procedure residual enables to extract the residual component from the total anomaly, by
reducing the regional component of the field. A map of local anomalies is obtained in this way.

To detect the boundaries of near-surface sources of gravity anomalies, as well as to identify the
position of contacts with a large dip angle (the fault, the front of thrust, etc.) we can use the
procedure vertical gradient (first vertical gradient) and total horizontal gradient.

The first vertical gradient (VDR) can be expressed as [2]:
VDR = — of/ 9z, (1)

where f - gravity field (in paper Bouguer anomaly), df/dz is the first-order derivative of the gravity
field in the vertical direction z.
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For vertical gradient is characteristic that he is positive over the source, has zero over the edges
and is negative outside of a vertical side source [2, 3].

The total horizontal gradient (THDR) is defined as [2]:

=

w0k = [(5e) + () 0

where f — gravity field (in paper Bouguer anomaly), affax, affay - are first-order derivative of the
gravity field in x and y directions.

The maximum values of THDR are above the edge of the source of the anomaly, and the zero
value is above the center of gravity of the body, which is the source of the anomaly. On the map
of the total horizontal gradient, the contacts are detected as the elongated maximum [2,3].

3. FIELD EXAMPLE

As a test we took the part of the Dinarides. The boundaries of the survey area in UTM system
[600000 m - 710000 m] and [4810000 m - 4900000 m]. The geological structures (faults, nappes,
etc.) in Dinarides have a main direction NW-SE [4,5].

To create the Bouguer anomaly (gravity anomaly) map, which is the basis for further processing,
gravity survey data from the former Yugoslavia were used [1]. The Bouguer anomaly map was
done using a density value of 2.60 t/m°. To eliminate or reduce errors and disturbances in the
measured signal, data filtering was performed. The filtered map of the Bouguer anomaly is shown
in Figure 1. In the central part of the map (Fig. 1), the minimum values of anomalies are detected.
These anomalies indicate the possible presence of a basin in this part of the terrain. On the map of
the Bouguer anomaly (Fig.1) sudden changes in anomaly values indicate the possible existence of
vertical or sub-vertical contacts between two environments of different densities, which can be
interpreted as faults.

Figure 1 - Filtered map of Bouguer anomaly

To locate the geological structures that influenced the formation of Neogene basins, it was
necessary to remove the regional influence of the primary anomaly sources (the Dinarides) and
distinguishing local effects produced by smaller dimensions sources, such as the Neogene basins
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in the Dinarides. By removing the regional influence of the Dinarides from gravity anomalies, the
procedure residual was applied. The result of this procedure was a local gravity anomalies map
(Figure 2). The shape and position of the minimum values in the central part of the map (Fig.2.)
indicate the existence of three basins.

-

Figure 2 - Local gravity anomalies map

Next step in detect geological structures (faults, nappes, etc.) was applied mathematical
transformations vertical and total horizontal gradient on local gravity anomalies map. The results
obtained by the application of these two transformations correlate well with each other and can
assist in locating the lateral (mainly vertical or subvertical) contacts between geological units of
different density. The results of VDR are shown in Figure 3. In the central part of the map,
structures that indicate the contacts that affected the formation of Neogene basins are marked with
black dashed lines.
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Figure 3 - The map of verticale gradient (black dashed lines - interpretation contacts)
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The results of THDR are shown in Figure 4. The structures that indicate the contacts that affected
the formation of Neogene basins are marked with red lines in the central part of the map.

Figure 4 - The map of total horizontal gradient (red lines - interpretation contacts)

The analysis of Fig. 3 and Fig. 4 shows that contacts have general direction NW-SE. This direction
corresponds to the main direction of structures (faults, nappes, etc.) in Dinarides [4,5].

4. CONCLUSION

By applying certain procedures of mathematical transformations (such as residual, vertical
gradient, and total horizontal gradient) to gravity data, structural correlation affecting the
formation of Neogene basins can be identified. The obtained results are in correlation with the
known geological data. The detected contacts have a typical Dinaric direction (NW-SE)
corresponding to the faults and nappes.
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Abstract

Wire Arc Additive Manufacturing (WAAM) with robotic systems enables the production of complex and
large-scale metallic parts in various industrial fields such as automotive, maritime, defense, and aerospace.
Functional bimetallic parts can also be manufactured using the WAAM process. The manufacturing process
of wear-resistant components involves cladding hard-facing material onto the base metal as a conventional
method. This process is often complicated, expensive, and time-consuming. This study proposes using the
WAAM process to fabricate bimetallic parts with hard-facing solid welding wire for high wear resistance.
In the WAAM process, a 6-axis OTC Daihen FD-B6L welding robot was used for manufacturing the
bimetallic part. A synergic GeKa-Mac GMAW WB P500L welding machine with a water-cooled torch was
used as the power source of the WAAM cell. The low spatter mode is used in the welding machine to prevent
poor weld seams caused by unstable arc and spattering. The WAAMed bimetallic component was produced
by depositing hard-facing welding wire on the top of the 316L austenitic stainless steel layers. The produced
bimetallic component was first subjected to visual inspection and digital radiographic examination. Then
macrostructure analysis, microstructure characterization, and hardness were performed on the samples
extracted from the manufactured component. The interface region of the bimetal structure was also detailed
examined. As a result, this study offered a more efficient and cost-effective new route for manufacturing
wear-resistant bimetallic components. It also widened the design opportunities of monolithic components
with site-specific properties.

Keywords: Wire Arc Additive Manufacturing, Gas Metal Arc Welding, Bimetallic Component, Interface
Characterization

1. INTRODUCTION

Additive manufacturing has revolutionized traditional manufacturing techniques by enabling the
layer-by-layer fabrication of three-dimensional components [1]. One of the prominent additive
manufacturing (AM) methods is Wire Arc Additive Manufacturing (WAAM), which leverages
wire as a feedstock and an arc heat source to fabricate intricate 3D shapes [2-3]. WAAM
encompasses several well-established welding processes, including gas tungsten arc welding, gas
metal arc welding, and plasma arc welding [4]. Utilizing an electric arc as an energy source, the
WAAM process melts the welding wire (solid or metal-cored) to build up the desired component
structure. A shielding gas environment is employed to ensure optimal conditions, preventing the
molten metal layers from the atmospheric air. Additionally, the welding consumables in the market
can be seamlessly integrated into WAAM technologies [5].

In the WAAMed structure, the macroscopic characteristics and microstructure of the deposited
layers are significantly influenced by welding parameters such as the direction of the temperature
gradient, welding current mode, cooling time, and interlayer temperature [6]. Critical parameters
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in the WAAM method include heat input, speed, wire feeding rate, solidification rate, deposition
current, inter-pass temperature, and torch movement speed [7]. Researchers have been actively
exploring the application of WAAM in joining diverse metal structures required in various
industries, such as aviation, automotive, and shipbuilding [8-9]. The ability to fabricate bimetallic
parts using WAAM brings new possibilities for designing lightweight, high-strength, and
corrosion-resistant structures [10-11]. This technology enables the integration of dissimilar metals,
optimizing material properties and enhancing overall performance in critical applications [12].
Moreover, WAAM-based bimetallic component manufacturing offers cost-effective solutions by
reducing material waste and minimizing assembly processes. This study proposes a new route for
manufacturing wear-resistant bimetallic components using robotic WAAM technology. The
manufactured WAAMed wall was examined via microstructure characterization.

2. EXPERIMENTAL PROCEDURE

An experimental study was carried out in a robot welding cell which includes a 6-axis OTC Daihen
FD-B6L industrial welding robot, GeKaMac Power MIG GPS WB P500L synergistic welding
machine, OPTRIS CT 3M pyrometer, and OPTRIS Xi 400 thermal camera. The low spatter mode
is used in the welding machine to prevent poor weld seams caused by unstable arc and spattering.
Two different welding wires having a diameter of 1.2 mm were used as feed material, namely
GeKa ELOX SG 316 L Si (ER 316 LSi, according to AWS A5.9) and GeKaTec 600 G (MSG 6
GZ-60) (according to DIN 8555) to build bimetallic WAAMed component. The base plate was
used in SS316 quality with the dimensions of 350 mm x 150 mm x 12 mm. The chemical
composition of the welding wires and the substrate are given in detail in Table 1.

Table 1 - Typical chemical analysis values of welding wires and substrate (wt.%)

C Si Mo Cr Ni
ELOX SG 316L Si 0.02 0.80 1.98 185 11.50
GeKaTeC 600G 0.4 3 - 9 0.5
SS 316L (substrate) 0.022 0.003 - 16.70 -

To produce a thick section WAAMed wall, a total of 60 layers were deposited, consisting of 3
passes overlapped by 1/3 of each other. In the experimental context, 30 layers were deposited on
the SS316 substrate using ER 316 LSi welding wire. Then, another 30 layers were deposited on
the ER 316 LSi side using hard-facing welding wire. Optris CT 3M pyrometer was used to observe
the temperature changes of the substrate during the deposition process. The thermal images were
taken every 5 passes during deposition and for 5 seconds before starting the deposition process
using the Optris Xi 400 thermal camera. The welding parameters used for both welding wires
within the scope of the experiment are listed in Table 2.

Table 2 - Process parameters used during the manufacturing of bimetallic components.

Unit ELOX SG 316L Si Hardcor 600 G
Current A 130-160 150-180
Voltage Vv 17-19 18-21
Torch angle 0 90 90
Welding speed mm/min 35-45 35-45
Shielding gas flow rate I/min 15 15

Two different shielding gases classified as M21 and M12 gases were used for ELOX SG 316L Si
and Hardcor 600 G, respectively. In the WAAM process, heat accumulation occurs during layer-
by-layer deposition. This heat build-up changes the pattern of heat transfer across the part. This
effect causes the emergence of different mechanical and microstructure properties of the material
from place to place [11]. To minimize the heat accumulation that may occur within the scope of
the experiment, a dwell time of 180 seconds between layers was programmed, and the WAAM
part was allowed to cool. As a result, the bimetallic component was first subjected to visual
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inspection and digital radiographic examination to reveal any indication that occurred during the
deposition process. The mechanical properties of various locations were evaluated with Vickers
hardness and flat tensile test results.

3. EXPERIMENTAL RESULTS

The front view and macro section of the thick WAAM wall produced in this study are illustrated
in Figure la-b. The wall comprises stainless steel (at the bottom) and hard-facing wire (Hardcor
600G) sides, which can be distinguished. To determine the dimensions of the wall, measurements

were taken at five different locations and subsequently averaged, resulting in dimensions of 330
mm X 150 mm x 18 mm.

Figure 3.1 - The as -built WAAMed blmetal waII

Visual inspection and X-Ray test results confirmed that a stable burning arc consistently melted
both wires during the deposition process. Consequently, no surface or internal defects, such as
porosity, solidification cracks, or lack of fusion, exceeded the tolerances specified in ISO 5817-B.
In the microstructure investigations, it is observed that various types of delta ferrites are formed
within the austenite matrix in the region of the 316L austenitic stainless wire, as shown in Figure
1c. The interface was free of microcracks or defects, confirming the excellent bonding. In the hard-
facing region, the presence of metal carbides predominantly precipitated along the grain
boundaries in the martensite matrix was evident.
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Figure 3.2 - Hardness distribution along the deposition direction

As depicted in Figure 3.2, the hardness remains consistent from the stainless zone to the interface;
however, a gradual increase was observed at the interface and beyond and reached over 700 HV.
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This increase can be attributed to the higher carbon content, leading to martensite and chrome
carbides forming on the hard-facing wire side. According to the DIN 8555 standard, MSG 6 alloys
reveal hardness values above 500 HB due to their high carbon content, which agrees with the
experimental results. Moreover, the variations in hardness on the hard-facing side can be explained
by the temperature fluctuations during the process, resulting in diverse microstructures.

Table 3 - The mechanical properties of the WAAMed bimetallic wall

Yield strength, MPa  Tensile strength, MPa Elongation, %
Hard-facing side 815 1337 1.52
Interface 326 463 3.52
Stainless steel side 337 579 33.75

On the other hand, the highest yield and tensile strength, 815 MPa and 1335 %, respectively, and
the lowest elongation values were obtained at the hard-facing side, which had metal carbides in
the martensitic matrix as expected. In contrast, the stainless zone demonstrated the highest
percentage of elongation, about %33.75. Notably, the lowest yield and tensile strength were found
at interface regions, 326 MPa, and 463 MPa, respectively.

4. CONCLUSIONS

In this study, a bimetal wall was built using ELOX SG 316L Si and Hardcor 600 G welding wires.
In conclusion, the visual and X-Ray test results demonstrated that a successful wear-resistant
bimetallic component has been built using WAAM technology. On the other hand, the lowest
hardness value was found to be 204 HV on the 316L side, while the highest hardness value was
measured as 711 HV on the 600G side in the as-built WAAM part. These results indicated that the
WAAM technology was an efficient alternative to the conventional cladding part as a wear-
resistant bimetallic component.
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Abstract

Paper deals with stainless steel behavior analysis at sandblast operation. Sandblasting is a method
utilized to enhance the surface quality of materials by bombarding them with abrasive particles at high
speeds. The outcome is a hardened surface layer that delivers long-lasting durability while maintaining the
corrosion-resistant properties of stainless steel. This hardening process is desired in many applications
like cutting tools, pump shafts, and valves, where wear resistance is a crucial factor for the material's
longevity. Using sandblasting hardening, stainless steel increases its wear resistance without altering
the chemical composition of the base material, thereby maintaining its fundamental mechanical, chemical,
and esthetic properties. In this paper a wood working stainless steel cutting tool was investigated by usage
defects point of view, surface modification through sandblasting for different time periods: 5,10, 15 ... 60
seconds and corrosion resistance through immersion in a cooling liquid used during the wood peeling.
Surface profile was investigated through 3D profile images made with SEM and by determining the
surface profile using a portable profilometer. Hardness of the stainless steel was investigated before and
after the sandblast operation.

Keywords: sandblasting, stainless steel, hardness.

1. INTRODUCTION

Sandblasting is a mechanical surface preparation technique widely employed in diverse industries
to enhance material properties and prepare surfaces for various applications. This paper focuses
on investigating the profound influence of sandblasting on stainless steel cutting material. The
study aims to comprehensively analyze how sandblasting affects the material's properties and
performance, evaluating the multitude of advantages and limitations this technique presents in
various industrial applications. When an abrasive material is blasted onto the metal surface, it
causes a plastic deformation that compresses the top layer of the surface, resulting in the increase
of hardness and wear resistance [1].

Stainless steels are iron alloys enriched with a significant chromium content (minimum 10.5%),
forming a protective chromium oxide passive layer on the material's surface, rendering it highly
resistant to corrosion. These exceptional materials are renowned for their corrosion resistance,
durability, and ability to withstand high temperatures. As a result, stainless steels find application
across a wide spectrum of industrial sectors, including the oil and gas industry, chemical
processing, food processing, construction, and many more[2-4].

The sandblasting process entails propelling fine particles, such as sand, glass beads, or metal grit,
onto the material's surface through a forceful jet of air or pressurized water. This technique serves
a myriad of purposes and offers an array of advantages [5-7]:

a) Surface Preparation: Sandblasting excels at removing deposits, rust, impurities, and
contaminants from the material's surface, ensuring an immaculate base for subsequent processes.
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b) Enhanced Adhesion: By creating a roughened surface, sandblasting significantly improves
the adhesion between the stainless steel cutting material and other materials it interfaces with
during application.

C) Aesthetic Appeal: Employed in architectural and industrial designs, sandblasting imparts
stainless steel with a refined matte or satin finish, enhancing its visual allure.

d) Surface Remodeling: In specialized cases, sandblasting facilitates reshaping and molding
the stainless steel cutting material to meet precise project requirements.

The sandblasting process elicits various effects on stainless steel cutting material, yielding
substantial implications for its properties and performance. Notable effects include [8]:

a) Alterd Surface Profile: Sandblasting modifies the topography of the stainless steel cutting
material, transitioning it from a smooth surface to a textured one. This transformation may impact
the material's mechanical strength and adhesion characteristics.

b) Residual Stresses: Residual stresses may arise in the stainless steel cutting material as a
result of sandblasting, influencing its structural integrity and stability. Proper management
andelimination of such stresses are crucial for optimal material performance, especially in critical
applications.

C) Passive Layer Thickness: The sandblasting process can impact the thickness of the
naturally formed chromium oxide passive layer on the stainless steel surface, consequently
affecting its corrosion resistance.

d) Surface Deformations and Defects: Sandblasting may lead to surface deformities and
defects in the stainless steel cutting material, potentially influencing both its functional
performance and aesthetic appeal.

The versatility of sandblasting renders it applicable in a broad spectrum of industries, including
metallurgy, construction, food processing, chemical processing, and more. Nevertheless, certain
limitations accompany this technique [9]:

a) Impact on Mechanical Properties: The sandblasting process may cause a reduction in the
mechanical strength of the stainless steel cutting material, particularly in regions with increased
surface roughness.

b) Contamination Concerns: Sandblasting can introduce foreign particles or contaminants to
the material's surface, posing potential challenges to its overall quality and performance.

C) Cost-Effectiveness: Due to its sophisticated nature, sandblasting can prove costly and
necessitates adequate preparation and equipment to ensure process efficiency and precision.

A comprehensive understanding of its impact on material properties is essential to optimize the
utilization of stainless steels across diverse industrial applications. Combining sandblasting with
other structural and chemical modification techniques will pave the way for superior, durable, and
economically viable outcomes in the future. Further research and development in this domain will
undoubtedly enhance our understanding of the potential applications and limitations of
sandblasting, contributing to the advancement of materials engineering and industrial practices
[10].

2. EXPERIMENTAL

In this paper, we propose a process of hardening through shot blasting for stainless steel. Shot
blasting is a method utilized to enhance the surface quality of materials by bombarding them
with abrasive particles at high speeds. When an abrasive material is blasted onto the metal
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surface, it causes a plastic deformation that compresses the top layer of the surface, resulting in
the increase of hardness and wear resistance.

The outcome is a hardened surface layer that delivers long-lasting durability while maintaining
the corrosion-resistant properties of stainless steel. This hardening process is desired in many
applications like cutting tools, pump shafts, and valves, where wear resistance is a crucial
factor for the material's longevity. Using shot blasting hardening, stainless steel increases its
wear resistance without altering the chemical composition of the base material, thereby
maintaining its fundamental mechanical, chemical, and esthetic properties.

An electro-erosion cutting machine used to cut the pieces of woodworking blades into 10 mm
pieces. The next step was grinding and polishing the samples, after this, the samples were
sandblasted (fig 1). After completion of the blasting process, the ultrasonic cleaning of the
samples was continued.

Figure 1 - Sandblasting equipment used in the project and micro-hardness equipment

In table 1 the mean values from three determinations for each sample are given and an
increase is observed with the sandblasting time period. After a certain sandblasting period the
hardness decrease (for example after 25 seconds) and increase again with the exposure time. The
microhardness characteristics are strictly connected to the surface roughness.

Table 1 - Average values of micro-hardness

] ) Vickers hardness results
Time of sandblasting [s] o
(average value from 3 determinations)

Initial (0 s) 758.89
10 1006.76
15 1007.6
20 852.49
25 783.7
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30 738.9
35 792.9
40 791.9
45 803.2
50 860.2
55 849.8
60 926.9

The result was variable hardening depending on the blasting time of the samples, from 0 to
60s. From the table 1 see that the highest hardness is for the 15 s sample, and the result is from
the average of 3 tests.

Table 2 - The roughness result of 3- test average

T e Ra (um) | Re (um) | Roas (m)
Initial sample (0 sec) 0.54 3.83 4.67
10 sec 0.97 6.41 8.17
15 sec 0.98 7.52 9.97
20 sec 1.00 6.44 9.95
25 sec 0.92 7.52 9.21
30 sec 0.74 6 7.32
35 sec 0.91 6.62 8.94
40 sec 1.22 9.38 9.88
45 sec 1.15 8.43 9.41
50 sec 1.28 8.6 10.92
55 sec 1.20 8.81 10.91
60 sec 1.16 8.03 11.47

And before the test, the samples are cleaned again at the ultrasonic machine. The
roughness test was carried out using an M1 profilometer and the result is shown in the table 2
(3-test average)

3. CONCLUSIONS
In the conclusions about the hardening of stainless steel for knife blades used in the wood
industry through sandblasting:

1 Sandblasting hardening is an effective method of improving the mechanical properties of the
knife blade.
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2 The use of special stainless steel powder in the sandblasting process can improve the
adhesion of abrasive particles to the workpiece surface, thereby reducing material loss and
increasing process efficiency.

3 Sandblasting hardening can increase the hardness of the knife blade and improve resistance to
wear and abrasion.

4 The sandblasting hardening process can help improve the performance of the knife blade in the
wood industry by increasing durability and the blade's lifespan. It is important to use the special
stainless steel powder in the sandblasting process to ensure that the blade surface remains smooth
and free of cracks or imperfections that could affect the blade's performance over time.
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Abstract

Mine waters and tailings resulting from mining and mineral processing often have a harmful effect on the
local environment. Copper has a strong biocidal activity that greatly affects ecosystems. Therefore, the
removal of copper from wastewater is of great importance to the environment. Chitosan, a natural
biopolymer, obtained from chitin, the most abundant natural fiber, often has better properties than much
more expensive synthetic polymers. This paper investigates the application of chitosan-based sorbents for
removing copper from aqueous solutions. A novel adsorbent, chitosan hydrogel beads (CHBs), was
synthesized from chitosan flakes (medium molecular weight), via ionic/covalent cross-linking. Batch
experiments were carried out to optimize the process conditions for efficient removal of Cu(ll) and to
determine the adsorption capacity of prepared CHBs. The results showed that the maximum Cu(ll)
adsorption capacity estimated with Langmuir isotherm modeling was 103.6 mg/g which was three times
higher than chitosan flakes (33.7 mg/qg).

Keywords: Copper, chitosan, adsorption.

1. INTRODUCTION

Wastewaters containing heavy metals as pollutants originate from a large number of metal-related
industries and mines [1]. Unfortunately, heavy metals are not biodegradable and tend to
accumulate in living organisms, causing several diseases and disorders. Copper is one of the most
common heavy metals observed in the aquatic environment [2]. Excess of Cu(ll) in human blood
system can create reactive oxygen species and damage important compounds such as: proteins,
lipids and DNA and can causes various diseases such as Wilson and Alzheimer's disease [3].
Technologies used for metal ion removal from the wastewaters include chemical precipitation,
reverse osmosis, membrane separation, flocculation, electrolysis, ion exchange mechanism and
adsorption [4].

Various types of adsorbents have been investigated aimed at the adsorption of heavy metal ions.
Favorable features of chitosan, such as resource abundance, non-toxicity, biodegradability and
existence of sufficiently active sites (-NH2 and —OH) for adsorption of various pollutants, make
chitosan-based hydrogels the promising adsorbents for the removal of heavy metal ions from
aqueous solutions [5].

In the present work, a method for synthesis of citric acid (CA)/ glutaraldehyde (Glu) co-cross-
linked chitosan hydrogel beads (CHBs) was developed. The obtained CHBs were used as
adsorbents in further batch adsorption experiments designed to investigate their potential
application for the removal of Cu(ll) ions from aqueous solutions. The effects of the initial solution
pH and initial concentration of Cu(ll) were evaluated with respect to the removal efficiency of
Cu(ll) from aqueous solution. For analyzing the equilibrium adsorption data Langmuir and
Freundlich isotherms were employed.
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2. EXPERIMENTAL

Chitosan flakes (CF) of medium molecular weight, glacial acetic acid (AA), Glu solution, CA and
copper(ll) nitrate hepta hydrate were purchased from Sigma-Aldrich (USA). All the chemicals
were analytical reagent grade and used without further purification.

Preparation of CHBs was carried out by dissolving 1 g of chitosan flakes in 40 cm?® of (1) 2 wt%
of AA, (2) 1 wt% AA and 1 wt% CA and (3) 2 wt% of CA. 5% (v/v) Glu solution was added into
the obtained suspension and the mixtures were magnetically stirred for 2 h at room temperature.
In order to get the uniform CHBs, obtained solutions, separately, were dropped into 1 mol dm
NaOH. After 24 hours of aging in the NaOH solution, CHBs were neutralized by rinsing with
deionized water.

The experiments were conducted in a batch mode by mixing approximately 0.5 g wet CHBs and
10 cm?® of the Cu(ll) solution of different concentrations. The effect of pH was studied by adjusting
pH with either 0.1 M NaOH or 0.1 M HNOs from 3 to 7.

The mixtures were shaken at a speed of 150 rpm for 24 h. Aliguots above the adsorbent were taken
and concentrations of Cu(ll) ions were determined by polarography system 797 VA Computrace
analyser (Metrohm, Herisau, Switzerland) applying differential pulse anodic stripping
voltammetry (DPASV) at a hanging mercury drop electrode. All experiments were performed at
room temperature.

The effect of the initial Cu(ll) concentration was investigated in the range from 10 to 250 mg dm-
3, The obtained results were discussed in terms of removal efficiency, E (%), and adsorption
capacity, ge (mg g2), at equilibrium defined by the equations:

C.—C
E=( L 3)100
C;

C;—C
Cle=< lm t>V

where Ci and C. (mg dm™) are the initial and equilibrium concentrations of Cu(ll) ions in the
solution, respectively, V (dm?) is the volume of the solution, and m (g) is the mass of the dried
adsorbent.

3. RESULTS AND DISCUSSION

Approximately spherically shaped CA/Glu co-cross-linked CHBs had diameters of about 3.0 mm.
The three tested CHBs samples (non-cross-linked (CHB), cross-linked with 1% CA (CHB-1%
CA) and 2% CA (CHB-2% CA)) contained water in the range of 97.0-97.5%. The surface charge
of the adsorbent largely depends on the initial pH of solution influencing the removal efficiency
of the adsorbent. pH of initial solutions was studied from 3 to 7 in order to find the value at which
adsorption is the highest. In our experiments, the highest removal efficiency (98-99%) of Cu(ll)
for the three tested adsorbents was achieved in the pH range of 4-6. According to the literature
data [6], at low pH (acidic solution), amine groups in the beads became protonated which induced
an electrostatic repulsion of Cu(ll) ions. On the other hand, solutions with pH values higher than
6 should be avoided due to the possibility of Cu(ll) hydroxide formation which will affect the
adsorption by the beads. The increase in the adsorption capacity at pH > 4 of CA/Glu co-cross-
linked CHBs compared to non-cross-linked CHBs can be explained by the presence of additional
carboxylic groups on the surface of the adsorbent. It can be assumed that improved removal of
Cu(ll) ions by CA/Glu co-cross-linked CHBs comes from deprotonated carboxylic groups which
attracts positively charged Cu(ll) ions and, hence, improve their adsorption capacity.
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There are several isotherm models to investigate the equilibrium of the system and to define the
capacity of the adsorbent. Usually, Langmuir or Freundlich model describe accurately the system
in the case of two parameters. The Langmuir model assumes monolayer adsorption onto
homogenous surface where the binding sites have equal affinity and energy, and there is no
transmigration or interaction between the molecules. The Langmuir equation is given by:

— quL Ce
1= 11k,c,

where Qe is the amount of adsorbed mg per g of adsorbed at equilibrium (mg/g), gmis the maximum
capacity of the system (mg/g), Ce is the adsorbate concentration in solution at equilibrium
(mg/dm?3), KL is the constant of the Langmuir Isotherm model (dm3/mg).

The Freundlich adsorption isotherm, however, is an empirical model and can be used in the case
of a heterogeneous surface energy system.
_ Ynp
e = Kp- C,

e

where Ce is the equilibrium concentration of metal ion (mg/L), ge is the amount of metal ion
adsorbed on adsorbent mass unit (mg/g), Kr is the maximum adsorption capacity of metal ions
(mg/g) and nr is a constant present in non-linear Freundlich isotherm which indicated the
adsorption intensity [7].

The Langmuir and Freundlich plots are presented in Figure 1, while the obtained fitting parameters
are reported in Table 1.

1404 =« T
| o cHB
1204 ¥ CHB (1% CA)
| * CHB (2% CA)
100 -
o 80+ .
m -
) - ,
E 60 .
= 7 - _
40_ /"' :,;_‘_‘_-"_’-‘77"'__—-7
20-’/"/";“”___“_ -
0 ‘ ‘ I | | | I I I ‘
0 50 100 150 e -
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Figure 1 - Fitting of experimentally obtained data for adsorption equilibrium of Cu(ll) onto: CF, CHB,
CHB (1% CA) and CHB (2% CA). Solid and dash lines represent Langmuir and Freundlich curve,
respectively

The equilibrium adsorption data on the effect of the initial concentration of Cu(l1) were fitted using
the non-linear Langmuir and Freundlich isotherm models in order to determine the surface
properties and the affinity of the adsorbent. The corresponding isotherm parameters and the
determination coefficients of these two models are reported in Table 1. Based on the values of the
R?, it is evident that adsorption of Cu(ll) by CA/Glu co-cross-linked CHBs can be better described
by the Langmuir isotherm. CA/Glu co-cross-linked CHBs with the higher content of CA showed
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better qm value compared to other samples, probably due to incorporation of additional carboxylic
groups that have positive impact on the features of CHBs.

Table 1 - Langmuir and Freundlich parameters for the adsorption of Cu(ll) ions onto CA/Glu co-
cross-linked CHBs

Langmuir isotherm Freundlich isotherm
Adsorbent
gm, Mg gt | K R? ne | **Ke | R
CF 33.7 0.052 0.999 3.15 5.93 0.911
CHB 54.7 0.034 0.993 2.68 6.90 0.988
CHB - 1% CA 69.2 0.034 0.994 2.51 7.78 0.992
CHB - 2% CA 103.6 0.032 0.996 2.23 9.40 0.983

*Ki, dm¥/mg; **Kr, (mg/g)(dm3/mg)*"

4. CONCLUSION

The adsorption of Cu(ll) ions from aqueous solutions onto CA/Glu co-cross-linked CHBs was
investigated in the present study. The obtained results showed that the maximum removal
efficiency of Cu(ll) was achieved in the pH range 4-6. Equilibrium isotherm data were fitted using
Langmuir and Freundlich models. The Langmuir model provided the best fit of the experimental
data. The maximum adsorption capacity for Cu(ll) ions was exhibited by CHB - 2% CA (103.6

mg/g).

It can be concluded that investigated chitosan-based hydrogels could potentially contribute to the
environmental friendly method for the treatment of Cu(ll) contaminated waters.
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Abstract

Using the method of two-time temperature Green's functions, in this paper we determined the electron
spectra in perturbed crystal ultrathin film-structures with a complex lattice (NaCl type). The presence of
boundaries as well as the energy change of the boundary parameters at the boundaries of these structures
leads to new properties and a specific effect in relation to the bulk, significant for clarification, e.g.
mechanisms of high-temperature superconductivity. One of the basic results is the appearance of energy
gaps and localized electronic.

Keywords: electrons, ultrathin films, discretization of spectra, energy gaps, state localization

1. INTRODUCTION

Research into low-dimensional layered systems (nanostructures: ultrathin films, superlattices,
nanotubes, ...) and quantum confinement effects has become intense, especially in this century,
due to their increasingly wide application in optoelectronics, nanomedicine, energy, ecology, ...
[1]. Thin films are used as coatings (to protect against corrosion) which are already widely used
in the automotive and aviation, especially in the military industry [2]. The development and
improvement of technological procedures (evaporation, spraying, doping, etc.) enables the
production of completely new materials, i.e. materials with changed properties. On the other hand,
this innovative technology requires the synthesis of materials with predefined properties. This is
exactly the interest in modern research in the physics of condensed matter, and it is based on
finding the possibility that by adequately changing the characteristic parameters of the lattice,
especially at the boundaries of the nanostructure, the physical properties of the sample can be
manipulated [3]. The nature and mechanism of drastic and diverse changes in the fundamental
physical properties of nanostructured materials in relation to bulk samples has not been deciphered,
and therefore considerable attention is paid to theoretical modeling that should explain the
relationship between the required characteristics of materials, their nanostructure and
manufacturing technology.

Phenomena related to the basic properties of charge carriers (in general: electrons) in low-
dimensional structures lead to the creation of completely new or changed physical characteristics
of materials. This is very interesting because electrons with phonons are carriers of all transport
processes in materials [4]. By microtheoretical analysis - the method of two-time temperature
Green's functions (GFs) [5], here we will determine the electron dispersion law in the model of an
ultrathin crystal film with a complex crystal structure (with two sublattices). We will analyze the
influence of the change in the boundary parameters of the film on the electronic spectra and states
numerically.

2. MODEL OF ELECTRONS IN ULTRATHIN FILM NANOSTRUCTURES

Unlike ideal unbounded (bulk) structures, real crystals do not have the property of translational
invariance. The existence of boundaries is certainly the cause of breaking this symmetry, but it has
significant repercussions only in the case of nanostructures [1]. Here, we form a model of a
crystalline nanofilm with a complex lattice. In the XY planes, the film is unbounded, while in the
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z-direction it has a finite thickness (L). This means that this film has two infinite boundary - surface
planes parallel to the XY planes for z=0and z = L (Fig. 1, where the two different types of atoms
a and b are shown by white and black circles).

The boundary surfaces of the film are normal to
the z-direction, so the layer index n; takes the A .
values: n, =0, 1, 2, ..., Ny, where Ns € [4, 12] for Ll amE) AE)
ultrathin films. The indices nx and ny, which ) N
determine the position of atoms in each w & A w \;,_'v ,
crystallographic plane, have arbitrary integer ow M P e
values. Due to the influence of the boundaries, BB 1 g e
i.e. the environments with which the film| | = -------9-- 4 ----------
borders, we assume that the basic electronic e
parameters A and W are perturbed along the z- T T
direction of the film in the boundary - surface AL =3
planes (for n, = 0 and N¢) and boundary layers LAY ) ”'__2
(between n, = 0 and 1 and between n, = N¢— 1 vl oW -
and Ny). It follows: " T || W) ”—-_{']

AP = Aa/b(l"‘ 7§/b5oa,;? + 73’135&1 ); 0 AP(14ED) A (14€7) k/):j

_ alb alb ¢oh/a b/a ¢bh/a
2 =W =W, (1+ Wo "y, + Wy, 5“””1) @ Figure 1 - Cross section of our model of crystal

W, 0 =W =W, (1+ Wy PS5 +WR S8 ) film with two sublattices in X/Y=Z planes

Based on the electronic Hamiltonian of the beam within the Hubbard model and the derived
Hamiltonian of a simple film [4-6], the electron Hamiltonian of this model has the form:

N,
_ + alb alb alb
H = z ,z ,amxmymZ [Az amxmymZ _Wz (amerl,mymZ + amx—lmymZ )_Wy (amxmyﬂ,mZ + amxmy—l,mZ )_

mym, m,

alb ¢cb/a b/a ¢bla alb calb b/a ¢calb
_Wz (1+ W 51,nz + WNZ 5Nz,nz )amxmy,mz—l _Wz (1+ W 50,nz + WNZ §Nz—1,nz )amxmy,mz+1 J (2)

Due to the confinement of the system, only a partial spatial Fourier transformation - along the x
and y directions, can be performed (more details in [6-9]). After that we get two sets of equations

for 2(N; +1) GFs. The first set: Gg,Gf,Gj,...,Gﬁz_l,Gf,z corresponds to atomic line (along z-
direction) with atom a at the first XY-layer (for n, = 0), while the second set:
Gy,G;,G;,....Gy ;,Gy corresponds to atomic line with atom b at the first layer. Also, the
boundary conditions must apply: G;'® =0 for n; <0 and for n, > N.

The general form of the first set of equations is then:

G s, {p—fv—y;aanzjes,-;mz e, +9, 55,0 JB2ian, +RG, =KE e, )

z

Aa

a cb b ob a b &b b a a b

(:|'+W051,nZ +WNZ5N1Z,nZ )sz;mZ +|:p+W_(1_9_8N25Nz,nZ) G2j+1;mZ +sz+2;mz + RGZ]+1;mZ = K2j+1;mZ
z

The second set of equations is of the form:

Aa
G?j—l;mz +{p +VT(1_ 9_ 9785(?n1 ):|G§j;mZ + (1+ W(t))é‘(?,nz + Wl{i\lzé‘ll\)lz—l,nz )Gzaj+1;mZ + F\)Gzaj;mz = Kgj;mz
b b Aa b b
(1+ Woéfnz + Wﬁlzé‘sz,nz )sz;mZ + (p _VT ‘C";Zé‘ﬁlz,nz J G2aj+1;mZ + GZjJrZ;mZ + RGZj+l;mZ = K621j+1;mZ (4)
z
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where abbreviated markings are introduced:
_ 2F b iho?
_Iozhe gy p W cosak, +W,cosak,; O= o K = O0nm
W, , A T 27W

z

In order to determine the dispersion law (energy spectrum) of electrons, it is sufficient to calculate
the poles of GFs [4,6], i.e. to determine the roots of determinants (D) of system equations (3) and
(4), which comes down to the condition: D = 0. In general, this condition is not analytically
solvable, and numerical methods must be used. As an example, we will study the following case,
6=05,ie. A, =054, W, =W, =W, =W, for various film widths: N, +1e [5,13]. Here we
assume that the parameters w and ¢ on the same surface should be similar to each other:
WS R W) =Wor W RWN =Wy E) mE =6y &y RE =&y -

The obtained results of the analysis of the boundary effects (film thickness and parameter changes)
on the electronic spectra are shown graphically in Figs. 2 and 3.
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Figure 2 - The electron energy spectra Figure 3 - Distribution of localized electron
dependence on film thickness states though film thickness

Due to the close boundaries and altered boundary parameters, the electron energy spectra in an
ultrathin film with a complex lattice are discrete (as in a film with a simple lattice [6,7]). The
number of possible energy levels is equal to twice the number of crystal planes of the film along
the z-direction, which is shown in Fig. 2. It can be seen that the discrete energy zone is divided
into two allowed energy zones, between which is a forbidden zone. Unlike the allowed energy
ranges in bulk crystal, the energy zones in the film are narrower, so two energy gaps appear (at the
top and bottom of the allowed zones). The energy gaps decrease with increasing film thickness
and the gap width is larger for thinner films.

The energy spectra of electrons depend on the value of the perturbation parameters, similar to the
case of a simple thin film: increasing the electron energy at the boundary surfaces shifts the
spectrum to higher energies (with an increase in the lower and a decrease in the upper gap), while
for an increase in the electron transfer energy in the boundary layers, the spectrum broadens (while
reducing the lower and upper gap). Depending on the values of surface interaction parameters,
certain energy levels can lie outside the allowed energy ranges, even in the forbidden energy zone,
so localized electron states appear.

-181 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

3. CONCLUSION

This paper presents the results of studying the energy states of electrons in ultrathin films with a
complex lattice. The consequence of the violation of translational invariance in the boundary layers
of the film is the appearance of energy gaps in the electron spectra. The appearance of the lower
energy gap has a special physical significance, because it (re)defines the energy of the basic state
of the system [3-5]). Since electrons with the lowest energies are responsible for superconductivity
[6], we can conclude that resistance less transfer cannot be expected in the direction orthogonal to
the boundary surfaces of the film structures, but in plane parallel surfaces this movement is
enabled. This is in agreement with the fact that the superconducting properties of films are better
than bulk samples, especially for high-temperature Cu-O ceramics [8]. The occurrence of localized
states are well known as Tam's states [4] and have a huge influence on the transport characteristics
and other altered physical properties of the material.
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Abstract

This paper aimed to investigate kinetic and thermodynamic of Sr** adsorption from aquatic solution using
electric arc furnace slag (EAFS). Adsorption experiments were carried out in a batch conditions for 35 min
at adsorbent dosage of 1.5 g/l, initial concentrations of 150 mg/L, pH value of 5 and temperatures of 20
T, 30 T and 45 <C. Kinetic of Sr** adsorption onto EAF slag was evaluated using pseudo-first and pseudo-
second order models and results have shown that experimental data better fit the pseudo-second order
model. Thermodynamic investigation indicated that adsorption of Sr** onto EAFS is endothermic in nature,
spontaneous and more favorable at higher temperature.

Keywords: Strontium, Adsorption, Slag, Kinetic, Thermodynamic

1. INTRODUCTION

Electric arc furnace slag (EAFS) is a by-product of steel making production in a electric arc
furnaces. This slag is mainly utilized in a civil engineering in a road construction [1], as a
supplement for cement production [2], as an adsorbent for heavy metal removal from wastewaters
[3] and in pass decade this slag is considered as a precursor for a production of alkali activated
binders (green cements) [4].

One of the biggest problems of nuclear waste management is the disposal of radioactive
wastewater which mainly contains isotopes such as strontium, cesium, plutonium, americium and
technetium [5]. Strontium is a persistent radionuclide in the environment [6]. It is also present in
high level liquid waste generated by the reprocessing of spent nuclear fuel [7]. Thus, separation
of strontium from waste solutions requires special attention. Different adsorbents have been
proposed for this purpose but to the best of our knowledge there is no data regards the usage of
EAF slag for the treatment of wastewaters loaded with Sr?* by means of Kkinetics, and
thermodynamic analysis of Sr?* adsorption process.

2. EXPERIMENTAL

Sorbent (EAFS) used in this research was supplied from the Still Mill in Montenegro. Chemical
composition of slag is given in Table 1. Prior the adsorption test EAFS was powdered washed and
dried.

Adsorption experiments were carried out in a batch conditions for 35 min at the sorbent dosage
1.5¢/L, initial concentrations of 150 mg/L, pH value of 5 and temperatures of 20 °C, 30 °C and
45°C. Solution containing Sr* ions was prepared from analytical grade chemicals, SrCl; in
deionized water. During the adsorption experiments, an aliquot of the suspension was taken at
certain intervals of time, filtered and tested for the concentrations of metal ions using inductively
coupled plasma optical emission spectrometry (ICP-OES).

Removal efficiency of Sr?*ions (RE) and adsorption capacity (q) at any given time were calculated
according Eq 1. and 2.

-183 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

RE = =-100%. (1Error!
0

Bookmark not defined.)

qr = (Com;ct)V- (2Error!

Bookmark not defined.)

where Co and C; are the initial and final concentrations of Sr?* ions in solution, V is the volume of
Sr?*ions solution and m is the dry mass of adsorbent.

Adsorption kinetic was evaluated using the pseudo-first-order (PFO) and pseudo-second-order
(PSO)kinetics model which integrated forms are expressed by Eq. (3) and (4), respectively:

log(q. — q.) = log q. — (=)t 3)

2.303

t t 1

t_x, (4)

A de k2q?

Where ge (Mg g1), denotes adsorption capacity in equilibrium, k1, (min™) and k2, (g mg™* min) are
rate constants of the pseudo first-order sorption and pseudo second-order sorption, respectively.
When PFO model was applied, values of ki and ge were calculated from the slope and intercept of
straight line plot log (ge-qt) versus t. In case of PSO model, k. and ge were calculated from the
intercept of and slope of the plot of t/q: versus time.

Thermodynamic of Sr?* adsorption onto EAF slag was evaluated using following equations:

AG° = AH® — TAS® (5)
AG° = —RT InK (6)
AS° AHC
In Kd = T - RT (7)
(Co_ce) 14
Ky = e ®)

Where, AG°, AH®, AS° and Kq present standard free energy, enthalpy, entropy and equilibrium
distribution coefficient, respectively. The straight-line plots In Kq vs 1000/T enables determination
the values of AH® and AS° from the slope (AH°/R) and intercept (AS°/R), respectively.

Table 1 - Chemical composition of EAFS

Component %
CaO 46.5
FeO 235
SiO; 12.2
Al;Os 7.2
MgO 6.5
MnO 13
TiO; 1.06
Fe,O; 0.9
Cr,03 0.8
L,O.I" 4.2

*Loss on ignition

3. RESULTS AND DISCUSSION

The results of Sr?* removal from aquatic solution using EAFS was are given in the Fig 1. The
achieved removal efficiencies of Sr2* within 35 min of adsorption at 20 °C were 68.75% and the
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major fraction of Sr¥* was removed from solution by EAF slag within the first 15 min. Further
prolongation of adsorption process practically had no influence on the Sr?* adsorption indicating
that after 15 min equilibrium was reached. Increase of temperature of adsorption to 35 °C and 45
°C was favorable for the adsorption of Sr?* onto EAFS. The rise of temperature from to 35 °C and
45 °C increases the removal efficiency of Sr?* onto EAF slag to 75.93% and 88.40%., respectively.

100 -
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X
— 50 .
3
40
—=— 20°C
30 1 —a—35°C
20 - —e— 45°C
10
0 T T T T T T T 1
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Figure 1 - Removal efficiency of Sr?*ions by EAFS

The results of investigation of adsorption kinetic of Sr?*ions onto EAF slag are given in Fig.2(a)
and Table 2. Analysis of adsorption kinetic has shown that PSO kinetic model better fit with
experimental data since high regression coefficients (R?) were obtained and calculated values of
ge Were in good agreement with the experimental values for ge (Table 1).

Table 2 - Kinetics and thermodynamic parameters for Sr2* adsorption onto EAFS

Pseudo-first-order kinetic model

Temperature, (°C) Ue, experimental Ce, calculated ki R?
20 64.2 57.72 0.26 0.9357
35 75.3 51.70 0.22 0.9531
45 87.73 63.80 0.20 0.9322

Pseudo-second-order Kinetic model

Temperature, (OC) CIe, experimental Qe. calculated kz >(:|.O'3 RZ
20 64.2 71.43 10.152 0.9963
35 75.3 79.37 10.332 0.9969
45 87.73 90.91 10.827 0.9972

The results of thermodynamic investigation (Table 3) and (Fig.2(b)) indicated that adsorption of
Sr?* onto EAF slag is endothermic in nature since positive value of enthalpy (44.89 KJ mol™).
Moreover this value fall in the range 40-200 kJ mol™ which means that the Sr?* adsorption onto
EAFS involves chemisorption. Negative values of free energy (AG®) obtained at all investigated
temperatures indicate that Sr?* adsorption onto EAF slag occurs spontaneously. The rise of
temperature lead to the decrease of AG which indicates that the adsorption process is more
favorable at higher temperatures.

Table 3 - Thermodynamic parameters of Sr2* adsorption onto EAFS

Temperature K -AG®, AH®, AS°,
(°C) ¢ [(KImolY) | (KImolY) | (I moltK?D
20 1.25 0.55 44.89 156.30
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Figure 2 - The PSO kinetics plots (a) and plot In Kq vs. 1000/T (b) for the adsorption of Sr?* onto EAFS

4. CONCLUSSIONS

The results of investigation of Sr2* adsorption onto EAFS have shown that this slag can be used
an effective adsorbent. The high removal efficiency (68.75%) at 20°C was achieved in relatively
short time. The increase of temperature lead to the increase of removal efficiency and 88.40% of
Sr?* ions can be removed from aquatic solution at 45 °C. The results of kinetic analysis suggested
that adsorption of Sr?* onto EAF slag proceeds according to the pseudo second-order and
thermodynamic investigations have indicated that Sr?* is endothermic in nature and spontaneous.
Increase of temperature favors adsorption process.
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Abstract

The ore from the deposit is exploited from the open pit "Veliki Krivelj", from where it is further subjected
to the technological processes of crushing, grinding, classification, then flotation concentration of the
mineral raw material and finally the process of dewatering, filtering and thickening, the output products of
flotation concentration (concentrate and tailings), as and their transport to their final destinations. Veliki
Krivelj mine's New Flotation Plant was built, which will operate with a capacity of 13.2 Mt, alongside and
independently of the existing one, which has a capacity of 9.9 Mt. Based on this, it is necessary to establish
adequate monitoring for monitoring the quality of air, water and surrounding land, in order to monitor the
quality of the living environment.

Keywords: monitoring, open pit, flotation, environmental.

1. INTRODUCTION

The primary purpose of the monitoring plan is to define the criteria and details for the
environmental monitoring plan and implementation in order to quantify the environmental impact
of the facility and provide a basis for the decision-making process.

The monitoring plan and the results obtained from its implementation should lead to the
achievement of the following specific goals:

e evaluations of compliance of the operator's emissions with the emission limit values

defined by the respective laws and by-laws;

assessments of compliance with the conditions of the integrated permit;

assessments of the implementation of the best available techniques;

provision of data confirming the implementation of the measures required by the permit;

provision of data necessary for assessing the impact of the operator's activities on the

environment;

e provision of preventive measures to prevent possible environmental pollution that may
occur as a result of the operator's activities.

According to the law on environmental protection, monitoring is carried out by systematic
measurement, examination and evaluation of indicators of the state and pollution of the
environment, which includes the monitoring of natural factors, i.e. changes in the state and
characteristics of the environment, including: air, water, soil, forests, biodiversity, noise, waste as
well as assumed obligations from international agreements.

The monitoring system should consist of: identification of pollution sources and parameters,
selection of environmental parameters for which measurements are made, determination of critical
areas and data collection, analysis and assessment.

2. FLOTATION PLANT LOCATION VELIKI KRIVELJ

The open pit "Veliki Krivelj" is located northeast of Bor at a distance of 3 km. Near the open pit
is the village of the same name, after which the deposit got its name. A flotation facility with a
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flotation tailings and other supporting facilities (a workshop for heavy and light vehicles and a
pumping station for liquid fuels) necessary for the exploitation and preparation of ore was built
near the open pit.

Figure 1 shows a satellite image of the location of the new Veliki Krivelj copper ore processing
plant, where you can see all the infrastructure facilities of the corresponding technological units
for crushing, transport, grinding and classification, flotation concentration, thickening and filtering
of copper concentrate and tailings disposal within flotation plant V. Krivelj, as well as other
accompanying facilities, which enable its smooth functioning:

Figure 1 - Satellite image of the location of the new copper ore processing plant in Veliki Krivelj

3. PARAMETERS ON THE BASIS OF WHICH HARMFUL EFFECTS ON THE
ENVIRONMENT CAN BE DETERMINED

Taking into account the technological processes that have been designed within the new flotation
plant, it can be stated that at the location in question the largest emitter of polluting substances is
the primary crushing and the transport routes along which the mechanization will move. Also, it
should be noted that the project envisages a conveyor belt from the primary crushing to the
flotation hall, however this system will be placed in a tunnel, so there will be no harmful impact
on the air in the environment.

Surface water, as the largest transport medium, should be monitored diligently, in terms of
monitoring the water quality of nearby watercourses.

Taking into account the projected technological process, it can be safely asserted that the project
has no impact on groundwater. In the vicinity of the subject location, there is a well in the yard of
a private house. As a preventive measure, the quality of this water will be monitored.

Monitoring soil quality will mean monitoring the distribution of heavy metals in the soil in
accordance with the wind rose.

The designed machines and devices in the new flotation plant do not represent sources that can
contribute to an increase in noise. However, the primary crusher plant and the machinery that
moves around the plant are potential sources that can lead to excessive noise. The measurement of
noise emissions into the environment will be monitored, with an emphasis on the area where the
concentration of the surrounding population is closest to the mining facilities.

The parameters to be monitored on the mentioned entities are shown in table 1. Disposition of
measuring points are shown on figure 2. Label for each measure point are: PV-for surface waters,
PD - for underground waters, MB - for noise level, PMV - for PM (Particulate matter), V- for
sedimentation matter, SMM - for wastewaters, Z — for soil.
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Table 1 - Monitoring parameters

Location

Frequency of
monitoring

Parameters

Waters:

1. surface waters :
o Kriveljska reka
e Borska reka
e Saraka potok
2. underground

4 time per year

e Water temperature, colour, smell, pH, electrical
conductivity, sedimentary matter, suspended
matter, HPK, BPKS5, soluble oxygen, oxygen

saturation;

e Metals, metalloids and their compounds: Cr, As,

Cd,Pb, Zn,Hg,Ni,Fe,Cu,Mn
e Sulfates; Cyanides; Nitrates, nitrites; Mineral
oils and hydrocarbons; Total fats and oils.

o wells
Air Sedimentation matter
. . - monthly e Total sediments: amount of sediments,
* Measuring points are Suspended particles - o Suspended particles: PM10, PM2.5
placed near private daily samples, twice e content of heavy metals (Cr, As, Cd,Pb,

houses in the
southeast, northwest
and west of the
proposed location

a year (summer and
winter period, 30
days each);
Exhaust gases

Zn,Hg,Ni,Fe,Cu,Mn)
Exhaust gases: sulfur dioxide, nitrogen oxides,
carbon monoxide

Noise:

Measuring points in the
vicinity of the nearest
private buildings
(northwest and west)

1 per year

Equivalent intensity level, daily measurements
Equivalent level-intensity, night measurements

Soil:

The measuring points
are located on the
surrounding areas to the
southeast, northwest and
west of the subject

location

1 per year

e humus content
e Soil pH
e calcium carbonate, nitrogen, electrical
conductivity; phosphorus;
e Metals: As, Cd, Pb, Zn, Hg, Ni, Fe, Cu
Sulfates; Fluorides; Chlorides; Nitrites, nitrates,
Cyanides. Aromatic organic compounds

Figure 2 - Disposition of measuring points
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4. CONCLUSION

Mining activity has increased significantly due to significant population growth and worldwide
demand for mineral resources [1]. This increase coincides with a new awareness in which
environmental issues have become an increasing challenge for all actors in the sector[2,3]. There
is an increased social demand for sustainable development of all activities related to mining,
especially adequate management of waste products during each phase of the mining process,
including prospecting and research, development, extraction, transportation and treatment of the
obtained products, etc. [4]. Energy requirements, environmental and human health risks, water
resource requirements and required technology must be taken into account [5].

Taking these arguments into account, the monitoring system gains great importance. The
monitoring system collects and interprets the information necessary to determine whether the
environmental protection management plan and related systems have been effectively
implemented, and whether the environmental goals set by the company, the authorities and the
community have been properly met.

The monitoring system should consist of: identification of pollution sources and parameters,
selection of environmental parameters for which measurements are made, determination of critical
areas and data collection, analysis and assessment.

The goal of the environmental monitoring system is to analyze the sources of pollution while
considering the effectiveness of the applied environmental protection measures.
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Abstract

Exploitation of copper ore at the "Veliki Krivelj" open pit means the degradation of the surrounding soil
during the formation of the projected contours of the open pit. In this case, the Veliki Krivelj open pit will
be expanded, to the greatest extent in the northern northwestern part (in the direction of the Veliki Krivelj
village). For the reclamation of the Veliki Krivelj open pit, recultivation will be consist of technical and
biological stages.

Keywords: recultivation, open pit, degradation

1. INTRODUCTION

The "Veliki Krivelj" copper deposit is located, about 3 km northeast (azimuth about 10) from the
town of Bor, and 0.5 km northeast (azimuth about 125) from the nearest village of Veliki Krivelj,
in the Krivelj river basin. Within the "Veliki Krivelj" copper deposit, there is the "Veliki Krivelj"
open pit, where exploitation began in 1982. Regional road 393 passes in the immediate vicinity of
this open pit, and connects it with Bor and the village of Veliki Krivelj.

Exploitation of copper ore at the "Veliki Krivelj" open pit means the degradation of the
surrounding soil during the formation of the projected contours of the open pit as (figure 1). In this
case, the Veliki Krivelj open pit will be expanded, to the greatest extent in the northern
northwestern part (in the direction of the Veliki Krivelj village).

Figure 1 - Spatial layout of facilities: open pit (1), waste landfill Saraka (2)
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2. DEGRADED SURFACES

The final contour of the open pit Veliki Krivelj, Figure 2, was designed with the lowest bench -
the bottom of the mine, at an elevation of K-85m, and the highest bench at an elevation of K+530.
This projected contour includes a total area of 2,412,230 m?. Degraded areas that are intended for

Figure 2 - The final contour of the designed surface mine Veliki Krivelj

3. CHOICE OF RECULTIVATION METHOD

The analysis of the state of the landscape after the formation of the final contour of the open pit in
Veliki Krivelje indicates that the conditions created at the end of the exploitation period will be
such that the concept of biological reclamation should be adapted to the function of achieving
visual harmony of the disturbed environment with the surrounding undisturbed environment, using
species adapted to the ecological conditions that prevail on newly formed degraded surfaces.

In accordance with the set functional requirements, the goals of recultivation are: creation of new,
anthropogenic forest ecosystems, revitalization of degraded areas and return to the cycle of natural
biological flows, provision of a healthy environment, protection and improvement of biodiversity,
ensuring terrain stability, prevention of erosion processes, regulation of surface water runoff as
and improving soil quality. [1]

For the reclamation of the Veliki Krivelj open pit, recultivation with the following stages will be
applied:

e Technical recultivation
¢ Biological recultivation

4. TECHNICAL PHASE OF RECULTIVATION

Technical reclamation includes the degraded surface of the surface mine, i.e. the storey level. The
technical phase of recultivation represents the stage of preparatory works, which enable the
execution of biological recultivation. As part of the technical reclamation, in order to ensure the
execution of the works, several operations will be carried out, namely:

» leveling the bench levels of the open pit;
 drilling and mining works in order to form pits for seedlings;
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« spreading earthen material on benches.

Within the framework of technical recultivation, works on digging pits for seedlings are also
included. Excavation of pits will be performed mechanically.

5. BIOLOGICAL PHASE OF RECULTIVATION

The biological phase of optimal recultivation is the application of phytomelioration measures on
previously prepared soil substrate (degraded surface) in order to establish and survive vegetation
for the later formation of a stable ecosystem. The greening of the degraded surface has primarily
the role of environmental protection, and at the same time contributes to a better appearance of the
environment and a better microclimate of the area.

On a flat surface (benches), afforestation will be applied according to a square scheme.

For the recultivation of the Veliki Krivelj open pit, the selection of plant species for afforestation
was carried out, namely:

e Betula alba L. (birch) - A pioneer species that sometimes occurs as a wild plant on the

surfaces of the landfill and tailings of the "Veliki Krivelj" surface mine. It grows quickly
and quickly covers the bare surface of the substrate. It is easily regenerated naturally, it
tolerates poor soils with an acidic reaction, which it repairs with its fallen leaves and twigs,
creating humus. It is resistant to low and high temperatures and wind.
It creates a very faint shade that does not disturb the grasses. Intended for planting on
plateaus and terraced levels of external landfills and tailings, as well as on landfills where,
due to improper deposition, processes of reduction and lowering of the pH value have
begun.

e Acer campestre L. (chub) — A lower tree, a species with a wide ecological amplitude. It is
included in the composition of the natural potential vegetation of this area, and it also
inhabits much drier forest communities than nature, which indicates the potential for good
growth on the desolation of the surface mine.

Selected sedges in nature are found in stands mixed with each other. Due to the unfavorable basic
substrate and the possibility of reception, as well as the geometric shape of the benches and the
slope of the open pit, planting is carried out:

e on level benches in four rows at a distance of 3 m between seedlings.
Arrangement of seedlings, i.e. of woody and shrubby crops is given in Figure 3.

Figure 3 - Transversal profile of benches showing the arrangement of cultures
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The total number of birch saplings is 64,884, while the total number of chub saplings is 61,672.
The number of seedlings to be purchased is increased by 5%, which is taken as a reserve, because
it is possible that a certain number of seedlings may be damaged during transport, dry, etc. Based
on that, the total number of birch saplings is 68,129, and chub 64,756. Classic planting material is
chosen for afforestation. The age of the seedlings should be 2+1.

6. CONCLUSION

The recultivation of degraded areas at the Veliki Krivelj open pit at the location in question is
aimed at preserving the environment, and with the application of the foreseen technical and
biological measures, good results can be expected despite the unfavorable underlying base. In this
case, no economic profit is expected from the plantations, but only the protection of damaged soil
from erosion and the improvement of the microclimate. In addition, the root system of seedlings
and leaves that fall and rot on degraded surfaces will initiate pedological processes in the direction
of humus creation.

The effects of recultivation of degraded areas are reflected in the fact that:

e Forest plantings enable better binding of the soil, stimulate the development of ground
flora, activate pedological processes in the substrate with the root system, prevent
insolation and drying of the soil, blowing of strong winds and raising of dust.

e Afforestation of degraded areas contributes to environmental protection, improving the
microclimate and the aesthetic appearance of the environment.
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Abstract

Tropospheric ozone is a pollutant that is created mainly by photochemical reactions in the lower layers of
the atmosphere. Nitrogen oxides and volatile organic compounds are needed for the formation of
tropospheric ozone by photochemical reactions. This paper presents and analyzes data on average monthly
concentrations of NOx and Os recorded at three automatic pollutant measuring stations in the air, located
in the center of the city of Zenica, Radakovo and Tetovo. Data were analyzed for the entire year 2020. The
research results show that the key factors in increasing the concentration of tropospheric ozone from
photochemical reactions in the city of Zenica are the increased intensity of car traffic, the burning of fossil
fuels in thermal power plants and the intensity of solar radiation.

Keywords: ozone, nitrogen oxides, troposphere, photochemical smog

1. INTRODUCTION

Certain pollutants that are formed from primarily emitted pollutants by photochemical processes
in the atmosphere are known as photochemical oxidants. They can oxidize compounds in the
atmosphere that under normal conditions cannot be oxidized by oxygen [1]. One of the most
important photochemical oxidants is ozone (Oz). Ozone is an allotropic modification of oxygen
whose molecule consists of 3 oxygen atoms. Ozone is a blue gas with a strong smell. Soluble in
water, 50 times better than oxygen. It is very unstable in high concentrations. The formation of
ozone in the troposphere is caused by other pollutants present in the atmosphere, especially
nitrogen oxides and hydrocarbons [1, 2, 3]. The formation of tropospheric o0zone by photochemical
reactions describes the mechanism shown in a simplified manner by reactions 1, 4 and 5. With the
increase in car traffic, the concentration of hydrocarbons, which are the fuel used in cars, and
nitrogen oxides in the air increases. Nitrogen oxides are formed in car engines, where nitrogen and
oxygen from the atmosphere react at high temperatures. The product of this reaction is nitrogen
monoxide (NO):

N2(g) + O2(g)—2NOg) (1)

Nitrogen monoxide, a colorless gas, goes into the atmosphere together with other exhaust gases.
Through complex reactions, in which participate oxidized hydrocarbons , nitrogen monoxide
produces a red-brown gas, nitrogen dioxide, NO2. Under the action of the sun's ultraviolet
radiation, nitrogen oxide molecules break down into nitrogen monoxide and atomic oxygen [4]:
+UV radiation
NOz(g)————NO(g) *+ O 2)
Atomic oxygen is very reactive, so it combines with oxygen molecules to form ozone:
O(g) + Oz2(g) 2O3(g) 3)

Ozone and nitrogen oxides, collectively known as photochemical smog, react with hydrocarbons
in the polluted atmosphere to create highly toxic organic compounds. The described processes take
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place in the lower layers of the atmosphere and are a major environmental problem. The formation
of tropospheric ozone by photochemical reactions can also be shown schematically, Figure 1.

‘ Ugljikovedo-
niéni radikal
(RH)

T,

M "“—NR.ELUE"'_‘&@R'
Atomarni
klseunlk [O]

Figure 1. Photolytic cycle in which hydrocarbon radicals participate [5]

Although life on Earth is not possible without ozone in the stratosphere, in the lower parts of the
atmosphere this gas is harmful to health. Inhaling ozone causes a feeling of lack of air, coughing,
irritation of the nose and throat, and chronic diseases such as asthma and bronchitis.

The aim of the research carried out in this paper is to analyze the data on the average monthly
concentrations of NOx and Osz for the year 2020, recorded at three automatic measuring stations
for pollutants in the air, located in the area of the city of Zenica. After analyzing the data on the
content of NOx and Os, the goal is to determine the influencing factors on the appearance of
tropospheric ozone at the mentioned locations. The mission of the research is to try to give
recommendations on how tropospheric ozone emissions created by photochemical reactions can
be reduced.

2. EXPERIMENTAL

The goal of the conducted research is to determine the dependence of the existence of tropospheric
ozone depending on the location of the measuring station, the content of nitrogen oxides NOXx in
the troposphere, and the season (month). Data on the average monthly concentrations of NOx and
O3 recorded at three automatic air pollutant measuring stations, located in the center of the city of
Zenica, Zenica city zone name Radakovo, and the village of Tetovo near the Industrial Zone in
Zenica. The measurement of NOx and O3 concentrations in the air is carried out using standard
methods that are in accordance with EN and ISO standards and the Rulebook on the manner of
monitoring air quality and defining the types of pollutants, limit values and other air quality
standards of FBiH. Measurement methods and standards are shown in table 1.

Table 1 - Overview of methods and standards for NOx and Os; monitoring

Polutanti KoriStena metoda
NOx BAS EN 14211 - Hemiluminiscentna metoda

BAS EN 14625 - Metoda nedisperzivne
ultravioletne apsorpcije

O3

3. RESULTS AND DISCUSSION

Diagrams 1, 2 and 3 show the average monthly concentrations of nitrogen oxides and ozone for
the year 2020 measured at stationary automatic measuring stations AMS-1- Zenica-Centar, AMS-
2- Zenica-Radakovo and AMS-3- Zenica-Tetovo.
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Diagram 1 - Average monthly concentrations of nitrogen oxides and ozone for AMS-
1- Zenica-Centar for the year 2020.
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-Zenica-Tetovo for the year 2020.

Diagrams 1, 2 and 3 show an indirect dependence between NOx and Oz concentrations, which was
to be expected. Namely, ozone is formed by the degradation of NO. photochemically, with the
effect of UV rays. This dependence also proves the formation of photochemical smog, reactions
1, 2 and 3. The highest average concentration of ozone was recorded at AMS-2-Radakovo, in the
month of August, and was 153.72 pg/ms3. As the automatic measuring station AMS-2 in Radakovo
is near the main road M 17, this could be the key reason why the ozone concentration is higher in
Radakovo compared to the ozone concentrations in Zenica City Center and Tetovo. The lowest
average monthly ozone concentrations for 2020 were recorded at the automatic measuring station
AMS-1 in the center of the city of Zenica. The reason for this may be that the measuring station is
located far from the M-17 highway as well as from the Zenica industrial zone, where nitrogen
oxides are also emitted by the burning of fossil fuels.

The lowest 0zone concentrations at all three measuring stations were recorded in the first, eleventh
and twelfth months of 2020. This is also to be expected, because in the mentioned months there is
the least amount of sunlight in the Zenica basin, which means that there is the least possibility of
more intense photochemical reactions of ozone formation. The highest concentrations of nitrogen
oxides NOx diagrams 1, 2 and 3 were recorded in the mentioned three months, which directly
confirms the deficiency of photochemical reactions of ozone formation through NO> degradation.
In the mentioned three months, analyzing the average NOx concentrations depending on the
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location, the city center of Zenica, Tetovo and Radakovo, the highest average monthly NOx
concentration was recorded in Tetovo, AMS-2, which for the month of January 2020 is 143.13
pg/m3 | diagram 2. The reason for this is the burning of fossil fuels in thermal power plants in the
industrial zone of Zenica.

4. CONCLUSION

The results presented in this paper prove the formation of photochemical ozone in the troposphere
of the city of Zenica. This is confirmed by the indirect dependence between NOx and O3
concentrations, that is, the areas on the diagrams where the NOx concentration is lower than the
O3 concentration, diagrams 1-3.

The key factors in increasing the concentration of photochemical ozone in the troposphere of the
city of Zenica are:

e Increased intensity of car traffic. By comparing data on ozone concentrations measured at
stationary automatic measuring stations AMS-1-Zenica-Centar, AMS-2-Zenica-Radakovo
and AMS-3-Zenica-Tetovo in 2020, it was found that the highest average ozone
concentration was recorded at AMS-2-Radakovo located near the main road M 17;

e Combustion of fossil fuels in thermal power plants. Analyzing the average NOX
concentration depending on the location, Zenica City Center, Tetovo and Radakovo in the
first, eleventh and twelfth months of 2020, the highest average monthly NOXx
concentrations were recorded in Tetovo, AMS-2;

e Intensity of solar radiation. The lowest ozone concentrations at all three measuring stations
were recorded in the first, eleventh and twelfth months of 2020, i.e. in the months with
reduced intensity of solar radiation. In the mentioned three months, the concentrations of
nitrogen oxides NOXx are the highest at all three measuring stations, which directly confirms
the deficiency of the photochemical reactions of ozone formation through the degradation
of NO3.

Reducing the intensity of traffic of motor vehicles with internal combustion engines, and the
reduced intensity of burning fossil fuels in thermal power plants are the key factors leading to the
reduction of photochemical ozone emissions in the city of Zenica.
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Abstract

Flotation tailings ponds vary significantly in size, design, complexity, and method of operation. In some
countries, companies neglect the storage of tailings, which is why various accidents happen to them. Lousy
design and inadequate operational management are the two main causes of almost all accident situations
that occur at tailings ponds. The method by which the tailings will be stored depends on the mining
company, their way of preparing mineral raw materials, the characteristics of the tailings, as well as the
location where the tailings are stored. This paper describes in detail the methods of tailings storage It
discusses the different options a mining company has for tailings storage as well as the complexity of their
design and operation.

Keywords: Tailings, storage methods,

1. INTRODUCTION

A tailings pit is a mining facility that forms a fenced area (natural or artificial) and is used for the
permanent deposit of waste material. After extraction of useful components, from consumption
for the preparation of mineral raw materials, from metallurgical plants, etc. a large amount of waste
material is obtained - tailings, which, if not adequately deposited, can endanger the environment
and cause an ecological disaster. This problem imposes the need for the construction and operation
of such an object to be safe in terms of safety, to prevent even the smallest mistake that would
endanger the living and working environment.

Each tailings storage facility is unique and must be designed according to the conditions specific
to its location. The method of operation at one particular tailings pit may not apply to another
tailings pit, even though for example the raw material that has undergone preparation is the same.
Considering the requirements and policies of the mining company, the designers and operators of
the tailings pit must overcome many challenges to meet the goals and objectives storage of tailings
in a certain place. The various tailings storage methods discussed in this paper help meet site-
specific requirements and reduce the risk of catastrophic accident situations. Strict regulations will
ensure that environmental protection comes first and that adequate design and application of
modern technology reduce the risks associated with tailings storage.lzbor metode skladistenja
jalovine na jaloviStima je podeljeno u nekoliko faza. Prva faza je da se sagledaju razliCite
alternativne opcije za rukovanje jalovinom pre razmatranja njenog skladistenja na jalovistima.
Alternativne opcije za skladiStenje ili utroSak jalovine bez njenog deponovanja na jalovistu su

[1]:
e disposal in abandoned mine pits, underground burial, and/or disposal at sea;
e practical use of tailings (eg construction material).

Tailings toxicity has a dramatic impact on the environment and should be taken into account when
designing a tailings storage facility. The storage of process water in tailings ponds is a particular
challenge for water management and, in the event of a tailings dam breach, water can act as a
transport mechanism for tailings leaving the tailings pond [2].
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The tailings are either pumped or gravitated through pipelines or open channels, from the plant for
the preparation of mineral raw materials to their final location at the tailings pond.

2. TAILINGS STORAGE AT TAILINGS PONDS

The method of tailings storage depends on both the soil's natural forms and the tailings'
characteristics as a waste material. The three main methods for tailings disposal are [3]:

e Storage in cassettes or cells,
e Storage in valley reservoirs — cross valley, side hill, and valley bottom;
e And on old surface mines pit.

2.1 Storage of tailings in cassettes or cells

To reduce the negative impact on the environment and minimize the risks that always come with
large objects filled with water and sludge, such as flotation tailings, it is possible that all mining
waste generated during the exploitation and processing of ore in surface mines and flotation, using
the new Integral Waste Management Facility (IMWEF), they dispose together at the exact location.
In this way, the construction of a classic flotation tailings pond is eliminated, that is, the permanent
risk that can be caused to the environment, facilities, and population located downstream from the
tailings pond due to damage to the dam caused by an earthquake or some other weather event is
eliminated.

The method of storing mining wastes generated during the exploitation and processing of ore in
surface mines and flotation was applied in the Ada Tepe Gold Mine in Kumovgrad (Bulgaria). The
concept of the IMWEF in Kumovgrad is that the thickened tailings, which have been dried to a paste
consistency, are placed in cells-cassettes built from mine tailings. The IMWF is made in two small
valleys, functioning as two separate facilities at the beginning of the project, and will later be
merged into one facility, Figure 1 [4].

Figure 1 - IMWF conceptual layout

2.2 Storage in valley accumulations

Storage in valley reservoirs is usually used to take advantage of the natural topography of the land.
The three main types of such storage are cross-valley, side-hill, and valley-bottom designs. The
cross-valley design is similar to a conventional storage arrangement, where an embankment is
placed across the valley to enclose the drainage space. Figure 2 shows one such tailings dump in
Majdanpek.
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Flgure Tailings pond éaék' IDTjtbk in Majdanpek, Google Ea

rth, 2023.

The design of the side hill tailings pond relies on containment by embankments on three sides [5].
This type of tailings pond design is shown in Figure 3, where it can be seen that dams have been
built on two sides and embankments on the third. The side hill design is best suited for slopes less
than 10%, because the steeper the slope, the greater the fill volume required in the embankments
relative to the achievable storage volume [6].

.:I.:‘HI

Figure 3 - Field 1 - Veliki Krivelj, Google Earth, 2023.

Valley floor reservoirs are considered where the valley span is too large and high water runoff is
a challenge for cross-valley storage. Valley floor reservoirs are actually a compromise between
cross valley and side hill designs and are usually built in multiple formations similar to side hill
facilities.

2.3 Storage in old surface mines pit

Tailings storage at old open pits is simply the process of backfilling abandoned open pits with
tailings. Figure 4 shows this storage design, showing the RTH tailing pit in Bor, which was created
on the surface of the old ore body H. This method is very popular for mining companies because
the costs are lower due to the developed areas that can be filled with tailings. Another advantage
of storage in old surface mines is that such tailings do not require the construction of dams and
levees, thereby eliminating the risks associated with levee instability.
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Figure 4 - Tailings on the surface of the ore body H - Bor, Serbia, Google Earth, 2023.
3. CONCLUSION

Each tailings storage facility is unique and must be designed according to site-specific conditions.
The method of designing the operation of one particular tailings pond does not necessarily have to
be applied to another tailings pond. Considering regulations, requirements and policies of mining
companies, tailings designers must overcome many challenges in order to meet the goals and
objectives of tailings storage at a particular site. The various methods of tailings storage discussed
in this paper provide an overview of how tailings are stored and help meet site-specific
requirements for the construction of a tailings facility. Strict regulations and laws will ensure that
environmental protection comes first and that adequate design and application of modern
technology reduce the risks associated with tailings storage. This particularly applies to countries
where tailings landfills have failed with catastrophic consequences, or where abandoned closed
tailings storage facilities cause significant environmental pollution.
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Abstract

There are different ways of transporting tailings to flotation tailings, this paper presents all of them that
are in use in Europe. For conventional storage, tailings are generally discharged from outfalls located
along the embankments (dams) of the facility. For surface thickened disposal and paste storage, the tailings
are generally discharged from a central location - either through risers or from point sources that are
raised during the life of the plant. There is also dry stacking of tailings, which is usually done using
conveyors or trucks.

Keywords: Tailings, transportation,discharge, methods

1. INTRODUCTION

In order for a tailings pit to be safe for use, tailings engineers must study the characteristics of the
tailings, the cycle of deposition, the climate, etc. The characteristics of the tailings can greatly
influence the behavior of the tailings during transport and after their discharge into the tailings
dumps. Also, the appearance of the tailings pond and the characteristics of the embankment should
be considered. In general, tailings are transported from the plant for the preparation of mineral
aggregates to the tailings dump via pipelines.

As tailings are disposed of, they flow out of the outlet and natural segregation occurs. The degree
of this segregation essentially depends on the size range of the tailings particles and the density of
the slurry pulp [1]. As the degree of tailings densification increases, there is less suspension to
carry the coarse fraction, and the tailings begin to settle closer to the point of discharge where they
lead to an unsegregated suspension. When this stage is reached, the voids in the coarse suspension
fraction are filled with fine ones, resulting in a homogeneous mixture.

If the pulp density is low, the coarse tailings fraction is deposited closest to the discharge point,
while the finer material is carried farthest. In the work of the author Vick [1], he notes that for
most types of tailings, the expected beach slope is 0.5-2.0 % in the first few hundred meters and
that the higher the density of the pulp and/or the coarser the gradation of the overburden, the steeper
the beach and the greater the slope.

2. METHODS OF TRANSPORTATION AND DISCHARGE OF TAILS TO
FLOTATION TAILINGS POND

There are three general methods of settling tailings:
« single point discharge,

* spigot and

« cyclonication.

There are variations on all of these methods and the methods can be used in combination to meet
design criteria set by tailings engineers.
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2.1 Single point discharge

Single-point discharge is the technique of discharging tailings through a pipeline from one side of
the tailings pit. This method is often used with reservoirs that discharge tailings upstream of the
lake and dam (ie, not from the top of the dam). Single-point discharge can also be used for tailings
that are at lower elevations than the treatment plant, so the tailings are gravity stored in the tailings
via pipelines. One such example is the "Saski Potok" accidental tailings pond, which is located
near Majdanpek and is used for accidental situations in case of unforeseen stoppages and
breakdowns in the flotation concentration plant, Figure 1.

Figure 1 - Flotation tailings pond Sa3ki Potok

2.2 Spigotting

Spigoting is a technique of discharging tailings through small pipes originating from multiple
points at regular intervals along the tailings weir line [2]. The method is used to achieve a uniform
flow of tailings, which in theory will create uniform beaches. However, attention should be paid
to leveling the beach on all sides of the tailings pond, which is why these spigots must be moved.
The spigots form a gently sloping beach where the coarsest fraction is deposited near the discharge
point, and the fine fraction (sludge) is deposited progressively further away from the discharge
point. As a result of this, the density, stability, and permeability of deposited solids decrease with
increasing distance from the point of discharge, which gives greater stability to the dams and
embankments themselves. Figure 2 shows the "Valja Fundata” flotation tailings pond located in
Majdanpek, where this method was applied to Dams 1 and 5.

Figure 2 - Tailings pond Valja Fundata in Majdanpek

2.3 Cycloning

Hydrocyclone sand (coarse tailings fraction) can be used to build tailings dams during active
deposition. Mining companies usually see cost savings as the main advantage of using coarse
fractions in this way. Since the sand is produced from the material that is deposited, all costs
associated with the acquisition of materials for the construction of the embankment are eliminated
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or significantly reduced, Figure 3. This practice also reduces the total volume of tailings deposited
in the reservoir, since at least part of the coarse fraction is used in construction. dams.

Figure 3. - Using a hydrocyclone to build a dam

The method used to separate the fine from the coarse fraction in the total tailings is cyclonication.
Cyclones are simple mechanical devices used to separate coarse and fine particles from suspension
by centrifugal action. As the tailings, moving under pressure, enter the cyclone, the fine particles
and most of the water rises to the upper outlet. Large particles spiral down through the conical part
and exit at the bottom. The separated fine fraction is called dressing, and the coarse fraction is
called sand. The sand is used to build dams and embankments on tailings, while the overflow is
discharged through a special pipeline to the reservoir itself.

The overflow and sand should be monitored regularly to measure pulp densities, gradation, and
cyclone inlet pressure. Cyclone adjustments are required to maintain pulp density and grain size
goals. Certain criteria should be taken into account when assessing whether cyclones can be an
effective tool in the construction of embankments on tailings.

Cyclone sand should have a permeability that is sufficiently higher than the tailings deposited in
the reservoir, also the sand should allow rapid drainage after discharge to facilitate the handling
and spreading of the sand. The amount of cycloned sand must be large enough to allow the dam
to be raised if necessary to maintain adequate volume.

If it happened that the amount of sand decreased, the costs could increase because it would be
necessary to use some other materials for the construction of the dam. Tailings containing less than
60 percent of particles passing a No. 200 sieve are considered to contain sand of acceptable quality
for use in cyclones. During the sampling campaigns, the work of the hydrocyclone on the dams is
checked, in order to determine the granular composition of the sand of the hydrocyclone in order
to define the content of the class -0.074 mm (reference class). The content of this class for tailings
in Eastern Serbia is limited to a maximum of 15% in hydrocyclone sand, and this should be adhered
to, because embankments and dams are stable only when they are dry and when high-quality sand
Is incorporated into them, as few fine silty particles as a possible tendency to retain water

Two basic methods of cyclones that are common in tailings ponds:

« central cyclone (or stationary cyclone) i

« cyclones on the dam.

The third method, hydraulic cyclone, is a more sophisticated method that is used less often. A
central cyclone method in which a single permanent or semi-permanent high-capacity cyclone is
placed at a strategic location, often at a dam abutment that is larger than the designed crest of the
dam. Excavation machinery moves tailings sand from the landfill to the embankment where it is
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deposited and compacted. Construction machinery lays and compacts the sand where it acquires a
high relative density. Therefore, the method is suitable for use in areas subject to seismic activity.

A dam cyclone system consists of several cyclone units mounted on towers, skids, trucks,
scaffolds, or suspended from cranes placed along the top of the dam. The number of cyclones is
determined by the size of the cyclone. The cyclones move as the sandbanks raise the height of the
dam. The cyclone system on the dam is cost-effective because the sand is placed hydraulically in
its final place, no mechanical action is required. One disadvantage of this method is that non-
mechanical placement results in lower relative densities, which generally range from 30 to 68
percent, as reported in the work by Lighthall [2].

Using the hydraulic cell method, diluted cyclone sand is deposited in cells with a berm on the
embankment. The tailings are cycloned in a central cyclone and water is added to facilitate pipeline
transport to the tailings cells. The solids in the cells are then allowed to settle before the excess
water is decanted from the end of the cell opposite the discharge point.

3. CONCLUSION

Each tailings storage facility is unique and must be designed according to site-specific conditions.
Each of these methods of transporting tailings to the tailings dump has its pros and cons, you just
need to choose the best one, based on the characteristics of the material being replenished and
based on the location and type of terrain on which the tailings dump is located.
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Abstract

The armor steel plates are well known for their superior mechanical and ballistic performances and hence
used in the fabrication of armor vehicles. These steels are traditionally welded by austenitic stainless steel
(ASS) welding wires to prevent hydrogen-induced cracking. However, the armor steel plates show poor
ballistic performance when using such strength under-matching stainless-steel wires. The present study
aims to investigate the effect of the sandwich butt joints using low hydrogen ferritic (LHF) wires between
the soft ASS weld layers on the mechanical performance of robotic gas metal arc welded armor steel plates.
Mechanical properties of such multi-material but-joints were evaluated using hardness, tensile, and Charpy
V-notch impact tests. Results were correlated with microstructural characterizations at various locations
across the joint using stereo, optical, and scanning electron microscopes. As a result, the sandwich joint
showed increased hardness values between the ASS layers and met the base metal's minimum Charpy
impact requirement. These findings suggested that a new joint design using multiple welding wires will
increase the strength of the joint and hence better impact toughness and ballistic performance of the welded
armor steel plates.

Keywords: Armor steel, Gas metal arc welding, Sandwich joints, Microstructure, Mechanical properties

1. INTRODUCTION

Armor steels are used in the fabrication of special high-performance and safety-related vehicles
because of their high hardness, strength, and impact energy absorbing properties [1]. Improving
the impact penetration resistance of such steels by layering them with materials having different
properties was started to be performed in the late 1800s. [2]. Most of the studies in the literature
mainly focused on improving the ballistic performance of armor plates using hard-facing process
with arc welding [3]. The weld regions are commonly considered the weakest region of the
armored steel structures since they are usually welded at lower strength (which creates
undermatching joints susceptible to a plastic strain concentration during impact loading) welding
consumables. However, the improved mechanical performance of such weld joints could be
achieved through careful selection of welding parameters, filler materials, and weld joint design.
[4,5]. On the other hand, these steels are prone to hydrogen-related delayed cracking (Hydrogen
induced cracking, HIC) and/or restraint cracking during the service and fabrication due to hard
martensitic phase formations at heat-affected zone (HAZ) regions. Therefore, lower strength (than
armor steel) austenitic welding consumables having a high tolerance for dilution are commonly
used in the joining of armor steel plates due to the low diffusibility of hydrogen in the weld metal
to HAZ in the austenitic phase [6]. However, the armor steel joints welded with austenitic stainless-
steel wires show poor ballistic performance compared to base metal due to the inherently lower
strength weld metal region. Madhusudhan et al. [7] reported that the ballistic performance could
be improved by depositing a hard-facing alloy material as the middle layer in the welds to build
ballistic-resistant structures. The weld joints of the armor plates with high fracture toughness
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materials at the top face and root regions of the butt-joint while utilizing weld material with high
hardness and tensile properties in the middle layers of the weld joint would be an alternative and
new joint design to increase ballistic performance without sacrificing the overall toughness
properties. Based on this new design approach, the current project has started to examine various
combinations of joint designs. This study is reporting only a part of this large research project. The
results of the investigations on the multi-material joint with the low-alloyed high-strength ferritic
wire (ER 110S-G) used for depositing the middle layer of the austenitic weld will be presented in
this paper. The aim was to study the effect of the higher strength mid-section weld layer on
microstructural features and mechanical properties of the armor steel joint.

2. EXPERIMENTAL PROCEDURE

Miilux-OY Company manufactured high-strength armor steel plates (MIL-A 46100, Protection
500) with dimensions of 15 mm x 150 mm x 350 mm were machined to have a bevel angle of 30°.
A ceramic backing was utilized to smooth the back/root bead formation, and a 2 mm root opening
was kept forming a 60° VV-groove butt joint. Armor steel plates were welded with 5 straight stringer
passes (no oscillation) using the robotic GMAW method. The new joint design, which has an
austenitic stainless steel capping face layer, ferritic welding wire in the interlayer, and austenitic
stainless steel root layer, is termed the "sandwich” joint. The commercially available austenitic
solid wire of ER 307 and low-alloyed high-strength ferritic wire (ER 110S-G) having a 1.2 mm
diameter were used as filler metal to obtain sandwich joints. The purpose of using high-strength
ferritic wire in the middle passes of the joint was to allow a comparative study of different
combinations of armor steel welds with respect to hardness, tensile, Charpy impact tests and
microstructural evolutions. The certified chemical composition of base metal and the filler metals
are listed in Table 1.

Table 1 - Chemical composition of the base metal and filler materials used (wt.%)

Materials C Mn Si Cr Ni Mo

Base metal (Protection 500) 0.21 1.02 0.49 0.62 0.42 0.29
Welding wire SG 307 0.06 6.41 0.54 17.71 8.52 0.02
Welding wire ER 110S-G 0.09 1.75 0.54 0.26 1.45 0.25

The following welding parameters with low spatter welding mode were used for welding armor
plates: Arc current of 205-220 A, Arc voltage of 18-20 V, and welding speed of 26-27 cm/min. A
mixture of 97.5% Argon and 2.5% CO; and a mixture of 82% Argon and 18% CO gases were
utilized as the shielding gases with a flow rate of 15 L/min for austenitic and ferritic wires,
respectively. The heat input was kept between 0.88 — 0.97 kJ/mm to obtain a narrow softened
region at heat affected zone. A preheating procedure (135-165°C) was performed before the ferritic
pass to prevent hydrogen embrittlement and solidification cracking.

The soundness of the sandwich joint was checked using liquid penetrant testing and X-ray testing
to check for any embedded cracking or interlayer defects. Mechanical characterizations were
realized by Vickers hardness, tensile, and Charpy V- impact tests. The macrostructures and
microstructures at various locations were analyzed through stereo macroscope (SM), optical
microscope (OM), and scanning electron microscopy (SEM).

3. RESULTS AND DISCUSSION

Figure 1a shows the macro-section of the sandwich butt joint where the root and top regions are
made of austenitic welding wire. No significant defects were found in the weld seam, such as
pores, cracks, or others. The liquid penetrant and X-ray inspections also confirmed the soundness
of this multi-material welded joint. The microstructures of various locations of the sandwich joint,
including the capping layer, mid-layer and root pass are shown in Figure 1b-d. The microstructure

- 208 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

of the undiluted stainless steel capping layer and root pass (Fig. 1b and d) clearly showed the
presence of o ferrite structures (dark regions) in an austenitic matrix (bright regions). In contrast,
the mid-layer welded using low hydrogen ferritic filler material exhibited a martensitic matrix with
metal carbides precipitated along the grain boundaries (Fig. 1¢) due to mix of ASS and LHF weld
regions.

Figure 1 - Macroscopic appearance of the sandwich joint (a) and optical micrographs taken from the (b)
capping layer, (c) middle layer and (d) root pass.

Vickers hardness tests were performed across the weld joint, including base metal, HAZ, and weld
metal, with 0.5 mm intervals. The summary of the results is listed in Table 2. The lowest hardness
in the weld region was obtained at about 212+15 HV at capping layers (5" layer), depending on
the mechanical properties of the austenitic filler material. However, due to dilution and faster
cooling rates, the austenitic weld regions tended to increase hardness values from the cap region
to the root. The higher hardness values exceeding 400 HV were obtained in mid regions (where
LHF wire was used) due to forming a martensitic matrix with metal carbides. On the other hand,
the minimum hardness value of 477 HB permitted, according to the related MIL-A-46100
standard, for the base material (equivalent to 509 HV) must be achieved at a maximum of 15.9
mm measured from the toe of the weld on any ballistic surfaces [8]. In this study, the hardness
values obtained 15.9 mm from the weld toe were found to be higher than the minimum hardness
of 509 HV permitted by MIL-A-46100, confirming that the HAZ width of the sandwich joint met
the minimum requirements of MIL-STAN-1185 standard. Additionally, the tensile strength of base
metal was measured at 1756x15 MPa, while the transverse tensile of the sandwich joint was found
to be 83715 MPa, indicating a reduction of ~52 % in tensile properties, which is much higher than
the conventionally fabricated 100% austenitic weld joint.

Table 2 - Hardness test results (HV) from the root (1% layer) to the capping (5" layer) layer
1% layer 2" |ayer 3 layer 4" layer 51 layer
26517 248+9 239+18 432426 212+15

The Charpy impact test results of base metal were found at 20+3.4 J, while weld and HAZ regions
of the sandwich joint were found at 31.4+1.8 and 65+16.7, respectively, as listed in Table 3. The
weld regions showed 57 % higher ductility than base metal because of using austenitic stainless
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steel filler metal at capping and root layers. The results indicated that impact toughness tests in
both weld and HAZ regions met the minimum requirements of MIL-A-46100 (16.27 J in transverse
and 18.98 J in longitudinal direction).

Table 3 - Charpy impact test results (at -40°C)
Weld region HAZ Base metal
31.4+1.8 65+16.7 20+3.4

4. CONCLUSIONS

This study investigated the microstructural and mechanical properties of the sandwich armor steel
butt joints. The austenitic (SG307) wire was used for the capping and root layer, while the low-
hydrogen ferritic wire (ER 110S-G) was used after root passes for the mid-layer of the butt joint.
The main conclusive results are listed below.

1. The Protection 500 armor steel plates were successfully welded using a sandwich joint
design with the robotic GMAW process at low heat input (0.88 — 0.97 kj/mm). No defects,
such as cracks and porosity, were found in the weld metal.

2. The use of low-hydrogen ferritic wire at the mid-section of the joint increased hardness
values over the 400 HV at the mid-layer, which suggests a new design creates the
opportunity for increased ballistic performance of the armor steel plate joints.

3. The width of the HAZ was obtained within the range accepted in the military standard
MIL-STAN-1185 (max. 15.9 mm from the toe of the weld).

4. The impact values of the weld zone were found to be 57 % higher than the base material,
confirming that the reported sandwich type of joint design is suitable for obtaining better
impact properties for the welded joints of the armor steel plates. These results strongly
indicate that the ballistic test results will also show better and improved performance for
the joint with mid-section with higher strength weld material.
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Abstract

We presented some research into titanium electrode anodizing in H.SQO, solutions in the potential range —
1 to 5 V at different scan rates (10, 50, 100 mV s™) by cyclic voltammetry measurements. Linear
potentiodynamic measurements had used before and after the oxide layer formed on the Ti- surface. Three
characteristic oxide peaks appeared at 0.2 V, 2.3V, and 3.5V on CV curves at all scan rates for all H,SO,4
concentrations. Voltammetric tests showed the passivation of the Ti-surface in all cases. XRD and SEM-
EDS measurements confirmed the existence of TiO, species in a crystalline form on the Ti surface after
anodizing in 3M H2SO, and annealing the anodized Ti electrode at 400 °C in the airflow.

Keywords: titanium oxides, cyclic voltammetry, XRD, linear voltammetry, polarization

1. INTRODUCTION

The exact nature of formed oxide films on the Ti surface during the anodization process is still
not well known, even though, in the study of surface modifications, many of the latest techniques
for the investigating properties of such films have been used. A series of different oxides of low-
valent titanium is present in the oxide film. Electrochemical dissolution of the passive film occurs
at the boundary of the oxide-solution phase, according to eq. (1), where the dissolution is not
localized [1]

TiO, + 3H* + e~ - Ti(OH)?* + H,0 (1)

The quantities of non-stoichiometric oxides obtained within the electrochemically formed oxide
film depend on the potential and pH solution. This anodization can be represented according to the
reaction (2): [2]

TiO, + H;0" + e 2 Ti0,,_, (OH)(H,0) (2)
forl5<n >2

The XRD obtained data indicates the presence of TizOs in a dominant TiO2> matrix. The
following reactions of TiO- film dissolution in H>SO4 solutions occur: [3]

TiO, + 4H* - Ti** + 2H,0 ?)

2. EXPERIMENTAL

The concentrations of H2SO4: 1.5 M, 1 M, 0.5 M, 0.1 M, and 0.05 M were used. The following
measurements into the electrochemical behavior of Ti electrodes were done:

— Scanning of the Ti electrode cyclic voltammograms in H2SO4 solutions at different scan
rates (10, 50, and 100 mV s); Scans were carried out for five cycles in the potential range of —1
to 5 V; Linear potentiodynamic measurements had taken after measuring the open circuit potential
in various concentrations of H>SOs solutions; Passivizing TiO. layer is applied by cyclic
voltammetry at a scan rate of 50 mV s7;
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Linear potentiodynamic measurements were performed on a Ti electrode on which a passive TiO-
film has previously been applied at a scan rate of 1 mV s™!; Anodic oxidation of a Ti electrode has
performed in a 3 M H2SO4 solution before XRD and SEM-EDS measurements in a CV range of —
1to 5V at a scan rate of 100 mV st during five cycles. The working electrode was a Ti plate, the
reference electrode was a saturated calomel electrode (SCE), and the auxiliary electrode was a Pt
electrode. The working electrode was polished with grinding paper from 280 to 2000 grit and
washed with distilled water. The IVIUMSTAT.xRe instrument provided hardware and software
support. X-ray analysis had performed on the instrument ,,Rigaku MiniFlex 600”. The surface
appearance and mineralogical composition investigation of the samples SEM (JEOL, JSM IT
300LV) and EDS (OXFORD Instruments) analyses were applied.

2.1 Materials and Solutions

The working electrode was made of a titanium plate Grade 11, like a spatula shape in the lower
part, and dimensions of 1.5 x 1.5 x 0.2 cm, with a handle length of 15.0 cm. The working solution
was sulphuric acid, 96 % H>SO4 p.a. quality.

3. RESULTS & DISCUSSION

3.1 Cyclic Voltammetry

Based on the CV measurements, the growth of the oxide film was usually in the form of a
TiOy structure. The first peak may occur due to the formation of the Ti oxides with the lower Ti-
valence. These would probably be Ti?* and Ti** (TiO and Ti203), while the second and third peaks
correspond to the forming of TiO> films [4]. Unstable Ti>Os oxide rapidly oxidizes to TiO; in
contact with water.

3.2 Open circuit potential

Open circuit measurements of Ti- and (Ti+TiO)-electrodes had performed for 60 min in
different concentrations of H>SO4 solutions and the results obtained are presented in Fig. 3, and
Table 1. In Figure 1 it can see that in the H2SO4 solutions, immediately after the electrode
immersion, there is a sudden drop in the value of the open circuit potential, which most likely
indicates titanium oxide dissolution on the electrode surface.

—— 15M

044 —— M
05M
0.1 M
034 — 00sM

| Ti +TiO, in H, S0,

0.2

0.1

Evs. (SCE)/ V

004

-0.1

0.2 4 T T X T T T T % T E T T i
0 500 1000 1500 2000 2500 3000 3500 4000
t/s

Figure 1 - The plot of the open circuit potential of (Ti+TiO,)-electrode in different concentrations of
H>S04 solutions.
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Table 1 - The potential values for a Ti-electrode on OCP in different H.SO4 concentrations

Potential

on
t=3600s 15M 1M 05M 0.1M 0.05M

E/Vsce -0.0636 -0.0926  0.0166  -0.0205 -0.0363

H,S0O4 concentration

3.3 Linear potentiodynamic measurements

Figure 2 shows polarization curves in the various concentrations of H.SO4 solutions of the Ti-
and (Ti+TiOy)-electrodes. A rapid formation of the oxide film observes at the beginning of the
polarization process. On potentials higher than 1.5 V, there is an increase in the current density
that undoubtedly indicates further oxidation of titanium.

A B
1E-34
1E-5
n o
E 1E-4 g
E £
< T 1E-6 15M
o = o — 15
2 1E-54 = ! 1 :} = — 1M
0.5M —— 05M
0.1 M 0.IM
0.05 M . 0.05M
1E-6 + g Ti in H,50, d Ti+ TiO, in H; S0,
T La— T PO E N — T . r r r : r - r ; r - . :
-0.5 0.0 0.5 1.0 1.5 2.0 1.5 3.0 0.5 0.0 0.5 1.0 15 2.0 2.5 3.0
Evs. (SCE)/ V Evs.(SCE)/ V

Figure 2 - The potentiodynamic polarization curves in H.SO4 solutions: A) Ti electrodes, and B)
(Ti+TiOy)-electrode. The scan rate is 1 mV s™.

The kinetic parameters of electrochemical processes have been determined: the corrosion
potential (Ecorr), corrosion current density (icorr), anodic (ba), and cathodic (bc)Tafel's slopes are
presented in Table 2.

Table 2 - Electrochemical parameters of (Ti+TiO,)-electrode.

H2S04 Ecorr /MV icor/MA CM™2 by be

15M —0.44 - 1072 1.74 - 10 545.26 -283.53
1M 7.84 - 1072 1.57-10* 359.59 -106.90
05M -8.86- 1072 1.18-10* 597.20 -332.40
0.1M —1.44-1072 3.29-10° 111.98 -671.43
0.05 M —7.32-1072 2.70 - 107 357.21 -428.33

The influence of the H.SO4 concentration on the coverage degree of the titanium surface with
Ti-oxide was presented in Table 3.

Table 3 - Coverage degree of titanium electrode surfaces with oxide in various concentrations of H.SO4
solutions on constant potentials

H,S0, Coverage degree, 6 (%)
concentration "6 8N E=1.0V E=15V

15M 98.24 97.62 96.78

1M 98.32 97.43 96.32

05M 98.32 97.04 94.95

0.1M 98.04 96.54 94.58

0.05 M 88.60 86.11 83.44
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4. XRD and EDS analyses of anodized and annealed Ti substrates in H2SO4

Figure 3 shows the XRD image of the Ti substrate after anodization in 3 M H2SO4 and after
annealing the sample at 400 °C in the airflow, previously prepared in the same way. The intensity
of peaks for the anatase type of crystals also suggests a thin TiO> film formation. The height of the
same peaks increases after the annealing titanium electrode at 400 °C, which indicates that the
oxide film of anatase becomes thicker after heat treatment.

Irel
100% A - anatase T A A
9001 T - titanium T T
800 A
700
600
500
400
300

1000
200
800
700
600
500
400
300
200
100

A - anatase
T - titanium

2000 30.00 40,00 5000  60.00 7000 80.00  90.00
Cu-Kg (1.54187A) 2 theta

Figure 3 - XRD patterns of Ti electrode: A) after anodizing in 3M H.SOs, B) after annealing anodized Ti
electrode, at 400 °C in the the airflow.

Figure 4 - SEM-EDS images of A) Ti electrode after anodizing in 3M H,SO4, B) annealed Ti electrode at
400 °C 1 h after anodizing in 3M H,SO.

SEM-EDS analyses confirm the results obtained by XRD measurements. It can also observe that
after anodization on the titanium surface Ti and Oz species exist. According to chemical analysis,

after annealing of titanium, the content of O species increase indicating thicker TiO> oxide films
(Table 4).
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Table 4 - Chemical composition of titanium surface after anodization in 3 M H>SO, and after annealing at
400°C atatime of 1 h.

Atomic species O% Ti% Total%

after anodization 17.30 82.70 100.00
after thermal treat. 28.40 71.60 100.00

5. CONCLUSIONS

It was observed that TiO2 is the most stable oxide formed, besides TiO and Ti.Oz oxides. CV
measurements indicate the rapid formation of an oxide layer with variations in stoichiometry and
morphology. After thermal treatment of the electrode, XRD patterns showed a higher intensity of
anatase peaks in the anodized oxide films. SEM-EDS images also confirmed the higher presence
of oxides in the heat-treated titanium electrode.
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Abstract

Active coal mines in Serbia are not significant sources of methane, except for the "Soko" mine, which has
a high methane content. The methane content in the "Soko" mine is so pronounced that it poses a threat to
safe coal exploitation. Through mining operations and from old workings, significant amounts of methane
are released into the atmosphere from the "Soko" coal deposit. The potential of the "Soko™ mine lies in the
possibility of exploiting the methane from the deposit and utilizing it for electricity and heat production.
On average, over 2 million m® of CH, are released into the atmosphere from the mine annually, which is
enough to operate a 2 MW gas power plant, supplying electricity and heat to 66% of households or 8,800
citizens of Sokobanja. With an initial investment of 3 million euros, the investment would be recovered
within 2.5 years.

Keywords: methane, exploitation, green energy, coal

1. INTRODUCTION

In the world, coal remains the most significant source of electricity production. According to
projections, the largest industrialized economies, emerging economies, and economies in
transition will continue to rely on coal as an energy source in the foreseeable future. Currently,
coal accounts for 25% of global primary energy, 40% of global electricity, and nearly 70% of the
world's steel and aluminum industries. The International Energy Agency (IEA) predicts that new
economies will experience a staggering 93% increase in demand for electricity by 2030, largely
driven by China and India, with coal expected to be the leading "fuel” to meet the growing needs.
Methane (CHa) released during coal exploitation creates hazardous working conditions in many
underground mines worldwide. Efficient gas (methane) management, however, is not limited to
safety concerns alone. Methane released into the atmosphere, particularly from the drainage
system, represents a permanent loss of energy source. The resulting emissions also contribute to
climate change. Coal mines are significant sources of methane emissions, with methane being the
most prevalent greenhouse gas, exceeding carbon dioxide by more than 20 times (IPCC, 2007).
[4] Methane accounts for 14% of global anthropogenic greenhouse gas emissions, while coal
mines are estimated to contribute 6% of the total anthropogenic methane emissions, equivalent to
400 million tons of carbon dioxide (MtCO2e) annually. Future coal mining faces increasing
challenges as shallow deposits are depleted and excavated, while deeper deposits become
dominant with significant gas content and tectonic disturbances. [5] Some countries aim for
complete closure of coal mines and a transition to electricity generation from renewable-green
energy sources, while others see an opportunity in exploiting methane from coal deposits during
their transition to green energy. Although methane extraction from coal deposits has been ongoing
worldwide for some time, significant projects have not yet been implemented in our domestic coal
mines. Following the accident at the “Soko” lignite mine in April 2022, operations at the mine
were suspended until measures for operational safety and collective protection of workers during
mining operations and construction of mining facilities are implemented. One of these measures
is methane degasification from deposits through drainage boreholes. This would provide a dual
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benefit, as it would not only generate electrical energy but also create safer and better conditions
for underground mining. Large amounts of methane are released into the atmosphere from the
"Soko" coal deposit through mining operations and old workings, under the influence of the main
fan. Releasing methane into the atmosphere brings no economic benefit. The potential of the
"Soko" mine lies in the possibility of extracting methane from the deposit and utilizing it for
electricity production through methane cogeneration ("Green Energy"), which also yields heat
energy that can be used for heating infrastructure facilities, among other things. Coal excavation
in the "Soko" mine is carried out using the longwall mining method with cross cuts, roof coal
caving, and roof collapse, due to complex geological conditions. This method has been applied in
the mine since 1985. It belongs to mechanized excavation methods, where only coal transport from
the excavation is mechanized. The mine is ventilated depressurized, using the main mine axial fan
type “TURMAG GVhv15-160", located in the surface fan station and connected to the ventilation
shaft through an airway. The air distribution system in the mine is diagonal, with one inlet and one
outlet air stream. All working areas in the mine are ventilated separately using axial fans and
compression flexible pipelines. Control of gas-ventilation parameters is carried out automatically
and operationally.

2. QUANTITIES OF METHANE FROM THE PERSPECTIVE OF RELATIVE AND
ABSOLUTE METHANE EMISSIONS

Quantities of methane in terms of absolute and relative methane emission were obtained from the
methane balance report of the "Soko™ mine for the period 2000-2020. A part of the Automatic
Remote Control system for gas-ventilation parameters was used to obtain this data.

In addition to measuring devices for monitoring other gas-ventilation parameters, the ADK system
includes measuring devices for continuous monitoring of methane concentration at characteristic
locations in the mine. One of the measuring devices is placed on the path of the total main outgoing
air stream in PH-170 (CH4 meter - 1). Table 1 shows the absolute and relative methane emissions
for the observed period.

Table 1 - Presentation of absolute and relative methane emissions for the period 2000-2020
Time period Absolut_e methane Relatin_a n_1ethane CH4_
emission emission Quantity
(years) (m3CHa4/min.) (M3CHa/t.) meCH./year
2000 5.16 21.3 2,719,526
2001 3.69 20.4 1,939,464
2002 4.39 24.3 2,307,384
2003 4.20 20.6 2,207,520
2004 3.60 23.6 1,897,344
2005 2.76 15.5 1,450,656
2006 1.86 14.2 977,616
2007 5.04 33.3 2,649,024
2008 4.29 19.7 2,261,002
2009 5.19 22.9 2,727,864
2010 4.39 17.8 2,307,384
2011 6.59 25.8 3,463,704
2012 5.14 21.6 2,708,986
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2013 2.94 13.6 1,545,264
2014 2.71 11.7 1,424,376
2015 5.98 29.9 3,143,088
2016 571 34.7 3,009,398
2017 3.54 23.9 1,860,624
2018 0.54 5.8 283,824
2019 1.87 11.9 982,872
2020 1.28 8.9 674,611
Average 3.85 20.07 2,025,787

Analyzing the above-mentioned values, it can be determined that the average annual methane
emissions from the RMU "Soko" mine amount to approximately 2,025,787 m®. Although the
quantities of methane are significant, the extraction of methane from the RMU "Soko" mine has
not been purposefully carried out, except through the regular removal of methane from the working
areas and ventilation practices aimed at creating normal operating conditions where methane
concentrations are reduced to permissible limits. In this case, methane is discharged through the
exit air stream and expelled outside through the ventilation shaft. [2]

3. METANE DEGASIFICATION METHODS AND COGENERATION

Metane degasification methods used worldwide allow for the drainage (collection) of methane
before, during, and after coal mining operations. Degasification is achieved through the use of
vertical, horizontal, and inclined boreholes. The construction of degasification boreholes enables
additional exploration of the coal seam, identification of geological anomalies, and potential
increase in coal reserves. By reducing the methane concentration in the mine air, the safety level
of the mine operation is improved, and ergonomic working conditions are enhanced. Vertical
degasification boreholes from the surface are designed for pre-drainage of one or more coal seams
and/or subsequent degasification of methane from collapsed mined-out areas. Pre-drainage
boreholes are constructed 2-7 years before mining a specific part of the coal seam. This method
allows for the degasification of 50-90% of methane from the coal seam. Horizontal degasification
boreholes are primarily used for pre-drainage of coal seams. Boreholes constructed from
preparatory headings enable the drainage of methane from a portion of the coal seam immediately
before mining. Since the drainage period is relatively short, approximately 10-20% of CHs is
drained from the coal seam. Inclined degasification boreholes are constructed from preparatory
mine openings, sloping upward into the roof strata or downward into the floor strata. Due to mixing
with the mine air, the gas quality in these boreholes is low (below 25-50% CHya). [6]

Cogeneration represents the process of producing electrical energy while simultaneously
generating thermal energy that would otherwise be lost in condensation processes. The fuel
efficiency in condensing power plants is typically around 30-40%, while in cogeneration plants it
reaches even more than 85%, precisely because the thermal energy in the form of steam or hot
water is simultaneously used for heating or industrial processes. This enables significant savings
in primary energy consumption for the same amount of electricity and heat production, leading to
lower operational and overall costs, as well as a reduction in the emission of pollutants into the
atmosphere that contribute to the greenhouse effect and global warming.
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4. EKONOMIC FEASIBILITY

Based on the monitoring of methane emissions and its release into the atmosphere through the
ventilation system from 2000 to 2020, it has been determined that approximately 5,550 m® of
CHa/day is emitted into the atmosphere. According to data obtained from the company "GreenGas
DPB," which exploits methane in the Czech Republic, it can be concluded that the potential of the
"Soko" mine deposit allows for the construction of a gas power plant with a capacity of 2-3 MW.
Information from manufacturers of such systems indicates that the investment for building gas
power plants is around 1 million euros per MW. In the case of the "Soko" mine, this would amount
to an investment of 2-3 million euros for the construction of the gas facility. Based on the required
equipment for implementing degassing operations in the "Soko" mine, the cost structure is as
follows: equipment for underground exploration drilling with accompanying tools amounts to
600,000 euros, while the equipment for the pipeline and associated tools costs 108,800 euros.
Additional costs are estimated at 50,000 euros, resulting in a total cost of methane degassing of
758,800 euros. The average annual electricity consumption per household in Serbia is a total of
5,048 kWh (Republic Statistical Office, 2020). When all these data are considered and analyzed,
a 2,000 kWh gas power plant could generate 17.52 GWh of electricity per year, which is sufficient
for approximately 3,470 households. According to the 2022 census, the municipality of Sokobanja
has a total population of 13,325 people in 5,209 households. By exploiting methane from the
"Soko" coal deposit and constructing a 2 MW gas power plant, electricity could be provided to
66% of households in Sokobanja, equivalent to 8,800 residents. Heat energy could also be provided
to a large number of households, which is not included in the calculation. With an investment of
approximately 800,000 euros for installing the drainage system in the mine and around 2,200,000
euros for installing a 2 MW gas power plant, by selling only electricity without thermal energy at
an average price of 5.2 RSD per kW or 0.0443 euros per KW to households, the investment would
be recovered in approximately 28 months, or 2 years and 4 months. The monthly revenue from
selling electricity to households would amount to 110,000 euros. [1]

5. CONCLUSION

The "Soko™ coal mine, with its confirmed reserves of high-quality brown coal amounting to
52,000,000 tons, represents a significant asset within the JP PEU Resavica mining complex and
holds great potential in the energy sector in the Republic of Serbia. [3] In addition to coal
extraction, methane exploitation can contribute to the production of a certain amount of electrical
energy through methane cogeneration ("Green Energy"), where the heat energy extracted can be
used for district heating purposes. Currently, coal extraction in the Soko mine is on hold due to an
accident that occurred in April 2022. To resume operations, measures for operational safety and
collective protection of workers during mining and construction activities need to be implemented.
One of these measures includes methane degassing from the coal seams. This is where the potential
of the "Soko" mine lies, as methane can be collected and utilized for the production of electrical
and thermal energy in a gas power plant instead of being released into the atmosphere, resulting
in a permanent loss of potential. This approach would provide a dual benefit, both in terms of
electricity generation and improved safety and conditions for underground mining. Based on the
analysis of investment costs for degassing equipment and the construction and installation of a 2
MW gas power plant, approximately 3,000,000 euros would be required. Such a gas power plant
of this capacity could supply around 3,470 households, which is equivalent to 66% of households
in the municipality of Sokobanja. In addition to its global ecological significance in reducing
methane emissions into the atmosphere, methane degassing, collection, and utilization contribute
to increased safety and capacity in underground coal mines, while also offering significant
economic benefits through the use of methane as an energy source.

-219 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

REFERENCES

[5]

[6]

[7]

8]

[9]

D. bukanovi¢, N. Doki¢, Z. Aksantijevi¢, D. Radivojevi¢, B. Staki¢, The possibility methane
explitation from the bmc “Soko” deposit in Sokobanja, Proceedings Mining 2023, May 30-
June 2, Zlatibor, Serbia, 2023, p. 75.

D. Milinkovi¢, D. Pukanovi¢, M. Ignjatovi¢, “Moguénost eksploatacije metana sa aspekta
metanoobilnosti jame RMU “Soko” Sokobanja, Proceedings Mining, June 24, Vrnjacka
Banja, Serbia, 2006, p. 163.

R. Pantovi¢, V. Mili¢, N. Vidanovi¢, R. Tokali¢, ,,Studija istraZzivanja primenjenih metoda
miniranja u rudnicima uglja sa podzemnom eksploatacijom®, Technical Faculty in Bor and
Faculty of Minig and geology, 2006.

Kelafant J. R., A Workshop - New Trends in Coal Mine Methane Recovery and Utilization,
"Current Developments in Methane Degasification”, A Workshop - New Trends in Coal Mine
Methane Recovery and Utilization, Szczyrk, Poland, 2008.

Mattus R., A Workshop - New Trends in Coal Mine Methane Recovery and Utilization,
Megtec Systems, Converting VAM to Energy, Szczyrk, Poland, 2008.

[10] Kathleen C. Araujo, Journal of Environmental Management, Methane Capture: Options for

Greenhouse Gas Emission Reduction.

- 220 -



The 54™ International October Conference on Mining and Metallurgy
18-21 October 2023, Bor Lake, Serbia
www.ioc.tfbor.bg.ac.rs

ELECTROCHEMICAL METHODS FOR THE DETERMINATION OF
TRYPTOPHAN AND CAFFEINE

Zaklina Tasi¢, Marija Petrovi¢ Mihajlovi¢, Ana Simonovi¢,
Milan Radovanovi¢, Maja Nujki¢, Milan Antonijevi¢

Technical Faculty in Bor, University of Belgrade, V.J. 12, 19210 Bor, Serbia

Abstract

Electrochemical methods are widely used for the determination of various chemical compounds due to their
simplicity and short time for analysis, as well as enabling low detection limits. Various electrodes have
been developed over the years, including those made from carbon materials, gold, mercury, as well as
various modified electrodes for detection of analytes. Carbon electrodes are particularly favored as they
possess low background current and high electrical conductivity. Also, they are relatively inexpensive, easy
to prepare, and generally non-toxic. In this study, the sensor characteristics of a graphite electrode
prepared from spent zinc-carbon batteries for the determination of tryptophan and caffeine have been
investigated. Britton-Robinson and acetate buffers were used as electrolytes. The obtained results
demonstrated that this electrode is a good electrochemical sensor for detecting tryptophan alone as well
as in the presence of caffeine. Additionally, the modified graphite electrode is resulting in improved sensor
characteristics for the determination of tryptophan in Britton-Robinson buffer. The results obtained by
differential pulse and cyclic voltammetry highlight the potential of graphite electrodes as effective
electrochemical sensors for the detection of analytes.

Keywords: electrochemical sensor, zinc-carbon batteries, caffeine, tryptophan, modified graphite electrode

1. INTRODUCTION

Electrochemical methods used for the analysis and detection of chemical compounds have
significant advantages over other analytical methods, such as simplicity in operation, short time
for analysis, and achieving low detection and low quantification limits. Over the past decades,
there has been a growing trend in the development of various electrodes, such as electrodes
prepared from carbon materials, as well as gold, mercury, and modified electrodes for the
determination of different analytes [1,2]. Carbon electrodes possess favorable electrochemical
properties, including low background current and high electrical conductivity, which make them
a suitable choice for sensors. Moreover, they are relatively inexpensive, easy to prepare, and
typically non-toxic. However, in light of increasing waste generation due to technological
advancements, some researchers [3,4] have recommended using graphite rods from discarded
batteries instead of commercial electrodes. Zinc-carbon batteries, for example, are a source of such
waste. Improper disposal of such batteries can result in heavy metal pollution in the environment,
which can lead to severe adverse effects on living organisms. Recycling these batteries would be
an environmentally responsible measure, with significant economic benefits [5]. Considering the
high electrical conductivity and large surface area of graphite rods, they have the potential to be
utilized as effective electrochemical sensors [3].

The aim of this study was to investigate the sensor characteristics of a graphite electrode prepared
from spent zinc-carbon batteries for the determination of tryptophan without and with the addition
of caffeine in Britton-Robinson and acetate buffers using electrochemical methods, cyclic
voltammetry and differential pulse voltammetry.
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2. EXPERIMENTAL

For the experimental investigations, a three-electrode system consisting of a graphite electrode as
the working electrode, a saturated calomel electrode (SCE) as the reference electrode, and platinum
wires as auxiliary electrodes was used. The graphite electrode was rinsed with distilled water,
polished with Al>Os3, rinsed again with distilled water, and dried before each measurement.

The concentrations of the analyzed solutions of tryptophan (TRP) were 4.10* M and 1-10* M
while for caffeine (CAF) was 1-10* M. Britton-Robinson buffer (BR), with a concentration of
0.04 M, was prepared by mixing solutions of 0.04 M H3BOgz, 0.04 M HzPO4, and 0.04 M
CH3COOH, while the acetate buffer with a concentration of 0.2 M was prepared by mixing
solutions of 0.2 M CH3COOH and 0.2 M CH3COONa. The solution of 1M NaOH was used to
adjust the pH value of the solutions.

Electrochemical methods used for the analysis of tryptophan and caffeine, were cyclic
voltammetry (CV) and differential pulse voltammetry (DPV). The CV and DPV curves were
recorded in the potential range of 0.0 to 1.2 V (vs. SCE), with a scan rate of 50 mV/s.

3. RESULTS AND DISCUSSION

Since it has been shown that a graphite electrode can be used to determine TRP in BR buffer
solution at pH 4 [6], further experiments were performed in BR at pH 1.8 and acetate buffer at pH
4.35 using electrochemical methods. Figures 1a and 1b illustrate the obtained DPV curves in BR
buffer (pH 1.8) and acetate buffer (pH 4.35) without and with the addition of 1.10“* M TRP as
well as 1-10* M TRP + 1-10* M CAF on graphite surface.
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Figure 1 - (a) Differential pulse voltammetry curves on graphite electrode in Britton-Robinson buffer
solution (pH 1.8) and (b) acetate buffer solution in the absence and in the presence of 1-10* M of
tryptophan as well as 1-10 M of tryptophan + 1-10* M of caffeine, scan rate 50.0 mV/s
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Figure 2 - (a) dependence of the intensity of the tryptophan current peak on type of buffer solution; (b)
cyclic voltammetry curves of TRP on unmodified and modified graphite electrode in Britton-Robinson
buffer solution (pH 1.8)

From Figure 1a, it can be observed that there are no current peaks in the basic solution, while in
the presence of TRP, a peak is observed at a potential of 0.93 V, which can be observed in the
solution containing both TRP and CAF. Figure 1b shows the differential pulse voltammogram of
1-10% M TRP, as well as 1.:10% M TRP + 1-10* M CAF in acetate buffer solution. Based on the
voltammogram in Figure 1b, it can be seen that there are no current peaks in the basic solution,
while a peak is observed at a potential of 0.82V in the presence of TRP. Additionally, the current
peak is observed at a potential of 0.83V in the solution containing both CAF and TRP at a
concentration of 1-10 M. It can be concluded that the graphite electrode in the acetate buffer (pH
4.35) is able to detect tryptophan. In addition, in the acetate buffer, in the presence of both
tryptophan and caffeine, the intensity of the current peak was higher than the current peak of
tryptophan alone. These results indicate that the graphite electrode has high sensitivity for
determining TRP in both BR and acetate buffer. Additionally, it can be observed that when CAF
and TRP are present in the BR solution simultaneously, the intensity of the tryptophan peak is
reduced.

Based on the voltammograms (Figure 1a) and the paper by Tasic et al. [6], it can be concluded that
changing the pH of the solution results in a shift in the potential of the tryptophan current peak.
Decreasing the pH value leads to the appearance of an oxidation peak of TRP at higher potential
values. It was also observed that caffeine leads to a decrease in the current peak of TRP in BR
solution. Figure 2a shows the influence of the buffer on the intensity of the current peak of
tryptophan analyzed using the graphite electrode and DPV. It can be observed that the intensity of
the current peak of tryptophan in the Briton-Robinson buffer reaches a value of 9.0-10° A, while
in the acetate buffer, it reaches a value of 6.5-10° A. Therefore, the type of buffer is an important
parameter for determining the desired analytes. For improving the sensitivity of the sensor, a
modification of the graphite electrode in a 0.5 M solution of H>SO4 was performed. The
modification was carried out using cyclic voltammetry, in the potential range from 0V to 2V. The
prepared electrode surface was then used for the determination of tryptophan. The behavior of the
unmodified and modified graphite electrode in the Britton-Robinson solution in the presence of
tryptophan is shown in Figure 2b. From the cyclic voltammogram (Figure 2b), it is evident that
the TRP oxidation peak at the unmodified graphite electrode occurred at a potential of about 0.95V,
while the TRP oxidation peak at the modified graphite electrode was observed at a potential of
about 0.90V. The current density value was higher on the modified graphite electrode than on the
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unmodified graphite electrode. It is assumed that the electrode modification has developed a larger
specific surface area, which affects the intensity of the current response of tryptophan.

According to the literature data [6,7] and the results obtained in this investigation, the mechanism
of TRP oxidation at the graphite electrode was proposed and shown in Figure 3.
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Figure 3 - The proposed mechanism of TRP oxidation on the graphite electrode

4. CONCLUSION

Based on the experimental data presented in the paper, it can be concluded that the graphite
electrode has shown to be a good electrochemical sensor for the detection of tryptophan without
and with the addition of caffeine. The results indicate that the graphite electrode can be
successfully used for tryptophan determination at pH values of 1.8 in Britton-Robinson buffer and
4.35 in acetate buffer solutions. Additionally, it has been shown that the choice of buffer also
effects the potential and intensity of the oxidation peaks of the analyzed compounds. In order to
improve the sensor characteristics, the surface of the graphite electrode was modified in a simple
way and it proved to be successful in determining tryptophan.
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Abstract

The circular economy is an emerging concept based on the circulation of materials in the economy, in
which waste is recycled, reused, or repaired. By recycling waste, new raw materials are obtained from
which products or certain materials can be made, and devices can have alternative uses. A circular
economy is needed to change outdated business practices based on a linear production-consumer paradigm
into creative, innovative semi and final products. Industry 5.0 puts people at the center of the production
process and uses innovative technical advances to ensure a sustainable and resilient path to smart
manufacturing. Therefore, the circular economy and Industry 5.0 lay the foundations of intelligent and
sustainable production based on real-time data collection, contributing to society's smart industry. This
paper examines whether companies need to transform from a linear production-consumer paradigm to a
circular economy to achieve sustainable development in the era of the new industrial revolution known as
Industry 5.0.

Keywords: Circular economy, Industry 5.0, Sustainable development, Transform

1. INTRODUCTION

Traditional business practice based on a linear production-consumption paradigm is a concept that
remains behind us [1]. As an alternative to this traditional model, an approach that transforms the
use of resources, known as the Circular Economy (CE), appears [2]. Therefore, the Circular
Economy is a concept based on the circulation of materials in economics. It refers to the production
and consumption of goods in a closed material flow cycle [3] in order to achieve the maximum
efficiency of the use of limited resources with a gradual transition to renewable resources and the
reuse of materials and products at the end of their life cycle [1]. The basic principles of the circular
economy are efficient use of material resources, waste collection, recycling, and reuse in
production. By applying these principles, organizations can manage their resources more
effectively through cost savings, finding new income streams, becoming more resistant to external
disturbances, etc. [4]

With the transformation of the production-consumption paradigm into a circular economy, a
parallel transformation of the industrial paradigm into a socio-technological one is imposed [5].
This phenomenon, known as Industry 5.0, could be described as a "humanized vision of
technological transformations in the industry™ [6], which supports the circulation of materials in
the economy, balancing the needs of society with the sustainable optimization of energy
consumption and the extension of the product lifecycles. In that manner, Industry 5.0 puts people
at the center of the production process and uses innovative technical advances to ensure a
sustainable and resilient path to smart manufacturing [7, 8]. Therefore, Circular Economy and
Industry 5.0 lays the foundations of intelligent and sustainable production based on real-time data
collection, contributing to society's smart industry [4, 9].

Although many studies have dealt with the Circular Economy in the fourth industrial revolution
era [10, 11, 12, 13], this relationship in the context of the Circular Economy and Industry 5.0 is
almost unexplored in the literature. This paper step further with the existing academic literature in
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order to fill this gap. Hence, the research examines whether companies need to transform from a
linear production-consumer paradigm to a circular economy to achieve sustainable development
in the era of the new industrial revolution known as Industry 5.0.

2. METHODOLOGY

2.1 Sample and collection of data

This study investigated whether companies need to transform from a linear production-consumer
paradigm to a circular economy to achieve sustainable development in the era of the new industrial
revolution known as Industry 5.0. Therefore, the online questionnaire was utilized and distributed
to companies through LinkedIn in the second half of 2022. A total of 205 respondents participated
in the research. The target group of respondents consisted of all employees of companies in Serbia.
The need for a transition from a linear to a Circular Economy was measured, consisting of seven
indicators displayed in Table 1.

Table 1 - Defined variables

Measurement Variables Label

The company should provide an active response to environmental | CE1
challenges

The resources necessary for the functioning of the economy are | CE2
constantly decreasing

The electricity sources available to the economy are constantly | CE3

decreasing
Circular Economy The company has an increasing need for energy CE4
The waste generated by the economy is constantly increasing CE5

The emission of green gases generated by the economy is | CE6
constantly increasing

Customers increasingly choose products from ecological | CE7
companies

2.2 Analysis and research results

Exploratory factor analysis (EFA) is a statistical method used to describe the variability among
observed, correlated variables. For this research, EFA was employed to summarize the information
contained in a more significant number of observable variables into a smaller number of latent
variables, i.e., to define the items of the factor determining the measurement scale for Circular
Economy. The summary statistic of the examined variables was implemented on 205 respondents,
and obtained values are shown in Table 2.

Table 2 - Statistics of the examined variables

Measurement Label Mean Std. Deviation Factor loadings
CEl 3.849 1.010 0.920

Circular economy CE2 3.817 0.883 0.898
CE3 3.892 0.902 0.851
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CE4 3.913 0.880 0.787
CE5 3.784 0.942 0.908
CE6 3.978 0.820 0.767
CE7 3.871 0.862 0.798

The results of PCA, the reliability of measurement scales, and convergent validity (AVE) are
depicted in Table 3. The presented results indicate that the data collected are adequate for carrying
out the factor analysis, given that Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO
test) values are above the recommended threshold value of 0.6 [14]. The obtained values of factor
loadings are very high and give substantial weight to the selected factor. Also, the reliability of the
measurement scale was applied to establish internal consistency and confirmed by Cronbach's
Alpha coefficient [15]. The recommended values the internal consistency are above 0.7 [16]. The
obtained value of Cronbach Alfa coefficient is 0.935, which is a very satisfying value, and the
internal consistency is confirmed. Also, convergent validity is proved, indicated by AVE values
greater than recommended values above 0.5 [14]. Finally, correlation analysis was utilized to
examine whether there is a relationship between two variables or two data sets (Table 3).
Correlation analysis was used to determine whether there is a relationship between two variables
or two data sets (Table 3). The results of the correlation analyze was discovered that there is a
significant correlation among variables.

Table 3 - Measurement scales and Correlation Matrix

Measurement KMO Test % of variance Cronbach's Alpha The average
explained* variance extracted
(AVE)
Circular economy 0.884 72.086 0.935 0.721
CE1 1
CE2 0.857 1
CE3 0.757 0.793 1
CE4 0.609 0.650 0.631 1
CES 0.868 0.813 0.765 0.633 1
CEG 0.665 0.579 0.452 0.614 0.626 1
CE7 0.664 0.596 0.624 0.572 0.647 0.672 1

3. CONCLUSION

Until a few decades ago, the concept of Circular Economy was not applicable since the existing
technology could not support its application. However, with the development of a new industrial
revolution known as Industry 5.0, the importance of research and innovation to support the
industry in its long-term service to humanity is emphasized. Considering that the existing
economic model imposed a disposable lifestyle, which needs to be stopped, this paper has
established a nuanced link between Circular Economy and Industry 5.0.

With the idea to analyze the companies' need to transition from a linear to a Circular Economy,
this paper suggests a set of indicators that could be used for reliable assessment applicable to the
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Circular Economy. Furthermore, these indicators could serve managers and other decision-makers
in companies to develop a roadmap for implementing the circular economic business model in its
operations to achieve sustained economic growth.

This study has some limitations. The main limitation is the measurement scale which was not cover
all research questions that reflect the need to transform from a linear to a circular economy.
Therefore, future investigations will be focused on expanding the listed questions. Also, it would
be useful to study the relationships between Industry 5.0 and the Circular economy in specific
industry sectors to study circularity within their sphere of operation.
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Abstract

Welding is one of the most important processes in the metal industry. In order for the weldability of a
material to be satisfactory, it is necessary to find the most adequate type of welding and the conditions in
which welding will be performed. Weldability of a steel depends about an initial materials (chemical
composition, microstructure...) and from a filler material too. Austenitic stainless steel S21800 was used
for testing influence of the delta ferrite on microstructure a welded joint. Steel rods with different content
of the delta ferrite (0.12 and 1.95 %) used for welding. As a filler metal in this experiment austenitic
stainless steel 316L is used. The TIG method is most commonly used for welding stainless steels, and is
therefore considered adequate for this experiment. Analysis of microstructure showed increases of the delta
ferrite content in a weld metal for both case. Presence of a sigma phase on the delta ferrite islands noticed
too.

Keywords: welding, delta ferrite, microstructure, stainless steel

1. INTRODUCTION

The weldability of a material is consider to be good if, after welding process of the structural part,
the properties of the weld (WM) and the heat affected zone (HAZ) meet the structural requirements
and the level of safety of the structural part. If the requirements are not met, the weldability is
considered limited or unsatisfactory [1-3]. The most common problems in welding austenitic
stainless steels (ASS) are corrosion-induced cracking, hot cracking and sigma phase formation
[4,5]. When ASS are exposed heating in the temperatures range from 450 to 850 °C, there is
possibility precipitation the chromium carbides along the grain boundaries. This reduces the
chromium content in the vicinity of the boundary and a potential difference occurs, which causes
intercrystalline corrosion. Segregation of sulfur and phosphorus compounds also negatively affects
on the weldability of these steels, because these compounds in the last stage of solidification can
initiate the appearance of intercrystalline hot cracks. It has been proven that optimal amounts of
the delta ferrite in HAZ reduce the appearance of hot cracks. However, with a higher content of
the delta ferrite, there are greater possibilities for the formation of the sigma phase, because the
delta ferrite is the basis for the formation of the sigma phase. The sigma phase is hard and brittle,
most often formed in the temperature range from 600 to 950 °C [6-9]. The aim of testing was
investigate the influence of delta ferrite on a microstructure and hardness of the weld metal after
welding of the steel S21800. The samples with different content of the delta ferrite used for
welding.

2. EXPERIMENTAL PART

The welding process was performed on steel samples that have different content of delta ferrite in
the initial microstructure. Chemical composition and the content of the delta ferrite is given in
Table 1. The chemical composition is in accordance to standard ASTM A276.
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Table 1 - Chemical composition and the content of delta ferrite for the steel S21800

n — 5
Standard/ Chemical composition (wt.%)
Melts C Si |Mn| Cr | Ni P S N Content of
delta ferrite
ASTM 0.08- (%)
A276 <0.10 | 3.4-45 | 7-9 | 16-18 | 8-9 | <0.006 | <0.03 0.18
No.1 0.05 45 |86 16 8 | 0.007 |0.016 | 0.147 1.95
No.2 0.05 38 |89 17 9 0.007 |0.005| 0.161 0.12

The standard electric arc process - TIG in a protective argon atmosphere is used for welding. The
welding conditions for all samples were the same (Current strength -70 - 80 A, wire feed rate - 0.5
m/min, gas flow rate- 10 I/min) and steel 316 L AlISI used as a filler metal. The magnetic method
(a ferritoscope) was used to determine the delta ferrite content and a optical microscope with a
magnification max. 1000x used for analysing microstructure. Analysis of hardness of welded joint
was done according to standard BAS EN ISO 6507-1:2018 (Vickers method HV10 at room
temperature).

3. RESULTS AND ANALYSIS

3.1. Analysis microstructure and content of the delta ferrite

Analysis of microstructure as well as the content of delta ferrite was done befor and after welding
process. Results of the microstructure analysis for the samples before welding are presented in
Figure 1. The samples are in rooling state.

a) Dicltasteite b)

]

}TS
Carbides : .--' e

15 o ¢ "

Figure 1 - Microstructure of initial state for the melts aj No.1 énd b) No.2

From the Figure 1 it can be seen the presence of the chromium carbides and the delta ferrite in the
austenite matrix. Figure 2 and 3 present microstructure welded joints for samples with higher
(Figure 2. No.1.) and lower ( Figure 3 -No.2) content of the delta ferrite.

o : i L3l HAZ '

Figure 2 - Microstructure welded joint for sample No.1: a) base material, b) heat affected zone and c)
weld metal, Kalling #2, 100x
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The microstructure of the base material is austenitic with the particles of chromium carbides and
delta ferrite. The presence of the sigma phase on delta ferrite islands is visible in the base material
as well as in the heat affected zone and weld metal. An increase in grain size can be noticed in the
heat affected zone. The microstructure of the weld metal is a cast microstructure.The weld metal
has an austenitic microstructure with interdendritic and/or intercellular ferrite (AF model). That is,
during solidification, austenite first forms, and delta ferrite is formed by eutectic reaction from the
remaining melt between the austenite dendrites [10,11].

a)- ; b) ‘ )

P B

HAZ

T ooum “ o a0
Figure 3 - Microstructure welded joint for sample No.2: a) base material, b) heat affected zone and c)

weld metal, Kalling #2, 100x

It is evident from the Figure 3 that the base material has an austenite microstructure with
precipitates (the chromium carbides). An increase in grains was observed in the heat affected zone.
This zone, as in the previous case, is characterized by a small width. The precipitates were
separated along the grain boundaries. Weld metal is characterized by the AF model of
solidification. The presence of the sigma phase on the delta ferrite in the weld metal and the heat
affected zone can be seen.

After welding, the content of delta ferrite in the heat affected zone and the weld metal was
measured, Table 2.

Table 2 - The content od the delta ferrite

Number Content of delta ferrite Content of delta ferrite
Melts sar(:lfple Heat affected zone Average Weld metal Average

1 2.1 1.9 1.4 1.8 5.6 6.1 5.4 5.7
No.l |2 1.9 1.6 1.8 1.8 5.8 4.8 5.2 5.3

3 1.9 1.2 1.8 1.6 6.3 5.3 5.1 5.6

1 0.70 1.10 | 0.69 0.8 2.4 2.6 2.0 2.3
No.2 |2 0.69 0.61 |0.88 0.7 2.6 2.1 2.8 2.5

3 0.60 0.72 | 1.10 0.8 2.7 2.3 2.0 2.3

From the Table 2 it can be seen that the delta ferrite content is higher in the weld metal than in the
heat-affected zone.

3.2. Analysis of the welded joints hardness

Analysis of hardness of welded joint was done according to standard BAS EN ISO 6507-1:2018
(Vickers methods). The results of the hardness testing are presented in Figure 4. From the results
it could be seen that the weld metal has the lowest hardness for both cases. Higher values of the
hardness of the base materials and the heat affected zone are the result of the precipitation of
chromium carbides and the sigma phase.
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Figure 4 - Results of the hardness measuring for a) melt No.1 and b) melt No.2

4. CONCLUSION

Metallographic analysis of the base material revealed that the microstructure is the austenitic with
a certain amount of the delta ferrite and chromium carbides. The precipitated carbides form strings
along the grain boundaries and are precipitated at the austenite/delta ferrite phase boundary. The
analysis of the microstructure of the welded joints showed that the microstructure of the weld
metal is austenitic - ferritic (AF solidification model) and that the sigma phase was precipitated on
the delta ferrite. Chromium carbides are also present. Analysis of the content of delta ferrite using
a ferritoscope after the TIG welding process revealed an increase in the content of delta ferrite in
the weld metal compared to the base metal. This increase is characteristic of samples from both
melts. For a melt with a higher content of delta ferrite in the base material, there is also a higher
content of delta ferrite in the weld metal. The measurement of the hardness of the welded joint
showed a lower hardness in the weld metal compared to the heat affected zone and base materials.
The reason for the increase in hardness is the precipitation of chromium carbides and the sigma
phase.
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Abstract

The possibility of metals removal from real acid mine drainage from the Saraka stream, that flow near the
plant for copper ore mine treatment in Serbia, was investigated by combination of neutralization and
adsorption methods. A new approach of metals removal from acid mine drainage is in a two-step
neutralization method by controlling the pH value aiming to obtain a different type of sludge during each
step of neutralization process. The results are confirmed that the concentration of Cu and Fe is maximally
reduced during the first neutralization step on pH 7. Values for the concentration of the other elements on
pH 7 is as followining: Mg>Mn>Ni>Cd>Co. On pH 10 (second neutralization step) removal mass
percentage is the same for all elements (more than 99 mass%). As an alternative to metal removal at pH
values above 7, a method of adsorption with the crosslinked hydrogel obtained by crosslinking the Type B
gelatin and chitosan with glutaraldehyde is used. Studies have shown that the highest adsorption removal
rate of 81.43% is achieved for Co.

Keywords: real acid mine drainage, metal, removal, neutralization, adsorption

1. INTRODUCTION

Active and passive treatment methods are the common methods for purification of acid mine
drainage (AMD) that causes water and soil systems pollution around the mine. Mine waters
originating from active or closed copper mines contain copper ions sometimes in a considerable
concentration usually associated with an equivalent or even a two times higher concentration of
Fe2*/Fe®" ions. The presence of the other heavy metal ions such as Mn, Cd, Zn, Pb, Ni, etc. in mine
water depends on the mineralization of an ore body but their concentration is much lower than the
concentration of copper or iron. Mine waters are acidic with pH value mostly between 2.5 and 4.
The most environmentally effective techniques available for AMD are internal neutralization
methods, water-covers and biological/natural degradation processes [1].

The aim of this paper is to investigate the multistep neutralization process of acid mine drainage
from Saraka stream aim to precipitate the present metal ions in a different sludge type. First
neutralization step was realized on pH 7 and second neutralization step was realized on pH 11.
According to the literature data [2,3], the pH value for Mn recovery is greater than 7, and for the
above reason, the second step of neutralization process (pH 10) is applied. Crosslinked hydrogels
were used aim to investigate the possibility of removal the metal ions after the first neutralization
step [4].

2. EXPERIMENTAL
2.1. Neutralization process procedure
- Laboratory tests

Neutralization process is curried out with 1000 ml of real Saraka samples to reached pH 7; 7.5 and
8. As a neutralizing agent is used lime milk, concentration 25 g/L. After reached the pH 7, 7.5 and
8, solution is filtered by vacuum filtration with aim to separate solid from liquid phase. Dewatered
sludge was dried on 40°C to constant mass. AMD neutralized on pH 7; 7.5 and 8 was used as start
samples for neutralization on pH 9 and 10. As in the first neutralization stage, liquid and solid
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phase are separated by vacuum filtration. Liquid phase is used for the chemical analyses and solid
phase is dried on 40°C and measured after reaching the constant mass value.

- Two-stage pH control on pilot plant

Approximately 1800 | of AMD was feed to the pilot plant and pH was set: for a first step on pH 7
and for a second step on pH 10. Waste water pump with constant flow rate of 5 I/min is used for
waste water transport to pH control tank A. In the same time, in pH control tank A is continually
added 2.5 mass% lime milk from lime slurry tank by lime slurry pump. In pH control tank A is
immersed pH meter aim to control first neutralization step pH value. Suspension from pH control
tank A overflows in flocculation tank A. Flocculant, type Accoflock A-95 (0.05 mass %) is
pumped by flocculant pump A with constant flow rate of 0.025 I min™ to flocculation tank A. The
solid-liquid separation is followed in thickener A. Supernatant that overflows from thickener A is
going to pH control tank B for second neutralization step pH control (according to the second set
pH value of 10). Flocculation is followed in flocculation tank B thereafter, and then solid-liquid
separation is occurrence in thickener B. Supernatant that overflows from thickener B is taken for
the chemical analysis and discharged continuously by gravity as treated water. Thickener A/B are
discharged one by one aim to dewater the sludge on a filter press.

2.2. Adsorption tests with cross-linked hydrogels

Adsorption tests for a metal removal using crosslinked hydrogels prepared from gelatin Type B
and chitosan, which are crosslinked with glutaraldehyde, were performed with next type of real
waste water: 1. original AMD sample (saraka stream sample), 2. AMD sample after first
neutralization step and 3. AMD sample after second neutralization step. Cross-linked hydrogel
sheets (8 cm-square shape) were used as adsorbent. Incubation time of each adsorption test was
(h): 0.5; 1; 2; 4; 6; 24; 48. Mass of the gelatin hydrogel sample was measured on the start and on
the end of each test.

3. RESULTS AND DISCUSION
3.1. Neutralization process

- Laboratory experiments

Saraka stream is the branch of the Krivelj River located down-stream of over burden damp site.
The over burden contains oxidized copper minerals as well as pyrite. It suggests that the seepage
water from the dump contains copper. It is confirmed by chemical composition of the sample from
Saraka stream: Al — 71.005 mg/l; Ca — 529.715 mg/l; Fe — 46.169; Mg — 250.295 mg/l; Mn -
16.145 mg/l; Zn — 1.782 mg/l; Cu — 88.237 mg/l; Co — 1.178 mg/l; Ni — 248.3 ug/l; As — 4.1 pg/l;
Se —29.1 pg/l; Sr—591.8 pg/l and Cd — 17.9 pg/l. Concentration of Pb, Cr and Cs was below the
sensitivity limit of used analytical method. In the Table 1 are presented the results of the first and
second neutralization steps.

Table 1 - Concentration of the elements in the AMD after first and second neutralization step

From pH start Concentration of elements, mg/I
value: 3.8 Ca Cd Co Cu Fe Mn Ni
to pH 7 626.2 0.0123 0.471 0.842 <0.1 12.500 0.075
to pH 7.5 638.3 0.0071 0.215 0.521 <0.1 11.300 <0.01
to pH 8 646.6 0.0030 0.03 0.1 <0.1 7.600 <0.01
Neutralization Concentration of elements, mg/I
from pH 7 to Ca Cd Co Cu Fe Mn Ni
pH 9 638.2 0.004 0.138 0.28 <0.1 5.8 <0.01
pH 10 845.2 0.0038 0.007 <0.1 <0.1 0.193 <0.01
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Neutralization Concentration of elements, mg/I

from pH 7.5 to: Ca Cd Co Cu Fe Mn Ni
pH 9 701.6 0.007 0.0025 <0.1 <0.1 5.8 <0.01
pH 10 782.1 <0.0001 0.0001 <0.1 <0.1 0.006 <0.01

Neutralization Concentration of elements, mg/I

from pH 8 to: Ca Cd Co Cu Fe Mn Ni
pH 9 653.9 <0.0001 0.0015 <0.1 <0.1 0.9 <0.01
pH 10 800.7 <0.0001 | <0.0001 <0.1 <0.1 0.006 <0.01

- Two-stage pH control on pilot plant

According to the obtained laboratory data for chemical composition and lime milk consumption,
test on pilot plant is curried out as following: first neutralization step: on pH 7 and second
neutralization step: on pH 10 (Table 2).

Table 2 - Content of the elements after two neutralization steps

From pH start Concentration of elements, mg/I

value of 4.3 to: Ca Cd Co Cu Fe Mn Ni
pH 7 626.2 0.0123 0.471 0.842 <0.1 12,500 | 0.075
pH 10 701.7 0.00014 0.0052 0.036 < 0.007 0.18 0.018

2.2. Adsorption tests with cross-linked hydrogels
In the Table 3 are presented the results of metals adsorption degree from different AMD samples.

Table 3 - Adsorption degree of Cu, Co, Cd and Mn

Adsorptiontime,h | 05 | 1 | 2 | 4 | 6 | 24 | 48
Cu, mass %
Real Sarakawater | - | 553 | 86 | 1589 | 1711 | 3126 | 30.06
Co, mass %

Neutralized on pH 7 7.78 13.2 14.64 16.89 21.56 27.9
Neutralized on pH 10 51.43 57.14 58.57 62.86 67.14 68.57 81.43
Cd, mass %

Real Saraka water 4.81 7.21 11.54
Neutralized on pH 7 13.56 30.51 33.9 47.46 64.41 71.19
Mn, mass %
Real Saraka water 7.81 6.52 15.69 10.18 12.23 12.95 15.07
Neutralized on pH 7 5.89 7.12 11.64 15.26 21.88 21.39
Neutralized on pH 10 10.17 9.75 16.1 15.68 18.22 13.98 17.8

4. CONCLUSION

A new approach of metals recovery from acid mine drainage in combination with adsorption
method gives the satisfactory results regarding to reduce the metals concentration. Using two-step
neutralization method is obtained a different type of sludge during each step of neutralization
process. Concentration of the elements on pH 7 is as follows: Mg> Mn> Ni> Cd> Co>Cu>Fe. On
pH 10 (second neutralization step) recovery mass percentage is the same for all elements (more
than 99 mass %). Based on data for lime consumption at pH values above 7, method of adsorption
with the crosslinked hydrogel obtained by crosslinking the Type B gelatin and chitosan with
glutaraldehyde is used. Studies have shown that the highest recovery rate of 81.43% is achieved
for Co.
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Abstract

Water purification has been identified as a key global concern, due to fast developing of economy which is
result of crude oil exploration and production, as well as pharmaceuticals manufacturing. Comparing to
other adsorbents carbon nanotubes have proven to be good choice for wastewater treatment of organic
pollutants because of their high adsorbtion capacity. This paper presents a review of literature data on the
use of carbon nanotubes to the purification of wastewater, which has been one of the most prominent and
mayjor areas for their application since their creation and commercial usage.

Keywords: carbon nanotubes, organic pollutants, wastewater treatment

1. INTRODUCTION

Pharmaceuticals, personal care products, organic dyes, pesticides, detergents and a typical
industrial organic wastes such as phenols, halogens and aromatics are examples of organic
pollutants. Worryingly, they are unremitting and persistent in the environment. They are growing
more prevalent as industrialization progresses. In comparison to the limited varieties of heavy
metals in water, organic contaminants are increasing in number as industrial growth continues.
The international environmental accord imposed restrictions on the manufacture, use, and
discharge of twelve important persistent organic pollutants [1].

The worldwide distribution of oil and its derivatives generates a significant danger to the
environment. There are multiple traditional methods for removing oil from water, but due to
several defects and disadvantages, research efforts have centered on identifying such adsorbents
that may boost oil adsorption capacities. Oil spills in oceans, seas, lakes, and rivers make up a
significant environmental catastrophe [2].

Adsorption is a simple, inexpensive, and efficient method of eliminating hydrocarbons from water.
Carbon-based adsorbents, particularly carbon nanotubes (CNTSs), are frequently used to separate
water and oil. In comparison with other adsorbents, they satisfy all of the requirements for effective
oil adsorption [3].

2. REMOVAL OF ORGANIC POLLUTANTS FROM WASTEWATER

Chemical oxidation, adsorption and photocatalytic degradation are the most often used ways for
cleaning water from organic contaminants. Most organic pollutants may be successfully oxidized
into inorganic carbon (CO3) via the oxidation process (using O, O3, Clz, ClO2 and H20>), but the
potential drawback of this procedure is health risk of incomplete degradation of side products [4].
Compared to oxidation process, with adsorption process doesn't exist risk of secondary potential
contamination and it has shown to be the most successful and vital approach for removing
contaminants from water at an affordable cost. This process has been applied for wastewater
purification for many years owing to its speed, effectiveness and economic benefits. Its efficacy is
mostly determined by the type of adsorbent and operating conditions. Active carbons, zeolites,
clays and carbon nanomaterials (graphene, graphene oxide, and carbon nanotubes) are the most
often utilized adsorbents for the adsorption of organic contaminants in water [5]. Photocatalytic
degradation is one of the methods for removing organic contaminants from water that uses the
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Fenton process to degrade organic pollutants. TiO2, TiO2 and ZnO can be utilized in this method
since they have the capacity to break down organic contaminants into little molecules without
being hazardous [6].

2.1 Removal of organic pollutants from water using CNTs

Oil products are the most widespread sources of water pollution, coming into contact with water
through the release of oil and fuel from land-based plants, tanker spills and accidental leaks during
transport. Removal of unleaded gasoline from water is possible using multi-walled carbon
nanotubes (MWCNTSs) due to a number of favorable properties they possess as adsorbents, such
as good hydrophobicity and oleophilicity, capacity and speed of uptake and retention of
hydrocarbons. During the experiments, the conditions of actual polluted water were simulated.
Dispersions of commercial unleaded gasoline (20 ml) in water (30 ml) were used, which were
exposed to varying amounts of MWCNTSs (0.2-0.8 g) at room temperature. Obtained results are
shown graphically in Figure 1. The highest percentage of unleaded gasoline removed was obtained
by using small amounts (0.7 g) of MWCNTSs during a very short mixing time (5 min), larger
amounts of adsorbent did not improve the efficiency of the process. Small amounts used in the
presented experiments, simple regeneration after each application and low costs of the raw
materials used for the production of MWCNTSs, make this process economical [7].
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Figure 1 - Removed unleaded gasoline (%) from hydrocarbon / water dispersion as
function of mixing time [7]

In order to produce a hydrophobic adsorbent, the MWCNTSs surface can be modified using the
microemulsion method (MEMWCNT) without changing their structure. The results of UV
spectrophotometric analysis showed that MEMWCNTSs are more effective for adsorbing toluene
from the toluene-water mixture (90%) compared to untreated MWCNTSs (77%). Using kerosene
as a model hydrocarbon, the efficiency of its adsorption from water in the presence of MWCNTSs
was compared with MEMWCNTs. From 35%, which was adsorbed by MWCNT, using
MEMWCNT this value increased to 96%. The adsorption capacities of MEMWCNTS are higher
than those of MWCNTSs for all hydrocarbon models and range from 6.07 to 5.68 g/g, while the
adsorption capacity of MWCNTS is in the range of 2.48-4.64 g/g. The experimental results proved
that MEMWCNTs are good hydrocarbon adsorbents, and that the surface modification of
MWCNTSs by the microemulsion method had a beneficial effect on the hydrophobic properties of
MWCNTSs [8].
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Aromatic amines and phenols are considered the most common pollutants found in water bodies.
Their presence in the aquatic ecosystem causes an imbalance, because the food chain is disrupted,
which further causes the death of many aquatic organisms. The removal of aniline by MWCNTSs
is performed in two steps. First, aniline molecules diffuse from the aqueous solution to the outer
surface of the MWCNTS, and then the aniline molecules diffuse through the MWCNTSs. The
highest removal efficiency of toluene, ethylbenzene and xylene isomers was observed with
MWCNTSs oxidized by 3% NaOCI. The presence of oxygen-containing groups caused less pore
damage. The removal increased with longer contact time, while it decreased with increasing
reaction temperature [9].

Various pharmaceutical and personal care products (PPCPs) have been detected in groundwater,
rivers and lakes. For the removal of ibuprofen and triclosan from synthetic water, single-walled
CNTs (SWCNTSs) showed the highest efficiency compared to MWCNTSs and oxidized MWCNTS.
Due to their large specific surface area (~1020 m?/g) SWCNTs are often used to remove
pharmaceuticals from water. Adsorption of diclofenac on MWCNTSs was 41.4 mg/g in clean water
and 22.3 mg/g in wastewater. According to the research results, oxidized MWCNTS can improve
tetracycline adsorption due to the introduction of COOH and C-O groups on the MWCNTSs
surface. Oxidized MWCNTSs show a greater ability to adsorb other drugs, such as ciprofloxacin,
due to improved hydrophilicity and dispersibility. Pore size is the rate-determining step, and the
introduction of ionic liquid into CNTSs resulted in an improvement in the hydrophobicity of CNTs,
which allows for more interactions between the adsorbent and the adsorbate [9].

CNTs have the ability for successful adsorption of dye molecules from wastewater. Methylene
blue was removed from wastewater using carpet-like vertical arrays of CNTs connected to porous
carbon foam surfaces by coating with a silicon dioxide buffer layer. The amount of CNTs on the
foam and adsorption capacity of hybrid CNTSs are directly related. The maximum adsorption
capacity for methylene blue using CNT arrays is around 43.5 mg/g, which is more than what can
be accomplished with a variety of other methylene blue adsorbents [10].

3. CONCLUSION

The contamination of the planet by countless harmful compounds, both from manufactured and
natural sourcesis continual. Numerous harmful substances have been released into the
environment as a result of rapid industrial development and population increase. Without properly
evaluating the threats to the environment and impacts on human health, many new compounds are
utilized. Based on previous experiments, CNTs have proven to be excellent adsorbents for organic
dyes, oil, pharmaceutical products and pesticides. Before implementing on a large-scale, a risk
evaluation for the environment and human health should be made, since nanomaterials frequently
have hazardous effects on aquatic creatures when used in large amounts.
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Abstract

Represented results in this paper are obtained from the experimental investigations of the selected as-cast
alloys with Cu content of 70 at% in the ternary Cu-Al-Ag system. These investigations included
microstructural characterization and experimental determination of hardness, microhardness and
electrical conductivity. Microstructure of the investigated alloys has been done by light optical microscopy.
In the frame of investigations of some mechanical properties, hardness and microhardness were determined
by Vickers standard method. Electrical conductivity was determined too.

Keywords: Copper-rich alloys, Microstructure, Mechanical properties, Electroconductivity

1. INTRODUCTION

Smart materials and shape memory materials, as part of this large group of materials, have been
studied very well and in detail for decades [1,2]. A huge number of shape memory alloys of various
binary, ternary and multicomponent systems, such as Ag-Cd, Au-Cd, Cu-Sn, Cu-Al-Ag, Cu-Al-
Ag-Mg, Cu-Al-Au, Cu-Ag- Au, Cu-Au-Zn, Cu-Zn-Ga, Ni-Al, Ti-Ni-Cu, Ni-Ti-Nb, Ti-Pd-Ni, In-
Ti, In-Cd and others, have been obtained and investigated due to the fact that their properties
make them convenient for different purposes. Alloys of the Cu-Al-Ag ternary system have also,
been studied for a long time but the shape memory effect which is characteristic for these alloys
and their good properties are the reason for further research by scientists [3,4,5].

This paper represents the results of the experimental investigations of the CuAlAg alloys chosen
along vertical section with constant copper content of 70 at% as an addition to the previous
published in ref. [5].

2. EXPERIMENTAL

All alloy samples were cast using induction melting and the purities of the constituent metals, Cu,
Al and Ag, were 99,99%. Samples preparation was done under argon atmosphere with total metal
losses of the samples less than 1%. All alloys were melted and cooled repeatedly due to
improvement of the compositional homogeneity.

A study of the microstructure of the investigated alloys has been done by light optical microscopy
using Reichert MeF2 microscope. Hardness and microhardness measurements were carried out
using Vickers standard method at a load of 10N and 100g. Electrical conductivity measurements
were carried out on "Institute dr. Forster SIGMATEST 2.06" device.

Composition and mass of selected as-cast alloys are shown in Table 1.
Table 1 - Composition and mass of investigated alloys

Sample Xcu Xal XAg Mcu MAI MAg
Cl 0,7 0,06 0,24 3,0894 0,1124 1,7982
C2 0,7 0,12 0,18 3,3127 0,2411 1,4461
C3 0,7 0,18 0,12 3,5709 0,3899 1,0392
C4 0,7 0,24 0,06 3,8727 0,5638 0,5635
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3. RESULTS AND DISCUSSION

All investigated as — cast alloys, C1, C2, C3 and C4, with compositions given in Table 1., are
located in the area with 70 at% of copper, based to their chemical compositions and calculated
phase diagram [5].
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Figure 1 - Calculated vertical sections of the Cu-Al-Ag ternary system with
constant copper content of 70at% compared with DTA results [5]

Phase diagram of the calculated vertical section with 70 at% of copper, presented in the Figure 1,
shows that the tested alloys mainly belong in the area of primary crystallization - Liquid + (Cu) -
copper-based solid solution.

The results of microstructural characterization are presented in the following Figures:

I 1:200

Figure 2 - Sample alloy C1 (CuzAlsAg2s)

1:200 1:500

Figure 3 - Sample alloy C2 (CuzAl12Ag1s)
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1:500

Figure 5 - Sample alloy C4 (Cu70Al24Ags)

The microstructure of the investigated copper-rich samples with 70 %at Cu, which are presented
in Figures 2-4, consists of primary crystals of copper based solid solution (Cu) and silver based
solid solution (Ag), in the form of precipitates on the edges of copper crystals. Sample C3 in Figure
4 is characterized by a dendritic structure, while in the alloy C4 (Figure 5), exists martensitic
structure.

3.1 Hardness and microhardness measurements

The results of the hardness measurements of the alloys samples along the vertical cross-section of
70 at% Cu are presented in Table 2. It is noticeable that with the increase of aluminum content,
the hardness values of the tested alloys increase.

Table 2 - Results of the hardness measurements for selected as-cast alloy samples

Sample label Sample HV10
C1 Cu70AlsAg24 95
C2 CurAl12AQ18 102
C3 Cur0Al18Ag12 111
C4 Cu70Al24Ags 164

Table 3 - Results of the microhardness measurements for selected as-cast alloy samples

Sample —— — —
label Measuring point 1 Measuring point 2 Measuring point 3
C1 CurAlsAg24 83 93 78
C2 Cu7Al12AQ1s 91 128 86
C3 Cu7Al18Agr2 166 151 190
C4 Cu70Al24Ags 309 211 323
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As it can be seen in Table 3, microhardness values of the tested alloys increase with the increase
in aluminum content
3.2 Electrical conductivity

The results of the electroconductivity measurements are presented in Table 4. Measured values of
the electroconductivity of the tested alloys decrease with increase of the aluminum content.

Table 4. Results of the electrical conductivity measurements for selected as-cast alloy samples

Sample label Sample Electrical conductivity (MS/m)
C1 Cu70AlsAg2s 8,4 8,9 8,9
C2 Cu7Al12AQg1s 58 58 5,4
C3 Cu70Al18Ag12 54 5,9 58
C4 Cu7Al24Ags 5,6 5,6 5,7

4. CONCLUSION

This paper represents the obtained results from the experimental investigations of the selected as-
cast alloys with Cu content of 70 at% in the ternary Cu-Al-Ag system. The investigations included
microstructural characterization and experimental determination of hardness, micro-hardness and
electrical conductivity. Microstructure of the investigated alloys has been done by light optical
microscopy. Hardness and micro-hardness values of the tested alloys increase with the increase in
aluminum content. With increase of the aluminum content, the values of the electro-conductivity
of the tested alloys decrease.
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Abstract

The goal of the paper is to find a copper alloys with iron content that would have practical application in
electronics as an electronic functional material. The melt properties of the special alloys in system Cu-Fe
are given in this paper.

Keywords: Cu-Fe alloys, melt, Gibbs free energy

1. INTRODUCTION

Considering the fact that the world economy has changed in recent years, that there is a recession
in world and European industrial countries, and especially in the post-covid period, there was a
need for some materials that are used for everyday use to be produced in own country and at that
way to avoid their import.

This especially applies to the use of classic metal materials in electronics and electronic industry,
where there is the greatest demand.

A lot of attention was given to investigation of special copper alloys with iron in the best laboratory
conditions in the world [1-5]. However, these alloys offer remarkable electrical conductivity,
thermal conductivity, magnetism, and wear resistance characteristics, making them ideal for
applications across a wide range of fields, including 5G/6G communication systems, Al/loT,
medicine/antibacterial uses, and vehicle-mounted equipment. Characteristics can be adjusted by
varying the copper and iron content, allowing to offer solutions to suit particular applications.

2. EXPERIMENTAL

Alloys of the Cu-Fe system on the copper side are usually two-component or multi-component
copper alloys with iron in the amount of up to 3%. Alloys of copper with iron can also contain
some usual amounts of phosphorus and zinc, which are introduced primarily as agents for the
deoxidation of copper before the introduction of iron, or they can be additionally alloyed with
these components, which significantly improves the mechanical properties without fear that under
their influence they can more significantly reduced the electrical conductivity.

Copper alloys with iron belong to the group of alloys with medium electrical conductivity and
medium hardness.

The alloys are obtained by classical melting of copper and reduced iron powder in an electric induction
furnace and the addition of phosphorus and zinc for the deoxidation of the copper melt.

It is emphasized that the melting of special copper alloys with iron is very important and related to the
concept of melting alloys of the Cu-Fe system, according to phase diagram of the Cu-Fe system. The role
of phosphorus and zinc in the alloys are also important, given the fact that they are present in amounts of
up to 0.15% and 0.20%, respectively.

The chemical composition of the obtained set of the special copper alloys with iron is shown in
the Table 1.
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Table 1 — Chemical composition of the Cu-Fe alloys

" Content, %

Alloys Cu Fe P Zn Pb
Cu-Fe balance up to 100% 2.10-2.60 0.03

Cu-Fe-P balance up to 100% 2.10-2.60 0.015-0.15 0.20 0.03

3. RESULTS AND DISCUSSION

In order to determine the melt properties of the investigated alloys, the basis of the quasi-chemical
theory and the principle of quasi-regular melts, where the averageness of the micro-range is taken
into account, are used for calculation of the thermodynamic properties of the investigated alloys
of the Cu-Fe system, such as enthalpy of mixing and Gibbs free energy.

The system Cu-Fe belongs to the group of the eutectic alloys in which there is a tendency towards
layering or non-mixing in the liquid state, immediately near the liquidus line.

Enthalpy of mixing liquid copper with iron is calculated at two temperatures: 1773K and 1873K.
The results are shown in the Table 2.

Table 2 — Enthalpy of mixing in Cu-Fe alloys

Alloys Temperature, K Enthalpy, kJ/mol
1773 8.37
Cu-Fe 1873 8.63
1773 8.14
Cu-Fe-P 1873 8.19

The change of the Gibbs free energy is calculated at different temperatures: 1473K, 1673K, 1773K
and 1873K. The results are shown in Table 3.

Table 3 — Gibbs free energy of Cu-Fe alloys

Alloys Temperature, K AG kJ/mol

Cu-Fe 1473 -15.84
1673 -25.38
1773 -30.16
1873 -34.94

Cu-Fe-P 1473 -9.52

1673 -17.67
1773 -21.75
1873 -25.82

According to the obtained data, the process of mixing liquid copper with iron is characterized by
an endothermic heat effect and the changing of the Gibbs free energy is negative in the investigated
temperature range. The thermal effect of mixing the melt is relatively small. The obtained data
showed the melt of alloys belong to the group of quasi-regular melts.

Results of surface tension measurement at temperature 1473K, 1673K and 1773K are shown in
Figure 1.
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Figure 1 - Surface tension of Cu-Fe alloys at 1473K, 1673K and 1773K

According to the obtained results, isotherms of the surface tension of the Cu-Fe alloys at a content
of up to 10 mass% show the surface tension practically does not change at a content of up to 4
mass% of iron, and then begins to increase slowly. In this connection, the best practical application
in electronics and for electronic materials is taken alloys with iron content up to 3 mass%.

The specific volume of the alloys is determined for alloys with a higher copper content till 10
mass% of iron and at 1773K. The obtained results are shown in Figure 2.

0.128
0.1275
0.127
0.1265

0.126 <&

Special volume x 10-3, m3/kg

0.1255
0.125
0 2 4 6 8 10 12
Fe, %

O— calculated experimental

Figure 2 - Specific volume of Cu-Fe alloys at 1773K calculated and experimental values
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The obtained results show that in melts rich in copper, even at high overheating for copper alloys
up to the order of 1773K-1873K, it is possible to layer the melt by forming iron-enriched groups,
that is, emulsion-like melts are obtained.

Based on the Cu-P and Fe-P phase diagrams, it can be seen that copper forms a eutectic with
phosphorus. Therefore, the addition of insignificant amounts of phosphorus to the alloy melt in the
Cu-Fe system will affect the fact that phosphorus binds more to iron due to its greater affinity
compared to the affinity to copper. Due to the stronger mutual bonds of phosphorus with iron in
the melt with copper, i.e. the greater affinity between these two elements compared to copper and
phosphorus, layering of the alloy will not occur, which will enable obtaining a liquid cast during
melting and forming alloys with a satisfactory composition without segregations.

All that mention above should be kept in mind when overcoming the technology of making alloys
of this system.

4. CONCLUSION

Obtaining special alloys of copper with iron, which will be used as an electronic material implies
obtaining alloys with precisely defined compositions.

The structural properties of alloys in the system Cu-Fe depend first of all on the chemical
composition, but also on the solidification conditions of the melt and then on the plastic treatment
and thermal treatment.

Therefore, knowing and determining the properties of the melt greatly contributes to obtaining
quality alloys with properties that are suitable for wide application in electronics and the electrical
industry.

Based on the obtained results, it can be concluded that iron is completely dissolved during melting.
The phosphorus content guarantees the complete deoxidation of copper in the process of melting
and making alloys.
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Abstract

The Bond’s method is based on the experimental determination of the Bond work index which represents a
measure of ore resistance to grinding and its denotation is W_i. The conditions for performing the test and
initial sample size are precisely defined within Bond’s standard test. The procedure for the determination
of the Bond work index for finer samples was presented in this paper. These finer samples are usually seen
as a problem for practitioners who work on the design and optimization of a plant.

Keywords: (Finer Samples, Bond Work Index, Grindability)

1. INTRODUCTION

The ball mill grindability test sometimes referred to as “the Bond test” was developed in the 1930s
by the Allis Chalmers company to help them perform ore hardness characterisation testing to assist
in industrial mill sizing [1]. It was extended by Bond (1952) [2] to provide a ‘work index’ result
that was empirically calibrated to make a laboratory work index match the corresponding work
index measured in an industrial grinding mill. The fitted equation, in metric form, is given as
Equation (1).

445
w,=1.1- (D
p.023. 082, <£_ 10 )
(o
vV P80 vV FBO
where in:

P. -closing screen size (um),

G - net mass (grams) of undersize product per unit revolution of the mill, in g/rev,
Pg, - the 80 % passing product particle size (um),

Fg, - the 80 % passing feed particle size (um).

The Bond method consists in the experimental determination of the Bond work index, which
expresses the resistance of the raw material to comminution and is denoted by W;. In Bond's
standard test, the test performance conditions are precisely defined. The starting size of the sample
is also defined. Due to the sheer scope of the test, many researchers have conducted research with
the aim of shortening the test and finding alternative methods of determining Bond work index [3-
12]. However, very few researchers have dealt with the determination of Bond work index
obtained from the test based on finer samples.

Levin (1989) [13] proposed a method for determining the grindability of fine material that included
the estimation of energy necessary for the grinding. Magdalinovic et al. (2012) [14] determined
the Bond work index on samples of non-standard size. Nikoli¢ and Trumi¢ (2021) [15] provided
the procedure for determination of Bond work index for finer samples. This paper represents a
continuation of the research published by Nikoli¢ and Trumi¢ (2021) [15].
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2. EXPERIMENTAL

The samples used in the study were prepared by crushing in a jaw crusher and then sieved through
a sieve with an opening size of -3.35 mm. Two monomineralic types of raw material, zeolite and
dacite, were used in the study. Five 10 kg samples with different initial sizes (-3.35+
0 mm; - 236 + 0 mm; - 1.70 + 0 mm; - 1.18 + 0 mm; - 0.850 + 0 mm) were formed for each
individual type of raw material for grinding test based on the standard Bond procedure. The dry
grinding was used, simulating a closed grinding cycle, until a circulating load of 250 % was
established [17]. A 75 um closing screen size was used. The Bond work index was calculated by
Equation (1).

3. RESULTS AND DISCUSSION

The obtained results for the Bond work index for samples of zeolite and dacite, on fine size classes
are shown in Table 1.

Table 1 - Parameters Fg,, Pgo, G and value of W; for samples of zeolite and dacit used on fine material

Sample Class size P.=75um
(mm) Fgo (um) Pgg (um) G (g/rev) W; (KWhft)

-335+0 2440 65.72 2.03 9.834
-2.36+0 1652 66.40 2.13 10.010

Zeolite -1.70+0 1090 66.48 2.20 10.197
-1.18+0 727 66.84 2.35 10.371
-0.850+0 544 67.12 2.57 10.572
-3.35+0 2646 64.70 0.96 17.800
-2.36+0 1729 64.76 1.00 18.130

Dacite -1.70+0 1253 65.76 1.05 18.333
-1.18+0 807 65.20 1.10 18.827
-0.850+0 609 65.64 1.12 19.196

The authors Nikoli¢ and Trumi¢ (2021) [15] provided the equation for the determination of the
Bond work index for fine materials, and it is presented by Equation (2). The Equation (2) was
tested on a zeolite sample, and further research was conducted on sample dacite.

005 (2)

where in:

Wem - BWI for fine materials, (KWh/t);

W; - BWI for a standard size sample (- 3.35 + 0) mm, (kWh/t);
Frp, - the 80 % passing fine material particle size, (um),

k - value of coefficient k was given in table 2.

Table 2 - Value of coefficient k
Value of coefficient k k=147 k=148 k=149
BWI (kWht) 10 - 17 18- 20 >21

The comparative results of the Bond work index for finer materials obtained experimentally by
(W;) and Equation (2) (Wgp), as well as the results found in literature, are shown in Table 3.
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Table 3 - Results obtained with experiments and equation (2)

Class size Fao P. =75 pm
Sample References (mm) (nm) W; K Wem Error
(KWht) (KWh/t) | A (%)
-3.35+0 2440 9.834 - -
-2.36+0 1652 10.010 9.980 | +0.30
Zeolite [15] -1.70+0 1090 10.197 10.190 | +0.07
-1.18+0 727 10.371 10.399 | -0.27
-0.850+0 544 10.572 10.550 | +0.21
-3.327+0 2468 12.70 - -
-2.356+0 1662 12.91 12.89 | +0.15
Dolomite [14] -1.651+0 1090 13.16 13.16 0.00
-1.168+0 727 13.38 147 1343 | -0.37
-0.833+0 544 13.69 ' 13.63 | +0.44
Commercial [17] -3.35+0 2134 15.0 - -
aggregate -236+0 1492 15.3 15.3 0.00
-3.327+0 2646 15.67 - -
-2.356+0 1729 15.70 15.97 -1.72
Copper ore [14] -1.651+0 1253 15.84 16.24 -2.53
-1.168+0 807 16.19 1654 | -2.16
-0.833+0 609 16.79 16.84 | -0.30
-3.35+0 2646 17.800 - -
-236+0 1729 18.130 18.146 | -0.88
Dacite -1.70+0 1253 18.333 148 | 18.441 | -0.60
-1.18+0 807 18.827 18.851 | -0.13
-0.850+0 609 19.196 19.118 | +041
-3.327+0 2650 22.63 - -
-2.356+0 1790 23.17 23.19 | -0.09
Quartzite [14] -1.651+0 1240 23.52 149 | 23.62 -0.43
-1.168+0 870 24.14 24.04 | +0.41
-0.833+0 610 24.72 2447 | +1.01

Based on the obtained results presented in Table 3, it can be concluded that when the Bond work
index for finer samples is calculated by Equation (2), the reliable results are obtained and the error
is not greater than 2.50 %. This fact confirms the accuracy and validity of Equation (2).

4. CONCLUSION

The determination of Bond work index for finer samples is possible if the value of Bond work
index for the standard size sample is known and using the Equation (2). This procedure offered
the maximum error of -2.53 % for ;. Such a small error obtained this way confirms the accuracy
and validity of the suggested procedure for the determination of Bond work index for finer
samples.

ACKNOWLEDGEMENTS

"The research presented in this paper was done with the financial support of the Ministry of
Education, Science and Technological Development of the Republic of Serbia, within the funding

- 251 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

of the scientific research work at the University of Belgrade, Technical Faculty in Bor, according
to the contract with registration number 451-03-47/2023-01/200131".

REFERENCES

[1] W.L. Maxson, F. Cadena, F.C. Bond, Trans. Metallur. Soc. AIME, 112 (1933) 130-145.

[2] F.C. Bond, Trans AIME, 193 (1952) 484-494.

[3] T.F. Berry, R.W. Bruce, Can. Min. J., 87 (1966) 63-65.

[4] R.W. Smith, K.H. Lee, Trans. Metallur. Soc. AIME, 241 (1968) 91-99.

[5] P.C. Kapur, Trans. Inst. Min. Metallur., 79 (1970) 103-107.

[6] W.E. Horst, J.H. Bassarear, Trans. Metallur. Soc. AIME, 260 (1977) 348-351.

[7] V.K. Karra, CIM Bull., 74 (827) (1981) 195-199.

[8] N. Magdalinovi¢, Int. J. Miner. Process., 27 (1-2) (1989) 125-132.

[9] N. Magdalinovi¢, J. Min. Metallur., 39 (1-4) A (2003) 1-10.

[10] R. Ahmadi, S. Shahsavari, Miner. Eng., 22 (1) (2009) 104-106.

[11] E. Ford, V. Sithole, Copper Cobalt Africa, incorporating the 8" Southern African Base Metals
Conference, Livingstone, Zambia, 6-8 July, 2015, 65-68.

[12] D. Todorovic, M. Trumic, Lj. Andric, V. Milosevic, M. Trumic, Physicochem. Probl. Miner.
Process., 53 (1) (2017) 321-332.

[13] J. Levin, J. S. Afr. Inst. Min. Metall., 89 (1) (1989) 13-21.

[14] N. Magdalinovic, M. Trumic, G. Trumic, S. Magdalinovic, M. Trumic, Int. J. Miner. Process.,
114-117 (2012) 48-50.

[15] V. Nikoli¢, M. Trumi¢, Miner. Eng., 165 (2021) 106858.

[16] F.C. Bond, Br. Chem. Eng., 6 (6 and 8) (1961) 378-385 & 543-548.

[17] A. Jankovic, S. Suthers, T. Wills, W. Valery, Miner. Eng., 71 (2015) 133-138.

- 252 -



The 54™ International October Conference on Mining and Metallurgy
18-21 October 2023, Bor Lake, Serbia
www.ioc.tfbor.bg.ac.rs

MANAGEMENT OF RISK ASSESSMENT IN ENVIRONMENTAL
PROTECTION IN SURFACE COPPER MINE

Ivan Jovanovié¢!, Novica Staletovi¢?
!Mining and Metallurgy Institute Bor, Zeleni bulevar 35, 19210 Bor, Serbia

2University Union “Nikola Tesla”, Faculty of Ecology and Environmental Protection, Cara
Dusana 62-64, 11158 Belgrade, Serbia

Abstract

Successful environmental protection is largely based on a quality assessment of possible and present risks.
Environmental risk management is a complex process that includes: risk identification, risk assessment and
risk control, which taking measures to reduce that risk to an acceptable level. The focus of this work is on
the application of the methodology of environmental risk assessment and analysis, as the most important
aspect of successful management of environmental protection. The paper presented the analysis of the risk
analysis that was carried out for one copper surface mine in Serbia.

Keywords: risk assessment, environmental protection, surface copper mine

1. INTRODUCTION

Due to the destructive impact of human economic activities on the environment for the purpose of
a sustainable global economy, the intensity and duration of exploitation in all areas of industry
also means major disturbances in the integrity of the terrain, air and eco-system.

Therefore, investing in the protection and restoration of the natural environment is one of the
priorities of all of us. Reasonable environmental management should include adequate measures
to minimize environmental damage.

Management of environmental protection in mines for the exploitation of metal mineral raw
materials enables to identify and control the impact of exploitation activities, products and services
on the environment, to improve the attitude towards the environment, to implement a systematic
approach that will achieve the goals related to environmental protection and provide evidence that
the set goals have been achieved. [1]

The introduction and functioning of the environmental protection management system is
influenced by several factors, the most important of which are: constant environmental pollution,
fear of complete exhaustion of natural resources, lack of organized and systematic monitoring of
the consequences of pollution, increased interest of public opinion in environmental protection,
legal solutions and special working conditions in endangered areas. [2]

Management of environmental protection requires a multidisciplinary perspective and the
involvement of all members of society. This is due to the fact that health, the environment and
social conditions are in constant interaction, so the disturbance of the environment leads to
ecological disturbances and disturbances of social relations, which are interconnected and
conditioned. By evolving the very understanding of environmental problems, the main focus of
current environmental management is centered on the integration of social and ecological systems.
In this context, environmental decision-making must deal with the complexity of both ecological
systems and interdependent human organizational and institutional systems. [3]

Proper management of environmental protection can reduce negative impacts on the environment,
reduce the risks of environmental disasters, increase the ability to quickly and effectively
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intervene, improve reputation and build trust with the community, increase legal certainty due to
compliance with environmental protection laws, easier to obtain authorizations and permits from
local and state authorities, increase energy efficiency and water protection, carefully select raw
materials and control waste recycling, contribute to cost reduction and raise competitiveness,
improve the quality of workplaces and employee morale, and open new employment opportunities
in mining industry markets where ecological production is important. [4]

2. EXPERIMENTAL

Risk assessment is an integral part of risk management and contributes to minimizing the
possibility that the environment and employees in that environment are exposed to danger during
the performance of work activities, some scientific and research activities were carried out, which
had as their subject the analysis of the process of preventing the potential risk that the activities in
copper surface mining production could lead to in technical and technological systems, in order to
prevent them.

The analysis and evaluation of the existing state of the environment, as well as the assessment of
possible risks to the environment and human health that are a consequence of the operation of the
coper surface mine, show that the quantification of possible consequences can be achieved through
the analysis of the impact of surface exploitation and preparation of copper ore on the environment.

The identification of environmental aspects and their possible impacts represents an analysis of
the relationship between surface mining, flotation, tailings - the environment, where, on the basis
of knowledge of the basic ecological potential of the analyzed space and the basic relationships in
the system of emissions - transmission - immission - impact, all relevant facts are defined for the
selection of adequate technologies of surface exploitation and preparation of copper ore.

3. RESULTS AND DISCUSSION

The analysis of possible causes of environmental pollution and degradation within the risk and
impact assessment of surface exploitation and preparation of copper ore includes the following
processes:

- surface mine with ore dump,

- transport of ore to flotation,

- flotation: crushing, grinding and flotation of ore,
- transport of concentrate and tailings, and

- flotation tailings pond.

The following possible sources of environmental pollution can be registered in the mine.
a) Air pollution

By analyzing air pollution with suspended particles (mineral dust), the following potential sources
of pollution were identified:

- dry surfaces on active floors and surfaces (surface mine and ore dump),

- road routes for truck transport on the surface mine,

- crushing plant for ore and tailings at the surface mine,

- conveyor route with tailings belt,

- operational activities of mining machines and technological equipment at the surface mine
(drilling rigs, excavators, bulldozers, graders),

- machines and technological equipment for the preparation of copper ore (crushing, grinding,
flotation),

- conveyor route with ore belt,

- road routes for truck transport of concentrate,
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- dry areas on the flotation tailings.

Air pollution with exhaust gases (CO, NOx, SO2) from the engines of mining loading, transport
and auxiliary machines was caused by the following possible sources: trucks and bulldozers.

The blasting process in surface mine can represent a potential source of air quality threats because,
under the influence of the wind, dust and gaseous blasting products (CO, NO, NO, etc.) are
distributed in the area of mining operations.

b) Noise

By analyzing the process of working noise sources in the mine, the following potential sources of
noise emissions and threats were identified:

- mining mechanization, machines and technological equipment at the surface mine (drilling rigs
and compressors, excavators, bulldozers, graders),

- machines and technological equipment for the preparation of copper ore (crushers, mills, flotation
machines),

- transport machines (trucks, conveyors),

- auxiliary machines (bulldozers, loaders).

c¢) Water pollution
The registered threat sources were:

- water drainage systems from the mine area,

- impact on the hydrological regime of the exploitation area, lowering of the groundwater level,

- atmospheric waters that reach the contour of the mine and landfill,

- potential contamination of local rivers with process water from flotation and tailings,

- potential contamination of local groundwater in the tailings area,

- potential change in the hydraulic regime of local groundwater,

- influence on the hydrological regime of the area,

- atmospheric waters that wash away material from the slopes of the dams, creating torrents that
pollute the surrounding area.

d) Land degradation
The identified sources of land endangerment are:

- surface mine - mining waste,

- ore deposit at the surface mine,

- flotation facilities - ore waste, concentrate waste, and
- flotation tailings pond - waste flotation sludge.

The purpose of the analysis of the situation and management of environmental protection based
on risk analysis in the copper surface mine is to act productively and proactively in order to timely
establish risk control mechanisms and take measures to realize opportunities and thus achieve the
necessary balance between creating opportunities for profit and minimizing production loss.

From the context of global and local problems due to the increasing and faster technical-
technological progress of society as a whole, the constant advancement of technology means that
it is very difficult to determine the level of technological risk. That is why it is necessary to
constantly develop and improve methods and principles as well as criteria for risk assessment and
management.

Finally, the obtained results of this work were reflected in the identification of risks and the
prevention of negative impacts of mining works and processes not only on the environment but
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also on the context of the economic and financial effects that the mine can cause with its
irresponsible operations, both on its the environment as well as the social community as a whole.

4. CONCLUSION

Technical-technological systems, which include surface copper mines, can threaten the safety of
people, the economic stability of the organization and the environment in a wider sense. Therefore,
the analysis of the risks to the environment in mines are becoming not only a subject of increasing
interest, but also an increasingly subject of legislative regulation.

Environmental risks in mines must be assessed, quantified, in order to predict and prevent potential
damages, both for the business entity itself and for the wider social community. The purpose of
the activities carried out was to analyze the process of prevention of potential risks caused by
mining activities and processes in mines, in order to prevent them.

It can be concluded that the process of prevention of potentially dangerous events that lead to
technical-technological accidents with as many possible aspects as possible, from definition,
strategy, goals, legal regulation, risk assessment methods, to their impact on financial effects and
sustainable development, is important.
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Abstract

The dispersion law of electrons in film-structures was evaluated by the method of two-time temperature
dependent Green’s functions. In variance from unbounded structures, the electron energy spectra in film
posses the top and bottom gap and the band of electron energies is narrower and strictly discrete. The
conditions for the appearance and existence of the localized electron states were found and analized as the
function of boundary parameters.

Keywords: electrons, ultrathin films, dispersion law, energy gaps, localization states

1. INTRODUCTION

Fundamental physical properties of quasi-twodimensional electronic systems arise primarily from
their spatial boundness, as well as from special perturbative conditions which appear at and within
their surface layers [1,2]. The aim of this paper is the analysis of the influence of finite dimensions
of the crystalline ultrathin film and boundary conditions onto the energy spectrum of the electrons
with particular interest in the possibility of the appearance of the localized electron states.

We base our analysis on the standard electron Hamiltonian of the model film-structure in the
nearest-neighbours approximation [3-5]:

H = memymz a;;lxmymz {[1 + 8(57712'0 + 5mz,Nz)]Aamxmymz -

_[1 + W((sz,l + 6mz,Nz—1)]W (amx+1,mymz + amx—l,mymz + (l)

+ amxmy+1,mz + amxmy—l,mz + amxmymz+1 + amxmymz—l)}
where A = Ay q, IS the energy of an electron localized at the site n=(n,ny,n,), and W=
W nyn,mumym, 1S the energy of the electron transfer from the site n to the site m. The parameter

€ defines the change of the electron energy at the surface layers of the film, while w defines the
change of the transfer energy within the surface layers. The fact that the film is of finite dimension
along all z-directions (orthogonal to the film boundary surfaces) is expressed in terms of the

conditions: n, = 0,1,2,...,N,, N, ~ 10; g € [ =%, 42, Ny ~ 108, & = (x,).

2. ELECTRON DISPERSION LAW

The dispersion law for the electrons will be looked for by one of the most suitable theoretical
treatments of the quantum solid state physics - Green’s functions method [6—8]. For that purpose,
we study single-electron, two-time anticommutator Green’s function:

annynz;mxmymz(t) = 0(1t) ({anxnynz(t); a;xmymz(o) }) 2)
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Following the standard procedure [6-8], using equations of motion for the Green’s function and
performing the temporal and partial spatial (XY) Fourier-transformation we obtain the system of
N, + 1 nonhomogeneous algebraic-diference equations:

[1 + W(5nz,1 + 5nz.Nz)]an—1 + [Q - 5(5712,0 + 5nz.Nz)]an + (3)
+[1 + W(5nz,0 + 5mZ,NZ—1)]GnZ+1 = Ky,
where: Gy, = Gp,m, (keky, @) 5 Ky, = % On,,m, and
0= h%—%+2(cos ak, + cos ak,). (4)

The determination of Green’s function poles, which define the spectrum of possible electron
energies, turns into the calculation of the roots of the determinant of the system of equations (3),
i.e. to condition:

A A
Dy,+1(0) =0 — WE)ZCNZ—1 -2(1+w)*(e - WE)CNZ—Z(Q) + (1 +w)*Cy,—3(0) =0, (5
where C,, are the characteristic Chebishev’s polynomials: C,,_; = 0C,, — Cp41-

In the general case, this equation is not anallytically solvable (anallytically solvable case arises for
e =w = 0 [9,10]), so numerical methods must be applied. For given numerical values of the
parameters N,, e and w, one can obtain the numerical values for g, v =1,2,3, ... ,N, + 1 from
the equation (5). Their substitution into (4) leads to the electron dispersion law in the following
form:

h wxy(V)

Ery(V) =—2==FE,+G; Fy= sin? &=

. zayky' _QV+2
+ sin® == G, = YR (6)

The study of the influence of the surface parameters of the studied film onto the energy spectrum
was performed for N, €{3,510,20} and (g w) € {-1.0,—-0.8,—0.5,-0.2,0.0,
0.2,0.5,0.8,1.0}. Similar to the case of ideal crystalline film [5], one concludes that the energy
spectra of electrons are discrete with the finite number of energy levels (N, + 1) and that they
possess a top and a bottom energy gap:
b=GM"=G,oq(ew); t=1-GMP™¥=1-Gyoy 1(ew) . (7)

Analyzing the energy gap dependence on the film thickness and boundary parameters € and w [5],
one can register the appearance of the surface localized states of electrons for some values of
parameters: b < 0, t < 0,i.. Epiy < Epin =0, Efax >EB, = 1fork, =k, =01

Energy levels out of the continuum band of the allowed energies of an infinite crystal correspond
to the complex values of quasimomentum, i.e. there arise the localized electron states at the surface
film layers (Fig. 1). The conditions for the appearance of the localized states are determined from
the equation (5) by substituting: wmi, < 0, where o < =2 and D,, = (=1D)"(n+ 1) Or wpax >

%, with ¢ > 2 and D,, = n + 1 and in both cases for k, =k, = 0. Itis interesting to note that

in this case we obtain the conditions:?

%e<(1+w)2—2; Wmin < 0,

4w

T .

Increasing the film width, the energies of the localized states approach to the bulk band boundaries,
so in the limiting case (N, — o) they coincide with them.

%s>2—(1+w)2; Wmax >

YIndices F and B correspond to film and bulk, respectively.
2 Which do not include the dependence on the number of layers, i.e. on the film width.
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Bottom energy gap dependence on boundary &
parameters in the case of the appearance of v i,
localized states is studied, because low energy A
states have the main influence onto the i
thermodynamics and transport properties of thin : ,
films (Fig. 2). The boundary electron localization o
increases with the increase of the parameter w and P ’,f"'
the decrease of the parameter ¢. These results have o 7,
physical explanation. With decreasing &, the o G o o
electron localization for crystal sites becomes sy
smaller, and for greater w, the electron transport g F
from inner sites to boundaries increases. The 0 2 14 iR at
electron energies can become negative (for

imaginary values of quasimomentum), so the Fermi  Figure 1 - Energy spectrum of the electrons

level in the crystalline film has to be redefined. of ultrathin film (the appearance of the
localized subbands outside bulk boundaries)

[M]
o
-

Figure 2 - Bottom energy gap dependence n film thickness and the boundary parameters:

1) £=0.0, w=+05,+0.8+10; 2) w=05, %s =05, —0.8, —1.0

3. CONCLUSION

Results of these analyses confirm the essential differences in dispersion law of electrons in film
structures in comparison with unbounded ones, which is as an exclusive consequence of
boundaries existence.

1) Energy spectrum of electrons in the crystalline film is a discrete one with the finite number of
possible energy levels equal to the number of atomic planes in the film along z - direction.

2) The consequence of the spectrum discreteness is the existence of the top and bottom energy gap
which decrease with the increase of the film width.

3) Increase of the electron energy at the boundary surfaces induces the shift of the spectrum
towards higher energies (the increase of the bottom gap and the decrease of the top gap), while
for the increase of the transfer energy of electrons at the surfaces, the spectrum broadens (the
decrease of both bottom and top gap).

4) Depending on the values of the parameters of surface interactions, certain energy levels can lie
outside the energy band of the ideal crystal, so there appear the surface localized states of
electrons.

5) Increasing the film width, the energy of the localized states shifts towards the bulk band
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boundaries, coinciding with them for N, — oo. In this limit the localized states, as well as the
energy gaps vanish, while the spectrum turns in the quasicontinual spectrum of the ideal infinite
crystal.

6) The position of the Fermi level in the film differs from its bulk position and depends strongly
on the boundary parameters and the film thickness.
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Abstract

This paper summarizes the results of the comparison of the washability characteristics of three coals
(anthracite, brown, and lignite) by the VIKOR method. Based on the float-sink test results, the theoretical
values of the coal yield and the quality of the clean coal product were calculated. Two washability
parameters, the Index of Washability (IW) and the Near Gravity Material Index (NGMI), as well as the
Separability Coefficient (K), were computed, and the results were compared. The results presented in this
study3 indicate that the washability of the anthracite coal is relatively easy at a specific density of 1650
kg/m®.

Keywords: coal, washability, VIKOR, method.

1. INTRODUCTION

Gravity separation of coal, also known as coal washing or coal beneficiation, is a process for
separating coal based on the difference in density between the coal and the impurities (mineral
matter) typically associated with the coal.

Washability curves based on laboratory float-sink tests are used to evaluate the coal's washability.
This test is used to distribute the coal by density fraction to determine the optimum separation
density. The theoretical values of the coal yield and the quality of the clean coal product, i.e. the
ash content in the separated coal product, thus depend on the separation density. Washability of
coal is affected by a variety of factors, including grain size, ash content, floating and sinking
products, and the amount of near-gravity materials [1]. The “index of washability” [2] and “near-
gravity material index” [3] have been proposed for comparative analyses of washability
characteristics of different coals. The “separability coefficient” [4] is very useful parameter for
interpreting separability data in the study of coal washability.

MCDM methods present very efficient tool which can simplify compare coals when large number
of criteria is involved. Therefore, in this paper are presented the results of comparison of the
washability of three coals (antracihte, brown coal, and lignite) by the VIKOR method. [5]

2. EXPERIMENTAL

2.1. Materials

Raw coal samples were collected from the Vrska Cuka Anthracite Coal Mine, the Bogovina Brown
Coal Mine, and the Lubnica Lignite Coal Mine, located in Eastern Serbia. Representative samples

were obtained after coning and quartering the collected samples, and afterward they were sieved
in order to prepare samples needed for further laboratory float sink tests.

2.2. Float-Sink Test

Float-sink tests were carried out on different coals, and the washability characteristics of coals
were investigated. The float-sink tests were performed using zinc-chloride as heavy media at
different specific densities ranging from 1300 to 1850 kg/m?.
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All products were analyzed for ash content. Based on the obtained results, the cumulative yield
and ash values were computed. According to methodologies by Govindarajan and Rao (1994) [2]
and Majumder and Barnwal (2004) [3], the values of the index of washability (IW) and near-
gravity material index (NGMI) were calculated. The washability data obtained in the study were
used for the comparison of the washability of coals. The comparison was performed between three
coals with different washability characteristics. The results of the float-sink analysis of raw coals
are shown in Table 1 [3].

Table 1 — Results of the float-sink tests of raw coals

Specific gravity Vrska Cuka Bogovina Lubnica
kg/m?3 Mass % | Ash % Mass % Ash % Mass % Ash %
-1300 3.52 1.99 3.93 10.86 20.39 9.85
-1400 54.43 5.90 18.79 12.42 33.55 13.49
-1500 12.91 11.75 20.15 13.55 14.58 27.18
-1600 4.08 22.19 7.95 15.41 7.39 37.61
-1700 2.09 29.28 2.15 27.19 5.01 54.09
-1800 1.49 39.55 1.44 43.51 4.10 68.16
-1850 0.69 47.42 1.24 48.68 2.22 76.67
+1850 20.79 72.65 44.36 55.31 12.75 86.02

> 100.00 22.34 100.00 33.06 100.00 31.45

Based on the float-sink test results and washability data, it can be noticed that depending on the
quality, in the range of separation densities between 1400 and 1800 kg/m?, the best separation of
raw coals was achieved at a separation density of 1650 kg/m®. At this density, a comparison of
coal separability, i.e., washability, and theoretical values of yield and quality of a clean coal
product was made using the VIKOR method.

2.3. Methodology

Three alternatives, shown in Table 2, were evaluated based on the six criteria shown in Table 3.
Table 4 also shows the weights of the criteria.

Table 2 - Alternatives for the selection of flotation collector

Criteria that were used for selection and their weights are given in Table 3.

Alternative Coal Rank Coal Mine
A1 Anthracite Vrska Cuka
A2 Brown Bogovina
As Lignite Lubnica

Table 3 - The weights of selection criteria

Criteria Weight
C1 — Index of washability (IW) 0.15
C2 — Near-Gravity Material Index (NGMI) 0.15
Cs — Separability coefficient (K) 0.15
C4 — Theoretical value of the mass yield of clean coal (%) 0.20
Cs — Quality (ash content) of clean coal (%) 0.20
Ce — Price of clean coal product (EUR/t) 0.15

The ratings of alternatives in relation to the selected criteria are shown in Table 4.
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Table 4 - The ratings of alternatives in relation to the selected criteria

C1 C Cs Cs Cs Cs

max min max max min max
A1 33.23 0.07 2.82 75.99 7.91 114.62
A2 33.78 0.06 2.45 51.88 13.50 81.10
As 40.39 0.12 1.16 78.42 18.66 59.78

The comparison was made by using VIKOR method. The VIKOR method was proposed by
Opricovic and Tzeng in 2004 [5], and it can be also mentioned as a prominent and often used
MCDM method. VIKOR means Multicriteria Optimization and Compromise Solution
(visekriterijumska optimizacija i kompromisno resenje, in Serbian). The procedure for evaluating
alternatives using the VIKOR method was explained in the following steps by Opricovic and
Tzeng [5].

3. RESULTS AND DISCUSSIONS

The ratings of the alternatives in relation to the criteria are shown in Table 4. The optimization
directions of the criteria are also shown in Table 4. The best and worst values for each criterion
are shown in Table 5.

Table 5 - The best and worst value for each criterion

C1 C Cs Cs Cs Cs

max max min max min max
X} 40.39 0.06 2.82 78.42 7.91 114.62
X 33.23 0.12 1.16 51.88 18.66 59.78

Based on the data from Table 4 and Table 5, the average S; and group R; score for each alternative
were determined. The calculated values are shown in Table 6. Table 6 also shows the overall
ranking index Q;, and v = 0.5, as well as the ranks of each considered alternatives.

Table 6 - The overall ranking index and rank of considered alternatives

S; R; Q; Rank
A1 0.21 0.150 0.00 1
A2 0.57 0.200 0.91 2
As 0.65 0.200 1.00 3

From Table 6, it can be seen that the alternative denoted as A1 was selected as the most acceptable
alternative. Alternative A represents anthracite coal. As it can be seen from Table 5, the coal yield
(C4) was the highest at 78.42%. Clean coal grade (Cs) was 7.91%, which were the lowest obtained
values of ash content. The "index of washability" was the lowest, indicating lower washability, but
since the weight of this criterion was not very high, it did not influence the overall ranking of
alternative Ai. The "near-gravity material index" has been proposed for comparative analyses of
washability characteristics of different coals, and the lowest value was obtained for alternative Az,
which represents brown coal. The "separability coefficient” was the highest for alternative A,
indicating better separability of the anthracite coal. Considering all this, it can be concluded that
the criteria C4 and Cs, i.e., mass yield ash content of clean coal products, had the most influence
during the comparison of coal washability by application of the VIKOR method, which was
expected since they were assigned the highest weight.
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4. CONCLUSION

Washability of coal plays a very important role in the gravity process of coal, so it is important to
select a separation density that will provide good washability and separability of coal from
associate minerals. The washability of coal is affected by a variety of factors, including grain size,
ash content, floating and sinking products, and the amount of near-gravity materials. The "index
of washability", the "near-gravity material index," and the "separability coefficient" are very useful
parameters for interpreting separability data in the study of coal washability.

During the comparion, a large number of criteria should be taken into consideration, making the
comparison process difficult. Therefore, the solution to the problem can be the application of
MCDM methods, which can simplify the selection process when a large number of criteria are
involved.

The comparison of coals from the Vrska Cuka Anthracite Coal Mine, the Bogovina Brown Coal
Mine, and the Lubnica Lignite Coal Mine by the VIKOR method was the aim of the study,
presented in this paper. The criteria for comparison were: C; — Index of washability (IW), C> —
Near-Gravity Material Index (NGMI), Cs — Separability coefficient (K), C4 — Theoretical values
of the mass yield of clean coal (%), Cs — Quality (ash content) of clean coal (%), and Ce — Price of
clean coal product (EUR/t). Based on the float-sink test results, and the results of the MCDM
analyis the anthracite coal was selected as the coal with the best washability.
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Abstract

Biochar continues to strengthen its presence in many new industries with its new applications, which are
full of scientific and business news. A flurry of activity has sprung up around this carbon-based material,
produced from biomass, following its use in water treatment, energy production and animal husbandry. In
any new industry, process and product development, as well as feasibility studies, are very important for
the product to come to market. This is especially true when it comes to biochar. Besides being in its infancy
as an industry, biochar itself presents a number of challenges that make various tests necessary. Many
properties affect the quality and performance of biochar products (pore size, cation exchange, electro-
conductivity...) and will most likely vary depending on the starting material and the method of obtaining.
Biochar can be made from a very long list of biomass materials. Although the above creates opportunities
for industries that abound with highly adaptable products, it can still make biochar unpredictable, given
that each starting material affects the characteristics of the final products differently.

Keywords: biochar, biomass, pyrolisis, development, processes.

1. INTRODUCTION

Wood chips, sawdust, corn stover, sugarcane bagasse, and coconut husks represent just a few of
the biomass materials that can be transformed into a biochar product. Similarly, even the same
material can vary significantly across different sources, with factors such as moisture content,
particle size distribution, bulk density, and more all requiring consideration [1].

Biochar is a solid, carbon-rich material generally obtained from thermochemical conversion of
biomass and respective carbonization in oxygen-limited environments and has been proposed as a
potential solution to climate change, energy security, degradation of natural resources, food
security and catastrophic forest fires worldwide. Biochar production implies a complex chemical
reaction process where biomass undergoes decomposition, depolymerization and condensation in
anoxic high temperature conditions [2].

Biochar is produced by heating biomass in the total or partial absence of oxygen (Figure 1).
Pyrolysis is the most common technology employed to produce biochar, and also occurs in the
early stages of the combustion and gasification processes. Besides biochar, bio-oil and gas can be
collected from modern pyrolysers. These could be refined to a range of chemicals and/or used as
sources of renewable energy if derived from sustainably produced biomass [3].
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Figure 1 - Biochar

2. THE PRODUCTS

Biomass: living or once-living material, which is the feedstock (starting material) for making
biochar. Nearly all organic materials, such as bark, nutshells, crop residues, and manurescan be
used as feedstock in appropriate devices [4].

Charcoal: the solid, carbon-rich residue left when biomass is heated in an environment with
limited oxygen. Generally, charcoal is made from wood, and is intended for use as fuel. Charcoal
can be further processed to produce “activated carbon”.

Biochar: a charcoal-like material made under suitable conditions from non-contaminated starting
material, and crushed into small pieces for mixing in the soil. It is often enhanced with nutrients
and microorganisms, intended to improve soil properties and plant growth [5].

Char: a general term for the solid product arising from thermal decomposition (pyrolysis) of any
organic material.

Pyrogas (or Pyrolysis gas): The gas and aerosols from pyrolysis or gasification comprising
primarily combustible gases CO, H, and CH4 along with CO,, steam and N3; also known as wood
gas and syngas.

Ash: Inorganic compounds in the biochar. (Also refers to material remaining after combustion,
which includes a small percentage of carbon.) [6]

3. THE PROCESSES

Pyrolysis (from Greek roots pyr*“fire” and lysis “loosening”) is the thermal decomposition
(breakdown under heat), in a limited oxygen environment, of biomass into a carbon-rich solid
residue (char), gases, and liquids. [7]

Carbonisation emphasizes the carbon enrichment, as opposed to the “breakdown”, aspect of
pyrolysis. “Carbonization” is often used interchangeably with “pyrolysis.”

Conditioning refers to changes in chemical and physical properties of biomass at temperatures of
approx. 110-1800C, where biomass starts to soften and chemically-bound water starts to be driven
off.

Torrefaction is a chemical process that takes place at a temperature of approx. 180-3000C which
produces a more energy dense, stable, sterile feedstock or soil amendment [5].

Activation refers to further enhancement of charcoal via chemical processes and/or higher
temperature oxidation to produce activated carbonwith high microporosity and surface area.
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Gasification is the conversion of biomass into a gas commonly referred to as “producer gas”,
using a limited amount of air or steam. A gas rich in CO, CH4, CO2 and H2 is produced. [6]
3.1 Processing Conditions

In addition to the characteristics of the source material influencing the end product, the processing
conditions also have an impact on the characteristics of the end product.

Biochar is produced from biomass through a process called pyrolysis, in which dried biomass is
processed in an oxygen-free atmosphere at temperatures between 250 — 430°C . This is typically
carried out in an indirect-fired rotary kiln (Figure 2), or pyrolysis kiln.

A variety of process parameters such as retention time, temperature, and more will all play a role
in shaping the characteristics of the end product and in turn, how it performs. [8]

@

BAGASSE CORN STOVER WOOD CHIPS SAWDUST COCONUT HUSKS

FEECO INDIRECT KILN

by [/ &
e o2e2
) (o) (a2

Figure 2 - Drying of various materials in indirect kiln[1]

3.2 Biochar Testing Facilities

As a developing industry, the supply of testing facilities hasn’t quite caught up with the demand.
We have definitely seen an influx of inquiries around testing biochar lately, People are coming to
develop biochar for use in all sorts of applications and to test each part of the process —
agglomeration, drying, and high temp thermal processing. This allows them to zero-in on exactly
what’s working and what needs improvement.

3.3 Types of Testing Available

While pyrolysis is a major focus of the process development stage, it is also necessary to test the
drying and agglomeration steps. In each scenario, testing helps to define process data and provide
the information necessary for scale-up to commercial production capacities. Testing will also help
to determine if any sort of pre-treatment (such as grinding or mixing) will be required. [9]
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3.4 Drying

Few materials can boast such significant variation in characteristics as biomass. Before biomass
can be pyrolyzed in a rotary kiln, it must first be dried. The variation in moisture content, particle
size distribution, and more require a biomass drying system to be designed around the unique
source at hand to produce the most efficient drying solution. Drying is also necessary as a
downstream step to agglomeration.

Drying parameters such as temperatures, retention time, flight design and pattern can all be worked
out through testing.

3.5 Pyrolysis

The pyrolysis process also requires testing to work out process variables and design a commercial
scale unit.

Testing for pyrolysis is typically carried out first at batch scale, then at pilot scale. Testing around
pyrolysis helps to determine the rotary kiln design parameters that will best suit the material at
hand to produce the desired results.

3.6 Agglomeration

Biochar leaving the rotary kiln is in the form of a powder. Although biochar can be used in powder
form, it is often desirable to agglomerate it, particularly in the case of soil amendments [10]. Some
biochars may be difficult to pelletize alone and as such, may be included as part of a blend to assist
in enabling successful agglomeration [11].

Soil amendment producers are often looking to combine biochar with other materials such as
compost in order to create a specialized product [12].

Figure 3 - Particle Analysis

4. PARTICLE ANALYSIS
Throughout biochar testing, it is necessary to analyze particles for a variety of parameters.

A 3D Dynamic Image Analysis tool can provide real-time particle analysis during testing to
measure density, thickness, surface roughness, size, shape, and more (Figure 3).

Furthermore, particles can be analyzed to determine attrition, compression, crush strength,
green/wet strength, moisture content, and more to ensure particles will perform exactly as desired.

[1]
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5. AUTOMATION

A variety of data points can be tracked, trended, and even adjusted in real-time to create a seamless
and highly intuitive testing experience.

6. CONCLUSION

Various characteristics, including pore size, cation exchange, electrical conductivity, and more
will influence the performance of a biochar product and are all likely to differ based on the source
material and the processing conditions. Biochar can be created from a nearly endless list of
biomass materials.

Testing is a critical part of any new industry, but may be especially important with biochar, due to
its significant variability and the challenges it can present. As new applications for biochar are
constantly developing, the need for testing facilities is in high demand.
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Abstract

This study examined Mg/Fe-pyro-hydrochar produced from grape pomace as potential sorbent for Cu**
ions. Obtained results show that the Mg/Fe-modification increases the adsorption capacity for five times.
To evaluate the effectiveness of produced sorbent, Langmuir, Freundlich, Sips and Redlich-Peterson
isotherm models were applied to batch adsorption results. According to applied models Cu?* adsorption at
equilibrium fitted the Sips isotherm model, with a maximum achieved capacity of 75 mg/g. Spectroscopic
analysis reveal that oxygenated active sites and aromatic groups on pyro-hydrochar surface participate in
Cu**ions binding. In general, preliminary findings from this paper offers perspective to effective utilization
of waste biomass as an efficient adsorbents for Cu®* ions removal.

Keywords: waste biomass, pyro-hydrochar, heavy metal removal, adsorption mechanism.

1. INTRODUCTION

Over the years, rapid development of industrial activities caused accelerated production of
industrial effluents contaminated with heavy metals. The inadequate management of polluted
wastewater and its release into water bodies poses a serious threat to the environment and human
health [1,2]. Besides other heavy metals, copper (Cu?*) is classified as an essential micronutrient,
however numerous anthropogenic activities are the significant contributors to the detrimental
levels of Cu?* in the environment, thus its concentration exceeds the permissible limits [3]. For
this reason, removal or reduction of Cu?* ions to standards defined acceptable quantity from the
various industrial effluents become essential. Until now, various physical and chemical strategies
(chemical precipitation, ion exchange, coagulation, oxidation, membrane filtration, adsorption,
etc.) have been widely used for this purpose [4]. Among aforementioned techniques, adsorption is
currently considered as a simple, efficient, low energy demand, and cost-effective method for
wastewater purification. Along with adsorption, the development of novel adsorbents is on the
rise. A movement toward greener methods proposes utilization of waste agricultural biomass as a
chip, renewable and highly available as adsorbent material in adsorption technique. Furthermore,
conversion of agricultural waste to carbonaceous materials has made their practical application
even more attractive. Carbon-rich adsorbents can be produced from various waste biomasses by
gasification, pyrolysis or hydrothermal carbonization (HTC).

The latter conversion process offers significant advantages over dry pyrolysis, such as milder
reaction conditions (180-260°C) and high conversion efficiency of wet waste biomass into a
carbon-rich product, hydrochar [2]. Although produced material exhibit smaller active surface and
porosity compared to activated carbon, hydrochars shows significant potential for application in
wastewater treatment due to a large number of functional groups on their surface [5]. Regarding
improvement of adsorption potential, numerous studies have examined various physical and
chemical modifications or functionalization of hydrochars. Previous experiences have shown that
the treatment with hydrogen peroxide, different alkalis or metal salts can significantly increase
their adsorption efficiency [2,5].
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Within this study, the potential application of Mg/Fe doped grape pomace hydrochar as a potential
adsorbent of Cu?* ions from aqueous solutions will be investigated for the first time. In order to
detail examine the binding mechanism and the metal adsorption process, characterization of
hydrochar before and after Cu?* removal, as well as isothermal study was performed.

2. EXPERIMENTAL

2.1 Preparation and modification of hydrochar

Waste pomace was collected from an open landfill site after processing of grapes into
confectionery products. Pomace was air-dried, ground, and hydrothermally carbonized in an
autoclave (Carl Roth, model I1), in water as a reaction medium (1:15 m/v ratio) at 220°C, for one
hour. The resulting hydrochar (GPHC) was filtered and dried at 105°C. The impregnation of the
obtained hydrochar with MgO and FeO was carried out by a two-step co-precipitation procedure
during which 1g of the HC-GP was stirred with Mg and Fe salts for 4 h at 60°C. Thereafter, the
material was subjected to pyrolysis (Nabertherm 30-3000°C, Germany) at 300°C, within 1h, in an
inert atmosphere. Obtained Mg/Fe-activated pyro-hydrochar was labeled as Mg/FeGPHC.

2.2 Characterization of obtained Mg/Fe-pyro-hydrochar and adsorption test

To gain insight into the influence of modification process onto adsorbent surface, and to reveal
participation of functional groups in the binding of Cu?* ions, the spectroscopic analyses using
Thermo Scientific Nicolet iS50 FT-IR spectrometer were performed. The KBr pastilles that
include 0.8 mg of powdered Mg/Fe-HC and 80 mg of KBr have been recorded in transmission
mode under spectral range from 4000 to 400 cm™.

The influence of the initial Cu?* concentration on the removal efficiency and the evaluation of the
equilibrium adsorption capacity were examined under batch adsorption test. For this reason, 25
mL of Cu?* solutions (pH 5.0) of different concentrations (100-500 mg/L) were stirred with 0.5
g/L of the Mg/FeGPHC during 24 h at room temperature (298+0.5 K), and 250 rpm. The content
of Cu?* in the resultant filtrates was measured using Atomic Absorption Spectrophotometer (AAS)
(Analytic Jena Spekol 900T). The amounts of Cu?" removed by tested Mg/FeGPHC were
calculated by following equation:

a. [C ~Ca }xv M

m

where Co and Ceq are the initial and equilibrium concentrations of the Cu?* solution (mg/L); V
represents the volume of the Cu?* solution (L), m is the amount of adsorbent (Mg/FeGPHC) (g),
respectively.

3. RESULTS AND DISCUSION
3.1 Spectroscopic assay

In order to gain insight into the involvement of functional groups on the Mg/FeGPHC surface, and
therefore the reveal potential mechanism of Cu?* ion removal, a spectroscopic analysis of the
adsorbent material before and after adsorption was performed. The obtained results (Figure 1a.)
reveal that Mg/FeGPHC showed the peaks common to hydrochars, which indicate an aromatic
structure rich in oxygen functional groups. Thus, the FTIR diagrams of modified GP hydrochar
display a broad peak at around 3300 cm™, attributed to stretching vibrations of hydroxyl and
carboxyl groups, aromatic C=C at around 1590 cm™, band at around 1380 cm™ corresponding to
stretching vibrations of carboxylate —CH; or C-O, as well as correlated bands (1200 to 1000 cm™)
attributed to stretching vibrations of aromatic and aliphatic C-O groups [2]. The peaks notable in
spectral range from 750 to 500 cm™ indicating the presence of MgO and FeO incorporated onto
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the hydrochar surface during the modification process [6]. Obtained findings suggest that the
Mg/FeGPHC display surface abundant with functional groups, which contribute to heavy metal
removal.

As a result of Cu?* jons adsorption, certain changes are notable through all spectral range. A broad
intense peak that occurs at about 3300 cm™ after adsorption shows a significant decrease in
intensity. Similarly, the other bands notable on the FTIR spectrum become less pronounced and
shifted to lower wavenumbers after the adsorption of Cu?* ions. This observation indicates that the
potential mechanisms responsible for metal ions binding include Cu-=n reaction between aromatic
groups of Mg/FeGPHC (C=C) and Cu?" ions, surface complexation with oxygen-containing
functional groups (-OH, C-0), as well as exchange with Mg and Fe ions.

3.2 Preliminary adsorption test
3.3 Isothermal study

Preliminary adsorption test reveal that modified hydrochar exhibited significantly higher
adsorption capacity (71 mg/g) towards Cu?* ions in comparison to unmodified (14 mg/g). In order
to gain insight into the nature of the interaction between Cu?* ions and modified Mg/FeGPHC
surface, and to determine a theoretical maximum adsorption capacity, four isotherm models were
applied to the experimental results [2,7].

The Langmuir isotherm model:

g, = InK.Ce (2)
1+K,C,

The Freundlich isotherm model:

g = K:C" ©)
The Sips isotherm model:
K (4)
Ge =m0 K Cre

and Redlich-Peterson (R-P) isotherm model:
_ KeeCe (5)
1+a.,C/

e

Where Ce represents the equilibrium concentration (mg/L), gm is the maximum quantity of
adsorbed Cu?* ions (mg/g), K, Kr, Ks, and Krp are model constants, 1/n adsorption intensity, ns
is the Sips model exponent, and arp (L/mg) represents the R-P equilibrium constant.

The obtained results are presented and summarized in Figure 1b, and Table 1.

Table 1- Parameters and determination coefficients of the isotherm models for Cu?* removal

Models Parameters Value Models Parameters Value

Langmuir  gm (mg g?) 83.28 Freundlich  Kg (mg g?)(L mg?)¥n 17.95
Kc (L mg?) 0.14 1/n 0.41
Rz 0.9755 RZ 0.9828

Sips gm (Mg g%) 75.0 R-P Kre (L g1 35.54
Ks (L mg?) 0.14 are (L mg?) 1.23
Ns 0.62 B 0.72
R? 0.9930 R? 0.9900
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Based on results of correlation coefficients (R?) displayed in Table 1 can be concluded that the
Sips isotherm model best described nature of the interaction. Thus, adsorption occurs as multi-
layered adsorption on a heterogeneous surface. Furthermore, according to Sips isotherm model the
maximum adsorption capacity (qm) was 75 mg/g. In addition, summarized parameters from applied
isothermal models (K.<1, Kg>1, the 1/n, and ns values are in range from 0 to 1, and B<I)
suggesting that the removal of Cu?* ions onto investigated material are favorable.

2 100 b)
T Mg/FeGPHC-Cu A - 80
904 |  —— Mg/FeGPHC PR £\ =
\ e /\ \ 70
807 \ i /| \ 60
= 70 \ ~ J/\\/ \.‘ f
- \\ \ [ I\ & s01
= 60 (N~ \/ "J ' =
/ i\/ i
504 \ [V 'r\/ (| = ®  Mg/FeGPHC-Cu
- LY, —— Langmuir isotherm
404 \ \ 304 Freundlich isotherm
V ——— Sips isotherm
304 \ 20 Redlich-Peterson isotherm
20 \‘, 10 L/
r . r . r . r T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500 S5 0 5 10 15 20 25 30 35 4

Wavenumber, cm™ ¢ (mg/L)

Figure 1- FTIR spectra (a) before and after adsorption onto Mg/FeGPHC, and applied isotherm models
(b)

4. CONCLUSION

In this study, Mg/Fe doped grape pomace hydrochar was investigated as potential adsorbent of
Cu?* ions from aqueous solution. The prepared Mg/FeGPHC was subjected to spectroscopic
analysis before and after adsorption, as well as isothermal study tests. Based on the results, oxygen-
containing functional groups and aromatic functional groups from Mg/FeGPHC surface participate
in the binding of Cu?* ions from aqueous solutions, with maximum adsorption capacity of 75 mg/g.
Moreover, removal of Cu?* ions onto investigated material is favorable process.
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Abstract

This study aims to produce a coating layer of Inconel 718 superalloys on a steel substrate. The production
of this alloy was realized by a self-propagating high-temperature synthesis (SHS) method, which is a fast
and low-energy required process. A mixture of metal oxide powders with reducing Al metal powder was
used as raw material to produce the alloy having the targeted composition. The exothermic reactions were
realized by initiation, and the obtained molten alloys were simultaneously poured on the substrates to form
the coating layers. The substrates were made of AISI 1050 alloys having 20 mm diameter. During the
coating application, the plate on which the substrates were placed was also rotated at 200 rpm speed.

Keywords: Inconel 718, Self-propagating High-temperature Synthesis, Coating

1. INTRODUCTION

Nickel-based superalloys, owing to their superior mechanical and chemical properties, find wide
applications in the aerospace, marine, nuclear reactor, and chemical industries. These superalloys
contain at least 50 mass % Ni. Many of these superalloys contain different alloying elements,
including high amounts of Cr (10-20 mass %), Al and Ti (up to 8 mass % combined), and Co (5—
15 mass %) together with small amounts of Mo, W, and C. One of the essential alloys for aerospace
applications, mainly used in jet engines, is Inconel 718. It is a high-strength, corrosion-resistant
alloy used at temperatures up to 750 °C [1]. Despite many superior properties of Inconel 718, the
machinability of the alloy is very low due to its thermo-mechanical properties, low thermal
conductivity, and high hardness [2]. Self-propagating high-temperature synthesis (SHS) process
IS based on some principles: the ignition of the starting reagents by an external effect, the initiation
of a highly exothermic reaction, and the propagation of the combustion wave spontaneously on
the reaction mixture. It is also called by names such as combustion synthesis, gasless combustion,
self-propagating combustion, and self-propagating exothermic reactions [3]. The method is
straightforward and has low energy requirements. By this method, complex phases can be
acquired, and the products are high purity [4]. There are two types of SHS products: the
intermediate products (which are synthesized to be used in later processes) and the final products
(produced directly, and the reaction is carried out in a single step). The coating processes can be
done in both product types. Factors such as particle size, the stoichiometry of reactants, green
density, gas pressure, pellets size, and ignition mode play a vital role in SHS reactions [5]. The
advantages of the SHS process are the fast processing time with low operating and processing
costs [6]. With the SHS process, advanced ceramics, intermetallic and refractory materials can be
produced, as well as coatings. As a result of recent research, various SHS-composite products have
been developed and synthesized for hard tribological and heat-resistant coatings. Without cracks
and pores, synthesis can produce a variety of metal substrates and intermetallic layers [3, 7, 8].
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2. EXPERIMENTAL

In the SHS experiments, a mixture of technical grade (min. 98.0 % purity) metal oxide powders
(NiO, Cr203, Nb20s, M0Os, TiO2, Co304, and Fe203) with metallic Al powder as reducing agent
was used as raw material. All raw materials have similar particle sizes (100-150 um). Low alloy
steel (AISI 1050) having 20 mm diameter was selected as the substrate material. The starting
mixtures were prepared to produce a targeted alloy composition of 52.0 % Ni, 21.0 % Cr, 12.0 %
Fe, 6.0 % Nb, 4.0 % Mo, 3.0 % Ti, and 2.0 % Co by mass. This selected alloy composition falls
within the composition ranges of the IN718 superalloy. The raw material powders were dried in
an oven at 105 °C for 2 h. The starting mixtures were weighed to 50 g, then mixed for 30 min in a
plastic container. The mixtures were charged into a copper crucible, and the exothermic reactions
were initiated using a resistance wire (Cr25AlI5). Different setups were studied to obtain a coating
layer on the steel substrates. In the first series, the steel substrate was placed at the bottom of a
crucible, and the starting mixtures were charged onto the substrate at the same crucible. In the
second series of experiments, the starting mixture and the steel substrate were placed in separate
crucibles. These crucibles were placed on each other. An aluminum foil, which kept the starting
mixture in the upper crucible without spilling, was used as a separator. The molten alloy obtained
from the exothermic reaction was poured onto the substrate through the hole in the foil and formed
the coating layer. In the last series, a rotor was used to rotate the lower crucible at different speeds
where the substrate was placed. The schematic views of the experimental setups are given in Figure

) b 9
S I N, ST VR

oo

%Wj= 00 er}’_T_I_ oao %’_ _______
b b2 A

Figure 1 - The schematic view of a) the first, b) the second, and ¢) the last experimental setups. (1.
Crucible, 2. Substrate, 3. Raw mixtures, 4. Resistance wire, 5. Cu cable, 6. Power supply, 7. Rotary head,
8. Rotor, 9. Stand, and 10. Al foil)

The chemical compositions of the products were calculated by using X-ray fluorescence (XRF)
equipment. The morphologies of the products were characterized by scanning electron microscope
(SEM) with EDS (Energy Dispersive Spectrometer). Also, microhardness tests of substrates and
coating layers were performed.

3. RESULTS AND DISCUSSION

As a result of the SHS reaction, a strong bonding was formed between the steel substrate and
superalloy coating. According to the results of the XRF analysis on the produced coatings, the
average composition of the alloy was as follows: 55.3 % Ni, 17.8 % Cr, 11.3 % Fe, 5.6 % Nb, 4.0
% Mo, 0.5 % Ti, 2.2 % Co, and 2.7 % Al by mass. The weights of the coatings were measured as
23.32, 16.98, and 10.34 g in the first, second, and last experimental setups, respectively. Metal
recoveries were 82.4, 60.0, and 36.5 %, respectively. The microstructure images of the substrate
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and coating regions obtained in three separate setups are given in Figure 2. It is seen that the
obtained superalloys were also diffused into the substrate.

) ' S el ) e

Figure 2 - SEM images of the cross-sections of the products were obtained in a) first, b) second, and c)
last experimental setup (left side: substrate, right side: coatings).

X-ray mapping and EDS results of the obtained product from the second experimental setup are
given in Figure 3. It is seen in the X-ray maps that there were Ni, Cr, Nb, Mo, and Al transitions
toward the steel substrate. It is also seen that the matrix of the coating alloy consisted of a nickel-
rich (y) phase. There were also some Nb-rich phases in the microstructure. It is thought that this
Nb-rich structure may belong to the y phase. Even a tiny amount of eutectic formations were
observed in the coating.

Ni Kl Nb Lad

Figure 3 - X-ray mapping and EDS results of the products obtained in the second experimental setup.
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Figure 4 shows the microhardness measured at the coating portion, the interface, and the steel
substrate. A load of 50 g was applied to the samples. It was observed that the hardness value
increased from the steel substrate to the superalloy coating. When the interface close to the steel
substrate is examined, the surface properties of the low alloy steel material are improved.

600
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Vickers Microhadrness, HV
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1 —First Setup
1 —Second Setup

—_
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o
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Coating Interface on Interface on Substrate
Coating Substrate

Figure 4 - The microhardness values of the obtained products.

4. CONCLUSION

In this study, the production of IN718 alloy as a coating on a steel substrate was carried out. The
self-propagating high-temperature synthesis method, which uses low-cost raw materials and
allows fast production, was chosen as the production process. Production was carried out using
different experimental setups. Similar structures were obtained in each setup, and the highest metal
recovery was achieved in the first experimental setup. Excellent bonding occurs at the interfaces
within the coated area. It is thought that this study will shed light on the following studies to
improve the surface properties of metallic materials.
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Abstract

This study aims to produce high-entropy alloys (HEA) having AICoCrCuxFeNi stoichiometry (X = 0.0 —
1.0) by a self-propagating high-temperature synthesis process. A mixture of metal oxide powders with
reducing Al metal powder was used as raw material to produce the alloy having the targeted composition.
The effects of the weight ratios of the metal oxides on metal recovery values and properties of the final
alloys were investigated. The final products were characterized by using XRD, optic microscope and
SEM/EDS techniques.

Keywords: High-Entropy Alloys, Self-propagating High-temperature Synthesis, Cu ratio

1. INTRODUCTION

Recently, high-entropy alloys (HEAS) have been produced as an alternative to traditional alloys.
Unlike conventional alloys, HEAs comprise at least five principle elements with a 5 to 35 % molar
ratio. HEAs must have high configurational entropy, higher than 1.51 R (R is the gas constant,
8.314 J/K mol). The microstructure is simpler because of its higher configurational entropy and
the number of phases in alloys is lower than expected. The high-entropy effect decreases the Gibbs
free energy and forms solid solution phases. This is why many reported high entropy alloys
included only one or two solid solutions in their microstructures [1-4]. HEAs are also known as
multi-element alloys. According to the components and microstructure of alloys and production
methods mechanical properties of HEAs and their application areas can be varied. HEAs can have
great mechanical properties like better hardness, strength, ductility with oxidation, and wear
resistance. Therefore, HEAs were used in coatings, biomedical applications, tools, and engine
materials [5-7]. The first study on the production of high entropy alloys by the self-propagating
high-temperature synthesis (SHS) method was published in 2016. In that study, NiCrCoFeMnAlx
alloy systems were produced. The mole amount of the Al element was changed from 0 to 2.
Researchers investigated the effects of Al addition on the phases, density, and hardness values of
alloy [8].

In this study, AlCoCrCuxFeNi-based high-entropy alloys were produced by a self-propagating
high-temperature synthesis method. The different molar ratios of the starting mixture were
selected, and their effects on the microstructure, phases, and properties of the final alloys were
investigated.

2. EXPERIMENTAL

In the SHS experiments, a mixture of technical grade (min. 98.0 % purity) metal oxide powders
(C0304, Cr203, CuO, Fe203, and NiO) with metallic Al powder as reducing agent was used as raw
material. All raw materials have similar particle sizes (100-150 pm). The amount of components
in initial mixtures prepared from dried powders were calculated to produce HEASs as targeted
compositions (AICoCrCuxFeNi where X = 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0). The raw material
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powders were dried in an oven at 105 °C for 2 h. The starting mixtures were weighed to 200 g,
then mixed for 30 min in a plastic container. The mixtures were charged into a copper crucible,
and the exothermic reactions were initiated using a resistance wire (Cr25Al5). The reaction
realized by passing current through the wire. The obtained SHS products were discharged from
the crucible after cooling. The reaction follows as:

(41+6X)
9

16+
9

2C030, +3Cr;03 + X CuO + - Fe, 05 + NiO + Al = AlCoCrCuyFeNi + 239 a1 0,

Thermodynamic investigations were also performed before and during the experimental studies.
A thermochemical simulation was performed to calculate the standard enthalpy of formation, the
released energy per gram product and the adiabatic temperature of the reduction reactions by using
HSC Chemistry software. The released energy per gram product value of the reaction should be in
the range of 2250-4500 J/g so that metal and slag can be easily separated from each other. The
theoretical adiabatic temperature value must be higher than 1527°C in order to self-propagate of
the combustion wave [9]. Thermo-Calc software and TCHEA4 (High Entropy Alloys v4.0)
database were also used to make thermodynamic predictions about phase stabilities and phase
compositions under both equilibrium and non-equilibrium cooling conditions.

The chemical compositions of the products were calculated by using X-ray fluorescence (XRF)
equipment. The morphologies of the products were characterized by scanning electron microscope
(SEM) with EDS (Energy Dispersive Spectrometer). Also, microhardness tests of substrates and
coating layers were performed.

3. RESULTS AND DISCUSSION

According to the results of the thermochemical simulation of HSC Chemistry software, the
adiabatic temperature of the reactions are measured between 2691 (where X=0.0) — 2917 (where
X=1.0) °C, while the released energy per gram product changes between 3359.1 — 3500.9 J/g. So,
due to the thermochemical calculations, all of the reactions could be realized in self-sustaining.

The weights and the chemical compositions of all products were calculated. The distribution ratios
of metals among the alloy, slag and scattered part were calculated by using this equation:

[% Me]x weight of alloy or (% Me)xweight of alloy

[D,.] or (D,,)=
e e wt.% Me in initial mix xweight of initial mix

where [Dwe] is the distribution ratio of a metal in alloy, (Dwme) is the distribution ratio of a metal in

slag.

The distribution of metals into the products obtained with usage of different ratios of raw materials
was given in Figure 1. The highest metal recovery values were obtained where X = 0.4. With the
increasing in the ratio of CuO in the initial mixtures, the reduction reaction were realized highly
explosive and the amount of the lost part (due to the scattered and vaporizing) were also increased.
One of the reason of that is the moisture content in CuO. The theoretical energy calculations,
measured by using HSC Chemistry software, depend on the assumption of the HEAs are the ideal
solutions. If the formation of AICoCrCuxFeNi alloys is exothermic (negatively deviate from ideal
solution) the released energy per gram product will be increased. The calculated configurational
entropies of the alloys were measured between 1.56R — 1.76R.

The results of SEM micrographs of HEAs were given in Figure 2 and their XRD results were given
in Figure 3, relatively. Due to the back scattered electron images of HEASs, there are two phases
can be seen in AICoCrFeNi alloy, while there are three phases can be seen in AICoCrCuxFeNi
alloys. With the increasing in Cu content in HEAs, the matrix phase was changed from body
centered cubic to face centered cubic structure (Figure 3).
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Figure 3 - The comparative XRD results of HEAs.

4. CONCLUSION

In this study, AICoCrCuxFeNi based high-entropy alloys were produce by SHS method. With the
increasing in CuO content in the initial mixture, the enthalpy values of the reduction reactions
were also increased, and the amount of the scattered material were also increased. The
microstructure of HEASs transformed from BCC structure to FCC structure with increasing in Cu
content in final alloy.
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Abstract

Zinc is characterized by low boiling point, which is the basis for its production via pyrometallurgical
processes. Zinc volatilizes immediately and reoxidizes as it meets the air. Zinc has been known for some
three thousand years in the form of brass. Regular production of unalloyed zinc occurred relatively late.
As a volatile metal, its production required sophisticated distillation installations. Before Europe
established large scale zinc production in 18" century, only India and China produced unalloyed zinc on
an industrial scale. Distillation technology can be used to refine secondary zinc to remove impurities.
Research was conducted to distillation of hard zinc formed during hot dip galvanizing. The zinc refining
from bottom zinc dross has been investigated in terms of zinc recovery due to the argon flow within the set
temperature. Thus, different types of high purity zinc products have been produced.

Keywords: zinc production, volatilization, hard zinc, zinc refining

1. INTRODUCTION

Zinc smelting has historically been more difficult than the smelting of other metals, e.g., iron,
because in contrast, zinc has a low boiling point. The most important reason is that the reduction
temperature of zinc oxide is quite close to the boiling point of metallic zinc. For obtaining pure
zinc, distillation technology needed to be developed. The main existing states of zinc in nature are
sulfide and oxide. Zinc oxide ores can be directly reduced and distilled by mixing with reducing
agents in the retorts. Treatment of sulfide zinc ores is more complicated since they must be roasted
before smelting [1].

Distillation technique began to be adopted for zinc production in medieval times in India and
China. It is widely acknowledged that India was the first country in the world to smelt zinc; the
earliest archaeological evidence comes from Zawar in Rajasthan and dates as early as AD 1025-
1280. Ancient Chinese zinc production can be traced back to at least the early Ming Dynasty (early
sixteenth century). Chinese and Indian zinc-smelting technologies are quite different in their
condensing techniques, furnaces, and retorts (the condensing pots). The process in India used for
the distillation of zinc in Zawar mines is unique because it is designed based on downward
distillation. In contrast, the Chinese zinc smelting process was based on the principle of distillation
by ascending, which seems fundamentally different from the Indian one. The principle of zinc
production by distillation in Europe was first applied in Bristol, England in 1743 under leadership
of William Champion using vertical retorts. In the improved Ruberg method used in Upper Silesia,
Poland retorts were mounted horizontally in the furnace. The Ruberg method became an
economical method for large-scale zinc production in Europe. At the end of the 1920s an advance
was made in the United States by developing a continuous retort process [2,3,4,5,6,7].

The principle of condensation of zinc vapors was also used in the development of a new method
of simultaneous production of zinc and lead by Imperial Smelting Process (ISP). The Imperial
Smelting Process was developed in 1960s from a standard lead smelting blast furnace, but
completely sealed in which rapid quenching of zinc vapors is a key principle. This process

- 282 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

currently works in Miasteczko Slaskie in Poland, is the only one furnace operating in Europe
according to Imperial Smelting Process [6,7].

The thermal volatilization and condensation of zinc can be used in refining process of secondary
zinc, such as hard zinc (bottom zinc dross) formed in hot dip galvanizing process. Hard zinc
contains high amount of zinc (94-97%) and iron as impurity (2-3%). In this work distillation of
hard zinc in the argon flow within the set temperature was studied. Different morphology of the
final product was achieved in dependence on argon flow rate.

2. EXPERIMENTAL

For all experiments zinc bearing waste samples as shown in the Figure 1 were used. All the
experiments have been conducted in the apparatus as shown in the Figure 2. Sample was put into
quartz tube with diameter of 12 mm. This quartz tube was then inserted into a larger quartz tube
with a diameter of 20 mm.

S
15"

Figure 1 - Zinc sample prepared for experiments

0,00 200,00 400,00 (mrm)
=]

100,00 300,00
Figure 2 - Apparatus for zinc waste evaporation

The entire apparatus system was blown with argon to protect the zinc vapor from oxidation. The
temperature of the evaporation system was set to 800 °C for each experiment. The choice of
temperature was determined based on the previous study [8]. The observed variable was the argon
flow rate in range of 100-300 mL/min.

3. RESULTS AND DISCUSSION

Depending on the argon flow rate different mass of final products has been formed. The
dependence the final form of the products on the argon flow rate can be seen in the graph in Figure
3.
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Figure 3 - Dependence of the final form of the products on the argon flow rate

The experiments carried out led to the formation of zinc nanofibers, zinc powder, zinc dendrites,
and zinc metal. The final products formation is presented in Figures 4-8. Within the lower argon
flow rates, the fibers (Figure 4), dendrites (Figure 5), and metallic zinc (Figure 6) have been
formed. The zinc powder (Figure 7) has been formed within the higher argon flow rates.
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Figure 4 - a, Morphology of zinc nanofibers b, EDX analysis of zinc nanofibers

According to EDX analysis, the product had a high purity of zinc in form of nano fibers.
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Figure 5 - a, Morphology of zinc dendrites b, EDX analysis of zinc dendrites

A high purity zinc dendrites were detected in the sample by EDX.
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Figure 6 - a, Morphology of metallic zinc b, EDX analysis of metallic zinc

EDX analysis of metallic zinc referred to a zinc in its purest form.
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Figure 7 - a, Morphology of zinc powder b, EDX analysis of zinc powder

As all the given products above, also the zinc powder analysis proved high purity.
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4. CONCLUSION

Volatilization and condensation of zinc from hard zinc formed during hot dip galvanizing process
have been investigated experimentally. This process can be considered as refining process. It can
be clearly observed that the morphology of the metal zinc condensation products depends on argon
flow rate. Fibrous structure, zinc powder, zinc dendrites and zinc metal were obtained. Within the
lower argon flow rates, the fibers, dendrites, and metallic zinc have been formed. The zinc powder
has been formed within the higher argon flow rates. The purity of the products was proved by EDX
analysis.
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Abstract:

Looking at the stages of development of the shape of the cross-section of the horizontal room of the pit, it
can be concluded, regardless of their diversity, that at the base of all shapes, trapezoidal, vaulted and
circular shapes, with appropriate combinations, appear as basic shapes.

When applying the Phase  software , a circular cross-section of the room was used. In order to define
(design) the tunnel lining in the case of a circular cross-section, the geomechanical data of the example
provided by the software producer Phase ?was used .

Keywords: circular cross section, finite element method, Phase2 v 8.0

1. INTRODUCTION

The dependence between geometric and physical quantities in continuum mechanics is established
on elements of differentially small dimensions. The very continuity of those dependencies, by
expanding from that infinitesimally small hot spot to the entire observed area, gives differential
equations, which define the task with appropriate boundary conditions. We know the primary state
of stress ol-‘}which depends only on the coordinates. Secondary state of stress - occurs due to the
opening of the hole. We are familiar with Kirsch's solution of the state of stress in an infinite plate
in the case of a circular opening [1] (Figure 1).

Py
IIIIIIIIIIIIIIIIIIIIlIIIlINIIIII!IiIlIIIIII|IHIIIIIIIIIIIIIIIIllIIIIIIIiIIIIIIIIIIIIIIIII!II

fIIIIIIIIIIIHHIIII4|IIIIIIIIIIIHIIIIHIIIIIIIIIIIItIIIII'I'IglIlIIIIIIIIIlIlIIIIIlIHI

v

Figure 1 - The case of a circular opening in an infinite plate

Analytical solution of secondary stress or stress concentration for the case of vertical pressure only
Py, 1S shown by the following expression:

Py a? 4a?  3a*
()% :?[1_r_2+(1_r_2+r_4)-0052(p]
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e P 3a%y

0r =5 [1+r2+(1+ r4) cosZ<p]
Py 2a®>  3a* ,

Trt:?[l-l_r_z_r_“ 'SlTlZ(p

Solving planar and spatial problems is therefore based on solving differential equations.

When solving the continuum problem with the assumed constitutive connection, it is necessary to
simultaneously satisfy the conditions of the equation:

a) equilibrium conditions

b) continuity conditions

c) conditions on the contour and others.

2. CONSTRUCTION OF UNDERGROUND SPACE OF CIRCULAR CROSS SECTION
IN INFINITELY ELASTIC ENVIRONMENT

This problem considers the case of an underground room with a circular cross-section, diameter
1m, which is made in an ideally elastic medium. It is assumed that the hydrostatic pressure is
applied, the value of which is 30 MPa. Figure 2 shows the configuration of the model, including
the limit values [2] , while Table 1 shows the material properties and other parameters.

/ \

/

Figure 2 - Room model of a circular cross-section in an infinitely elastic medium in the Phase ? program
Table 1 - Model parameters

Parameter Value
Jung's modulus (E) 10000 MPa
Voltage field (p1, p 2) 30 MPa
Poisson's ratio ( v) 0.2

This model in the Phase 2 program uses a radial grid with 840 8-node quadrilateral elements with
a fixed outer boundary that is 21m from the center of the room. The room is divided into 40
segments.
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2.1 Substructure of underground rooms in an elastic environment

In this example, an account is given of solving the problem of the occurrence of axial force and
bending moment in the rock mass in subgrade, during the construction of mining rooms with a
circular cross-section, in an ideally elastic environment. Figure 3 shows the model, which was
applied in the Phase 2program , which defines the support as an elastic thick-walled lining in both
phases, during bending and peripheral deformations.

l*ll"‘,l
1 {4

A [ /

LY 5 i
Y o
» // ey I

4

~,
"
b

P =T —~—-_;___‘\'
%
#
"""*‘—.__v TR

\\iil..\;‘.}

¥
¥ \
EEE R RS

-y /!
N ™
P \\ A~
A vt
# \\ // A
LA 24 2 e
¥ & > X
s ‘\‘“‘-,...““___,_.--" A

r A \

r A}
EEE RSN

Figure 3 - Model of the finished mining room that was applied in Phase 2. The support is shown in blue

The relevant parameters of the model are given in Table 2. The model uses a radial mesh with
1680 4-node quadrilateral elements. The underground room and support are divided into 80
segments; substructure elements are simplified using the Euler-Bernoulli equation. The finite
element method is used along the outer boundary.

Table 2 - Characteristics of rock material and subgrade

Parameter Value
Horizontal voltage ( 6% ) 30 MPa
Vertical stress (c°yy) 15 MPa
Jung's modulus (E) 6000 MPa
Poisson's ratio ( v) 0.2
Characteristics of the support
Young's modulus (E ) 20000 MPa
Poisson's ratio (vs) 0.2
Thickness (h) 0.5m
Diameter (a) 25m
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In order to calculate the tunnel deformations, Vlachopoulos and Diederichs met from over the
numerical method of finite elements in plastic zones at total displacements [3]. The layout of the
model is given in Figure 4. All calculations are made for the condition when the internal pressures

in the tunnel are equal to zero.

b P YA SR TN T B T TALEGRARA? R
[ W] Stage t ) Stage T, Stsge 3 ) Stage 4 ) Staga 5 \ Stage & h Stage 7 L Stage 8 § Staged ) Sage 10

Figure 4 - Total displacements in the tenth phase at maximum media stresses with the distance to the

plasticity zone where the displacement is equal to zero. R, =3,339 m

After that, the selection of the support and concrete that will satisfy the balance system and the
safety factor of 1 is approached; 1.2 and 1.4 for the given condition. The choice of substructure

and concrete is given in Figure 5.

]

[

IEINIET) tlnm-rﬂq,n(}tm amm-m)\ Wm.-.af

Figure 5 - Selection of standardlzed proflles as weII as concrete W|th its characterlstlcs

After selecting the approach, the safety factor is checked, which is shown in Figure 6. In case the
support, concrete or both do not meet the safety factors, the selection is made until the desired

balance is reached.
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Figure 6 - Showing a good support selection

3. CONCLUSION

Based on all the analyses, the theory was confirmed that, if possible, it is most practical to apply a
circular cross-section of the room, especially in weaker environments.

In terms of software, the standardized substructure is mainly considered. It is common in practice
that for each specific case, the selection of subgrade and concrete recipe is subjected to tests. The
substructure is standardized and its selection is considered by the moment of inertia and twisting
as well as the force it can resist. When choosing cement, it is necessary to be guided by the
conditions to which the subgrade will be exposed, as well as the function intended for it. Thus,
when making a concrete lining from sprayed concrete, in solid and stable environments, it is
possible to use Portland cement of standard quality. When applying sprayed concrete on the walls
of the room immediately behind the front of the work site, and with weak and unstable rocks, it is
necessary to use fast-setting cements or normal Portland cement with the addition of a setting
accelerator.
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Abstract

Stability analysis and interaction of the disposed material and the surface of the soil were the main issues
of this paper. Analysis was carried out with the help of the programs Slide v6.0 and Phase2 v 8.0. Test
results of physical - mechanical and deformation characteristics, such as: density (y ;), compressibility
module (M s), cohesion (c), the angle of internal friction (p), modulus of elasticity ( E «+, E s) and Poisson's
ratio (v) were used as input parameters for calculating stability and bearing capacity of the soil (clayey
sand, colorfully clay and sand). These tests were carried out in the geomechanical laboratory of Mining
and Metallurgy Institute Bor. By analyzing the relationship of different materials (disposed material - soil)
it can be concluded that the least settlement of disposed material was when the base soil was marl. All
analyzes were carried out on sandy clay and marl.

Keywords: settlement of material, physical - mechanical and deformation properties, compressibility
module, safety factor, Slide v6.0, Phase2 v 8.0

1. INTRODUCTION

Increasing technical - technological development in the world has led to an increase in the amount
of disposed material of different origin and type (municipal waste, industrial waste, flotation
tailings, tailings obtained during the process of surface exploitation and the like). The problem
with the formation of landfills is that they degrade, pollute and even change the ecosystem and
microclimate of the place where they are formed. In order to correct these and similar negative
effects, it was necessary to reduce the area of the landfill as much as possible and increase its
height. Of course, in order to realize this, it is necessary to know the physical - mechanical and
deformation characteristics of both the deposited material and the soil on which the disposal is
carried out.

The first experiments in the surface exploitation of mineral raw materials in Yugoslavia for the
formation of one-story landfills were carried out in 1975 at the tailings disposal site at the
Sumarnica bauxite deposit, Kruni¢i location, Vlasenica bauxite mine [1] . The maximum height
of the landfill reached 55 m. The experiment showed and proved that stable, economical and safe
single-level landfills can be made, which significantly affect the efficiency and economy of the
surface exploitation of mineral raw materials. Until then, single-level landfills did not even exist
as a concept in mining, and even less in the practice of surface exploitation of mineral raw
materials. In order to prove all the advantages of this type of landfill, experiments were carried
out, both in the laboratory and in the field (IN SITU), which were mentioned in the previous text.
Thus, over time, the use of one-story landfills in design and construction practice began at all
surface mines of Vlasenica bauxite ore. The maximum height of one-story landfills reaches 90 m
already in 1980 [1].
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Figure 1 - Layout of the development of single-level open pit disposal sites in Bosnia and Herzegovina
and Serbia

2. TESTING MATERIALS AND METHODS
2.1  Laboratory and in situ tests

Research that needs to be carried out occasion considerations problems single- level ones We were
putting off what , in particular in conditions further development superficial _ _ operations, are
listed in this chapter .

Based on the geomechanical tests, which would be conducted for the disposed material, it is
necessary to create a model that would confirm the theoretical facts about the heights and angles
characteristic of one-story high landfills.

Laboratory tests must be carried out in order to obtain valid geomechanical characteristics of the
material that will be disposed of. The characteristics of the overburden material will be used in the
calculation of the height and angle of the one-story landfill, as well as the measures to be taken in
the preparation of the substrate on which the overburden will be deposited. [2], [3].

Tests that are necessary in the further analysis of the stability of the " landfill - soil" system are
[4]:
- determination of the volumetric mass of the material that is disposed of in a compacted
and loose state,
- angle of natural hold (a ),
- natural moisture of the material,
- Proctor's experiment to determine the changes in the volumetric mass of a material with
a change in water content,
- change in material shear strength with change in water content at constant normal
stress,
- granulometric composition of the deposited material.

2.2  Software packages in landfill slope stability analysis

The analysis of the stability of the slope of the landfill and the mutual relationship between the
overburden and the base of the thus formed landfills was done in the SLIDE v6.0 and PHASE?2
v8.0 programs of ROCSCIENCE. The SLIDE program was used to calculate the stability in limit
equilibrium conditions according to the Yanbu criterion, because this criterion is the most rigorous
in the calculation for this type of terrain and bulk material, and using the critical stress reduction
factor (SRF).
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2.3 Failure criteria for the analyzed materials

When considering the failure criteria for different disposal substrate materials (sandy clay, silty
sand and sand), it is observed that for sandy clay and silty sand a non-linear failure criterion is
obtained, while for sand the failure criterion is linear (Figure 2). These tests were performed at a
humidity of 15%, [1].

]

T {'5;."-' it ]

200

(0] S

Figure 2 - Failure criterion for sandy clay (1), silty sand (2) and sand (3)
at humidity w=15 %

From the failure criteria obtained in this way, it can be expected that the deposited mass, in the
case of a one-story landfill, will behave according to the laws of a continuous decrease in the
inclination of the slope of the landfill with an increase in height.

Table 1 shows the parameters of the physical-mechanical and deformation properties of the bulk
material and the soil material, on which the disposal would take place, [5].

Table 1 - Parameters of physical-mechanical and deformation properties of bulk material and soil material

] Jung's - . Angle of .
The name of The Volumetnc Type of modul Poisson's Criterio Material Tensile internal Cohesion Pore pressure
the material color (IZ\II\T /'9“§) elasticity us ratio fqlof type st(rlfgg)t h friction (gf: k)) coefélment
m ailure a o a u
(kPa) (peak) (°)
Mor-
Sandy clay 23.00 Isotropic 40000 0.39 Kolumb Plastic 55.00 12.0 55.0 0.2
ov
Mor-
Marls 17.75 Isotropic 550000 0.38 Kolumb Plastic 189.00 28.0 189.0 0.2
ov
Mor-
Disposal site 16.00 Isotropic 80000 0.33 Kolumb Plastic 34.00 20.0 34.0 0.2
ov
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Figures 3 and 4 show analyzes of stress-deformation states and stability and slope for sandy clays
and marls.

Figure 3 - Total displacements of deposited material on sandy clay soil. Coefficient SFR=1.24 while the
total material settlement is 3.903m

-] ] z 2 80 100 ¥ ! ] ) F. 1

Figure 4 - Total displacements of deposited material on marl soil. The coefficient SFR=1.25, while the
total settlement of the material is 1.635m

3. CONCLUSIONS

The design and construction of one-story landfills represents a major challenge for mining
designers. Laboratory and field tests have shown on which materials is possible to create a one-
story high landfill.

The stability of the slope of the deposited material is within the limits prescribed by the Law. The
lowest material settlement is on the marl base (1,635m). It can also be concluded that the deposited
masses have the least influence on the settlement of the marl soil, which confirms the theory that
better geomechanical properties of the soil base ensure better bearing capacity and less settlement
of the deposited masses.
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Abstract

Toxic substances from leachate have an accumulatively harmful effect on the environment, so their
penetration into the soil must be prevented. The characteristics of the soil define the infiltration of leachate,
its retention and availability in the soil, as well as the migration of pollutants. The paper presents the results
of physico-chemical analysis and the content of mechanical fractions of the soil sample of the "Savina
Stena" sanitary landfill, in order to predict the possibility of the spread of contaminating substances due to
the potential leachate of the landfill reaching the environment. The coordinates of the sampling site are
42.963747 and 20.831592 and the surface sample (0-30cm) was analyzed. Physico-chemical analysis
showed the values of the following parameters: moisture content 11.03% (m/m); dry matter content 88.97%
(m/m); pH value (aqueous solution) 6.90; pH value (1M KCI solution) 5.83; content of organic C 0.88%
(m/m); humus content 1.52% (m/m); P:0s5 content 0.96 mg/100g and K:O content 14.4 mg/100g.
Mechanical soil analysis showed that the analyzed soil belongs to clay loam (GI) with a clay content of
30.62%. The texture class of the soil is made according to the American classification - USDA.

Keywords: landfill, physico — chemical analysis, mechanical analisis, soil
1. INTRODUCTION (PAPER FORMAT AND MARGINS)

The importance of environmental protection cannot be overstated. It is extremely important to take
care of all segments of this complex process, in accordance with legal regulations. The disposal of
municipal waste in organized sanitary landfills is an important, clearly defined factor that
contributes to the reduction of environmental pollution. The positive effects of this type of waste
disposal are achieved only if all standards and regulations are followed, which, among other things,
refer to the implementation of numerous soil analyses.

The biggest threat to the environment is leachate from the sanitary landfill. Leachates are highly
concentrated complex effluents that contain organic matter, heavy metals, minerals and other
hazardous substances, which, when they reach the environment, migrate to great distances [1].
Their harmfulness is assessed on the basis of waste composition, volume, temperature, age of the
landfill and soil characteristics [2]. Penetration of leachate into the soil around the landfill leads to
its contamination and makes it unsuitable for many purposes [3].

Physico-chemical soil characteristics define soil behavior, such as moisture content that affects the
degree of soil compaction [4], while organic C content and humus content affect the reduction of
soil compaction and water permeability [5]. The mechanical composition of the soil affects
properties such as: water holding power, substitution, general and differential porosity, etc.
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2. EXPERIMENTAL
2.1. Sample Area

The sanitary landfill "Savina Stena" is located on the territory of the municipality of Zvec€an, in
the village of Srbovac. It has a total area of 26.6 ha while the area allocated for the landfill, along
the highway RaSka-Kosovska Mitrovica. The landfill was built along the right bank of the Ibar
River, at a distance of 300m. It was designed to accept municipal waste for four northern
municipalities of Kosovo and Metohija (Zvecan, Leposavi¢, Kosovska Mitrovica and Zubin
Potok), for a period of 20 years.

2.2 Soil analysis

The paper presents the results of the physical-chemical and mechanical analysis of the soil of the
"Savina Stena" sanitary landfill. For testing, a surface sample (0-30 cm) was taken, at coordinates
42.963747 and 20.831592. The sample was air-dried and then sieved through a 2 mm sieve. From
the physico-chemical parameters, the following were examined: moisture content, dry matter
content, pH (aqueous solution), pH (1M KCI solution), organic C content, humus content, P-Os
content and K-O content..

Moisture content and dry matter content were determined by the gravimetric method, defined by
SRPS ISO 11465:2002, the measured value is shown in percent (m/m).) pH value (aqueous
solution) and pH value (1M KCI solution) were determined by the experimental method with using
a glass electrode and with a volume fraction of 1:5. This method is defined by the SRPS I1SO
10390:2022 standard. The content of organic carbon and the content of humus are shown in
percentages (m/m) and are determined by the elementary method BU.DM.01, while the content of
P20s and K»O content is expressed in mg/100g and is determined by the methods BU.DM.02 and
BU .DM.03.

The mechanical composition of the sampled soil defines the textural classification of the soil based
on the USDA classification (US Department of Agriculture). This is the most common type of
land classification, developed in 1938 and based on the triangular classification diagram [6].
According to the USDA, the classification is based on the size of the particles in the soil, and the
fractions are determined: stone (> 20mm), gravel (2-20mm), coarse sand (0.2-2mm), fine sand
(0.05-0 .2mm), coarse powder (0.02-0.05mm), fine powder (0.002-0.02mm) and clay (<
0.002mm).

3. RESULTS AND DISCUSSION
3.1. Physical and chemical analysis of soil

The physical and chemical analysis of the soil of the sanitary landfill "Savina Stena™ gave insight
into the percentage content of important soil components, as well as the pH value in water and
KClI solution (Table 1).

Soil moisture content has a pronounced effect on the degree of soil compaction, shear and strength.
It is necessary for the transport and accumulation of dissolved pollutants, and is of exceptional
importance. The analysis gave a value of 11.03% (m/m), which is relatively low humidity. The
content of dry matter in the sample is 88.97% (m/m).

According to the pH determination method, soil is classified as:

1. pH in H20 - extremely acidic (< 4.5), very acidic (4.5 - 5.0), very acidic (5.1 - 5.5), medium
(moderately) acidic (5.6 - 6 ,0), slightly acidic (6.1 - 6.5). ), neutral (6.6 - 7.3), slightly alkaline
(7.4 - 7.8), medium (moderately) alkaline (7.9 - 8.4), strongly alkaline (8.5 - 9.0 ) and very alkaline
(>9.2).

- 298 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

2. pH in KCI - very acidic (< 4.5), acidic (4.51 - 5.5), weakly acidic (5.51 - 6.5), neutral (6.51 -
7.2) and alkaline (> 7.20) [8].

The obtained pH values of the tested sample (depending on the method of determination) show
that the soil of the sanitary landfill "Savina Stena™ is neutral (6.90) to slightly acidic (5.83).

Table 1 - Physical - chemical analysis of soil of sanitary landfill "Savina Stena"

PHYSICAL - CHEMICAL ANALYSIS OF SOIL
Tested parameter Unit of measure Measured value Method label

Moisture content % (m/m) 11.03 SRPS ISO 11465:2002
Dry matter content % (m/m) 88.97 SRPS ISO 11465:2002
pH value (aqueous solution) - 6.90 SRPS ISO 10390:2022
pH value (1M KCI solution) - 5.83 SRPS ISO 10390:2022

Content of organic C % (m/m) 0.88 BU.DM.O1

Humus content % (m/m) 1.52 BU.DM.O1

P-Os content mg/100g 0.96 BU.DM.02

K20 content mg/100g 144 BU.DM.03

Humus content (%) is expressed through 4 categories: < 1 - very low humus; > 1-2 - weak humus;
> 2- 4 — humus and > 4 - very humus [7]. Based on that, the tested soil is low in humus, with a
humus content of 1.52% (m/m). As the humus is loose and water permeable, the obtained value is
considered positive.

Soil stability, absorption, distribution and retention of water in soil increases with increasing
carbon concentration [9]. The content of total organic carbon in the sample is 0.88% (m/m), which
classifies the examined soil as suitable for the purpose, that is, it does not significantly contribute
to the spread of pollutants.

The values of P.Os and K20 are: < 5.00 (very low); 5.01 — 10.00 (low); 10.01 - 15.00 (middle);
15.01 - 25.00 (optimal); 25.01 — 40.00 (high); 40.01 — 50.00 (very high) and >50.01 (harmful).
The result of P2Os is 0.96mg/100g, that is, K-O 14.4mg/100g and they range from very low to
medium content, which reduces the ability to absorb and distribute water. [9].

3.2. Mechanical analysis of soll

Through mechanical analysis, we define the texture of the soil, on the basis of which it is classified.
This type of soil classification is significant because it provides us with information about the
characteristics of the examined soil, based on its composition. The composition of the mechanical
fractions of the soil of the sanitary landfill "Savina Stena" is shown in Table 2.

Table 2 - Mechanical analysis of the land of the sanitary landfill "Savina Stena"

CONTENTS OF MECHANICAL FRACTIONS

Big Fine Total Big Fine Total Clay Hygros
sand sand sand powder powder powder -copic
moisture
0.2-2mm | 0.05-0.2mm | 0.05-2mm | 0.02-0.05mm | 0.002-0.05mm | 0.002-0.05mm | <0.002mm %
23.68 10.14 33.82 21.01 14.55 35.56 30.62 11.03

TEXTURAL SOIL CLASS ACCORDING TO THE AMERICAN USDA CLASSIFICATION: Gl
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According to the mechanical composition, the soil of the sanitary landfill "Savina Stena™ belongs
to clay loam (GI). Clay loam has unfavorable water characteristics, it is very plastic, which initiates
weak infiltration and movement of water through it. Thanks to these characteristics, GI will be a
natural barrier for contamination of the living environment with leachate, due to its eventual arrival
in the environment of the landfill.

4. CONCLUSION

The sanitary landfill "Savina Stena™ is located on the right bank of the river Ibar. The proximity
of the river dictates a special commitment to environmental protection, with an emphasis on the
care of leachate. It is necessary to establish the possibility of the spread of polluting substances
into the environment, due to the eventual penetration of leachate.

The paper presents a physical-chemical and mechanical analysis of the soil on which the landfill
was built. They were tested for moisture content, dry matter content, pH value (aqueous solution),
pH value (1M KClI solution), content of organic C, humus content, P-Os content and K-O content.
The soil moisture content is 11.03% (m/m), which indicates a reduced distribution of dissolved
pollutants. The dry matter in the sample is 88.97% (m/m), while the pH value ranges from neutral
(6.90 with H-0) to slightly acidic (5.83 with KCI). The total C content is 0.88% (m/m), which is
appropriate for the purpose of the soil, considering that water retention and distribution increase
with increasing C concentration. /m), also a favorable characteristic. The values of P20s
(0.96mg/100g) and K20 (14.4mg/100g) are of very low and medium content and reduce the ability
to absorb and distribute water.

The mechanical analysis classified the soil as a clay loam (Gl), which, based on its characteristics,
belongs to a high plasticity soil that infiltrates little water and the movement of water through the
soil is minimal.

The conducted analyzes of the soil of the sanitary landfill "Savina Stena" lead to the conclusion
that, based on its characteristics, the examined soil will represent additional, natural protection
against potential environmental pollution by leachate from the landfill.
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Abstract

Kinetic analysis of copper ions adsorption onto onion peels is presented in this paper. The experimental
kinetic data were analyzed using two kinetic models, namely the pseudo-first order kinetic model and the
pseudo-second order kinetic model. The kinetic parameters were calculated from the linearized plots of the
corresponding models. The obtained results indicate that the adsorption of copper ions onto onion peels
follows the pseudo second-order kinetic model, with a correlation coefficient of R? = 0.994. This indicates
that the chemical interaction between the surface functional groups is the limiting factor of the process
rate.

Keywords: adsorption, onion peels, copper ions, kinetic models

1. INTRODUCTION

Environmental pollution, which includes water, air, and soil pollution, is a serious environmental
problem. Water contaminated with heavy metals is one of the biggest environmental problems
today. Water polluted with heavy metals affects flora and fauna, and through the food chain, also
affects human health. After reaching the human body, heavy metals can lead to serious health
problems and complications [1].

Heavy metals can be removed from wastewater by well-known industry-applied conventional
methods, such as chemical precipitation, cementation, ion exchange, solvent extraction, etc. These
methods don’t always give satisfactory results in terms of insufficient degree of metal ions
removal, formation of significant amounts of sludge that needs further processing, the need for
excessive amounts of chemicals consumed in the process, and high costs. Due to the tendency of
every industrial process to be more economical and efficient, adsorption using natural adsorbents
- biosorption is being investigated as one of the alternatives to conventional technologies for
wastewater treatment, especially those with low heavy metal ions content [2,3].

Biosorption is a new process, which, at the laboratory level, has proven to be effective in the
treatment of aqueous solutions with a certain content of these metal ions [4].

The main advantages of this method compared to conventional technologies are reflected in the
efficiency in removing heavy metal ions, as well as in the availability and price of such adsorbents,
with very often minimal or without economic value [5].

The analysis of the experimentally obtained data and the determination of the mechanism of the
adsorption process, its speed, as well as the step that determines the overall speed of the adsorption
process, can be performed using kinetic models of adsorption. Some of the models used to describe
the kinetics of the adsorption process and mostly found in the literature are: the pseudo-first order
kinetic model and the pseudo-second order kinetic model [6, 7].

2. EXPERIMENTAL

The biosorption experiments were performed in batch conditions, on a magnetic stirrer. The
change in the adsorption capacity of copper ions with time was determined by bringing into contact
50 mL of a solution with an initial Cu concentration of 0.2 g dm= with 0.5 g of onion peels, for
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different process time. Biosorption was terminated after 90 minutes, assuming that this time was
long enough to establish equilibrium in the system [3].

3. RESULTS AND DISCUSSION

Figure 1 shows the change in the adsorption capacity with time. It can be seen that at the beginning
of the process (first 5 minutes), the adsorption capacity increases rapidly with the contact of the
phases. The rapid increase in capacity at the beginning of the process is due to the large number
of available active sites in the biosorbent structure where copper ions can be incorporated. Further,
with process time, a slight increase in the adsorption capacity is observed, due to a decrease of
available active sites, as well as a decrease in the concentration of copper ions in the solution.

50

40

T T T T 1
0 20 40 60 80 100
t, min

Figure 1 — Change in the adsorption capacity with time

3.1 Pseudo-first order kinetic model

Lagergren showed that the rate of the adsorption of a solute onto an adsorbent is based on the
adsorption capacity and follows a pseudo-first-order equation. Lagergren's pseudo-first-order
kinetic model can be represented by the following equation [8]:

dq
d;” =k, (0, —q) (3)

where: qq) — adsorption capacity defined as the mass of adsorbed metal per unit mass of adsorbent
for time t (mg g%), ge — adsorption capacity defined as the mass of adsorbed metal per unit mass
of adsorbent at equilibrium (mg g%), ki- adsorption rate constant for the pseudo-first order kinetic
model (mint).

A plot of log(ge-q(y) vs. t (Figure 2) gives a linear dependence, from which the constant k; and the
equilibrium adsorption capacity ge can be determined from the slope and intercept, respectively.
The kinetic parameters are given in Table 1, together with the correlation coefficient for this model.

1,8 5

log (q, - a)
=

02 T T T T T T T

t, min

Figure 2 — Pseudo-first order kinetic model for copper ions adsorption onto onion peels

- 302 -



The 54™ International October Conference on Mining and Metallurgy, 18-21 October 2023, Bor Lake, Serbia

Table 1 — Pseudo-first order kinetic model parameters for copper ions biosorption onto onion

peels
Parameter/ion ki (min) Qeexp (Mg g7 Oecal (Mg gY) R?
Cu?* 0.0382 4571 22.19 0.845

Based on the value of the correlation coefficient R? = 0.845 (Table 1), it can be concluded that the
functionality of this model is not satisfactory, which it cannot be used to describe the adsorption
process of copper ions on onion peels. Also, the obtained values for the parameters ge,exp and Qe cal
differ significantly.

3.2 Pseudo-second order kinetic model

The pseudo-second-order kinetic model is based on the assumption that the adsorbate binds to the
surface of the adsorbent by chemisorption [9]. This model can be represented by the following
equation:
d

% =k, (qe_q(t))2 (6)
where: g« — adsorption capacity defined as the mass of adsorbed metal per unit mass of adsorbent
for time t (mg g%), ge — adsorption capacity defined as the mass of adsorbed metal per unit mass
of adsorbent at equilibrium (mg g*), ke- adsorption rate constant for the pseudo-second order
kinetic model (min™).

The plot t/qw as a function of t (Figure 3) gives a linear dependence from which the equilibrium
adsorption capacity ge and constant ko can be calculated from the slope and intercept, respectively.
The kinetic parameters are given in Table 2, together with the correlation coefficient for this model.

2,0

o
|

t/q, mingmg g
1

o
™

0.0

T T T T 1
0 20 a0 80 80 100
t, min

Figure 3 — Pseudo-second order kinetic model for copper ions adsorption onto onion peels
Table 2 — Pseudo-second order kinetic model parameters for copper ions biosorption onto onion peels

Parameter/lon ko (min?) Qeexp (Mg g1) Qeca (Mg g2) R?
Cu?* 0.007 45.71 46.18 0.994

The correlation coefficient from Table 2 (R? = 0.994), indicates that the pseudo-second order kinetic
model shows an excellent agreement with the analyzed experimental data. This means, that the
adsorbate binds to the surface of the adsorbent by the chemisorption. Also, the close values of ge.exp
and geca confirm the good functionality of the proposed model.

4. CONCLUSIONS
The kinetic analysis of the adsorption of copper ions onto onion peels is presented in this paper.

Two kinetic models, namely the pseudo-first order and the pseudo-second order kinetic model,
were used to fit the experimental data. Obtained results show that the pseudo-second order kinetic
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model is the best fit for the analyzed data. This leads to the conclusion that chemisorption is a
possible way of binding the copper ions to the active sites on the surface of the onion peels.
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Abstract

This study aimed to investigate the effectiveness of organic acids, specifically citric acid and acetic acid, in
extracting copper from low-grade copper ore. The experimental procedure involved leaching copper-
containing samples with varying concentrations of the organic acids. Compared to acetic acid, citric acid
had a better performance in copper oxide recovery. Also, the results of the experiments showed that the
concentration of 1 M citric acid had the highest recovery. The recovery of copper and copper oxide using
citric acid at a concentration of 1 M was 77.8% and 88.7% respectively.

Keywords: (Organic acid; copper; leaching)

1. INTRODUCTION

Copper is one of the non-ferrous metals and is naturally found in oxide and sulfide minerals.
Copper is widely used in various industries. The increase in demand for copper has led to the
consideration of low-grade oxide ores, as well as the common high-grade ores as commercial
source of copper. On the other hand, there is an incentive to develop metal extraction processes
with reduced environmental impact. Thus, in recent years, the researchers have focused on
replacing the conventional copper extraction methods with environmentally friendly
hydrometallurgical processes [1-4].

The commonly used leaching reagents are strong inorganic acids such as sulfuric acid, nitric acid,
and hydrochloric acid. However, employing these acids can cause the release of toxic gases like
Cl, SO, and NOx during the extraction process. Moreover, the remaining acid in the process
tailings is a threat to the environment. Therefore, replacing the common hazardous leaching
reagents with relatively safer ones sounds rational. For this purpose, utilizing organic acids as the
extraction solvent is suggested since they are fully water-soluble and the tailing is easier to be
processed [5-8].

The most studied organic acids in ore leaching are citric acid, acetic acid, lactic acid, formic acid,
and succinic acid. All of these organic acids only partially dissociated in aqueous solutions. The
weak acid behavior as well as unknown side reactions with ores are the main challenges for
industrial application of organic acid in ore leaching [9-12]. Therefore, understanding the
interaction of organic acids and different types of ores is required to achieve acceptable extraction
yields.

This study aims to investigate copper extraction from a low-grade oxide ore using different
concentrations of two organic acids including citric acid and acetic acid in order to obtain a better
understanding of organic acids utilization for developing an environmentally friendly leaching
process.
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2. EXPERIMENTAL

The ore sample was milled smaller than 75 microns. Leaching procedure was carried out within
240 minutes, stirring speed of 500 rpm, solid weight percentage of 10% and temperature of 25 °C.
Extraction tests were conducted using 0.5, 1, 1.5, 2 M solutions of either citric acid or acetic acid.
At the end of each experiment the content of the container was filtered and the obtained cake was
dried. The amount of total copper ions, CuO, and CusS in the solid feed and the dried cake were
measured by atomic absorption spectrometry (AAS) and the recovery of each component was
calculated.

3. RESULTS AND DISCUSSION

3.1 Copper extraction with citric acid

The results obtained for copper leaching using different concentrations of citric acid and acetic
acid are reported in Table 1. Considering the results, recoveries of total copper (RCu), copper from
the oxide (RCuO) and sulfide (RCuS) portions of the ore were calculated. The recoveries obtained
in citric acid leaching are illustrated in Figure 1.
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Figure 1 — Effect of citric acid concentration on the recovery of copper, CuO, and CuS

3.2Copper extraction with acetic acid

According to the results of Cu, CuO, and CusS content in the tailings of acetic acid leaching process,
the respective recoveries of total copper (RCu), copper from the oxide (RCuO) and sulfide (RCuS)
portions of the ore were calculated. The recoveries are depicted in Figure 2. Increasing acetic acid
concentration resulted in decreasing copper sulfide recovery.

In comparison with citric acid, acetic acid was less successful in leaching copper.
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Figure 2 - The recoveries of total copper (RCu), copper from the oxide (RCuO) and sulfide
(RCusS) portions of the ore

4. CONCLUSION

Considering copper recovery values, it can be concluded that citric acid had a better performance.
There is approximately 20% difference between citric acid and acetic acid recoveries.

Investigation and comparison of copper recovery in different concentrations of citric acid showed
that 1 M concentration had the highest recovery. Despite increasing the acid concentration, there
IS no increase in recovery. This issue can be attributed to the inability of organic acid ions to
compete with activated copper ions in the solution, which happens by increasing copper ions and
covering mineral surfaces.
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Abstract

Stress corrosion is the least studied and systematized in terms of literature data on the impact of various
aggressive environment (type, temperature and concentration), composition and structure of the material,
mode of heat treatment, method of obtaining and cleaning the casting, methodology for determination of
corrosion under stress, as well as equipment for carrying out similar studies. There are two kind of stress
corrosion. One of them is under mechanical stress — the so called ,,corrosion cracking”. Corrosion
cracking is the destruction of metal under static stresses and an aggressive environment. Corrosion fatigue
is destruction of the metals and the alloys under the impact of cyclic mechanical pressure and aggressive
environment simultaneously. The purpose of this paper is to present the methodology and equipment
developed for corrosion cracking testing of cast alloys.

Keywords: stress corrosion, corrosion cracking, U- figurativeness test specimen, casting alloys

1. INTRODUCTION

In corrosion cracking, parts and structures fail as a result of the surface cracking initiation
and the subsequent growth of cracks into the material, which causes their instantaneous failure,
which in turn determines the durability of metals and metal structures. [1]. The potential of metals,
and in particular steels, to corrosion cracking depends significantly on the composition of the
environment (medium) in which the work pieces and structures are operated. As temperature and
the electrolyte concentration increase, the aggressiveness usually increases as well [2]. There are
no uniform theories and methodologies in literature for determining stress corrosion, in particular
stress corrosion cracking of metals and alloys.

When selecting the test specimen, the main considerations should be aimed at ensuring
the convenience of the experiments and the accuracy and reproducibility of the results. From this
point of view, the use of a U-shaped test specimen is the most appropriate.

The load is created by pure bending. The area of the highest stress is
focused at the top of the specimen, which can be immersed in the aggressive
medium during the experiments. In this particular case, a U-shaped [3, 4]
specimen with a circular cross-section with a diameter of d=7.3mm, a 11.5mm
radius of roundness at the tip and an arm of 38.5mm was chosen. This choice
was made based on the capabilities of the available equipment (LRu-1 type
strength testing apparatus). Photograph 1

The aim of the present task is to investigate the resistance to stress corrosion  Test specimen
cracking understatic loading of cast steels, in particular 3X14L, BDS 3692-78
in different structural states, using the methodology and equipment for laboratory stress corrosion
resistance testing already developed by the author.

2. EXPERIMENTAL

Experimental methodology. In order to develop the required stress in the test specimens
when testing their stress corrosion resistance, the relationship between the deformation and the
stress inducing it must be known. This relationship must be determined experimentally. The
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aggressive environment and the temperature conditions for the test are determined on a case-by-
case basis, mainly depending on the type of metal (alloy), but also taking into account the specific
task - service conditions of workpieces and alloy products or of experimental interest.

Method of work. The most suitable method for obtaining castings of the dimensions and
configuration characteristic of the selected test specimen is fusion casting [6]. In order to obtain a
casting of the specified dimensions and configuration, several preparatory steps must be carried
out to obtain the test specimen.

Design and manufacture of the
mould. For the implementation of the
method, it is necessary to construct and
manufacture the corresponding tooling -
the mould for the wax patterns of the
castings and for the casting system. The . -
preparation of the master pattern and the o .
final shaping of its workspace by casting Photograph 2 Mould Photograph 3 Open mould
with K-154 composition was carried out in the metal casting laboratory of the University of
Chemical Technology and Metallurgy.

Fabrication of the casting mould and casting system. The specific dimensions of the
casting system, or the mould board, are tailored to the characteristics of the melting unit to be used
(laboratory induction furnace) and the way the mould is poured (directly from the furnace) -
diameter 25mm and height of the active part 120mm; the capacity of this casting system is 12
castings. The casting system pattern is made of aluminium alloy. The required wax layer on its
surface is applied by repeated dipping in molten pattern composition [7, 8, 9]. The casting mould
is made using a moulding compound. The mould is constructed from five process layers, using
silica sand fraction 010 to fix the first layer and 040 for the remaining four layers.

The moulds were fired at the UCTM in a laboratory chamber furnace at 800°C in a support
backfill of silica sand.

Manufacturing test specimens. The moulds for the casting of the test specimens were
manufactured at the plant of Buser-96 OOD. When making the mould board, the casting patterns
are mounted on the pattern casting system by brazing.

Removal of the patterns from the finished mould was done by melting in a water bath.

Blending and melting the alloy, pouring
the mould. The experiments were designed to use
corrosion-resistant, chromium steel grade 3X14L
according to BDS 3692-78. As blending materials,
3X14L steel gates (sprues), low-carbon ferrochrome
for composition adjustment and for annealing - 2l
FeSi75 and aluminium were used. Melting was M
carried out in a crucible high frequency induction
laboratory furnace with a crucible capacity of 3Kkg. : 'V
The casting temperature was 1570°C, and was Photograph 4 Photograph 5
controlled with a Pt-Rh 30/6 thermocouple and RT Casting mould Wax patterns
384 programmable logic controller. Pouring was
done directly from the furnace.

Displacement/stress relation. The relation between absolute deformation of the test
specimens and the stress inducing it was determined experimentally using a mechanical testing
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apparatus type LRu-1. Suitable end-pieces have been designed and fabricated to clamp the test
specimen to the loading unit of the apparatus. The absolute and residual strain of the specimen
were read using an indicating micrometre with an accuracy of 0.01 mm. The results of this
determination are available in previous work by the author [10, 12].

Stress selection. To perform the control test, as recommended, a stress exceeding the yield
point was used, with the specific condition being that the residual strain should be around 5% - i.e.
some plastic deformation is realised in the specimens. Using the results of the study of the 6=c(¢)
relationship, it was determined that the set condition is satisfied by a stress of 530 MPa (54 kgf
mm-2) occurring at an absolute specimen strain of 1 mm, where the residual strain is within 0.05
mm [3]. This stress was created in the specimens during the tests [12].

Selection of aggressive medium. Due to the lack of
systematic data for 12-14% chromium, corrosion-resistant steels
and in particular for 3X14L, the choice of aggressive medium was
made based on literature data according to which corrosion
resistant steel 1X18HIL under a load of about 50kg/mm? in boiling
45% MgClI; solution (110°°125° C) fails in about 8 hours [3, 11],
for the present control study the same conditions were adopted
[12].

Photograph 6
Loaded test specimens

3. RESULTS AND DISCUSSION

The failure stress of the sample specimens of each group was determined at intervals through
1 hour (1+6). The results of the test are shown graphically in Figures 1 and 2, and in Tables 1 and 2.
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Figure 1 - Dependence of failure stress on time
of treatment in the aggressive solution — 1 series
test specimens

Figure 2 - Dependence of failure stress on time
of treatment in the aggressive solution — 2 series
test specimens

Table 1 - Failure stress of the samples of the 1 series in the test of their corrosion-mechanical resistance

Hours, h 1 2 3 4 5 6
Destructive load kgf 133.22 118.79 | 117.05 | 111.37 | 101.14 92.05
N 1306.89 | 1165.33 | 1148.26 | 1092.54 | 992.18 903.01
Failure stress kgf/mm? | 134.56 119.98 118.22 112.48 102.15 92.07
MPa 1320.03 | 1177.00 | 1159.74 | 1103.43 | 1002.09 903.21

Table 2 - Failure stress of the samples of the 2 series in the test of their corrosion-mechanical resistance

Hours, h 0 3 6 12 24 36
Destructive load kgf 152.34 152.27 148.15 144,11 136.51 128.88
N 1494.44 | 1493.27 | 1413.98 | 1413.98 | 1339.12 | 1264.3
Failure stress kgf/mm? | 153.86 153.79 149.63 145.55 137.88 | 1130.17
MPa 1509.40 | 1508.71 | 1467.88 | 1427.86 | 1352.55 | 1276.95
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4. CONCLUSION

The conclusions that can be drawn from the methodology thus established and from the
study of the corrosion cracking of cast, high alloy chromium steel 3H14L (BDS 3692-78):

1. A methodology for testing the corrosion-mechanical performance of cast steels has been
developed. For this purpose: a sample body with the required configuration and dimensions has
been selected; - the necessary equipment for the casting of test bodies by the method of fusible
models has been constructed and manufactured and the necessary additional accessories to the
LRu-1 mechanical test apparatus were constructed and constructed — test body grip tips, a
deformation recorder and an effort stepping system.

2. The methodology can be used to determine the corrosion-mechanical resistance of other
alloys, according to the possibility of making castings according to the classic precision casting
wheel.

3. A control study was carried out according to the methodology, which includes:
production of wax models and casting molds for test bodies; casting of 3X14L steel test bodies;
testing of the corrosion-mechanical resistance of the steel at two states on the surface of the sample
bodies — in the state after casting and after surface naklep.

The positive influence of the surface naklep (surface cleaning) on the corrosion mechanical
characteristics of 3X14L steel was found, resulting in the extension of the incubation period of the
crack and the process of its development.
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Abstract

In order to reduce the emission of sulfur dioxide from the flue gases of thermal power plants, a
desulphurization plant was introduced. The desulphurization technology is based on a wet process using
limestone in the form of a suspension. Limestone as a raw material in this process needs to satisfy
requirements, and the value of Bond's work index as an indicator of electricity consumption is particularly
important. In this paper, the Bond work index was determined on two different samples of limestone used
in the thermal power plant Ugljevik. The results obtained correspond to literature data for this type of raw
material.

Keywords: limestone, bond work index, desulfurization, thermal power plants

1. INTRODUCTION

Wet flue gas desulphurization processes at thermal power plants require preparing a limestone
suspension of specific characteristics related to chemical composition, reactivity, and granulation.
The required limestone size is achieved by crushing and grinding.

Ore crushing is an ongoing economic task for science and industry. In mining, ore crushing to the
projected size requires the most energy, significantly more than in all other preparation and
concentration processes. From this aspect, it is critical to predict energy consumption in industrial
processes in a limited energy source world. The energy required for crushing and grinding is
represented by the Bond work index and is determined using the Bond grindability test in the Bond
ball mill. Its value is an ore property and is used in industrial crushing plant design.

The Bond work index Wi is determined by simulating a dry grinding locked cycle until achieving
250% circulating load in a special laboratory Bond ball mill. Determining the Bond work index is
a complex procedure that requires a special Bond ball mill, about 10 kg sample sized -3.326 + 0
mm, trained staff, and 7-10 grinding cycles to balance the process. [1,2,3,4].

2. EXPERIMENTAL (MATERIALS AND METHODS)

Limestone samples used in the desulphurization processes at TE Ugljevik were examined in this
research. The test involved total moisture, determining the particle size distribution and then
determining the Bond work index.

The moisture content was tested on the starting samples prior to their characterization, by drying
in a dryer at 105°C to the constant mass. [5]

Particle size distribution was determined by the sieving method on standard laboratory sieves.
Sieving was manual, on Laboratory Test Sieve Endecotts LTD London England and DIN series
sieves. [6,7]
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Determination of the Bond work index was performed in a standardized Bond ball mill using the
empirical method. [8].

3. RESULTS AND DISCUSSION

Since the delivered samples from TPP Ugljevik were wet, it was necessary to dry them to constant
mass. It was determined that the mean value of total moisture content in the samples from samples
TPP Ugljevik is 0,3%. The samples were then homogenized to make a composite sample for
further testing. Next, the composite sample was crushed to 100% - 3.35 + 0 mm, which represents
the input for the Bond work index determining experiment. After crushed, the sample was
homogenized, and the final sample was separated chess field method.

The particle size distribution of crushed composite limestone sample used for desulphurization in
TPP Ugljevik (sample 1), with a volume of 700 cm?, is shown in Figure 1.
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Figure 1 - Particle size distribution of crushed composite limestone sample used for desulphurization in
TPP Ugljevik (sample 1)

From Figure 1 the read Fso parameter is 2584um. A total of nine grinding cycles were performed
on the sample, which are shown in Table 1.

Table 1 - The Bond work index test results

Gg;gf;gg ai bi bi - ai Xi Gbp
| 1318 308.0 1762 100 176

T 38.0 300.4 2624 167 157

i 3.0 3322 289.2 184 157

v 38.0 353.6 3156 187 168

Y; 412 3412 3000 173 173

Vi 204 352.6 3122 179 174
VT 207 336.4 2957 167 177
VT 200 3343 2943 165 178
IX 39.0 3341 295 1 165 178

Where:

ai: undersize product -0.212 + 0 mm in fresh feed
bi: undersize product -0.212 + 0 mm after mill cycle
bi — ai: particle size -0.212 + 0 mm growth in mill cycle
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Xi: number of mill rotations in cycle
Gbp: Grindability index Gbp = (bi-ai)/Xi
The mean Gbp index of VII, VIII, and IX grinding cycles is 1.78. The mean Pgo parameter of VI,

VIII, and IX grinding cycles was determined from the particle size distribution chart shown in
Figure 2.
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Figure 2 - Particle size distribution of ground material from VII, V111, and IX grinding cycles

The Pgo parameter value is 162.87 um. The Bond work index on this sample is:
Wi = 13.81 kWh/st
Wi =1.102536 x 13.81 = 15.22 kWh/t
The particle size distribution of crushed composite limestone sample used for desulphurization in
TPP Ugljevik (sample 2), with 700 cm? volume, is shown in Figure 3.
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Figure 3 - Particle size distribution of crushed composite limestone sample used for desulphurization in
TPP Ugljevik (sample 2)

From Figure 3 the read Fgo parameter is 2462 um. A total of ten grinding cycles were performed
on the sample, which are shown in Table 2.
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Table 2 - The Bond work index test results

Gg}';;f;gg ai bi bi - ai Xi Ghbp
| 1470 3294 1824 100 182
T 473 304.7 2574 154 167
i 252 337.7 2025 169 173
v 262 346.4 300.2 162 185
Y; 51.9 335.1 2832 149 1.90

Vi 486 324.9 2763 147 187
VT 465 340.6 2941 149 197
VIl 58.5 325.0 266.5 136 195

IX 53.4 324.7 2713 140 193

X 466 3275 280.9 145 193

The mean Pgo parameter of VIII, 1X, and X grinding cycles was determined from the particle size
distribution chart shown in Figure 4. The Pgo parameter value is 172.3 pm.
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Figure 4 - Particle size distribution of ground material from V111, IX, and X grinding cycles

The Bond work index on this sample is:
Wi = 13.47 kWh/st
Wi =1.102536 x 13.47 = 14.86 kWh/t

4. CONCLUSION

The test of Bond's work index was performed on samples of limestone used in the desulphurization
process of TE Ugljevik. The obtained values of Bond's work index are 13.47 kWh/t and 13.81
kWh/t, which is average to the literature data for this type of mineral raw material. The values
shown refer only to the supplied samples and can serve as an indication that the hardness of the
mineral raw material can only be an indicative indicator of electricity consumption.
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Abstract

The grain refinement of Al-Cu alloys has been extensively investigated with a view to improve their
mechanical properties and castability. The addition of Al-Ti-B grain refiners such as Al-5%Ti-1%B in Al-
Cu alloys has been widely used due to their higher nucleation potency and wider potential for industrial
applications. In this paper, the influence of Al-5%Ti-1%B on the structure and properties of as-cast Al-
Cul5 alloys are examined. Various theories regarding the mechanisms by which Al-5%Ti-1%B based grain
refinement occurs have been proposed. These include the so-called particle theory, phase diagram theory,
peritectic hulk theory, the free growth theory, the interdependence theory, an epitaxial model for
heterogeneous nucleation on potent substrates and a new concept for growth restriction during
solidification.

Keywords: aluminium- copper alloys, titanium, boron

1. INTRODUCTION

Aluminum-copper alloys are important engineering materials used in applications requiring high
tensile properties. Al-Cu alloys are extensively in use for high quality castings in industrial
applications, such as aviation or automotive. The main factors that influence the structure of Al-
Cu alloys are chemical composition [1], cooling rate [2], liquid treatment (melt refining, impurity
control and grain refining) [3] and heat treatment [4]. A refined dendritic structure, small
secondary dendrite arm spacing (DAS) and less dendrite branching leads to a homogeneous
structure [5-8]. In this paper we observed the influence of grain-refining additives Al-Ti-B for the
same chemical composition of the aluminium-copper alloy. Grain refinement is achieved through
the addition of Al — 5%Ti — 1%B master alloys. Al-5%Ti-1%B grain refiner contain AlsTi and
TiB> particles. AlsTi particles will go into solution of molten aluminum. TiB, particles are
insoluble and act as good nucleation sites for the aluminium grains.

2. EXPERIMENTAL

Binary Al-Cul5 alloy with the compositions given in Table 1. was prepared in an electrical
resistance furnace from 99.5% pure aluminium and 99.9 % pure copper. Within the framework of
this study, five Al-Cul5 alloys were melted. The chemical composition (in wt. %) of the Al-Cul5
alloys was specified by quantometery analysis and the results are reported in Table 1. The
solidification structure was modified by the addition of the AI-5%Ti-1%B to give alloys
containing: 0.02%Ti, 0.08%Ti, 0.15%Ti, 0.25% titanium. The liquid metal has been heated to
760°C and then grain refiner (master alloy) was introduced to the melt. The base Al-Cul5 alloy
has the following chemical composition: Cu: 13.48-14.38; Ti: 0.000-0.287; Si: 0.06-0.08; Fe: 0.12-
0.14; Zn: 0.049-0.062; Al: Balance. The liquid metal was cast into molds and the pouring
temperature was 760°C. The X-ray diffraction analysis was performed on the AICul5 samples
using a wide range of angles (26) from 5 to 100° with a step of 0,02° and a holding time of 0,50
seconds at each step. A diffractometer with a graphite monochromator and a constant divergence
slit (D) of 1mm was used.
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Table 1 - Chemical composition of the investigated alloy (in wt.%).

TYPE OF SAMPLE | %Fe | %Si | %Ti | %B | %Cu | %Zn | %Mg
0%Ti 0.13 | 0.07 | 0.000 |0.000 | 14.25 |0.062 | 0.000
0.02%Ti | 0.12 | 0.06 | 0.020 | 0.018 | 13.48 | 0.049 | 0.000
Al-Cul5 | 0.08%Ti | 0.14 | 0.07 | 0.100 | 0.026 | 14.35 | 0.059 | 0.000
0.15%Ti | 0.14 | 0.08 | 0.179 | 0.050 | 14.38 | 0.060 | 0.000
0.25%Ti | 0.13 | 0.07 | 0.287 | 0.092 | 14.24 | 0.061 | 0.000

The dendrite arm spacing, the linear intercept size of eutectic cells and the grain size were
calculated using standard linear intercept method. Statistical analysis of the results was performed.
Hardness of the samples has been measured by use of the Brinell method. Compression strength
of the samples of cast alloys has been tested on a universal electronic tensile testing machine of
1x10* kg. Average size of samples was as follows: diameter Do=10mm and hight Ho=20mm. All
of the tested samples have been fractured. Compression strength is measured in the moment of
fracture.

3. RESULTS AND DISCUSSION

In this paper, the effects of titanium and boron contents on the structure of Al-Cul5 alloy were
examined. It is generally accepted that the grain refinement of Al-Cu alloys can be attributed to
two key factors: nucleation potency and growth restriction. Nucleation potency is believed to be
dependent on the number, size and size distribution of the nucleants, AlsTi and TiB: in the present
investigation. Growth restriction on the other hand, is believed to depend mainly on the alloying
elements themselves. Of all the alloying elements, Ti has the strongest growth restriction effect
and Cu is also known to have a positive, albeit small, growth restriction effect. In alloy containing
high titanium the average values of the grain size were found to decrease (Table 2). Besides, the
presence of titanium causes a little change in the average values of the DAS and the medium value
of the length eutectic (Le) (Table 3 and 4). From the enclosed results of the testing it can be seen
that addition of the Al-5%Ti-1%B performs modification of the structure, i.e. making finer grains.
It is confirmed that titanium and boron are very effective grain refiners. The number of primary
grains depends on the type of nucleating agent, its usage and granulation, the overheating and
modification temperatures as well as the time since the modification treatment. The benefits of
modification are: better distribution of porosity, better dispersion of secondary phases, better
mechanical properties, e.g. strength [2]. Through X-ray powder diffraction method it has been
found out that tetragonal Al.Cu with parameters of crystal screen: a = 6,076 A, c=4,886 A, V =
180,4 A3 is formed.

Table 2 - Grain size for different titanium contents in investigated alloys

TYPE OF SAMPLE | Average, um min, um max, um RSE, %
0%Ti 810.48387 | 193.54839 | 2709.67742 | 5.06863
0.02%Ti 230.63492 47.61905 | 777.77778 | 3.78064
Al-Cul5 | 0.08%Ti 53.00000 9.37500 162.50000 | 2.94158
0.15%Ti 49.71717 15.15152 121.21212 | 2.99332
0.25%Ti 48.39966 10.10101 | 126.26263 | 2.76879
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Table 3 - Dendrite arm spacing (DAS) for different titanium contents in the investigated alloys

TYPE OF SAMPLE | Average, um | min, um | max, um | RSE, %
0%Ti 20.22536 1.63 123.27 2.12289
0.02%Ti 23.13044 1.63 112.65 2.22268
Al-Cul5 | 0.08%Ti 23.30254 1.22 90.61 2.32280
0.15%Ti 20.66491 1.22 102.86 2.16452
0.25%Ti 18.98537 1.63 92.24 2.09712

Table 4 - The linear intercept size of eutectic cells (Le) for different titanium contents in the investigated

alloys
TYPE OF SAMPLE | Average, um | min, um max, um | RSE, %
0%Ti 7.05516 1.63 46.53 2.74649
0.02%Ti 7.38373 1.63 51.43 3.24170
Al-Cul5 | 0.08%Ti 8.34064 1.63 63.67 3.50108
0.15%Ti 6.67921 1.22 42.86 3.04908
0.25%Ti 7.30999 1.22 55.10 2.93505

We have also examined the following properties of these materials: hardness measurement and
pressure strength. The hardness of the modified alloy is higher than the hardness of the alloy
without any modification treatment (Table 5). By increasing the content of titanium the
compression strength also increase (Table 6).

Table 5 - Hardness of the investigated alloys with different amounts titanium

TYPE OF SAMPLE | HB: HB2 HB3 HB4 HBaverage
0%Ti 88.7 88.7 90.7 91.9 90.00
0.02%Ti | 90.7 88.7 92.8 92.8 98.97

Al-Cul5 | 0.08%Ti | 94.9 99.5 97.2 94.9 99.25
0.15%Ti | 104.0 | 105.0 102.0 98.6 102.40
0.25%Ti | 105.0 | 105,0 104.0 99.5 103.37

Table 6 - Compression strength of the investigated alloys with different amounts titanium

TYPE OF SAMPLE | Fo2r(N) Rpo,2 Fpm (N) Rm op (%) | Wr(%)
(N/mm?) (N/mm?)

0%Ti 16800 214.01 38600 491.72 27.15 31.67

0.02%Ti 17400 221.66 38600 491.72 22.74 25.80

A-ICul5 | 0.08%Ti 18000 229.30 43800 557.96 22.06 24.92

0.15%Ti 18120 230.83 43880 558.98 17.14 18.80

0.25%Ti 18800 239.49 43880 558.98 15.61 16.97
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4. CONCLUSION

Microstructure can be influenced by addition of titanium and boron in form of Al-5%Ti-1%B
containing fine insoluble crystals of TiB, phase acting as nucleants for the aluminium phase.
Titanium usually, together with aluminium causes a peritectic reaction with TiAlz phase which
depending on content always hardens above hardening point of pure aluminium or its phase of the
a-hard solution. Number of primary grains is one of the most important factors for determining
the quality of castings. The final grain density in the casting depends on the nucleation process at
the beginning of solidification. Each nucleus gives rise to one single grain. Consequently, it
represents the nucleation potential. The following factors significantly influences the number of
primary grains in the casting: chemical composition, modification, cooling rate and temperature
of liquid metal. However, the measure used in practice to radically increase the number of grains
is modification. The resulting dispersion of insoluble components as well as a smaller porosity and
fewer non-metal inclusions improved the mechanical properties.
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Abstract

In this study, effects of cooling rate on the solidification microstructure and mechanical properties of Al-
Cu23 alloys were investigated. The cooling rate has a significant effect on the morphology of primary a-Al
phase and 6-Al,Cu phase. When the cooling rate increases, the microstructure is significantly refined and
the mechanical properties of Al-Cu23 alloys are improved.

Keywords: Al-Cu alloys, growth rate

1. INTRODUCTION

Cooling rate is a critical factor controlling the grain size of cast metals. Generally, it is accepted
that higher cooling rate leads to smaller grains due to the high undercooling achieved. During the
solidification and cooling process, the cooling rate, one of the critical parameters, directly affects
product performance. In recent years, numerous researchers have conducted a great amount of
research in this field. S.G. Shabestari [1] reported that a higher cooling rate would significantly
decrease the size of dendrite arm spacing, the recalescence undercooling temperature, and total
solidification time, and increase the liquidus temperature, nucleation undercooling temperature,
and solidification range. B. Benjunior et al. [2] studied the effect of different cooling rate
conditions on thermal profile and microstructure of aluminum 6061, indicating that different
cooling rate conditions will alter the material phase change temperatures. Furthermore, cooling
rate was performed to reduce the porosity by reducing the size of dendrite arm spacing [3], which
influences mechanical properties to some extent. A series of casting experiments was performed
with binary Al-Cu23 alloys with varying cooling rates and cooling conditions [4-6].

2. EXPERIMENTAL

Five samples were prepared by melting raw materials. The designed compositions were
synthesized by high-purity Al (99.5%), and pure Cu. The chemical composition (in wt. %) of the
AlCu23 alloys was specified by quantometery analysis and the results are reported in Table 1. The
solidification structure was modified by the addition of the AITi5B1 master alloy to give alloys
containing 0 to 0.3 wt.% titanium. The melting temperature was kept at 760°C. To study the
variations in the mechanical properties with respect to cooling rate, the alloys were cast by
conventional air-cooled and water-cooled methods. Properties of the materials have been
investigated, eg.: hardness and determination of compression strength. Hardness has been
measured by use of the Brinell method. Hardness measurement for AICu23 alloys samples was
performed using a Brinell hardness tester with a load of 62.5 kp (1kp = 9.80665 N), 2.5 mm
diameter ball and a dwell time of 30 s. Compression strength of the samples have been tested on
an electronic tensile testing machine of 10t. Special attention was given to an assessment of the
different structural parameters by modern quantitative microstructure analysis, using an automatic
device for quantitative picture analysis and linear measuring method, which was considered as
more reliable, accurate and faster than conventional manual methods of microstructure analysis.
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Table 1 - Chemical composition of the investigated alloy (in wt.%).

Type of sample %Fe %Si %Ti %B %Cu %Zn %Mg
0%Ti 0.11 0.06 0.000 0.000 20.00 0.072 0.000

0.02%Ti 0.10 0.07 0.027 0.009 20.24 0.074 0.000

Al-Cu23 0.08%Ti 0.15 0.08 0.103 0.025 21.08 0.069 0.000
0.15%Ti 0.10 0.06 0.198 0.054 22.95 0.078 0.000

0.25%Ti 0.10 0.07 0.306 0.094 20.69 0.073 0.000

3. RESULTS AND DISCUSSION

The cooling rate affects the structure of as-cast alloys in a well-established manner, i.e. the grain
size and the dendrite arm spacing (DAS) decrease with increasing the cooling rate. It is important
to note that the grain size depends on the conditions of both nucleation and growth, only the latter
being explicitly dependent on the cooling rate, while the nucleation is strongly affected by other
factors, such as the amount of nucleation sites, undercooling. The dendrite arm spacing and the
grain size were calculated using standard linear intercept method, using an image-analysis
software. Statistical analysis of the results was performed. It is found that the dendrite arm spacing
(DAS) were found to decrease from 17.37 um to 10.32 um for Al-Cu23 (0.08% Ti) with increasing
cooling rate. Fast cooling rate condition produced smallest the grain size for the same content of
titanium in the Al-Cu23 (0.08% Ti), the grain size are decreased from 57.71um to 41.26 um and
we obtain a fine, uniform grain structure.

In this study the mechanical properties like compressive strength and hardness of both air-cooled
and water cooled cast specimens were tested and the results were compared (Tables 2 -5). Increases
in hardness and compressive strengths of the water cooled cast specimen have been encountered
from the present work. This result reveals that increase in cooling rate leads to enhancement of the
mechanical properties.

Table 2 - Hardness of the investigated alloys with different amounts titanium (air-cooled samples)

Type of sample HB: HB: HB3 HB4 HBaverage
0%Ti 99.5 104.0 107.0 104.0 103.87

0.02%Ti 102.0 104.0 105.0 104.0 104.50

Al-Cu23 0.08%Ti 109.0 111.0 111.0 111.0 110.00
0.15%Ti 130.0 130.0 125.0 130.0 127.50

0.25%Ti 143.0 145.0 138.5 145.0 142.37

Table 3 - Hardness of the investigated alloys with different amounts titanium (water cooled samples)

Type of sample HB: HB, HBs HB,4 HBaverage
0%Ti 143.0 144.0 135.0 138.0 140.00

0.02%Ti 145.0 146.0 143.0 145.0 144.75

Al-Cu23 | 0.08%Ti 146.0 147.0 145.0 148.0 146.50
0.15%Ti 148.0 147.0 145.0 148.0 147.00

0.25%Ti 148.0 149.0 153.0 149.0 149.75
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Table 4 - Compression strength of the investigated alloys (air-cooled samples)

2
Type of sample Fozp (N) (N/Rr;%?lz ) | Feu Ny | Rm (I\;/mm e (%) | e (%)
0%Ti 18000 229.30 35200 448.41 25.45 29.37
0.02%Ti 18600 236.94 37800 481.53 14.76 15.97
A-ICu23 0.08%Ti 23000 292.99 40000 509.55 8.82 9.24
0.15%Ti 27200 346.49 40200 512.10 1.47 7.76
0.25%Ti 27200 346.69 40280 513.12 7.30 7.58

Table 5 - Compression strength of the investigated alloys (water cooled samples)

2
Type of sample Fozr (N) (N/Rr;(’rﬁz )| Py Rm ('\;/ MM L) | e (%)
0%Ti 27160 | 34599 | 40000 | 50955 | 1171 | 1245
0.02%Ti | 28400 | 36178 | 40080 | 51057 6.11 6.30
Al-Cu23 | 0.08%Ti | 28800 | 366.88 | 41400 | 527.39 5.94 6.1
0.15%Ti | 32000 | 407.64 | 43200 | 550.32 3.05 3.10
0.25%Ti | 33000 | 42038 | 45200 | 575.80 264 267

4. CONCLUSION

The microstructure and mechanical properties of cast products are greatly influenced by the
cooling rate during their solidification. It is evident that the increase in cooling rate improves the
mechanical properties of the cast alloy. The measurements of the average dendrite arm spacing
show the refinement of dendritic constitution with increasing cooling rate. The results show that
the higher the cooling rate, the smaller the grain size of the alloy. Quantitative relationships
between the average dendrite arm spacing, grain size and the cooling rate are found experimentally
for Al-Cu23 alloys. The dendrite arms spacing and grain size decrease with increasing cooling
rate. The hardness and compression strength of the casting alloys increased with cooling rate. The
DAS decreases with increasing cooling rate, and the hardness and strength increase
correspondingly. In addition, higher cooling rates produced a finer primary a-phase particle. As
an elemental material, the basic properties of aluminum do not change with mechanical or physical
processing. This means that aluminum is intrinsically sustainable: once produced, it can be
recycled repeatedly without any loss in quality and reused in the manufacture of consumer and
industrial products.
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Abstract

Horizon Europe AGEMERA project - Agile Exploration and Geo-modelling for European Critical Raw
Materials: The potential of Asarel porphyry copper deposit for critical raw materials Asarel-Medet JSC
Mining and Processing Complex is the first, biggest and leading Bulgarian company for open pit
mining and processing of copper and other types of ores. Asarel-Medet JSC is the only Bulgarian
company that participates in the international research project AGEMERA to study the potential
of Europe regarding critical raw materials for the green transition. The supply of European
critical raw materials (CRMs) does not currently meet the European demand. This gap is predicted
to increase, making Europe even more dependent on outside suppliers. AGEMERA is a project to
help tackle this strategic problem by studying several CRM sites in Finland, Poland, Spain, the
Balkans, and Zambia in different deposit types. To check the potential of the porphyry systems in
Europe as a source of CRMs, the Asarel porphyry-Cu deposit was selected as a test site. Here we
present preliminary geochemical and mineral chemistry data for hydrothermal ore and alteration
minerals in Asarel that reveal the potential of the deposit to source some CRMs as by-products.
Further studies will combine the geochemical data with innovative geophysical methods for an
improved deposit model and provide enhanced knowledge about effective exploration techniques
for CRMs.

Keywords: critical raw materials, Asarel-Medet, AGEMERA, porphyry systems

1. INTRODUCTION

Asarel-Medet JSC Mining and Processing Complex is the first, largest and leading Bulgarian
mining company for open pit mining and processing of copper and other ores. It is located 11 km
northwest of the town of Panagyurishte and 90 km east of the capital, Sofia. Asarel-Medet JSC is
a joint-stock company the core activity of which is open pit mining and processing of copper and
other ores, biochemical copper recovery and any engineering and trade activities associated with
it. The company has been awarded with dozens of national and international prizes in the field of
investment, innovation, environmental protection, management, corporate culture, occupational
health and safety and corporate social responsibility. The national industry award for innovations
bestowed to the company in 2021 for the successful implementation of the X-mine international
project under the Horizon Europe program was among these acknowledgements. Currently, the
company is facing another challenge in the innovations area and green transition technological
revolution in mining: the AGEMERA project. Asarel-Medet JSC is the only Bulgarian company
which is involved in AGEMERA international research project aimed at exploring the potential of
Critical Raw Materials in Europe. The company integrates its resources, expertise, innovation
power and new technologies with entities from 10 European countries: Finland, Germany,
Netherlands, Croatia, Estonia, Hungary, Spain, Bosnia and Herzegovina, Poland and Bulgaria. The
consortium includes universities, scientific institutions, technological companies and mining
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companies and its coordinator is the University of Oulu in Finland. Apart from Asarel-Medet JSC,
the Geological Institute at the Bulgarian Academy of Science also takes part in the project
representing Bulgaria.

The global demand for critical raw materials is expanding rapidly due to the transition to
environmentally friendlier technologies, electric power generation and the endeavor towards a
more digitalized world. Mobilizing Europe's internal critical raw material potential is a crucial
prerequisite for enabling the European Union (EU) to be more resilient and develop its strategic
autonomy. The Old Continent has a long tradition of mining and recovering strategic base metals
(such as Cu, Zn and Pb), but a more humble experience in critical raw materials mining. This is
partly due to the fact that plenty of them were not considered valuable at an earlier stage. However,
Europe has a significant potential for critical raw material mining in various ore regions.
Remedying the raw material supply bottlenecks in the near future is of utmost importance for
achieving a strategic autonomy of the supply chains of the European industries. The latter is
particularly indispensable for critical raw materials which play an essential role in the transition to
a low-carbon and digital economy. In a number of cases, the same raw materials are required by
multiple technologies and sectors which are crucial to the clean energy transition and therefore
they are effectively competing with each other.

AGEMERA'’s goal is to develop and test innovative and non-invasive geophysical exploration
methods to develop a more detailed map of the critical raw materials in Europe, including cobalt,
bauxite, lithium, vanadium, niobium, tantalum, etc. The new geophysical exploration technologies
have been planned to cover a total area of over 4,700 square km in six European countries: Poland,
Germany, Finland, Bulgaria, Spain, Bosnia and Herzegovina and in one African country, Zambia.
The three-year research and development project aims at resolving some of the most topical issues
of European critical raw materials supply. Its main objective is to enhance the geological
understanding of the explored ore regions, improve their genetic models and acquire information
about the critical raw materials as the main ore products or by-products. The project will also be
focused on raising the public awareness of the critical raw material crucial role in both the green
transition and the EU's strategic autonomy and sustainability.

Exploration targeting of the mineral associations, sampling, modelling and geophysical field
testing have been scheduled for various study sites in order to ensure a variety of locations and
mineralized systems. The pre-selected areas are located in Bosnia and Herzegovina, Bulgaria,
Finland, Poland, Spain and Zambia. The targets are orogenic gold, karst bauxites, epithermal
massive sulfides, porphyry Cu-Au-Mo systems, stratabound Cu-Ag and sediment-hosted
stratiform Cu. The deposits to be explored are located in the Perépohja schist belt (Finland), Iberian
pyrite belt (Spain), Kupferschiefer district (Poland), Panagyurishte and Rosen districts (Bulgaria),
Jajce and Posusje regions (Bosnia and Herzegovina) and the Zambian copper belt (Zambia).

The deposits of a porphyry type are the principal source for copper and molybdenum mining and
may contain economic grades of Au, Ag and platinum group elements (PGE). A number of
strategic and high-tech elements such as Re, W, Bi, In, Te and Se may reach economic
concentration and be recovered as by-products. The Asarel copper-porphyry deposit was selected
as a test site in order to explore the potential of the porphyry systems in Europe as a critical raw
materials source. This paper presents preliminary geochemical and mineral chemical data of the
hydrothermal mineralization and metasomatic altered minerals in the deposit. It will form the basis
for their further integration with agile exploration methods and better geological modeling of the
deposit.
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2. REGIONAL LOCATION AND GEOLOGICAL SETTING OF THE ASAREL
COPPER-PORPHYRY DEPOSIT

Most of the world's magmatic-hydrothermal porphyry Cu (xAuxMo) and epithermal AutzAg+Cu
deposits of economic importance are genetically associated with magmatic arcs (Sillitoe, 2010 and
references therein). In Southeast Europe, the Late Cretaceous Apuseni-Banat-Tymok-Srednogorie
Belt (ABTS) represents the westernmost arc in the Alpine-Himalayan orogenic system associated
with the Neotethys subduction (Popov et al., 2002; von Quadt et al., 2005). This magmatic arc
stretches on more than 1,000 km starting from the Apuseni mountains in Romania, passing through
Serbia and Bulgaria and reaching the Black Sea and then Iran.

The Bulgarian part of the ABTS belt is known as the Srednogorie zone which is an 80 to 100-
kilometer-wide east-west oriented tectonic-magmatic unit located between the Balkan zone in the
north and the Rhodope massif in the south. The most strongly mineralized segment of the Central
Srednogorie, also called Panagyurishte ore region (Popov et al., 2002), consists of a northwest-
southeast trending alignment of porphyry and epithermal Cu—-Au deposits located at 60 to 90 km
east of Sofia. The basement of the Central Middle Srednogorie dates back to the Variscan period.
It is composed of metamorphic rocks (mainly gneisses, gneiss-schists and amphibolites) with
Paleozoic and older protoliths and a high-grade metamorphic imprint of 330-340 Ma (Carrigan et
al., 2005, 2006; Lazarova et al., 2015). They are intruded by Variscan granitoids and gabbro at
314-305 and =290 Ma (Carrigan et al., 2006; Peycheva and von Quadt, 2004) and intruded and
overlaid by Late Cretaceous calc-alkaline magmatic rocks (intrusives/shallow intrusives, volcanics
and volcaniclastics/epiclastics).

More than 150 ore deposits and mineral occurrences are known in the Panagyurishte ore region
consisting mainly of porphyry copper and high-sulphide Cu-Au epithermal types (Popov et al.,
2012). The Asarel porphyry copper deposit is among the largest operating mines in the area of
resources of 467 Mt of ore of average head grade of 0.32% Cu and 0.12 ppm Au (Milev et al.,
2007). The ore formation is associated with the consequent intrusion of pre-ore, syn-ore and post-
ore shallow igneous bodies and dykes of predominantly transitional composition. A number of
hydrothermal mineral parageneses have been identified: early quartz-magnetite-hematite; a major
quartz-pyrite-chalcopyrite Cu-mineral association, related with propylitic, sericitic and transitional
sericitic-propylitic alteration occurring in the host rocks as veins, small nests and disseminations;
quartz-molybdenite association associated mainly with propylitic alteration; quartz-pyrite
association locally occurring in veins and streaks; quartz-sphalerite-galena (pyrite, chalcopyrite)
association occurring as veins in the deposit upper and outer parts; supergene alteration
assemblage containing variable amounts of chalcocite, covelite, malachite and Fe-hydroxide.
Specific and rare (Cu-Au-Te and Cu-Ag-Bi-Te with Se, Pb and Zn) associations have been
described by Petrunov et al. (1991).

The Asarel porphyry copper deposit poses a challenge in terms of its mineralogical and
geochemical predictability. This fact is attributable to the availability of secondary overlaying
areas, vast alteration areas with significant argillic to advanced argillic alteration and complex
structures such as pre-ore, syn-ore and post-ore faults. One of the faults (Mialski fault) displaces
the eastern part of the deposit and led to the exhumation of the basement rocks with cross-cutting
subvolcanic dykes exposing them at the same level as the volcanics in its western part.

3. SAMPLING AND ANALYSIS METHODS

The samples for this study have been collected from the Asarel open pit mine, from the exploration
structural drillholes and the flotation plant. The JEOL JSM-6610 LV scanning electron microscope
at the University of Belgrade (Faculty of Mining and Geology) was used for SEM-EDS definition
of the predominant elements in the minerals. LA-ICP-MS analyzes of trace elements were
performed at the Geological Institute of the Bulgarian Academy of Sciences using a NW excimer
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laser connected to a DRC-e PE system. SILLS (Signal Integration for Laboratory Laser Systems)
software was applied for data reduction.

4. RESULTS AND CONCLUSIONS

Our preliminary studies of critical raw material potential at the Asarel deposit reveal high
concentrations of several critical raw material elements in some ores and hydrothermally altered
minerals. The Cobalt grade is up to 1,000-1,630 ppm in the tested pyrite, while Galena contains
Selenium concentrations of 2-3 wt%. Molybdenite is not uniformly distributed in the tested pyrite
and is the main carrier of Mo and Re, but the grade of the latter varies from 600 to 45,790 ppm.
Considering the metasomatic altered minerals, the hydrothermally altered Rutile concentrates trace
elements such as V (110-6,700 ppm), Nb (2,300-4,600 ppm), Ta, W and Sc; epidotes and APS
(aluminum-phosphate-sulfate) minerals contain elevated REE grades.

Along with the geochemical studies of hydrothermally ores and hydrothermally altered minerals,
we also monitored the behavior of the critical raw materials in the grinding and flotation circuits
under the conditions of the applied technology at Asarel-Medet JSC. Some elements follow Cu
and Au to the final concentrate, while others concentrate in the tailings (for example, cobalt) or
the by-products.

The innovations for state-of-the-art geophysical explorations which are be developed and tested
under genuine conditions to a technological availability level within the AGEMERA project will
enable the underground depths to be characterized at different coverage, volume and time interval.
Some of the innovations will support active and flexible data collection (satellite remote
geophysical and drone methods), while others will passively provide valuable information at a
longer time scale (muography and sensor technologies).

Acknowledgments: This study was partially supported by the AGEMERA project within the Horizon
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Abstract

Since the inception of the Space Age emerged an unprecedented technological, economic, military and
social development for the humanity, although brought inevitable negative consequences due to the early
exploration of space. A side effect of this development is pollution in space that is increasing over the years.
In general, the term pollution is used to indicate a despoiling of the natural environment. This term applies
equally when it comes to space from the moment the first artificial satellite was launched into Earth's orbit,
and is known as Space Debris. This article contains the concept of «space debris» and statistical data
techno-genic pollution of outer space, and describes the possible methods of dealing with space debris and
justifies the need for international cooperation to solve outer space pollution problem.
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1. INTRODUCTION

The Space Debris encompasses both natural micrometeoroid and artificial particles (man-made
orbital debris). Meteoroids are in orbit around the sun, while most artificial debris is in orbit around
the Earth. Besides the location there is a significant difference between natural and artificial debris
that is the length of time that they remain in Near-Earth space, which will depend on orbital
velocity and the altitude. For natural debris, such meteoroids it arrives unanticipated from the
deepness of space and quickly pass through Near-Earth space and most of them will burn up in
lower atmosphere or, in unusual cases fragments reach the surface of Earth. On the other side,
artificial debris once the Man-made Orbital Debris (MOD) are launched from Earth into orbit, and
the length of time that they remain can be thousands or even millions of years which represents
danger for active spacecraft and satellite vehicles.

An investigation shows the statistic of the total number of MODs that remain in space and have
listed by the automatic warning system for dangerous situations in near- Earth space until August
31,2015 and was a total of 17,250. Of this amount 1,362 space objects are active spacecraft and
satellites. [1] On the other hand, 15,888 are man-made space debris (MSD), which represents a
92% of the total number of MODs in Near-Earth space. These man-made space debris are
classified including: 2682 non-active spacecraft, 1907 upper-stage rockets and final stage vehicles,
and 11,299 fragments of spacecraft, upper-stage rockets, final stage vehicles and other elements.
[2] Other data provided by the National Aeronautics and Space Administration (NASA) shows
that there are more than 20,000 pieces of debris larger than a softball orbiting the Earth. They
travel at speeds up to 17,500 mph, fast enough for a relatively small piece of orbital debris to
damage a satellite or a spacecraft, and there are 500,000 pieces of debris which size of a marble or
larger, also there are many millions of pieces of debris that are so small they can’t be tracked. [3]

2. SPACE SECURITY AND SPACE DEBRIS TERMS

The primacy in the space sphere as dawn of the space age, and now means for state domination
not only in the space, but throughout the world. Therefore successful participation in the
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exploration of outer space has a strategic importance for modern states. The result of the realization
of this fact was the resumption of in the XXI century struggle for control over the pace that led to
the beginning of the "second space race".

Along with the opportunities that give practical space exploration, appeared a new problem in the
sphere of global security and increasing its dependence on reliable work of space infrastructure.
The cessation of the functioning of space information systems can lead to the escalation of the
conflicts. One of the main problems is the clogging outer space that creates threats not only for the
existence and effective operation of space vehicles, but it also affects development and security
various spheres of life of the states and society, including the provision of space and, in turn,
national and global security.

Today under space security understand not only the ability of one state to have military superiority
in space before another, but also above all "the ability of state to control part of the cosmic space
and carry out a certain activity without being subject to external pressure, threats or attack from
the parties of opponents " [4]. Very important to notice that today the threat of space security no
longer solely from hostile subjects and natural disturbances, but an increasing threat from pollution
of outer space.

In international law there is no definition the concept of "space debris". In the legal literature there
is the following definition: "This kind of pollution includes any artificial objects in orbit around
Earth, which are non-functional and in respect of which one cannot expect a start or the renewal
of their intended functioning, which is authorized in the future, including fragments and parts
thereof. Space debris Includes inactive spacecraft, used parts of missiles, material of formations
as a result of planned space operations, fragments formed satellites and upper levels as a result of
explosion or collision, as well as containing on board dangerous (nuclear, toxic, etc.) materials
"[3, c. 119].

We suggested the following definition: “The artificial debris (or Space Pollution) is considerate
any object send by the man which no longer serves a useful function; like inactive satellites,
nonfunctional spacecraft, abandoned launch vehicle stages, mission-related debris and
fragmentation debris.”

In addition to the threats that space debris be directly implemented space activities, there is a
danger of it uncontrolled descent from orbit, incomplete combustion during the passage of the
atmosphere and the fall on the surface of the Earth.

The term "space debris" is used for all artificial objects and their s