UNIVERSITY OF BELGRADE
TECHNICAL FACULTY BOR

52" International October Conference on
Mining and Metallurgy

PROCEEDINGS

Edited by

Sasa Stojadinovic

and

Dejan Petrovic

November 29" — 30" 2021

Bor, Serbia



UNIVERSITY OF BELGRADE
TECHNICAL FACULTY IN BOR

52" International October Conference on
Mining and Metallurgy

PROCEEDINGS

Edited by

Sasa Stojadinovic

and

Dejan Petrovic

November 29" — 30'" 2021

Bor, Serbia






52" International October Conference

on Mining and Metallurgy, 10C 2021

PUBLISHER:
UNIVERSITY OF BELGRADE - TECHNICAL FACULTY IN BOR, BOR, NOVEMBER 2021

FOR THE PUBLISHER:
DEAN: Prof. dr Nada Strbac

EDITORS:

Prof. dr Sasa Stojadinovi¢
Doc. dr Dejan Petrovic¢

TECHNICAL EDITOR
Pavle Stojkovi¢, MSc.

PRINTED BY:
»Stamparija Atlantis d.o.0.« Ni§

CIRCULATION: 100 Copies
CIP — Katanormusauuja y nybavkaumju —

HapoaHa 6ubnnoteka Cpbuje, beorpag,

622(082)
669(082)

INTERNATIONAL October Conference on Mining
and Metallurgy (52 ; 2021 ; Bor)

Proceedings / 52nd International October
Conference on Mining and Metallurgy - I0C 2021,
November 29" - 30" 2021 Bor, Serbia ; [organizer]
University of Belgrade, Technical Faculty in Bor ;
[co-organizer Institute for Mining and Metallurgy
Bor] ; edited by Sasa Stojadinovi¢ and Dejan
Petrovic. - Bor : University of Belgrade, Technical
Faculty, 2021 (Nis : Atlantis). - V, 228 str. : ilustr. ;
25cm

Tiraz 100. - Bibliografija uz svaki rad.
ISBN 978-86-6305-119-5

a) Pyaapctso -- 360pHnum 6) MeTanypruja --
360pHULM

COBISS.SR-ID 52072201




ORGANIZER:
UNIVERSITY OF BELGRADE — TECHNICAL FACULTY IN BOR

Co-ORGANIZER:

INSTITUTE FOR MINING AND METALLURGY BOR

Under the Auspice of:

The Ministry of Education, Science and
Technological Development of the Republic of
Serbia



CONFERENCE SPONSORS

AR RN RioTinto



COMMITTEES

52" International October Conference

on Mining and Metallurgy, 10C 2021

SCIENTIFIC COMMITTEE

Prof. dr Nada Strbac, (UB TF Bor, Serbia)

Prof. dr lwao Katayama, (Osaka University, Osaka,
Japan)

Prof. dr Rodoljub Stanojlovié, (UB TF Bor, Serbia)
Prof. dr Radoje Pantovi¢, (UB TF Bor, Serbia)
Prof. dr Jakob Lamut, (ULj FNT Ljubljana, Slovenia)

Prof. dr Sanda Krausz, (University of Petrosani,
Romania)

Prof. dr Grozdanka Bogdanovi¢, (UB TF Bor, Serbia)

Prof. dr Jelena Penavin Skundrié, (TF Banja Luka,
B&H)

Prof. dr Seshadri Seetharaman, (Royal Institute of
Technology, Stockholm, Sweden)

Prof. dr Dragoslav Guskovi¢, (UB TF Bor, Serbia)

Prof. dr JoZzef Medved, (ULj FNT Ljubljana,
Slovenia)

Dr Slavomir Hredzak, (SAS Kosice, Slovakia)

Prof. dr Aleksandar Dimitrov, (FTM Skopje, FYR
Macedonia)

Prof. dr Karlo Rai¢, (UB TMF, Serbia)
Prof. dr Snezana Serbula, (UB TF Bor, Serbia)
Dr Ana Kostov, (IRM Bor, Serbia)

Prof. dr Kemal Deliji¢, (MTF Podgorica,
Montenegro)

Prof. dr Stoyan Groudev, (UMG “Saint Ivan Rilski”
Sofia, Bulgaria)

Dr Andrei Rotaru, (Facultatea de Mecanica,
Romania)

Prof. dr Krzystof Fitzner, (AGH University, Krakow,
Poland)

Prof. dr Sulejman Muhamedagié, (FMM Zenica,
B&H)

Prof. dr Andelka Mihajlov, (Educons University,
Serbia)

Prof. dr Luis Filipe Malheiros, (FEUP, Porto,
Portugal)

Prof. dr Svetlana Ivanov, (UB TF Bor, Serbia)

Prof. dr Batri¢ Pesi¢, (Materials Science Faculty,
Idaho, USA)

Prof. dr Ljubica Ivani¢, (UB TF Bor, Serbia)

Dr Srecko Stopi¢, (RWTH Aachen, IME Aachen,
Germany)

Prof. dr Bostjan Markoli, (ULj FNT Ljubljana,
Slovenia)

Dr Magnus Ericsson, (Lulea Technical University,
Stockholm, Sweden)

Prof. dr Tamara Holjevac Grguri¢, (MF Sisak,
Croatia)

Prof. dr Boyan Boyanov, (University Paisiy
Hilendarski, Plovdiv, Bulgaria)

Prof. dr Milan Antonijevi¢, (UB TF Bor, Serbia)

Prof. dr Tatjana Volkov-Husovi¢, (UB TMF, Serbia)
Prof. dr Branka Jordovi¢, (TF Cadak, Serbia)

Prof. dr Milan Trumi¢, (UB TF Bor, Serbia)

Prof. dr Tomas Havlik, (TUKE, Slovakia)

Prof. dr Carl Heinz Spitzer, (TU Clausthal, Germany)
Dr Mile Bugarin, (IRM Bor, Serbia)

Prof. dr Velizar Stankovi¢, (UB TF Bor, Serbia)

Prof. dr Costas Matis, (AU Thessaloniki, Greece)

Dr Milenko Ljubojev, (IRM Bor, Serbia)

Prof. dr Velimir Radmilovié, (University of
California at Berkeley, USA)

Prof. dr Dejan Taniki¢, (UB TF Bor, Serbia)

Dr Mirjam Jan-BlaZi¢, (Slovenian Foundryen
Society, Slovenia)

|Prof. dr Vitomir Mili¢|, (UB TF Bor, Serbia)




Prof. dr Desimir Markovi¢, (UB TF Bor, Serbia) Prof. dr Dimitriu Sorin, (Polytechnic University of

Prof. dr Mirjana Rajci¢ Vujasinovié¢, (UB TF Bor,

Serbia)

Bucharest, Romania)

Dr Miroslav Soki¢, (UB ITNMS, Serbia)

Dr Vladan Cosovi¢, (UB IHTM, Serbia) Prof. dr Vladislav Kecojevi¢, (West Virginia

Prof. dr Dimitris Panias, (NTUA, Athens, Greece)
Prof. dr Mirko Goji¢, (MF Sisak, Croatia)

Prof. dr Vladimir Krsti¢, (Queen’s University,

Canada)

University, USA)

Prof. dr Dragan Manasijevi¢, (UB TF Bor, Serbia)
Prof. dr Mirsada Oru¢, (FMM Zenica, B&H)
Prof. dr Vlastimir Truji¢, (IRM Bor, Serbia)

ORGANIZING COMMITTEE

Prof. dr Sasa Stojadinovi¢, vanredni profesor, UB, TF Bor
Prof. dr Ljubisa Balanovi¢ , vanredni profesor, UB, TF Bor
Doc. dr Dejan Petrovi¢, docent, UB, TF Bor
dr Ana Kostov, naucni savetnik, Institut za rudarstvo i metalurgiju Bor
Doc. dr Aleksandra Mitovski, docent, UB, TF Bor
Doc. dr Ana Simonovié, docent, UB, TF Bor
Prof. dr Jovica Sokolovi¢, vanredni profesor, UB, TF Bor
Prof. dr Borde Nikoli¢, redovni profesor, UB, TF Bor
Doc. dr Uros Stamenkovié, docent, UB, TF Bor
Prof. dr Milan Radovanovi¢, vanredni profesor, UB, TF Bor
Doc. dr Danijela Voza, docent, UB, TF Bor
Jelena lvaz, asistent, UB, TF Bor
Pavle Stojkovi¢, asistent, UB, TF Bor
Mladen Radovanovic¢, asistent, UB, TF Bor
Predrag Stoli¢, asistent, UB, TF Bor
Kristina Bozinovic¢ , asistent, UB, TF Bor
Sandra Vaskovi¢, Nastavnik engleskog jezika, UB, TF Bor
Oliver Markovi¢, sef IKTC, UB, TF Bor

Miomir Voza, laborant, UB, TF Bor






The 52" International October Conference on Mining and Metallurgy
November 29" - 30" , 2021
www.ioc.tfbor.bg.ac.rs

TABLE OF CONTENTS

Aleksandra Milosavljevic¢

THE COMPLEXITY OF SEM-EDS — WHAT AFFECTS THE QUALITY OF OBTAINED RESULTS? 1
Zoran Karastojkovi¢, R Peri¢, M Srec¢kovi¢

LASER QUENCHING OF CUTTING TOOL STEELS - A REVIEW 5
Slavica Mileti¢, D Bogdanovié, E Pozega

IMPACT OF EXTRAORDINARY SECURITY MEASURES TO EMPLOYEES DURING THE
PANDEMIC COVID-9 15

Daniela Grigorova, R Paunova

KINETIC STUDY OF SOLID-PHASE REDUCTION OF POLYGRADIENT IRON-CONTAINING
MATERIAL 19

Emina PozZega, D Simonovi¢, S Marjanovi¢, M Jovanovi¢, L Gomidzelovi¢, M Mitrovi¢, Z
Stanojevi¢ Simsi¢

PART I: WHAT MAKES A GOOD THERMOELECTRIC 23
Emina PoZega, D Simonovi¢, S Marjanovi¢, M Jovanovié¢, L GomidzZelovi¢, M Mitrovi¢, S

Miletié

PART II: WHAT MAKES A GOOD THERMOELECTRIC 27

Dragan Manasijevi¢, Lj Balanovi¢, | Markovi¢, M Gorgievski, U Stamenkovi¢, K BoZinovic,
D Mini¢, M Premovié

STUDY OF MICROSTRUCTURE AND THERMAL CONDUCTIVITY OF THE Ag-Bi-Sn ALLOYS 31
Vladimir S. Topalovi¢, S Matijasevié, S Gruji¢, J Stojanovic, J Nikoli¢, V Savi¢, S ZildZovic¢

THE INFLUENCE OF THE PARTICLE SIZE ON CRYSTALLIZATION OF GLASS POWDERS
FROM THE SYSTEM Li,0-Al,03-GeO,-P,0s 35

Vesna Marjanovié, R Markovic, V Krsti¢

TECHNOLOGIES FOR PHYSICAL TREATMENT OF WATER CONTAINING SELENIUM: A
REVIEW 39

Vesna Marjanovié, R Markovic, V Krsti¢

TECHNOLOGIES FOR BIOLOGICAL TREATMENT OF WATER CONTAINING SELENIUM: A
REVIEW 43

Milenko Jovanovi¢, M Miki¢, M Maksimovi¢, D Krzanovi¢, R Rajkovié, E PoZega

USAGE SPECIFICS OF GEOGRIDS 47




The 52" International October Conference on Mining and Metallurgy
November 29" - 30" , 2021
www.ioc.tfbor.bg.ac.rs

Sre¢ko Manasijevi¢, Z Zovko Brodarac, N Doli¢, M Djurdjevi¢, R Radisa

INTERMETALLIC BONDING BETWEEN A RING CARRIER AND AN ALUMINUM PISTON
ALLOY 51

Snezana Sarboh

PATENTED INVENTIONS OF LJUBOMIR KLERIC 55
Miomir Mikic, M Jovanovié, R Rajkovi¢, D Krzanovi¢, E PoZega

DEGRADED AREA OF VELIKI KRIVELJ QUARRY RECULTIVATION 59
Dragana Adamovi¢, D Ishiyama, H Kawaraya, O Yasumasa

EFFECTS OF TAILINGS ON GROUNDWATER ALONG BOR AND BELA RIVERS IN THE BOR
MINING AREA, EASTERN SERBIA 63

Ana Kostov, Z Stanojevi¢ Simsi¢, A Milosavljevi¢,
CHARACTERIZATION OF ALLOYS CuAlAu0.5 67
Marija Milenkovi¢, V Jovanovi¢, J Paunkovi¢, V Krsti¢

MULTICRITERIA ANALYSIS OF THE LEVEL OF SUSTAINABLE DEVELOPMENT OF THE
TOPLICA DISTRICT USING THE ELECTRE METHOD 71

Daniel Krzanovi¢, R Rajkovi¢, D Stevanovié¢, M Miki¢, M Jovanovié, S Petrovic¢

LONG-TERM PLANNING OF MINING THE LEAD AND ZINC ORE DEPOSIT IN THE BRSKOVO
ORE FIELD, THE REPUBLIC OF MONTENEGRO 75

Radmilo Rajkovié, D Krzanovié, M Miki¢, M Jovanovié

CALCULATION OF SAFETY DISTANCE FOR THE OPERATION OF MINING EQUIPMENT IN
THE WORKING ENVIRONMENT WITH WEAKENED CHARACTERISTICS AT THE OPEN PIT
"NORTH MINING DISTRICT" OF THE COPPER MINE MAJDANPEK 79

Zdenka Stanojevi¢ Simsi¢, A Kostov, A Milosavljevi¢, E PoZega

HARDENSS, MICROHARDNESS AND ELECTROCONDUCTIVITY OF ALLOYS WITH VARIABLE
Cu CONTENT IN Cu-Al-Ag SYSTEM 83

Miodrag Banjesevic

STRATIGRAPHY AND AGE OF ROCK UNITS AND MINERALIZATION IN THE TIMOK
MAGMATIC COMPLEX ANDTHE BOR METALLOGENIC ZONE — A REVIEW 87

Milan Radivojevi¢, Z Stevi¢, M Tanaskovic¢

DUALPHASED FOURWAYINTERSECTION REGULATED BY TRAFFIC LIGHTS WITH FIXED
AND ADAPTIVE MOD OF OPERATION 93

Filip Grami¢, N Ranci¢, S Filipovi¢, J Pordevié
USE OF COPPER TAILING AND COPPER SLAG IN D PRINTED CONCRETE PROCESSES 97
Filip Grami¢, N Rancié, S Filipovi¢, J Dordevié,

POSSIBILITY OF USING MINING WASTE IN THE PRODUCTION OF BRICK PRODUCTS 101




The 52" International October Conference on Mining and Metallurgy

November 29" — 30" , 2021
www.ioc.tfbor.bg.ac.rs

Stepan O. Vydysh

GOLD-SILVER ALLOYS ANODIC DISSOLUTION RESEARCH IN HYDROCHLORIC ACID
ELECTROLYTES 105

Milan Gorgievski, M Markovi¢, D BoZi¢, Vr Stankovié, N Strbac, V Grekulovi¢, M
Zdravkovié

ADSORPTION ISOTHERMS FOR COPPER IONS ADSORPTION ONTO WALNUT SHELLS 109

Miljan Markovi¢, M Gorgievski, N Strbac, V Grekulovi¢, A Mitovski, K BoZinovi¢, M
Zdravkovié

pH AND CONDUCTIVITYCHANGE DURING THE RINSING AND ADSORPTION OF COPPER
IONS ONTO WALNUT SHELLS 113

Vesna Grekulovi¢, A Mitovski, M Raj¢i¢Vujasinovi¢, N Strbac, M Zdravkovi¢, M Gorgievski,
M Markovié

ELECTROCHEMICAL BEHAVIOR OF COPPER IN CHLORIDE MEDIUMIN THE PRESENCE OF
WALNUT SHELL MACERATE 117

Marija Sljivi¢-lvanovi¢, S Dimovi¢, | Jeli¢,
EXPERIMENTAL DESIGN APPROACH IN RADIONUCLIDE SORPTION 121

lvana Jeli¢, A Savi¢, M Sljivié-lvanovi¢, S Dimovi¢

INFLUENCE OF SILICA FUME ON SCC CONCRETE PROPERTIES 125
Milan Radovanovi¢, A Simonovi¢, M Petrovi¢ Mihajlovi¢, Z Tasi¢, V Nedelkovski, M

Antonijevic¢

L-LYSINE AS CORROSION INHIBITOR OF STAINLESS STEEL IN RINGER’S SOLUTION 129

Dragana Marilovi¢, M Trumi¢, M Trumi¢,Lj Andri¢

THE INFLUENCE OF CALCIUM IONS ON DEINKING FLOTATION RECOVERY UNDER
DIFERENT CONDITIONS 133

Dragana Medi¢, S Mili¢, S Alagi¢, M Nujki¢, S Dordievski, A Papludis

OPTIMIZATION OF CATHODIC MATERIAL LEACHING PROCESS IN ACID-SULPHATE
SOLUTION 137

Milijana Mitrovi¢, D Guskovié, S Marjanovi¢, BTrumi¢, E PoZega, U Stamenkovi¢, J Petrovic¢

OBTAINING MULTILAYER COPPER STRIPS BY ARB (ACCUMULATIVE ROLL BONDING)
ROLLING PROCESS 141

Natasa Dordevi¢, S Mihajlovi¢, N Obradovi¢, A Peles, S Filipovié

THE INFLUENCE OF HIGH COMPACTION PRESSURE ON CORDIERITE-BASED CERAMICS 145
Natasa Dordevi¢, S Mihajlovié, M Soki¢, B Markovi¢

SEM AND X-RAY ANALYSES OF SINTERED MgO / Bi,O; BINARY SYSTEM 149




The 52" International October Conference on Mining and Metallurgy
November 29" - 30" , 2021
www.ioc.tfbor.bg.ac.rs

Ivana lli¢, J Sokolovi¢, M Trumi¢, Z Stirbanovié

COMPARATIVE RESULTS OF COPPER FLOTATION FROM SLAG BEFORE AND AFTER THE
PROCESS OF MAGNETIC CONCENTRATION 153

Daniela Grigorova

FERROSILICON OBTAINING USING IRON-SILICATE —FAYALITE 157
Slavica Mihajlovi¢, M Jovanovié, N Dordevi¢, A Patari¢, M Vlahovi¢, V Kasi¢

THE CLAY PRELIMINARY TESTING FROM MUNICIPALITY AREA OF REKOVAC 161
Milan Milosavljevi¢, M Premovi¢, D Mini¢, Dn Mansijevi¢, Ar Dordevi¢, M Kolarevié

EXPERIMENTAL AND THERMODYNAMIC STUDY OF ISOTHERMAL SECTIONS AT 600 °C
AND 400 °C OF TERNARY Bi-Cu-Ge SYSTEM 165

Aleksandar Pordevi¢, D Mini¢, M Premovi¢, D Mansijevi¢, M Milosavljevic, V Ristic¢
STUDY OF TEMPERATURE PHASE TRANSFORMATION OF THETERNARY Bi-Cu-Ge SYSTEM 169
Aleksandar Savi¢, | Jeli¢, M Sljivié-lvanovié¢, S Dimovi¢, N Pudar, A Pfandler

RECYCLED COARSE AGGREGATE AND FLY ASH EFFECT ON COMPRESSIVE STRENGTH OF
SELF-COMPACTING CONCRETE 173

Vladan Kasi¢, D Zivoti¢, V Simi¢, A Radosavljevi¢-Mihajlovi¢, J Stojanovi¢, S Mihajlovié, M
Vukadinovi¢

FORECAST RESOURCES OF ZEOLITHIC TUFFS OF SERBIA 177

Vladan Kasi¢, A Radosavljevi¢-Mihajlovi¢, S Radosavljevi¢, J Stojanovi¢, S Mihajlovié, M
Vukadinovi¢

GEOLOGICAL AND MINERAL CHARACTERISTICS OF ZEOLITHIC TUFF TOPONICA DEPOSITS
NEAR KOSOVSKA KAMENICA 181

Konstantin Petkov, V Stefanova, P lliev

METHOD FOR UTILIZATION OF THE SULFURIC ACID OBTAINED DURING AUTOCLAVE

DISSOLUTION OF PYRITE CONCENTRATE 185
Stefan Dordievski, D Ishiyama, Y Ogawa, Z Stevanovi¢, O Osenyeng, D Adamovi¢, V

Trifunovic

MONITORING OF pH VALUE AND CONCENTRATION OF COPPERIN

RIVERSDOWNSTREAM FROM BOR MINE IN PERIOD 2015-2021 189

VisaTasi¢, M Coci¢, B Radovi¢, T Apostolovski-Truji¢

CHEMICAL COMPOSITION OFPARTICULATE MATTER IN THE INDOOR AIRAT THE
TECHNICAL FACULTY IN BOR (SERBIA) 193

Snezana Ignjatovié, | Vasiljevi¢, M Negovanovic

DEFINING STRUCTURAL CORRELATION USING OF TOTALHORIZONTAL GRADIENT 197




The 52" International October Conference on Mining and Metallurgy
November 29" - 30" , 2021
www.ioc.tfbor.bg.ac.rs

Velizar Stankovi¢, M Janosevi¢

INCREASING THE CAPACITY OF THE COPPER SMELTING COMPANY IN THE COMPANY
"SERBIA ZIJIN COPPER" - CHALLENGES AND CONSEQUENCES TO THE ENVIRONMENT 201

Vladimir Jovanovi¢, D Todorovic, B Ivosevié, D Radulovi¢, S Mili¢evi¢, D Nisié

CHARACTERIZATION OF PELLET SAMPLES OBTAINED BY PELETIZATION OF LIMESTONE
AND SEAWEED 205

Vanja Trifunovi¢, L Avramovi¢, R Jonovié, S Mili¢, S Dordievski, M Jonovic¢

HYDROMETALLURGICAL TREATMENT OF ELECTIRIC ARC FURNACE DUST IN AIM OF ZINC
SEPARATION 209

Jovana Bo$njakovi¢, N Knezevi¢, N Cutovi¢, M Bugargié, A Jovanovié, Z Veli¢kovi¢, S
Manasijevic

EVALUATION OF ADSORPTION PERFORMANCE OF PHOSPHATES REMOVAL USING CELL-
MG HYBRID ADSORBENT 213

Dragan Radulovié, Lj Andri¢, D BozZovi¢, V Jovanovi¢, B lvosevi¢, D Todorovic,

POSSIBILITY OF USING LIMESTONE FROM “PJESIVACKI DO”-DANILOVGRAD DEPOSIT AS
FILLER IN VARIOUS INDUSTRY BRANCHES 217

Predrag Stoli¢, J lvaz, D Petrovi¢, Zoran Stevic¢

ADVANTAGES OF MINING ENGINEERING CURRICULUM REALIZATION USING

SOLUTIONS BASED ON FREE SOFTWARE 221
Sladana Krstié, E PozZega, S Petrovi¢, S Magdalinovi¢, D Urosevié, S Mileti¢, Z Stojanovié

Simsi¢

QUALITY INVESTIGATION OF SAND FOR THE PRODUCTION OF AGGREGATES ON

VINOGRADI LOCALITY (DELIBLATSKA PE§CARA) 225

Sasa Marjanovié, D Guskovié¢, M Mitrovié, E PoZega ,B Trumi¢, U Stamenkovic

INFLUENCE OF COLD ROLLING AND ANNEALING ON HARDNESS OF BIMETALLIC STRIP
Cu-Al 229




The 52" International October Conference on Mining and Metallurgy
November 29" — 30" , 2021
www.ioc.tfbor.bg.ac.rs

INFLUENCE OF COLD ROLLING AND ANNEALING ON HARDNESS
OF BIMETALLIC STRIP Cu- Al

Sasa Marjanovi¢',Dragoslav Guskovié¢',Milijana Mitrovi¢',Emina PoZega® Biserka
. '2 4 . ’1
Trumié¢”, Uro§ Stamenkovi¢

'Technical Faculty Bor, University of Belgrade, V.J. 12, 19210 Bor, Serbia
*Mining and Metallurgy Institute Bor, Zelenibulevar 35, 19210 Bor, Serbia

Abstract

Samples of bimetallic strip Cu-Al were cold rolled with different reduction degrees, and the ones
deformed with the highest reduction degrees were annealed afterwards at different temperatures for a
period of one hour. The values of the hardness of the layers of the bimetallic strip were obtained as a
function of the degree of deformation, and the annealing temperature. Global flow of curves hardness -
total deformation, increases, where the increase in the hardness of aluminum with increasing degree of
deformation is approximately linear. A decrease in hardness was observed with an increase in the
annealing temperature, in both the aluminum layer and the copper layer.

Keywords: bimetallic strip, hardness, deformation degree, annealing temperature

1. INTRODUCTION

Thanks to combination of different properties in one material, bimetals are widely used in
industry, because of saving expensive scarce metals, and for their specific properties which
separate metals-components doesn’t have.

In a bimetal, expensive metals and alloys are used as plating materials, with thickness of up to
25% of the bimetal’s thickness. Thanks to that it is possible to get relatively cheap materials
with required properties where performing layer keeps the properties it’s got before joining into
bimetal, while cheaper, basic material acts as carrying material that provides required mechanical
properties.

Corrosion-proof bimetals with cooper as a plating layer are used more and more.
Cold rolling of a plated strip is a final operation in plastic processing in all cases when enhanced
strength and deformation resistance are required [1, 2, 3, 4, 5].

2. EXPERIMENTAL

The samples cut from trilayer sheet Cu - Al — Cu, 10,4 mm thick, obtained by plating by
explosion, were used for examination. One Cu layer was removed, so bimetal strips, 8,4 mm
thick, were obtained. The initial thickness of Al, in those strips, were 6,4 mm, and2 mm for Cu.

Prior to rolling of the bimetal strip, the gap between the working rolls was set to 8,4 mm, and
then the strip was let between for a few times till the total deformation of 10% was reached.

In order to simplify it, it was accepted that the deformation for a single pass was 2,5%. After the
deformation of 10% the total thickness and layers thicknesses were measured on various spots.

The same procedure was repeated for the total deformations of 20%, 30%, 40%, 50%, 60%,
70%, and 80%.
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The samples deformed with maximum deformation degree, €y,.x=80%, were subjected to
annealing.

The annealing was done in a protective atmosphere of nitrogen, for a period of one hour, at
temperatures of 200, 250, 300, and 400 °C.

Hardness measurements were performed after all degrees of deformation and after the annealing.

The experimental flow is shown schematically in figure 1.

, , , , , HARDNESS
# * ‘L * * EXAMINATION

0% —10%» —20% —30%—» ... —70% ™ 80% —»|
COLD ROLLING
200°C 250°C 300°C 400°C
ANNEALING | | ; |
1h
v
HARDNESS

EXAMINATION

Figure 1. Schematic diagram of the experimental flow

3.RESULTS AND DISCUSSION

The obtained data for the hardness measurements, depending on the total deformation degree are
given in Table 1. and Figure 2.

Tablel. Dependence of the hardness of bimetallic strip layers on the degree of deformation

(% HV (daN/mm”)

) Al Cu

0 43.83 106.00
10 44.20 115.75
20 46.33 117.00
30 47.27 120.40
40 48.04 121.67
50 48.44 125.50
60 49.20 131.80
70 49.80 136.00
80 51.05 146.75
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Figure 2.Diagram of the dependence of the hardness of the bimetallic strip layers on the degree of
deformation

Global flow of curves hardness - total deformation, increases, where the increase in the hardness
of aluminum with increasing degree of deformation is approximately linear.

The curve that represents dependence of the hardness of the copper layer on the degree of
deformation, can be divided into three parts.In the first part of the curve, up to a deformation of
10%, the hardness of the copper layer increases sharply, in the second part of the curve, up to a
deformation of 50%, slightly, and then increases rapidly again to a maximum value of 146.75
daN/mm?, at a total deformation of the bimetallic strip of 80%.

The obtained test results, dependence of hardness (HV) from the annealing temperature are
shown in Table 2 and the diagram in Figure 3.

Table2. Dependence of the hardness of bimetallic strip layers on the annealing temperature

HV
t(°C) (daN/mm?)
Al Cu
200 42.30 137.00
250 40.12 130.50
300 28.86 63.52
400 25.57 55.72
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Figure 3. Diagram of the dependence of the hardness of the bimetallic strip layers on the annealing
temperature

A decrease in hardness is observed with an increase in the annealing temperature, both in the
aluminum layer and in the copper layer.

The hardness decreases slightly to T = 250 °C, and then decreases sharply in both layers in the
temperature range of 250 - 300 °C, when recrystallization of both layers occurs.

Further increase of the annealing temperature, up to 400 °C, does not significantly affect the
reduction of the hardness values of the layers.

4. CONCLUSION

The maximum hardness values characterize the samples obtained with the maximum single
reductions.

Global flow of curves hardness - total deformation, increases, where the hardness curve for
aluminum is approximately linear and is always lower than the hardness curve for copper, whose
flow can be divided into three parts.

As the annealing temperature of the cold deformed bimetal strip (¢ = 80%) increases, the hardness
decreases in both the aluminum layer and the copper layer, slightly up to 250°C, and then sharply in
the interval from 250 °C to 300 °C, when both layers recrystallize.
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