


ceMuHapcKku pan ca oreHoM 10 (mecer), 6. 9. 2013. ronune npen Komucujom y cacraBy: npod. ap
Hana IlItp6an, Texumuku ¢akynrer y bopy VYuuBepsurera y beorpany; mpod. ap HWsan
Muxajnosuh, Texuunuku ¢akynrer y bopy Yuusepsurera y beorpany u mpod. ap [parana
Kuskosuh, Texunuku daxynrer y bopy YauBepsurera y beorpany.

1.1. XpoHonoruja ogo0paBama U U3paje Aucepraiuje

XpoHouoruja ogo0paBama 1 U3pajie JOKTOPCKe JucepTalyje npoTeKia je ciaenehoM JMHAMUKOM:

Ha cegumu Karenpe 3a Metanypmko wHXewmepcTBo TexHuukor (akynrera y bopy
VYuusepsutera y beorpany, onpxanoj 26. 09. 2013. roguHe, KOHCTaTOBaHO je JAa je
Anexcanapa MHUTOBCKH, TUIUL. HHXK. METAIYPT., IPUjaBUIa JOKTOPCKY JUCEPTALIN]y MO
HazuBOM ,Kapakrepuzalvja HecTaHAApAHUX KOHIEHTpaTa Oakpa M HCIHUTHUBAKE
MoryhHoctu mwuxoBe npepane u HacraBHo-HayuyHom Behy TexHuukor ¢akynrera y
bopy YuuBep3utera y beorpany je mpemnoxxeHa Komucuja 3a maBame MHIUBEHA O
Hay4YHO] 3aCHOBAHOCTHU TIPEUIOKECHE TEME JOKTOPCKE UCEPTaIHje y cacTaBy: mpod. ap
Hapa IlItp6an, Texuwuku ¢akynrer y bopy YuuBepsurera y beorpany; mpod. mp
Hparana JXXuskoBuh, Texuunuku axynrer y bopy Yuusepsurera y beorpany; nmpod. np
Kemkxo Kambeposuh, Texnonomko-mMeranypiku (akynrer y beorpany YHuBep3utera
y Beorpany; npod. np Mean Muxajnosuh, Texuuuku dakynrer y bopy YHusepsurera y
beorpany u ap Mupocnas Coxuh, HayuHu capagHuk WHCTUTyTa 3a TEXHOJOTH]Y
HYKJIEApHUX U JIPYTHMX MHUHEpPATHHUX cUpoBHHA y beorpaay. 3a MeHTOpa je mpeuiokeHa
np Hana Itp6ar, penoau npodecop Texamukor dakynrera y bopy YHuBepsurera y
beorpany.

Onnykom HacraBHo-HayuyHor Beha Texuuukor c¢akynrera y bopy YHuBepsurera y
beorpany, 6poj VI/4-11-8.2 ox 11. 10. 2013. ronune umenoBaHa je Komucuja 3a oueny
HaydHE 3aCHOBAHOCTHU IIPEJIOKEHE TeMe JIOKTOpCKe aucepranuje ,,Kapakrepusaruja
HECTaHAApJHUX KOHIIEHTpaTa 0akpa W UCTIMTUBAK-¢ MOTYNHOCTH BUXOBE Tpepaze’.

Onnykom HacraBHo-HayuyHor Beha Texuuukor ¢akynrera y bopy VYHuBepsurera y
beorpany, 6poj VI/4-12-12.2 ox 19. 11. 2013. ronune ycBojeH je M3pemraj Komucuje 3a
OLICHY Hay4YHE 3aCHOBAHOCTH IIPHjaBIJbEHE TOKTOPCKE JUCEpTaIHje.

Behe nayuynux oOmacTv TEXHMUKMX Hayka YHuBep3utTera y beorpany Ha cenHuum
oapxkanoj 16. 12. 2013. roauHe goHOCH 3akibydak O0poj 61206-5868/2-13, o omnaramy
JlaBamka CarjJjacHOCTH Ha MpPeUIor TeMe JOKTOpCKe JucepTalyje, y3 cyrectuje 3a
Kopekuujy u3semtaja Komucuje 3a oneHy HaydHe 3aCHOBAHOCTH TeME U MOAOOHOCTH
KaHJMaTa 3a u3pajay JOKTOpCKe AUcepTanyje.

Behe nHayunux obGnacTh TeXHMYKHMX Hayka YHHUBep3uteta y beorpany Ha cemaHuiu
onapxanoj 24. 2. 2014. ronuHe yBaXXuIJo je KopuroBaHu u3semiraj Komucuje 3a HayuHy
3aCHOBAHOCT TEME M JIOHENO je omnyky O0poj 61206-5868/2-13, o maBamy cariacHOCTH
Ha TIpe[UIOr TeMe JIOKTOpPCKe JAHcepTanyje TmoJ HasuBoM ,Kapakrepusammja
HEeCTaHJapJAHUX KOHIEHTpaTa 6akpa 1 MOryhHOCTH HBUXOBE Mpepajae.

Onnykom HacraBHo-HayuyHor Beha Texuuukor ¢akynrera y bopy YHuBepsurera y
beorpany, 6poj V1/4-21-8.4. on 12. 12. 2014. roaune, uMeHoBaHa je Komucuja 3a oneHy
u ox0paHy JOKTOpCKE AWcepTanuje KaHaugara AjekcaHape MHTOBCKH, y cacTaBy:
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npod. ap Hama Hltpban, Texmmuku dakynrer y bopy VYHupepsutera y beorpamy
(menmop); npod. np Hparana XKuskoBuh, Texunuku ¢akynrer y bopy YHusepsurera y
beorpany (uran); npod. np XKemko Kambeposuh, TexHomOMKO-METaMypIIKU (haKyaTeT
y beorpany Yausepsurera y beorpany (uwiawn); npod. ap iBan Muxajnosuh, Texauuku
dakynter y bopy YHuBepsutera y beorpany (uwian) m ap MupocnaB Cokuh, BuIm
HAayYHM capaJHUK MHCTUTyTa 3a TEXHOJOTH]y HYKJIEAPHUX U APYIrHX MUHEPATHHUX
cupoBuHa y beorpany (uzan).

1.2. Hayuna o06JacT gucepraimje

[IpenMer wucCTpakuBama JTOKTOPCKE IUCEpTalyje Mpumaaa HaydHoj obnactu Meranypiiko
HHKEEpCTBO (3a Kojy je Texunuku ¢axynrer y Bopy akpeauroBao CTyAMjCKe NpOrpaMe 3a cBa TPH
HHBOA CTyIuja), y’ka HaydHa obOiacT — MeTanypIliko MHKEHEpPCTBO. 3a MEHTOpa je u3abpaHa Ip
Hana Hltp6an, penosuu npodecop Texuuukor dakynrera y bopy Yuuepsutera y beorpamy 360r
WCTAaKHYTHX JOTIPUHOCA y JOMEHY KapakTepu3aluje, TePMOAMHAMHYKE W KHHCTHYKE aHAIIN3e
Metannux cyiaduna. [Ipod. np Hapma Iltpban xao ayrop u xoayrop myOnukoBaia je 51 pax y
yaconucuma ca JCR nucrte nutupanux 181 nyr y 167 panosa (nodayu npema SCOPUS-y 00 4. 1.
2015. 2o0une).

1.3. buorpadcku momany 0 KaHIuaary

Kanmunar Anekcanapa Murtoscku pohena je y bopy 3. 7. 1977. ronune, T/1e je 3aBpIInia OCHOBHY
U cpelmy Pymapcko-Meranypuiky IIKOJIY, CMep XeMHjCKO-TexHouomku TexHuyap (1996.).
Texuuuku Qaxynrer y bopy - meranypiiku ojcek, ynucana 1996. ronune. umiomupana 2005.
roAMHE ca TeMOM ,, TepMOJMHAMUYKa aHalu3a M HCIUTUBamE (a3He PaBHOTEXKE Y TEPHAPHOM
cucremy Ag-In-Sn*, mox mentopcrBoM npod. ap [parane XKuskosuh, ca onenom 10 (mecer) Ha
JTUTIJIOMCKOM HCIIHTY M TPOCEYHOM OIICHOM Yy TOKY cryauja 8.44, duMme je CTeKa 3Bame
JUIJIOMUPAHU MHXKEmep MeTanypruje. TOkoM OCHOBHUX CTyAMja OWiia aKTUBHO yCMEpeHa Ha
HAy4YHO-MCTPAXKUBAUKM paj (8 pagoBa Mpe3eHTOBAaHMX Ha MCTPAXKMUBAUYKUM CMOTpaMa CTY/AEHATa).
VYnucana nocneaumiiomcke-maructapeke crynuje 2005. roaune, Ha Karenpu 3a meranypiuko
nHxemepcTBo TexHuukor ¢akynrera y bopy. Ilpeycmepuna ce Ha goktopcke ctyauje 2008.
TOAIMHE Ha CTYAMJCKOM Iporpamy MeTanypiiko HHKemepcTBo TexHuukor ¢axynrera y bopy, rae
je y MmehyBpeMeHy IOJIOKHJIa CBE UCHHUTE U3 KYPHUKYIyMa JOKTOPCKHX CTYAHja, ca MPOCEYHOM
oreHoM 9,83.

3anocnena ox 18. 2. 2008. rogune Ha TexHuukoM QaxynteTy y bopy, mpBo kao capagHuK y
HACTaBU 3a YKy Hay4yHy oOmacT ExcTpakTMBHa MeTanypruja ¥ METalHH MaTepujayid, na Ou 3a
YHUBEP3UTETCKOT CapajHUKa Yy 3Bamkby AacHCTEHTa 3a YKy HayuHy obOnact EkcrpakTuBHa
MeTaJlypruja U MeTalypuIKO WHXKemepcTBO Omina m3abpana 12. 2. 2009. rogune. Ha Karenpu 3a
METAIYPIIKO HHXEHEPCTBO y OKBUPY HACTaBHE AaKTHUBHOCTHM TPEHYTHO j€ aHra)koBaHa Ha
OCHOBHMM aKaJeMCKHM CTyJIdjama Ha cienehuMm mpeamernma: Mertanypiika TepMoanHamuka |,
Teopuja mupomeranypikux mporeca, TomioTHa TexHUKa U nehu y meranypruju, Mertamypruja
CeKyHJIapHUX CUPOBHHA, MeTanypruja peTkux Metana u Bakyym meranypruja.



Anekcannpa MuUTOBCKH je ayTop U koaytop 23 pana (49 nurara y 44 nokymeHTa) myOJIMKOBaHa y
mehyHapogauM gaconucuma kareropucanuM npema JCR-nuctu (nodayu npema SCOPUS-y 00 4. 1.
2015. 2o0une), 18 pamoBa y HalMOHAJIHMM wYacomucuMma, 47 caomiirema ca KoHdepeHiuja
MehyHapoaHor 3Hauaja, 54 caomnmrema ca KoH(epeHMjaMa HAIlMOHAIHOT 3Hayaja U capaJHUK Ha
pa3Bojy 4YeTHpU TEXHUYKA pellierha. YUYEecTBOBaJla y peaiu3anuju yetupu mehynaponna (jemas y
TOKY) W JiBa HallMOHAJHA TPOjeKTa (jemaH y TOKy). buia umaH opranmzanuoHux oadopa miect
MehyHaponHux u Tpu HanuoHanHa ckynma. Opx 2012. roguHe kao uimaH TMMa ca TeXHUYKOT
(dakynrera y bopy, akTUBHO ydecTBYje y MPOMOLIM]H Hayke Mehy Miaaauma Kpo3 (ecTuBal HaykKe
,»Iumoukn Hayunu Topuano®, omHocHo on 2014. roguHe kpo3 manmdectanujy ,,bOHUC - Hoh
uctpaxupaya“. Ynan Cprckor xemujckor apymrTsa oa 2008. roguHe U AKaJeMCKOT KyITYPHOT
kiyoa T® Bop on 2014. rogune.

Harpahena 3natnom 3raukom bopa (1992.), Hocunan Bykose nummome (1992, u 1996.) u noOuTHUK
[Tnakere Texuuukor dakynrera y bopy (1998.).

2.0IIMC TUCEPTALINJE

2.1. Cangprkaj qucepraryie

JlokTopcka aucepTanuja kKanauaaTa Ajlekcanape MUTOBCKY, T, HHXK. METaTypruje, HalucaHa je
Ha 262 cTpaHe, y OKBHpY KOjux ce Hanasu 11 mornamsea, ca ykynHo 128 cnuka, 70 tabGena u 263
nuTeparypHa HaBona. Jloktopcka jaucepranuja caupku cieneha mornaiea: YBoa, IlocTymim
npou3Boame O0akpa, [pernen nocamgammux UcTpakuBama, L{nspeBu uctpaxkuBama, Teopujcku aeo,
Excnepumentanuu neo, Pesynratu u nuckycuja, 3akjbydHa pa3marpama, Jluteparypa, buorpaduja
n [lyOnMKoBaHM W CAOMIUTEHHM paJOBH U3 OKBHpa JOKTOpCKe auceprauuje. Ha mouerky
JMcepTalyje ¢y JaTH U3BOJAM Ha CPIICKOM M €HIJIECKOM je3HKy, a Ha Kpajy JucepTauuje MpHIo3H.
ITo cBOjoj] hopmu u canmpikajy, MOJHETH paj 3aJJ0BOJbaBa CBE CTaHAap/e YHuBep3uTeTa y beorpany
3a IOKTOPCKY UCEPTaIH]y.

2.2. Kparak npykas mojeIMHaYHuX HOrJIaBJba

Y ysoonom noenaémy naT je Kparak OCBPT Ha HCTOPHJCKM pa3BOj MeTajaypruje Oakpa,
pacrpocTpameHOCT Oakpa y MpUpOIU U pyaHe pe3epBe y cBery u y CpOuju; HaBeneHe cy
Haj3HAYajHUje KapaKTepUCTHKe Oakpa U KOMepLHUjaTHuX MUHepana Oakpa. /laT je kpaTak OCBpT Ha
KOHIICHTpaTe 0akpa M JIeTaJbHO ONHCAHH INTETHU YTUIAjH TOKCHYHUX elIeMeHara MPHUCYTHUX Y
KOHIIeHTpatuMa Oakpa. Ha kpajy yBOAHOT jena TpPEACTaBJbEHU CY AaKTYeIIHW TPEHIOBH W
MEPCIEKTUBE Y METATYPriju OaKpa.

Y opyeom noznaemy onvcaHu cy ayTOT€HU U KIIACUYHU MOCTYIIIN IPOU3BOIH-E Oakpa.

Tpehe noenasme Takohe mpuriaga TEOPHjCKOM ey pajia U y BEeMy je je JaT Mperjien U aHaan3a
JOCaTallbUX UCTPAKUBAKA PA3IMUNTUX KOHIIGHTpaTa Oakpa. JIuTepaTypHU Tperiien Mojae/beH je
Ha WCTpaXMBamka Be3aHa 32 TEPMOJAMHAMUKY M KHHETHKY MpoIleca OKCUAAINje HCTHTUBAHUX
pa3nMUUTUX CyN(HUIHUX KOHIIEHTpaTra Oakpa, TEPMOAMHAMHKY W KUHETHUKY Iy)KeHa CyI(UIHUX
KOHIIeHTpaTa 0akpa, ca MOCeOHUM aKIICHTOM Ha KOHIICHTPATe ca TIOBHIIEHUM CaJpiKajeM IMTETHUX
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MpUMeca; U UCTPaKMBaba MOTYNHOCTH yKJIamarma IITeTHUX IpUMeca U3 KOHIIEHTpaTa JTy>KEHhEeM ca
pPa3IMYUTUM peareHcuma.

vy yemepmom noeiaesby Cy 1€TaJbHO U3JI0KCHU IUJBCBU UCTpAXXKKUBarba.

Y nemom nocnasmy je oOjallllbeH XeMH3aM OKCHJIAIMOHOT TMp)KeHha KOHIIEHTpaTa Oakpa, U
NpHUKa3aHe TEOPUjCKE OCHOBE TEPMOJIMHAMHMYKE M KHHETHYKE aHAJIM3e IMpoleca OKCHAAIMOHOT
npkema. Takohe, IaT je OCBPT M Ha XeMH3aM Ipolieca yKIamama 3aralyjyhux enemenara w3
KOHIICHTpATa, ca MOCEOHMM HAarjackoM Ha XEMH3aM pa3jiaramka CHapruTa y KHCEIUM M AJIKaJTHUM
pacTBopuMa W XEMH3aM JIY)KE€Hha €HaprHTa PacTBOPOM HATPHU]jyM-XHIIOXJIOPHTA. Y OBOM JIENIy CYy
JaTe W TEOPHjCKe OCHOBE (DaKTOPCKOT JM3ajHa SKCIIEPHUMEHTa Kao MPUMEHJBUBOT MAaTEMaTHYKOT
ajlaTa y ONTHUMHU3ALHUjU UHIYCTPH)CKUX MpoIieca.

VY eKCHepUMEHTATHOM ey, IaTOM Y ulecmom no2uassy, neuHucanu cy KopuiheHn MaTepujaiu
3a eKCIEepUMEHTAIHA HCTPaKHBamba, 00jallllb-eHe Cy eKCIEPUMEHTATHE METOAE KapakTepusalluje
KopuirheHe y eKCepUMEHTHMa, /1aTa je eKCIepUMEHTalIHa TeXHUKA 32 KUHETUYKa UCIUTHBAbA Y
M30TEPMCKUM U HEM30TEPMCKUM YCIOBHUMA U 33 €KCIIEPUMEHTE BE3aHE 3a yKJIamame 3aral)yjyhux
eJIeMeHaTa U3 HECTaHJapIHUX KOHIIEHTpaTa Oakpa.

V ceomom nocjiiaes/by U3HCTU CY PE3YIITATH UCTPAKHMBAKbA U3 OKBHPA IIPEAMCTHE )II/ICCpTaI_[I/IjC, Kao u
,Z[HCKYCHja ,I[O6I/IjeHI/IX pe3yiTara. PGSYJ'ITB.TI/I Cy CHUCTCMATU30BAHU IIpEMa HCIIMTUBAHUM
KOHICHTpAaTUMa U TO Kao:

- KOMIIAapaTaTUBHU pE3yNTaTH Kapakrepuzanuje koju cy oOyxBaramun XRD anammsy, xemujcky
ananuzy, EDXRF ananu3y, KBaHTUTaTUBHY MUHEPAJIOUIKY aHAIU3y, ONTHYKY MHUKPOCKONHU]Yy U
SEM/EDS ananusy;

- pe3yiTaTH TEepPMOJIMHAMHUYKE aHAJM3e Tpolleca OKCHIAIMje KOHIIEHTpara Oakpa KOju Cy
oOyxBaTtanu oapehuBame cTabmIHOCTH daza U KOHCTPYKIH]Y Aujarpama crabuinHoctu daza 'y Me-
S-0O cucremuma Ha Temmneparypama 450, 650 u 900 °C, rae je Me = Cu, Fe, Pb, Hg, Zn, Cd, Ni, As,
Sb; ompehuBame paBHOTEKHOI cacTaBa HCIUTHBAHHX KOHIIEHTpATa; KOHCTPYKIH]Y IHjarpama
PaBHOTEKHOT cacTaBa 3a WCIUTHBAHE KOHICHTPATE M CHHTETHCAHE MEIIaBUHE, IPH Pa3IUIUTHM
MOJICKAM OJIHOCHMMa raca W Ilapke, Kako OM Cce MpaTWIO IOHAIlalke Mpe CBera JI0JaTHX
KOMIIOHEHATa MPH HEMOTIYHO] W TOTIYHO] OKCHAALUjU, a Y IUJbY YTBphHHUBama ONTUMAITHOT
OJTHOCA raca U IapiKe Mpu KojuMa ce JJ00Hjajy KeJbeHH MPOAYKTH OKCHIAIMOHOT TIPXKEHA;

- pe3yJITaTi TePMHUJCKE aHAIN3€e U oapehuBame MexaHN3Ma OKCHIAIH]e UCTUTUBAHUX KOHIICHTpAaTa
Y CHHTETHCAaHUX MelIaBuHA y aTMoc(hepu Ba3ayxa;

- PE3YJITATU KMHCTUYKE aHAJIU3€C IPOoIeCa OKCI/I,[[aLII/IjC HUCIIUTUBAHUX KOHLOCHTPATA U CUHTCTHCAHUX
MCIIABHUHA Y aTMOCCI)epI/I Ba3zyxa, y UBOTCPMCKUM U HCU30TCPMCKUM YCIIOBHUMA;

- pe3yaTaTH ONTHMH3AIH]e TIpolleca YKIamama MTETHUX KOMIIOHCHTH U3 KOHIICHTpaTa IPUMEHOM
MaTeMaTHYKOT MOJIENIOBakha - BUIIECTPYKE JIMHEApHE perpecHje Ha eKCIICpUMEHTAIHE pe3ylTare
nobujeHe myTeM (hakTOPCKOT AM3ajHA eKCIepUMEHTa Y MIJbY oJpehBama ONTUMATHHUX YCJIOBa 3a
yIpaBJbamke MPOIIECOM YKIIamkamka apceHa U3 HeCTaHAapAHUX KOHIleHTpaTa 6akpa. Ha ocHOBY Tora,
MPEeAJIOKEHA j€ TEXHOJIOIIKA IIeMa 3a CHIDKEHE caJipikaja apceHa y KOHIIEHTpaTuMa Oakpa.

VY ocmom nocnasmy W3HETH Cy HajBKHUJH 3aKJbYUIN U3BEICHH HA OCHOBY pe3yniTaTa JOOHjeHHX Y
JTOKTOPCKO] TUCEePTALIU]H.

VY Oesemom noenasmy je mpeacTaBibeHa KopHIlheHa JIuTeparypa, koja odyxBata 263 peneBaHTHa
JauTepaTypHa HaBojga. /lecemo noziasme ce OAHOCH Ha Oworpadujy KaHamaara, JOK Cy Y



jedanaecmom noenassby HaBEJICHW MYOJMKOBAHHM M CAOTMIITEHU PAJOBH MPOMCTEKIIA Kao pPe3yiTaT
pajia Ha AUCEPTAIHjH.

3. OLIEHA JJMCEPTAIINJE

3.1. CaBpeMeHOCT ¥ OPUTHUHAIIHOCT

CMameHa KOHIIGHTpalpja Oakpa y pPYIHHM JIKHIITHMAa ¥ HHU3aK KBAIUTET KOHIICGHTpATa
MPEACTaBIbajy HE3a00MIIa3HE MPoOJIeME Y METAypruju 0akpa MOCIeIbUX ToauHA. Y3uMajyhu y
0031p MPOrPECMBHO OCHPOMAIMBAIKE MOCTOjehMX pyIHUX pe3epBH ca jeAHE CTpaHe M pacTyhy
noTpedy 3a 0akpoM Ha MIOOATHOM HHUBOY ca Jpyre CTpaHe, MOCTOjU moTpeda 3a MPUMEHOM
HECTaHJApJHUX KOHIIEHTpaTa Oakpa, KOju JI0 CKOpPO HHUCY OWiaM y (POKyCy HCTpaKMBaYKUX
MHTEepecoBama. Ped je o KoHIeHTpaTuMa O0akpa CyapuIHOT TUIA HEYjeHAYCHOT cacTaBa y KOojuMa
je moBehana KOHIICHTpallMja MTETHUX puMeca U nparuiana 6akpa: Pb, Zn, As, Cd, Hg, Ni, Sb u

IPYTUX.

[ToBehano mpucycTBO OBUX €J€MeHaTa y HEeCTaHJapJHUM KOHIIEHTpAaTUMa JOAATHO KOMILIHUKYje
MUPOMETANYPIIKY TIpepaay U noBehaBa 1eHy ¢uHaIHOT Mpou3BoAa. Takohe, HEKe O MPUCYTHUX
npuMeca, IpaTuiana CyIpuIHIX MUHepaa, 00pasyjy U JIako UCTIapJbHBa jeHbEHHA, TE Ca acleKTa
3aIITUTE KUBOTHE CPEAMHE NPEICTaBJbajy IITETHE KOMIIOHEHTE y CBUM TEXHOJOIIKMM (azaMa
mpoleca Mpou3Bomke 0akpa.

W3 HaBeneHHMX pasnora, HeCTaHJApAHU KOHIIGHTpaTH Oakpa y MOCIEAmE BpEME NPEICTaBIbajy
NpeaMeT UCTPaKMBamba aKTyellaH Cca EKOJIOMIKOT W WHXKEHEPCKOT acleKTa, ald M ca acleKTa
€KOHOMCKE OITpaBJaHOCTH. 300T TOra je Mo3HaBame KapaKTepUCTHKAa TaKBUX KOHIIEHTpaTa, Kao U
UCTpaXMBake MOTIYhHOCTH HHUXOBE Ipepaje, 0 OMTHOI 3Hayaja 3a MOTBpPhUBamE MPETXOTHO
HaBE/IEHUX acleKkaTa U HM3HAJaKeme aJeKBaTHOI OATOBOPA y OJHOCY Ha 3aXTEBE CAaBPEMEHHUX
TPEHJI0BA Y METaTypruju Oakpa y CBETY JaHac.

3.2. OcBpT Ha pedepeHTHY U KOpUIThEeHY JUTEPATYPY

VY nuTepaTypHOM Tperiiey TOKTOPCKe JUCepTalrje HaBeaeHe cy 263 nmutepatypHe pedepeHiie, o
Kojux Hajsehu Opoj UMHE HOBUJU PaZOBU U3 Mel)yHapoIHUX yacomuca U peleBaHTHUX YIIOEHUKA U
MOHOTpadHja ca TEMaTUKOM 3HAa4ajHOM 3a U3pagy NOKTOpcke aucepranuje. HaBenene pedepenue,
KOje CcaJp)ke eKCIIEpUMEHTAHE pe3yiTare HCTpakMBakba MHOTUX HCTPAKMBAUKHX TPy,
MOCTYXXHJIE Cy 3a 00pady Imperiena JOCaAallbUX HCTPAKUBaMka, KA0 M 33 YINOPEAHY aHAINU3Y U
IUCKycHU]y A0OHMjeHHX pe3ynTaTa M 3akibydaka. M3 mommca nutepaType Koja je kopuitheHa y
UCTPaXHBamky, yodyaBa C€ aJIeKBATHO TIIO3HABamke IpPEJAMETHE OOJIACTH WCTPaKWBAmba, Kao M
MO3HABAE aKTYEJIHOT CTalkha UCTPAKUBAKA Y OBOj 0OJIACTH y CBETY.

Meby BaxHMjUM paJOBUMa KOjJU Cy HEMOCPETHO YCMEPaBajIl OBO MCTPAXKUBAHE Halla3e Ce OHU Y
KOJUMa Cy HCTpaXMBaHU HECTAHJApJHU KOHLEHTpaTh Oakpa ca aclekTa KapakTepusaluje,
TEPMOJUMHAMHYKE M KUHETHYKE aHaju3e Mpolleca OKCHAALMj€ W TOHAIlalka IITETHUX MpuMeca
NPUIMKOM OKCHAalMje y aTMoc(epH Ba3zayxa U MOIYhHOCTH BUXOBOT yKIIamamka U3 KOHIIEHTpaTa.



VY HacTaBKy OBOT M3BEIITaja Cy, Y TOM CMHUCJY, HaBEJICHH Haj3HAYAjHUJU PAJOBH KOpHUIThEeHU U
UTHPAHU y JUCEPTALUjU:
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3. Fornasiero, D., Fullston D., Li C., Ralston J., Separation of Enargite and Tennantite from
Non-arsenic Copper Sulfide Minerals by Selective Oxidation or Dissolution, International
Journal of Mineral Processing, 61 (2)(2001),109-1109.

4. Guo H., Yen W.-T., Selective Flotation of Enargite from Chalcopyrite by Electrochemical
Control, Minerals Engineering 18 (6)(2005), 605-612.

5. Hughes M.F., Beck B.D., Chen Y., Lewis A.S., Thomas D.J., Arsenic exposure and toxicology,
Toxicological Sciences, 123(2)(2011), 305-332.

6. Johnson K.M., Hammarstorm J.M., Zientek M.L., Dicken C.L., Estimate of undiscovered copper
resources of the world, 2013, US Geological Survey Fact Sheet 2014-3004, 2014.

7. Kim B.S., Kim E.Y., Kim C.K., Lee H.I., Sohn J.S., Kinetics of oxidative roasting of complex
copper concentrate, Materials Transactions, 49(3)(2008), 1192-1198.

8. Mihajlovi¢ I,. Strbac N., Nikoli¢ B., Zivkovi¢ Z., Potential metallurgical treatment of copper
concentrates with high arsenic contents, The Southern African Institute of Mining and
Metallurgy, 111(6)(2011), 409-416.

9. Padilla R., Giron D., Ruiz M.C., Leaching of enargite in H,SO4-NaCl-O, media,
Hydrometallurgy, (80)(2005), 272-279

10. Padilla R., Aracena A., Ruiz M.C, Reaction mechanism and kinetics of enargite oxidation at
roasting temperatures, Metallurgical and Materials Transactions, 43B (2012), 1119-1126.

11. Peacey J.G., Gupta M.Z., Ford K.J.R., Review of Process Options to Treat Enargite
Concentrates, In Proceedings of Copper, 3(2010), 1035-1050. Hamburg, Germany: GDMB.

12. Rosenquist T., Principles of extractive metallurgy, Tapir Academic Press, Trondheim, 2004.

13. Schlesinger M.E., King M.J., Sole K.C., Davenport W.G., Extractive metallurgy of copper,
Elsevier, 2011.

14. Soki¢ M., Ili¢ 1., Zivkovi¢ D., Vuékovié N., Investigation of mechanism and kinetics of
chalcopyrite concentrate oxidation process, Metallurgy, 47(2)(2008), 109-113.

15. Strbac N., Zivkovi¢ D., Zivkovi¢ Z., Mihajlovi¢ 1., Sulfidi-termijska, termodinamicka i
kineticka analiza, Punta Nis, 2005.

3.3. Onuc ¥ aIeKBaTHOCT ITPUMELEHUX HAVUYHUX METOAA

3a ycmemHy peanu3alujy LUbeBa HAYYHOT HCTpaXKMBamka y OKBHPY INpEIMETHE IucepTaluje
KopuuiheHe cy eKlnepuMeHTaTHE METOJIE U METOJIe KaJIKyJaluje.

VY OKBHpY IPUMEHEHUX €KCIIEPUMEHTATHUX METO/Ia, 3a KapaKTepH3alujy y3opaka HecTaHIapTHUX
KOHIIeHTpaTa 06akpa KOpHUIINEHO je BUIIE CaBpEMEHUX, CTaHAAPAU30BAHUX, BUCOKO PE30YTUBHUX
METOJ1a M AHAJUTUYKUX TEXHUKA.

ITpocTtopHa cTpyKTypa y30paka KOHIIEHTpaTa, XeMHjCKH U (a3Hu cacTaB opehuBanu cy:



- merogama audpakuuje (EDXRF — eneprercku nucrep3wBHa peHTreHCKa (uIyopeclieHIHja W
XRD - penrtrencka nu¢paxnuja). ExcnepumeHntanHa mepema BpIIeHa Cy Ha PEHATCHCKOM
mudppaktomerpy Mmapke “PHILIPS”, wmomen PW-1710, ca 3akpuBJbeHHMM Tpa@UTHHM
MOHOXPOMAaTOPOM U CHUHTHJIAIMOHUM OpojaueM;

— cnektpockonckuMm Meroaama (ICP-AES — aTtomcka emMucHoHa CIIEKTPOCKOINHja ca WHIYKOBAHO
KyrioBaHoM MmiazmMoM U AAC — aroMcka amcophiuoHa CIEKTPOCKOoNHja). EkcrmepuMeHTaHO
onpehuBame xemmjckor cactaBa ICP-AES Meromom BpiieHO je Ha aTOMCKOM E€MHCHOHOM
CIEKTPOMETPY Ca MHAYKOBAHO KYIUIOBAaHOM ILIa3MoM, Mapke‘‘Spectro” moxaen “Ciros Vision”, 10k
je 3a AAC meroay KopuitheH aTOMCKH arnicopniinoHu crekrpomerap mapke “Perkin Elmer”, monen
2380 ca mnamenom nehu;

— enekTpoaHamuTuukoM Metogom (EG - enextporpaBumerpuja) Ha ypehajy pasBujeHOM Yy
WHcTHTYTY 32 pyaapcTBO U MeTanyprujy y bopy;

- mukpockorickuM Metrogama (OM — onrtuuka Mmukpockonuja u SEM/EDS — ckenupajyha
SNICKTPOHCKA MUKPOCKOIHja/ eHePreTCKU JUCIIepP3MBHA ClieKTpoMeTpHja). OnTHuKa MUKPOCKOIIH]ja
pahena je mox moJApU3ALMOHMM MHUKPOCKOIOM 32 OJOMjeHy M MPOMYIITEHY CBETIOCT Mapke
“JENAPOL-U”, ¢pupme Carl Zeiss-Jena ca unAeHTHPHUKAIMjOM PYIHUX U HEPYAHHX MHUHepaia.u
cucremoM 3a mukpodororpadpujy “STUDIO PCTV” (Pinnacle Systems).

MaceHe W TOIUIOTHE NpPOMEHE, Kao u ¢aszHe TpaHchopMmaluje y y30pIHMa TOKOM HHUXOBOT
3arpeBama oapehuBane cy:

- MEeToAOM TepMHjcke aHanusze (cumynraHa 1G - tepmorpaBumerpuja 1 DTA — nudepenmujanna
TEepMHUjCKa aHaJIM3a). EKCIiepuMEeHTaIHA CTTMTHBaka y30paka KOHIIGHTpaTa BpIIeHa ¢y Ha ypehajy
mapke “NETZSCH” monen STA 409 EP, koju ce cacroju u3 nehu 3a 3arpeBame y3opka, 1G/DTA
TepMOBare, KOMAaHIHOT Jella M KOMI[jyTepa ca IporpamoM 3a o0paxy eKCIepHMEHTATHUX
pesynrata. Onmcanu ypehaj kopumiheH je W 3a KUHETUYKA HCIUTHBAKA Y HEM30TEPMCKUM
yCJIOBHUMA.

Kunernuka wucnuthBama y H30TEPMCKHM YCIOBMMa BpIIeHa Cy Ha ypehajy Ha TexHUYKOM
daxynrety y bopy.

VY OKBUpPY NPUMEHEHUX METO/a KaJIKyJalfje CIpPOBEICHUX Yy OKBHPY JUCEpTallyje, U3BpLICHA je
TEepMOJIMHAMHMUKA aHaJln3a BULIKoMITIOHeHTHOT Cu-Fe-S-O-Me cuctema y3 npumeny ojrosapajyher
tepmoauHamuukor copreepa HSC Chemistry, unme je omoryheHo mnpenBuljame MOHAIIAmbA
KOMIIOHEHATa CHCTeMa M lbUXOBUX TpaHc(opMaliija TOKOM MpoIeca OKCHIAIIMOHOT TTPXKemka, Kao U
oapehuBame ONTUMAIHOI OJHOCA raca W IIapke y Wby JoOHjama oarorapajyhux npojgykarta
mporieca, WITO je OJ 3Hauaja 3a MOryhy HMIUIEMEHTalWjy y MHIYCTPUJCKO] MPAaKCH Y LUIbY
Monu(pukoBama 1 yHarpehewa Tekyhux napamerapa nporeca.

3a yrBphuBame onTuManHe GopMmyle CBUX YTHIAJHUX IapaMeTapa Ha MpOLEC CMamema CaapxKaja
apceHa M3 HeCTaHJApAHUX KOHIIeHTpara Oakpa, UCKopulIheH je MeTOA IUIaHHpama eKCIepUMEHTa
Kao 3Ha4YajHM ajaT KOjU Hala3u MNpPUMEHY Yy CBHM NPOM3BOJHUM HWHAyCTpHjama. Pesynrar
IUTAHUPAHOT eKCIepuMeHTa o00e30en1no je MakcuMyMm uH(popMaluja MO eKCIEepUMEHTY U
00JEeKTUBHO pa3yMmMeBame€ HUCTPAXUBAUKOI cHcTeMa, a Kopuinheme (akTopckor au3ajHa
eKCIIepUMEHTa U CTaTHCTUYKHX MaTeMaTHYKHMX anata mpuMeHoM codreepa SPSS, omoryhumu cy
n00Mjambe MakCUMaJIHOT Opoja IMmojaTaka 3a Jajby ONTHMH3AIM]y IMpolieca YKIamama apceHa U3
HECTaHJapJHUX KOHIIEHTpaTa 6akpa y3 MUHUMalaH O0poj eKCIIEpUMEHTATHUX MEPEma.



3.4. IIppMEeHJLUBOCT OCTBAPEHUX PE3YIITATA

Pesynrat ucTpakuBama BE3aHM 3a KapaKTepH3allMjy HeCTaHJapIHUX KOHIIEHTpaTa Oakpa
NPUMCHJBUBH Cy y HHIYCTPHJCKO] MPAKCH, C 003MPOM [a Ce MO3HABAHEM TEPMOIAMHAMHYKUX H
KAHETHYKHX KapaKTEPUCTHKA KOHIIEHTpaTa U oJapehuBambeM paBHOTESIKHOI cacTaBa IIapike 100Hja
yBH] y eeKTe POLIECHUX Mapamerapa, Kao IITO Cy TeMIeparypa 1 KOJIMYMHA CHPOBHHA Ha CacTaB
NoOujeHuX MPOoIyKaTa, OJJHOCHO MOTyhe je mpeABUAETH cacTaB U KOJMYUHY MpeoBianaBajyhe dasze
y PeakTopy TOKOM TIpoILieca MpKetba.

Pesynratu wucTpaxkuBama KOjU CE€ OJHOCE Ha ONTUMU3AIM]y Tpolleca yKIamama apceHa W3
HECTaHJAPAHMUX KOHIIGHTpaTa IyTeM Jy)Kemha ca HaTPUjyM-XUIIOXJOPUTOM, Takohe cy
NPUMEHJBMBH Yy WMHIYCTPUJCKOj Tpakcu, ¢ 003MpPOM Ja je MyTeM MaTeMaTHYKOI MOJIEeNIOBamba
yTBphEH ONTUMAITHU CET Tapamerapa mpolieca Koju je pe3yIToBa0 BUCOKHM CTETICHOM YKJIamama
apceHa, moTBpheHUM excrepuMeHTaIHo, myreM xemujcke, EDXRF u SEM/EDS ananuse uBpcTux
npoayKaTa JIykema. HaBemeHHM TOCTymak MOXKe TIPEACTaB/baTd OCHOBY INpEATpeTMaHa
HECTaHAApJAHUX KOHIIEHTpaTa y Oynyhoj mupomeTanypiikoj mpou3BoAmH Oakpa.

VY exkcrnepyuMEeHTaHOM Jey AUCepTalyje Ccy JeTabHO ONMMCAHU IMOCTYNLHU IPUIIPEME M aHalu3e
MCIUTHUBAHUX HECTaHJApJHUX KOHIEHTpaTa U MellaBUHA, KA0 U KOMILJIETHE MPOLEeaAype M0 KOjuMa
Cy CHpOBeleHa EKCIIEPUMEHTAIHA MCTPaKMBamkba, MTO Aaje MOryhHOCT MOHaBJ/bamba MCTOBETHUX
eKCIIepUMEHaTa W IUXOBY HemocpeaHy Bepudukanujy. JlomatHa BepuduKamuja OCTBapeHHX
pesyiarara je Mmoryha M NpoLIMpPEHEM UCHUTHBAKA Y CMUCIY MPUMEHE JOJAaTHUX METoJa Kao U
MOJIU(UKOBAkHEM YCIOBA UCTPAKUBAA.

3.5. O1neHa JOCTUTHYTHUX CIOCOOHOCTH KAHAMAATA 34 CAMOCTAJIHY HAYYHU DAL

VYpahena nokropcka aucepraidja, aHalu3a T0OUjEHUX pe3yiTara, Te MPOUCTEKIH MMyOIUKOBaHU
Hay4YHH paZOBH, Ka0 W NYyOJWKOBAaHW pAJOBH H3BAaH ITOKTOPCKE nucepTandje u ydemhe y
peanu3anuju HayvYHO-UCTPAKMBAUKUX MpOjeKaTa, yKa3yjy Ha COCOOHOCT KaHauaaTa AJieKcaHape
MUTOBCKH, AWIUI. WHXK. METAIYypruje 3a CaMOCTAJIHU HAay4YHU pajJ Kao M 3a aKTHBHO ydeuihe y
THMCKOM pajy.

4. OCTBAPEHU HAYYHHU JONIPUHOC

4.1. Ilpuka3 ocTBapeHMX HAYIHUX JOMPHHOCA

[To3HaBame cactaBa W KapaKTEpUCTHKA TMOTEHIMjaTHUX HECTaHJapJHUX KOHIICHTpaTa Oakpa,
TEPMOJIMHAMHYKHX M KMHETHUKUX IapaMeTrapa Ipolieca OKCHIalMje, 3aTUM MEXaHHW3aMa Ipolieca
OKCHJAIIMOHOT Mp)Kemha KOHIIEHTpaTa, OCHOBHU j€ TPEeAyclioB e(uKacHOr ynpaBbama
TEXHOJIOIIKUM TMpoIllecuMa Yy HHIYCTPUJCKUM YycioBuma. I[Ipernenom poctymHe nurteparype
npoHal)eHo je MaJlo JIUTEepaTypHUX IOJaTaka O HECTaHJapJIHUM KOHIEHTpaTUMa 0akpa, lUXOBOM
TEPMOJIMHAMHYKOM U KHHETHYKOM IOHAllamky MPHU MPOLECHMa OKCHJAIMje, Kao U MOHALIaky U
yTUIAjy IITETHUX NpuMeca. 300r Tora MCTpaXKMBamkba H3HETA Y OBOj JOKTOPCKO) JMCEpTalHjU
MIpe/ICTaBJbajy 3HauajaH HayYHU JIOIPUHOC, KOJU CE OrJiea y:
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- Jlobujamy notnyHujer yBuaa y (ha3zHu cactaB, MUKPOCTPYKTYPY, IPOYKTE OKCHAAI]E U
TEPMOJMHAMHYKO MOHANIake HECTAHAAPIHIX KOHIIGHTpaTa 0akpa 1 yTHIaja mpumeca
TOKCHUYHHX eJIEMEeHaTa IPH OKCUAALHUjU Y aTMoc(hepH Ba3ryxa.

- OppehuBamy MexaHu3aMa OKCHAALIM]j€ HECTAHAAPIHUX KOHIIEHTPATa Ha OCHOBY TEPMH]CKE
aHaIM3e, PEHTTCHOCTPYKTYpHE aHAIHM3€ U aHanu3e (pa3HoT cacTaBa.

- OpnpehuBamy KHHETHUKHX ITapaMeTapa OKCHAAlMje HeCTaHAapAHUX KOHIIEHTpaTa U yTULa]y
JOJIaTUX MITETHUX MPUMEca Ha KUHETUYKO MOHAIIake KOHIIEHTpaTa MPU OKCUTAIIMOHOM
MIPXKEIbY.

- V1BphHBamky ONTHMAIHOT OJHOCA raca M IIapKe 3a Bol)eme TEXHOJIOMIKOT poIieca MpKema
y cMepy Jo0Hjama aJIecKBaTHUX MPOyKaTa MpiKemba.

- JloOujamy aJneKkBaTHOI U MOY3JAaHOI MOJENa TEXHOJOIIKOI Ipoleca IpHUIpeMe
HEeCTaHJApAHUX KOHIEHTpaTa 0akpa Ipe BbUXOBOT Jajbel MUPOMETATYPLIKOT TPETMAaHa.

- yTBphI/IBaI-by TCXHOJIOMIKHUX MOFYhHOCTI/I 3a HMILUICMCHTHUPALC HECTaHdapAHUX

KOHIIEHTpaTa 0akpa y TeKkyhy Nmpou3BOImbY IyTeM yBohema mpenrpeTMaHa KOHIEHTpaTa y
LIUJbY CHUJKaBama Cajip)kaja apceHa.

4.2. Kputruka aHaimmsa pe3yiaTara HCTPaKUBama

VY3umajyhu y 003up cBe pUTOpPO3HH]Y 3aKOHCKY PEryJlaTUBY BE3aHy 3a 3alUTUTY pajHe U >KUBOTHE
CpelIMHE KaKO y CBETY Tako M KOJ Hac, a Takoje M YMICHHILY Ja y OBOj 00JacTH MTEKAaKO MMa
MPOCTOpa U MHTEpECa 3a Jajba UCTPAXKHUBAHA, 003UPOM J1a Y JOCTYITHO] JIUTEPATypH HEMA JOBOJHHO
mojaTaka O WCHUTHUBAHO] MpoOJeMaTUIld, a TOCEOHO je Majo JIMTepaTypHHX TMojaTaka o
HECTaHJapJHUM U CHPOMAIIHUM KOHIIEHTpaTuMa 0akpa, UCTPaXHBAKE Y OKBUPY OBE JOKTOPCKE
JUcepTalyje moceAyje 3HayajHy aKTyelHOCT. Pe3ynaTatu eKClepuMEHTAHUX HCTPaKUBama, [0
KOJUX C€ JIOILIO CIPOBEJACHUM E€KCIIEPUMEHTATHUM HCTpaKMBambUMa y JAUcCEpTanuju, 00e30ehyjy
Jo/laTHEe KopucHe nH(popMaIije Be3aHe 3a MpoOIeMaTUKy TpeTMaHa HEeCTaHJapIHUX KOHIEHTpaTa
0akpa ca TOBHIIEHUM CcaJpkajeM IITeTHUX mpuMeca y wuHayctpuju. [lopex moryhHoctu
UMIUIEeMEHTHpama y MocTojehy MupoMeTanypIIKy Mpakcy MPOU3BOAKE 0akpa, 100MjeHH pe3ynTaTi
Mory OWTH O] 3Ha4yaja M 3a CMameHhe HEraTUBHUX YTHIAja 3araliema y CKIaay ca akTyeITHHM
3aXTEBUMA O 3AIITUTH PAJTHE U )KUBOTHE CPEMHE.

ITocTaBsbeHM LUJBEBH U 33JallM UCTPaKMBamba OCTBAPEHU CYy y MOTHYHOCTH. JloOujeHu pe3ynraTu
IPUKa3aHU Y OBOj AMCEPTALU)U MPEJICTaBIba]y 3HaYajaH OPUTHHAIHU JONPUHOC (pyHIaMEHTATHUM
U IPUMEHEHUM UCTpaXUBambUMa Mpolieca OKCUAAIIMOHOT IPKemka Y MeTallypruju 06akpa.

4.3. Bepudukanmja Hay4HUX JOOPUHOCA

Hay4ynu nompuHOC OBe JHOKTOpPCKE aucepTarje BepudUKOBaH je KpPo3 MyOIHMKalHje MPOUCTEKIIE
Kao pe3yiTaT UCTPaKMBaWba Y OKBUPY JMCEpTaIje, alli je peaHo OUYeKHBaTH Ja he crucak pajoBa
U3 OKBUpa OBE AMcepTanje OMTH 3HA4YajHO MPOLIMPEH Y HapeIHOM Mepuoay, o03UpoM ja je y
IPUIIPEMH jOII pajioBa 3a o0jaBbuBame y MmehyHapoanum yaconucuma ca SCI mmcre. V gasmem
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TEKCTY je JaT CHHCAK 0 caaa 00jaBJbeHUX PaZoBa y HAyYHWM YaCONMCHMA U PaJoBa CAOIIITCHUX
Ha KOH(epeHIrjama, KOjH Cy IPOUCTEKIN U3 OBE JIOKTOPCKE JUCepTaluje:

Kareropuja M22:

1. A. Mitovski, N. Strbac, I. Mihajlovié¢, M. Sokié, J. Stojanovi¢, Thermodynamic and kinetic
analysis of the polymetallic copper concentrate oxidation process, Journal of Thermal
Analysis and Calorimetry, 118 (2)(2014), 1277-1285. (ISSN 1388-6150; DOI:
10.1007/s10973-014-3838-8; Ed. A. Kallay-Menyhard; Publisher: Akadémiai Kiadd, Rt.,
Hungary) IF (2013)=2.206 (Chemistry, Analytical 33/76).

2. A. Mitovski, N. Strbac, D. Manasijevi¢, M. Sokié, A. Dakovi¢, D. Zivkovié¢, Lj. Balanovi¢,
Thermal analysis and kinetics of the chalcopyrite-pyrite concentrate oxidation process,
Metalurgija, 54 (2)(2015), 311-314, (ISSN 0543-5846; On line: ISSN 1334-2576; Ed. I.
Mamuzi¢, Publisher: Croatian Metallurgical Society) IF (2013)=0.755 (Metallurgy and
Metallurgical Engineering, 31/75).

Kareropuja M23:

1. A. Mitovski, I. Mihajlovi¢, N. Strbac, M. Soki¢, D. Zivkovié, Z. Zivkovié¢, Optimization of
the arsenic removal process from enargite based complex copper concentrate, Hemijska
industrija, OnLine-First(00):42-42.(ISSN0367-598X; DOI:10.2298/HEMIND140203042M;
Ed. B. Bugarski; Publisher: Association of the Chemical Engineers of Serbia) IF
(2013)=0.562 (Engineering, Chemical, 103/133). (y mumamnu)

Kareropuja M33:

1. N. Strbac, 1. Mihajlovi¢, A. Mitovski, Z. Zivkovié, B. Nikoli¢, Modeling the process of
copper extraction from the nonstandard raw materials using factorial experimental design,
5th International Symposium on Industrial Engineering (SIE 2012), Belgrade (Serbia), 14-
15. June, 2012, Proceedings, 165-168, (ISBN 978-86-7083-758-4; Ed. D. Milanovi¢, M.
Misita; Publisher: Faculty of Mechanical Engineering Belgrade).

2. M. Soki¢, A. Mitovski, N. Strbac, I. Mihajlovi¢, J. Stojanovi¢, V. Andri¢, Physical and
chemical changes during hydrometallurgical treatment of non-standard copper concentrate,
1st Metallurgical & Materials Engineering Congress of South-East Europe (MME SEE
2013), Belgrade (Serbia), 23-25 May 2013, Proceedings and book of abstracts,.255-261,
(ISBN 987-86-87183-24-7; Ed. E. Romhanji, M. T. Jovanovi¢, N. Radovi¢; Publisher:
Association of Metallurgical Engineers of Serbia (AMES).

3. N. Strbac, 1. Mihajlovi¢, D. Zivkovi¢, M. Soki¢, V. Andri¢, A. Mitovski, Physico-chemical
characterization of polymetallic copper concentrate, Medunarodni naucni skup "Savremeni
materijali”, Banja Luka, 5-7. Juli, 2012, Zbornik radova, 2013, Nauc¢ni skupovi, knjiga
XXV, Odjeljenje prirodno-matematickih i tehnickih nauka, knjiga 19, 63-70, (ISBN 978-
99938-21-45-8; Ed. R. Kuzmanovi¢, Publisher: Akademija nauka i umjetnosti Republike
Srpske, 2013).
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4. N. Strbac, P. Nikoli¢, I. Mihajlovi¢, A. Mitovski, M. Vukovi¢, P. Pordevi¢, M. Arsi¢,
Arsenic removal from enargite concentrates: determination of optimal leaching conditions
by Taguchi optimization method, 45th International October Conference on Mining and
Metallurgy, Bor Lake, Bor (Serbia), 16-19. October, 2013, Proceedings, 782-785, (ISBN
978-86-6305-012-9; Ed. N. Strbac, D. Zivkovié, S. Nestorovi¢; Publisher: Technical Faculty
in Bor).

5. A. Mitovski, N. Strbac, M. Soki¢, D. Zivkovié, Lj. Balanovié¢, M. Vukovié, G. Stojanovi¢,
Arsenic distribution in the environment and its influence on human health, XXII
International Conference Ecological Truth (Ecolst'14), Bor Lake, Bor (Serbia), 10-13 June
2014, Proceedings, 638-644, (ISBN 978-86-6305-021-1; Ed. R.V. Pantovi¢, Z.S. Markovi¢,
Publisher: University of Belgrade, Technical Faculty in Bor).

6. N. Strbac, A. Mitovski, M. Soki¢, D. Manasijevi¢, J.Stojanovi¢, B. Nikoli¢, P. Pordevi¢,
Characterization of copper based complex concentrate, 46th International October
Conference on Mining and Metallurgy, Bor Lake, Bor (Serbia), 1-4. October, 2014,
Proceedings, 697-700, (ISBN 978-86-6305-026-6; Ed. N. Strbac, D. Zivkovi¢, S.
Nestorovi¢; Publisher: Technical Faculty in Bor).

Kareropuja M34:

1. N. Strbac, A. Mitovski, I. Mihajlovi¢, M. Vukovié, M. Soki¢, V. Andri¢, Moguénosti
prerade nestandardnih koncentrata bakra i zastita zivotne sredine, Medunarodna naucna
konferencija "Nove strategije i tehnologije zastite Zivotne sredine", Beograd, 18-20. April,
2012, Knjiga apstrakata, 97, (ISBN 978-86-89061-01-7 Ed. L. Jovanovi¢; Izdavaé¢: Nau¢no-
stru¢no drustvo za zastitu zivotne sredine Srbije-Ecologica).

2. N. Strbac, 1. Mihajlovi¢, D. Zivkovi¢, M. Soki¢, V. Andri¢, A. Mitovski, Physico-chemical
characterization of polymetallic copper concentrate, V International Scientific Conference
Contemporary Materials 2012, Banja Luka (BiH), 5-7 July 2012, Knjiga apstrakata, 84-85,
(Ed. R. Kuzmanovi¢; Publisher: Akademija Nauka i Umjetnosti Republike Srpske).

3. A. Mitovski, N. Strbac, I. Mihajlovié, M. Sokié, J. Stojanovié, Thermodynamic and kinetic
analysis of the polymetallic copper concentrate, 2nd Central and Eastern European
Conference on Thermal Analysis and Calorimetry, Vilnius (Lithuania), 27-30 August, 2013,
Book of abstracts, PS1.21, 183, (ISBN 978-3-940237-33-0; Ed. A. Rotaru, D. Matulis,
Publisher: Central and Eastern European Comittee for Thermal Analysis and Calorimetry).

4. A. Mitovski, N. Strbac, D. Manasijevi¢, M. Sokié¢, A. Dakovié¢, D. Zivkovi¢, Thermal
analysis and kinetics of the chalcopyrite-pyrite copper concentrate oxidation process, 11th
International Symposium of Croatian Metallurgical Society (SHMD 2014), Sibenik
(Croatia), 22-26 June 2014, Sumaries of Abstract, Metalurgija 53(3) 2014, 404, (ISSN 0543-
5846; Ed. I. Mamuzi¢; Publisher: Croatian Metallurgical Society).

Kareropuja M52:
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1. N. Strbac, A. Mitovski, I. Mihajlovié, M. Vukovi¢, M. Soki¢, V. Andri¢, Moguénosti
prerade nestandardnih koncentrata bakra i zastita zivotne sredine, Ecologica, 19(67)(2012),
375-379, (ISSN 0354-3285; Ed. L. Jovanovi¢; lzdava¢: Nauc¢no-stru¢no drustvo za zastitu
zivotne sredine Srbije-Ecologica).

Kareropuja M63:

1. A. Mitovski, N. Strbac, I. Mihajlovi¢, V. Andri¢, M. Soki¢, Tehnoloske moguénosti za
smanjenje sadrzaja arsena u nestandardnim koncentratima bakra XL Jubilarno Savetovanje
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C 003upom 51a ce TPEHYTHO HOBONPUIIPEMIBEHH PAJOBU M3 OKBHpA OBE JIMCEpTalldje Hala3e Ha
perieH3ujamMa y BojaehuM MelyHapoJAHMM dYacomucuma, a Ja Ccy y TMPUIPEMH U TEXHUYKO-
TEXHOJIOIIKA peIlIekha Koja MPOU3Jia3e U3 OKBUpa Te3€, peajHo je OYCKHMBATH Ja he HaBeICHH
CTIMCaK MPOUCTEKITNX pe3yliTaTa OuTH AonymeH y Oynyhem paxy kanmuaara.

HcnutuBama oOyxBaheHa TMpeIMETHOM JTOKTOPCKOM JHCEPTallljoM TMPEACTaBIba]y /€0
HCTPaXXKUBamka y OKBUPY MPOjEeKTa TEXHOJIOMIKOT pa3Boja ,,Pa3Boj TEXHOJNOMIKUX TMpolieca mpepaie
HECTaHJapJHUX KOHIIEHTpaTta Oakpa y NIy ONTHMH3alMje emucuje 3arahyjyhux wmarepmja*
MuHuCcTapcTBa MPOCBETE, HAyKe M TEXHOJNOMKOr pa3Boja Pemyomuke CpoOmje (TP34023,
pykoBoawmiair: ipod. ap Hana [Itp6an, muxinyc 2011-2014.).
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