YHUBEP3UTET Y BEOT'PAZlY
Texuuuxku paxkyarer y bopy

HACTABHO-HAYYHOM BERY

IIpeamert: Pedepar o ypahenoj nokropckoj nucepranuju kanaunara parane boxuh

Omnykom HacraBHo — Hay4ynor Beha Texnuukor dakynrera y bopy 6p. V1/4-9-6.3. ox 19.05.2016
rolyHe, MMECHOBaHM CcMO 3a wiaHoBe Kommucuje 3a mperien, OUeHY W OAOpaHy JOKTOPCKE
nucepranyje kanaunata Jparane boxxuh mon HacmoBoM

"AcopnuHuja joHA TEIIKHX MeTaJa U3 BOJEHHX pacTBopa KopuinhemeM TPUHE JUCTONATHUX

BpCTa JApBeTa Kao ajacopdenca'’

[Tocme mpernmena nocraBibeHe Jluceprammje W apyrux mnparehux marepujaia W pasroBopa ca
Kannunarom, Komucuja je caunnuna cnenehu

PE®OEPAT

1. YBOJA

1.1. XpoHonoruja ogoOpaBama U U3pajie Aucepraimje

Kangunar [Iparana Boxxuh, nururumk.MeT. ymucana je ToKTopcke akajaemcke cryauje 2009/2010.
ronune Ha Texnuwukom (axkynrery y bopy YHusepsutera y beorpany Ha cTynujckoMm mporpamy:
Mertanypiko HHXEHEpPCTBO.

Xponomnoruja ogo0paBama U U3pajie JOKTOPCKE IUCepTaIr]e je IpoTeKa cieaehoM TuHaMUKOM:

e 10.11.2015. Kammmnmar Jlparana boxwuh, pumrumk.mer. je HacraBHo-Hayuynom Behy
Texuuukor ¢akynrera y bopy Vuusepsutera y beorpangy nonnena mnpujaBy 3a
u3pagy OOKTopcke aucepranuje (Opoj mpujaBe VI-1/10-237) y3 3axTeB ma ce
CTpOBeJIe TIOCTYIAK 32 OIEHY MOJA0OHOCTH KaHAHU/IaTa U TPEITIOKEHE TEME.

e 24.12.2015. Onnykom 6poj VI/4-4-8.1. HacraBHo-HayuHor Beha Texuuukor ¢akyiarera y bopy
Vuuep3uteta y beorpany mnpuxpaheHa je mpensokeHa Tema JOKTOPCKE
nuceprauyje  "AncopmiMja joHa TEHIKMX MeTajla M3 BOJEHHX pacTBopa
KopuihemeM TPUHE JTUCTONAAHUX BPCTa JpBETa Kao ajcopOeHca'.

e (8.02.2016. Behe nayunux o6yiacTu TEXHUYKUX HayKa, Y HUBep3uTeTa y beorpany, je omtykom
6poj 61206-92/2-16, nao cariacCHOCT Ha MPEAJIOT TeME JTOKTOPCKE JUCepTalHje.

e 19.05.2016. Onnykom HacraBHo-HayuHor Beha Texuuukor ¢akynrera y bopy YauBep3urera y
beorpany, (omnyka Opoj VI/4-9-6.3.), mmenoBana je Komucuja 3a oueHy u
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onOpaHy MJOKTOpCKe mauceprauuje y cactaBy: ap Hama Illtpban, pemoBHM
npodecop, YuupepsuteT y beorpany, Texauuku dakynrer y bopy, menmop; np
Mupjana Pajuuh - ByjacunoBuh, penoBau npodecop, Yuuep3urer y beorpany,
Texanuku ¢akynrer y bopy, wian, np Mwunopan Ilakuh, pemoBau mpodecop,
Texnonomku Qaxynrer y JleckoBuy, wian; np Jparana JKuskoBuh, pemoBHH
npodecop, YauBepsurer y beorpamy, Texuumuku dakynrer y bopy, wiaw; np
XKesmkxo Kambeposuh, penosuu npodecop, TexHomomko Metanypiku Gpakymnrer y
beorpany, unan.

1.2. Hayuna o06iacT gucepraiuje

IIpenmer wucTpakuBama JOKTOPCKE AMCEpTaldje MpuUMaga HaydHo] obsacth MeTanypiiko
UHKEeHepcTBO (3a kojy je Texuuuku ¢akyiarer y bopy akpeauroBao CTyaujcKe MporpaMe 3a CBa TPH
HHMBOA CTy/HMja), y>Ka Hay4dHa o0s1acT — MeTalypLIKo HHKEHEPCTBO.

3a menropa je u3zabpana np Hama [lrtpOan, pemoBru mpodecop Texnuukor daxynrera y bopy
VYuusepsurera y beorpany koja je Ha OCHOBY aocajl 00jaBJbeHHUX PajoBa KOMIETEHTHA Jla PYKOBOAM
u3pazoM oBe Aoktopcke aucepranuje. [Ipod. np Hanma lITp6ar kao ayrop u koayrop myOnukoBana je
npeko 50 pamosa y yaconucuma ca JCR-nucre.

1.3. buorpadcku nomanm 0 KaHIUuIaTy

Hparana C. boxxuh pohena je 01.04.1980. ronune y Bopy, rie je 3aBpiinia OCHOBHY U Cpeiby IIKOITY.
Humnomupana je Ha TexunukoM ¢akyntery y bopy 2006. roaune, 1 THME CTEKJIa 3Bambe IUINIOMHPAHH
HHKemep Metanypruje. JIokTopcke akageMcke cryauje ymucao je mkoicke 2009/2010. roauue Ha
Texunukom ¢akynrery y bopy Ha cTyaujckoM mporpamy Memanypuiko unicersepcmgo M TOJIOKIIA
cBe ucrnure npenasuhene crymujckum mporpamom. Ox 1.1.2011. ronune pamm y HHctutyty 32
PynapctBo u Mertanyprujy kao UCTpakMBad CapaJHUK TJl€ j€ aHrakoBaHa Ha MpPOjeKTUMa Koje
¢uHaHcupa MuUHHMCTApCTBO NPOCBETE, HayKe M TEXHOJIOIIKOI pa3Boja: Pa3Boj TexHosormja 3a
pelMKIaxKy IUIEMEHUTHX, peTkux U nparehux werama wu3 uBpcror otnaga Cpbuje 10
BHUCOKOKBAJIMTETHUX MPOU3BOJa — €BHJAEHIMOHM Opoj mnpojekta TP34024, Pa3Boj HOBHX
MHKAICYJAllMOHUX U EH3MMCKUX TEXHOJIOTHja 3a NPOU3BOJKY OHOKaTaln3aropa M OHOJIOUIKU
aKTUBHMX KOMIIOHEHaTa XpaHe Yy LMJby MoBehama meHe KOHKYPEHTHOCTH, KBAJIUTETa U
6e30enHoCcTH — eBuaeHIMOHU Opoj mpojekta MIMIM46010. Takohe je anraxosana u Ha IIpojexty
u3mely PemybOnuke CpbOuje m Jamana moj HasuBoMm "HcTpaxuBame Ha yBOhewmY HHTErpaJHOT
cucTeMa ympaBibama pynHuukuMm oTmagom' ("Research on the integration system of spatial
environment analyses and advanced metal recovery to ensure sustainable resource development".



2. OIMUC JUCEPTAIIMJE

2.1. Caapkaj nucepraiyie

Jloktopcka nmucepranvja kanaumata Jlparane boskuh, aumi. weX. MeTanypruje, HammcaHa je Ha
105ctpana, y okBupy kojux ce Hamazu 10 mormaiba, ca ykymHo 44 cmuke, 11 tabGema m 100
JUTEPATypHUX HABOJA.

JIoKTOpCcKa nucepralyja ce cacToju u3 cienehux moriasiba U ocTaux npatehux caapxaja:

1. VBon

. Teopujcku neo

. Ilpernen nocagamimbux HCTPAKUBAHA

. [lusbeBU ucTpaxkuBama

. ExcriepumenTanHu aeo

. Pesynratu u quckycuja

. 3akJpyyak

. Jlureparypa

9. buorpaduja

10. ITyGnukoBaHU M CaOMIITEHU PAOBH U3 OKBUPA TUCEPTAIHje

ITpunor 1 — M3jaBa o ayropcTBy

[Tpusor 2 — M3jaBa 0 HCTOBETHOCTH IITAMIIaHE U €NIEKTPOHCKE BEP3Hje TOKTOPCKOT pasa

[Tpunor 3 — U3jasa o kopuihewy

Ha moyetky amcepranuje cy JaTH M3BOIM Ha CPIICKOM U €HIJIECKOM je3UKy, a Ha Kpajy AMcepTaiyje
MOTIMCAHE U3jaBe O ayTOPCTBY, HCTOBETHOCTH IITAMIIAHE U €JIEKTPOHCKE BEP3HUje JTOKTOPCKOT paja H
HAYMHY KopuiIhema JOKTOpcke mucepranmje. [lo cBojoj ¢opmu, caapkajy W IMOCTUTHYTHM
pe3yiTaTuma, IucepTanuja y MOTIYHOCTH 3aJ0BOJbaBa KPHUTEpUjyMe M CTaHAapiae YHHUBEp3UTETa y
Beorpany 3a TOKTOPCKY IUCEpTaIH]y.
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2.2. Kparak npuka3s nojeInHaYHuX [MOIJIaBJba

VY nornasipy YBOJ JaTa je OMIITA MO/ea Ka0 U KapaKTepUCTUKE OTNAAHUX Boja. ONucaHu Cy ITETHU
YTHUL@jU HCHUTHUBAHMX TEUIKMX MeTaja MPUCYTHUX Y OTHAaJHMM Bojgama. Takohe cy omucane u
KOHBEHILIMOHAJIHE TEXHOJIOTHje npeuninhaBama OTHaHUX BOJA.

[Tornasspe Teopujcku A€o0 ce cacToju U3 TPH MOTIOTIABJba. Y MPBOM MOTIOTIABIbY aKIIEHAT j€ JaT Ha
aJICOPIIINjH Ka0 jeTHO] O]l KOHBEHIIMOHAIHUX TEXHOJIOTHja 33 MpeuyuinhaBame OTHAaIHUX BOAA O]l jOHA
TEIIKUX MeTajia. Y OBOM IOTIIOIIABIbY OHMIIO j€ PeUd O CTENeHy aJCOpNIMje, KanamuTeTy aJCcopIiyje,
aJICOPIIIMOHOj M30TEPMHU U KHHETHUIIM aJICOpPNIHMje. Y IPyroM NOTHOrIaBby TeopujcKor Jena onucaHna
J€ JOHCKa M3MEHa, ca OCBPTOM Ha JOHCKE M3MEH-HBaye, KalalUTeT JOHCKUX M3MEHUBAaYa U KUHETUKY
JoHCKe M3MeHe. Y TpeheMm mornaBiby JaT je KpaTak omuc OMOCOpMIMjEe KAao alTEPHATUBHE METOE
noctojehM KOHBEHIIMOHATHUM MEeTo/laMa.

VYV mnornasmy Ilpersen nocajammbuX HCTPaKUBamkba IPUKAa3aHW Cy MocTojehn myOiauKoBaHU
pe3ynTatd TpUMEHe TPUPOTHHX ajacopOeHaca 3a mpedynmihaBame OTHATHHX BOAA OJ Pa3IMIUTHX
KOHTaMuHaHaTa. Y Tal0enu Koja je y CKJIOIly OBOT TOIJIaBJba, NPUKA3aHU Cy M JIUTEPATYPHU IOJAIU
Kopumhema TPUHE 32 aJACOPIIHN]y oApeeHnX jOHCKUX BpPCTa.

Y IOorJ1aBJby HI/[.]'I)CBI/I HCTPaAXKUBABA JICTAJbHO CY HU3JIOKCHH HUJbEBU UCTpaXKHWBabkba, U NPCAJIOKCHE
XUIIOTEC3C UCTPAKHBAbA

[Tornasspe ExciepuMeHTATHM A€0 CaCTOjU C€ U3 HEKOJIMKO IIeJIMHA, U TO:
- olpehuBame OpraHcKMX MaTepuja y BOAM O] Mpama ajacopOeHca; oapehuBame KamauuTeTa M3MEHE
KaTjoHa; ofpehuBame Tauke HyJITOT HaelleKTpucama; oApehruBame cueru@uuHe NOBpIIUHE TPUHE.

- KapaKkTepu3alija TPUHE; C TUM Yy Be3u ofpeheHe cy Gpusnike, XeMHujcke U (PU3MIKO-XEMHU]jCKEe 0COOMHE
TpUHE;



- ONHCaH je TOCTyNaK H3Bohema eKcriepuMeHaTa ajcopmiyje joHa Oakpa,HHWKIa, IIMHKA, KaJIMHjyma,
MaHraHa, TBoxkla 1 0J10Ba Ha TPUHH Y PEaKTOPY ca MELIamkeM U Y aJICOPIIMOHO] kKojoHu. Jlepunucan je
CTeTeH aJICOPIIIUje joHa MeTalla U3 pacTBOpa Kao U KamaluTeT aJICOPIIH]e.

- 1aTc Cy MCPHE TEXHUKEC U MCTOAC aHAJIN3EC.

VY nornasiby Pe3yjTaTtu M AUCKYCHja MpUKa3aHU Cy pe3yiaTaTu JOOUjEHH Yy OBOj AMCEPTAlMjH, Kao U
JUCKycHja no0ujeHux pesynrara. OBO MOTJIABJbE CACTOJU C€ M3 JICBET IMOTIOMIAB/bA M TO: HUCIHUPAhE
TPUHE JECTHUINCAHOM BOJOM, IPOMEHA IMOYETHE BPpeIHOCTH PH TOKOM MCTHpama TpUHE JASCTUINCAHOM
BOJIOM, TIPOMEHA MPOBOJIJBUBOCTH PACcTBOpPA TOKOM HCIHpama TPUHE JECTUIMCAHOM BOJOM, aHAIIN3e
OTHUP cnekrapa, aacopmifja jOHa TEIIKUX METajla Y peakTopy ca MeIlameM, ajcopIiija Y KOJOHH,
aJICOpIIIHje Y KOJOHW KOpPHUIINEHEM peaTHHX pacTBOpa, MEXaHHM3Ma aJCOPIIIHje W TEXHOJOIIKUX
MOCTYIAK yKJIambakha TCIIKUX METajla U3 BOJCHUX PAaCTBOPA MOCTYIIKOM aCOPIIIHje HA TPHHU.

V nornarby 3ak/by4ak KaHIUIAT Jaje pe3uMe I0OMjeHHX pe3ynTara, M3 KOjUX Ce MOXE H3BECTH

cienehe:
Hcnmpame TpUHE NECTUIMCAHOM BOJOM JOBOIM IO PAa3JIMYUTOr CTENEHA M3Iy)KeHma joHa
QIKAJTHUX ¥ 36MHOAJIKAIHUAX METasa.
. [TpunukoM wucnHpama TpPUHE [ECTUIMCAHOM BOJOM, 3HAaTHO Beha KonmumHa
AKAJTHAX M 36MHOAJIKAJTHUX MeTaja Ce CaMOM3IY)XKYyje, HEro ITO c€ M3MEHH Ca jOHUMa
BOJIOHHKA.
. Jlo mopacra pH BpemHOCTH pacTBOpa TOKOM HCIUpama TPUHE J0Ja3H Yclen
cMamema KoHleHTpandje H™ jona y pacTBopy, KOju Cy UCIHMpPAeM IPEIUH Y CTPYKTYPY
TpuHe, Ipu deMy ce oko 90 % joHa BOJOHHKA aJcopOOBajlo y OJHOCY Ha MOYETHY
KOHIIEHTpAILIH]y.
. [TopacT mpOBOIJBUBOCTH PAaCTBOPA, TOKOM HCIHPaka TPUHE JIECTHIMCAHOM BOJIOM,
nocieMIa je mopacta konrenTpamuje Na*, K*, Ca** i Mg?" jona y pactBopy, koju cy ce
UCTIHPAheM TPUHE CAMOM3ITYKWIIH U TIPEIITH U3 CTPYKTYPE TPUHE Y BOJCHY (a3y.
. Ha ocnoBy no6ujene Bpennoctu 3a KUK (Kamanurer usmene katjona), JoMHHaHTaH
jOH y H3MEHJLHBOM MOJI0XKajy je Ca’* jom.
. Ounpelena je Tauka HynTor HaenekTpucama (PHzpc), mpu uemy je 1oOujeHa BpeIHOCT
7,4 3a xonuentpauyujy 0,1 M KNOgz, onnocno 7,2 3a xonuenrpauujy 0,01 M KNOs. To
noKasyje, Ja je mpu BpenHocTuMa PH < 7,2 mOBpUIMHA TPHHE TO3UTHBHO HAENEKTPHCAHa,
OJTHOCHO IpH BpeAHOCTUMA PH> 7,2 moBpIIMHA TPUHE je HETaTUBHO HACIEKTPUCAHA.

2* Ni®* i Zn?*" y xomoHm momasu 10

. YouaBa ce ga TokoMm ajcoprije joHa Cu
3HavajHor moBehama PH. OBakBO MoHaMIamke Pe3yNITaT je KoaJACOpIIirje joHa 0akpa, HUKJIa
Y [IMHKA ¥ BOJIOHWKA, KaJ/1a MOCTOJU KOMIIETHIIN]a 34 ,,aKTUBHO MECTO*‘ Ha aJIcCOpOCHCY.

. ®TUP anammsa TpuHe npe u HakoH aacoprmje Cu?*, Ni%* i Zn?* jona ykasyje na cy
XHPOKCHIHE (DYHKIHOHATHE Ipyle OAroBOpHE 3a aacopmmujy Cu?* Ni?* i Zn?* joma ma
TPUHH.

. Kunernka ancopnuuje joHa 6akpa, HUKJIA, LIMHKA, MaraHa, KaaMujyma, rBoxha u
0JIOBA je aHaJM3MpaHa MpeMa TPU TEOpPHjCKa KMHETHYKa MOJeNa: MOJAENy ICeyn0-Ipyror
pena, mozaeny wehydectuune audysuje u Elovicev-om moxeny. VriBpheno je ma ce
aJICOpIIIMja Yy CBUM CiIy4ajeBUMa Haj00Jbe OMHUCYje MOJEIOM Iceyao-apyror peaa. OBakas
pe3yiaTaT HaBOJM Ha 3aKJbydak Jia je XeMUCOpMIija Moryhu HauWH Be3uBama ajacopbara Ha
TTOBPIIMHH aIcOpOCHCa.

. W3oTepme aacopmiyje joHa 0akpa, HUKIA, IMHKA, MAHTaHa, KaJMUjyMa U OJOBa Cy
aHaJIM3MpaHe IpeMa TPH TeopHjcka mMonena nzorepmu: Langmuir-ovom, Freundlich-ovom i
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Temkin-ovom. Langmuir-ov mMojen aacopriroHe H30TepME, MOKa3ao je HajooJbe ciarame
ca eKCIepHMMEHTAIHUM TOJalrMa 3a aJCOPIIH]y MUCIUTUBAHUX jOHA TEIIKMX MeTaja Ha
TPUHHU.

. MakcuManHi KanaluTeT ajcopiiuje 9,6 mg ¢ 'Tpune nobujeH je 3a aacopmiujy
Pb?* jona na TpuHH, 10K je KamamuTeT aacopmumje Cut, Ni%*, Cd?*, Zn?* , Mn?" i Fe?* jona
Ha TpunH H3Hocuo 45 mg gt 4mggli245mgg,2mggl,1mgglio35mgg’!
penom.

. CreneH ajcopnije ce pa3liuKyje y 3aBUCHOCTH O] joHa Koju ce ancopOyje. Hajpeha
aJIcOpIIIMOHAa CIIOCOOHOCT je 3a O6akap u usHocu ckopo 80 %, mok aacopmiuja reoxha He
npenazu  10%. ApacopmmmoHa CIOCOOHOCT 3a oOcTaje pa3marpaHe joHe je cieneha:
Cu?*>Zn**>Ni**>Cd*=Pb**>Mn**>Fe?",

. MexaHu3aM joHCKE W3MeHe ae(WHHUCAH je Kao TJaBHH MEXaHHW3aM aJCOpIILHje.
[IpernocraBka je 1a Cy ce 3eMHOAJIKAIHU MeTalH (TIpe CBera KaJllijyM) KOjH Cy IPUCYTHH Yy
MOJICKYJICKO] CTPYKTYpH TPHUHE, MEXaHHU3MOM jJOHCKE M3MCHE, U3MEHHIIN Ca UCITUTUBAHUM
JOHHMMa TEIIKUX MEeTala.

. I'enepanno, TpuHa mnucromagHor npeeha OW Moryia Ja MOCITYXH Kao BajbaH
MIPUPOJTHH aJCOPOCHC 32 aJICOPIIIH]Y jOHA TEIIKUX MeTaa.

. [IpeuiockeH je TEXHOJOMIKM TOCTYNMaK 3a TPEeTMaH BOJEHUX pacTBOpa
KOMOWHOBaWmEM TOCTYIAKa aJICOPIIHje, COIBEHTHE €KCTPAKIMjE U €IEKTPOA0OHjama KOjH
ce cacroju u3 cneaehux (aza: Hakon 3aBpmieTka mporeca aJcopIiyje y KOJIOHH, YMECTO
Jecopriyje, TpuHa 3acuheHa joHMMa MeTalla Ou ce HaKoH 1ehema U cylema craimia, mpu
yeMy OM ce y memeny KOHIIEHTpUCAIM joHH MeTana. Tako goOujeHu memneo Ou ce MOToM
JY’HO pacTBOPOM CYMIIOpPHE KHCEJUHE, PU YyeMy OU y pacTBOp IpELUIH jJOHH MeTana. Y
Wby Banopusanuje Oakpa, JyXKHHM pacTBOp OM 3aTUM OHMO TOABPIHYT COJIBEHTHO]
eKCTpaKLHju, NPpU 4eMy OU ce HaKOH peeKcTpakiuje 100uo pacTBop oboraheH Oakpom.
bakap 61 ce U3 TakBOI' pacTBOpa, HAKOH COJIBEHTHE €KCTPAKIIMje U peeKCcTpakiyje, 1001jao
€JIEKTPOXEMHU]CKUM TOCTYIIKOM, MPU YeMy OW ce Kao (MHAIHHU MPOU3BOJ JTOOMO KAaTOIHU
Oakap, a OCUpOMAIIICHH €JIEKTPOJIUT Ha Oakpy OU ce BpaTHO Ha3aj y MPOIEC PEEKCTPAKIIU]E,
oK O ce noOujeHa TOIJIOTa HAKOH caropeBama ajcopOeHca HCKOPUCTUIIA 33 MHTEPHE
noTpede nocTojema.

Mehytum, ¢ 003MpoM Ha TO Ja jOoII yBeK HHje Yy MOTHYHOCTH peaJlM30BaH, Kao U Ja y

JIUTCpAaTypu HCMaAa MOOBOJbHO TAaKBUX MOJaTakKa, HNPCHJIOKCHH HWHXXCHCECPCKU IMPUCTYIT je TCK

MMUOHUPCKU noxymaj, KOjI/I 3aXTCBa NO0JaTHa MCIHUTHBAKA, YUMEC CC OTBapa MOFthOCT 3a JaJbu

UCTPAXUBAYKH Paj y 0BOj 001acTH.

VY nornasspy JlnTeparypa je npeacraBibeHa kKopuiiheHa qurepaTypa, koja ooyxsara 100 peneBaHTHUX
pedepeHTHUX HaBoAa U3 00JaCTH UCTPaXKUBasba U MOKPHUBA CBE JIEJIOBE AUCEPTALIH]E.

[Tornassse buorpadguja ce onnocu Ha 6uorpadujy KaHIUAATA.

VY nornaspy Ily0/MKOBaAaHM M CaoNIITeHW PagoBM M3 OKBHpPa AUCepPTalMje [aT je€ CIHCaK

nyOJINKOBaHMUX U CAOMIITEHHUX PajioBa MPOUCTEKINX KA0 Pe3yNTaT paja Ha JUCEPTALH]jH.



3. OHEHA JUCEPTAIIMJE

3.1. CaBpeMEHOCT ¥ OPUTHHAJIHOCT

Vknamame joHa MeTaja U3 pasIMuuTHX eduiyeHaTta je CTaJlaH HpeAMeT HWHTEpecoBamba
UCTpaXHMBaya y CBETYy. PyaHuuke Boje Koje HAcTajy y aKTUBHUM, WM 3aTBOPEHUM, PYIHHIIMMA
TEIKUX 000jEHUX MeTaja Cy jefaH oJ TakBUX edulyeHara ca 3Ha4ajHUM cajpkajeM oAroBapajyhux
JOHa TEMIKMX MeTaja y cebu, Te TNpeacTaBbajy 030MJbaH W AYTOTpajaH HM3BOp 3arahuBama
NPUPOIHUX BOJAOTOKOBA M3 CBOT OKpYyXKemwa. Boje pyanuka Oakpa caapike HajehuM nesnoM jone
6akpa koHuentpauuje <l g dm™ u mpuOMMKHO HCTY WM jABa MyTa Behy KOHIIEHTpalujy joHa
Fe?*/Fe®, kao pesynraT GakTepwjcke M XeMHjcKe jerpajanyje CynpuIHHX MUHEpaga 6akpa u
reoxha, OMII0 PyHUX Tella Koja ce eKCIUIOATUILY, WIH U3 pyOHHUX JeJoBa PyIHOT Tela Koja HUCY
Morna Ja Oyay OTKOmaHa, WJIM W3 BaHOWJIAHCHUX pyJa ca HUCKHM CaJpXkajeM MeTaja
CKJIQJIMIITEHUX Ha JenoHujama pyanuka. Caapkaj apyrux joHa temkux merana (Mn, Bi, Cd, Zn,
Hg, Pb, Be, Ni) je Takohe nprcyTaH y pyIHHYKAM BOJama ajii je ’HUXOBAa KOHIICHTPAIHja JAJIEKO
Mama 0] KOHIIEHTpalHje joHa 6akpa 1 TBoxkha M He Tpesa3n HeKonmko aecetnHa Mg dm™ wmm yak
Hekonuko Mg dm=. Pynuuuke Boze Cy, 0 MpaBHIy Kucese, ca BpeaHoctuma pH usmehy 3 u 4,
300r TOBHMIICHOT cajpXkaja CyMIIOpHE KHCEIMHE Yy IUMa Hacrtale Kao MPOAYKT
XEeMH]jCKe/OMoXeMHjCKe OKcHalje cyaduaHor CyMIopa U3 MUpUTa.

JoHH TemKuX MeTana MOTy OWTH YKIOHCHH M3 OTIAaJHHX BOAA Mame WM BUIIE e()UKACHO
noctojehuM KOHBEHIIMOHAJHMM TEXHOJOTHjaMa Kao INTO Cy: XEMHjCKa MpelunuTandja u
HEyTpaJu3alnja, HEMEHTAINja U EICKTPOIUTHYKO H3/Bajambe MeTana. OU3NIYKO-XEMHUjCKE METO/Ie
Koje 06a3upajy Ha cenapanuju U KOHLEHTpAIMjH joHa MeTaja u3 ediyeHarta, Te JajbeM TpeTHpamby
TaKo KOHIIEHTPOBAaHUX PACTBOpA, KAoO INTO j€ COJBEHTHA E€KCTpaKilja, aJCopIIivja, WA JOHCKa
M3MeHa, Takohe cy Halule HHAYCTPHU)CKY MPUMEHY 3a CEJIeKTUBHO WM KOJIEKTUBHO YKJIalbamke jOHA
MeTaJla U3 pyJHUYKHUX BOJA y3 A00Hjamke HEKOT KOMEPIMjaTHOT IPOU3BOIa-MeTala Hajuenhe.
Ancopnuyja, Kao omepainuja 3a npeuuinhaBamkbe OTNAJHUX BOJA, IOCTaje CBE 3HAYajHUja y
XHIPOMETATYPTHjH U TPETMaHy HHIyCTPHUjCKUX OTIIAJHUX BOJA 32 YKJamame oApel)eHnX KaTjoHa,
WIN aHjoHa u3 mux. OBa MeTO/AA je MmoceOHO MOorojHa 3a BeoMa pas30ia’keHe pacTBOpe, KakBe Cy
YTIIaBHOM OTHA/HE BOJE, KOje caapike uecTo camo Hekoiuko mg dm neke joncke BpcTe. AKTHBHM
yrab je morofan 3a aacopmiujy Cré" u miaemeHuTHX MeTana, IJie je IpUMeHeH Ha HHIYCTPHjCKOM
HUBOY. JOHCKa M3MeHa ce Takolje KOPHCTH, IPUMEHOM Pa3IMUUTHX JOHOM3MEHHUBAYKUX CMOJIA 32
e(pHUKaCHO YKJIamambe jOHA TeHIKUX 000j€HUX U MNIEMEHUTUX MeTajla U3 pacTBopa.

Benuku wHTEpec MCTpakuBaya je, MOCIeIBbUX BAJECETaK TOAWHA, YCMEPEH Ha aJCOPIIHjy joHa
TEIIKMX MeTaja W3 OTHAJHUX BOJAA, KOpUIIhemeM pa3NUuuTHX Ouomarepujaja Kao ajcopOeHca.
Azcopriigja joHa TENIKMX MeTaja Ha MPUPOJHHM aJCOpOCHCHMMA je pellaTHBHO HOBa METOJA.
I'maBHe MpeTHOCTH OBE METOJIE CY HhEeHa €PUKACHOCT Y CMambelmhy KOHIIEHTpAllMje joHa TEHIKHX
MeTaja ¥ HHCKa IIeHa, Ta Cy TO3HAaTH M TIOA Ha3uBOM ,low-COSt,, amcopOencu. OrcexHa
HCTpaXMBara MOKa3aja Cy J1a MHOTH MOJbOIIPUBPEIHU HYC-TIPOU3BO/IH, Ka0 M OTIAJHH MaTepujan
U3 IpexpaMOeHe U ApBHE UHIYCTPHje, KOJU MMajy HUCKY, UM MaK HUKAKBY, EKOHOMCKY BpPEIHOCT,
Cy crnocoOHH Ja ajacopOyjy joHe TeIIKUX 000jeHHX MeTana y Mamoj wiu Behoj mepu. JepTunHu
MPUPOJHA MaTepHjalii, KOji Cy MCIUTHBAHU Yy OBY CBPXY CY: TPECET, JUTHUT, JIMTHOIETYJIO3HU
MaTepHjal, JbyCKe OJ jaja, MOpCKe aire, JbyCKe opaxa, KUKUPHKH]ja, JIYK, JbYCKe NMUPHHYA, JHIIhe
npseha, Tamor ox kade W yaja, mampaT W YUTAB HHU3 JPYTUX CIUYHUX OMJBHMX OTMAJHUX
Marepujaia.

[ToceOHa makia y OBUM HCTPAXKHUBAKBUMA je yCMEpeHa Ha TPUHY Pa3InuuTHX BPCTa JPBETA KOje Cy
HYC-TIPOM3BOAY Yy JPBHO] WHAYCTPUJU U, Ka0 TaKBH MPEACTaBJbajy NpoOJIeM HUXOBOT
CKJIQIMIITEHha W Jajbe ynoTpede, Mma ce Kao TaKBU MOTY KOPHCTHTH 3a aJCOPIIHjy pPa3HUX,
YIJIaBHOM jOHA TEUIKMX MeTaja U3 OTMaJHUX Boja. TpHHA, KOja MMa 3Ha4yajaH MOTEHIMjall Kao



azicopOeHc, moceOHO je MPUBYKIA MaXby HCTpaKMBada Koju ce 0aBe mpeuyuinhaBambeM OTHATHUX
BOJIA.

3.2. OcBpT Ha pedbepeHTHY U KOpUITNEHY JUTEPATYDY

Tokom u3pane aucepraiyje KaHAUAAT j€ JE€TaJbHO UCTPAKUO MOCTojehy peneBaHTHY JUTEpaTypy U
KOPEKTHO HAaBEO paJoBe KOjU Cy y Be3u ca TemMoMm naucepranuje. HaBemeno je ykymuo 100
oubmuorpadckux pedepenuu. JlutepaTypa caApKM HajHOBHje paJOBE PpEJIEBAHTHE 3a
npo0JIeMaTUKy UCTpaXXeHy y AMCEpTallMjH, Kao U paZoBe YUjU je ayrop uiu koaytop Jlparana
Bboxwuh.

VY HacTaBKy OBOI HM3BEIITaja Cy, Y TOM CMHCIYy, HAaBEJCHU Haj3HAYAjHUJU DPATOBH KOpUIITNEHU U
UTUPAHH Y JACCPTALIU]H:

1. Bailey S.E., Olin T.J., Adrian R.D., Bricka M, A review of potentially low-cost sorbent for
heavy metals, Water Res., 33 (11)(1999) 2469-2479.

2. Basso M.C., Cerrella E.G., Cukierman A.L, Lignocellulosic materials as potential
biosorbents of trace toxic metals from wastewaters, Ind. Eng. Chem. Res.41 (15)(2002)
3580-3585

3. Deng L, Che D. Chemical, Electrochemical and Spectral Characterization of Water
Leachates from biomass. IndEngChem Res 2012; 51(48): 15710-157109.

4. Fiol N., Villaescusa I., Martinez M., Miralles N, Poch J., Serarols J., Sorption of Pb(ll),
Ni(ll), Cu(ll) from aqueous solution by olive stone waste, Sep. Purif. Technol. 50 (2006)
132-140

. Febrianto J., Kosashih A. N., Sunarso , J. Ju Y., Indrasawati N., Ismadji S., Equilibrium and

ol

kinetic studies in adsorption of heavy metals using biosorbent: a summary of recent studies,
J. Hazard. Mater.162 (2009) 616-645.

6. Ho Y., Chin W., Huang C., Sorption of lead ions from aqueous solution using tree fern as a
sorbent, Hydrometallurgy 73 (2004) 55-61.
7. lgbal M., Saeed A., Zafar S.I. (2009) FTIR spectrophotometry, kinetics and adsorption

isotherms modeling, ion exchange, and EDX analysis for understanding the mechanism of
Cd(2+) and Pb2+ removal by mango peel waste, Journal of Hazardous Materials, 164(1),
161-171.

8. Ishikawa S., Suyama K., Arihora K., Itoh M., Uptake and recovery of gold ions from
electroplating wastes using eggshell membrane, Bioresour. Technol. 81 (2002) 201-206.

9. Jenkins B, Mannapperuma JD, Bakker RR. Biomass Leachate Treatment by Reverse
Osmosis. Fuel Proc Technol 2003; 81: 223-246.

10. Larous S., Meniai A., Lehocine M. B. ; Experimental study of the removal of copper from

aqueous solutions by adsorption using sawdust, Desalination 185 (2005) 483-490.
11. Lee, L. Y., Lee, X. J., Chia, P. C., Tan, K. W., Gan, S. (2014). Utilisation of Cymbopogon

citratus (lemon grass) as biosorbent for the sequestration of nickel ions from aqueous
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solution: Equilibrium, kinetic, thermodynamics and mechanism studies. Journal of the
Taiwan Institute of Chemical Engineers, 45, 1764-1772.

12. Mohan D., Pittman C.U. Jr., Arsenic removal from water/wastewater using adsorbents-a
critical review, J. Hazard .Mater 142 (2007) 1-53.

13. Ngah W.S.W., Hanafiah , M.A.K.M. Removal of heavy metal ions from wastewater by
chemically modified plant wastes as adsorbents: a review, Bioresour. Technol. 99 (2008)
3935-3948.

14. Oyaro N., Juddy O., Murago E.N.M., Gitonga E., The contents of Pb, Cu, Zn and Cd in
meat in Nairobi, Kenya, Int.J. Food Agric. Environ. 5 (2007) 119-121.

15. Shukla A., Zhang Y. H., Dubey P. , Margrave J.L, Shukla S. S.; The role of sawdust in the
removal of unwanted materials from water, J.Hazard.Mater.B95 (2002) 137-152.

16. S¢iban, M., Klasnja, M., & Skrbi¢, B. (2006). Modified softwood sawdust as adsorbent of heavy
metal ions from water. Journal of Hazardous Materials, 136, 266-271.

17. Unnitham, M. R., & Anirudham, T. S. (2001). The kinetics and thermodynamicsof sorption
of chromium(VI1) onto the iron(lll) complex of a car-boxylated polyacrilamide-grafted
sawdust. Industrial & Engineering Chemistry Research, 40, 2693-2701.

18. Villaescusa, 1., Fiol, N. (2004). Removal of copper and nickel ions from aqueous solution
by grape stalks wastes. Water Research, 38, 992-1002.

19. Wu F., Tseng R., Juang R., Characteristics of Elovich equation used for the analysis of
adsorption kinetics in dye—chitosan systems, Chemical Engineering Journal 150 (2009)
366-373.

20. Yuvarajaa, G., Krishnaiahb, N., Subbaiahc, M. V., Krishnaiah, A. (2014). Biosorption of
Pb(I1) from aqueous solution by Solanum melongena leaf powder as a low-cost biosorbent

prepared from agricultural waste. Colloids and Surfaces B: Biointerfaces, 114, 75-81.



3.3. Onuc ¥ aIeKBaTHOCT IIPUMEHLEHUX HAVYHUX METOAA

» Ilpunpema aocopbenca (maeserve u npocejasarbe)

Kao axgcop6enc xopumihena je Tpuaa. TpuHa je mpBo camieBeHa, 3aTUM MTPOCejaHa Ha CETy
1abopaTopujCKUX cuTa U cuToBHA ¢ppakiuja (-1 + 0,4) mm kopuirheHa je 3a eKCriepuMeHTe
ajicopIyje.

»  Excnepumenmanne memooe Kkapakmepuzayuje aocopoenca ooyxeamare cy:

- OU3NUKy KapakTepu3alyjy TpHHE:

* OnpehuBame crienupuyHe MOBPIINHE

CrienndruvHa MOBPIIMHA TPUHE opel)eHa je acopIIIMOHOM METOI0M KOpUIThemheM pacTBOpa METHII
m1aBo Ha UV — ciektpodorometpy o3nake PU 8620 UV/VIS/NIR.

» OnpehuBame caapikaja Biare

Panu ogpehuBama caapxaja ankaTHUX ¥ 36MHOAIKAIHUX MeTaja, Kao M JPYTUX HEOPTaHCKUX
KOMITOHEHAaTa y TpUHU oJpeleHa Maca TpuHe je Hajipe ocylleHa y CYIIHULU paau oapehuBama
cajp:kaja Brare.

- XeMH]jCKy KapaKkTepu3alujy TpUHe!
* OnpehuBame XeMHUjCKOT cacTaBa

HaxoHn oznpehuBama cagpikaja Biare y TpUHH, TPHHA j€ ClaJbeHa, IOTOM )KapeHa y KOMOpHO]j nehu panu
okcujanuje yKynHor yribenuka 1o CO2. Ileneo je HakoH Tora oxialheH y nehu, n3mepes, 1 u3padyHat
HPOLIEHAT MeMesa y TPUHU. 3aTuM je U3BpIlIeHa XeMH]jCKa aHaIn3a Nernesa KopuihembeM aTOMCKOT
arncoprioHor crnekrtpomerpa o3Hake Perkin — Elmer 403 AAS. Takole, uctu ypehaj je kopumthen u 3a
oapehrBame KOHIIEHTPALMje jOHA TEIIKUX, AJIKAJTHUX U 3eMHOAIKAIHUX MeTala.

* OnpehuBame caapikaja OpraHCKUX MaTepHja y Boau of npama aacopoerca (HPK)

Cazaprkaj OpraHCKUX MaTepuja y BOJH O] UCTIHPama TPUHE JECTUIMCAHOM BOJOM oJpehuBaH je
BOJIyMETPHU]CKH, TUTPALIUjOM BoJie o1 npama pactBopom 0,002 M KMnO4. Ha ocHoBYy noTpoiime
KMnO4, u3pauyHara je xemujcka norpoiunma kuceonnka (HPK) 3a okcumanujy opranckux marepuja y
BOJIU O] UCIIPaha TPUHE.

* OnpehuBame kananurera usmeHe katjona (KIK)

KIK u3melyy Tpune u BojieHOT pacTBOpa ofpeleH je BOIYyMETPHjCKH, CTAHAAPAHOM METOJIOM jOHCKE
U3MEHE Ca AMOHUJYM — XJIOPHJIOM.

- OU3HYKO-XEMUjCKY KapaKTepHU3aIijy TpUHE:

* OnpehuBame Tauke HyITOT HaenekTpucama (pHzpc)

Tauka HynTOr HaeleKkTpucama usmely Tpune u BojeHe ¢asze oapeheHa je BoIyMeTpujcKu, CTaHAapIHOM
METOJIOM ca JBe paznuuute KoHueHTpanuje KNOs.

» OypujeoBa Tpancopmanmona nHppampsena cnekrpockonuja (FTIR cekTpockonmja)
Caumama FTIR criekrapa tpune, ypahena cy Ha FTIR criekrpodoromerpy o3arake BOMEM MB-100

(Hartman & Braun Michelson y ciektpamaom orcery 4000-400 cm-, ca pe3omyijom ox 2 cm™. 3a
notpede CHUMama, y30pIiy TPUHE CY MPUTIPEMIBCHH Ca KaijyM-OpoMHIoM y MaceHoM ogHocy 1:150,



pu 4yemy cy nooujene oarosapajyhe KBr-tabnere. Jlooujene KBr tabnete cy moTom cHUMaHe Ha
natoMm FTIR cnexktpodoromerpy.

»  Excnepumenmanne memoode ucnumugar,a adcopnyuje joHa Memaia y peakmopy ca Meuar-em uy
ao0copnyuoHoj KOJOHU

* Mepewe pH Bpeanoctu pactBopa

[Tpomena pH BpemHOCTH pacTBOpa TOKOM UCIIHPaka TPUHE JISCTHIOBAHOM BOJIOM, Ka0 M TOKOM
ajicopruyje jona Metana, mepena je pH-merpom WTW inoLab pH — 720.

* Mepeme MpoBOIJBUBOCTH PACTBOPA

[IpomeHna npoBOIJLUBOCTH PacTBOpa TOKOM HCIIMpPaba TPUHE MEPEHa je KOHIayKToMeTpoM o3HakeWTW
inoLab cond — 720.

» OnpehuBame KHHETHKE aJICOPIIIIH]je

3a omucuBambe KHHETHKE aJICOPIIIHje JaTHX jOHA Ha TPUHU KOPHUIINEHU Cy KWHETUYKH MOJIEIN TICey/10-
JpyToT pena, KnHeTHUKH Mojaen mehydectnune nudysuje u Elovich-eB mopern.

* OnpehuBame H30TepMH aICOPIIIHje

ExcriepumenTanno 1001jeHr oJaly MpOMEHe KarauTeTa aJCopIIHje ca BpeMEHOM (PUTOBAHU Cy
kopuithewem Langmuir-oBor u Freundlich-osor monena agcopnunose usorepme.

3.4. [IpuMeHIBUBOCT OCTBAPEHUX pe3yJITara

Ha ocHoBy mpernena a0 caja 00jaBJbeHUX E€KCIIEPUMEHTATHHUX TOJaTaka M pe3yiTara MpHKa3aHuX y
OKBHpY OBE€ IMCepTalyje, OCTBApEH je 3HadajaH JONPHHOC y OBOj obOiactu. Pesynratu u 3akspydnu
W3HETH y OBOj JMCEPTalUju MOTBpAa cy MoryhHocTu kopuiihema TpuHe Kao afcopOeHca 3a aacopIimjy
joHa Oakpa, HUKJIA, IIMHKA, MaHTaHa, KaJIMUjyma, I'BOXkha 1 0JI0Ba U3 BOJICHUX PacTBOPA.

[lpuka3zaHn TEXHOJOIIKM IOCTYIAaK NpedninhaBama OTIMAIHUX BOAA KOMOWHALMjOM MOCTYyIaKa
aJIcOpIIIIrje, COJIBEHTHE €KCTPAKIIMje U eNEKTPOAo0Hjamha MeTalla KOpUIIhemheM TPUHE Kao aJicopOeHca
¥Ma 3a IiJb J1a TIPUKaKe OCHOBHE IpOolece U omnepalije Koju 0u 0w kopumheHu y mporecy, Koju ou
PE3YNITHPAO CMAEHEM KUCEIIOCTH Py JHHYKE BOJIE, YKIAmamheM joHa 0aKpa U IPYTUX TEIIKHX MeTaia u
uckopuirhemeM 0akpa Kao Haj3aCTYIUbCHHU]ET MeTajla y PyJHUYKUM BOJaMa.

[TomMeHyTH WMHKEHEPCKH NPUCTYN je OJ 3Hauyaja 3a pemiaBame mnocrojehux mpobiema y TpeTMaHy
OTHAJHUX BOJA, KAKO Ca CTAHOBHUINTA 3AIITHTE XMBOTHE CPEAMHE, TAKO M Ca EKOHOMCKOT acleKTa W
acreKkTa OJPXKHUBOT pa3Boja, M OTBapa MOTyhHOCT 3a Jajbe WHOBAaTUBHE AaKTHBHOCTH Y OBOJj
UCTPaKUBAYKO] 00JIACTH.

3.5. O1eHa JOCTUTHYTHX CIIOCOOHOCTH KaHAUAATA 38 CAMOCTAIHHI HAy4YHH paj

Ha ocHOBy M3HeTe aHanM3e JOKTOPCKE IHcepTaldje W BepH]HKalMje OCTBAPEHMX pe3ysTara
ucTpaxkupamwa, Komucuja cmaTpa Ja je KaHIuaaT HECYMIbHBO I10Ka3a0 CIIOCOOHOCT 32 CaMOCTaJIHU
HAy4YHHU pa.
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4. OCTBAPEHHU HAYYHHU JOITPUHOC

4.1, [Ipuka3 ocTBapeHMX HAYYHUX JOIPUHOCA

VY okBupy OBe aucepraije OCTBApEeH j€ 3HayajaH Hay4yHU AOMPHHOC y OOJAcCTH MPUMEHE TPUHE 3a
aJicopriyjy joHa Oakpa, HHKIIA, ITMHKA, MaHTaHa, KaaMUjyMa, TBOkha W 0JIOBa U3 BOJCHHUX PAacTBOpA.
Hayynu v mpakTHYHY 3Ha4aj OBE JOKTOPCKE JUCEpTaIlHje ce oryiena y cienehem:

- KapakTepuzaiujom pa3muauTuX BpcTa TpUHE, KopuiihemeM oaroapajyhux Meroa KapakTepusaimje,
onpehene cy meHe puznyke, XeMujcKe U GPU3NIKO-XEMHU)CKE 0OCOOHHE.

- Ha ocHoBy nmobujennx pesynrara FTIR-a nedunHmcane cy (GyHKIMOHATHE Tpyle y aacopOeHCY
OJICOBOPHE 32 U3MEHY jOHA.

- Ha ocHoBy no0ujeHux pesyirara 3a KalaluTeT U3MEHE KaTjoHa ojpeheH je AoMuUHAHTaH jOH Y
M3MEHUBOM TI0JI0%kAajy KOJU Ce Y MPOIIeCy aICOPIINje MEXaHU3MOM jOHCKE N3MEHE U3MEbYje ca JOHNMa
MerTana.

- Jlepunrcan je MexaHW3aM aJCOPIIIUje U yJora ajJKaJHUX M 3eMHOAIKAIHUX METaja MPUCYTHUX Y
MOJIEKYJICKO] CTPYKTYpH aJicopOeHca Ha MPOLEC afCOPIIIHje.

- Onpehen je kamauuTeT aaCcoOpILUje TPUHE Kao M HEroBa MPOMEHa ca BPEMEHOM 32 JIaTe jOHE TEeIIKUX
MeTana.

- OnpeleH je yTuiaj nmojeIMHUX MapamMeTapa mpoleca Ha mpoliec ajcopmiuje kao mro cy: pH pactsopa,
MPOBOJBHBOCT, TOYETHA KOHIIEHTPAIIMja jOHA TEIIKUX MEeTaJa.

- Ha ocHOBy u3abpaHOr TEOpHjCKOI KHHETHYKOT MOJeNla, KOjU je IO0Ka3ao Haj0oJbe ciarame ca
eKCIepUMEHTAIHUM IofaluMa, ojapelieHe cy KOHCTaHTe Op3uHE aJCOopILHje JaTUX joOHa MeTaja Ha
asicopOeHCy, Kao ¥ paBHOTEKHHU aJICOPIIIIHOHN KallaluTeT.

- JlepuHrcanu cy ycJIOBH pPaBHOTEXKE Ipoleca ajcopriyje; oapeheHe Cy KOHCTaHTE pPaBHOTEKE,
KOe(HUITjEHTH XETEPOTEHOCTH, Ka0 M TEOPHjCKH KalalMTeT aJCOPIIINje 3a CBAKU O]l ICTUTHBAHHUX jOHA
MeTana.

- cnnrana je ancoprniyja y KOJOHH KaKO ca CHHTETHYKHMM TaKO U ca PEeaJlHUM pacTBOpUMA; oapeheHe
cy po0ojHEe KpHBE U MPOOOjHE TayKe 3a CBAKU O] jOHA METaa.

- Jlepunucan je mMexaHW3aM aACOPIIIHMjEe U yJora ajlKaJHUX M 3€MHOAIKATHUX METalla MPUCYTHUX Y
CTPYKTYpH aJicopOeHca Ha MPOLEC aJCOPIIIHje.

- [IpennoxeH je TEXHOJOMIKHN MOCTYIaK 3a TpeTupame 3acuheHor ajgcopbeHca, Koju Ou ce 3aCHMUBAO Ha
HErOBOM CIIAJbUBAKY M HCKOPHUINNEHY TOIUIOTHE €HEPTHje 32 MHTEpHE ToTpede .

4.2. KpuTrdka aganm3a pe3ynTara UCTpaKHBamba

JloOujern pe3yntatd y €KCIEpUMEHTATHOM Jeny JucepTanuje o0e30el)yjy nomatHe KOpHCHE
nH(pOpMaIMje Be3aHe 3a npoOIeMaTHKy TPETMaHa OTIaJHUX BOJA Ca HUCKUM CaJpKajeM joHa TEIIKHX
MeTana y cebu kopuinhemeM TpuHe Kao ajcopbeHca. OBU pe3yiTaTu MoBe3yjy (pU3MUKe, XeMUJCKE U
(bM3HYKO-XEMHjCKE KapaKTEepUCTHKE afcopOeHca U mapamerpe mporneca (pH BpemxHOCT, IPOBOIJBHBOCT
pacTBopa) ca MEXaHW3MOM aJICOPIIIHI]€ HCIUTUBAHKUX JOHA HA TPUHH.

VY muspy ofjammema KMHETHKE TPOoIeca aJCOpPIIMje jOHAa TEUIKMX MeTaja KopuilhemeM TPHUHE Kao
ajcopOeHca, onpeheHr Cy KWHETHMYKH TIapaMeTpH TIpolleca Ha OCHOBY HW3a0paHOT TEOPH)CKOT
KHHETUYKOT MOJIeNIa KOjU je TMOKa3ao Haj0oJhe ciarame ca eKCIePUMEHTATHUM IOJalnMa O Op3uHH
nporieca aJjcopIiMje CBAaKOr Off MCIUTHBAaHUX MeTaja Ha TpuHH. [locTaB/beHM IWJBEBH W 3a7allU
UCTPAXXKHBaKa Yy JUCEPTALUJU OCTBAPEHH Cy y MOTIYHOCTH.

JloOujeHu pe3yaTaTtd MpeiCTaBibajy 3Ha4YajaH JONPUHOC AaKTYSJIHUM HCIUTHBAlkUMa y 00JacTu
Ounocoprmiyje, ¥ MoKasyjy Ja c€ TpUHA Pa3IMIUTHX BPCTa JTUCTOMAIHOT ApBeTa (TOIoa, Jinma, OyKBa),
MOJXK€ YCIIENTHO KOPHUCTUTH Kao jeTWH, MPHUPOJHU aJCOpOSHC 3a ajaCcopmIMjy joHa Oakpa, HUKIA,
[IMHKa, MaHTaHa, KaJMHjyMa, TBokha ¥ 0JI0Ba M3 BOJICHUX PAacTBOpA.

11



4.3. Bepudukanmja Hay4HUX JOOPUHOCA

Hay4Hu 1onpuHOC OB TOKTOPCKE qcepTalyje je Bepu(pUKOBaH KPO3 MyOJIUKOBAHE HAYYHE PAJOBE
MPOKCTEKJIC Ka0 PE3y/ITaT HCTPAKUBAKA Y OKBHPY AMCEPTALH]e.

VY nameMm TekCTy je JaT CIucak 10 cafa 00jaB/beHMX pajoBa y HAYYHMM 4YacOllMCHMMa W pPajoBa
CAOMIITeHUX Ha KOH(EpeHIMjaMa, KOjU Cy MTPOUCTEKIIN U3 OBE IOKTOPCKE AMCEpTaIrje:

Kareropuja M21:

1. D.Boizi¢, V. Stankovié¢, M. Gorgievski, G. Bogdanovié¢, 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.

2. 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.

3. D. Bozi¢, M. Gorgievski, V. Stankovié, 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).
http://dx.doi.org/10.1016/j.ecoleng.2013.06.033.

4. M. Gorgievski, D. Bozi¢, V. Stankovi¢, N. Strbac, S. Serbula, Kinetics, equilibrium and
mechanism of Cu2+, 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).
http://dx.doi.org/10.1016/j.ecoleng.2013.06.025.

5. V. Stankovi¢, M. Gorgievski, D. Bozi¢, Cross-flow leaching of alkali and alkaline-earth
metals from sawdust and wheat straw - Modelling of the process, Biomass and bioenergy,
88 (2016), pp. 17-23. (ISSN 0925-8574) IF (2014) = 4.273 ( Biotechnology 29/163).
http://dx.doi.org/10.1016/j.biombioe.2016.03.013.

Kareropuja M23:

1. V. Stankovi¢, D. BoZié¢, M. Gorgievski, G. Bogdanovi¢, Heavy metal ions adsorption from
mine waters by sawdust, Chemical Industry & Chemical Engineering Quarterly 15(4) (2009)
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5. 3BAK/JbYYAK U ITPEJJIOT

Hokropcka nucepranuja [parane boxxuh mpencraBiba caBpeMeH, OpUTHHANIAH U 3HAYajaH HAy4IHU
JIONpUHOC MMajyhu y BUAy TpUMEHCHE HaydyHE METOZAE, OOMM W KBAJIUTET HCTPAKUBAbA, U
noOujeHe pesynrare.

Komucuja 3akipydyje na je JAOKTOpcKa aucepranuja kKanaupara Jlparane bokuh, mnurmi. uHX.
METaJypruje, NPOUCTEKJIa U3 OPHUIMHAIHOI HayYHO-UCTPAKUBAYKOT paja M Ja je 3acHOBaHA Ha
CaBpPEMEHHMM HAayYHUM Ca3HambHMa ca (PyHJaMEHTAJIHUM TEOPHjCKUM 3HayajeM Yy Hayld U IIHPOKOM
IIPUMEHOM Y IIPAKCH.

Komucuja takohe 3akipyuyje na je kanauaar parana boxxuh, aumi. uHX. MeTanypruje, mokasaia
CIIOCOOHOCT 3a CaMOCTaJlaH HaYYHO-HCTPAKUBAYKK Paj M Jia JUcepTaluja CalpkKu CBe MOTpeOHe
eIEMEHTE KOjU 3370BOJbaBajy ycioBe mnpeasuhene Craryrom YHuBepsurera y beorpany wu
Craryrom Texnuukor ¢akynrera y bopy YHuBepsurera y beorpany 3a cruniame HaydHOT 3Bama
JOKTOpa HayKa y Hay4HOj 00sacTu MeTamypIiiko HHKEHEPCTBO.

Ha ocHOBY cBera npeTxoHO Mcka3aHor Komucuja uMa 4acT M BEJIHMKO 33JJ0BOJBCTBO Ja HacraBHo-
HaygyaoM Behy Texnuukor ¢Qaxynrera y bopy VYuuBepsurera y beorpamy mpemnoxu nga ce
JOKTOPCKa AMCEpTallyja Mo Ha3uBOM ''A/ICOPIIIKja joHA TeHIKUX MeTaJIa U3 BOJIEHUX PacTBOpa
kopumiheweM TpHHe JIMCTOMAAHUX BpPCTa JApBeTa Kao ajacopdenca'’, kanmunara [[parane
boxxuh, qumit. MHX. MeTanypruje, IpuxBaTH, U3JI0KH Ha YBHJI JABHOCTH M YIIYTH Ha ycBajame Behy
Hay4YHHX 00JIaCTH TEXHUYKUX Hayka YHUBep3utera y beorpany.
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