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DOAKYJIITET YHUBEP3UTET Y BEOT'PAJY
BERE HAYUHUX OBJACTU TEXHUYKHUX
35/58 HAYKA
(Bpoj 3axTtera)
04.05.2022. (na3uB Beha HayuHe o0macTH KoMe ce 3axTeB ymyhyje)
(natym)

Beorpan, Cryaentcku Tpr 0Op. 1

3AXTEB
3a 1aBam-€ CarJacCHOCTH Ha pedepart o ypal)eHoj TOKTOPCKOj AMCEPTANMjH
Monumo nma, cxonHo wiany 47. cr. 5. Tauka 4. Craryra YHuBepsutery y beorpany (“I'macHux
Vuusepsutera y beorpamy” 6poj 162/11, npeummihen tekcr, 167/12, 172/13 u 178/14), nate
carjlacHOCT Ha pedepat o ypaljeHo] JOKTOPCKO] AUCEPTAIMjU KaHu1aTa:
Bojana (Muaunko) CumoBuh, nunnomupanu unxemep

KAHIWUJIAT: Bojana CumoBuh npujaBuiia je TOKTOPCKY JUCEPTALIM]Y 110 HA3UBOM:
»CHUHTE3a H KapaKkTepu3aluja HAHOCTPYKTYPHUX MaTepujajia Ha 0a3u HUHK-
-OKCU/IA, TATAH-TUOKCUIA U LIEPUjyM-THOKCHIA 32 IPUMeHY Y poTOKATAIU3U*

N3 nayune oomactu: UHAKEHBPCTBO MATEPUJAJIA

Vuusepsurter je mana 27.08.2018. romune, cBojum aktom 61206-3475/2-18, nmao cariiacHOCT Ha
MPeUIOr TeMe IOKTOPCKE IUcepTallije Koja je riacuia:

» CHHTe3a M KapaKTepu3aluja HAHOCTPYKTYPHUX MaTepujaia HA 023 IUHK-

-OKCH/1a, TUTAH-IMOKCH/IA U LIEPUjyM-THOKCH/IA 32 PUMeHY Y (POTOKATAIU3H

Komucuja 3a oreHy u ombpaHy IOKTOpCKe aucepraije kanaunata_bojane CumoBuh o6pasosana
je Ha cennui HacraBHo-HayuHor Beha onmpikanoj 03.02.2022. roaune Omnykom dakysrera mox Op.
35/28, y cacraBy:

Hme u npe3ume 3Bame Hayuyna obnact

1.1dp Anexcanapa Jlanuesuh Banpeannu Heoprancka xemuja
npogecop

2.]Ip Jeaena Poran Banpeanu npodecop | Heoprancka xemuja

3. Ip Munan Kynuh Bumm HayyHu Hayka o maTepujanuma
capagHuK

CtyzeHT je ymucan Ha JOKTopcke cryauje mkoncke 2011/2012. roaune.

Ha 3axteB crynenta nekas je qoneo Pememe 6poj 20/190 ox 29.09.2020. romuHe 0 mpoayKemy poKa
3a 3aBpIIETaK CTyaHja 10 UCTEKa TPOCTPYKOr Opoja IIKOJCKHUX TOJMHA MOTPEOHMX 3a pean3arjy
YIHCAHOT CTYIHJCKOT MporpaMa, OMHOCHO 10 Kpaja mkoincke 2023/2024.rogune, ¢ 003upoM Ha TO Ja
je mkoncke 2016/2017,2018/2019,2019/2020. roguHe Ha OCHOBY MOJHETHX JAOKyMeHaTa Owia y
CTaTyCcy MUpOBama npasa U obaBe3a.

HacraBHo-Hayyno Behe ®akynrera mpuxBatwio je pedepar Kommucuje 3a omeHy u oadpaHy
JOKTOpPCKE JFicepTalnje Ha ceqauin oapxkanoj naHa 10.03.2022. roxune.

JEKAH ®AKVIITETA

[Ipod. ap Ilerap YckokoBuh




FENMYBNUKA CPBUJA
VAUBEP3UTET ¥V BEOMPALQY
EAHOACIURD METAAYPILKK AKYATET

Bp. __"?_OZ_/_?O

JG. e L0720
EECITPAL

Ha ocHoBy unana 101. Craryra Vuusepsutera y Beorpany (“Iacnux Yuueepzumema y
beozpady 6p. 201/2018") w unauna 76. ctaB 1. u craB 4. Cratyra TeXHONOMWKO-METATYPIIKOT
thakyntera y beorpany, kao M 3axTeBa CTyJeHTa 3a MpOJyKeHe POKa 3a 3aBplIeTaK CTyAHja
Jlekan noHocu

PEINE®E

0 NPOJYy:KeY POKa 32 3aBPLIETAK CTYAHja

Crynenty BOJAHWU CHUMOBMH, 6poj unaekca 4006/2011, ynucanom-oj y NpBY TOAUHY
AOKTOPCKMX aKaJeMCKuX cTyauja wkoncke 2011/2012. roamne npoayxasa ce pok 3a 3applieTax
CTyAHja A0 MCTeKa TPOCTpyKor Gpoja IIKONCKMX IOJMHA MOTPEGHMX 3a peann3alijy yIucaHor
CTY/IMjCKOT Tporpama, 0JHOCHO [0 Kpaja mkoncke 2023/2024. romuue, ¢ 003MpOM Ha TO Ja je
wkosicke 2016/2017, 2018/2019, 2019/2020. roauHe Ha OCHOBY MOAHETHX NOKyMeHaTta Guna y
cTaTycy MHpOBama.

Ioyka o npasnom nexy:

[IpoTue oBor peiiersa nMeHoBaHK-a Moske noaHeTH xkanby Casety ®akynrera y poky o 8 nana
OJ1 laHa fpujeMa pelemna

JocTtaBuTn:
- Crynenry;
- Cnyx0u 3a cTyIeHTCKA [TUTakba;
- Omwroj ciyx0Ou — apxuBu.
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Ha ocnoBy un. 40. craB 3. 3akoHa 0 BUCOKOM oOpazoBamy, wi. 112. craB 3. Craryra YHuBep3uTera y
Beorpany, . 88. craB 3. Craryra TM®-a u un. 39. [IpaBunHuka o gokropckum crynujama TM®, Ha
cemauim HacraBHo-Hayynor Beha Texnonomko-meranypmkor ¢akynrera ox 10.03.2022. roaummne,
JIOHETA je
ONTYKA
o mpuxBaramy Pedepara o orieHu T0KTOpCKe AucepTanuje

IIpuxBata ce Pedepar Komucuje y cacraBy: nap Anekcanapa J[lamueBuh, BaHpenHu mpodecop
VYuusepsuteta y beorpany, TexHonomko-metanypmku dakynrer, ap Jenena Poran, penoBuu npodecop
VYuusep3utera y beorpany, TexHonouiko-meranypimiku (axynarer, Ap Munan Kynuh, BUIIM HaydHH
capagHuk YHuBep3utera y beorpamxy, MHCTHTYT 32 MyNITHANCIUIUIMHAPHA UCTPAXHUBaMka, O TPErieny
oneHn ypaheHe JOKTOpCKe jaucepranyje moja Ha3uBoM: , CHHTe3a MW KapaKTepu3aluja
HAHOCTPYKTYPHUX MaTepHjaja Ha 0a3W NMHK-OKCHAA, TUTAH-AMOKCHIA W LEPHjyM-THOKCHAA 3a
npuMeny y ¢porokaraausu’ kojy je nogHena bojana CumoBuh, muruiomupanu uHxemep U yinyhyje ce
Ha caryiacHoCT Behy Hay4HHX 00acT TEXHWYKHX Hayka YHUBep3uTera y beorpany.

Behe nayunux oGmacTu TeXHMYKUX Hayka YHUBep3uTeTa y beorpaay nmano je carmacHOCT Ha Tpeajior
TeMe JokTopcke auceprauuje bojane CumoBuh, moa HazuBoMm ,,CHHTe3a W KapakTepHu3aluja
HAHOCTPYKTYPHUX MaTepHjaja Ha 0a3W NMHK-OKCHAA, TUTAH-AMOKCHIA W LEPHjyM-THOKCHAA 3a
npumeny y ¢porokaraauzu* Omrykom O0poj: 61206-3475/2-18 o 27.08.2018. roaune.

Bepudukanuja HaydHIX TOTIPHHOCA:

Kareropuja M21:

1. Simovi¢, B., Dapcevi¢, A., Zdravkovi¢, J., Tasi¢, N., Kovag, S., Krsti¢, J., Brankovi¢, G.: From titania
to titanates: Phase and morphological transition in less alkaline medium under mild conditions, - Journal
of Alloys and Compounds, vol. 781, pp. 810-819, 2019 (IF=4.605) (ISSN: 0925-8388).

Kareropuja M22:

1. Simovi¢, B., Poleti, D., Golubovi¢, A., Matkovi¢, A., Séepanovi¢, M., Babié, B., Brankovié, G.:
Enhanced photocatalytic degradation of RO16 dye using Ag modified ZnO nanopowders prepared by the
solvothermal method, - Processing and application of ceramics, vol. 11, No. 1, pp. 27-38, 2017
(IF=1.070) (ISSN: 1820-6131).

Kareropuja M23:

1. Simovi¢, B., Golubovi¢, A., Veljkovi¢, 1., Poleti, D., Zdravkovi¢, J., Mijin, D., Bjelajac, A.: Hydro-
and solvothermally-prepared ZnO and its catalytic effect on photodegradation of Reactive Orange 16 dye,
- Journal of the Serbian Chemical Society, vol. 79, no. 11, pp. 1433-1443, 2014 (1F=0.912) (ISSN: 0352-
5139).

Onnyky nocraButu: Behy HayuHux oOnacTu mpuUpOJHMX Hayka YHUBep3uTeTa, MeHTopy, Ciyx0u 3a
HACTaBHO-CTYJICHTCKe NocioBe, bubanoreny nu ApxuBu ¢axynrera.

NEKAH

[Tpod. np Ilerap Yckokosuh



YHUBEP3UTET Y BEOI'PALLY
TEXHOJIOIKO-METAJIYPIIKU ®AKYJTET
HACTABHO-HAYYHOM BERY

IIpenmer: Pedepar o ypaheHoj moxropckoj mucepranmju kanmunaara bojame CumoBuh, muro.
WHX. TEXHOJIOTH]e

Omnykom 6p. 35/28 ox 3. 2. 2022. ronuHe, MIMEHOBaHM CMO 3a wiaHoBe Komucuje 3a oueny u
on0paHy JOKTOpcke aucepranuje kanaunata bojane CumMoBuh, IWIUI. WHXK. TEXHOJIOTH]E MO
HacioBoM: ,,CHHTe3a W KapaKTepH3alHja HAHOCTPYKTYPHHX MaTepHjaja Ha 0a3d IUHK-
-OKCH/Ia, THTAH-TUOKCH/IA U HEePUjyM-THOKCH/AA 32 IPUMEHY Y (POTOKATAIM3U.

[Tocne mpernena nmoctaBibeHe Jlucepranmje u Apyrux nparehux marepujaia u pasroBopa ca
Kanmunarom, Komucuja je caunnmna cnenehu

PE®EPAT

1. VBOJI

1.1. Xponosoruja ogoOpaBama ¥ U3pajie AUcepTalie

bojana CumoBuh, mumi. wumxk. TexHosorwje je 16.5.2018. HacraBHo-HayuHoM Behy
Texnonomko-MeTanypukor Gaxkyirera npeioxKuiIa TeMy 3a U3paay AOKTOPCKE IucepTaluje Mo
Ha3uBoM ,,CHHTe3a M KapaKkTepHU3alHdja HAHOCTPYKTYPHHX MarTepujaja Ha 0a3M UUHK-
-OKCH/Ia, THTAH-INOKCU/IA U LIEPUjyM-IMOKCH/IA 32 IPUMEHY Y (poTOKATAIM3H .

Ha cemnunin HacraBHo-Hayunor Beha Texnomomko-metanypmikor ¢akynrera, ox 31. 5. 2018.
omtykom Op. 35/184, wmenoBana je Kommucuja 3a omeny momobnoctu teme ,,CMHTE3a H
KapaKkTepu3aluuja HAHOCTPYKTYPHUX MaTepHujajia HA 0a3M HUHK-OKCHAA, TUTAH-THOKCHIA U
HEePUjyM-THOKCH/IA 3a MPUMeHY Yy (oTokaTanu3u® u kannuaata bojane CumoBuh, IUTII. WHK.
TEXHOJIOTH]je 3a U3paly JOKTOPCKE JAHcepTallyje.

Ha cemnumm HacrtaBHo-nayuynor Beha TexHonmomko-MeTanypmikor ¢akyinTeTa OIpiKaHOj
6. 7. 2018. ommykom Op. 35/241, ycrojen je pedepar Komucuje 3a orieHy MoJ0OHOCTH TeMe H
KaHauJaTa 3a M3pajay JOKTOPCKE HCepTaldje, a 3a MEHTOpAa jeé MMeHOBaHA Jap AJieKcaHapa
HamyeBuh, Banpenuu npodecop TexHoNOmKO-MeTadypuKor Qakynrera YHHUBEp3UTETa Y
beorpany.

Omrykom Op. 61206-3475/2-18 ox 27.8.2018. Behe HayuHHX 007acTH TEXHMYKHX HayKa
VYHuBep3utera y beorpagy nano je carilaCHOCT Ha NpeAJior TeMe JOKTOpCKe AucepTraiuje
kanaugara bojane CumoBuh, aMmia. HMHX. TEXHOJOTrHWje, TMOJ Ha3uBoM ,,CHHTe3a M
KapaKTepu3anMja HaHOCTPYKTYPHHMX MaTepujaja Ha 0a3M LWHMHK-OKCHAA, THTAH-THOKCHIA H
HepHjyM-IHOKCH/IA 32 IPUMeEHY Y (poTokaTaam3u®.

Ha cemnuuu HactaBHo-Hayunor Beha TexHonomko-meramypuikor ¢akynarera, o 3. 2. 2022.
outykoM Op. 35/28, umenoBana je Komucuja 3a oueHy u on0paHy JAOKTOpcke mucepraimje bojane
CumoBuh, auIUI. HMHX. TEXHOJIOTHje, TMOJA HasuBoM ,CHHTe3a M KapakTepu3auuja
HAHOCTPYKTYPHHUX MaTepujaja Ha 0a3M NMHK-OKCH/IA, THTAH-AUOKCH/IA U LEPUjyM-THOKCHAA
3a IpuMeHy Y (OTOKATAIN3N.



Crynent bojana CumoBuh ynucana je Ha noktopcke cryamje mk. 2011/12. rogune. Ha 3axteB
CTYIIEHTA, yCJIeJ MUPOBamba TP MIKOJICKE FOJAMHE PAJH TPYAHUYKHX U MOPOIUIECKUX OJICYCTaBa U
OJICyCTaBa paau Here jBa jaereta, no Pememwy Op. 20/190 ox 29. 9. 2020. rogune ono0peHo joj je
MPOYKEHE POKa 3aBpIIETKA JOKTOPCKUX CTY/M]a 3aKJ/bY4IHO ca nikojickom 2023/24. roaguaom.

1.2. Hayuna o0Ojact gucepraiuje

HcTpaxxuBama y OKBHPY OBE TOKTOPCKE JAMCEpTAIHje MPUIIaaajy HaydHOj o0nactu TeXHOIOIKO
WH)XEHEPCTBO U YXKO0] HAydHO] oOnacTi MHXemepcTBO MaTepHjaia, 3a KOjy je MaTH4YHa yCTaHOBA
Texnonomxko-meranypmkn  (akynrer YHuBep3utera y beorpamy. VmeHoBaHm MeHTOD,
np Anekcannpa Jlamuesuh, BaHpenHu npodecop TexHoOMIKO-METATypIIKOT — (aKyiaTeTa
VYHuBep3utera y beorpamy, je Ha OCHOBY JdocajalllbuX 00jaBJbeHMX pajloBa M HCKycTaBa
KOMIIETEHTHA J]a PyKOBOJIM M3PaJIOM OBE JIOKTOPCKE JHCepTalHje.

1.3. Buorpadhcku nomaim 0 KaHIUuaaTy

bojana Cumosuh pohena je 18. 7. 1986. ronune y Iloxxeru. OCHOBHY HIKOJIYy U TUMHa3Hjy
OTIITET CMepa, 3aBpIImiia je y Apuiby ca OJJIUYHUM YyCIeXOoM. TeXHOJOIIKO-METATYPIIKH
dakynrer YHuBepsuteta y beorpany ynucana je 2005. roqune, a gumiomupana 2011. roquae Ha
ojaceky MmxemepcTBO Marepujayia, ca mpocedHoM ormeHoM 8,49 um oreHom 10 Ha AMIIIOMCKOM
pany. llkoncke 2011/2012. roaune, ynucaina je JOKTOPCKE CTyAHje Ha TeXHOJIOMIKO-METATypPIIKOM
dakynrety, cMep MHxkemepcTBO MaTepujana, moa MeHtopcTBoMm np Jlejana [lonertuja, pemoBHOT
npodecopa Ha Karenpu 3a ommrty u Heoprancky xemujy. Onx mkosicke 2017/18. ronune, HakOH
omnacka ap Jlejana Ilomerwja y mnensujy, bojanm CumoBuh je m04€Jb€H HOBU MEHTOpP, P
Anekcannpa [lamueBuh, Banpennu npodecop Ha Katenpu 3a ommry u HeopraHcky xemujy. bojana
CuMoBuh je mosioxuia cBe UCIuTE mnpeaBul)eHe HaCTaBHUM IUIAHOM M IPOTrpamMoOM ca MPOCEYHOM
oneHoM 9,83.

On janyapa 2012. roguse 3amnocieHa je y MHCTUTYTY 3a MyITHAMCIUIUIMHAPHA HCTPaKUBamba
Kao MCTpaXUBa4Y-NPUNIPABHUK. buia je aHraxxosana Ha npojekty Il 45007 ,,0-3D maHocTpyKTYype
3a NPUMEHY y EJIEKTPOHUIM M OOHOBJBMBHUM H3BOpPHUMA €HEpruje: CHHTE3a, KapakTepuszaluja u
npouecupame”, pykoBoauoua ap l'opana bpankoBuha, moa moxkpoBUTE/LCTBOM MUHHUCTapCTBa
MPOCBETEe, HAyKe W TeXHOJomKor pa3Boja Pemybiauke Cpouje. bojana Cumosuh je 3. 11. 2014.
rojuHe u3abpaHa y 3Bambe UCTPaKUBaU-CapaTHUK.

VY OKBUpPY UCTpaXKMBAaYKUX aKTUBHOCTHU Ha mpojekty |l 45007 kanaupar ce 6aBUO CHHTE30M,
KapakTepU3alMjoM M MPUMEHOM HAaHOCTPYKTYpHHX Matepujaia Ha 6asu ZnO, TiO2 u CeO: ca
aKIEHTOM Ha MpuMeHy Yy ¢oToKaTaliu3u y Wby MpedrinhaBama oTHaaHuX Boga. OcuMm Tora,
OUIMYHO TO3Haje pan Ha wuHcTpyMeHntuma (XRD, TG/DSC, UV/Vis chnekrpodoromerap)
HEOTXOJHHUM y KapaKTepH3aliji MaTepujajia KojuMa ce 6aBH.

AyTop je U KoayTOp OcaM HaydyHUX pajaoBa 00jaB/beHHX Yy MelyHapOIHHM dYacomucuma, O]l
KOJUX Cy TpH paja u3 kareropuje M21, Tpu paga u3 kareropuje M22 u aBa paja u3 KaTeropuje
M23, a caommTHIa je AeceT paaoBa Ha Mel)yHapoJHUM HaydYHUM CKYIIOBHMMA, Ka0 M CElaM pagoBa
Ha HAIMOHAJTHUM Hay4YHUM ckyrnoBuMa. [Ipema 6a3zu Scopus pagosu bojane CumoBuh niutupanu cy
114 nyra.

Bbojana CumoBuh je uinan Cprickor XeMHUjCKOT ApyTBa, Cprickor KpucTtanorpadCckor ApyIITBa U
JpymTBa 3a kepamuuke marepujaie CpOuje. AHraxoBaHa je y LleHTpy M3y3eTHUX BpeIHOCTH 3a
3eneHe TexHosoruje MHCTUTyTa 3a MyATUAMCHUIIMHAPHA HCTpakuBama U y Start-up xoMmanuju
B-fresh Technologies 3a pa3Boj, npou3BOaBY M MPOMET aKTHBHOT MakoBamwa. bojana Cumouh ce
aKTHBHO CITY’KH €HIJIECKUM JE3UKOM.



2. OIMUC JUCEPTALIIMJE

2.1. Caapxkaj qucepraiuie

JlokTopcka paucepranuja kanaupata bojane CumoBuh, WML WHX. TEXH. TOJ HA3HBOM
»CHHTE3a U KapaKTepu3aluja HAHOCTPYKTYPHHUX MaTepHjaja Ha 0a3u HUHK-OKCH/IA, TUTAH-
-THOKCH/IA U LEePHjyM-THOKCHAA 32 MpUMeHY Yy ¢oToKaTaau3n“ Hamicana je Ha 146 crpana, y
OKBUpPY KOjUX ce Hamasu 6 mornaBipa, 114 crmuka, 23 Ttabene m 294 nmrtepaTypHa HaBOJa.
JlokTopcka aucepranyja caapku cieneha moriaeiba: YBoa, Teopujcku neo, ExcriepuMeHTaHH
neo, Pesynrarm m jgmckycuja, 3akibydak u Jlureparypa. [lopen Tora, amcepramuja caapiku
[Ipenrosop, M3Boa Ha CPIICKOM | €HIJIECKOM je3uKy, Canpikaj, 3aXBallHHUILY U JTOJATKE MPOIHICAaHE
npaBUIMMa YHUBep3UTeTa y beorpamay o momHOImemy JOKTOPCKUX IUCEpTalHja Ha of00paBame.
Hamucana nucepramuja mo ¢opmu u caapkajy 3aaoBoJbaBa CBE CTaHAap/e YHHUBEP3UTETa Yy
Beorpany 3a JOKTOpCKY AMCEPTaIH]y.

2.2. Kpartak npukas noje AMHauYHuX IMOTJIaBJba

Toxom wm3pane mokTopcke muceprarnuje kKanauaaT bojana CumoBumh pasBujana je pa3inuuTe
METOJIC CHHTe3e (XHApOTepMaliHa, COJIBOTEpMaliHa W  MPEHUIUTAMOHA) 3a J100Hujame
nojequaaganx ZNnO, TiO2 u CeO2, aau 1 HAHOKOMIIO3UTA Oa3UpaHUX Ha HUMA, Y [HJbY J00Hjama
HaHOMaTepHujajia ca mMTo 00JbUM (POTOKATATUTHYKUM CBOJCTBHMA. Y ciydajy ZnO, moAaTHO je
WCMATaHa U MOTYhHOCT MoauduKalje cpedpoM paau oMepama ancopIiinje yrnagHoT 3pademka Ka
BUJJBMBOM JI€Ty CIEKTpa, ajld M MO00JbIIaka aHTUMUKPOOHE aKTHBHOCTU. Kpo3 nemuMudHy WiH
notnyHy (a3Hy TpaHchopmaldjy HaHOAaHAaTaca JIO CJOJEeBUTHX THUTaHaTa, WCIUTaHa je
(hoTOKaTATUTHYKA aKTUBHOCT PA3IMUUTHX CTPYKTYpHUX Moaudukanuja. JJoOMjeHn TUTaHAT je T
MPBU MYT YNOTPeOJbEH Kao CEH30p 3a Biary. McmuTaH je W yTHIQ] Pa3IudMTHX MpEKypcopa Ha
nooujame CeO m meroBa cBojcTBa. CHHTE3a HAHOKOMIIO3WTA HMMaja je 3a IUJb J00Hjame
MaTepHjaia 00pMX (YHKIIMOHATHHUX CBOjcTaBa oj cBojcraBa mosnasHux ZnO, TiO2 u CeOy, ycnen
CHUHEPTH]CKOT eeKTa HajOOJbHX KapaKTEPUCTHUKA TI0jeIMHAYHUX OKCH/IA.

YBoIl JOKTOpCKE JucepTalrje MpeIcTaB/ba KpaTak CaKeTaK O XeTePOreHO] (OTOKATATUTUYKO)]
pasrpaamu 3aral)yjyhux cyrncraHiy Koja crnajga y euKacHy U eKOHOMUYHY METOJY 32 pasrpaamy
MaTepHuja IITETHUX 3a OKOJHMHY. Y OBOM IIOTJIaBJbY Cy HaBEJCHM M HAHOCTPYKTYPHU OKCHIHU
MIOJTYITPOBOJIHUIIM KOJU CE€ KOPHCTE Kao (poToKaTamm3aTopH, aafcopOeHTH, CEH30PH U aHTUMUKPOOHH
areHcH. Y YBOJY je U3JI0KEH U MPEJAMET U IUJb HCTPAXKHBAbA.

VY TeopujckoM jielny [JOKTOpPCKe AMcepTalyje MpeacTaBbeHa Cy Haj3HadajHuja (usnuko-
-xemujcka cBojctBa ZnO, TiO2 u CeO2 ca OMUCOM HUXOBUX CTPYKTYPHHUX U MHKPOCTPYKTYPHHX
KapaKTepHCTUKa, Ka0 M 3HA4aj OBUX HaHOMarepujasa. OnucaHe Ccy yoOW4ajeHe METOJe CUHTE3e
ZnO, TiO2 u CeO,. Mar je nuTepaTypHH Mperiie] HAHOCTPYKTypa Ha 0a3W HaBEJCHHX OKCHa
JNOOHMjeHUX XUAPOTEPMAITHOM, COJBOTEPMATHOM U MPEHUIUTALMOHOM MeTonoM. J[letasbHo je
OIKCAaH MPUHIIMI, MEXaHNW3aM U KHHETHKa XeTeporeHe (oTokaraiuze y npucyctsy ZnO, TiO2 u
CeO:s. [Ipencrasibene cy MmoryhHocTn Moaudukanuje poTokaTaan3aropa, Kao IITO Cy HOBPIIMHCKA
Moau¢ukanmja QoToKaTamu3zaTopa IUIEMEHUTHM METaJoM M KOMOMHOBame ca JIPyruMm
noJrynpoBoaHuIMMa. Jlat je ocBpT Ha OpojHe (akTope KOju yTUUYy Ha KHHETHUKY XeTeporeHe
¢dorokaTtanuze. OnucaHe cy OCHOBHE KapaKTEpPUCTHKE TOKCUYHUX 00ja peakTUBHO HapaHuacte 16
(RO16, ox enra. Reactive Orange 16), xuceno 3eneae 25 (AG25, ox enri. Acid Green 25), etun
mwybuuacte (EV, ox enrn. Ethyl Violet), mounncko mmase (MB9, ox enri. Mordant Blue 9), uuje
IPUCYCTBO Yy OTMATHUM BOJama MpPEACTaBJba BEIUKY OMACHOCT 3a MBH cBeT. C 003upom Ha
pactyhy pe3ucTeHTHOCT OakTepuja M TJbUBHIA, MOCEOaH JTUTEPATypHU OCBPT JAT j€ UCHUTHUBABY
aHTUMUKpPOOHMX cBojctaBa ZnO, koju ce moka3ao kao obehaajyhu martepujan y MHXUOUIUJU
MHUKpOOpraHuzama. ¥ OBOM JIely JHcepTalije OMKMCaH je M MeXaHW3aM U 3Hauaj CeH30pa Biiare Ha
0as3u oxcuaa MeTaia.




ExcniepuMeHTaIHM JIe0 Ce cacTOju U3 JBa O/ieJbKa. Y MPBOM OJIEJbKY j€ AaT CHHCAK KOPHITNeHUX
CYCIICTaHIIM Ca Ha3uBHMMa Mpou3Bohada u JeTajbHO je OMHUCaH MOCTYIMAaK CHHTE3¢ HaHOMAaTepHjaia u
HaHokommo3uta Ha Oasu ZnO, TiO2, u CeOz. V apyrom ofe/bKy Cy NpHUKa3aHEe METO/C
KapakTepH3aluje ¥ YCIOBU IOJ KOjUMa Cy KapaKTepHUCaHH IMPOW3BOAM, Ca JCTAaJbHUM OIHCOM
armaparype 3a UCIHTHBambEe (POTOKATATUTHUKE aKTUBHOCTH, MOCTYIKA UCITUTHBAamba aHTUMUKPOOHUX
CBOjCTaBa M amapaType 3a TECTUPAE CEH30PCKUX KapaKTePUCTHKA.

[lornaBspe Pesynratw M JHMCKycHWja WMa 4YETHPH TOTHOTNIAaB/ba. Y TMPBOM MOTIOTJIABIBY
MPUKA3aHU Cy Pe3yiATaTd M aHAIW3a pe3yiTara UCIHTHUBaba CTPYKTYPHHX, MUKPOCTPYKTYPHUX,
ONITUYKHX, TEKCTYPATHNUX, aHTUMUKPOOHHUX U (POTOKATATUTUYKUX CBOJCTaBa HAHOIpPaxoBa Ha 0a3u
ZnO noOujeHnx XUAPOTEPMATHOM, COJIBOTEPMATHOM M NPEHUIHUTAIIMOHOM CHHTe30M. Hajope cy
ynopehene kapakTepuctuke Hemoan(rukoBanux mpaxosa ZnO koju cy JOOHjeHN XUAPOTEPMATHOM
U COJIBOTEPMITHOM CHHTE30M U FhHUMa OJIroBapajyhnx KajaliMHUCAaHUX mpaxoBa (100MjeHH KapemeM
Ha 300 °C). VY cBa wetupu ciydaja Hactao je jemHodasznu Bupuutan ZnO ca MOpPQOIIOTHjOM KOja
Bapupa OJ] COJIBOTEPMATHO HACTAINX HAHOUYECTHUIA JI0 XHIPOTEPMAIHO HACTAIMX MHUKpoITanuha,
Mehy KojumMa Hema 3HauyajHe pasiiuKe y (OTOKATAIMTHYKO] aKTUBHOCTU. CBH JOOHJEHU Y30PIH
nmajy Behy doTtokaranutuixky epukacHocT ox KoMepuujaaHor ZnO y pa3rpaami TEKCTHIHE a30
6oje RO16, mox HeKamMHHCAHU Y30pIM HMajy Oosba (HOTOKATAIMTHYKA CBOJCTBA H O]l
koMmeprmjamHor mnpaxa Degussa P-25 TiOz. Ilotom cy wmeljycoOHo ymopehena cTpykTypHa,
MUKPOCTPYKTYpHa M (POTOKATaJIUTHYKa CBOJCTBA CpeOpoM Moau(pUKOBaHMX HaHompaxoBa ZnO
JTOOMJEeHNX COJIBOTEPMATHOM W TIPEIMITUTAIIMOHOM METOJO0M. Pe3ynaTaTu Cy mokasaiau jJa ce CBHU
y3opiu cactoje oa chepHux HaHOokpuctamuta ZnO Ha 4mjoj je moBpmWHHU pacrnopehero Ag.
VY30p1u HacTadM COJIBOTEPMAIHUM ITyTeM MMajy Behy poTokaTanuTuyKy e(pUuKacHOCT y pa3rpalmu
0oje RO16 y ogHocy Ha komeprjamaun ZnO u HemomudpukoBan ZnO, anu ¥ 0] y30paka HaCTaIHX
npenunutanydjoM. ConBorepmanto pooujern ZnO ca 0,75 mol.% Ag uma 606y GOTOKATATUTHUKY
e(UKacHOCT y 0JIHOCY Ha KoMepijarau ZnO u y pasrpanmu Apyrux 6oja: AG25, MB9 u EV, anu
MMa U jaye aHTUMUKPOOHO JIeJCTBO.

JIpyro moOTIOTJIaBJbE CaIpXKH PE3yATaTe W aHAIM3y pe3yiTara HCIHUTHBAamAa CTPYKTYPHHX,
MHUKPOCTPYKTYPHHX, ONTHYKHX, TEKCTYPaHUX, CEH30PCKMX M (HOTOKATAINTHYKUX CBOjCTaBa
HaHomatepujaga Ha 0asu TiO2. JleBer mpomsBoga Ha 0asu TiO2 je M0OHjEHO MPH Pa3THUUTHM
yCIOBHMa XUAPOTEPMAJIHOT TpeTMaHa I0Ja3HOT HaHoaHaTtaca y pactBopy NaOH konueHtpanuje
5 mol cm™. MnTeHs3uBupameM XuapoTepManiHor Tpermana (o 6 h ma 110 °C 1o 18 h Ha 160 °C)
3Ha4ajHO ce TmoBehaBa pacTBOPJ/EMBOCT HaHOaHaTaca NPOY3pokyjyhu ¢a3zuu mnpenaz mnpahen
IpoMeHOM MopdoJoruje o IpudamkHo chepaux Hanouectuna 1102 10 U3IYKEHUX THTAHATHUX
nanoiuctuha. Mako Heedukacan Qorokaranuzarop, jeanodasau turaHaT NagaHieTi2Os-H0
no0WjeH HaKOH HajUHTE3WBHUjEr TPEeTMaHa, MOKa3ao Ce Kao OJUIMYaH MaTepHjall 3a HPOU3BOMILY
ceH3opa 3a JeTekuujy Biare. Takole je mepunucana pasnuka uzmely TiO2 u THTaHaTa y noriaeny
CTPYKTYpPHUX U CIeKTpanHuX cBojcraBa. C gnpyre crpase, jenHodasuu TiO2 cuHTeTHCaH
xunporepMariHoM MeroaoM u3 tuTaH(IV)-Oyrokcuaa edukacHo je pasrpaguo RO16, mpubmmkHo
UCTO Ka0 KOMepIMjaJTH| HaHOAHATaCc.

Y tpehem moTnornaBjby NpUKa3aHH Cy pe3ydTaTd WCIUTHBAKbA YyTHIAjAa Pa3TUUIUTHX
npekypcopa (CeCls'7H20, Ce(NO3z)3:6H20, (NH4)2Ce(NO3)s, Ce(S0a4)2:4H,0), xopuihenux mnpu
XUJPOTEpMaIHO] CUHTE3H Ha noOujambe CeO2 u merosa cBojcTBa. Y CBUM CllyyajeBUMa KPUCTAIUTH
CeO2 cy umanu ciuyHy Mop(oJIornjy HalMK Ha 3a00JbeHE XEKCaroHalHe M poMOMYHE IJIOYHIIE
sennunae 10-35 nm. V3opak CeO2 nobujen y cuntesu u3 CeCls-7H20 nokazao ce kao omnuyaxn
azcopOeHT, nok HujenaH nodbujeHn CeO; Huje moka3ao 3HayajHy (POTOKATAIUTHYKY aKTUBHOCT
IPUIMKOM pasrpaame 6oje RO16.

Y 4YeTBpPTOM MOTNOTJIaB/bY TNPEACTAaBJbEHE CY CTPYKTYpHE, MHKpPOCTPYKTYpHE U
(oTOKATATUTHYKE KPAKTEPUCTUKE XHUIPOTEPMATHO CHHTeTUCaHMX HaHOkowmmo3uta Ce02/ZnO u
TiO2/ZnTiOs. Kon ZnO mpaxoBa ca pazmuuutum canpxkajem CeO: y omcery 0 nmo 10 mol.%,
onpehusan je ontumainan yneo CeO; y unipy nodospiama porokaTanuTuuke epukacHoctd ZnO u
yrBpheHo je na xommo3ut koju caapxu 5 Mol.% CeO: mma Hajooska cBojcTBa. Yectune CeO: ca
BEJIMYMHOM CPEepHHUX KpUCTaTuTa OKO 5 NM pacnopehene cy no nospumau ZnO. Mopddosoruja
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ZnO mpaxa Bapupa O] M3AY)KEHUX HaHO3pHa 10 Mukpomrtanuha rpagehu 3D mopdonorujy y
oOmuky w™amnu. [lpunukom cuHTe3e kommoszuta Ha ©Oasu TiO2 u ZnO noOujen je
HAaHOKPUCTAJIMHUYHA KOMIIO3UT KOju caapxku 42 mas.% anaraca u 58 mas.% HIHWHK-MeTaTUTaHaTa.
OBaj Hanokomno3uT uMma Behy edukacHocT Hero HemoaupukoBanu TiO2 MPUIMKOM YKJIamama
6oje AG25.

VY metoM ToriaBiby JaTH Cy 3aKJbYYLH NPOMCTEKIHN U3 JOKTOPCKE mucepranuje. VcTakHyTH Cy
HAjBXHUJU JIOMPHHOCH pajJa M YKa3aHO je Ha NPEIHOCTH M WHOBATUBHOCT IPUMEHEHUX
UCTPAXMBAYKUX IIpaBana, KOJjU Cy JONPHUHENTH TOCTH3amby OUIMYHUX (OTOKATAIUTHYKHX,
aJICOPIIIMOHUX, aHTUMUKPOOHUX U CEH30PCKHUX CBOjCTaBa JOOMjEHUX HaHOMAaTepHjaa.

VY mornasspy JluTeparypa HaOpojaHH Cy JUTEpAaTypHH HABOJIU KOjU Cy KOPHIINEHH MPUIMKOM
U3pajic OB AMCEpTAIH]e.

3. OLIEHA TUCEPTAILINJE

3.1. CaBpeMEHOCT U OPUTHHAIIHOCT

Hanomarepujamu ZnO, TiO2 u CeO2, anm ¥ HAHOKOMIIO3UTH Oa3WpaHd Ha HaBEICHUM
OKCHIIUMa, TIOCEeIyjy pa3HOBPCHA TEPMUYKA, MEXaHWUYKa, ONTHYKA M EIIEKTPUYHA CBOJCTBA M Kao
TaKBU TIPEACTaBJbAJy j€IHE OJf HWHTEPECAaHTHUJUX MaTepujajia y HHXECHEPCTBY Marepujaia
nocneamux roguHa. OBU MaTepHjail 3axBajbyjyhu cBOjoj HETOKCUYHOCTH, XEMHUJCKO] ¥ OMOJIOIIKO]
CTAaOWJIHOCTH,  AHTUMHKPOOHO] W  KaTaJUTHYKO]  aKTUBHOCTH, OHMOKOMIATHOWIHOCTH,
€KOHOMHUYHOCTH, Hayla3e TMPUMEHY y EIIEKTPOHUIIM, ONTHIM, MEIUIMHU, (papMmanuji, aKTUBHOM
MaKoBamy, CKOJIOTHjH, a jeAHa OJI HHUXOBUX HAj3HAUAJHUJUX TPHUMEHA JeCT€ Yy CBOJCTBY
(dboTokaTanuzaropa. XereporeHa ¢Gorokaranusa, y3 MoryhHOCT kopuiihema colapHe €HEpHje Kao
M3BOpa 3payema, MpeACcTaB/ba €KOHOMUYHY M €KOJIOUIKM MPUXBATIBUBY alTepHATUBY MocTojehum
KOHBEHLMOHAIHUM MeToJlamMa 3a IMpepagy OTNaJHUX BOJa, KOja MPHUBJIAYM BEIHMKY HaXby
UCTpakuBaya mupoMm ceera. [locturnytu noOpu pe3yaTatu y COJIapHUM TEXHOJIOTHjaMa Koje Cy
Hallle PUMEHY Ha TPXKUIITY, HOJCTHYY Jlajba UCTpakuBama 0a3upaHa Ha COJIAPHOj €HEPrUju Ha
M0JbY UHAYCTPUJCKHX MpOIIeca.

OpuruHaiHOCT JOKTOpCKe nucepranuje kanaunata bojane CumoBuh Hajpe ce oriena y
nobujamy GoToKaTaIM3aTOpa MPETEKHO HAHOMETAPCKUX JUMEH3H]a ca MOO0JbIIaHOM aKTHBHOIIhY
y oaHOcy Ha jgocajamime. OBO je MOCTUTHYTO KpO3 CBEOOYXBAaTHY ONTHUMM3AIU]y €KOHOMUYHHX
MEeTO/la CHHTe3€, IO0YeB OJI BpPCTE€ IIOCTyNKa Ma [0 Bapupama YCIOBa, ald U JeTaJbHy
KapakTepusalujy Te YCIOCTaBJbalkhe KOpelaluje CHHTe3a—CBOjcTBa—TipuMeHa. CucreMaTudyHa
aHallM3a CTPYKTYPHUX, MHUKPOCTPYKTYPHUX, MOP(QOIOMIKUX, ONTUYKUX, aJCOPIIUOHUX U
(hoTOKAaTaTUTHUMX CBOjcTaBa MarepHjajia MOOWjEHUX Pa3NIUYUTHM TOCTYIIMMA CHUHTE3E U O]
pa3IMYUTUM YCIOBHMMA IOKa3ala je Aa je 3a (OTOKATAIUTUYKY aKTUBHOCT HAaHOINpaxoBa OUTHH]A
Maja BeNMYMHA U J1o0pa pacmojena 4ecTUlla, Ka0 M BEIUKU NMPEYHHK MOopa, HEro Malia LIupHUHA
3a0pameHe 30HE W BellMKa crenuuyHa MOBpIIMHA, KaKO je J0 calla CMaTpaHo. 3aKkJbydlld Cy
U3BEICHU TeCTHpameM J00ujeHnX (oToKaTamuzaropa Ha pasrpafiby 4YEeTUPH TOKCHYHE H
kanueporene 6oje (RO16, MB9, EG25, EV), kojuma cy 3HauajHo ontepeheHe OTHagHE BOJE
TEeKCTHJIHE MHAyCTpHje. 3a MaTepHjajie KOju ce HHCY MoKa3alu Kao J00pu (oTokaTamuzaTopH,
TeCTHpaHe Cy U jApyre Moryhe npuMmeHe W TO Kao MOTEHLMjAIHU aJCOPOEHTH, CEH30PU BJare WM
aHTUMHUKpOOHa cpezactBa. [lopen rimaBHHX IUJbEBA MOCTABJLEHUX MPHU HU3paaud OBE AMCEpTaIHje,
KOJU Cy YCHEIIHO U3BpLICHH, Tpeba nuctahu u jenaH BakaH JONPUHOC O (pyHIaMEHTAIHOT 3Ha4aja,
KOJU ce orjejia y paspelieny IyroroJuilibe AUJIeMe jeJHOI CTPYKTYpPHOI THUIla THUTaHaTa, LITO je
MOCTUTHYTO YTaulkaBamkheM CTPYKType JOOUJEHOT HATPUjyM-TUTaHATA.



3.2. OcBpT Ha pedepeHTHY U KopuliheHy JUTEPATypy

Tokom wm3pazne noktopcke aucepranuje kanaugar bojana CumoBuh crpoBena je ormcexan
Mperjie]l pelieBaHTHE CTPYYHE W HaydHe juteparype. Behu neo mpernemane nureparype 00jaBJbeH
je y Bonehum melhyHaponHum yaconucuma, a o0yxBaTa pajioBe KOjU C€ THUY CHHTE3€, CTPYKTYpE,
CBOjCTaBa M TNPUMEHE OKCHJIHHMX HAaHOMAarepujaja, Kao M paJoBe BE3aHE 3a XETEPOreHY
(dboToKaTanM3y, ancopIirjy, aHTAMUKPOOHY aKTHBHOCT U CEH30pE 3a JETEKIHUjy Biare. Y CKIOMY
JUTEepaTypHUX HaBOJa Haiase ce M pedepenie kanaunata bojane Cumouh, Koje cy nmpoucTekie u3
paja Ha OBOj IUCepTaIiju, 00jaBJbeHe Y Mel)yHapoJHUM dacomucuMa. Y TUCEPTAIUjH je HABEICHO
ykymHO 294 pedepenrie.

3.3. Onuc ¥ aJIeKBAaTHOCT IIPUMEKHLEHUX HAYYHUX METOJa

VY okBHUpY OBE IOKTOPCKE aucepTaiuje kopuirheHe cy cieaehe ekcriepuMeHTaIHe METOIe:

>
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3a cuHTEe3y MPOCTUX HAHOCTPYKTYPHUX MaTepHjaia U HaHoKoMro3uta Ha 6a3u ZnO, TiO; u
CeO2 kopumheHe cy XHIpOTepMallHA, COJBOTEPMAHA WJIHM MPEIHIUATAIIMOHA METO/a, Kao
eduKacHe 1 EKOHOMUYHE METO/IE 3a J0Oujamhe HaHOMaTeprjaia OJJMYHUX KapaKTepUCTHKA.
Cenzopa Bnare oj 100WjeHOr HaTpujyM-TUTaHaTta u3paheH je y BuUay QuiMa TEXHUKOM
HAHOIICHa CEUUBOM.

Pennrenckom mudpaxmnujom npaxa (XRPD) unentudukoBane cy kpucraine ¢asa, oapehen
(da3HM cacTaB y30paka W U3payyHATH MMapaMeTpy JeAMHUYHUX hennja, BETUYHHE
KpHUCTaJINTa U MUKPOHAIPE3amka y MaTepujaity.

TpaHCMUCHOHOM E€JIEKTPOHCKOMA MHMKPOCKONHJOM U EJIIEKTPOHCKOM AM(PAKIHMjOM ca
omabpane moBpmmHe Yy3opka (HRTEM/SAED), kao u ckeHupajyhoM eIeTpOHCKOM
mukpockonujoMm (SEM/FESEM) ananusupana cy CTpyKTypHa ¥ MEKPOCTPYKTYPHA CBOjCTBa
y30paka.

Eneprerckom aucnepsuBHoM criekrpockonujom (EDS) ypahena je ernemenrtapha anammsa
y30paka.

TepmorpaBumerpujckoM (TGA) u mudepenuujainom Ttepmujckom anaamsom (DTA)
WCIIUTaHA j€ TEPMUYKA CTAOWJIHOCT y30paka y WHEPTHO] M OKCHUIAIMOHO] aTMocdepH,
yTBpheHH mpoiiecu pasiarama, ojapeheHu caapikaju ancopOOBaHE M KPUCTATHE BOJE Yy
y30pIMMa, Ka0 U TEeMIIepaTypa KajlnHauje u (a3HuX mpesasa.

PamanckoM u nHpapBeHOM crekTpockonujom ca DypujeoBom tpanchopmanmjom (FTIR)
Y30PIIH Cy JOJaTHO CTPYKTYPHO OKapaKTEPUCAHH.

BET u BJH meromama cy onpehene cneuuduyne mnoBpuivHe A0OHMjEeHUX Marepujana,
3allpeMUHE 10Pa U PACIIOJIeIie BETMYHHE MOpa.

UV-VIS-NIR cnekrpockonujoM cy HUCHUTaHa ONTHYKAa CBOJCTBA MpaxoBa, ca IMJbEM
M3padyHaBama MUPUHE CHEPreTCKOT MPOIIETa.

doToKaTATUTHYKA AKTUBHOCT U aJICOPIIIMOHA MOh TOOMjEHUX HAHOTPAXOBa TECTHUPAHH CY
Ha pas3rpajmH TekcTuiIHe azo 6oje RO16, a onabpanu karanusatopu cy KopuinheHd U 3a
pasrpaamy Ipyrux TekcTwiHux 6Ooja (AG25, EV u MB9). Ilpomena koHueHTpauuje
pactBopa 60ja y mpucyctBy doTokaranuzatopa mpaheHa je MepemeMm arcopOaHce Ha
UV-VIS cnekrpodoromerpy y ojpeheHUM BpPEMEHCKMM HHTEpBaJMMa 0 MOTIyHe
nerpajaanuje 6oje.

Opnabpanu HeMoaudukoBaHu U cpeOpoM MojaudukoBaHu ZnO HAHOMPAXOBU HCIUTAHU CY
MPUMEHOM KBAaHTHTAaTHBHOT in Vitro TecTa y TEYHOM MEAMjyMY y OJHOCY Ha BHILE BpPCTa
NMaToreHuX MHKpoopraHmsama Tj. Ha [pam-nosutuBHy (Staphilococcus aureus) u
I'pam-neratusny (Echerichia coli) 6akrepujy, kao u Ha ripuBuiry Candida albicans.



» EnextpoxemujckoM wumnenancHoM crekrpockonujom (EIS) je wucnmurana ocetsbUBOCT
noOujeHor jeqHo(a3sHOr HATPHjyM-THTAHATA HA BIAXXHOCT MEPEHEM OTIIOPHOCTH y30paka y
3aBHCHOCTH O] Cajp)Kaja Biare.

3.4. [IpuMeHJEUBOCT OCTBAPEHUX PEIYITATA

OctBapenu pe3ynTatu M oarosapajyha quckycHja Koja mpaTH U3Jlarame pe3yiraTa BaXKHH Cy ca
acriekta Oyayhumx mWcTpakuBama M NPUMEHE IMpe cBera y o0JacTu XereporeHe (oTokaTamuse y
UJbY YKJIamarma MITeTHUX TeKCTHIHUX 00ja U3 oTmagHux Boaa. Hanomarepujanu no0ujeHn y oBoj
IHMCepTalUji Cy €KOHOMHUYHHM M jeJJHOCTABHO CHHTETHUCAHH. 300T CBOjUX HOOpPUX CTPYKTYPHHX,
MUKPOCTPYKTYPHUX, ONTHYKAX M TEKCTYypPaTHUX KapaKTEPUCTHUKA IOKa3ajH Cy C€ Kao OJUIMYHU
doTokaTamM3aToOpH, ancopOCHTH, AHTHMUKPOOHM areHCH M CEH30pH Biare IITO WX YHHU
(YHKIIMOHATHUM MaTepujaliMa ca MOTEHIIM]aJIoM 3a Jlajbe yHanpehuBame U Tu3ajHupame 32 HOBE
Oynyhe npumene.

C o03upoM Ha TO Ja Cy HaHONpaxoBH Ha 0a3u ZNO moka3zanu u3y3eTHY (POTOKATATUTHUKY
aKTUBHOCT M Y BUJJBbMBO) 00JacTU CIIEKTpa, OTBapa ce MOryhHOCT 3a BUXOBO Kopullheme U Moj
CyHYCBUM 3pauemeM. MoaudukoBame ZnO cpedbpoM je J0BeIO 10 JOJATHOT IOMEpama
aTiCoOPMIIHje Ka BUIAJBUBOM JIETTY CTIIEKTpa U M000JbIIakha POTOKATATUTUYKE aKTUBHOCTH. Y BOHEHEM
cpebpa moboJbllIaHe ¢y W WHadYe Jo0pe Owojomke akTHBHOCTH ZNO mTO TakaB MaTepujaJl YNHU
MYATHQYHKIIMOHATHUM W TIpeCTaBjba NoOpYy anTepHATHBY 3a mpeunirhaBame OTMATHUX BOJA
YMECTO  KOHBEHLHMOHATHUX  (PU3MUKO-XEeMHMJCKUX U  OHMOJIOIIKMX THocTymnaka. M3y3eTHa
aHTUMHUKPOOHa akTUBHOCT ZNO MoauduKoBaHOT CpeOpoM, OTBOpHWIA je U MOTYhHOCT 3a HErOBY
MOTEHLMjATHY TPUMEHY y MaKoBamy, KO3METHIM U MeIuiuHH. CTpyKTypHOM MOIU(HUKAIHjOM
HaHOaHaTaca JOOHWjeH Jeé CIOjeBUTH THTAaHAT, KOjU C€ MOKa3a0 Kao OJJIMYaH MaTepujal 3a
MPOM3BOJIKbY CEH30pa Biare. YTBpHEHO je na cy AoOMjeHH MOTHyHO 4yucTH HaHompaxoBu CeO:
OJUTMYHU aZCOPOCHTH 3a yKiamame 0oje RO16. XuaporepmMaaIHOM CHHTE30M HAHOKOMIIO3UTA y
OBOj JaucepTalnuju moOosbliaHa cy (OTOKAaTATUTHYKA CBOJCTBA jeaHOGMA3HUX HaHOMAaTepHjaa.
Hayuna Bepudukamuja pesynrara mnoTBpheHa je HHHUXOBUM 00jaBJbUBAKBEM Yy  YIUICTHUM
Mel)yHapOJHUM YacOTHUCHUMA.

3.5. O11eHa JIOCTUTHYTHX CIIOCOOHOCTH KaHAUATA 38 CAaMOCTAIHU HAay4HHU paja

Toxom u3pajze MOKTOpcKe Aucepranuje, kanauaar bojana CumoBuh mokasaia je crmocoOHOCT U
CaMOCTAJTHOCT 3a MPETPAKHUBAKE OICEKHE JUTEPAType, MPUIIPEMY, ONTUMH3AIN]Y U PEaTH3aln]y
eKCIIepUMEHaTa, KOPUIINCHe Pa3IMUUTUX TEXHUKA KapaKTepu3alluje, Kao u o0paay, JUCKYCH]Y U
o0jaBspHBame pe3yirata. KaHAuaar je NMOCTUrao 3HavajHe pe3yiTare M I0Ka3ao CIIOCOOHOCT
MPeBa3WIaKEHha KOHKPETHUX TpoliieMa U npuiiarohasama 3a paja y pa3IfuuTUM TUMOBHMA TOKOM
pa3nmuuuTUX (aza u3paje JOKTOpcKe aucepranuje. Ha ocHOBY mocamamimer pajia ¥ MOCTUTHYTUX
pesyntata, Komucuja cmarpa aa je kauaunat bojana CumoBuh, IuI. MHX. TEXHOJIOTH]E, TTOKa3ana
BEITUKO 3ajlarame, HCTPAJHOCT M OCTale KBaIWTETe HEOMXOJHE 3a CaMOCTAalHW Hay4dHO-
-MCTPKUBAYKH Pal.

4. OCTBAPEHHU HAYYHHU AONMPUHOC

4.1. IIpuka3 ocTBapeHUX HAYYHUX JOIPUHOCA

VY OKTOPCKOj AMCEpTaMjH M0 Ha3uBOM ,,CHHTe3a M KapaKTepu3anMja HAHOCTPYKTYPHHX
MaTepujaja Ha 0a3M HMHK-OKCHJIA, THUTAH-AUOKCHIA M LEePUjyM-IHOKCHAA 32 NPHMEHY Yy
¢orokaramm3u’ kanauaara bojane Cumosuh uctuuy ce cneaehn HayyHH JOTIPHHOCH:



» pa3Boj M ONTHMHU3AIMja PA3NIUYUTUX METOJlA CHUHTe3e 3a J0OHjame HAaHOCTPYKTYPHHX
okcuaHUX MaTepujaita Ha 0asu ZnO, TiO2 u CeO2 ca moOoJbIIAHUM KapaKTepUCTUKaMa y
OJIHOCY Ha mocTojehe;

» DPa3BOj U ONTHUMH3AIH]a EKCIIEPUMEHTATHUX YCIIOBa y (DOTOKATAIIU3H,

» yCIIOCTaBJhamke Kopemaluje u3mMel)y CuHTe3€e, CTPYKTYpe B CBOJCTaBa jeIUbCHA Ca FBUXOBOM
MOTCHIMJATHOM TMPUMEHOM: YTHIA] pa3IUYUTAX METOJa CHHTE3e U Pa3IMYUTHX
EKCIIEPUMEHTATHUX YCJIOBA HAa CTPYKTYpHA, MHKPOCTYKTYpHA, ONTHYKa, MOpP(OIONIKa H
(dhoTOKaTaTUTHYKA CBOjCTBA TOOMjCHUX HAHOMATEpHjalIa;

» yrBphuBame yTHIaja pPa3TUUYATUX ylaeNna, BeJIMYMHE M  pacrnoiene cpebpa Ha

kapakrepuctuke ZNO u BeroBy GOTOKATATUTHYKY U OMOJIONIKY aKTUBHOCT;

ONTHMHU3AIMja YCIOBa XUAPOTepMaTHOT Tpetmana 1102, ca IHJbeM CHIKCHa TeMIIepaType

u ckpahema TpeTMaHa, Ka0 M 3HAYajHOT CMambEeHmha KOHIIEHTpAIlMje MUHEPAIU3aTopa, pau

noOujama CI0JeBUTUX THUTAHATAa KOHTPOJUCAHE CTEXHMOMETpHje, MOp(oJIOTHje U BEIUYHUHE

YeCTHIla MMOTOIHUX 32 TIPOU3BO/IY CEH30pa BJlare BUCOKE €(PHUKACHOCTH

yTBphUBame yTHIaja pa3IMIUTHX MpeKypcopa 3a nodujame HaHocTpykrypHOT CeOr pamu

yHanpehema \berose aacopninone Mohu;

no0Hjarkbe HOBHUX HAHOKOMMO3UTHHUX Marepujana Ce02/ZnO u  TiO2/ZnTiOs ca

1mo0oJbIIaHNM (POTOKATATUTUYKAM CBOJCTBUMA Y OJTHOCY Ha TOjeMHAYHE OKCHJIC,

HOBa (pyHIaMEHTaATHA ca3Hama y 001acT o/ipehuBama CTpyKType HaTpHUjyM-TUTAHATA;

UCTYHCHE YCIIOBA O jETHOCTABHOCTH M EKOHOMHYHOCTH TIPOIECHPama, Kao BaKHUM

MapaMeTpoOM 3a MHYCTPHJCKY MPOHM3BOIY SKOJIONIKH MPUXBATJFHBUX HaHOMATepHjajia ca

BUCOKOM (DOTOKATATUTHYKOM, QJCOPHIIMOHOM ¥ OWOJIOIIKOM AaKTUBHOIINY, Kao |

OCETJBUBOIIINY Ha BJary,

» yrBphHBame ePUKACHOCTH JOOMjeHUX (OoTOKaTaIHM3aTopa, ajcopOcHaTa, aHTUMUKPOOHUX
areHaca M CeH30pa BIQKHOCTH.

A\
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4.2. KpuTruka agamsa pe3yiIrara HCTpaKiBamba

CnpoBenieHa UCTpaKMBamka y OKBHUPY OBE JHCEpTalMje MPOMCTEKJIA Cy Ha OCHOBY IIHMPOKOT
CIIEKTpa AaKTUBHOCTH KOjU je YKJbyYMBAaO HajUpe JeTajbHy aHAIU3y JUTeparype u3 00JacTh
HAHOOKCH/A, IOTOM CHHTE3y, KapaKTepu3alujy U MpUMEHY OKCHIHMX Marepujaia Ha 0aszu ZnO,
TiO2 u CeO,. [lobujenu pe3yiaTaTu MOBE3aHHU CYy ca CTPYKTYPOM M CBOJCTBHMAa MaTepHjaa, IITo je
JOKYMEHTOBAaHO KpO3 JAUCKYCHjy pe3yiaTarta y OKBHpPY oOBe mucepranuje. Hapouwro Ttpeba
HarJIacUTH jeJHOCTaBHOCT W EKOHOMHYHOCT KOpPHITNEHHMX METo/Ja CHHTE3a, KOje 3a/l0BOJbaBajy
BEOMa CTPOIe 3aXTEeBE Y IMOTJIeNy BEIMYMHE YECTHIA, Crenn(ruHe MOBpIINHE, (OTOKATATUTHYKE
aKTHBHOCTH M ancoprnuuoHe Mohu. [loceOHO cy 3Ha4YajHM MOCTYNIM ONTHMH3alHMje cacTaBa
JIBOKOMITIOHEHTHX CHUCTEMa U IHXOBAa KOpelanuja ca (OTOKAaTATMTUYKUM CBojcTBUMa. OBa
JMcepTanyja je yInpaBo MpuMep Kako e ONTUMH3ALUjOM YCIOBa CHHTE3€ MOXKe NOCTHhH KOHTpOJIa
CTPYKTYPHUX, MHUKPOCTPYKTYPHHX, ONTUYKHX M TEKCTypaJHHX KapaKTEPHCTHKAa HAHOINpPaxoBa, a
CaMHMM THM C€ MOXK€ JAMPHUIOBATH aJICOPHIMOHA, (OTOKATAIUTHYKA U AHTUMUKPOOHA aKTMBHOCT
panu BUXOBE JJaJbe MpUMEHE y peunihaBamky OTHaIHUX BOJA.

Jlo6bujenn HanompaxoBu ZnO, a HApOUUTO NPaXOBU MOJU(PHKOBAHU CpeOpPOM, TMOKa3yjy
3Ha4yajHO 00JbY (OTOKATAIUTHUYKY U OMOJIOMIKY aKTUBHOCT Y OJHOCY Ha KOMEpPIMjaTHO JOCTYIIHE
npaxoBe. TUTaH-TUOKCHA AO0OMjEH XUIAPOTEpPMATHOM MeToJAoM Yy (opmu anaTaca je Takohe
(doTOKAaTAMUTUYKK aKTUBaH 3a pasrpagwy 0O0oje ROI16, npubnmxHe e(pUKACHOCTH Kao
KOMepLHMjaTHu ~ HaHoaHaTac. Mako oxapeheHn caapikaj pa3aMuUTHX THTAHATHUX  (asa
(Na2-xHxTi205-H20 wmmm ZnTiOz) y y30pKky HaHOaHaTaca HEMOBOJBHO YTHYE Ha HEroBa
¢doTokaTamuTHYKa CBOjCTBAa NpH pasrpaamu 0oje RO16, mpucyctBo TuTanatHe ¢aze ZnTiOs
yop3aBa ¢doromerpamamujy 6oje AG25. I[lokazaHo je nga Ccy THTaHaTHU HAHOJIUCTOBH
Nao4H16Ti205'H2O  omnmurm  censopu  Biare. 3axBajbyjyhum  100pUM  aacopIIMOHHM



kapakrepuctukama CeOz, xunporepmanno cunterucan kommo3utr CeO2/ZnO ca 5 mol.% CeO:
M0Ka3ao je 00sba POTOKATATUTUYKA CBOJCTBA O] XUAPOTEpMAaTHO Aodujeror ZnO.

Pe3yarat mpoucTekiii M3 OBe aucepranuje nokazamu cy Ja ZnO Koju ce perJaTUBHO
JETHOCTaBHO CHHTETHIIIC Ha TeMIlepaTypaMa HIKuM o] Temrieparypa cuarese TiOz u CeO2, Moxe
outu no0pa anTepHATHBA THTAaH-AMOKCHIY KOJU BaXM 3a HAjOOJbM KOMEPLHjaTHO JOCTYIaH
dotokaranuzatop. Mako je momuduroBame ZnO cpeOpoM nano HajooJbe pesynrate yumHehu ra
aKTHBHUM Y BHUJJBMBOM JICIy CIEKTpa, CBAaKak0 c€ W MOJAU(DUKOBAKBE JPYrHM OKCHIMMA
Ipernopy4vyje 3a Jajba HCTPAKUBAKA, yHaNIpehuBama u 1u3ajHupama.

4.3. Bepudukaimija HaydYHUX JOOPUHOCA

Kanmunat bojana CumoBuh moTBpauiia je HaydyHU JOMPUHOC pe3yiTara JOOHJEeHUX Y TOKY
u3paZie OBE JOKTOPCKE JucCepTalrje HUXOBUM 00jaBJbUBambeM Yy daconmucuma melyHapojHor
3Ha4aja, Ka0 W FHbHXOBHM CaOIITaBakeM Ha Mel)yHapoJHWM W HAMOHATHHM CKyrmoBuMma. U3
JHcepTalyje cy MpouCTeKIn cienehu pajgoBu:

Pan v BpxyHCKOM MehvHapomHoM yaconucy (M21):

1. Simovi¢, B., Dapcevi¢, A., Zdravkovi¢, J., Tasi¢, N., Kovac, S., Krsti¢, J., Brankovi¢, G.: From
titania to titanates: Phase and morphological transition in less alkaline medium under mild
conditions, - Journal of Alloys and Compounds, vol. 781, pp. 810-819, 2019 (IF=4.605) (ISSN:
0925-8388).

Pax v ucrakayrom Mehjyaapoaaom vacormcy (M22):

1. Simovié, B., Poleti, D., Golubovi¢, A., Matkovi¢, A., Séepanovié, M., Babi¢, B., Brankovié, G.:
Enhanced photocatalytic degradation of RO16 dye using Ag modified ZnO nanopowders prepared
by the solvothermal method, - Processing and application of ceramics, vol. 11, No. 1, pp. 27-38,
2017 (1IF=1.070) (ISSN: 1820-6131).

Pan v vaconucy mehyaapoasor 3Hauaja (M23):

1. Simovi¢, B., Golubovi¢, A., Veljkovi¢, 1., Poleti, D., Zdravkovi¢, J., Mijin, D., Bjelajac, A.:
Hydro- and solvothermally-prepared ZnO and its catalytic effect on photodegradation of Reactive
Orange 16 dye, - Journal of the Serbian Chemical Society, vol. 79, no. 11, pp. 1433-1443, 2014
(1F=0.912) (ISSN: 0352-5139).



Caomrreme ca MehyHApOIHOT CKYIIA IITAMOAHO vV u3Boay (M34):

1. Simovié, B., Poleti, D., Kovac¢, S., Bjelajac, A., Dapcevi¢, A., Brankovi¢, G.: ,Photocatalytic
degradation of textile dye with hydrothermally modified nanoanatase”, - 3" Conference of the
Serbian Society for Ceramic Materials, Belgrade, Serbia, June 15-17, 2015., Programme and the
Book of Abstracts, pp. 82.

2. Simovi¢, B., Dapcevié¢, A., Zdravkovié, J., Krsti¢, J., Brankovi¢, G.: “From Titania to Titanates:
Phase and Morphological Transition”, - First International Conference of electron microscopy of
nanostructures (ELMINA 2018), Belgrade, Serbia, August 27-29, 2018, Program & Book of
Abstracts, pp. 148-150.

3. Simovi¢, B., Dapcevi¢, A., Radovanovié, 7., Golubovi¢, A., Matkovi¢, A., Brankovi¢, G.:
“Comparative study of Ag/ZnO nanopowders Obtained by solvothermal and precipitation
methods”, - 3™ International Meeting MATERIALS SCIENCE FOR ENERGY RELATED
APPLICATIONS, Belgrade, Serbia, September 25-26, 2018, University of Belgrade — Faculty of
Physical Chemistry, Book of abstracts, pp. 83-85.

Caommreme ca CKyIia HATMOHATHOT 3Hadaja mraMnano y n3sony (M64):

1. Simovi¢, B., Poleti, D., Dapcevi¢, A., Brankovi¢, G., Matkovi¢, A., Golubovi¢, A.: ,,Enhanced
photocatalytic activity of Ag modified ZnO nanopowders prepared by solvothermal method”, - 22™
Conference of the Serbian Crystallographic Society, Smederevo, Serbia, June 11-13, 2015.,
Abstracts, pp. 31-32.

2. Simovi¢, B., Dapcevi¢, A., Zdravkovi¢, J., Brankovi¢, G.: ,,Phase transition from nanostructured
titania to layered titanate”, 25" Conference of the Serbian Crystallographic Society, Bajina Basta,
Serbia, June 21-23, 2018., Book of Abstracts, pp. 92-93.

3. Simovi¢ B., Brankovi¢ G., Dapcevi¢ A., Photocatalytic degradation of RO16 dye using
hydrothermally synthesized CeO>/ZnO composites, 27th Conference of Serbian Crystallographic
Society, Kragujevac, Serbia, September 16-17, 2021., Book of Abstracts, pp. 72-73.

5. MPOBEPA OPUT'MHAJIHOCTHU JOKTOPCKE JUCEPTALIUJE

OpuruHamHOCT JOKTOpCKe AucepTanuje ,,CHHTe3a W KapaKTepu3aluja HAHOCTPYKTYPHHX
MaTepHjajia Ha 0a3¥ HMHK-OKCHIAa, THTAH-AHOKCHAA M LEPUjyM-IMOKCHIA 32 NPUMEHY Yy
¢doroxkaramusu”, ayropa bojane CumoBuh, JUMIOMHPAHOT UHXKEHEpa TEXHOJIOTHje MPOBEPEHA je
Ha HA4YMH nponucald [[paBUTHUKOM O MOCTYIKY IPOBEPE OPUTMHATHOCTH JOKTOPCKUX AUCEPTAlHja
Koje ce Opane Ha YHuBep3utery y beorpagy (I'macauxk VYuuBepsutera y beorpany, Op.
204/22. 6. 2018.) momohy mporpama iThenticate. YTephero je na momyaapame Tekcra usnocu 4 %.
OBaj cTeneH MOAyIapHOCTH Mocienuna je aeduHuImja, ycTabeHux (pasa, cTpydyHUX TepMHUHA U
u3paza, HazWBa MeTOJa, XEMHKalWja ¢ HBHUXOBUX CKpaheHuna, ommuca CTaHAApAHHUX
eKCMIEPUMEHTATHUX MPOoLieypa, IUTaTa, JINYHUX UMeHa, Oubmuorpadckux mogaraka 0 KOpuiheHoj
TUTEpaTypH, Kao M TPETXOJHO MYyOIMKOBAHUX pe3yaTara HCTPAXKUBAKba MPOUCTEKINX W3
JHcepTalyje, mTo je y ckiaay ca wianoM 9. [IpaBunHuka. Ha ocHOBY cBera M3HETOT, a y CKIay ca
yraHoM 8. ctaB 2. [IpaBuiHMKA O MOCTYNKY MPOBEPE OPUTHHATHOCTU JOKTOPCKHUX AMCepTalluja
Koje ce OpaHe Ha YHuBep3utery y beorpany, cmatpamo na je yTBpheHO ga je IOKTOpcKa
nucepTanyja kauauaara bojane CumoBuh y MOTIYHOCTH OpUTHHAIHA, T€ CE€ MPOMUCAHU MOCTYIAaK
MpHUIpeMe 3a leHY 0JI0paHy MOXKe HACTaBUTH.
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6. 3AK/bYYAK U HNPELJIOI

Ha ocnoBy cBera HaBenenor, Komucuja je Munusema qa JOKTOpCKa nucepranuja ,,CuHTe3a M
KapaKTepU3aluja HAHOCTPYKTYPHHX MaTepHjajia Ha 0a3M UMHK-OKCH]Ia, THTAH-AUOKCHIA U
LHEepPUjyM-THOKCHAA 32 NMpUMeHY y ¢orokaTtaau3n“ kanaugara bojane CumoBuh, IUTUL WHK.
TeXH. TpeACTaB/ba OpPUTMHAJIAH ¥ 3HA4YajaH HAyYHH JONPUHOC Yy OONACTH HCTPAKUBAHA
TexHOJOMKO HWHXEHEPCTBO, MTO je MOTBph)eHO oO0jaB/bHBAEkEM pe3yaTara y BpPXYHCKHUM H
WCTaKHYTHM Mel)yHapoJIHUM YacomucuMa U 4acomrcuma melynaponnor 3navaja. Komucuja cmatpa
7la Cy IpeAMET U IUJBEBU JOKTOPCKE AMCEPTAIje Y NOTIYHOCTH UCIYCHH | JIa JUcepTanuja Mo
Ha3UBOM ,,CHHTe3a U KapaKTepu3aluja HAHOCTPYKTYPHHUX MaTepHjajia Ha 60a3u HUHK-OKCH/A,
TUTAH-IUOKCHIA W LEePHjyM-IMOKCHIA 3a NpUMeHY Yy QorokaTtaam3m 3a10BOJbaBa CBE
noTpebHe Kputepujyme, kao u na je Kannmpgar moka3ao BHCOK CTENEH CAMOCTAJIHOCTH U
OPUTMHAJIHOCTU y CBOM pay.

WNmajyhu y Buay kBamuTeT, oOMM M Hay4YHM JONPHUHOC A00HMjeHHX pesyirara, Komwucuja
npemnaxke HactaBHo-HayuHoMm Behy TexHosomko-metamypiikor ¢akyiaTeTa YHUBEp3UTETa Y
beorpany na npuxsatu oBaj Pedepatr u mnonmHery auceprauujy kanaumnara bojane Cumosuh,
TUIUIOMUPAHOT HHXKEHEepa TEXHOJOTHje, W Ja WX M3J0KH HAa YBHUJ JaBHOCTH Y 3aKOHCKHU
npensuleHOM poky, kao u jaa Pedepar ymytu Ha KoHauHO ycBajame Behy HaydHux obnactu
TeXHUYKUX Hayka YHuBep3utera y beorpangy, ma na HakoH 3aBplIeTKa HpoLEAype I030Be
Kanmunara na yemeny oabpany aucepraiuje npeq KoMmucnujoMm y HICTOM cacTasy.

VY Beorpany, 28. 2. 2022.

YJIAHOBHU KOMUCHJIE

Hp Anekcanapa JlamueBuh, Banpeanu npodecop
Yuusepsutet y beorpany,
TexHononko-MeTanypiku paxkynrer

Hp Jenena Poran, Banpeanu npodecop
YHuusepsuret y beorpany,
TexHononKo-MeTanypuku axkynrer

Jp Munan XKynuh, BUIIM HayqyHU capagHUK
YHuusepsurera y beorpany,
NHCTUTYT 32 MYATUAMCUUIUIMHAPHA UCTPAKUBAKHA
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