
UNIVERSITY OF BELGRADE  

 TECHNICAL FACULTY BOR 

 

 

52nd International October Conference on 
Mining and Metallurgy 

 

 

 

PROCEEDINGS 
 

 

Edited by 

Saša Stojadinović 

and 

Dejan Petrović 

 

 

November 29th – 30th 2021 

Bor, Serbia 



UNIVERSITY OF BELGRADE  

 TECHNICAL FACULTY IN BOR 

 

 

52nd International October Conference on 
Mining and Metallurgy 

 

 

 

PROCEEDINGS 
 

 

Edited by 

Saša Stojadinović 

and 

Dejan Petrović 

 

 

November 29th – 30th 2021 

Bor, Serbia 





52nd International October Conference  

on Mining and Metallurgy, IOC 2021 

 
PUBLISHER: 
UNIVERSITY OF BELGRADE ‐ TECHNICAL FACULTY IN BOR, BOR, NOVEMBER 2021 
 
FOR THE PUBLISHER:  
DEAN: Prof. dr Nada Štrbac 
 
EDITORS: 
Prof. dr Saša Stojadinović 
Doc. dr Dejan Petrović 
 
 
TECHNICAL EDITOR 
Pavle Stojković, MSc. 
 
PRINTED BY:  
»Štamparija Atlantis d.o.o.« Niš  
 
CIRCULATION: 100 Copies 
 

CIP – Каталогизација у публикацији – 

Народна библиотека Србије, Београд 

622(082) 
669(082) 
 
INTERNATIONAL October Conference on Mining 
and Metallurgy (52 ; 2021 ; Bor) 
Proceedings / 52nd International October 
Conference on Mining and Metallurgy ‐ IOC 2021, 
November 29th ‐ 30th 2021 Bor, Serbia ; [organizer] 
University of Belgrade, Technical Faculty in Bor ; 
[co‐organizer Institute for Mining and Metallurgy 
Bor] ; edited by Saša Stojadinović and Dejan 
Petrović. ‐ Bor : University of Belgrade, Technical 
Faculty, 2021 (Niš : Atlantis). ‐ V, 228 str. : ilustr. ; 
25 cm 
 
Tiraž 100. ‐ Bibliografija uz svaki rad. 
 
ISBN 978‐86‐6305‐119‐5 
 
а) Рударство ‐‐ Зборници б) Металургија ‐‐ 
Зборници 
 
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 

 

 

   

 

 

 

 

 

   

   
   

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

COMMITTEES

52nd International October Conference  

on Mining and Metallurgy, IOC 2021 

   

 

SCIENTIFIC COMMITTEE  

 

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

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

Prof. dr Rodoljub Stanojlović, (UB TF Bor, Serbia) 

Prof. dr Radoje Pantović, (UB TF Bor, Serbia) 

Prof. dr Jakob Lamut, (ULj FNT Ljubljana, Slovenia) 

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

Prof. dr Grozdanka Bogdanović, (UB TF Bor, Serbia) 

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

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

Prof. dr Dragoslav Gusković, (UB TF Bor, Serbia) 

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

Dr Slavomir Hredzak, (SAS Kosice, Slovakia) 

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

Prof. dr Karlo Raić, (UB TMF, Serbia) 

Prof. dr Snežana Šerbula, (UB TF Bor, Serbia) 

Dr Ana Kostov, (IRM Bor, Serbia) 

Prof. dr Kemal Delijić, (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 Muhamedagić, (FMM Zenica, 
B&H) 

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

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

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

Prof. dr Batrić Pešić, (Materials Science Faculty, 
Idaho, USA) 

Prof. dr Ljubica Ivanić, (UB TF Bor, Serbia) 

Dr Srećko Stopić, (RWTH Aachen, IME Aachen, 
Germany) 

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

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

Prof. dr Tamara Holjevac Grgurić, (MF Sisak, 
Croatia) 

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

Prof. dr Milan Antonijević, (UB TF Bor, Serbia) 

Prof. dr Tatjana Volkov‐Husović, (UB TMF, Serbia) 

Prof. dr Branka Jordović, (TF Čačak, Serbia) 

Prof. dr Milan Trumić, (UB TF Bor, Serbia) 

Prof. dr Tomaš Havlik, (TUKE, Slovakia) 

Prof. dr Carl Heinz Spitzer, (TU Clausthal, Germany) 

Dr Mile Bugarin, (IRM Bor, Serbia) 

Prof. dr Velizar Stanković, (UB TF Bor, Serbia) 

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

Dr Milenko Ljubojev, (IRM Bor, Serbia) 

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

Prof. dr Dejan Tanikić, (UB TF Bor, Serbia) 

Dr Mirjam Jan‐Blažić, (Slovenian Foundryen 
Society, Slovenia) 

Prof. dr Vitomir Milić, (UB TF Bor, Serbia) 



Prof. dr Desimir Marković, (UB TF Bor, Serbia) 

Prof. dr Mirjana Rajčić Vujasinović, (UB TF Bor, 
Serbia) 

Dr Vladan Ćosović, (UB IHTM, Serbia) 

Prof. dr Dimitris Panias, (NTUA, Athens, Greece) 

Prof. dr Mirko Gojić, (MF Sisak, Croatia) 

Prof. dr Vladimir Krstić, (Queen’s University, 
Canada) 

Prof. dr Dimitriu Sorin, (Polytechnic University of 
Bucharest, Romania) 

Dr Miroslav Sokić, (UB ITNMS, Serbia) 

Prof. dr Vladislav Kecojević, (West Virginia 
University, USA) 

Prof. dr Dragan Manasijević, (UB TF Bor, Serbia) 

Prof. dr Mirsada Oruč, (FMM Zenica, B&H) 

Prof. dr Vlastimir Trujić, (IRM Bor, Serbia) 

 

 

ORGANIZING COMMITTEE  

 

Prof. dr Saša Stojadinović, vanredni profesor, UB, TF Bor 

Prof. dr Ljubiša Balanović , vanredni profesor, UB, TF Bor 

Doc. dr Dejan Petrović, docent, UB, TF Bor 

dr Ana Kostov, naučni savetnik, Institut za rudarstvo i metalurgiju Bor 

Doc. dr Aleksandra Mitovski, docent, UB, TF Bor 

Doc. dr Ana Simonović,  docent, UB, TF Bor 

Prof. dr Jovica Sokolović, vanredni profesor, UB, TF Bor 

Prof. dr Đorđe Nikolić, redovni profesor, UB, TF Bor 

Doc. dr Uroš Stamenković, docent, UB, TF Bor 

Prof. dr Milan Radovanović, vanredni profesor, UB, TF Bor 

Doc. dr Danijela Voza, docent, UB, TF Bor 

Jelena Ivaz, asistent, UB, TF Bor 

Pavle Stojković , asistent, UB, TF Bor 

Mladen Radovanović , asistent, UB, TF Bor 

Predrag Stolić , asistent, UB, TF Bor 

Kristina Božinović , asistent, UB, TF Bor 

Sandra Vasković, Nastavnik engleskog jezika, UB, TF Bor 

Oliver Marković, šef IKTC, UB, TF Bor 

Miomir Voza, laborant, UB, TF Bor 

 

 

 

 

 

 

 



 



 

 

 

TABLE
 
 
 
 

Alek

THE

Zora

LASE

Slav

IMP
PAN

Dan

KINE
MAT

Emin
Stan

PAR

Emin
Mile

PAR

Drag
D M

STU

Vlad

THE
FRO

Vesn

 TEC
REV

Vesn

TECH
REV

Mile

USA

 

E OF CON

ksandra Milo

 COMPLEXIT

an Karastojko

ER QUENCH

vica Miletić, D

PACT OF EXT
NDEMIC COV

iela Grigorov

ETIC STUDY 
TERIAL 

na Požega, D
nojević Šimši

RT I: WHAT M

na Požega, D
etić 

RT II: WHAT M

gan Manasije
Minić, M Prem

DY OF MICR

dimir S. Topa

 INFLUENCE 
OM THE SYST

na Marjanov

CHNOLOGIES
VIEW 

na Marjanov

HNOLOGIES 
VIEW 

enko Jovanov

AGE SPECIFIC

 

The 52

NTENTS 

osavljević 

TY OF SEM‐E

ović, R Perić,

ING OF CUTT

D Bogdanovi

RAORDINAR
VID‐9 

va, R Paunov

OF SOLID‐PH

D Simonović,
ć  

MAKES A GO

D Simonović,

MAKES A GO

ević, Lj Balan
mović 

ROSTRUCTUR

alović, S Mati

OF THE PAR
TEM Li2O‐Al2

vić, R Markov

S FOR PHYSIC

vić, R Markov

FOR BIOLOG

vić, M Mikić,

CS OF GEOGR

2nd Internati

DS – WHAT 

, M Srećković

TING TOOL S

ć, E Požega

RY SECURITY

va 

HASE REDUC

 S Marjanovi

OOD THERMO

 S Marjanovi

OOD THERM

nović, I Mark

RE AND THER

ijašević, S Gr

RTICLE SIZE O
O3‐GeO2‐P2O

vić, V Krstić

CAL TREATM

vić, V Krstić

GICAL TREAT

, M Maksimo

RIDS 

ional Octob
Nove

w

i

AFFECTS TH

ć 

STEELS ‐ A RE

Y MEASURES 

CTION OF PO

ić, M Jovano

OELECTRIC 

ić, M Jovano

OELECTRIC 

ović, M Gorg

RMAL COND

rujić, J Stojan

ON CRYSTAL
O5 

MENT OF WA

TMENT OF W

ović, D Kržan

ber Confere
ember 29th – 30
www.ioc.tfbor.bg

E QUALITY O

EVIEW

TO EMPLOY

OLYGRADIEN

ović, L Gomid

 

ović, L Gomid

 

gievski, U Sta

DUCTIVITY O

nović, J Nikol

LIZATION OF

ATER CONTA

WATER CONT

ović, R Rajko

ence on M
0th  , 2021 
g.ac.rs 

OF OBTAINE

 

YEES DURING

NT IRON‐CON

dželović, M M

dželović, M M

amenković, K

F THE Ag–Bi

ić, V Savić, S

F GLASS POW

INING SELEN

TAINING SEL

ović, E Požeg

ining and M

D RESULTS? 

G THE       

NTAINING 

Mitrović, Z 

Mitrović, S 

K Božinović, 

–Sn ALLOYS 

S Zildžović 

WDERS 

NIUM: A 

LENIUM: A 

ga  

Metallurgy

1

5

15

19

23

27

  31

35

39

43

47



 

 

Sreć

INTE
ALLO

Snež

PAT

Mio

DEG

Drag

EFFE
MIN

Ana 

CHA

Mar

MUL
TOP

Dan

LON
ORE

Rad

CALC
THE
"NO

Zden

HAR
Cu C

Mio

STRA
MAG

Mila

DUA
AND

Filip

USE

Filip

POS

 

ćko Manasije

ERMETALLIC
OY 

žana Šarboh 

TENTED INVE

mir Mikic, M

GRADED ARE

gana Adamo

ECTS OF TAIL
NING AREA, E

Kostov, Z St

ARACTERIZAT

rija Milenkov

LTICRITERIA 
PLICA DISTRI

iel Kržanović

NG‐TERM PLA
E FIELD, THE 

milo Rajkovi

CULATION O
 WORKING E

ORTH MINING

nka Stanojev

RDENSS, MIC
CONTENT IN 

drag Banješe

ATIGRAPHY 
GMATIC COM

an Radivojev

ALPHASED FO
D ADAPTIVE 

p Gramić, N R

 OF COPPER

p Gramić, N R

SSIBILITY OF 

 

The 52

ević, Z Zovko 

C BONDING B

ENTIONS OF 

M Jovanović, 

EA OF VELIKI 

vić,, D Ishiya

LINGS ON GR
EASTERN SER

tanojević Šim

TION OF ALL

vić, V Jovano

 ANALYSIS O
CT USING TH

ć, R Rajković,

ANNING OF 
REPUBLIC O

ć, D Kržanov

OF SAFETY D
ENVIRONME
G DISTRICT"

vić Šimšić, A 

CROHARDNE
Cu‐Al‐Ag SY

ević 

AND AGE O
MPLEX ANDT

ić, Z Stević, M

OURWAYINT
MOD OF OP

Rančić, S Filip

R TAILING AN

Rančić, S Filip

USING MINI

2nd Internati

Brodarac, N

BETWEEN A 

LJUBOMIR K

R Rajković, D

KRIVELJ QU

ma, H Kawa

ROUNDWAT
RBIA 

mšić, A Milosa

LOYS CuAlAu

vić, J Paunko

OF THE LEVEL
HE ELECTRE M

, D Stevanov

MINING THE
OF MONTENE

vić, M Mikić, 

ISTANCE FO
ENT WITH W
 OF THE COP

Kostov, A M

ESS AND ELEC
YSTEM 

F ROCK UNIT
THE BOR ME

M Tanaskovi

TERSECTION
PERATION 

pović, J Đorđ

ND COPPER S

pović, J Đorđ

ING WASTE 

ional Octob
Nove

w

ii

N Dolić, M Dju

RING CARRI

KLERIĆ   

D Kržanović, 

ARRY RECUL

raya, O Yasu

TER ALONG B

avljević, 

u0.5 

ović, V Krstić

L OF SUSTAI
METHOD 

vić, M Mikić, 

E LEAD AND 
EGRO 

M Jovanović

R THE OPERA
WEAKENED CH
PPER MINE M

ilosavljević, 

CTROCONDU

TS AND MIN
ETALLOGENI

ć 

N REGULATED

đević 

SLAG IN D PR

đević, 

IN THE PROD

ber Confere
ember 29th – 30
www.ioc.tfbor.bg

urdjević, R R

ER AND AN A

E Požega

LTIVATION

umasa

BOR AND BE

, 

NABLE DEVE

M Jovanović

ZINC ORE D

ć 

ATION OF M
HARACTERIS
MAJDANPEK

E Požega 

UCTIVITY OF

NERALIZATIO
C ZONE – A 

D BY TRAFFIC

RINTED CON

DUCTION OF

ence on M
0th  , 2021 
g.ac.rs 

adiša 

ALUMINUM

 

ELA RIVERS IN

ELOPMENT O

ć, S Petrović 

EPOSIT IN TH

MINING EQUI
STICS AT THE
K 

F ALLOYS WIT

ON IN THE TIM
REVIEW 

C LIGHTS WI

CRETE PROC

F BRICK PRO

ining and M

M PISTON 

N THE BOR 

OF THE 

HE BRSKOVO

IPMENT IN 
E OPEN PIT 

TH VARIABL

MOK 

ITH FIXED 

CESSES 

DUCTS 

Metallurgy

51

55

59

63

67

71

O 
75

79

LE 
83

87

93

97

101



 

 

Step

GOL
ELEC

Mila
Zdra

ADS

Milja
Zdra

pH A
ION

Vesn
M M

ELEC
WAL

Mar

EXP

Ivan

INFL

Mila
Anto

L‐LY

Drag

THE
DIFE

Drag

OPT
SOL

Milij

OBT
ROL

Nata

THE

Nata

SEM

 

 

pan O. Vydys

LD‐SILVER AL
CTROLYTES 

an Gorgievsk
avković 

SORPTION IS

an Marković
avković 

AND CONDU
S ONTO WA

na Grekulovi
Marković 

CTROCHEMI
LNUT SHELL 

rija Šljivić‐Iva

ERIMENTAL 

na Jelić, A Sav

LUENCE OF S

an Radovano
onijević 

YSINE AS COR

gana Marilov

 INFLUENCE 
ERENT COND

gana Medić, 

TIMIZATION 
UTION 

jana Mitrovi

TAINING MU
LLING PROCE

aša Đorđević

 INFLUENCE 

aša Đorđević

M AND X‐RAY

 

The 52

sh 

LLOYS ANOD

ki, M Markov

SOTHERMS F

ć, M Gorgievs

UCTIVITYCHA
ALNUT SHELL

ić, A Mitovsk

CAL BEHAVI
MACERATE 

anović, S Dim

DESIGN APP

vić, M Šljivić‐

SILICA FUME

ović, A Simon

RROSION IN

vić, M Trumi

OF CALCIUM
DITIONS 

S Milić, S Ala

OF CATHOD

ć, D Guskovi

ULTILAYER CO
ESS 

ć, S Mihajlov

OF HIGH CO

ć, S Mihajlov

Y ANALYSES 

2nd Internati

DIC DISSOLUT

vić, D Božić, V

FOR COPPER 

ski, N Štrbac

ANGE DURIN
LS 

ki, M RajčićV

OR OF COPP

mović, I Jelić,

PROACH IN R

‐Ivanović, S D

E ON SCC CO

nović, M Petr

HIBITOR OF 

ć, M Trumić,

M IONS ON D

agić, M Nujk

DIC MATERIA

ć, S Marjano

OPPER STRIP

ić, N Obrado

OMPACTION

ić, M Sokić, B

OF SINTERE

ional Octob
Nove

w

iii

TION RESEA

Vr Stanković,

IONS ADSO

, V Grekulov

NG THE RINSI

ujasinović, N

PER IN CHLO

RADIONUCL

Dimović 

NCRETE PRO

rović Mihajlo

STAINLESS S

,Lj Andrić 

DEINKING FL

ić, S Đorđiev

AL LEACHING

ović, BTrumić

PS BY ARB (A

ović, A Peleš,

 PRESSURE O

B Marković

D MgO / Bi2

ber Confere
ember 29th – 30
www.ioc.tfbor.bg

i 

ARCH IN HYD

, N Štrbac, V 

RPTION ONT

vić, A Mitovsk

ING AND AD

N Štrbac, M Z

RIDE MEDIU

IDE SORPTIO

OPERTIES 

ović, Ž Tasić, 

STEEL IN RIN

LOTATION RE

vski, A Paplud

G PROCESS IN

ć, E Požega, U

ACCUMULAT

 S Filipović 

ON CORDIER

O3 BINARY S

ence on M
0th  , 2021 
g.ac.rs 

ROCHLORIC 

Grekulović, 

TO WALNUT

ki, K Božinov

DSORPTION O

Zdravković, M

UMIN THE PR

ON 

V Nedelkovs

NGER’S SOLU

ECOVERY UN

dis 

N ACID‐SULP

U Stamenkov

TIVE ROLL BO

RITE‐BASED C

SYSTEM 

ining and M

ACID 

M 

T SHELLS 

vić, M 

OF COPPER 

M Gorgievski

RESENCE OF 

ski, M 

UTION 

NDER 

PHATE 

vić, J Petrovi

ONDING) 

CERAMICS 

Metallurgy

105

109

113

, 

117

121

125

129

133

137

ić 

141

145

149



 

 

Ivan

COM
PRO

Dan

FERR

Slav

THE

Mila

EXP
AND

Alek

STU

Alek

RECY
SELF

Vlad
Vuka

FOR

Vlad
Vuka

GEO
NEA

Kon

MET
DISS

Stef
Trifu

MO
RIVE

Viša

CHE
TECH

Snež

DEF

 

 

na Ilić, J Soko

MPARATIVE 
OCESS OF MA

iela Grigorov

ROSILICON O

vica Mihajlov

 CLAY PRELIM

an Milosavlje

ERIMENTAL 
D 400 °C OF T

ksandar Đorđ

DY OF TEMP

ksandar Savić

YCLED COAR
F‐COMPACTI

dan Kašić, D Ž
adinović 

RECAST RESO

dan Kašić, A R
adinović 

OLOGICAL AN
AR KOSOVSK

stantin Petko

THOD FOR U
SOLUTION O

fan Đorđievs
unović 

NITORING O
ERSDOWNST

Tasić, M Coc

EMICAL COM
HNICAL FAC

žana Ignjatov

INING STRU

 

The 52

olović, M Tru

RESULTS OF
AGNETIC CO

va 

OBTAINING 

vić, M Jovano

MINARY TES

ević, M Prem

AND THERM
TERNARY Bi‐

đević, D Min

PERATURE P

ć, I Jelić, M Š

RSE AGGREG
ING CONCRE

Životić, V Sim

OURCES OF Z

Radosavljevi

ND MINERAL
KA KAMENICA

ov, V Stefano

UTILIZATION 
OF PYRITE CO

ki, D Ishiyam

OF pH VALUE
TREAM FROM

cić, B Radovi

MPOSITION O
ULTY IN BOR

vić, I Vasiljev

CTURAL COR

2nd Internati

mić, Z Stirba

 COPPER FLO
NCENTRATIO

USING IRON

ović, N Đorđe

STING FROM

mović,, D Min

MODYNAMIC
‐Cu‐Ge SYST

ić, M Premov

HASE TRANS

Šljivić‐Ivanov

GATE AND FL
ETE 

mić, A Radosa

ZEOLITHIC TU

ć‐Mihajlović

L CHARACTE
A 

ova, P Iliev

OF THE SUL
ONCENTRATE

ma, Y Ogawa,

E AND CONC
M BOR MINE

ć, T Apostolo

OFPARTICULA
R (SERBIA) 

vić, M Negov

RRELATION U

ional Octob
Nove

w

iv

nović 

OTATION FR
ON 

N‐SILICATE –F

ević, A Patar

M MUNICIPAL

ić, Dn Mansi

C STUDY OF 
EM 

vić,, D Mansi

SFORMATIO

ić, S Dimović

LY ASH EFFEC

avljević‐Mih

UFFS OF SER

ć, S Radosavlj

RISTICS OF Z

FURIC ACID 
E  

 Z Stevanovi

ENTRATION
E IN PERIOD

ovski‐Trujić

ATE MATTER

vanović 

USING OF TO

ber Confere
ember 29th – 30
www.ioc.tfbor.bg

v 

OM SLAG BE

FAYALITE 

ić, M Vlahov

LITY AREA O

jević, Ar Đor

ISOTHERMA

ijević, M Milo

ON OF THETE

ć, N Pudar, A

CT ON COMP

ajlović, J Stoj

BIA 

jević, J Stoja

ZEOLITHIC TU

OBTAINED D

ć, O Osenye

 OF COPPER
 2015‐2021

R IN THE IND

OTALHORIZO

ence on M
0th  , 2021 
g.ac.rs 

EFORE AND A

vić, V Kašić 

OF REKOVAC 

rđević, M Ko

AL SECTIONS

osavljević, V

RNARY Bi‐Cu

A Pfandler 

PRESSIVE ST

janović, S M

nović, S Mih

UFF TOPONI

DURING AUT

ng, D Adamo

IN 

DOOR AIRAT 

ONTAL GRAD

ining and M

AFTER THE 

larević 

S AT 600 °C 

V Ristić 

u‐Ge SYSTEM

RENGTH OF 

ihajlović, M 

ajlović, M 

ICA DEPOSIT

TOCLAVE 

ović, V 

THE 

DIENT 

Metallurgy

153

157

161

165

M  169

173

177

TS 
181

185

189

193

197



 

 

Veliz

INCR
"SER

Vlad

CHA
AND

Vanj

HYD
SEPA

Jova
Man

EVA
MG 

Drag

POS
FILL

Pred

ADV
SOL

Slađ
Šimš

QUA
VINO

Saša

INFL
Cu– 

 

 

 
 

 

 

zar Stanković

REASING TH
RBIA ZIJIN CO

dimir Jovanov

ARACTERIZAT
D SEAWEED  

ja Trifunović

DROMETALLU
ARATION 

ana Bošnjako
nasijević 

ALUATION OF
HYBRID ADS

gan Radulov

SSIBILITY OF 
ER IN VARIO

drag Stolić, J 

VANTAGES O
UTIONS BAS

đana Krstić, E
šić 

ALITY INVEST
OGRADI LOC

a Marjanović

LUENCE OF C
Al 

   

 

 

The 52

ć, M Janošev

E CAPACITY 
OPPER" ‐ CH

vić, D Todoro

TION OF PEL

ć, L Avramov

URGICAL TRE

ović, N Kneže

F ADSORPTIO
SORBENT 

ić, Lj Andrić, 

USING LIME
OUS INDUSTR

Ivaz, D Petro

OF MINING E
SED ON FREE

E Požega, S P

TIGATION O
CALITY (DELI

ć, D Gusković

COLD ROLLIN

2nd Internati

vić 

OF THE COP
HALLENGES A

ović, B Ivoše

LLET SAMPLE

ić, R Jonović,

EATMENT O

ević, N Čutov

ON PERFORM

D Božović, V

ESTONE FRO
RY BRANCHE

ović, Zoran S

ENGINEERING
E SOFTWARE

Petrović, S M

F SAND FOR
BLATSKA PE

ć, M Mitrović

NG AND ANN

 

ional Octob
Nove

w

v

PPER SMELTI
AND CONSEQ

vić, D Radulo

ES OBTAINED

, S Milić, S Đ

F ELECTIRIC 

vić, M Bugarč

MANCE OF P

V Jovanović, 

M “PJEŠIVAČ
ES 

Stević 

G CURRICUL
E 

agdalinović, 

R THE PRODU
EŠČARA) 

ć, E Požega ,B

NEALING ON

ber Confere
ember 29th – 30
www.ioc.tfbor.bg

ING COMPA
QUENCES TO

ović, S Miliće

D BY PELETIZ

orđievski, M

ARC FURNA

čić, A Jovano

PHOSPHATES

B Ivošević, D

ČKI DO”‐DAN

LUM REALIZA

D Urošević, 

UCTION OF A

B Trumić, U S

N HARDNESS 

 

ence on M
0th  , 2021 
g.ac.rs 

NY IN THE C
O THE ENVIR

ević, D Nišić 

ZATION OF L

M Jonović 

ACE DUST IN 

ović, Z Veličko

S REMOVAL 

D Todorović, 

NILOVGRAD

ATION USING

S Miletić, Z S

AGGREGATES

Stamenković

OF BIMETA

ining and M

COMPANY 
ONMENT 

LIMESTONE 

AIM OF ZINC

ović, S 

USING CELL

 DEPOSIT AS

G 

Stojanović 

S ON 

ć 

LLIC STRIP 

   

Metallurgy

201

205

C 
209

L‐
213

S 

217

221

225

229

 



 

 

pH

Milj

 

Abstrac
The chan
adsorpti
adsorben
value du
phase in
earth me
first 50 m
conducti
ions in t
During t
to declin
decrease
structure
the conc
ions dur

Keyword

1. INT

The gro
aims to 
to the c
smoothl
systems
in the 
econom
wastewa
precipit
electroc
method 
adsorpti
process
effluent
and min

In this p
solution
well as 

H AND C
ADSOR

jan Marko

1Techni

ct 
nge in pH a
ion of copper
nt, reaching 
uring the rins
nto the molec
etal ions. As
ml of distille
ivity is most 
the solution,
the adsorptio
ne. The relea
e in pH valu
e. The condu
centration of 
ring the adso

ds: Adsorptio

TRODUCT

owing devel
process ore

creation of 
ly, it is nec
s [2].During
world, whi

mically accep
aters can b
tation, coag
chemical m

of wastew
ion using n
, compared
ts, low oper
nimizationo

paper, waln
ns. The pH a
during the a

 

The 52

ONDUCT
RPTION O

vić1, Milan
Mitovsk

ical Faculty 

and conductiv
r ions wasinv
a constant v
sing of the a
cular structu
 for conduct

ed water, foll
likely cause
 which are 

on process, t
ase of H+ io
ue as a resul
uctivity increa
f alkali and a
rption proce

on, copper io

TION 

lopment of t
es, metals, m
f a huge am
cessary to c
g the last tw
ich has con
ptable techn

be achieved 
gulation an

methods, cem
water treatm
natural adso
d to the con
rating costs,
f obtained s

nut shells w
and conduc
adsorption p

nd Internati

TIVITYC
OF COPP

n Gorgievsk
ki1, Kristina

Bor, Unive

vity values d
vestigated in

value after th
adsorbent oc
ure of the ads
tivity change
lowed by a d

ed by the incr
being transf

the pH value 
ons from the 
lt of the dep
ases during 
lkaline earth

ess. 

ons, walnut s

the mining 
minerals, an
mount of w
comply with
wo decades, 
ntributed to
nologies fo
by already

nd floccula
mentation, 
ment, espec
orbents–bio

nventional te
, natural ad
sludge [5].

were used as
ctivity value
process. 

onal Octob
Nove

w

 

CHANGE
PER IONS

 

ki1, Nada Š
a Božinović

ersity of Bel

during the ri
n this study. 
he passing of 
ccurs as a re
dsorbent, whe
e, a sudden i
decrease in c
rease in the 
ferred from t

rapidly incr
adsorbent s

protonation o
the adsorptio

h metal ions i

shells, pH, co

and metal p
nd other raw
wastewater 
h legal laws
there has b

o the deve
or wastewat
y existing c
ation, adso
and variou
cially waste
osorption [4
echnologies

dsorbents are

s an adsorbe
es were mon

ber Confere
ember 29th – 30
www.ioc.tfbor.bg

E DURING
S ONTO W

trbac1, Ves
ć1, Milica Z

lgrade, V.J.

insing of the
The pH valu

f 100 ml of di
esult of the tr
ere they are 
increase in c
conductivity 
concentratio
the adsorben
reases for the
structure into
of functional
on process. T
in the solutio

onductivity.

processing i
w materials 
[1]. For an
s that requi
been an incr
lopment of

ter treatmen
conventiona
orption, ion
s membran
ewaters wit
4]. The mai
s, are: high 
e often with

ent for copp
nitored duri

ence on Mi
0th  , 2021 
g.ac.rs 

G THE R
WALNU

sna Grekul
Zdravković

 12, 19210 

e walnut shel
ue increases 
istilled water
ransfer of H
exchanged w

conductivity 
with further 
on of alkali a
nt structure 
e first few mi
o the aqueou
l groups in t
This increase
on, which are

industry in t
as efficient

n industry 
ire efficient
rease in env
f new, effi
nt.Removal 
al technolog
n exchange
ne processe
th low con
in advantag
efficiency 

h low or wi

per ions ads
ing the rinsi

ining and M

RINSING 
T SHELL

lović1, Alek
ć1 

Bor, Serbia

lls as well a
during the r
r. The increa

H+ ions from 
with alkali a
occurs after
rinsing. The

and alkaline
into the aqu
inutes, after 
us phase cau
the adsorben
e is due to an
e exchanged

the 21st cen
tly as possib
to be able 

t wastewate
vironmental
cient, ecolo
of heavy m

gies such as
e, solvent 
s [3].A new
ntent of po
ges of the 
in treating 

ithout econo

sorption fro
ing of the a

Metallurgy

AND 
LS 

ksandra 

a 

s during the
insing of the

ase in the pH
the aqueous

and alkaline-
r passing the
e increase in
e earth metal
ueous phase.
which starts
uses a rapid
nt molecular
n increase in

d with copper

ntury, which
ble, has led
to operate

er treatment
l awareness
ogical, and

metals from
s: chemical
extraction,

w potential
ollutants, is
biosorption
very dilute

omic value,

om aqueous
adsorbent as

e 
e 

H 
s 
-
e 
n 
l 
 

s 
d 
r 
n 
r 

h 
d 
e 
t 
s 
d 

m 
l 
, 
l 
s 
n 
e 
, 

s 
s 

113



 
 
 

The 52nd International October Conference on Mining and Metallurgy, 29-30November 2021 
 

 

2. EXPERIMENTAL 

The adsorption experiments were performed by bringing into contact 0.5 g of walnut shells with 
50 ml of a synthetic copper ions solution of initial concentration 0.2 g dm-3. Prior the 
experiments, walnut shells were firstly ground, then sieved through a set of laboratory sieves, 
and the sieve fraction (-1+0.4) mmwas used for the experiments.All the sampleswere rinsed with 
200 ml of distilled water before the adsorption experiments. 

3. RESULTS AND DISCUSSION 

3.1 Change of pH value during the rinsing of walnut shells with distilled water 

The change in pH value during the rinsing of walnut shells is shown in Figure 1. It can be seen 
that the pH value rises quickly at the beginning of the adsorption process, reaching a near- 
constant value after passing 100 ml of distilled water. The increase in pH value most likely 
occurs due to the transfer of H+ ions from the aqueous phase into the structure of the walnut 
shells, where they are exchanged with the alkali and alkaline earth metal ions from the walnut 
shells structure. 

 

 
Figure 1. Change in pH value of the solution during the rinsing of the walnut shells 

 

3.2 Change in conductivity of the solution during the rinsing of walnut shells with 
distilled water 

The change in conductivity of the solution during the rinsing of walnut shells with distilled water 
is shown in Figure 2. It can be seen, that the conductivity first rises up to around 50 ml of 
distilled water passed, where it reaches its maximum value. After that, with further rinsing, a 
decrease in the conductivity of the solution is noted. The increase in the conductivity occurs due 
to the increase in the concentration of alkali and alkaline earth metal ions in the solution, which 
are transferred from the walnut shells structure into the aqueous phase. With further rinsing, the 
conductivity decreases as a result of a decrease in the concentration of these ions due to the 
dilution of the solution. 
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Figure 2. Change in conductivity of the solution during the rinsing of walnut shells with distilled water 

3.3 Change of pH value during the adsorption of copper ions onto walnut shells 

Quite a different change in pH value was noted during the adsorption process, opposed to the 
rinsing of the adsorbent. The change in pH value of the solution during the adsorption of copper 
ions onto walnut shells is shown in Figure 3. As can be seen from Figure 3, the pH value sharply 
increasesin the first few minutes of the process, after whichdecreases,reaching almost a constant 
value after 30 minutes of the adsorption process. The decrease in pH value occurs due to the 
deprotonation of functional groups existing in the structure of the walnut shells, and the transfer 
of H+ ions into the solution, where they are exchanged with copper ions. 
 

 
Figure 3. Change in pH value of the solution during the adsorption of copper ions onto walnut shells 

3.4 Change in conductivity of the solution during the adsorption of copper ions onto 
walnut shells 

The change in conductivity of the solution during the adsorption of copper ions onto walnut 
shells is shown in Figure 4. As can be seen from Figure 4 the conductivity of the solution 
increases during the adsorption process. Thisincrease in conductivity occurs due to the increase 
in the concentration of alkali and alkaline earth metal ions in the solution, which are being 
exchanged with copper ions during the adsorption process. 
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Figure 4. Change in conductivity of the solution during the adsorption of copper ions onto walnut shells 

 

4. CONCLUSIONS 

During the rinsing of the adsorbent, the pH value of the solution increases due to the transfer of 
H+ ions from the aqueous phase into the structure of the walnut shells. The conductivityof the 
solution first rises up to around50 ml of distilled water passed, where it reaches its maximum 
value. After that, with further rinsing, a decrease in the conductivity of the solution is noted. The 
increase in the conductivity occurs due to the increase in the concentration of alkali and alkaline 
earth metal ions in the solution, which are transferred from the walnut shells structure to the 
aqueous phase. With further rinsing, the conductivity decreases as a result of a decrease in the 
concentration of these ions due to the dilution of the solution. For the adsorption experiments,the 
pH value sharply increases in the first few minutes of the process, after which decreases, 
reaching almost a constant value after 30 minutes of the adsorption process. The decrease in pH 
value occurs due to the deprotonation of functional groups existing in the structure of the walnut 
shells, and the transfer of H+ ions into the solution, where they are exchanged with copper ions. 
The conductivity of the solution increases during the adsorption process. This increase occurs 
due to the increase in the concentration of alkali and alkaline earth metal ions in the solution, 
which are being exchanged with copper ions during the adsorption process. 
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