Ob6pas3ar 6p 2.
TEXHUYKU ®PAKVJITET Y BOPY YHUBEP3UTET Y BEOTPAJTY

BERE HAYYHHX OBJIACTH TEXHHYKHX HAYKA
Bpoj 3axTeBa:
Hatym:
3AXTEB
3a JaBambe CarJacHOCTH Ha pedepat o ypah)eHOj TOKTOPCKOj qMcepPTALMjH

Monumo na, cxonHo wiany 46. cras 5. Tauka 4. Craryra YHuep3utera y beorpany (“I'macuuk YHuBep3utera”
0poj 131/06), mare carmacHocT Ha pedepart o ypal)eHoj TOKTOPCKO] JUCEPTALM]H KaHIuaaTa:
Muanana (/Ipazu) I'opeuesckoe

KAHJIWUAAT: Munaan (/Ipacu) I'opzuescku

[IpujaBuia je JOKTOPCKY AMCEPTALU]y O Ha3HBOM:

AJAcorPHINJA JOHA TEHIKHX METAJIA H3 BOJAEHUX PACTBOPA KOPHUHIIIREHLEM
HINNEHUYHE CJIAME KAO A/ICOPBEHCA

W3 nayune oOnacti: MeTaaypuiko HH:KeHepPCTBO

VYuuep3uret je nana 24.02.2014. roquHe cBojuM akToM moj Opojem 61206-5867/2-13 nmao cariacHOCT Ha
npeayior teme aucepranuje koja rinacu: AACOPIIIIHIA JOHA TEIHIKHX METAJIA U3 BOJIEHHX
PACTBOPA KOPUIIIREWEM INIINEHUYHE CJIAME KAO AJICOPBEHCA

Kowmrcuja 3a otieHy 1 010pany JOKTOPCKE AUCEpTaIje KaHIu1aTa:

Munana (J/Ipazu) I'opeuesckoz

oOpasoBaHa je Ha cemnunm oxapxkanoj 19.02.2015. romune, omimykom dakynrera mox Op.VI/4-22-10.2., y
cacTaBy:

Hwme u nmpe3ume wiana KomucHje / 38ambe / HaydHa o0acT / yCTaHOBA y K0jOj je 3amoCiieH

JAp Hapa IITpOan, pen. npogecop, MeTaTypIIKo HHkKemepcTBO, Texunukn ¢axkyuarer y Bopy, menTop

JAp Mupjana Pajunh Byjacunosuh, pen. npodecop, Meraaypmko nH:xkemepcTBo, Texunuku pakyarer y bopy, yian
JAp Muaopan Haxuh, pen. npodecop, xemuja u xemujcka Texnosioruja, Texnonomkn dpakyarer y JleckoBny, wWiaH
JAp Jparana )Kusxosuh, pea. npodecop, MeTajaypuiko HH:KemepcTBO, Texunuku gakyarer, 4iaH

PR

HacraBHo-HayuyHo Behe ¢akynTera mpuxBaTuio je u3Bemraj Komucuje 3a oueny u og0paHy TOKTOpCKe
JHcepTalije Ha ceaHuIM oapkanoj mana 26.03.2015. rogune, mox 6pojem: VI1/4-23-13.2.

Hexan dakynrera

[Tpod. np Munan AaTonujeBuh
IIpunor:
1. U3Benitaj koMucuHje ca npeiorom
2. Akt HactaBHO-Hay4HOT Beha dakyirera o ycBajamy H3BEIITAja.
3. Ilpumenbe naTe y TOKY CTaBJbama W3BEIITAja HA YBUI jaBHOCTH, YKOJIMKO je TAKBUX MPUMeI0U OHII0



Yuusepsutet y beorpany
Texuuuku paxkyarer y bopy
bpoj: V1/4-23-13.2.

bop, 26. 03. 2015. rogune

Ha ocHoBy 4. 47. Cratyra Texauukor ¢akynrera y bopy, HacraBHo HayuHo Behe ®@akynTera, Ha
cennunu oapkanoj 26. 03. 2015. roaune, noHeNo je

ONJIYKY

| Ycaja ce U3Bemraj Komucuje 3a ornieny u o10paHy JOKTOPCKE AUCEpTAIHje KaHauaaTa: Munana
[oprueBCcKor, IHIUI. WHX. METanypr., IO/l Ha3UBOM: : ,,AJICOPNIHUja jOHA TEIKUX MeTajla U3 BOJEHHUX
pacTBopa kopunihemeM MiIeHUYHE ciaMe Kao ajcopdeHca’, Ha KOju HUje OMI0 mpuMea0ou.

Il Yuusepsuter y beorpany je mana 24. 02. 2014. romuHe mao cariacHOCT Ha TMPEJIOT TeMe
JOKTOPCKE JAMCepTaIlHje.

111 PamoBu n3 HaydHHMX yacomuca ca JIMCTE KOja je yTBpheHa Kao peJeBaHTHA 32 BPEIHOBAIHC
Hay4YHE KOMIIETEHIM]e y oapeheHoM HaydHOM TI0JbY:

Panx y mehynapoanom yaconucy

Kareropuja M21

1. M. Gorgievski, D.Bozi¢, V.Stankovi¢, G.Bogdanovi¢, Copper electrowinning from acid mine drainage: A
case study from the closed mine “Cerovo”, Journal of Hazardous Materials 170(2-3) (2009) pp. 716-721.
(ISSN 0304-3894) IF (2009) = 4.144 (Engineering, Environmental 4/42).

2. D. Bozi¢, V. Stankovi¢, M. Gorgievski, G. Bogdanovi¢, R. Kovacevi¢, Adsorption of heavy metal ions by
sawdust of deciduous trees, Journal of Hazardous Materials 171(1-3) (2009) pp. 684-692.

(ISSN 0304-3894) IF (2009) = 4.144 (Engineering, Environmental 4/42).

3. M. Gorgievski, D. Bozi¢, V. Stankovi¢, N. Strbac, S. Serbula, Kinetics, equilibrium and mechanism of
Cuz+, Ni2+and Zn2+ions biosorption using wheat straw, Ecological Engineering 58 (2013) pp. 113-122.
(ISSN 0925-8574) IF (2012) = 2.958 (Engineering, Environmental 10/42).

4. D. Bozi¢, M. Gorgievski, V. Stankovi¢, N. Strbac, S. Serbula, N. Petrovi¢, Adsorption of heavy metal ions
by beech sawdust- Kinetics, mechanism and equilibrium of the process, Ecological Engineering 58 (2013), pp.
203-206. (ISSN 0925-8574) IF (2012) = 2.958 (Engineering, Environmental 10/42).

Kareropuja M23

1. V. Stankovi¢, D. Bozi¢, M. Gorgievski, G. Bogdanovi¢, Heavy metal ions adsorption from mine waters by
sawdust, Chemical Industry & Chemical Engineering Quarterly 15(4) (2009) pp. 237-249.

(YU ISSN 1451-9372). IF2 (2009) = 1,060 (Materijali i hemijske tehnologije, Ministarstvo prosvete, nauke i
tehnoloSkog razvoja RS).

IV ImenoBanu he OpaHuTH AOKTOPCKY AucepTanujy npea Komucujom y cacray:
1. np Hana IllItp6arn, penosuu npodecop Texauukor daxkynrera y bopy — meHTop;
2. np Mupjana Pajunh Byjacunosuh, penosuu npodecop Texunukor ¢akyntera y bopy — unan;
3. np Munopan Llakuh, penosau npodecop Texnonmomkor pakynrera y JIecKoBIly — 4iiaH;
4. np Hparana XXuskosuh, penoBuu npodecop Texuuukor ¢axynrera y bopy — unan.

V Omtyky noctaBUTH Haajue:xHoM Behy Hayunux oOmactu YHuBepsutera y beorpany, paau
naBama caryacHocTu. JlokTopcka aucepTanja U3 ctaBa 1. oBe OJJTyKe MOJ00HA je 3a oA0paHy HAKOH
no0ujama cariacHOCTH UMeHoBaHOT Beha YHuBep3utera.



VI O tepmuHy on0paHe OylaroBpeMeHO ce oOaBemTaBa CTpydHa CIyx0a paau oOaBibara
NpEeTXOAHUX aKTUBHOCTHU.

HocraBurn: MMPEJCEJHUK
- AIMEHOBaHOM HACTABHO HAYYHOI' BERA
- Behy nayunux obnactu YHuBep3ureta y beorpany
- CTYJICHTCKO] CITyKOH JEKAH
- apXUBH

IIpod. ap Munan AnrorujeBuh



YHUBEP3UTET ¥ BEOI'PAY

Texnuuxku paxkyiarer y bopy

HACTABHO - HAYYHOM BERY

IIpeamert: Pedepat o ypaheHoj 1oKTOpCKOj AucepTanuju kKanauaaTa Muiana ['oprueBckor, AU
WHX. METaTypruje

Onnykom HacraBHo-HayuHor Beha Texuuukor ¢akynrera y bopy Yuuepsutera y beorpany 6poj
V1/4-22-10.2. ox 20.02.2015. ronuHe, MMEHOBaHU CMO 3a wiaHoBe Komucuje 3a mperiies, oleHy u
oJ10paHy JTOKTOPCKE TUcepTanrje Kanauaara Munana ['oprueBckor, JUIII. WHX. METaTypruje moj
HaCJIOBOM:

,»AJICOPIIMja JOHA TEHIKUX MeTAJIa U3 BOJICHUX pacTBopa kopumhemeM NIIeHNYHe claMe
Kao0 ajgcopbeHca”.

[Tocne mpernena nocraBibeHe Jlucepramuje u Apyrux mnparehux maTepujaia U pasroBopa ca
kaHauaaroMm, Komucuja je caunnuia cneaehu

PEGEPAT

1. YBOJ

Kanaunar Munan ['oprueBcku, JUIUI. MHXK. METATYpr., HAKOH 3aBPIIEHHX OCHOBHHUX CTYyAM]ja, Ha
Karenpu 3a exctpaktuBHy Metanyprujy Texuuukor dakynrera y bopy Yuusepsurera y beorpany,
mkosicke 2007/2008. romune ymucyje JDOKTOPCKE akaJeMCKe CTyIHje Ha CTYIUjCKOM Mporpamy
Mertanypimko HMHXemepcTBO TexHuukor ¢akynrera y bopy. Hakon momarama cBHX wHcIuTa
npeaBuleHNX KypHUKyIyMOM JTOKTOPCKHX cTyauja, HactaBHO-HayuHo Behe Texnuukor gaxynrera y
bopy Yuusepsurera y beorpany, omiykom 6poj VI/4-14-6 ox 13. 05. 2011. rogune onpehyje
Komucujy 3a oa0pany CeMHHapCKOT pajga y OKBHUPY CIEHHUJATHOT Kypca 3a JepHUHUCAEE TeMe
JIOKTOPCKE JHcepTalyje IOoJ Ha3uBOM ,AJICOpPHIMja joOHa MeTajlla M3 BOJEGHUX pPacTBOpPa
kopuithemeM npupoanux ancopdenaca”. Cenrembpa 2013. rogune, kanaunat Munan ['oprueBcku
JWIIJT. MHXK. METaIypr., je oJ0paHuo ceMHHapcku paj ca oueHoMm 10 (mecer), npen Komucujom y
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cacraBy: npo¢. np Hana LltpGan, Texunuku daxynrer y bopy YHusepsutera y beorpany; mpod.
np [parana JKuskoBuh, Texuuuku ¢akynrer y bopy Yuusepsutera y beorpany; mpod. ap
Mupjana Pajunh-Byjacunosuh Texuuuku dakynrer y bopy Yuusepsurera y beorpany u npod. np
Bemuzap CrankoBuh, penoBHu npodecop y nensuju, Texunuku ¢axynrer y bopy YHusepsurera y
beorpany.

1.1. XpoHoJioruja o100paBama ¥ U3pajie Qucepraunumie

XpoHoJoruja o106paBama U U3pajie JOKTOPCKE AUCEpTAIHje je MpoTekia ciaenehoM TMHAMUKOM:

26. 09. 2013. - Ha cequuu Karenpe 3a Meranypiuko nHxemepcTBo TexHuukor ¢axynrera y bopy
YuauBep3uteta y beorpany, KoHCTaroBaHO je Aa je KaHauaar MwuiaH [OprueBcku, AWIUI. WHK.
MeTaypr., IpujaBuo JOKTOPCKY aucepraunjy 1 HacraBHo-nayunom Behy Texnuukor dakynrera y
bopy YuuBepsurera y beorpany je mpemioxkena Komucuja 3a mgaBambe MUILBEHA O HAY4YHO]
3aCHOBAHOCTH TPEJIOKEHE TeME JIOKTOPCKE JHcepTalyje.

11. 10. 2013. - Omyxom 6poj V1/4-11-8.3 HacraBHo-HayuHor Beha Texuuukor ¢axynrera y bopy
VYuusepsureta y beorpany, nmeHoBana je Komucuja 3a olieHy Hay4He 3aCHOBAHOCTH TPEAJIOKEHE
TeMe JIOKTOPCKe JucepTaiuje.

19. 11. 2013. - Orykom O6poj V1/4-12-12.3 HacraBHo-HayuHoT Beha Texuuukor ¢akynrera y bopy
VYuusepsutera y beorpany, ycBojen je M3Bemraj Kommucuje 3a oneHy HayyHe 3aCHOBAHOCTHU
NpUjaBJbeHE TOKTOPCKE TUCEpTalHje.

16. 12. 2013. - Behe HayyHux o0iacTu TEXHMUYKMX Hayka YHHUBep3uTeTa y beorpany noHocu
3akJpy4ak Opoj 61206-5867/2-13, o omnaramy JaBama CarjlaCHOCTH Ha MPEIUIOT TeMe JOKTOPCKE
JHcepTalyje, y3 Cyrectuje 3a KOpekiujy u3BemTaja Komucuje 3a omeHy HaydyHE 3aCHOBAaHOCTH
TeMe 1 MOoJOOHOCTH KaHuIaTa 3a U3paay JOKTOPCKE JUcepTaluje.

24. 02. 2014. - Behe HayyHux 00JacTH TEXHHYKHX Hayka YHuBep3uTera y beorpany yBaxwuio je
KopuroBanu usBemtaj Komucuje 3a HayduHy 3aCHOBAHOCT T€ME M JIOHEINO je ouTyKy Opoj 61206-
5867/2-13, o naBamy carJlaCHOCTH Ha HOpPEMJIOr TeMe JOKTOPCKE IUCepTalyje IMOJ Ha3uBOM
»AJICOpIIIMja jOHA TEIIKUX MeTaja M3 BOJEHUX pacTBOpa KOpHUIINEHEM IMIICHUYHE CllaMe Kao
ajcopbenca.

20. 02. 2015. - Omrykom Opoj VI1/4-22-10.2. HacraBHo-HayuHor Beha TexHuykor Qakynrera y
bopy VYumuBepsutera y beorpamy, uMenoBana je Kommucuja 3a omeHy u oa0OpaHy HOKTOpPCKE
aucepTanyje kanauaaTa Mumnana ['oprueBckor, TUIUL. WHX. METaIypr., y cactaBy: npod. ap Hanma
Tp6an, Texuuuku ¢axynrer y bopy Yuusepsurera y beorpany (menmop); npod. np Mupjana
Pajunh-ByjacunoBuh, Texunuku ¢axynrer y bopy Yuusepsurera y beorpany (wran); mnpod. np
Munopan Llakuh, Texnonomku ¢akynrer y JleckoBuy YHuBepsutera y Humy (wrzan); npod. np
Hparana JKuskoBuh, Texunuku ¢akynter y bopy Yuusepsutera y beorpany (uran).

1.2. Hayuna o0jacT gucepraimje

[Ipenmer wucTpakuBama IOKTOPCKE HCEpTalyje MpHMaja HaydHOj oOsacTu MeTamypIiko
MH)XEHEepcTBO (3a Kojy je Texumuku daxynrer y bopy akpeautoBao crynujcke mporpame 3a cBa
TpHU HUBOA CTYAM]ja), Y’Ka HaydHa oOnactT — MeTainypliko HHXEHEepPCTBO. 3a MEHTOpa je u3abpaHa
ap Hana IlTtp6an, penoBuu npodecop Texuuukor daxynrera y bopy Yausepsutera y beorpany
KOja je Ha OCHOBY J10caJl 00jaBJbeHUX PaJoBa KOMIETEHTHA J1a PYKOBOJM M3PAJOM OBE JIOKTOPCKE
mucepranyje. [Ipod. np Hana lTp6am kao ayrop u koayrop mybnukoBaia je 51 pan y yaconucuma
ca JCR-nucre nutupanux 181 myr y 167 panosa (nodayu npema SCOPUS-y 00 4. 1. 2015. 2o0une).

2



1.3. Buorpadcku moaamny 0 KaHauaary

Munan JI. T'opruescku pohen je 19.01.1982. rogune y bBopy, e je 3aBpIIro OCHOBHY U CPElibY
mkony. Jumnomupao je Ha Texuuukom dakynrety y bopy 2007. ronune, ca mpoCeYHOM OLIEHOM
9,11/10 Toxom ctyauja u orieHoM 10/10 Ha TUTUIOMCKOM pajy U TUME CTE€KAO 3Bame AUIJIOMUPAHU
UWHXemep Metanypruje. Jlokropcke akagemMcke cryamje ynucao je mkoicke 2007/2008. rogune Ha
Texunukom dakynrery y bopy Ha crynujckom nporpamy Memanypuiko unicerepcmeo 1 MOJI0KHO
CBE MCITUTE MpeaBUl)eHe CTYHjCKUM IPOTPAMOM ca MPOCEYHOM OIIEHOM 9,67.

Cmeueno HAYYHO UCmpa’xcueaiKko ucCKycmeo

TokoMm cTyaMja akTHBHO je y4eCTBOBAO y HAyYHO-HUCTPAKMBAYKOM pagy U CMOTpaMa Hay4yHO-
UCTpOXMBAYKUX pajnoBa crydeHata. bopaBuo je y IlBenckoj (Crokxonm), Ha KpasmeBckom
Wucturyty 3a texnonorujy (KTH) y okBupy "MHTepHAIMOHATHOT JIETHET Kypca MeTanypruje” y
nepuony on 1. jyna go 31. jyma 2006. roguHe u 100HO je cepTUHUKAT O YCIEUIHO 3aBPIICHOM
Kypcy.

Kao ucrakHyTy Miaau UCTpakuBad M CTUNIEHAMCTa MUHHCTApCTBA HAyKe U TEXHOJIOIIKOT pa3Boja,
y niepuofy on janyapa 2008 roza. o neuem6pa 2010. rox., kKaHAKUAAT je OMO aHTaXOBAH HA MPOJEKTY
MuHHCTapCTBa HAyKe M TEXHOJIOMIKOT pa3Boja moja HasuBoM “HcTpaxuBame (eHOMEHa MpeHoca
3Ha4YajHUX 3a pa3Boj BHIIeda3sHUX mporeca u ompeme” (Opoj mpojexta 142014b, peanuszarop:
Texnonomxko-meranypuiku paxkynrer y beorpany, pykooaunail: npod. ap Kespko ['pbaBunh).

TpenyTHO je aHra)xoBaH Ha JjBa MpojekTa MUHUCTApCTBa MPOCBETE, HAYKE U TEXHOJIOLIKOT pa3Boja
Peny6nuke CpOuje monx HasuBoM “‘Pa3Boj TexHOJOTHja 3a pELHKIAXKY IUIEMEHUTUX, PETKHX, U
nparehux merana u3 uBpcror ornaga CpOuje 10 BUCOKO KBAIUTETHUX Mpou3Boaa‘, (6poj mpojexra
TP34024, peanmuzatop: MHCTUTYT 3a pymapcTBo M Metanyprujy bop, pykoBoammaim: mpod. ap
Bnactumup Tpyjuh), kao u npojexTa 1noj Ha3uBoM “Pa3zBoj HOBUX MHKAINCYJAIIMOHUX U €H3UMCKUX
TEXHOJIOTHja 3a MPOU3BOABY OHOKaTanu3aropa M OHOJOLIKM AaKTHMBHHUX KOMIIOHEHATa XpaHe y
by nmoBehama HEHE KOHKYPEHTHOCTH, KBanuTeTra u 6e3doenHoctu’, (6poj mpojexra MNIM46010,
peanuzatop: TexHosomko-mMetanypiiku (akynret y beorpany, pykoBomunaim: mpod. ap bpanko
Bbyrapckn).

On janyapa 2011. rox. mo oxtobpa 2013. rox. 6mo je 3amocieH y MHCTUTYTY 3a pyAapcTBO U
Mmetanyprujy bop, kao ucrpaxkuBau capagHuk. Y nepuoay ox oktobpa 2013. roz. 1o naHac paau Ha
Texunukom Qakynrery y bopy kao acucteHT Ha rpynu mnpeamera u3 obnactu ExcTpakTuBHA
MeTanypruja ¥ METaypIIKO HHXKEHEPCTBO HA CTYAMJCKOM IMporpamy MeTanypiiko HHXEHEpCTBO,
U TO Ha OCHOBHMM akKaJeMCKuM crtyaujama (Meranypruja reoxkha u yenuka, Teopuja xumpo u
eJIEKTPOMETANYPIIKUX Tpoleca, Metanypuike omnepanuje, U JloOujare METalTHUX IpEBlaKa), U
Mmactep akageMckuM cryaujama (Oenomenu npeHoca 1 u Kapakrepuzanuja Mmatepujaia).

OO6nact WHTEpecoBama — TEPMOJMHAMUKA M KHHETHKAa METAJTypIIKUX IPOLEeca, TEXHOJOIIKU
acreKkTh moOoJblIakba M HMHTEH3U(HKAIMjEe Tpoleca y EeKCTPAKTUBHO] METATypruju 000jeHHX
MeTajla, 3allTUTa JKUBOTHE CpPEIMHE - TPeTMaH OTMAIHMUX BOJA, aJCOpMIMja joHA MeTala M3
BOJICHUX PacTBOpa KOpHIIhemeM MPUPOTHHMX afcopOeHaca M €BEeHTyallHa HUXOBAa IMpPUMEHa, Kao
3aMeHa 3a KOMepIjalHe ajcopOeHce, y Huiby IpeuninhaBama OTMAaJHUX BOJA OJ jOHA TEMIKHX
MeTana.

Kanmunar je ayrop u koayrop 5 pamoBa (71 yumam y 67 Ooxymenma) MyONMKOBaHUX Y
MelyyHapoqHUM YaconucuMa kateropucanuM npema JCR-muctu (nooayu npema SCOPUS-y 00 14.
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2. 2015. 2o0une), 7 pamoBa IMyOJIMKOBAaHWX Yy HAIMOHAIHUM 4Yacomucuma kateropuje M50, 28
caormITema ca KoHpepenuuja mehynapoanor 3Hauaja kareropuje M30, 7 caoniurema HaIMOHAIHOT
3Ha4aja kaTeropuje M60, kao 1 jeqHOT TEXHUYKOT peliema KaTreropuje M82.

Kanaunar je Ouo wian opranuzaioHor of0opa aBa Mel)yHapoHOT CKyIa U TO: ,46"™ International
October Conference on Mining and Metallurgy 10C2014 xao u ,1% International Student
Conference on mining, metallurgy, chemical engineering, material science and related fields,
1ISC2014". On 2013. roaune kao wiaH TuMa ca TexHuukor ¢akynrera y bopy, akTUBHO y4ecTBYyje y
npomouuju Hayke Mehy mitaguma kpo3 dectuBan Hayke ,,[umouku Hayunu TopHamo®, oTHOCHO oA
2014. ronune xpo3 Manudecranujy ,,bOHUC - Hoh uctpaxusaua“. Ynan je Cprckor XeMHjCKOT
npymtea ox 2008. rogunae u wiaH CaBe3a uHxemepa Meranypruje Cpouje. OxemeH je, U oTaIl je
JeIHor aererta.

2. OIINC JINCEPTAIINJE

2.1. Caapkaj qucepraiuie

JlokTopcka aucepranuja Kanauaara Munana ['oprueBckor, JUILT. HHX. METalypruje, HamucaHa je
Ha 90 cTtpaHa, y okBUpYy Kojux ce Hanmazu 10 mormaBiba, ca ykymHo 38 cnmka, 12 tabena u 144
JIUTEepaTypHa HaBoJa, PH YeMy je Hajsehu Opoj BUX HOBHJEr aTyMa, IITO yKa3zyje Ha aKTYEIHOCT
ucTpaxkuBama. JlokTopcka Jucepranuja ce cacToju u3 cienehux mornasiba U octanux nparehux
cazpxaja;

. YBOA

. Teopujcku neo

. [Ipernen nocagamimbux UCTpakUBarba
. [lnsbeBU UCTpaxuBama

. EkcnepuMeHnTaHu 1eo

. Pesynratu u nuckycuja

. 3aKJpyyak

. JIureparypa

© 00 N O O B~ W N P

. buorpaduja

10. ITyObnukoBaHU U CAOIIIITCHH PAIOBU M3 OKBUPA JUCEPTAIIH]je

[Tpunor 1 — M3jaBa 0 ayTopcTBY

[Tpunor 2 — M3jaBa 0 KICTOBETHOCTH IITAMIIaHE U €JIEKTPOHCKE BEP3Hje JOKTOPCKOT paja
[Tpunor 3 — N3jaBa o xopuihewy

Ha mouetky nucepranuje cy 1aTH U3BOJHM HA CPIICKOM M €HTJIECKOM je3UKY, a Ha Kpajy Jucepraiuje
MOTIIMCAHE U3jaBe O ayTOPCTBY, HCTOBETHOCTH IITAMIIAHE U EJIEKTPOHCKE BEP3HUje JOKTOPCKOT pajaa
U HauumHy Kopuuihema HOKTOpcke muceprauuje. Ilo cBojoj ¢popmu, caapikajy U MOCTUTHYTUM
pe3yiTatuma, AUcepTalyja y MOTIYHOCTH 3370BOJbaBa KPUTEPUjyME U CTaHAapAe YHUBEP3UTETA Y
Beorpany 3a JOKTOpCKy qucepTanujy.



2.2. Kparak npukas nojeIMHaYHUX HOrJIaBJba

VY mornaBjby YBOA JaTa je OMIITa MOjeNia OTHaJHUX Boja. JlaTm cy moTeHIMjanHu 3arahjuBaun
OTMAJHUX BOJAa ca AakIeHTOM Ha Temke MeTane. JleTaJbHO Cy ONUCaHM INTETHU YTHULAJU
UCIHUTHUBAHUX TEUIKMX MeTana (Oakap, HUKJI, IIMHK W OJIOBO) NMPHUCYTHUX y OTMAIHUM BOJaMa.
Taxohe, kpaTko cy onmucaHe KOHBEHIIMOHAIHE TEXHOJIOTH]je MpeuninhaBama OTIaJHIX BOA.

[Tornassbe Teopujcku €0 ce cacToju U3 TPU MOTIOTIABIbA. Y MPBOM MOTIOIIIABIbY aKIEHAT j€ AaT
Ha a/ICOPIIIH]Y Kao jeJHY 0J1 KOHBEHIIMOHAIIHUX TEXHOJIOTH]a 3a MpeuniihaBame OTHAHUX BOIA O]
JOHa TEIIKUX MeTana. Y OBO M NMOTIOIVIaBJbY JaTa je ToJeNia aJCopHilfje, mperyies Hajuyenihe
KopuITheHNX Kako KOMEpLHMjaIHUX Tako M TPUPOAHUX ajcopOeHaca, Aa OM Ha Kpajy OBOT
MOTIIOTJIaBJ/ba OWJIM W3HETH HENOCTAallM KOHBEHIIMOHAIHUX TEXHOJOTHja 3a mpeuyumihaBame
OTIMAJHUX BOJA OJ] jOHA TEIIKUX MeTana. Y APyroM MOTIOrIaBiby Tepujckor aena IaT je KpaTak
OCBpPT Ha HeajekBaTHO kopuuthewe y CpOuju Oumomace, a mpe cBera MIICHUYHE cllame, Kao
0OHOBJEMBOT U3BOpA CHEPTH]C.

[Mocnenmwe motmornaBibe Teopujckor nena mocBeheHO je OMOCOPIIMjU Kao TOTEHIIMJATHO]
aJITepHATHBH MOCTOjehuM KOHBEHIIMOHATHIM TEXHOJIOTHjaMa 3a npeuuninhaBame OTHaIHUX BOAA ca
HUCKHUM CaJip’KajeM joHa TEIIKUX METala, ca IHJbeM Ja c€ KOHBEHIIMOHAIHHU aJIcCOPOCHCH 3aMeHe
MOJKJIa HEIITO Mambe ePUKACHUM, alld 3aTO MHOTO jeTUHUJUM NPUPOAHUM ajicopOeHcuma. Takohe,
y OBOM TMOTIOIJIAaBJbY, JaTe€ Cy MPEeAHOCTH OMOCOpIIHMje y OJHOCY Ha KOHBEHIIMOHAIIHE
TeXHoJIoTHje npeunirhaBaba OTHAJAHUX BOJAA OJ1 jJOHA TEMIKMX MeTajna. Ha kpajy oBOr moTmnoriaBsba
JaTh Ccy JAOMETH MOjeAMHUX TEXHOJOTHja 3a MpeuyuinhaBame OTHAJHUX BOJA y 3aBUCHOCTH OJ1
KOHIICHTpalllje KOHTAMUHAHATa Y BbUMa.

VY mnornaspy Ilperyien aocagammbHX HMCTPaKMBamkba IMPUKA3aHU Cy MocTojehn MmyOIMKOBaHU
pe3yiTaTu MpUMEHEe NMPUPOJHHUX ajcopOeHaca 3a mpeunnrhaBame OTHAJAHUX BOJA O]l Pa3IMYUTHUX
KOHTaMHMHaHata. Hajope cy npuka3aHd pe3ylnTaTd NpUMEHE OTIAJAHHUX MaTepujajla M Hyc-
MIPOU3BO/Ia JIPBHE MHIYCTPHje Kao IITO Cy KOpa JpBeTa U MUJbEBUHA. Y HACTaBKy OBOTI IOTJIaBJba
JaTu Cy pe3yaTaTu MPUMEHE cllaMe Pa3IYUTUX BPCTa JKUTApUIa Kao MPUPOJIHUX aacopOeHaca 3a
npeunmrhaBame OTHaIHUX Boja. Ha Kpajy OBOT MoriaBiba 1aTH Cy JUTEPATYpHU MOJALU MPUMEHE
MIIEHUYHE ClIaMe Kao MPUPOJHOT ajicopOeHca 3a npeuninhaBame OTIAAHUX BOAA OJ1 jOHA METaa.

VY mnornaBipy LlW/beBM HMCTpPa:KMBamba JETAJHHO CYy HU3JIOKEHH IUJBEBH HUCTPAXHUBaWba, U
IIPEJIOKEHE XUIIOTE3E UCTPAKHUBAKA.

HcTpaxxuBama Koja Cy CIIpoBeJIeHa Y OKBUPY OBeE AMCEpTalje Ouia cy ycMepeHa Ha:

- Kapaxrepuzanujy mnmeHuuHe ciame; ¢ TUM Yy Be3u ojapeheHe cy ¢usnuke, XeMHjcKe U
¢$U3NIKO-XeMHUjCKEe 0COOMHE MIIEHUYHE ClIaMe.

- OppehuBame QyHKIIMOHATIHHUX Py y MIIEHUYHO] CJIaMH, KOje Cy OJATOBOPHE 32 U3MEHY jOHA.

- OgpehuBame JNOMHHAHTHOT jOHA y M3MEHJBMBOM IIOJIOXKAjy KOJU C€ Y MpOIeCy aJaCOpIMIHje
MEXaHM3MOM JOHCKE NU3MEHE U3MEemYje ca HCIIMTUBAHUM JOHUMa MeTaja.

- HcnutuBame aICOpHIMOHMX CIIOCOOHOCTH TNIIEHMYHE claMe 3a aJICOpPHIMjy joHa Oakpa,
HUKJIA, IMHKA U 0JIOBA U3 BOJICHUX PacTBOpA.

- HcnuruBame yTHIlaja mojeMHUX MapaMeTapa Ha MpoLec aaCopIILuje.

- Tlokymaj na ce pacBeTnM MeXaHU3aM aJICOPIIIHjE U YIIOTa aIKaTHUX U 3eMHOAJKAIHUX MeTalla
INPUCYTHUX Y CTPYKTYPH aficopOeHCca Ha MPOLEC aJICOPIIIH]eE.

- Tokymaj na ce ob6jacHM yTHLa] MOjeAMHUX (U3UYKO-XEMUJCKUX OCOOMHA joHAa MeTala Ha
aJICOPIIIH]y aTOT jOHA.



WHXemepcku acmeKT Mpoleca afcopIiyje U TpeThpama 3acuheHoT afgcopOeHca JOHOM MeTaa.

[Tornassbe ExcriepMMeHTAIHH [1€0 CACTOjU C€ M3 HEKOJIMKO IeJTUHA, U TO:

onpehuBame OpPraHcKUX MaTepuja y BOJAM O] Mpama ancopOeHca; ojapehuBame Kamamurera
U3MEHE KaTjoHa; ojapehuBame Tauke HYATOr HaelleKTpucama; ojapehuBame crneunpuine
MOBPIIMHE ClIaMe.

KapakTepH3allyja MIIeHHYHe c1aMe; ¢ TUM y Be3u ozapehene cy pusnuke, XxeMujcke u HU3NIKO-
XEMU]jCKE 0COOMHE MILICHUYHE CIaMe;

OIIMCAH je MOCTYIaK U3BOhema eKCIepUMEHTa aJICOPIIHje joHa 6aKpa, HUKIA, IIMHKA U 0JIOBA Ha
ClIaMH Yy PEaKTOPY ca MEIIAkEeM U y aJICOPIIUOHO] KOJIOHH. JleduHmCcaH je cTeneH ajcopriuuje
JOHa MeTajia U3 pacTBOpa Kao M KamalmTeT aJCOpIILHje.

AaTe Cy MCpHC TCXHHUKEC U MCTOZC aHAJIN3C.

VY nornasspy Pe3yaraTu u IMcKycHja IpUKa3aHu Cy pe3yaTaTu J0OHjeHH y OBOj TUCEpTalUjH, Kao
U JUCKycuja aoOujeHuX pesynrata. OBO TOINaB/be CacTOjd Cc€ M3 MeT MOTIOrjaB/ba U TO:
aJICOpIIMja y peaKkTopy ca MeEIIameM, aJCopIluja y KOJOHH, MEXaHH3aM aJCOpIIHje, yTUIaj

(U3NIKO-XEMHUJCKMX OCOOMHA joHA METaja Ha aJCOPIILHUjy AATOr jOHA M TEXHOJIOIIKU MOCTYMaK
npolieca yKiamama U BAIOpU3allije MeTalla U3 BOJACHUX PacTBOPA.

[TormornaBibe AfCOPIIIHja y PEaKTOPY ca MEIIAakEeM, CacTOJH c€ U3 JAEBET IeJIMHA U TO:

Ilpomena pH epednocmu pacmeopa mMOKOM UCHRUPAIbA NUEHUYHE clame OeCmUIUCAHOM
6000M. Y OKBHUPY OBE LIEJIMHE KaHIUAAT U3HOCHU IMPETIIOCTAaBKY Jia 1o mopacta pH BpenHocTH
pacTBOpa TOKOM HCIHpama cllaMe JIECTUIIMCAHOM BOJIOM JI0JIa3H yciea Mpeacka BOJOHUKOBUX
JOHa U3 BojJeHe (a3e y CTPYKTypy ciiame, Tae OMBajy M3MEHCHU ca JOHMMa Kalllijyma KOju
onnaze y BojaeHy (aszy. JloOujeHu pesynraTu Cy Mmokaszaiu aa ce oko 93 % joHa BOJOHHKA
azicopOOBaJo y OJJHOCY Ha MOYETHY KOHIICHTPALU]y Y PacTBODY.

Ilpomena xounyemwmpayuje jona Hampujyma, Kaiujyma, MacHe3ujyma u Kaiyujyma moKOoM
ucnupara ciame oecmuaucaHom 6odom. KaHmunmaT IUCKyTyje Jla TOKOM HCIHpama clame
HajIpe J0Ja3H JI0 MopacTa KOHLEHTpAIMje JaTUX joHa METala y pacTBOpY, Aa OM ca JaJbuM
UCIHpamkeM cllaMe JIONUIO A0 MMaja KOHLEHTpalyje JaTHX joHa MeTaja y PacTBOpY YCIe[
pazbnaxkema.

IIpomena npo6odsbueocmu pacmeopa MOKOM UCNUpara ciame OecmulucaHom 6000M. Y
OKBUPY OBE€ ILeJIMHE KaHAWJAT Jlaje YINoOpeAHy aHauu3y wu3padyHare (kKopuurhemem
MaTeMaTH4YKOI MOJieNia) W EKCIIEPUMEHTAIHO JOOHMjeHe BPEIHOCTH 3a EJICKTPOJIUTHYUKY
MIPOBOJIJBMBOCT pacTBOpa, Ip U YeMy 3aKkjbydyje Ja 0 TopacTa MPOBOJJBMBOCTU PacTBOPA,
TOKOM HCHHpama cllame, J0Ja3Hu ycie] MopacTa KOHIEHTpalMje joHa HaTpUjyMa, Kalujyma,
MarHesujymMa M KalllijymMa y pPacTBOpPY, KOjU C€ HCHHUPABEM CaMOU3IYXKYjy M Tpenase u3
CTpYKType ciame y BojaeHy (azy. Ca nasbum HCIHpameM ciiame, J0JIa3H 10 1Maja BPeIHOCTH
MPOBOJIUBMBOCTH, Kao TMOCIEAMIA CMamekha KOHIGHTpAllMje joHa HaTpHjymMa, Kalujyma,
MarHesujymMa M KalllijymMa y pacTBopy yciuen paszonaxema. Kangunmar motom ymopebhyje
u3padyHaTe BPEIHOCTH 32 MPOBOJBHBOCT pacTBOpa, KOpUIINEHEM MaTeMaTHYKOr MoJena, ca
eKCTIIEPUMEHTAIHO JJOOMjEeHUM BPEIHOCTUMA, M 3aKJbydyje Jla cy JO0OHjeHe BPEAHOCTH BeoMa
OnMcKe INTO yKadyje da KopuinheHH MaTeMaTHYKd MOJEN Beoma J1o0po ommcyje nobujeHe
eKCTIIEpUMEHTAIHE Pe3yJITaTe.

Ilpomena pH epeonocmu pacmeopa ca épemeHoM MOKOM adcopnyuje jona 6axpa, Hukud,
yunka u onosa. Kanaumar y oBoM Jielly KOHCTaTyje a 10 cMambema pH BpenHocTu pacTBopa
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TOKOM aJcopriyje joHa Oakpa, LWMHKA M OJIOBAa JIOJIa3uW Yycled JeNpOTOHHM3AIMje
(YHKIMOHATHUX Tpyla y CllaMd M Tpelacka BOJOHMYHHMX jJOHA y pPacTBOp KOju OUBajy
U3ME-EHH ca JaThM joHuMma mertana. [lopact pH BpenHOCTH pacTBOpa TOKOM aJICOPIIIHjE joHA
HUKJIa Ha CIIaMM TI0Ka3yje Jia ce MapajeiHo ca aJCOPIIMjOM jOHA HUKJIA OJ(BHja U aJCOpILHUja
JOHa BOJIOHMKA U3 PacTBOPA Ha CIaMH, IPH YeMY JI0JIa3H 10 KOMIIETUIINje u3Mel)y joHa HuKIa u
BOJIOHHMKA 32 aKTUBHO MECTO Y CTPYKTYpH Cllame.

o SEM ananuza nwenuune ciame. Kanaumar y oBoM ey ykasyje Jla c€ HaKOH aJICOPIIIUje joHa
0akpa, HUKJIA U IIMHKA jaBJba M3MEHEHA MOP(OJIOTHja MOBPIIMHE Y OJHOCY Ha HETPETUPAHY
NIICHUYHY cllaMy, NpH 4eMy JaTre MpOMEHe Y MOp(OJIOTHjU MIIEHWYHE cllaMe HaBoJe Ha
3aKJby4Yak Jla je aJICOpIIMja JaTUX MeTala Ha CJIaMH MOBE3aHa ca XeMHjCKUM MpOMEHaMa Ha
MOBPUIMHU CJIaMe.

e FTIR ananuza nwenuune ciame. Y OBOM Jely KaHIUAAT WU3HOCH IPETIOCTaBKY Ja IpH
BE3MBamYy joHa 0akpa 3a (QyHKIMOHAIHE TPyIe Y ClIaMu, J10J1a3u 10 ociobalhama npoToHa, 300r
BUCOKOT auHUTeTa THX (DYHKIMOHAIHMX Tpyla IpemMa joHuMa Oakpa, MU MOTBphyje nary
npernoctaBky SEM aHanu30M NieHUYHE cllaMe HaKOH afcopIIyje joHa 6akpa.

o [Ipomena aocopnyuje ca 6pemeHoM 3a UCRUMUBAHe joHe Memand. Y OBOM Jielly KaHAUJAT Aaje
nopeheme H0OMjEHNX BPEIHOCTH 3a CTENEH aJCOPIIIHje MCIUTHBAHMX jOHA Ha MIICHUYHO]
CllaMH U 3aKJbyuyje Ja ce HajBehu cTemeH afcopIliluje MOCTHXKE 3a aJCOPIIHjy joHa 0JIOBA
(oxo 97 %), a HajMakU 32 aJICOPMIM]y joHa HUKIA (0KO 25 %).

e  Kunemuxa aocopnyuje. Y OBOM IOTJaBJbY KaHIUAAT JETAaJbHO OMHCYje KUHETUYKE MOJeIe
KopultheHe y JMcepTalyju M TO: KHHETHYKM MOJEN TICEeyIOo-Apyror pena, MoOJel
mehydectnune mudysuje u FElovich-eB kunernuku wmopen. JloOWjeHe eKCIEpUMEHTATHE
pe3yiTare KaHAuJaT MoToM ,,puryje” kopumhemeM AaTUX MoOJeNa U 3aKkJbydyje, Ja HajooJbe
Cllarame ca EKCIIEPUMEHTAIHUM MOJalMMa 3a aJCOPIIHMjy MCIUTHBAHUX jOHA METala Jaje
KUHETHYKU MOJIEIT TICeY10-IPYTOT pefa.

e /30mepme adcopnyuje. Y OBOM A€y KaHIUAAT NETaJbHO OMHCYyje KopullheHe Mozene KOju
OINHUCYjy PaBHOTEXY MNpH aacopnuuju u To: Langmuir-oB Mojen aJCOpHIMOHE H30TEpMeE,
Freundlich-oB mozen ancopruuone usorepme, 1 Temkin-oB Mojen ajcopHIMOHE H30TEPME.
[Torom, kaHgunmaT noOWjeHE eKCIepUMEHTaJIHE IMojaaTke ,,puryje” matum Moaenuma, u
3aKJbydyje Ja 3a aJCOpIHjy joHa Oakpa, HUKIA M IIMHKA HAa cJIaMH HajOOJbe ciarame ca
eKCIIEpUMEHTAIHUM ToAalMa aajy Langmuir-os i Temkin-oB moen aicoprunone u3oTepme,
JOK je 3a aJCcopHiMjy joHa OJIOBa Ha cJaMH HajOOJbe cCllarame ca EeKCIEPUMEHTaTHUM
noganumMa aao Temkin-ov MoJien aacopnimone u30TepMe.

[TornornaBsbe AcopIigja y KOJIOHHU CACTOjU CE U3 TPU LEIUHE U TO:

e [Ipomena pH 8peonocmu ca 8pemeHoM mMoKom adcopnyuje jona 6akpa, Huxkia u yunka. Y
OBOM JIeNly KaHAMIAT 3ak/bydyje Ja je mpoMeHa PH BpemHOCTH ca BPEeMEHOM TOKOM
ajzcopniyje joHa 0akpa, HUKJIA U IIMHKA PE3yJTaT KO-aJICOPIIMje JaTUX joHA ca JOHMMa
BOJIOHUKA, KaJ[a IOCTOjH KOMIIETHIIH]a 32 ,,aKTUBHO MECTO" Ha aJIcOpOEeHCYy.

o  Oodpehusarve npoOOJHUX KPUBUX 3A AOCOPNYUJY JOHA OAKPA, HUKIA U YUHKA HA NULEHUYHO]
cramu. KanaunaTt y oBOM Jieny JeTaJbHO OIMUCYje MOCTYIAaK aAcopiiurje y KoinoHu. Takohe,
KaHAMJAT TpHKa3yje NpoOojHe KpUBE M M3padyyHaBa CTEMEH aACOpIIHUje 3a JaTe joHe
MeTaia, U3 ’UXOBHX CHHTETHYKUX PacTBOPA, MPEe IOCTU3aba MPOOOjHE TauKe.

o  Oodpehusarbe npoOOJHUX KPUBUX 3A AOCOPNYUJY JOHA OAKPA, HUKIA U YUHKA U3 MEPHAPHOR
pacmeopa 0amux joHa Ha nueHuyHoj caamu. Y OBOM Jieny, Kanaumar oapelhyje mpobojue
KpHBE 3a JlaTeé jOHE MeTaja aji cajJa W3 TEePHApHOI pacTBopa AaTHX joHa. [loTom,
ynopelyje noOujeHe BpeIHOCTH 3a CTENEH aJICOPMIMje JaTUX jOHAa MeTajla U3 TePHApPHOT
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pacTBopa ca CTENEHOM aJCOpHIMje JaTUX jOHAa MeTajlla U3 HHUXOBHUX IOjeAMHAYHUX
CHUHTETHYKHUX pacTBopa. Ha kpajy oBor gena 3akibydyje na ce Behu CTeneH aJcopriuje
nobuja y ciiyqajy afcoprilfje JaTUX joHa MeTalla U3 lbUXOBHX CHHTETHUYKUX PacTBOpa, U Ja
je pazinor Tome KoMmmeTuija u3Mely IaTux joHa 3a aKTHBHO MECTO Y CTPYKTYpH
ajicopOeHca TOKOM Tpolieca aJICopIIuje.

Y nmnormornaBjky MexaHuzaMm ajcopmije, KaHAWIAT 3aKJbydyje Jla TOKOM aJCOpPIIIH]je
WCIHUTHBAHUX jOHA Ha MIIEHUYHO] CIaMH, JeMHO je y CIyyajy ajcophuuje joHa Oakpa joHCKa
M3MeHa MOTYhH TOMHHAHTaH MEXaHu3aM, ajiil J]a Taj MEXaHW3aM HUje jeJJMHU [IPUCYTaH Y CUCTEMY.

VY nortnornariby YTHI] (U3NUKO-XEMHUJCKUX OCOOMHA jOHAa MeTajla Ha aJCOpIILHUjy JaTor joHa,
KaHAMJaT MOTBphyje mocTaBibeHy XWMIIOTE3y, Aa je aduuuTer ancopOeHca mpema IaToOM jOHY
MeTajia y Kopenaiuju ca GU3HuKo-XeMHjCKUM OCOOMHaMma JIaTor joHa MeTaa.

VY nortnornasiby TeXHOJOMIKK MOCTYIAK Mpolieca yKIamamba U BATOpU3alldje MeTana U3 BOACHUX
pacTBopa, KaHIMIAT TMpeaiake TEXHOJOUIKM TIOCTYMaK 3a TpeTMaH BOJCHHMX pacTBOpa,
KOMOMHOBAWEM IOCTYIAaKa aJICOPIMIIHje, COJIBEHTHE EKCTPAKIHMje M EJIEKTPOJIUTUYKOr J00Hjama
MeTana, KopuinhemeM IMIIeHWYHe claMe Kao aacopOenca. IIpeioskeHH TEXHOJOMIKM MOCTYyHaK
uMao OM 3a IHJb J1a PUKaKe OCHOBHE IMPOIECEe U Olepalnuje Koju ou Ouimm KopuimheHu y mporecy
KOju OM pPE3yJlTHPA0 CMamEHEM KUCEIIOCTH PYAHHUYKE BOJE, YKIAHAkEM joHAa Oakpa M JIpYrux
MeTala 1 uckopuinhemeM 0akpa Kao Haj3acTyIUbeHUjer MeTalla Y pyITHUYKUM BOJaMa.

VY nornaripy 3ak/by4yak KaHAWIAT Jaje pesuMe JOOWjeHHX pe3yiTara y JEBETHAECT Tadaka, U3
KOJHX ce MOKe U3BecTH cienehe:

e [lpuiMkoM Hcnupama cilame ASCTHIIMCAHOM BOJIOM, 3HATHO Beha KOJMUYMHA alKalHUX H
3eMHOAJIKAIIHUX METaJla Ce CaMOM3IY)KYje HEro IITO c€ U3MEHH Ca JOHUMA BOJIOHHKA.

e Jlo mopacra pH BpeaHOCTH pacTBOpa TOKOM HCHHpama cllaMe IeCTUIMCAHOM BOJIOM
70J1a3M ycIIel CMambeha KOHIICHTPalluje BOJJOHUYHUX JOHA Y pacTBOPY, KOjU Cy UCTIHpAeM
MIPEILIN Y CTPYKTYPY cliame, pu 4emy ce oko 93 % joHa BOJIOHHKA acOpOOBAIIO Y OJTHOCY
Ha MOYETHY KOHIIEHTPALH]Y.

e JlopacT mMpoOBOAJBMBOCTU pPACTBOPA, TOKOM HCIUpPama CllaMe JECTHIMCAHOM BOJIOM,
nocienuia je TMopacTa KOHIIGHTpallWje jOHAa HaTpHjyma, Kalujyma, Kallujyma |
MarHes3ujyma y pacTBOpPY, KOjU Cy Ce€ HCIHPameM ClaMe CAMOM3IYKWIM M TPEellIH U3
CTPYKTypE cliame y BOJeHY (a3zy.

e Ha ocHoBy no0ujene BpeaHoctH 3a kanauuter u3mMene karjona (KIK), nomuHanTan joH y
M3MEHJPMBOM TOJIOXKA]y je JOH KaJIlijyma.

e Toxom aacopmnmuje joHa Oakpa, IMWHKA U OJI0OBA Ha CIaMHU JOJa3d [0 cMamema pH
BPEHOCTU pacTBOpa ycies ACMPOTOHMU3ALN]E XUAPOKCUIHUX (YHKIMOHATHUX Tpyna y
CllaMH UM Tpejiacka joHa BOJOHMKA W3 CllaMe y pacTBOp, a KOjU C€ 3ajeqHO ca joHUMa
KaJIlMjyMa U3 CTPYKType claMe MEXaHH3MOM JOHCKEe M3MEHE M3MEemYjy ca joHHMa Oakpa,
uHKa U onosa. [lopact pH BpenHoCTH pacTBOpa TOKOM aJICOPHIIMjE joOHA HUKJIA TOBOPH O
TOME JIa Ce TapaJieIHO Cca aJCOPIIMjOM joHA HUKJIA OJBHja U aJICOPIIIMja jOHA BOJOHUKA U3
pacTBopa Ha clamM, NMPH 4YeMy JO0JIa3u N0 KomIeTuiuje usmely joHa HHMKIAa M joHa
BOJIOHHMKA 32 aKTUBHO MECTO Y CTPYKTYpH Cllame.

e Kuneruka ajncopniuje joHa Oakpa, HUKJA, IIMHKAa M OJIOBA je aHAJIM3UpaHa MpeMa TpH
TEOpHjcKa KHUHETHYKa MOJesia: MOJENY ICeydo-Apyror peaa, Mojeny MelydecTHuHe
mady3uje u Elovich-eeom Moneny. YTBpheHo je na ce aacopmnimja y CBUM cllydajeBUMa



HajOOoJbE OMHCYje MOJETIOM IceyA0-Apyror peaa. OBakaB pe3ysTaT HaBOAM Ha 3aKJbydyak Ja
je xemucopnuuja Moryhn HauuH Be3uBama ajacopOaTa Ha MOBPIIMHM afcopOeHca.

e Langmuir-oB u TemKin-oB Moen ajcopIiioHe U30TepMe MOKa3aln Cy Haj0oJbe Clarame
ca eKCHepMMEHTAJIHHM IMOJAalMMa 3a aJCopHiMjy joHa Oakpa, HHMKJIA M IUHKA. 3a
ONHCUBAIE PABHOTEXKE aJCOpMIMje jOHA OJoBa Ha CcJIaMH HajOoJbe Cclarame ca
eKCIIEPUMEHTAIHUM Toanuma 1ao je Temkin-oB MoJen acopiimoHe H30TepMe.

e MaKcCHMAaNHN KamamuTeT ajgcoprmuje 9,3 Mg g~ ciame 0OHjeH je 3a ajcopmiujy joHa
0JIOBa, JIOK j€ KamaluTeT aJCOpMIlMje joHa Oakpa, HUKJIA U [MHKAa 5 Mg gt 25mggtu
3,25 mg g'1 clame, pesioM.

e Bucoku cTemneH ajcopniyje joHa Oakpa, HHKJIA W IMHKA y KOJIOHHM je MOCTUTHYT Hpe
J0CTH3ama Mpo0OojHE Tauke Ha MPoO0jHOj KpUBOj M U3HOCHO je 99,4 %, 99,1 % u 99,65 %,
peIoM.

e Ha oCHOBY HCITUTHUBAaHUX (PU3NUKO-XEMHJCKHX OCOOMHA JaTUX jOHA TEHIKUX MeTaja JOIIIO0
ce J10 3aKJbyyKa Jia IITO je MamU JOHCKH pajijyc MeTaja 1 Beha eleKTpOHEraTUBHOCT joHa
MeTana, To je Behu creneH agcopnuuje 1aTor joHa MeTaa.

e [lpeanokeH je TEXHOJOLIKM IOCTYNMAK 3a TPETMaH BOJEHUX pacTBOpa KOMOMHALIMJOM
MOCTYIaKa aJICOPIIIHje, COJBEHTHE EKCTpaKIfje U elleKTpojoOujama Merana. [lomeHyTn
TEXHOJIOIIKA TOCTyHak ce cactoju u3 cienehux ¢asza: Hakon 3aBprierka mporeca
aJicoprirje y KOJIOHH, YMECTO JIECOpIIHrje, cliaMa 3acuheHa joHuMa MeTana OM ce HaKOH
nehema u cymema cnajiuia, pu 4eMy O ce y Merneiny KOHICHTPHCAIH jOHU MeTaja. Tako
no0ujeHu merneo OM ce TOTOM JIY)KHO pacTBOPOM CYMIIOpPHE KHCENMHE, IIPH YeMy O jOHH
MeTajia Mpeluid y pacTBop. Y LMJby Balopusauuje 0akpa, Jy>KHU pacTBOp Ou 3aTUM OHO
MOJIBPTHYT COJIBEHTHO] €KCTPAKIIMjHU, TIPU YeMy O ce HaKOH peeKCTpaKiifje 10010 pacTBOp
oOorahen Oakpom. bakap Ou ce M3 TakBOI pacTBOpa, HAKOH COJIBEHTHE EKCTpaKIHje U
peeKcTpakimje, J00Mjao EIeKTPOXEMHUJCKHM IOCTYIKOM, MpHU 4deMmy Ou ce Kao (UHATHU
pOM3BOA JOOMO KaToJHU Oakap, a OCHPOMAIIEHU EJIEKTPOJUT Ha Oakpy OM ce BpaTuo
HaszaJ y Tpolec peeKCcTpakivje, JOK Ou ce qobujeHa TOIIOTa HAKOH CaropeBama
azicopObeHca HCKOPHCTUIIA 32 MHTEPHE NOTpede MOCTOojemha.

e JloOujeHH pe3ynTaT y OBOj JOKTOPCKO] AMCEPTALIUjU TPEACTaBIbajy TOTPUHOC aKTyeTHUM
UCIHUTHUBAakUMa y o0jacTu Ouocopmuuje, W TOKazyjy JAa ce MIIEHHYHA cjamMa MOXKe
YCIIEIIHO KOPUCTUTH Kao je(hTHH, MPUPOIHU aJcOpOCHC 3a aJICOPIIHjy joHa Oakpa, HUKIIA,
IIMHKA ¥ 0JI0BA M3 BOJACHHUX pacTBopa. [IoMEeHyTH MHXXEHEPCKU MPHUCTYI je OJ 3Hauaja 3a
pemaBame nocrojehux mpobiema y TpeTMaHy OTHAJHUX BOJA, KaKO ca CTAaHOBHUIITA
3alITUTE )KUBOTHE CPEIMHE, TAKO M Ca EKOHOMCKOT aCIeKTa U acleKTa OJpXKUBOT pa3Boja, U
oTBapa MOryhHOCT 3a JlJaJbeé HHOBATUBHE aKTUBHOCTH y OBOj HCTPAYKUBAUKO] OOJIACTH.

VY mnornasby JluTeparypa je mnpeicraBibeHa KopuinheHa nuTeparypa, Koja oOyxBata 144
peneBaHTHA pepepeHTHA HaBOAA U3 O0JIACTH UCTPAKUBaJba M MOKPHUBA CBE JICJIIOBE AUCEpTAIIH]e.

[Tornarsbe Buorpadmuja ce oqnocu Ha 6uorpadujy KaHaUIaTA.

VY nornarspy Ily0JMKOBAaHHM M CAaONMIUTEHW PaJOBH M3 OKBHpPa JHMCepTalMje JaT je CIUCaK
MyOJIMKOBAaHUX M CAOMIITEHUX PaJloBa MPOUCTEKIUX K0 PE3yTaT paja Ha AUCepTaIHju.



3. OLIEHA TUCEPTALIUJE

3.1. CaBpeMEHOCT U OPUTHHAIIHOCT

Pa3Boj spyackor apymTBa U yBoheme HOBUX TEXHOJIOTHjA, TOPE] BETUKUX TMO3UTHBHUX edekara,
JIOBEJIM Cy M /10 3araljema YOBeKOBE OKOJIMHE — Ba3llyXa, BOJE M 3eMJBHILTA. JemaH O]l HajTeXHUX
oOnuka 3arahema je cBakako 3araheme Boje. [loTpourma Bose 3a pazHe nmorpede mocraje cse Beha,
IITO Yj€IHO JIOBOJH M JI0 MOPACTa KOJIMYMHA OTIMAAHUX BoJa. OBaKBUM TPEHJIOM IopacTa 3arahema
BOJIa, 3HAYAJHO CE YrpoXkKaBa YOBEKOBA )KMBOTHA CPEIMHA.

[TpucyTHU KOHTaMUHATH y OTIIAIHUM BOJaMa MOTY 3Ha4YajHO Ja 3arajie IpUpoJHE BOJIOTOKOBE, WIH
Ja IPOJIpy 10 TIOJ3EMHHUX BOJICHHX pe3epBoapa, TpajHo ux omrehyjyhu. Kontamunatu yrudy Ha
¢opy u ayHy BOJCHUX TOKOBA, a MPEKO HHUX U HA JbY/E U IBUXOBO 3]PaBJbE.

Tewmrku MeTanu npeacTaBibajy 3HauajHy rpyiry 3araljiBaua npucyTHUX y OTHaJHUM Bojama. bpojHa
WHYCTPUjCKAa TMOCTpOjea €MUTYjy TEIIKe MeTalie ca CBOJUM OTHAJHMM BOJama, racoBHUMa H
YBPCTUM OTNAZOM. PynHWYKEe BOJAE KOjeé MOTHYY U3 aKTHUBHHUX, WIM 3aTBOPEHHX pPYIHHKA,
NPEeJCTaBJbajy JaHacC jefaH O] 3Ha4ajHUX EKOJIOIIKUX mpobiema. OBe Bone caapke y ceOu joHe
TEIIKMX METasla, MOHeKaJl Y 3Ha4ajHO BHCOKO] KOHIICHTPALUjH, KOja Mpeia3d HEKOJUKO CTOTHHA
nyra, npeMa Bakehum 3akoHuma PemyOnmke CpOuje, MakCUMaHO JO3BOJbEHY KOHIIEHTPALHU]Y
OMacHUX Marepuja y BoAW. 300r Tora je BeoMa BaKHO MPOIIECYHpAaTH OBAaKBE BOJAE, a Ipe
UCHyIITaka y OKOJHE BOJOTOKOBe. IlocTojehe KOHBEHIMOHAIHE TEXHOJIOTHjE HMMajy CBOjHX
OrpaHuyYea y TMOTJieAy HpeuuiihaBama, Tako J1a HE MOCTOjU jeJJaH YHUBEP3aJHU TEXHOJOLIKU
MOCTYINaK MPUMEHJPMB Ha CBE OTMagHe Boje. 300T CBUX OBHX pasjiora c€ MHTEH3MBHO pajau Ha
M3HaNTaXewy Owino edukacHujer, OWIo jeTUHHUjer TEXHOJIOMIKOT MOCTYyMKa NpedyuihaBama
OTIAJHUX BOJA Ca HUCKUM CaJp)KajeM joHa TeIIKHUX Merana y cebu. Kao jemHa on anrepHaTuBa
nocrojehuM TexHonorvjama mnpeurinhaBamba OTHAJHUX BOJA HUCIHUTYje C€ WU pa3BHja MpOIleC
aJicopniyje joHa MeTala M3 BOJEHMX pacTBOpa IPUMEHOM NPUPOAHUX ajacopOeHaca —
Oouocopruja.

Buocopmniyja joHa TEMKUX MeTajla U3 BOJIEHUX PacTBOPA je HOBH, JOIII YBEK y pa3Bojy Mpolec, KOju
ce, Ha Ja0OpaTOPHjCKOM HHUBOY, MOKa3a0 €(PHUKACHUM 3a YKJIAkamke jOHA TEIIKUX MeTana H3
BOJCHUX pacTBOpa. Moke ce pehm ma OGuocopmiMja MOKe MOCTaTH ajlTepHATHBA MHocTojehum
KOHBEHIIMOHAJTHMUM TEXOJIOTHjaMa 3a mpeuyuinhaBambe HWHIYCTPHJCKUX OTMATHUX BOJA, MOCEOHO
OHHMX Ca HHCKUM CaJp’kajeM joHa TEIIKUX 000jeHHX MeTaja. buocopmnuuja, kao anTepHaTHBa
nocrojehM KOHBEHIIMOHAJIIHUM TEXHOJIOTHjaMa, Ouiia je M joul YBEK je MpeaAMET HMHTEpPEecOBamba
Hay4YHHKA Ca IMJbEM Ja C€ KOMEPIHjATHU aJCcOPOEHCH 3aMEHE MOX/Ia HEIITO Mame e(hUKacHUM,
aJli 3aTO MHOTO je(pTUHUJUM MPUPOTHUM afcopOeHCHMA.

Nmajyhu y Buay aa ce cBake roaune y CpOuju npoussesie 0Ko 2 MIJIMOHA TOHA MIIEHUYHE ClaMe
KOja HMje aJIeKBaTHO MCKOpHIIheHa, jacHO je Ja MIIEeHWYHa cjlama, Kao BakaH OOHOBJbUBU H3BOD
eHepruje, MpecTaBjba 3HauajaH eHepreTcku noreHuujan y Cpouju. Melhyrum, y oBoj aucepranuju,
carielaH je W JIpYrH acmekT NMPHUMEHE MIICHWYHEe clame-Kao afcopOeHca 3a aJcopIiujy joHa
TEIIKMX METaja U3 BOJICHUX PacTBOpa.

Mosxke ce pehu na ucTpakuBama y OKBHPY OBE JAUCEpTAllHje MPECTaBIbajy OPUTHHAIHY MPHCTYII
npobnemMaTuiid npeuynmrhaBamka OTIMAIHUX BOJA, Ca HUCKUM CaJp’KajeM jOHa TEIIKMX MeTala,
KopuiIhemeM MIIeHUYHE CIaMe Kao aJcopOeHca.

3.2. OcBpT Ha pedepeHTHY U KOpultheHy JIUTEPATYPY

VY nuTepaTypHOM Iperieny J0KTOpCKe Aucepraiyje HaBeaeHa cy 144 nureparypHa HaBO/a, KOjU Cy
oMmoryhmim na ce mpukaxe cTame y o0OlacTUMa BE3aHUM 3a TeMy Jokropara. Behuna HaBona je
HOBHJETr JIaTyMa U MpeCTaBJba pajoBe 00jaBJbeHEe Y BPXYHCKUM Mel)yHapOIHUM 4acomMCHUMa, IITO
yKa3yje Ha aKTyeJTHOCT TeMe JIOKTOPCKe IucepTanuje. ExciepuMeHTanHu MmoJay Ipyrux ayropa
NPUKA3aHU y JUTEPATYpHOM TMperiiefy Cy aHalIM3UpaHd M mopeheHu ca pesyiaratuma Koje je
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KaHaMIaT 10010 y CBOM €KCIIepUMEHTaTHOM pany. M3 mommca nureparype Koja je KopuirheHa y
JMCepTalliji, yodyaBa ce II03HAaBame INpeAMETHE O00JacTH HCTpaXHBama, Kao M IO3HABaHbE
aKTYEJHOT CTama UCTPAKHUBAIA Y OBOj 00JIACTH y CBETY.

VY HacTaBKy OBOI' M3BEIITaja Cy, Y TOM CMHUCIY, HaBEeIECHH Haj3HAYajHUJU PaJOBU KOpPHUIINEHU H
UTHPAHH y AUCEPTALUjH:

1. Avery S.V & Tobin, J. M. (1993). Mechanism of adsorption of hard and soft metal ions to
Saccharomyces cerevisiae and influence of hard and soft anions. Applied Environmental
Microbioligy, 59(9), 2851-2856.

2. Jenkins, B. M., Bakker, R. R., & Wei, J. B. (1996). On the properties of washed straw. Biomas
and Bioenergy, 10(4), 177-200.

3. Fiol, N., Villaescusa, I., Martinez, M., Miralles, N., Poch, J., Serarols, J. (2006). Sorption of
Pb(I1), Ni(ll), Cu(ll) and Cd(Il) from aqueous solution by olive stone waste. Separation and
Purification Technology, 50, 132-140.

4. Dang, V. B. H., & Doan, H. D. (2009). Equilibrium and Kinetics of Biosorption of Cadmium (I1)
and Copper (I1) lons by Wheat Straw. Bioresource Technology, 100, 211-219.

5. Doan, H., & Lohi, A. (2008). Removal of Zn** and Ni** by Adsorption in a Fixed Bed of Wheat
Straw. Process Safety and Environment Protection, 86, 259-267.

6. Faroog, U., & Khan, M. (2007). Triticum Aestivum: A Novel Biosorbent for Lead (II) lons.
Agrochimica, 51, 309-318.

7. Teixeira Tarley, C. R., & Zezzi Arruda, M. A. (2004). Biosorption of heavy metals using rice
milling by-products. Characterisation and application for removal of metals from aqueous effluents.
Chemosphere, 54, 987-995.

8. Kumar, P. S., Ramalingam, S., Senthamarai, C., Niranjanaa, M., Vijayalakshmi, P., Sivanesan, S.
(2010). Adsorption of dye from aqueous solution by cashew nut shell: Studies on equilibrium
isotherm, kinetics and thermodynamics of interactions. Desalination, 261(1-2), 52-60.

9. Wu, Y. H, Mi, X. M,, Jiang, L., Li, B., Feng, S. X. (2011). Equilibrium, Kinetics and
thermodynamics study on biosorption of Cr(VI1) by fresh biomass of Saccharomyces cerevisiae.
Korean Journal of Chemical Engineering, 28(3), 895-901.

10. Cheung, C. W., Porter, J. F., & McKay, G. (2001). Sorption kinetic analysis for the removal of
cadmium ions from effluents using bone char. Water Research, 35(3), 605-612.

11. Chun, L., Hongzhang, C. (2004). Adsorptive removal of Cr (VI) by Fe-modified steam
exploded wheat straw. Process Biochemistry, 39, 541-545.

12. Zhao, X. T., Zeng, T., Hu, Z. J, Gao, H. W., Zou, C. Y. (2012b). Modeling and mechanism of
the adsorption of copper ion onto natural bamboo sawdust. Carbohydrate Polimers, 89(1), 185-192.
13. Villaescusa, 1., Fiol, N. (2004). Removal of copper and nickel ions from aqueous solution by
grape stalks wastes. Water Research, 38, 992-1002.

15. Pérez-Marin., A. B., Ballester, A., Gonzélez, F., Blazquez, M. L., Munoz, J. A., Saez, J., Zapata,
V. M. (2008). Study of cadmium, zinc and lead biosorption by orange wastes using the subsequent
addition method. Bioresource Technology, 99, 8101-8106.

3.3. Onuc u aIeKBaTHOCT IIPUMEHLEHUX HAVUHHUX METOJA

VY 0BOj AucepTaluju MPUMEHECHO j€ BUIIIE CAaBPEMEHHX, CTaHIapIM30BaHUX METOJIa MEpPeHa

Y QaHAIUTUYKUX TeXHHKA. [IpuKka3zaHe MeToje y NOTIYHOCTH OJroBapajy MpeaIMeTy U METOA0JIOTHjU
UCTPaKUBAMbA.

VY exkcriepuMeHTaIHOM JIeNly AucepTaliyje kopumhene cy cienehe meroze:
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IIpunpema aocopbenca (maegere u npocejasarve)

Kao ancopbenc kopuinheHa je MiieHMYHa claMa CakylJbeHa ca JoKamHuX moJba. Crama je
IPBO caMJIeBEHA, 3aTHM IIpOCEjaHa Ha CeTy JabOpaTOpPHjCKHX CHUTa M CHUTOBHA (Qpakiuja
(-1 + 0,4) mm kopunrheHa je 3a eKCIIEPUMEHTE aJICOPIILIH]E.

Excnepumenmanne memooe kapakmepusayuje aocopboenca obyxeamare cy:

Ou3NUKy KapaKkTepu3alujy MIIeHUYHE cllaMe:

OnpehuBame cnenuduyHe MOBPIIMHE

CrnenuduyHa MoBpIUIMHA MIIEHUYHE cllame ojpeleHa je aacopniroHOM METOI0M KopuurhemeM
pactBopa MeTwi aBo Ha UV — criektpodoromerpy o3nake PU 8620 UV/VIS/NIR.

OnpehuBame canpikaja Biare
Pamu onpehuBama canpikaja alkadTHUX U 3eMHOAJKATHUX METala, Kao M APYruX HEOPraHCKUX

KOMIIOHEHATa y cllaMH, oJpeheHa maca ciame je Hajipe ocyleHa y 0yOmacToj CYIIHUIU paIi
onpehuBama cajpikaja BiIare.

XeMUjcKy KapaKTepHu3allyjy MIIeHUYHEe cIaMe:
OnpehuBame XeMHjCKOT cacTaBa

Haxon oxpehuBama caapikaja Biare y ciaMmi, cliama je CrajbeHa, IOTOM JKapeHa y KOMOPHO]
nehu paau okcupanuje yKynHor yribeHuka 1o CO;. Ileneo je HakoH Tora oxnahen y mehw,
W3MEpEH, W W3padyHaT NpPOIEHAT Iemesia y ciaamMH. 3aTHUM je M3BpLICHa XeMMjCKa aHaiu3a
nerena KopuirhemeM aTOMCKOT arcopIIMOHOr criekTpomerpa osHake Perkin — Elmer 403
AAS. Taxohe, uctu ypehaj je kopumiheH u 3a oapehuBambe KOHIEHTpAIMje jOHA TEIIKHX,
AJIKAJTHUX U 36MHOAJIKAIHUX MeTasa.

OnpehuBame caapkaja OpraHCKHX MaTepHja Y BOIH OJ mpama ajacopoenca (HPK)
Canprkaj OpraHCKHX MaTeprja y BOJM OJ UCIIUpaa cilaMme JECTUIMCaHOM BOJIOM oJpelhuBaH je
BOJIYMETPH]CKH, THUTpalujoM Bojae ona mpama pactBopom 0,002 M KMnOs. Ha ocHoBy

notpomrtbe KMnO,4, u3pauyHaTta je xemujcka motpomma kuceoHuka (HPK) 3a oxcunmarmjy
OpraHCKUX MaTepHja y BOJH O] UCIIHparba claMe.

OnpehuBame kanarurera u3mene karjona (KIK)

KIK u3mely nieHudHe ciaMe U BOJICHOT pacTBopa ojpeleH je BOJlyMeTpHjCKH, CTaHIapIHOM
METOJIOM jJOHCKE U3MEHE Ca aMOHH]YM — XJIOPHJIOM.

OU3NUKO-XEeMH]CKY KapaKTepu3alujy MIICHUYHE CIaMe:

OnpehuBame Tauke HynTOT HaenekTprucama (PHzpc)

Tauka HynTOr HaenekTpucama Hu3Mel)y mIIeHHYHEe ciaaMme M BojeHe ¢asze oxapehena je
BOJIYMETPHU]CKH, CTAHAAPAHOM METOJIOM ca JBe paznuuute koHueHTpanuje KNOs.

Cxenupajyha enexrponcka Mmukpockonuja (SEM Mukpockomnuja)
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Mopdonoruja NOBpIIMHE Y30paka IIIEHUYHE CcJaMe je TIocMaTrpaHa CKeHupajyhum
enekTpoHcKkuM Mukpockornom o3Hake VEGA 3 LMU TESCAN. Ilpe cuumama y3opaka, UCTH
Cy HarapaBaHU XpoMOM Y ypehajy 3a HanapaBamwe o3Hake QUORUM Q150T ES.

e  Oypujeona Tpanchopmanmona nappanpsena crnekrpockonuja (FTIR crniekrpockonuja)

Cuumama FTIR cnekrapa yzopaka nimennyne ciname, ypahena cy Ha FTIR cniekrpodoromerpy
osnake BOMEM MB-100 (Hartman & Braun Michelson y cnekrpamHoM ormcery
4000-400 cm™, ca pesonymmjom ox 2 cm™. 3a motpeGe CHUMAbA, Y30PLH MIICHAYHE CIaME CY
NPUIIPEMJbEHU Ca KaJujyM-OpoMuIOM y MaceHoM oaHocy 1:150, mpu yemy cy nobujeHe
onroBapajyhe KBr-tabnere. Jlo6ujene KBr rtabmere cy motom cHumane Ha gatom FTIR
cekTpodoToMeTpy.

»  Excnepumenmanne memooe ucnumugarba adcopnyuje jonHa Memana y peakmopy ca Meularbem
Uy adcopnyuoroj KOJI0HU

e Mepewe pH BpenHOCTH pacTBOpa

[Tpomena pH BpemHOCTH pacTBOpa TOKOM HCIUpama cllaMe AeCTHIOBAHOM BOJIOM, Ka0 M TOKOM
ajicopruuje jona merana, Mepesa je pH-merpom WTW inoLab pH - 720.

e Mepewme NpOBOJBUBOCTH PACTBOPA

[lpomeHa TPOBOMAJBMBOCTH pPACTBOpa TOKOM WCIHUpama NIICHHYHE CcJaMe MepeHa je
koHIykTomeTpom o3nakeWTW inoLab cond — 720.

e  OppehuBame KMHETHKE aICOPIIIH]jE

3a omMcHUBame KUHETHKE aCOPIMIHje MaTHUX jOHA HA MINEHUYHO] CIaMH KOPHWIIhEHU CYy
KWHETUYKH MOJIET IICEYA0-IPYror pena, KWHeTHIK Mojen Mehydectinune qudysuje u Elovich-
€B MOJIeII.

e  OppehuBame U30TEPMU aJICOPMILIH]jE

ExcnepumeHTanHo A00MjeHM TMOJalMd IPOMEHE KaraluTeTa ajcopIilije ca BpPEMEHOM
¢uroBann cy kopuimhewmem Langmuir-osor, Freundlich-oBor u Temkin-oBor wmozena
aJICOPILIUOHE U30TEPME.

3.4. [IpuMeHJEUBOCT OCTBAPEHUX pE3YITATA

Ha ocHoBy mperiiena 10 cafa 00jaB/beHUX €KCIIEPUMEHTAIHUX M0JIaTaka U pe3ysiTaTa MpUKa3aHuX
y OKBHpPY OBE JAWCEpTallhje, OCTBApEH j€ 3HA4ajaH IONMPUHOC y OBOj obmactu. Pesynratu wu
3aKJbYYLIM U3HETH y OBOj AMCEPTALMjH TOTBPAA cy MOryhHOCTH KopuIllhema MIIeHUnYHe cllame Kao
azicopOeHca 3a aJIcCopHIujy joHa 6akpa, HUKJIA, IIMHKA U 0JI0Ba U3 BOJCHUX PacTBOPA.

[Ipuka3aHu TEXHOJOIIKM MOCTyNaK NpedyuirhaBama OTMAAHUX BOJAa KOMOHMHAIIMjOM MOCTYIaKa
aJICopIIHje, COJBEHTHE EKCTPaKLHUje U eIeKTpooOujamba MeTalla KopullhemeM MIIIeHUYHE ClaMe
Kao ajcopOeHca uMa 3a IUJb Jla MPUKake OCHOBHE MpoIlece U omnepalje koje 0u ouse xopuirhene
y Tpolecy, KOju Ou pe3yiITHpao CMamemheM KUCEIIOCTH PYIHUYKE BOJE, YKIIamama joHa 0akpa u
ApYrux TEMIKMX MeTajna U ucKopuinhemeM Oakpa Kao Haj3acTYIJbCHM]Er MeTajla y pyJHHYKUM
BOJaMa.

[TomMeHyTH MHXXEHEPCKU MPUCTYI je OJ1 3Havaja 3a pelaBame rnocrojehux mpobiema y TpeTMaHy
OTIAJHUX BOJA, KAKO Ca CTAHOBHUIIITA 3aLITUTE )KUBOTHE CPEMHE, TAKO U Ca EKOHOMCKOT acleKkTa u
acriekTa OJIPKUBOI pa3Boja, M OTBapa MOTyhHOCT 3a Jajbeé MHOBATUBHE AaKTUBHOCTH Y OBOj
UCTPAXUBAYKO] 00IaCTH.
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Bepudukanuja noOujeHuX pesynrara y IUCEpTalMjd OCTBapeHa je 00jaBJbUBAaEkEM pazoBa y
Mel)yHapoJHMM YacolucuMa U3 OBE O0JIaCTH, Kao M MPE3eHTOBAamEM J0OMjeHHX pe3yiTara Ha
MelyyHapoJHUM KOH(epeHIrjama.

3.5. OueHa JOCTUTHYTHUX CIIOCOOHOCTH KaHIMAATA 334 CAMOCTAIHU HAay4YHHU pan

VYpahena nokropcka aucepraliyja, aHaau3a JOOMjJEHHX pe3ynirTaTa, T€ MPOUCTEKIN ITyOIMKOBAaHU
Hay4YHH paJOBH, Kao U MyOIMKOBAaHM pAJOBH HU3BaH JIOKTOPCKE Jaucepranuje U ydemhe Yy
peanu3anyju Hay4YHO-MCTPAKUBAUKHUX IpOjeKaTa, yKa3yjy Ha CIOCOOHOCT KaHauaara MwiaHa
['oprueBckor, IUIUL. WHXK. METAIYpPIUje 3a CaMOCTalTHM HAay4HHU pajJ Kao M 3a aKTHBHO ydemihe y
TUMCKOM pay.

4. OCTBAPEHHU HAYYHMU JOINTPUHOC

4.1. TIlpukas ocTBapeHUX HAYYHUX JOOPUHOCA

Y OoKBUpYy OB€ JucepTalMje OCTBApeH je 3HayajaH Hay4YHHU JOTNPUHOC y OOJIACTH TNpUMEHE
NIIEHUYHE CJlaMe 3a aJCOpNIMjy joHa Oakpa, HHMKIA, IIMHKAa M OJOBAa W3 BOJCHUX pacCTBOpA.
Hay4Hu u npakTH4HU 3Ha4aj OBE JOKTOPCKE AUCEpTaIlHje ce orieaa y cieachem:

- Kapakrepuszamnujom nieHnyHe ciame, KopuiihemeM oAroBapajyhnux MeToja Kapakrepusaluje,
onpehene cy meHe Qu3nuKe, XeMHUjCKe U PUINIKO-XEMHjCKE OCOOHHE.

- Ha ocnoBy nobujenux pesynrara FTIR-a nepunucane cy QyHKIIMOHAIHE rpyle y aacopOeHCy
OJITOBOPHE 32 U3MEHY jOHA.

- Ha ocHoBy noOujeHux pesynrara 3a KarnaiuTeT U3MEHE KaTjoHa opeheH je JOMUHAHTaH jOH Y
M3MEHUBOM MOJI0OXKA]y KOJU C€ y TpOIlecy afCOpIIUje MEXaHU3MOM JOHCKE H3MEHE H3MemYje
ca jOHHMa MeTaa.

- Jlepunucan je MexaHH3aM aJACOPIIHUjEe M YyJIOTa aJKAIHUX M 3E€MHOAIKATHUX MeTaja
MPUCYTHUX Y MOJIEKYJICKO] CTPYKTYpH afcopOeHca Ha poLec aJICopIIHje.

- Ogpehen je kamanuTeT aaCcoOpIIMje MIICHAYHE cllaMe Kao U HeroBa MPOMEHA ca BPEMEHOM 32
JaTe jOHE TEeIIKUX MeTala.

- Ogpehen je yTuiaj nmojeAMHUX MapaMerapa Ipoleca Ha Ipollec aacopmuuje kao mTo cy: pH
pacTBopa, MPOBOIJBUBOCT, OYETHA KOHIIEHTPAIMja jOHA TEIIKUX METaa.

- Ha ocnoBy n3a0paHoT TEOPHjCKOT KMHETHYKOT MOJIENa, KOjU je MO0Ka3ao HajooJke cilarame ca
eKCIIEpUMEHTAIHUM TOoJaluMa, ojpeheHe cy KOHCTaHTe Op3uHEe aJCOpIIHje AaTHUX jOHA
MeTaja Ha aIcOpOeHCy, Ka0 U PABHOTEKHH aJICOPIIIIUOHN KaNaluTeT.

- JleduHucanu cy ycioBu paBHOTEXKE Ipolieca aacopiiyje; oapeheHe cy KOHCTaHTe paBHOTEXKE,
KOC(UIMJEHTH XETePOTreHOCTH, Ka0 M TEOPHjCKH KallalUTeT aJCOPIIMje 3a CBAaKH O]
UCIHUTHBAHUX JOHA METaja.

- Hcnwurana je ancoprnumja y KoJoHHU; oapeheHe cy npoOojHe KpuBe U MpoOOjHE TauKe 32 CBaKU
OJ1 jJOHa MeTaJa.

- Jlepunucan je MexaHH3aM aJACOPIIHMjEe M YyJIOTa aJKAIHUX M 3E€MHOAJKATHUX MeTala
MPUCYTHUX Y CTPYKTYpH afcopOeHca Ha MPOLEC aJICOPIIIH]e.

- Jlepunucan je yTunaj mojeIuHuX (PU3MUKO-XEMUJCKUX OCOOMHA jOHA MeTaja Ha aJICOPHIH]Y
JaTor joHa.

- IpemnoxkeH je TEXHOJOUIKM TOCTYMaK 3a TpeTUpame 3acuheHor ajncopbeHca, Koju Ou ce
3aCHUBA0 Ha HETOBOM CHaJbUBamy, HCKOPHUIINEHY TOIUNIOTHE €HEpruje 3a MHTEepHE MoTpede
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MOCTPOjerha, a MeNeo JYKHO PacTBOPOM KUCEIIMHE, MPU 4eMy OM y JIy)KHU PacTBOP IMPELUIH
azicopOOBaHM jOHH TEIIKMX METaia, Ha Koje Ou Morao na ce npuMenu SX-EW noctynaxk.

4.2. KpuTruka aHaimsa pe3yiTara MCTPAKHUBAha

JloOujeHn pe3yiTaTd y eKCIHEpUMEHTATHOM Jieny auceprainuje, o0e30elyjy nomatHe KopHCHE
uHpopMalMje Be3aHe 3a MPoOJeMaTHKy TpeTMaHa OTMAJHMUX BOJA Ca HUCKUM CaJpXajeM joHa
TEIIKUX MeTalla y ceOu KopuithemeM MIIeHNYHe cliaMe Kao ancopoerca. OBU pe3ynTaTd MOBE3Yjy
¢u3nuke, xeMujcke U (PU3NUKO-XeMHjCKe KapaKTepUCTUKE ajcopOeHca u napamerpe mnpoieca (pH
BPEHOCT, MPOBOJJBMBOCT pPACTBOpPA) Ca MEXaHU3MOM aJCOPIIMje MCIUTHBAHMX jJOHAa Ha
MIIEHUYHO] CIAMHU.

VY nuiby o6janimeha KUHETHKE Mpolieca aICOPIIMje jOHA TEIIKMX MeTalla KopuIthemheM MIIeHnYHe
crame Kao ajacopOeHca, onapeheHH cy KMHETHYKM IMapaMeTpu Ipolieca Ha OCHOBY H3a0paHOT
TEOPHUjCKOT KHMHETHYKOT MoOJleJla KOjH je IMOKa3ao HajooJbe crlarame ca eKCIepUMEHTATHUM
nojanmMa o Op3MHHU Mpolieca aJICOPIIMjE CBAKOT OJ1 HCITUTUBAHUX METalla Ha CIIaMHU.

VY1unaj Gpu3n4Ko-XeMHUjCKMX 0COOMHA joHA METala Ha aJICOPIIHU]y JaTOT jOHAa MeTajla y JTUTepaTypu
HUje Yy TMOTIYHOCTH aHaJIM3UpaH, T€ JOOWjeHH pe3ylITaTH Ha OBOM IIOJbY Y JHUCEpTalMju
MPEeJCTaBbajy JONPUHOC OBOj MpoOieMaTuiy, U NoTBphyjy na je apuHuteT amcopbeHca mpema
JaTOM jOHY MeTaja y KopeJalnuju ca (pu3nuko-XeMHUjCKUM 0coOnHama JIaToT jJOHa MeTaa.
[TocTtaB/beHN IUJBEBH M 3alalli MCTPAKMBAKA y AUCEPTALMjU OCTBAPEHHU CY Y MOTIIYHOCTH.
JloOujeHn pe3ynTaTH MpeACTaBJbajy 3HadyajaH JONPUHOC AKTYeITHHUM HCIHUTHUBamUMa y 00JacTu
Ouocopryje, W IMOKa3yjy Ja ce MIICHHYHA CllaMa MOXE YCIEIIHO KOPHUCTUTH Kao jedTuH,
IPUPOJHH afcopOeHC 3a aACOPIIHjy joHa Oakpa, HUKIA, IIMHKA U 0JI0BA U3 BOJCHUX PacTBOpA.

4.3. Bepudukanuija Hay4YHUX JOIPUHOCA

HayuHu nonmpuHOC 0B TOKTOPCKE JUcepTaluje je BepupHKOBaH Kpo3 MyOIMKOBaHE HAyYHE pajoBe
MIPOHUCTEKIIE KA0 PEe3yNITaT UCTPAXKUBAA Y OKBUPY JAUCEpTAIIH]e.

VY nameM TEKCTy je JaT CIHcak A0 cafa 00jaB/beHHX pajioBa y HAYYHHM YacONMCHUMa M PajgoBa
CaoIIITEHNX Ha KOH(epeHIrjama, KOjU Cy MPOUCTEKIH U3 OBE IOKTOPCKE JHCepTaLuje:

Pao y epxynckom mehynapoonom uaconucy, M21:

1. M. Gorgievski, D.Bozi¢, V.Stankovi¢, G.Bogdanovi¢, Copper electrowinning from acid mine
drainage: A case study from the closed mine “Cerovo”, Journal of Hazardous Materials 170(2-3)
(2009) pp. 716-721.

(ISSN 0304-3894) IF (2009) = 4.144 (Engineering, Environmental 4/42).
http://dx.doi.org/10.1016/j.jhazmat.2009.04.135

2. D. Bozi¢, V. Stankovi¢, M. Gorgievski, G. Bogdanovi¢, R. Kovacevi¢, Adsorption of heavy
metal ions by sawdust of deciduous trees, Journal of Hazardous Materials 171(1-3) (2009) pp.
684-692.

(ISSN 0304-3894) IF (2009) = 4.144 (Engineering, Environmental 4/42).
http://dx.doi.org/10.1016/j.jhazmat.2009.06.055

3. M. Gorgievski, D. Bozi¢, V. Stankovi¢, N. Strbac, S. Serbula, Kinetics, equilibrium and
mechanism of Cu®*, Ni** and Zn*" ions biosorption using wheat straw, Ecological Engineering 58
(2013) pp. 113-122.

(ISSN 0925-8574) IF (2012) = 2.958 (Engineering, Environmental 10/42).
http://dx.doi.org/10.1016/j.ecoleng.2013.06.025
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4. D. Bozié, M. Gorgievski, V. Stankovi¢, N. Strbac, S. Serbula, N. Petrovié, Adsorption of heavy
metal ions by beech sawdust- Kinetics, mechanism and equilibrium of the process, Ecological
Engineering 58 (2013), pp. 203-206.

(ISSN 0925-8574) IF (2012) = 2.958 (Engineering, Environmental 10/42).
http://dx.doi.org/10.1016/j.ecoleng.2013.06.033

Pao y mehynapoonom uaconucy, M23:

1. V. Stankovi, D. Bozi¢, M. Gorgievski, G. Bogdanovi¢, Heavy metal ions adsorption from
mine waters by sawdust, Chemical Industry & Chemical Engineering Quarterly 15(4) (2009) pp.
237-249.

(YU ISSN 1451-9372). IF2 (2009) = 1,060 (Materijali i hemijske tehnologije, Ministarstvo
prosvete, nauke i tehnoloskog razvoja RS).
http://www.doiserbia.nb.rs/Article.aspx?ID=1451-93720904237 S#

Caonwmerve ca meljynapoonoz ckyna wimamnauo y yeaunu, M33:

1. M. Gorgievski, D. Bozi¢, V. Stankovi¢, G. Bogdanovi¢, Copper electrowinning from seepages
of closed mine "Cerovo", 40" International October Conference on Mining and Metallurgy,
Sokobanja (Serbia), October 5-8" (2008), Proceedings pp. 386 — 392. (ISBN 978-86-80987-60-6).
2. D. Bozi¢, M. Gorgievski, V. Stankovi¢, G. Bogdanovié¢, R. Kovac¢evi¢, Removal of heavy metals
from mine waters by adsorption on sawdust, 40" International October Conference on Mining and
Metallurgy, Sokobanja (Serbia), October 5-8™ (2008), Proceedings pp. 277 — 284. (ISBN 978-86-
80987-60-6).

3. V. Cvetanovski, D. Bozi¢, M. Gorgievski, M. Steharnek, V. Stankovi¢, Electroplating plants
rinse waters treatment by column adsorption onto wheat straw, XVIII International Scientific and
Professional Meeting “Ecological Truth” ECO-IST’10, Spa Junakovi¢, Apatin, Serbia, (2010),
Proceedings, str. 366-371 (ISBN 987-86-80987-79-1).

4. D. Bozi¢, M. Gorgievski, V. Stankovi¢, Column adsorption of copper, zinc and nickel ions onto
beech sawdust and wheat straw, 42" International October Conference on Mining and Metallurgy,
Kladovo, Serbia, (2010), Proceedings, pp. 78-81 (ISBN 978-86-80987-79-8).

5. D. Bozi¢, M. Gorgievski, S. Ivanovi¢, Z. Ljubomirovié¢, T. Apostolovski-Truji¢, Column
adsorption of copper ions onto beech sawdust and wheat straw, 11" International
Multidisciplinary Scientific Geoconference SGEM 2011, Albena, Bulgaria, (2011), Proceedings
Volume 111, pp. 815-819 (ISSN 1314-2704; DOI: 10.5593/sgem 2011).

6. D. Bozi¢, M. Gorgievski, Lj. Misi¢, V. Truji¢, Adsorption of zinc ions onto beech sawdust, 1
International Symposium on Environmental and Material Flow Management, ZajeCar, Serbia,
(2011), Proceedings, pp. 136-141. (ISBN 978-86-80987-88-0).

7. M. Gorgievski, D. Bozi¢, , Lj. Mi$ié, V. Truji¢, Adsorption of zinc ions onto wheat straw, 1%
International Symposium on Environmental and Material Flow Management, ZajeCar, Serbia,
(2011), Proceedings, pp. 158-163. (ISBN 978-86-80987-88-0).

8. D. Bozi¢, M. Gorgievski, V. Stankovié, N. Strbac, S. Dragulovi¢, Z. Stanojevié-Simsié, Z.
Ljubomirovié¢, Adsorption of nickel ions onto beech sawdust, 43" International October Conference
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on Mining and Metallurgy, Kladovo, Serbia, (2011), Proceedings, pp.396-399. (ISBN 978-86-
80987-87-3).

9. M. Gorgievski, D. Bozi¢, V. Stankovi¢, N. Strbac, S. Dragulovi¢, Wheat straw as an adsorbent
for nickel ions adsorption from aqueous solutions, 44™ International October Conference on Mining
and Metallurgy, Bor, Serbia, (2012), Proceedings, pp. 613-616. (ISBN 978-86-7827-042-0).

10. D. Bozi¢, M. Gorgievski, V. Stankovi¢, N. Strbac, S. Dragulovi¢, Beech sawdust and wheat
straw as natural adsorbents for the adsorption of zinc ions from synthetic solution, 44" International
October Conference on Mining and Metallurgy, Bor, Serbia, (2012), Proceedings, pp. 603-606.
(ISBN 978-86-7827-042-0).

11. D. Bozi¢, N. Strbac, M. Gorgievski, V. Stankovi¢, Column adsorption of zinc ions onto beech
sawdust and wheat straw, 45" International October Conference on Mining and Metallurgy, Bor,
Serbia, (2013), Proceedings, pp. 668-671. (ISBN 978-86-6305-012-9).

Caonwmerve ca meljyHapoOHo2 CKyna wimamnaHo y u3eooy, M34:

1. M. Gorgievski, D. Bozi¢, V. Stank ov £, Removal of copp e ions from aqueous solution by
adsorption onto wheat straw, 37" International Conference of Slovak Society of Chemical
Engineering, Slovakia, (2010), Proceedings, p. 110. (ISBN 978-80-227-3290-1).

2. D. Bozi¢, M. Gorgievski, V. Stankovi¢, Sawdust as an adsorbent for the copper ions adsorption,
37" International Conference of Slovak Society of Chemical Engineering, Slovakia, (2010),
Proceedings, p. 109. (ISBN 978-80-227-3290-1).

3. M. Gorgievski, D. Bozi¢, V. Stankovi¢, V. Truji¢, Biosorpcija jona bakra kori§¢enjem pseni¢ne
slame kao adsorbensa, IX Simpozijum “Savremene tehnologije i privredni razvoj”, Leskovac 21-22.
Oktobar (2011), Zbornik izvoda radova, p. 148. (ISBN 978-86-82367-92-5).

4. D. Bozi¢, M. Gorgievski, V. Stankovi¢, V. Truji¢, Adsorpcija jona bakra koris¢enjem trine
bukve, IX Simpozijum “Savremene tehnologije i privredni razvoj”’, Leskovac 21-22. Oktobar
(2011), Zbornik izvoda radova, p. 149. (ISBN 978-86-82367-92-5).

5. M. Gorgievski, D. Bozi¢, Lj. Misi¢, V. Truji¢, Adsorption of zinc ions onto wheat straw, 1%

International Symposium on Environmental and Material Flow Management,, ZajeCar, Serbia,
(2011), Book of Abstracts, p. 29. (ISBN 978-86-80987-88-0).

6. D. Bozi¢, M. Gorgievski, Lj. Misi¢, V. Truji¢, Adsorption of zinc ions onto beech sawdust, 1%
International Symposium on Environmental and Material Flow Management, ZajeCar, Serbia,

(2011), Book of Abstracts, p. 26. (ISBN 978-86-80987-88-0).

Pao y sooehem nayuonannom waconucy, M51:

1. M. Gorgievski, N. Strbac, D. Bozié, V. Stankovi¢, D. Zivkovi¢, Removal of nickel ions from
synthetic solutions using wheat straw and beech sawdust, Ecologica 21 (74) (2014) str.267-271.
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Pao y nayuonannom uaconucy, M52:

1. M. Gorgievski, D. Bozi¢, V. Stankovi¢, V. Truji¢, Biosorpcija jona bakra koris¢enjem pSeni¢ne
slame kao adsorbensa, Zbornik radova TehnoloSkog fakulteta u Leskovcu 20, (2011) str. 35-43.
(ISSN 0352-6542).

2. D. Bozi¢, M. Gorgievski, V. Stankovi¢, V. Truji¢, Adsorpcija jona bakra koris¢enjem trine
bukve, Zbornik radova Tehnoloskog fakulteta u Leskovcu 20, (2011) str. 27-34. (ISSN 0352-6542).

CaommTeme ca CKyla HallMOHAIHOT 3Hayaja MTaMIIaHO y HEeIUHU, M63:

1. D. Bozi¢, V. Stankovi¢, M. Gorgievski, G. Bogdanovi¢, Adsorpcija jona bakra u koloni sa
trinom kao adsorbensom, Ekoloska istina, Kladovo (2009), Zbornik radova, str. 133-136. (ISBN
978-86-80987-69-9).

2. D. Bozi¢, M. Gorgievski, V. Stankovi¢, G. Bogdanovi¢, Adsorpcija jona teskih metala
koris¢enjem trine kao adsorbensa, Reciklazne tehnologije i odrzivi razvoj, Kladovo (2009), Zbornik
radova, str. 352-355. (ISBN 978-86-80987-73-6).

3. M. Gorgievski, D. Bozi¢, V. Stankovi¢, G. Bogdanovi¢, Adsorpcija jona bakra sa pSenicnom
slamom kao adsorbensom, Reciklazne tehnologije i odrzivi razvoj, Kladovo (2009), Zbornik
radova, str. 356-359. (ISBN 978-86-80987-73-6).

4. ].V. Kalinovi¢, D. Bozi¢, V. Stankovi¢, M. Gorgievski, S.M. Serbula, T.S. Kalinovi¢, A.A. Tli¢,
R. Stamenkovski, Adsorpcija jona Pb?* iz sintetickih rastvora na trini bukve, III International
Symposium “MINING 2012”, Zlatibor, Serbia (2012), Proceedings, pp. 467-472. (ISBN 978-86-
80809-69-4).

5. T.S. Kalinovi¢, D. Bozi¢, V. Stankovi¢, M. Gorgievski, S.M. Serbula, A.A. Tli¢, J.V. Kalinovi¢,
V. Cvetanovski, Adsorpcija jona Pb®* iz sintetickih rastvora na pSeni¢noj slami, Il International
Symposium “MINING 2012”, Zlatibor, Serbia (2012), Proceedings, pp.480-484. (ISBN 978-86-
80809-69-4).

HcnutuBama oOyxBaheHa mpeIMETHOM JIOKTOPCKOM JHCEPTAlMjOM TMPEACTaBIba]y JEO
UCTpaXMBamba y OKBHUPY IpoOjeKTa ,,Pa3Boj TEXHOJOrHja 3a pELUKIAXy [UIEMEHUTHX, PETKUX, U
nparehux merana u3 uBpcror ornazna CpOuje 10 BUCOKO KBAIUTETHUX MPoHU3Boaa‘“, MUHHMCTapCTBA
MPOCBETEe, HAyKe M TEXHOJIOWKOT pa3Boja Pemybmuke Cpbuje (6poj npojexra TP34024, peanuzarop:
WHctutyT 32 pynapctBo u Metanyprujy bop, pykooaunaiy: mpo¢. np Bractumup Tpyjuh), kao u
NpojeKTa IMOJ Ha3uBOM ,,Pa3BOj HOBHMX MHKAINCYJallMOHUX M EH3UMCKHMX TEXHOJIOTHja 3a
NPOU3BO/IbY OMOKaTagu3aTopa M OMOJOUIKM AaKTUBHUX KOMIIOHEHAaTa XpaHe y LuJby mnoBehama
IBEHE KOHKYPEHTHOCTH, KBainuTeTa W 0Oe30enHoctu, MuUHHCTapcTBa INPOCBETE, HayKe U
TEXHOJIOIKOT pa3Boja Pemybmuke Cpouje (6poj mpojexra MMMN46010, peanuzartop: TexHoIOMIKO-
Metanypiuku ¢akynrer y beorpany, pykoBoamnait: npod. np bpanko byrapckm).

18



5. BAKJbYYAK U HPEJIOT

Ha ocnoBy cBera Hampen uznoxkeHor, Komucuja cmarpa na AOKTOpcka aucepranuja MmumaHa
['oprueBckor, IWIUL. WHX. METAIypruje, MOJ Ha3uBOM ,, AJCOpIIHMja jOHA TEIIKUX MeTaja M3
BOJCHUX pacTBopa KopuirhemeM MIIEHHYHE cilaMe Kao ajcopOeHca™ mpejacTaBjba 3HavajaH
OpUTMHAIIHU HAay4yHU JONpUHOC y obmactu Mertanypmkor umxemepcTtBa. Takohe, Komucuja
3aKJbydyje J1a je JOKTOPCKa JucepTaluja caBpeMeHa, akTyeJIHa ca CTAHOBHIITA 3HAayaja 3a 3aIlTUTY
U OYyBamke OKOJIMHE W HAaydyHO je 3acHoBaHa. Jluceprammja mocemyje M oapeheHu WHKEHEPCKH
acIleKT, MTO je Takohe OMTHO, C 003UpOM Ha KapakTep (hakynrera ca Kora KaHAWAAT MOTHYE, A
npy)ka MOryhHOCT 3a OCTBapHBam€ 3HAYajHUX, KAKO HAyYHHUX, TaKO W AaIUIMKaTUBHHUX -
MH)XEWmepcKux pesyinrara. Komucuja, takohe, cMatpa na cy mpeaMeT W Hay4YHU IHJb JOKTOPCKE
JHcepTalyje jacHo TepUHUCAHH.

Ha ocHoBy mperieane JOKTOpCKe JMCEpTalje, Kao U yBHIAa y BEpU(PHUKOBAH HAYYHH JOIPHHOC KPO3
o0jaBJbeHe pazioBe y yacomucuma (2 paga Kao HNPBOMOTIMCAHU ayTop Y MelyHapoaHHM 4acomHCHUMa
kareropuje M21), Komucuja 3a oueny u ondpany ypaheHe NOKTOpPCKE AMCepTaluje 3akjbydyje na
KaHauaaT Munian ['oprueBcky, TUIUL. MHXK. METalypruje, UCIymhaBa CBE 3aKOHCKE M OCTajie YCIIOBE 3a
on0pany aokTopcke aucepranuje. Takohe, Komucuja 3akmpydyje na je ypahena aucepraiyja HarmicaHa
npeMa CTaHAapuMa y HaydyHO-UCTPRXKHMBAYKOM pajy, Kao M Jia UCIyHhaBa CBE YCIOBE NpelBubeHe
3akoHOM O BHCOKOM oOpa3oBamy W Craryrom Texnuukor dakynrera y bopy YuuBepsutera y
Beorpany. Crora, Komucuja npemmaxxe HactaBHo-HayunoMm Behy Texunuukor dakynrtera y bopy
VYuusepsureta y beorpany na ce JoKkTopcka qucepTanuja moja Ha3uBOM ,,AJCOPIIMja joHA TEIIKUX
MeTajla M3 BOJEHUX pacTBOpa KopuinhemeM IIIEHWYHE claMe Kao ajacopOeHca® KaHauaara
Munana ['oprueBckor, AWIUL. MHXK. METaIypruje, U3J0KU Ha YBHJI JaBHOCTU M YIIYTH Ha KOHA4HO
ycBajame Behy nHayyHux oOnacTH TEeXHHYKMX Hayka YHuBep3urera y beorpamy, Te na HakoH
3aBpIlEeTKa OBE MpOIeIype, M030Be KaHu1aTa Ha YCMEeHY 0J10paHy IucepTalyje, mpel KOMUCHjOM
Yy UCTOM CacTaBy.

Y Bopy, 26.02.2015. ronune

YJIAHOBHU KOMUCHUJE

ap Hana tp6an, penoBau npodecop, mexmop
VYuusepsutet y beorpany, Texunuku daxynrer y bopy

1p Mupjana Pajunh — ByjacunoBuh,
penoBHU Tipodecop, uiaH
VYuusep3utet y beorpany, Texunuku dakynrer y bopy

ap Munopan Iakuh, penosau npodecop, uran
VYuusepsuter y Humy, Texnomnouku gakynrer y
JleckoBity

np Hparana XKuskoBuh, penosau npodecop, uian
VYuusep3utet y beorpany, Texunuku daxynrer y bopy
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