YHUBEP3UTET Y BEOI'PAY
TexXHOJIOIKO-MeTAJIYPIIKH (paKyJITeT

HACTABHO-HAYYHOM BERY
IMpenmeTt: I3BemTaj o ypal)eHO] JOKTOPCKO] AMcepTalnju KaHAuAATKumbe Xoyne Anmn Mananu ['amoyny,
MacTep HHKemhepa TEXHOJIOTHje — MacTep MHKEHepa 3a MaTepujae.
Onnykom Op. 2026-35/167 on 7. maja 2026. roauHe, MMEHOBaHH CMO 3a 4iaHoBe KomucHje 3a OlieHy
JIOKTOPCKE AMCepTanrje KaHauaaTkumbe Xoyae Anu Mananu [amoynm, Mactep HHXEHEpa TEXHOIOTHje —
MacTep MHXXemepa 3a Marepujalie, IoJl HacjaoBOM: ,,CHHTe3a U KapaKTepu3aluja ASHTAJTHUX KOMIIO3UTHHUX
HMMIUIAaHTaTa ca ojadamuMa Ha Oasu mupkonujyma’ (”Synthesis and characterization of dental composite
implants with zirconium-based reinforcements™).
Ilocne npernena nocraBibeHe QucepTalyje M Apyrux nparehux MaTepujajiga M pa3roBopa ca KaHIUAATOM,
Kommucuja je caunnnna cienehu

N3BEIMTAJ

1. YBOJ

1.1. XpoHoJjoruja ogo0paBaiba U u3paje AucepTaliije

koincke 2022/2023. ronuHe KaHaUIATKIBa Xoyaa Anmn Mananu ['aMoyau je ynucana JOKTOpPCKe akaJeMCcKe
ctyauje Ha YHuBep3uteTy y beorpagy, TexHOJOIIKO-MeTanmypmiku (akynrer, CTyIUjCKH MOporpam
WmxemepcTBO MaTepujaa.

26. (ebpyapa 2026. kanauaaTkuma Xoyna Amnu Mamanu [amoyau mpemioxuna je TeMy ITOKTOPCKE
mceprandje mon HasuBoM: ,,CHHTE3a M KapaKTepH3aldja JICHTATHHX KOMIIO3WTHHX HMIUIAHTaTa ca
ojavarbuMa Ha 0a3um mmpkoHujyma” (“’Synthesis and characterization of dental composite implants with
zirconium-based reinforcements”).

6. mapra 2026. Ha cennu HacraBHo-Hay4dHOT Beha TeXHOIOMIKO-METamypIIKor GaKynTeTa, Y HUBEp3UTETa
y beorpany nonera je omayka (6p. 2026-35/80 ox 6. mapta 2026.) 0 nMeHOBamkYy diaHoBa KoMucuje 3a orieHy
Hay4He 3aCHOBaHOCTHU TeMe KaHAuaaTkumbe Xoyae Anu Maganu ['amoyau, MacTep MHXeHhepa TEXHOJIOTHje -
MacTep MHXemepa 3a MaTepHjalie Mo HacioBoM: ,,CHHTE3a W KapaKTepHu3aluja ACHTATHUX KOMIIO3HUTHHX
HMMIUIAaHTaTa ca oOjadamuMa Ha Oasu mupkonujyma” (”Synthesis and characterization of dental composite
implants with zirconium-based reinforcements”) y cacraBy: np Becna Pagojesuh, penosau mpodpecop TM@;
np UBana Crajunh, BUIIM HAy4yHH capalHUK, HCTUTYT 3a HykieapHe Hayke ,,Bunua”, np I[lerap Yckokosuh,
penoBuu mpodecop TM®P; np ymuna CrojanoBuh, Hayunu caBeTHuk, TM® u ap Munom Ilerposuh,
BaHpenHu npodecop TM®D.

9. anpua 2026. Ha cenauum HactaBHO-Hay4HOT Beha TeXHOIOMKO-MeTalypIIkor Gakyitera, Y HUBEp3UTETA
y beorpany nonera je oylyka O IpuUXBaTalkby T€ME JOKTOPCKE AMCEpTaluje MOJ HacloBoM ,,CHHTe3a U
KapakTepH3alyja JeHTAIHUX KOMIIO3UTHUX MMIUIAHTaTa ca ojadamuMa Ha Oaszu nupkoHujyma” (’Synthesis
and characterization of dental composite implants with zirconium-based reinforcements™), a 3a MeHTOpE Cy
nMmeHoBaHu 1p Becna Panojesuh, pegosau npodecop TMD u ap Mana Crajunh, BUIIM HaAY4YHU CapaJHUK,
WHcTuTyT 32 HyKIIeapHe Hayke ,,BuHua” - ojmyka 6p2026-35/98 on 9. ampua 2026.

22. ampuna 2026. Behe HaydyHuX 007acTH TEXHWYKHX HayKa JOHOCH OJTyKy (Op. 61206-1316/2-26 ox 22.
anpuia 2026.) 1o KOjoj Zaje cariacHOCT Ha mpemior Teme ,,CHHTe3a M KapakTepu3aluja ICHTATHHUX
KOMITO3UTHUX MMIUTaHTaTa ca ojayamuma Ha 0azu nupkonujyma” (“Synthesis and characterization of dental



composite implants with zirconium-based reinforcements”) kangunatkume Xoyne Amu Mananu ['amoyawu,
MacTep HHKEmhepa TEXHOJIOTHje — MacTep HHKEmepa 3a MaTepHjale.

Ha cennnim HacraBHo-HayuHoT Beha TexHOMOmKO-MeTaypikor dakyaTera oapxanoj 7. maja 2026. noHera
je omnyka (Op. 2026-35/167 on 7. maja 2026.) o uMeHOBamy wiaHoBa Komucuje 3a orieHy qokropcke Xoyie
Anu Mananu ['amoynu, MacTep HHXeHhepa TEXHOJIOTH]je — MacTep HHXKEHepa 3a MaTepujaie, Mol HacJIOBOM:
,,CHHTE3a ¥ KapakTepu3alija ICHTATHAX KOMIIO3UTHUX UMITIaHTaTa ca ojayarbuMa Ha 0a3d ITUpKOHHjyMa”
(’Synthesis and characterization of dental composite implants with zirconium-based reinforcements”), y
cacraBy: jap [lerap YckokoBuh, penosau npopecop TM®, ap Jymmna CrojanoBuh, HayuHu caBeTHHK, TM®,
1p Mutowt Iletpouh, Banpeanu npodecop TM®, np Anexkcannap Kojosuh, Banpeann npodecop TMD u ap
np Anexcannap Crajuuh, BUIIM HAyYHH capaJHUK, IHCTUTYT 3a XeMHU]y, TEXHOIIOTH]Y U METAIYPIHjy.

1.2. Hayuna o0JiacT gucepraruje

HcrpaxuBama y OKBHPY OBE IOKTOpCKE IHCEpTallje IpHIanajy HaydHOj obOjactH TexHoJomKko
WHXXEHEPCTBO M YKOj HaydHo] obnmactu MHxemepcTBO Marepujajia, 3a KOjy je MaTH4aH TeXHOJOIIKO-
MeTarypmku ¢axynrer YHuBep3urera y beorpamy. Menropu cy np Becna Panojesuh, pemoBru mpodecop
TM®, yxa HaydHa OOJIaCT MHXKEHEPCTBO Marepujana, U aAp Veana Crajumh, BUIIM Hay4YHH CapagHUK,
WHcTuTyT 32 HyKJeapHe Hayke ,,BuHYa”, yxa HaydHa o0JacT Hayka O MaTepHjajiiMa, KOje Cy Ha OCHOBY
JIocafallkbuX 00jaBJbeHHX pPaJioBa M HMCKYyCTaBa KOMIIETEHTHE Ja PYKOBOAE HU3PaJOM OBE JOKTOPCKE
Jucepraiyje.

1.3. buorpadcku nojany 0 KaHAUIaTy

Kanmunatkuma Houda Ali Madani Gamoudi pohena je 12. ¢edpyapa 1982. ronune y Tpunonujy, JIubuja.
OcHoBHe akaneMcke cryauje je 3aBpmmia je 2006. rogune Ha YHuBep3urery y Tpumonujy, Jubuja,
JemapTmaH 3a cromaTonorujy. Macrep akaneMmcke ctynuje Ha YHuBep3uteTy y beorpamy, Texnomomko-

MeTamypLKH (akynrer, cTynujcku nmporpam NmkemepcTBo MaTepHjaia, 3aBpumia je 2021. roqune.

JloxTopcke akajgemcke ctyauje ynucana je 2022. roguHe Ha YHuBep3uTeTy y beorpany, Texnomomiko-
METaIypIIKH (GaKyITeT, CTYARjCKH IporpaM MHKemepeTBO MaTepHjaa.

On 2007. rogune 3anocinena je y Ommroj 6omany y Tpunonujy, JInouja.
2. OIIUC JUCEPTAIIMJE

2.1. Cagprkaj JucepTalmje

JloxTopcka mucepranyja KaHIuIatkumbe Xoyne Amu Mananu ['amoynu, MacTep HHKEHmepa TEXHOJIOTH]Ee —
WHXEmhepa MaTepHjaia, HalMCaHa je Ha eHIJIECKOM je3UKy u o0yxBarta ykynHo 104 ctpane A4 ¢opmara, ca
41 cnukom, 12 tabena u 229 6udbnuorpadckux pedepeHiy.

Hucepranuja caapxu cineneha nornassba: CakeTak (Ha CPIICKOM M €HIJIECKOM je3uKy), YBoa, Teopujcku sico
(pernen nuTepaType M TEOPHjCKa OCHOBA O KOMIIO3UTHHM MaTepHjajinMa, IOJMMEPHHM JCHTATHUM
MarepujajgrMa, IOJIMMEpPUMa BHCOKHX NEeppOpMaHCH Yy CTOMATOJOIHWjH, KEpAaMHUYKUM HaHOYECTHIAMA W
HAHOBJIAKHUMA, METOAM ENEeKTPOIpeNerha, OjadalbiMa Ha 0a3u HUPKOHHMjyMa, XHOPHUAHHM OKCHANMA
MEPOBCKHTA, KA0 U METOAaMa KapaKTepu3alje HalpeAHUX KOMIO3UTHHUX cHcTeMa), EKcriepuMeHTanHu Aeo
(MaTepujasy, CHHTE3a W INPOILECHpame HalpeaHnX Kommosuta Ha 6asm PEIl ojawaHmx enekTporpeaeHHM
UUPKOHMjYMCKMM HAHOBJIAKHMMa W MEXaHOXEMHjCKM CHHTETHCAaHMM 4YeCTHLaMa, Kao W IOCTYMIHU
KapakTepu3anuje), Pesynratu u quckycuja, 3akibydak, Jluteparypa, buorpaduja u [punosu.

[Ipunosn oOyxBarajy M3jaBy O ayTOPCTBY, NMOTBPAY O MCTOBETHOCTH INTaMIIaHE M EJIEKTPOHCKE Bep3uje
JcepTalyje, Kao 1 u3jaBy o Kopunihewy 1 0100pemy 3a jaBHO 00jaBIbUBAE IUCEPTAIIH]e.

2.2. KpaTak npHKa3 1ojeIMHayHHX [10IJ1aBJ/ba

Y yBOIHOM MOTJaBJby MPHKAa3aHW Cy HayyHa OCHOBA M MOTHBAallMja 3a Pa3BOj HAIMPEAHUX JCHTAIHHX
KOMIIO3UTHUX Marepujana. McrakHyT je 3Hadaj yHanpelema MeXaHHYKe TMOY3JaHOCTH, TEPMHYKE
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CTaOWIIHOCTH M OHOJIONIKE KOMIATHOMIHOCTH TOJMMEPHUX JCHTAHUX Marepujana, Kao U TPEHyTHa
OrpaHHYeHha KOHBECHIIMOHAIHUX PECTOPAaTHBHHX cucTeMa. Matpuna nomuerapumuna (PEI) ojagana je
HaHOBJIAKHUMa IHMPKOHUjyM okcuaa (ZrO;) moOWjeHHM eNeKTpompelemheM IMpeKypcopa W HAKHAJIHOM
KaJuHaujoM. XuOpuaHe nepoBckuTHe HaHOUecTune BaZrOs3/Y203/SrTiOs, Takohe xopumheHe 3a ojauame,
CHUHTETHCaHE Cy MEXaHOXEMHjCKOM aKTHBAIHjOM.

Teopujckn neo mpyxa eTajbaH Mperie]] HOIMMEePHIX KOMIIO3UTHUX MaTepHjalia ca IOCEOHNM OCBPTOM Ha
NpUMEHY y CTOMaToJIorHju. Pa3maTpane cy pa3nmiyuTe Kiace IMOJIMMepa KOji ce KOPUCTE Y CTOMATOJIOTHjH,
YKJBYUyjyhu MeTakpmilaTHE CHCTEME W IIONMHMepe BHCOKHX Iep(OopMaHCH, Kao INTO je ITOJHETAPHMHUL.
[IpukaszaHu cy TEOpHjCKH aCIIEKTH Ojayara KepaMUYKUM HaHOUYECTHUIaMa U HAHOBJIAKHMMA, Ka0 U MOCTYIIU
BUXoBe npunpeMe. CHCTEMAaTCKH Cy aHAM3UPAaHN TEXHHKA CIEKTPOIpeaeha U MEXaHOXEMHjCKa CHHTE3a
Ojayama Koja ce KOpUCTe y OMOMEIUIMHCKIM npuMeHaMa. [lopes Tora, aHaau3upaHa je yjaora OKCHaa THIa
MEPOBCKUTA M MyITH()YHKIIMOHATHIX KEPAMUUKIX CUCTEMA Y HH)KEE-EPCTBY HAIIPETHUX KOMITO3UTA.

ExcriepumeHTaNHN €0 OMHCYje MOCTYNKE CHHTE3€ M IpOoIlecHpara MPUMEHEeHE 3a NoOWjare HalpeaHuX
komrto3nTa Ha 6a3u PEI ojaganux emexTporpereHMM HaHOBIaKHUMA ZrO2 1 MEXaHOXEMH)CKH CHHTETHCAHUM
yectuiaMma BaZrOs;/Y,03/SrTiO;. HanomakHa ZrO, noOujeHa cy eNEKTPONpPENeHEeM M HAKHAJTHOM
KaJIIIMHAIMjOM, HAaKOH 4Yera je M3BpLICHA YITpa3BydHa ()parMeHTaluja y CTPYKType HAJUK BHCKEPHUMA, JI0K
Cy XuOpUIHE OKCHIHE YeCTHILE MPHUIPEM/bEHE KOHTPOJIMCAHUM MEXaHOXEMHUjCKUM MPOLECHPAHEM.
KoMmmo3utHu GUiIMOBH ca pa3IHYuTUM CaApKajeM Ojadama J00UjeHr Cy MEeTOJI0M H3IIUBamka 13 pacTeopa. Y
OBOM II0TJIaBJbY OMHKCAHE CY M Pa3In4nuTe METO/e KapaKTepu3alyje.

[Mornaeibe PesynraTn u AMCKyCHja IMOJEJbEHO je Ha IBe moanenune: 1) mporecupame PEI HaHOKOMITO3MTA
ojagannx ZrO, HaHOBIAKHWMA, TAE Cy pa3MaTpaHH CTPYKTypa H MopdoiorHja NPEeKypCOpCKHX U
KaJIIMHUCAHUX HAHOBJIAKAaHA, Ka0 M YTHUIIA] CaJprkaja BilakaHa Ha MOP(OJIOIIKA, MEXaHW4YKa, ONTHYKA U
TepMHYKa CBOjCTBA KOMIO3WTa; 2) mporecuparse PEl HaHOKOMIO3WTa OjadaHUX XHOPHIHUM
BaZrO3/Y,03/SrTiO; HaHOuecTHIaMa, TA€ Cy aHAJIM3HPAHH CTPYKTypa U MOPQOJIOTrHja CHHTETHCAHUX
HaHOYECTHILIA, Ka0 ¥ yTUIa] KOHLIEHTPALIKje HAHOYECTHLIA HA MOP(OJIOIIKA, TEPMUYKA, ONTHYKA U MEXaHHUKa
CBOjCTBAa KOMII3HTA. Y MOTJIaBJby Pe3ynTatu u Auckycuja qoOHjeHH pe3yTaTi HHTEPIPETUPAHH CY HA OCHOBY
CTPYKTYypHUX, MOpP(OJOMKHX W ONTHYKMX aHanm3a (nudpaxmuja X-3paka (X-ray diffraction, XRD),
uH}ppanpseHa crekTpockonuja ca Pypujeorom tpanchopmarmjom (Fourier-transform infrared spectroscopy,
FTIR), ckenupajyha enexTpoHCka MHKpockomuja ca emucujoM mosba (field-emission scanning electron
microscopy, FE-SEM), UV-Vis cnektpockomuja (UV-Vis spectroscopy), Bp€MEHCKH pa3ioKeHa JacepCKu
MHAyKOBaHa QuiyopeciieHTHa criekrpockomnuja (time-resolved laser-induced fluorescence spectroscopy, TR-
LIF)), ka0 W TepMHUYKHX, MEXaHWYKUX ¥ OWOJOIIKMX HWCIUTHBama (qudepeHnujarHa ckeHupajyha
kanopumerpuja (differential scanning calorimetry, DSC), ucnutuBame 3arezameM, MUKPOMHICHTAIH]a,
nanorpe0ame | in vitro aHaJau3a IUTOTOKCHIHOCTH). OBakBa CTPyKTypa oMoryhasa J0CIeIHO TIOBE3UBAIHE
cactaBa, MOpQoJorHje oOjavyara, MHUKPO/HAHOCTPYKType M Mehy(dasHuX uHTepakiuja ca MOCTUTHYTHM
(YHKIIMOHATHIM CBOjCTBUMa KOMITO3UTa, Ka0 U H3BOhee CMEpHHMIIA 3a ITPOjeKTOBATLE HAIIPEHUX JCHTATHUX
1 OMOMEIUIIMHCKUX KOMITO3UTHIX MaTepHjana Ha 6a3u PEL JloOujeHu pe3ynraTu oKa3aiu cy Ja HAaHOBJIAKH
Zr0; u BaZr0O3/Y,03/SrTiO;3 uectune 06e36elyjy edpukacHo ojayame. ONTHYKA CBOjCTBA KOMIIO3UTA MOTY C€
MOJEIIAaBATH KOHLEHTPALWjOMIUCKOHTUHYanHe (a3e. AHanu3a LUTOTOKCHYHOCTH TMOTBpAMIA je
KOHIICHTPAIIMOHO 3aBHCaH OMOJIOIIKH OATOBOP Ca OMOpaBKOM BHjaOmIHOCTH hemija HakOH pa3diaxerma.

CrpykTypa naucepramuje yCIOCTaBJba jacHE peJalyje CTPYKTypa-CBOjcTBa Koje ojapel)yjy mMoHamame
MyITUGYHKIIMOHATHAX Kommo3uTa Ha 6aszu PEIL.

VY 3akJpydKy Cy CHCTEMATCKH CyMHpPAHH CBU 3HAUYajHH HAYYHH pE3YJITaTH M pa3MaTpaH je HUXOB 3HAYaj 3a
pa3Boj HaNpeAHUX MYNTH(YHKIMOHATHUX JEHTATHUX U OMOMEAMIMHCKIX KoMIto3uTa. JJucepranuja moxasyje
Jla HaHoByakHa ZrO> U XHOpHUIIHE YECTHLE NMEPOBCKUTA NPEJCTaBIbajy MEPCHEKTUBHE CUCTEME Ojauyama 3a
MoOOJbIIAKE MEXaHUYKE CTAa0MITHOCTH M (DYHKIIMOHAJIHOT MOHAlllakha ACHTAHUX MaTepujana Ha 0a3u PEL
[Mornassse JIutepatypa canpxku 229 6udbnuorpadckux jeAMHUIA PEJIEBAHTHUX 32 HCTPAKMUBAHY 00J1acT, Koje
00yxBaTajy CBE TEMaTCKe M €KCIICpIMEHTAIIHE aCIIeKTe pa3MaTpaHe y TUCEpTallHjH.

3. OHEHA JUCEPTALINJE

3.1. CaBpeM€eHOCT U OPUTHHAIHOCT




Kommosutr Ha 0a3uM mommMmepa BHCOKMX MeppOpMaHCH HAMCHEHH ICHTAJHUM H OHOMETHIMHCKUM
pUMEeHaMa CBE BHIIE C€ Pa3BHjajy y MpaBLy MaTepHjaja KOju HCTOBPEMEHO MOCEAY]y U3Y3eTHY MEXaHUYKY
CTaOMIIHOCT, TEPMHUUKY OTIIOPHOCT, ONTHYKY (PYHKIMOHATHOCT M OMONOMIKY KoMmmaTuOmiHocT. MelhyTum,
KOHBEHIIMOHAIIHU TOJIMMEPHH JCHTAIIHNM MaTepHjad 4YeCTO MOKa3yjy HEOOBOJbHY TBPAONY, OrpaHHYEHY
OTIIOPHOCT Ha xabame, ciaby AYropoyHy AMMEH3HOHY CTaOMIIHOCT M HEJOBOJHHY OTIIOPHOCT Ha CIIOXKEHA
TepMOMEXaHNUYKa HaIpe3ama MPUCYTHA Y OPAJTHOM OKpykemy. Vako BHcokomep(hOpMaHCHU TEPMOIUIACTH
kao mto je nmonuerapumu (PEI) 06e36elhyjy cynepuopHy TepMHUYKY W XEMHjCKY OTIIOPHOCT y nopehemy ca
KOHBECHIIMOHATTHAM JCHTAJHAM MOJIAMEpPHMa, IHHXOBO MEXaHWYKO IIOHAIIame H  (YHKIHOHAITHE
nepopMaHce U Jlajbe 3aXTeBajy yHanpeheme 3a 3axTeBHe OMOMEIUIIMHCKE TpUMeHe. bpojHa ucTpaxxruBama
0aBuia Cy ce cTpaTermjaMa KepaMHUuKOT Ojadarhba pagl MoOO0JbIIama IMOJMMEPHHUX JCHTATHHX KOMIIO3UTA
MyTeM yrpajikbe OKCHUAHUX YeCTHId, BHCKEpa, BIlaKaHa M HAHOCTPYKTYPHUX NyHWiIa. TpaauiuoHaIHA
KepaMHyKa oOjadama, Kao INTO Cy LUPKOHUjYM-OKCHI, AalyMHHH]YM-OKCHI, CHJIHIHjYM-OKCHI U
XHIPOKCHAIIATHT, II0Ka3ana cy modoJblIamka TBpAohe, KpyTOCTH U OTIOPHOCTH Ha xabame; MmelyTuM, MHOTH
CHCTEMH C€ M Jajbe CyodyaBajy ca 3HAYajHUM OTrpaHHYCIbMMa ITOBE3aHWM Ca arjioMepanijoM YecTHIa,
HEeIOBOJEHUM MeljyasHum BesmBameM, ciaboM cTaObmiHOmhy AWcIep3dje W Hee(HKaCHHM HPEHOCOM
Hanpesama n3Mel)y ojauama 1 momMepHe MaTpulle. Y MHOTHM CIy4ajeBHMa 3Ha4ajHO Ojadarse 3aXTeBajo je
pEeNaTHBHO BHCOK CaJpiKaj MyHHJA, IITO jé HEeraTHBHO YTHUIAJIO HA MPOLECHOMITHOCT, TPAHCTIAPEHTHOCT U
CTPYKTYPHY XOMOT€HOCT KOMIIO3HUTA.

HUctpaxxuBame NpencTaBbeHO y 0BOj JOKTOPCKOj TUCEPTALUjH Y MOTIYHOCTH je yckial)eHo ca caBpeMeHUM
TPEHI0BUMA Y Pa3B0jy MyJATHU()YHKIIMOHATHUX AEHTAIHUX HAHOKOMIIO3MTA, I'/I€ j€ LUJb [I0OCTU3abhe 3HauajHOT
1o0oJpIIalkba MEXAaHWYKUX U (YHKLHMOHAIHUX CBOjCTaBa NPHUMEHOM pEJIaTMBHO HUCKUX KOHLIEHTpaluja
HalpelIHUX HAHOCTPYKTYpHHMX oOjaudama. [locebaH 3Hayaj] aucepraunyje orjiefa ce y KOMIapaTUBHOM
WCIIUTUBAKY [IBE CYIITHHCKU pa3inuyute MOp(oJoruje ojavyama: HaHOBIakaHa ZrO; ca BUCOKUM OIHOCOM
Iy)KHHE W TpeYHUKa M XHOPHIHHX KepaMHukux HaHodecTnna BaZrOs;/Y,03/SrTiOs; ca npedektHo-
HWH)XEHEPUCAHOM CTPYKTYPOM THIIA TEPOBCKUTA. Y Tiopelhery ca KOHBEHIMOHATHIM KEpaMHUYKUM ITy HUJTMA,
OBH CHCTEMH Ojavyarsa 0CTajy 3HaATHO Mame uctpakeHu y PEI neHTaHuM KOMITO3UTUMA, HAPOUUTO Y MOTIIETY
e(pUKACHOCTH 0jayara 3aBHUCHO 0] MOP(OIOTHje U MyNTH()YHKIIMOHATIHOT TOHalIamka. Jlucepramnyja mokpusa
HEKOJIMKO Ba)KHUX HAyYHUX U TEXHOJIOLIKUX M3a30Ba, yKJbY4yjyhu KOHTpOIy AUCIEP3Hje Ojadara, CMabehe
edekata arjmomepanuje, mobospmmame MehydasHux wHTepakmuja wiaMmely myHmia w marpuie, Kao
pa3yMeBame HauWHAa Ha KOjU TeOMETpHja oOjadama ymnpaBJba MEXaHH3MHMa MPEHOca Hampe3ama YHyTap
komno3uTa. OBM H3a30BM peIIaBaHU Cy IPUMEHOM €JIEKTPONpesemha U KOHTPOJIUCAHE KaJllMHALKje
HaHoBnakaHa ZrQ;, MeXaHOXEMHjCKE CHHTe3e¢ XUOPUIHUX IEPOBCKUTHHUX HAHOYECTHIA U CUCTEMATCKE
onTHMHU3aIMje yrpaame ojauama y PEI marpuiry.

OpuruHaJIHOCT JucepTalyje oreia ce y yBohewy LUPKOHMJyYMCKHX HaHOBJIaKaHa M XUOPUIHUX
BaZr03/Y,03/SrTiO; HaHOUeCTHIIa Ka0 HOBHX CHCTEMa Ojauyarba 3a JIeHTajdHe koMmmo3ute Ha 0asu PEI u
CHUCTEMAaTCKOM HCIUTHUBAIY HUXOBOI yTHLAja Ha TEPMUYKA, MEXaHUYKA, ONTHUYKAa U OHOJIOIIKA CBOjCTBA;
yCIIOCTaBJbalby KOMIIAPATHBHOI OJHOCA M3Mel)y MexaHu3ama ojayara HaHOYECTHI[aMa U HAaHOBJIAKHHMMA;
Kopenanuju MopQoJoryje ojavama, KBaJuTeTa AMCIep3dje U MehydasHuX MHTepakuuja ca MOCTHTHYTOM
TBpIOhOM, MOIYJIOM €NacTUYHOCTH, TEPMHUYKOM CTAOMIHOIINY M ONTHYKHAM [OHAIIAKkEeM; HPUMEHH
HampeIHUX METOa ONTUYKE KapaKTepH3allije, BPEMEHCKH Pa3JIokKeHe TacepCKu MHIYKOBaHe (piyopeceHTHe
cniektpockonuje (time-resolved laser-induced fluorescence spectroscopy, TR-LIF), 3a wucnutuBame
(YHKLMOHAJIHUX ONTUYKUX CBOjCTaBa XUOPUAHUX OKCHUAHUX CHCTEMa; Ka0 W MHTErpaluju CTPYKTYypHHX,
TEPMUYKHX, ONTUYKUX, MEXaHUYKHUX U [IUTOTOKCHUYHUX aHAJIN3a y JeJUHCTBEHHU OKBHUP pejlaluje CTpyKTypa-
CBOjCTBa 32 PAIlMOHAJIHO MPOjEKTOBAkhEe MYJITU(DYHKIIMOHATHUX OMOMEJIMIIMHCKUX KoMmo3uTa Ha 6a3u PEL
KomOuHOBameM HampeiHe CHHTE3€ KepaMHMKe, TEXHOJIOTHje  eJIEKTPOIpEeNeHa, HHXECHEpUHra
MyATHQYHKIMOHATHAX OKCHIA W CBEOOYyXBaTHE KapaKTepH3allMje KOMIIO3UTa, AMCepTaluja IMpeicTaBlb
JIOTIPUOC CMEPHMILIE 32 pa3BOj] IAMETHHUX JEHTAJIHUX M OMOMEIMUMHCKHUX MOJMMEPHHUX KOMIIO3UTa HOBE
re’eparyje.

3.2. OcBpT Ha pedepeHTHY U KOpUIIheHy JUTepaTypy
Jucepramnuja caapxu oOUMaH M caBpeMeH IperJie]] HaydHe JuTepatype ooyxsaheH y 229 pedepeHiu koje ce

OJIHOCE Ha TIOJIMMEpHE KOMIIO3UTE, IEHTAIHE OroMaTepujaiie, eleKTponpeaehe, KepaMUike HAaHOCTPYKTYpe
u MynTH(QYHKIHOHATIHE OKCHAHE cucteMme. LluTupaHa nuTeparypa ykjbydyje HOBHje Hay4dHE pajioBe M3
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peneBaHTHUX MeljyHapoJHMX Yacomuca Koju o0yXBaTajy CHHTE3Y, KapaKTepU3alrjy U MPUMEHY HalpeIHux
KOMITO3UTHUX Martepujaia. [Iperien nmurepaType mokasyje a KaHIUIATKHbA TOCEIyje NeTaJbHO IT03HABAE
UCTpaKMBaHe Hay4yHe 00JIaCTH U CABPEMEHHX EKCIIEPUMEHTATHUX MPUCTYIA KOjU C€ KOPUCTE Y HHKEHEPCTBY
HaTpeJIHUX MaTepujana.

3.3. Onuc ¥ aeKBaTHOCT NPUMEHLEHUX HAYYHUX METOA

Y oKkBHpY OBe IHCEpTalyje NOOWjeHH KOMIIO3HTH Cy CBEOOYXBATHO aHAJIM3UPAHW MPHUMEHOM MIHPOKOT
CIIEKTpa CaBPEMEHHX CTPYKTYpHHX, MOP(OJOMKAX, TEPMHUKHX, ONTHYKUAX, MEXAaHMUKHX W OHMOJIOIIKUX
METOJa KapakTepu3alrje, ca HUJbeM yCIOCTaBJbamka JeTaJbHUX pellalija CTPyKTypa—cBojcTBa. CTpyKTypHA
KapakTepH3allija H3BpIlIeHa je MeTogoM audpakimje X-3paka (X-ray diffraction, XRD) pamu oapehupama
¢a3HoOr cacraBa, KPUCTAJMHUYHOCTH M CTPYKTypHE CTAOMJIHOCTH KEPaMUYKHX Ojadarba U KOMIIO3UTHHUX
cucrema. Mudpanpeena cnektpockonuja ca dypujeoBom Tpanchopmammjom (Fourier-transform infrared
spectroscopy, FTIR) kopumhena je 3a HCHOUTHBamE XEMHjCKUX Be3a, MehydasHuX uHTepakuuja H
CTPYKTYPHHUX IIPOMEHa M3a3BaHUX yrpalamoM ojadama y PEI marpuiry. Mopdoromka 1 MEKpOCTpYKTypHA
aHanuM3a CIpOBEJICHA je NMPUMEHOM CKeHUpajyhe eneKTpOHCKe MHKpOCKomuje ca emucujom mosba (field-
emission scanning electron microscopy, FESEM), mTo je omoryhmno mpoueHy mopdoisiordje myHuia,
JUCTIep3Hje YeCTHIIA, TOHAIIAKkA arjioMepalije 1 MexaHu3ama JJomMa. TepMHUYKO oHAIIakbe U MOKPETIBUBOCT
MOJIMMEPHUX JlaHalla WCIUTHBAHU Cy JuQepeHuujamHoM ckeHupajyhom xamopumerpujom (differential
scanning calorimetry, DSC), moceOHO kpo3 aHanu3y TemIeparype cTakjactor mpenasza (glass transition
temperature, T,) ¥ TepMHYKHX Tpelaza MOBE3aHHX Ca YrpaamoM ojadyama. ONTHYKa KapakTepu3aluja
obyxsarana je UV-Vis cniekrpockonujy (UV-Vis spectroscopy) paau mporeHe TpaHCIapeHTHOCTH U edekarta
pacejama CBETJIOCTH, BPEMEHCKH Pa3JIOKeHy JaCePCKH HHIYKOBaHY (IIyOpeCeHTHY CIIEKTPOCKOIH]Y (time-
resolved laser-induced fluorescence spectroscopy, TR-LIF) 3a aHanu3y eMHCHOHOT TMOHAIIakhba U ONTHYKE
aKTUBHOCTH MoJMMepa. MexaHn4ka KapakTepu3alyja U3BpIleHa je THCTPYMEHTOBAHOM MUKPOHHICHTAIIH]OM
pamu onpehuBama TBprohe M peIyKOBaHOT MOAYJNA €IACTUYHOCTH, JOK je€ METOI HCIHTHBama (PPUKIIHjEe
METOZ0M HaHO orpedoTuHe ( nano scratch) xkopuheHo 3a MPOLEHyY OTIIOPHOCTH MOBPIIMHE, TIOHALIAKA TPH
orpe0OTHHaMa U CBOjcTaBa MOBE3aHUX ca XabameM. JJoJaTHO je CIIpOBEeIeHO HCIUTHBAMKE 3aTe3amheM paiu
aHaJM3e 3alPEeMUHCKOT MEXaHHMYKOT TIOHAIllaka, YKIbY4dyjyhu uBpcTohy, KpyTocT U 1eOpMaiOHH OATOBOP
KOMIMO3UTHUX crucTemMa. CHCTEeMAaTCKH je aHaJM3upaH yTHIa] MOp(oIIoTHje Ojadara, KBaIUTETa JUCTIep3nje 1
Mehyda3anx nHTEpaKknrja Ha ePUKACHOCT MPEeHOCa Halpe3armha H MEXaHNIKY CTaOMITHOCT.

[open Tora, cripoBeneHa Cy in Vitro HCIUTHBAKbA IIUTOTOKCHYHOCTH PaIy NMpoleHe OUOJIOMIKOT OATr0BOpa U
[IUTOKOMITATHOMITHOCTH Pa3BHjEHIX KOMITO3HTA.

JloOujeHu pe3ynaTaTd MoKa3av Cy Ja BEIWYMHA M FeOMETpHja Ojadyama, CTame AUCIep3rje U WHTEPaKIuje
n3Mehy IyHWIa W MaTpHIe y BEIMKOj MepH oapehyjy cTpykTypHa, TepMHYKa, ONTHYKA, MEXaHWYKA W
OMOJIOIIKA CBOjCTBA HCITUTUBAHMX KOMIIO3UTHHX cucTeMa Ha 6a3u PEL

3.4. [Ip¥MeHLUBOCT OCTBAPEHUX PE3YJITaTa

JloOujeHn pe3ynTaTé IOMPHUHOCE Pas3BOjy HANpeOHUX MYyJITH()YHKIMOHATHHUX TOJUMEPHHUX KOMIIO3UTa 3a
neHrtanHe u onomeauuuucke npuMeHe. McnuruBanu PEI cuctemu ojadanu ZrO; HaHOBIAKHAMA U XUOPUITHUM
KepaMHUYKHM 4YecTHLlaMa [OKa3yjy TMoOOJpIlIaHa MeXaHM4YKa CBOjCTBA, TEPMUYKY CTAOMIHOCT U
JTYMUHHCUEHTHY (PYHKIIMOHAJIHOCT M MPHUXBATJbUBY HUTOKOMIIATUOMIIHOCT, IITO UX YWHH MEPCIEKTUBHUM
KaHaugatuma 3a Oynyhe nmaMeHTHE AEHTallHE PecTOpaTUBHE MaTepujajie U NPUMEHE Yy HUMIUIAHTOJOTHjH.
YcnocrasibeHe pesanyje CTPYKTypa-CBOjCTBA MpPYKajy BaKHE CMEPHHIIE 32 ONTHMH3AIHjy Mopoioruje
Ojavama U JUCIEp3Uje y HapPEIHUM IOJIMMEPHUM KOMIIO3UTHUM cucTeMuMa. [lopen Tora, mpeacraBbeHe
CTpaTeryje ojayama MOTY ce MPOLIUPUTH U Ha MIKUpa NOAPYYja OMOMEIUIMHCKOT HHKEHEePCTBa, YKIbyuyjyhu
MaMeTHE MyITH(YHKIIMOHATHE NMIUIAHTHE CHCTEME.

3.5. OgeHa AOCTUTHYTHUX CIIOCOOHOCTH KaHAuJdaTa 3a CaMOCTAJIHU HAYYHH paza

ToxoM wm3pame MOKTOpPCKE JaWCepTandje, KaHTUIATKHEba je IIoKa3ala CIIOCOOHOCT 3a CaMOCTallaH
HAYYHOUCTPKUBAYKHU Paj, KPUTHUKY aHAIIU3Y JUTEpaType, INIaHUPAke eKCIIepUMeHaTa M HHTEPIPETAIH)y
nobujeHnx pesynrata. KaHIMIaTKkuma je caMOCTalIHO CIIPOBOJAMIIA CUHTE3Y W NPOIECHPAare KOMITO3UTHHX
Marepujaia, MpUMEmBUBala CaBpeMEHE METOJe KapaKTepH3aldje W CHUCTEeMaTCKU aHalM3Hpaja pelanuje
CTPYKTypa—cBojcTBa. Jlucepranrja 1 00jaBJbeHN HAY4YHHU pe3yJTaTH NOTBPphYyjy la KaHIUIATKHIbA MOCEIyje



HEOIXO/IHE KOMIIETEHIIH]j€ 33 CaMOCTaJIaH HAyYHOUCTPAXKUBAYKH paj y 001aCTH HHXEHEPCTBA MaTepHjajia u
HalpeIHUX KOMIIO3UTHUX CUCTEMA.

4. OCTBAPEHU HAYYHMU JOIIPHHOC

4.1. Ilpuka3 ocTBapeHUX HAYYHHUX AOIPHUHOCA

Hayunu nonpunocu aucepranuje MOTy ce cyMHpaTu Kpo3 cienehe pesynrare:

- Pa3Boj nampennux PEl neHTamHMX KOMITO3WTa OjayaHUX HaHOBIakHUMa ZrO; ¥ XUOpUIHUM
BaZrO;/Y,0:/SrTiO; yecTrmama;

- Onrummzanygja mpoueca noOHjama HaHoBiIakaHa ZrO»; METOIOM eleKTponpeaewka ca mnparehom
TEPMHUYKOM 00pasioM U yrpajama y kommnosure Ha 6a3u PEI

- Pa3Boj mpoueca nodujama xudbpunaux BaZrOs/Y,03/SrTiO; yecTia MEXaHOXEMH]CKHM MOCTYITKOM
y3 ONTUMU3ALM]y CacTaBa 3a OCTU3AkE JOOPUX ONTOEIEKTPOHCKUX JIYMHUHUCLIEHTHUX CBOjCTaBa

- Ycmocraeibame Kopenanuja msmehy Mopgooruje ojauama, cTama IJHUCHEp3Hje M MEXaHWYKHX U
OINTOEJIEKTPOHCKUX CBOjCTaBa KOMIIO3MTa;

4.2. Kputnuka aHaiau3a pe3yJiTara uCTpaKUBamba

VY OKBUpY AMCEPTALNjEU3BEEHO j& CHCTEMATCKO HCTPAKUBALE MYITU(PYHKIHOHATHIX KEPAMUYKHX Ojayama
y PEI komnosutuma 3a nenraidy npumeny. JloOuwjenn pesynraTé noTBphyjy na mopdonormja ojadama
3HAYajHO YyTHYE HA €(PHKACHOCT MPEHOCa Halpe3ama U MeXaHu3Me MeXaHM4Kor mobosemama. Cucrem ZrO»
HAHOBJIAKAaHA TI0Ka3a0 je HapOUUTO M3paKeHe e(eKTe ojauarsa ycien edekara npemornhaBama BIAKHAMA
TOKOM LIMpEema MPCIMHE KA0 U OCTBapHBame A00pe Be3e BIAKHO-MAaTpHla myTeM Moaudukanyje. Yectuie
BaZrOs3/Y,03/SrTiO; cy mompuHesne Kpo3 orpaHHYEHe MOKPETJBUBOCTH MOJMMEPHUX JIaHAIlA U MEXaHU3Me
ojauama mocpenoBaHe aedextima. CrpoBeleHEe aHANIW3e Cy MOTBPAWIE Ja CE ONTHMAIHO TOHAIIAKE
KOMITO3UTA MOCTIKE KOHTPOJIMCAHOM AMCIIEP3UjOM Ojavyara 1 MUHHUMHU30BamkeM ariiomepanuje. [lopen Tora,
BUX0BOM yrpagamoM y PEl marpuiy noBehaBa ce MoryhHOCT KOHBEp3HUje €HEpPTHje y ONTOCIEKTPOHCKOM
cucreMy. Ha Taj HauwH Cy CTBOPEHH YCIIOBH 32 JaJb¥ pa3BOj MAMETHUX ACHTATHUX M aTepHjajia 3a KOHBEP3Hjy
enepruje. TepMuuKka aHann3a JOJATHO je ToKa3ana moBehame TeMIrepaType CTakIacTor mpelasa, mro yKasyje
Ha CMambeHy cerMeHTalHy nokperbuBocT PEI manama HakoH yrpanme ojadamba. KomOuHamja mo6ospImaHux
MEXaHWYKHX CBOjCTaBa M IIUTOKOMIIATHOWIHOCTH YHHHU pa3BHjeHE CHCTEME IEpCIeKTHBHHM 3a Oymyhe
JIEHTAIHE 1 OMOMEINLIMHCKE TPUMEHE.

[lmanupany IHJEEBH OBE JOKTOPCKE MAWCEpTAllMje YCIEITHO Cy HWCIYHEHH, a JOOHjeHH pe3yiaTaTH
MpeJCTaBJbajy 3HayajaH AONpHHOC yHanpehewy QyHKIMOHAIHIX KOMIIO3UTHIX UMIUIAHTHUX MaTepHjaia.

4.3. Bepudukanuja Hay4HHX JOOPUHOCA

Hayunu nompunocu qucepranuje Bepu(pHUKOBaHH Cy 00jaBbHBamk-EM pesynTara y cieaehum melhyHapoaHum
yaconucuma (pagosu y yaconucuma ca WoS/SCIE nucre):

Kareropuja M21

1. Gamoudi, H. A., Radojevi¢, V., Staj¢i¢, A., Petrovi¢, M., Simovic¢, B., Stojanovi¢, D. B., Stajé¢i¢, 1.
(2026) Microhardness Enhancement in Polymer Composites via BaZrOs-Based Ceramic Reinforcement,
Applied Sciences, 16, 2529. (IF 2024 = 2.5) (ISSN: 2076-3417) (DOI: 10.3390/app16052529)

Kareropuja M22
1. Gamoudi, H. A., Stajci¢, 1., Stojanovi¢, D. B., Simovié, B., Petrovi¢, M., Kojovi¢, A., Radojevi¢, V.
(2025) Mechanical reinforcement of polyetherimide with electrospun zirconia nanofibers, Science of
Sintering, Online First: 39. (IF2024 = 1.3) (ISSN Online 1820-7413) (DOI: 10.2298/S0S250924039G).

Karepropuja M33
1. Gamoudi, H. A., Staj¢i¢, I, Kojovié, A., Stojanovi¢, D.B., Staj¢i¢, A., Radojevié, V., Nanomechanical
and Optical Properties of Polyetherimide-Based Composite, In Proceedings/34th International
Conference on Microelectronics, MIEL, Nis, Serbia, October 13-16 (pp. 307-310). Nis, Faculty of
electronic engineering (ISBN 979-8-3315-1417-4).




5. TIPOBEPA OPUT'MHAJIHOCTHU JOKTOPCKE JUCEPTAIINJE

Ha ocHoBy [IpaBuiHnKa 0 TOCTYIKY MPOBEpE OPUTHMHAIHOCTH JOKTOPCKUX AMCEpTanuja Koje ce OpaHe Ha
Yuusepsurery y beorpagy (I'macumk YuuBepsurera y beorpany, Op. 204 om 22. jyna 2018. rogumne),
kopuithemeM mporpama iThenticate 7. maja 2026. u3BpIICHA je TPOBEpPa OPHUTHMHAIHOCTH JOKTOPCKE
IcepTandje KaHaunatkumbe Xoyae Anm Mamanu [amoyam, Mactep HWHKCHEpa TEXHOJOTHjE - MacTep
UIDKeepa 3a MarepHjaie, MojJ HacioBoM: ,,CHHTE3a W KapaKTepH3aldja JCHTATHHX KOMIIO3HTHHX
HUMIUIAaHTaTa ca oOjadamuMa Ha Oasu mupkonujyma” (”Synthesis and characterization of dental composite
implants with zirconium-based reinforcements”).

YxynHo noknaname usHocu 12%. Komucuja onemwyje na je yTBpheHM HpolleHaT CIMYHOCTH IOCIequLa
yoOHYajeHuX OMmuca CTaHIApJHUX MeToja, AedhuHunuja M Oubiamorpadckux HaBOJAa Kao W NIPETXOJHO
MyOJIMKOBAHUX PE3yNTaTa HCTPAKUBAka KaHIUIATKIILE, KOJU CY IPOUCTEKIIN U3 IheHe aucepTalje. Hujenan
JIe0 paja He yKa3yje Ha Hel03BOJbEHO MPHUCBAjalbe TYHUX pesynraTa; CIMYHOCTU CE OJHOCE Ha COICTBEHE
NPETXOIHO 00jaBJbEHE TEKCTOBE M CTaHIAPAHY HayIHY TEPMUHOJIOTH]Y, Y3 YPEIHO HaBoheme n3Bopa.

Ha ocHoBy cBera mznoxenor Komucuja cmaTpa J1a je JOKTOpCKa AUCEpTallUja KaHIUIATKUbe Xoyne Anu
Mapanu ['aMmoyu opuruHaiHa, Kao 1 1a ¢y y HOTIIYHOCTH IOIITOBAHA aKaJeMcKa MpaBuwiIa LUTHPamka, T€ Ce
IIPONKCAHU NOCTYIIaK PUIIPEMe 3a BeHY 0A0paHy MOXe HaCTaBUTH.

6. 3AK/bYYAK M ITPEJJIOT

Ha ocHoBy yBHOa y caipikaj AOKTOPCKE AHCEpTaldje, NMPHIOKEHUX PaJoBa M OCTBAPEHHX pe3yJiTara,
Kommucuja KoHCTaTYyje N je KaHAUAATKHbA YCICIIHO Pealn30Baja MOCTaBJbeHE IIMJFEBE NCTPAXKHUBAHA U 1A
je Imceprammja Iaja OpHTHHANAH HAayYHH JONPHHOC y OOJAcTH pa3Boja XHOPHIAHUX KOMITO3HTHHX
UMIDTaHTaTa Ha 0a3W MOJHETapUMHIA 3a IPHMEHY y pereHepaTHBHOj croMarojorwju. Jlmceprammja je
METOAOJIOIIKH JOOpO yTeMeJbeHa, pe3ylTaTd cy Bepu(UKOBaHUM Kpo3 myOnukanuje y MelyHapoaHum
YacOMICUMA, a TIPEUIOKEHH IPUCTYI UMa U HAy9IHH U MIPAKTHYHU 3HAYa].

Komucuja mpemmaxe HacraBHo-HayuHOM Behy TexHOJOMIKO-MeTamypiuikor ¢axkyiareta YHHUBEp3UTETa Y
Beorpany na npuxsatu oBaj M3BemTaj 1 1a ce okTopcka aucepranvja Xoyne Anu Mananu ['amoyau, Mmactep
WHXXEHhepa TEXHOJIOTHje — MacTep HHXKEHhepa 3a MaTepHjalie, MoJ HacloBoM: ,,CHHTe3a U KapakTepH3anuja
JICHTATHUX KOMITO3UTHUX UMILIAHTATA ca Ojayamuma Ha 6a3u mupkonujyma” (’Synthesis and characterization
of dental composite implants with zirconium-based reinforcements”) npuxBaTtH, W310KH HA YBU]I jJABHOCTH U
yIIyTH Ha KOHaYHO ycBajame Behy Hay4yHuX oOnacTu TeXHUYKHX Hayka YHuBep3ureTta y beorpany.

VY Beorpany,
22. maj 2026. rogune
YJIAHOBU KOMUCHUJE

Hp erap Yckokosuh, peaosuu npodecop
VYuuep3utetr y beorpany, TexHonomko-MeTamypiuika GakyiTeT

Hp Aymmma CrojanoBuh, HAyYHH CaBETHUK
Yuusep3utet y beorpany, TexHonomko-metanypmku GaKyaTeT

Jp Munom [etposuh, Banpeauu mpodecop
Yuusep3utet y beorpany, TexHonomko-meranypku pakyaTeT

Hp Anexcannap Kojouh, Banpeauu mpodecop
Yuusep3utet y beorpany, TexHonomko-Metanypku pakyaTeT

Hp Anexcangap Crajunh, BUIIK HAyYHU CapagHUK
Yuusep3ureT y beorpany, IHCTHTYT 3a XeMHjy, TEXHOJIOTH)Y ¥ METaILyprHjy
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UNIVERSITY OF BELGRADE
Faculty of Technology and Metallurgy

TO THE TEACHING AND SCIENTIFIC COUNCIL

Subject: Report on the completed doctoral dissertation of the candidate Houda Ali Madani Gamoudi
, Master of Technology — Master Engineer in Materials.
By Decision No. 2026-35/167 dated May 7, 2026, we were appointed as members of the Committee for the
evaluation of the doctoral dissertation of the candidate Houda Ali Madani Gamoudi, Master of Technology —
Master Engineer in Materials, entitled: ”Synthesis and characterization of dental composite implants with
zirconium-based reinforcements” (,,CuHTE3a M KapakTepu3aluja JEHTATHUX KOMIIO3UTHHUX MMIUIAHTATa Ca
ojadaruMa Ha 0a3u UPKOHHUjyMa’).
After reviewing the submitted dissertation and other accompanying materials and after discussions with the
candidate, the Committee has prepared the following

REPORT

1. INTRODUCTION

1.1. Chronology of approval and preparation of the dissertation

In the academic year 2022/2023, the candidate Houda Ali Madani Gamoudi enrolled in doctoral academic
studies at the University of Belgrade, Faculty of Technology and Metallurgy, study program Materials
Engineering.

On February 26, 2026, the candidate Houda Ali Madani Gamoudi proposed the topic of the doctoral
dissertation entitled”Synthesis and characterization of dental composite implants with zirconium-based
reinforcements” (,,CHHTE3a U KapaKkTepu3aluja ACHTAJIHUX KOMIIO3UTHUX UMILJIAHTAaTa ca OjadyarbuMa Ha 0a3u
OUpKOHHjyMa”).

On March 6, 2026, at the meeting of the Teaching and Scientific Council of the Faculty of Technology and
Metallurgy, University of Belgrade, a decision was made (No. 2026-35/80 dated March 6, 2026) on the
appointment of members of the Committee for the evaluation of the scientific justification of the topic of the
candidate Houda Ali Madani Gamoudi, Master of Technology — Master Engineer in Materials, entitled:
”Synthesis and characterization of dental composite implants with zirconium-based reinforcements”
(,,CuHTe3a 1 KapakTepu3aluja ASHTATHUX KOMIIO3UTHUX UMILIAHTATa ca OjadyambuMa Ha 06a3u HUPKOHUjyMa”)
composed of: Dr Vesna Radojevié¢, Full Professor, FTM; Dr Ivana Stajci¢, Senior Research Associate, Institute
of Nuclear Sciences “Vinca”; Dr Petar Uskokovi¢, Full Professor, FTM; Dr Dusica Stojanovié¢, Principal
Research Fellow, FTM; and Dr Milo$ Petrovié¢, Associate Professor, FTM.

On April 9, 2026, at the meeting of the Teaching and Scientific Council of the Faculty of Technology and
Metallurgy, University of Belgrade, a decision was made to accept the topic of the doctoral dissertation entitled
”Synthesis and characterization of dental composite implants with zirconium-based reinforcements”
(,,CuHTe3a 1 KapakTepu3alyja IeHTATHAX KOMIIO3UTHUX UMIUIAHTATa ca OjadyambuMa Ha 06a3u HUpKOHUjyma”)
and Dr Vesna Radojevié, Full Professor, and Dr Ivana Staj¢i¢, Senior Research Associate, were appointed as
supervisors — Decision No. 2026-35/98 dated April 9, 2026.

On April 22, 2026, the Council of Scientific Fields of Technical Sciences adopted a decision of the Teaching
and Scientific Council of the Faculty of Technology and Metallurgy, University of Belgrade granting consent
to the proposed topic ”Synthesis and characterization of dental composite implants with zirconium-based
reinforcements” (,,CHHTE3a U KapakTepu3aluja ACHTAIHAX KOMIIO3UTHUX UMILJIAHTAaTa ca OjadyarbuMa Ha 0a3u
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uupkonujyma”) of the candidate Houda Ali Madani Gamoudi, Master of Technology — Master Engineer in
Materials (No. 61206-1316/2-26 dated April 22, 2026).

At the meeting of the Teaching and Scientific Council of the Faculty of Technology and Metallurgy held on
May 7, 2026, a decision was made (No. 2026-35/167 dated May 7, 2026) on the appointment of members of
the Committee for the evaluation of the doctoral dissertation of Houda Ali Madani Gamoudi, Master of
Technology — Master Engineer in Materials, entitled: ”Synthesis and characterization of dental composite
implants with zirconium-based reinforcements” (,,CuHTe3a W KapaKTepu3alfja NSHTATHUX KOMIO3UTHUX
MMILIAHTaTa ca ojayamuMa Ha 0a3u nupkonujyma’) composed of: Dr Petar Uskokovi¢, Full Professor, FTM;
Dr Dusica Stojanovi¢, Principal Research Fellow, FTM; Dr Milo$ Petrovi¢, Associate Professor FTM,
Aleksandar Kojovi¢ Associate Professor FTM, and Dr Aleksandar Stajc¢i¢, Senior Research Associate,
Institute of Chemistry, Technology and Metallurgy.

1.2. Scientific field of the dissertation

The research within this doctoral dissertation belongs to the scientific field of Technological Engineering and
the narrower scientific field of Materials Engineering, for which the Faculty of Technology and Metallurgy of
the University of Belgrade is responsible. The supervisors are Dr Vesna Radojevi¢, Full Professor at FTM,
narrower scientific field Materials Engineering, and Dr Ivana Staj¢i¢, Senior Research Associate, narrower
scientific field Materials Science, who, based on their previously published works and experience, are
competent to supervise the preparation of this doctoral dissertation.

1.3. Biographical data of the candidate

The candidate Houda Ali Madani Gamoudi was born on February 12, 1982 in Tripoli, Libya. She completed
her undergraduate studies in 2006 at the University of Tripoli, Libya, Department of Dentistry. She completed
her Master's studies at the University of Belgrade, Faculty of Technology and Metallurgy, study program
Materials Engineering, in 2021.

At the Department of Structural and Special Materials at the Faculty of Technology and Metallurgy, University
of Belgrade, he enrolled in doctoral academic studies in 2022.

Since 2007, she has been employed at the General Hospital in Tripoli, Libya

2. DESCRIPTION OF THE DISSERTATION

2.1. Content of the dissertation

The doctoral dissertation of the candidate Houda Ali Gamoudi Madani, Master of Technology — Master
Engineer in Materials, is written in English and comprises a total of 104 pages of A4 format, containing 41
figures, 12 tables, and 229 bibliographic references.

The dissertation contains the following chapters: Abstract (in Serbian and English), Introduction, Theoretical
part (Literature review and theoretical background on composite materials, polymeric dental materials, high-
performance polymers in dentistry, ceramic nanoparticles and nanofibers, electrospinning methods, zirconia-
based reinforcements, hybrid perovskite-type oxides, and methods for characterization of advanced composite
systems), Experimental part (Materials, synthesis and processing of advanced PEI-based composites
reinforced with electrospun zirconia nanofibers and mechanochemically synthesized particles and
characterization procedures), Results and discussion, Conclusion, References, Biography and Appendices. The
appendices include the declaration of authorship, confirmation of consistency between the printed and
electronic versions of the dissertation, as well as the statement regarding the use and approval for public
accessibility of the dissertation.

2.2. Brief overview of individual chapters




In the Introduction chapter, the scientific background and motivation for the development of advanced dental
composite materials are presented. The importance of improving the mechanical reliability, thermal stability
and biological compatibility of polymer-based dental materials is emphasized, together with current limitations
of conventional restorative systems. Polyetherimide (PEI) matrix was reinforced with ZrO: nanofibers
obtained via electrospinning of precursors and followed by calcination. Hybrid perovskite-based
BaZr0s/Y,0s3/SrTiOs; nanoparticles, also used for reinforcement, were synthesized by mechanochemical
activation.

The theoretical part presents a detailed overview of polymer composite materials with special focus on dental
applications. Different classes of polymers used in dentistry are discussed, including methacrylate systems and
high-performance polymers such as polyetherimide. Theoretical aspects of ceramic nanoparticle and
nanofibers reinforcement are presented, as well as the routes of their processing. Electrospinning technique
and mechanochemical synthesis of reinforcements used in biomedical applications are systematically
reviewed. In addition, the role of perovskite-type oxides and multifunctional ceramic systems in advanced
composite engineering is analyzed.

The experimental part describes the synthesis and processing procedures used for obtaining advanced PEI-
based composites reinforced with electrospun zirconia nanofibers and mechanochemically synthesized
BaZr0s/Y,0s/SrTiOs particles. Zirconia nanofibers were fabricated by electrospinning followed by calcination
and ultrasonic fragmentation into whisker-like structures, while hybrid oxide particles were prepared through
controlled mechanochemical processing. Composite films with different reinforcement contents were
produced by solution-based processing methods. Different characterization methods are also described in this
chapter.

Results and Discussion chapter is divided into two subsections: 1) processing of PEI-based nanocomposites
reinforced with ZrO, nanofibers, where structure and morphology of precursor nanofibers and calcined
nanofibers, as well as influence of fiber content on morphological, mechanical, optical and thermal properties
were discussed. 2) processing of PEI-based nanocomposites reinforced with hybrid BaZrO:/Y>03/SrTiO3
nanoparticles, where structure and morphology of synthesized nanoparticles, as well as influence of
nanoparticles concentration on morphological, thermal, optical and mechanical properties were discussed. In
the Results and Discussion chapter, the obtained results are interpreted based on structural, morphological and
optical analyses (X-ray diffraction, XRD; Fourier-transform infrared spectroscopy, FTIR; field-emission
scanning electron microscopy, FE-SEM; UV-Vis spectroscopy; time-resolved laser-induced fluorescence
spectroscopy, TR-LIF), as well as thermal, mechanical and biological testing (differential scanning
calorimetry, DSC; tensile testing; microindentation; nanoscratch testing; in vitro cytotoxicity analysis). This
structure enables consistent linking of composition, reinforcement morphology, micro/nanostructure and
interfacial interactions with the achieved functional properties of the composites, and allows the derivation of
guidelines for the design of advanced PEI-based dental and biomedical composite materials. The obtained
results demonstrated that zirconia nanofibers and BaZrOs/Y,03/SrTiOs particles provide superior
reinforcement efficiency. Optical properties of composites can be tuned with the concentration of fillers.
Cytotoxicity analysis confirmed concentration-dependent biological response with recovery of cell viability
after dilution.

The structure of dissertation establishes clear structure-property relationships governing the behavior of PEI-
based multifunctional composites.

In the Conclusion, all important scientific findings are systematically summarized, and the significance of the
obtained results for the development of advanced multifunctional dental and biomedical composites is
discussed. The dissertation demonstrates that zirconia nanofibers and hybrid perovskite-type particles
represent promising reinforcement systems for improving the mechanical stability and functional behavior of
PEI-based dental materials. The References section contains 229 literature citations relevant to the investigated
research area, encompassing all thematic and experimental aspects addressed throughout the dissertation.

3. EVALUATION OF THE DISSERTATION

3.1. Contemporaneity and originality




High-performance polymer composites intended for dental and biomedical applications are increasingly
expected to combine excellent mechanical stability, thermal resistance, optical functionality and biological
compatibility within a single material. However, conventional polymeric dental materials frequently suffer
from insufficient hardness, limited wear resistance, poor long-term dimensional stability and inadequate
resistance to complex thermo-mechanical stresses present in the oral environment. Although high-performance
thermoplastics such as polyetherimide (PEI) provide superior thermal and chemical resistance compared to
conventional dental polymers, their mechanical behavior and functional performance still require improvement
for demanding biomedical applications. Numerous studies have investigated ceramic reinforcement strategies
for improving polymer-based dental composites through the incorporation of oxide particles, whiskers, fibers
and nanostructured fillers. Traditional ceramic reinforcements such as zirconia, alumina, silica and
hydroxyapatite have demonstrated improvements in hardness, stiffness and wear resistance; however, many
systems still face major limitations related to particle agglomeration, insufficient interfacial bonding, poor
dispersion stability and inefficient stress transfer between the reinforcement and polymer matrix. In many
cases, significant reinforcement required relatively high filler loadings, which negatively affected
processability, transparency and structural homogeneity of the composites.

The research presented in this doctoral dissertation is fully aligned with contemporary trends in the
development of multifunctional dental nanocomposites, where the objective is to achieve substantial
improvements in mechanical and functional properties using relatively low concentrations of advanced
nanostructured reinforcements. Particular significance of this dissertation lies in the comparative investigation
of two fundamentally different reinforcement morphologies: zirconia nanofibers with high aspect ratio and
hybrid BaZrO3/Y,05/SrTiO; ceramic nanoparticles with defect-engineered perovskite structure. Compared to
conventional ceramic fillers, these reinforcement systems remain considerably less explored in PEI-based
dental composites, particularly in terms of their morphology-dependent reinforcement efficiency and
multifunctional behavior. The dissertation addresses several important scientific and technological challenges,
including control of reinforcement dispersion, reduction of agglomeration effects, improvement of filler-
matrix interfacial interactions and understanding of how reinforcement dimensionality governs stress transfer
mechanisms within the composite. These challenges were addressed through electrospinning and controlled
calcination of zirconia nanofibers, mechanochemical synthesis of hybrid perovskite nanoparticles and
systematic optimization of reinforcement incorporation into the PEI matrix.

The originality of the dissertation is reflected in, introducing zirconia nanofibers and hybrid
BaZr0s/Y,0s3/SrTiOs; nanoparticles as novel reinforcement systems for PEI-based dental composites and
systematically evaluating their influence on thermal, mechanical, optical and biological properties;
establishing a comparative relationship between nanoparticle reinforcement and nanofiber reinforcement
mechanisms; correlating reinforcement morphology, dispersion quality and interfacial interactions with
achieved hardness, modulus, thermal stability and optical behavior; applying advanced optical characterization
methods, time-resolved laser-induced fluorescence spectroscopy, for investigation of functional optical
properties of hybrid oxide systems; and integrating structural, thermal, optical, mechanical and cytotoxicity
analyses into a unified structure-property framework for the rational design of multifunctional PEI-based
biomedical composites. By combining advanced ceramics synthesis, electrospinning technology,
multifunctional oxide engineering and comprehensive composite characterization, the dissertation
significantly exceeds a purely descriptive level and provides important guidelines for the rational development
of next-generation dental and biomedical polymer composites.

3.2. Review of the referenced and used literature

The dissertation contains an extensive and contemporary review of scientific literature contained in 229
references related to polymer composites, dental biomaterials, electrospinning, ceramic nanostructures and
multifunctional oxide systems. The cited literature includes recent scientific articles from relevant international
journals covering synthesis, characterization and application of advanced composite materials. The literature
review demonstrates that the candidate possesses detailed knowledge of the investigated scientific field and
contemporary experimental approaches used in advanced materials engineering.

3.3. Description and adequacy of applied scientific methods




Within this dissertation, the obtained composites were comprehensively analyzed using a broad range of
modern structural, morphological, thermal, optical, mechanical and biological characterization techniques in
order to establish detailed structure—property relationships. Structural characterization was performed using
X-ray diffraction (XRD) to determine phase composition, crystallinity and structural stability of the ceramic
reinforcements and composite systems. Fourier-transform infrared spectroscopy (FTIR) was used to
investigate chemical bonding, interfacial interactions and structural changes induced by reinforcement
incorporation into the PEI matrix. Morphological and microstructural analysis was carried out using field-
emission scanning electron microscopy (FESEM), enabling evaluation of filler morphology, particle
dispersion, agglomeration behavior and fracture mechanisms. Thermal behavior and polymer chain mobility
were examined using differential scanning calorimetry (DSC), particularly through analysis of the glass
transition temperature (Tg) and thermal transitions associated with reinforcement incorporation. Optical
characterization included UV-Vis spectroscopy for evaluation of transparency and light-scattering effects,
time-resolved laser-induced fluorescence spectroscopy, TR-LIF for analysis of emission behavior and optical
activity of polymers. Mechanical characterization was performed using instrumented microindentation to
determine hardness and reduced elastic modulus, while nanoscratch testing was used to evaluate surface
resistance, scratch behavior and wear-related properties. Tensile testing was additionally performed to
investigate bulk mechanical behavior, including strength, stiffness and deformation response of the composite
systems. The influence of reinforcement morphology, dispersion quality and interfacial interactions on stress
transfer efficiency and mechanical stability was systematically analyzed.

In addition, in vitro cytotoxicity testing was conducted to evaluate the biological response and
cytocompatibility of the developed composites.

The obtained results demonstrated that reinforcement dimensionality, dispersion state and filler-matrix
interactions strongly govern the structural, thermal, optical, mechanical and biological performance of the
investigated PEI-based composite systems.

3.4. Applicability of the achieved results

The obtained results contribute to the development of advanced multifunctional polymer composites for dental
and biomedical applications. The investigated PEI-based systems reinforced with zirconia nanofibers and
hybrid ceramic particles exhibit improved mechanical properties, thermal stability, optoelectronic actuivity
and acceptable cytocompatibility, making them promising candidates for future dental restorative materials
and implant-related applications. The established structure-property relationships provide important guidelines
for optimization of reinforcement morphology and dispersion in advanced polymer composite systems. In
addition, the presented reinforcement strategies may be extended toward broader biomedical engineering
applications including multifunctional smart implant systems.

3.5. Evaluation of the candidate’s abilities for independent scientific work

During the preparation of the doctoral dissertation, the candidate demonstrated the ability for independent
scientific research, critical analysis of literature, experimental design and interpretation of obtained results.
The candidate independently performed synthesis and processing of composite materials, applied modern
characterization methods and systematically analyzed structure-property relationships. The dissertation and
published scientific results confirm that the candidate possesses the necessary competencies for independent
scientific and research work in the field of materials engineering and advanced composite systems.

4. ACHIEVED SCIENTIFIC CONTRIBUTION

4.1. Presentation of achieved scientific contributions

The scientific contributions of the dissertation can be summarized through the following results:

- Development of advanced PEI dental composites reinforced with zirconia nanofibers and hybrid
BaZr03/Y,0s/SrTiO; particles;

- Optimization of the process of obtaining zirconia nanofibers by electrospinning with accompanying thermal
treatment and incorporation into PEI-based composites

- Development of the process of obtaining hybrid BaZrO;/Y,03/SrTiOs particles by mechanochemical method
with optimization of the their composition to achieve good optoelectronic luminescent properties



- Establishment of correlations between the morphology of the reinforcement, the state of dispersion and the
mechanical and optoelectronic properties of the composite;

4.2. Critical analysis of research results

The dissertation presents a systematic investigation of multifunctional ceramic reinforcements in PEI-based
composites for dental applications. The obtained results confirm that reinforcement morphology strongly
influences the efficiency of stress transfer and mechanical enhancement mechanisms. The zirconia nanofiber
system demonstrated particularly strong reinforcement effects due to fiber bridging and interfacial confinement
effects, while BaZrO3/Y203/SrTiO3 particles contributed through interfacial restriction of polymer chain
mobility and defect-mediated reinforcement mechanisms. The performed analyses confirmed that optimal
composite behavior is achieved through controlled filler dispersion and minimized agglomeration. Thermal
analysis additionally demonstrated increased glass transition temperatures, indicating reduced segmental
mobility of PEI chains after reinforcement incorporation. The combination of mechanical improvement and
cytocompatibility makes the developed systems promising for future dental and biomedical applications.

The planned objectives of this doctoral dissertation were successfully fulfilled, and the obtained findings
provide a meaningful contribution to the advancement of functional composite implant materials.

4.3. Verification of scientific contributions

The scientific contributions of the dissertation were verified by publishing the results in the following
international journals (papers in journals indexed in the WoS/SCIE list):

Category M21:
1. Gamoudi, H. A., Radojevi¢, V., Stajci¢, A., Petrovi¢, M., Simovi¢, B., Stojanovi¢, D. B., Stajci¢, 1.
(2026) Microhardness Enhancement in Polymer Composites via BaZrOs-Based Ceramic Reinforcement,
Applied Sciences, 16, 2529. (IF 2024 = 2.5) (ISSN: 2076-3417) (DOI: 10.3390/app16052529)

Category M22:
1. Gamoudi, H. A., Stajci¢, 1., Stojanovié, D. B., Simovié, B., Petrovi¢, M., Kojovi¢, A., Radojevi¢, V.
(2025) Mechanical reinforcement of polyetherimide with electrospun zirconia nanofibers, Science of
Sintering, Online First: 39. (IF2024 = 1.3) (ISSN Online 1820-7413) (DOI: 10.2298/S0S250924039G).

Category M33:

1. Gamoudi, H. A., Stajci¢, I, Kojovi¢, A., Stojanovi¢, D.B., Stajcic, A., Radojevi¢, V., Nanomechanical
and Optical Properties of Polyetherimide-Based Composite, In Proceedings/34th International
Conference on Microelectronics, MIEL, Ni8, Serbia, October 13-16 (pp. 307-310). Ni§, Faculty of
electronic engineering (ISBN 979-8-3315-1417-4).

5. CHECK OF THE ORIGINALITY OF THE DOCTORAL DISSERTATION

Based on the Rulebook on the procedure for checking the originality of doctoral dissertations defended at the
University of Belgrade (Official Gazette of the University of Belgrade, No. 204 dated June 22, 2018), using
the iThenticate program on May 7, 2026, a check of the originality of the doctoral dissertation of the candidate
Houda Ali Madani Gamoudi, Master of Technology — Master Engineer in Materials, entitled: ”Synthesis and
characterization of dental composite implants with zirconium-based reinforcements” (,,Cunre3a wu
KapakTepu3aluja JICHTAJHUX KOMITO3UTHHX HWMIUIaHTaTa ca oOjayabuMa Ha 0a3u IUpKOHWjyma”) was
performed.

The total similarity is 12%. The Committee considers that the determined percentage of similarity is the result
of common descriptions of standard methods, definitions and bibliographic references as well as previously
published research results of the candidate that originated from his dissertation. No part of the work indicates
unauthorized appropriation of other people’s results; the similarities refer to the candidate’s own previously
published texts and standard scientific terminology, with proper citation of sources.



Based on all of the above, the Committee considers that the doctoral dissertation of the candidate Houda Ali
Gamoudi Madani is original and that academic citation rules have been fully respected, and therefore the
prescribed procedure for preparation for its defense may continue.

6. CONCLUSION AND PROPOSAL

Based on the insight into the content of the doctoral dissertation, attached papers and achieved results, the
Committee concludes that the candidate successfully realized the set research objectives and that the
dissertation has provided an original scientific contribution in the field of development of hybrid
polyetherimide-based composite implants for application in regenerative dentistry. The dissertation is
methodologically well founded, the results are verified through publications in international journals, and the
proposed approach has both scientific and practical significance. The Committee proposes to the Teaching and
Scientific Council of the Faculty of Technology and Metallurgy of the University of Belgrade to accept this
Report and that the doctoral dissertation of Houda Ali Gamoudi Madani, Master of Technology — Master
Engineer in Materials, entitled: ”Synthesis and characterization of dental composite implants with zirconium-
based reinforcements” (,,CuHTE3a M KapakTepr3alyja JeHTATHIX KOMIIO3UTHUX UMIUIAHTAaTa ca OjadarmbiMa Ha
0asu 1upkoHujymMa”) be accepted, made available for public review and submitted for final approval to the
Council of Scientific Fields of Technical Sciences of the University of Belgrade.

In Belgrade,
May 22.2026.

MEMBERS OF THE COMMITTEE

Dr Petar Uskokovi¢, Full Professor
University of Belgrade, Faculty of Technology and Metallurgy

Dr Dusica Stojanovi¢, Principal Research Fellow
University of Belgrade, Faculty of Technology and Metallurgy

Dr Milos§ Petrovié¢, Associate Professor
University of Belgrade, Faculty of Technology and Metallurgy

Dr Aleksandar Kojovi¢, Associate Professor
University of Belgrade, Faculty of Technology and Metallurgy

Dr Aleksandar Staj¢i¢, Senior Research Associate
University of Belgrade, Institute of Chemistry, Technology and Metallurgy



	Referat-srpski
	Referat-engleski

