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Ob6agemTaBamMo Bac /1a je HacraBuo-nayuyHo Behe

(Ha3WB HAJUISIKHOT Tena (aKyaTeTa)

Ha cemHUIM oapkanoj 9.4.2026. romuHe  Pa3sMOTPHIIO MPEIIOKEHY TEMY H 3aKJbYUHIIO 1A je

TeMa MojoOHa 3a W3pagy MOKTOPCKE MUCEpTaIldje jep Caap Ku OpPUTWHANHY W]y W Ja je Of
3Hauaja 3a pa3Boj HayKe, IPUMEHY HBEHUX pe3yITaTa, OJHOCHO Pa3BOj HAyYHE MUCIIH YOIIIITE.

IIpumor 1. Opnyka HacraBHo-HaydgHOT Beha o mpuxBaTamy TeMe U oapehuBamy MEeHTOpa
2. W3Bemrraj Komucuje o olieHN HaydHE 3aCHOBAHOCTH T€MeE JTIOKTOPCKE AMCEPTAIIHje

Hanomena: ®akyJiTeT 10CTAB/ba Y HUBEP3UTETY 3aXTEB €A MPUWIO3UMA Y eJIeKTPOHCKOj (hopmu 1
Y jeAHOM NMHCAHOM NMPHUMEPKY 32 ApXUBY Y HUBepP3HUTeTa



JII
Ha ocuoBy un. 40. craB 3. 3akoHa O BHCOKOM oOpa3zoBamy, uwi. 112. craB 3. Craryra
Yuusepsutera y beorpany, wi. 88. craB 3. Craryra TM®-a u un. 33. IlpaBuiHuka o
JTOKTOPCKUM cTynujama TMd-a Ha cemnunu HacrtaBHo-Hayunor Beha TexHosormiko-
MeTtanypuikor gakyiareta o 9. 4. 2026. roguHe, 10HETA j&

OJJVKA
o npuxBatamwy M3Bermiraja Komucuje 3a orieHy Hay4dHe 3aCHOBAHOCTH TEME
JIOKTOPCKE AMCEpTaIlyje u opehuBamy MEHTOpA

[IpuxBara ce M3Bemraj Komucuje o HaydyHO] 3aCHOBAaHOCTH TE€ME€ 3a H3paay IOKTOPCKE
mucepranyje kanaugata Houda (Ali Madani) Gamoudi, 6poj mamekca 2022/4031, non
Ha3UBOM:

»CHHTe3a M KapaKTepu3auuja JeHTATHUX KOMIO3UTHUX HMILUIAHTATA €A 0jayamhbuMa Ha
0a3u nupkonmujyma (Synthesis and characterization of dental composite implants with
zirconium-based reinforcements)”.

Oanyky o0 J[aBamy CarflaCHOCTH Ha TMpemjor TeMe JIOKTOPCKE HucepTalije TOHOCH
Yuusepsuret y beorpany.

3a menTope ce oapel)yjy np Becna PanojeBuh, penosuu npodecop YuuBepsuteta y beorpamy,
Texnonomko-metanypuiku ¢Gakyiarer u nap Mpana Crajuunh, BUIIM HaydyHU CapagHUK,
WuctutyT 3a HykieapHe Hayke ,,BuHua®, MTHCTUTYT 071 HalMOHAIHOT 3Ha4aja 3a PemyOnuky

Cpbujy.

Onnyky nocraBuTH: YHHBep3uTery y beorpany, kanmupary, mentopuma, Ciyx0u 3a
HACTaBHO CTYJIEHTCKE MOCIOBe U apXxuBU Pakyirera.

NTEKAHKA

IIpod. np Mupjana Kujepuanun



YHUBEP3UTET Y BEOI'PAZLY
TexHo0mKO-MeTANYPIIKH (paKkyaTeT

HACTABHO-HAYYHOM BERY

Ipeamer: M3BemTaj 0 oLieHH Hay4YHE 3aCHOBAHOCTH TEME JJOKTOPCKe nucepTauuje kanaugara Houde Ali
Madani Gamoudi MacTep WHXXEHbepa TEXHOIOTHje — MacTep WHKEHEP 3a MaTepurjaie, 3a u3pamy TOKTOPCKE
JUCepTallyje

Opmyxom HacraBHo-HayuHor Beha TexHomomko-metamypimikor (akynrera YHuBep3urera y beorpamy Op.
2026-35/80 onm 5. mapra 2026. roaMHe, MMEHOBaHM CMO 3a uwiaHoBe Kommucuje 3a oueHy Hay4He
3aCHOBAHOCTH TeMe JIOKTOpcKke nucepranuje kanmuaara Houde Ali Madani Gamoudi, MacTep mHxemepa
TEXHOJIOTHje — MacTep HHKEHEp 3a MaTepHjaje, 3a U3pary JOKTOPCKE TUcepTalyje U HaydHe 3aCHOBAHOCTH
teme: ,,CHHTE3a W KapakTepH3aldja JCHTATHMX KOMIIO3UTHMX MMIUIAHTaTa ca oOjadyamhMa Ha 0asu
nupkonnjyma” (”Synthesis and characterization of dental composite implants with zirconium-based
reinforcements™).

Ha ocHOBY MaTepujaia mpuIoKeHOT Y3 MPHjaBy TeMe KaHauaata, Komucuja mognocu cienehu

N3IBEIITAJ
1. Iogauu o kKaHAUAATY

1.1. Buorpadcku noxanu

Kanmumar Houda Ali Madani Gamoudi polena je 12. ¢ebpyapa 1982. rogune y Tpumonujy, JInbwuja.
OcHoBHe akajgeMcke cryauje je 3aBpmmiaa 2006. roauHe Ha YHuBep3uteTy y Tpumnonujy, JluOwuja,
JlemapTMman 3a cromaTonorujy. Mactep akajeMcke CTyadje Ha YHuBep3utety y beorpany, TexHosoriko-
MeTanyplwku (GaxkyiTeT, CTyaujcku nporpam HmxkemepcTBo Matepujana, 3aspumwia je 2021. roguse.
JokTopcke akajneMcke crynuje ymucana je 2022. roguHe Ha YHuBep3uteTy y beorpamy, Texnomomiko-
METaNypIIKu GaxkyiTeT, cTyaujcku mporpam UmkemepcTBo marepujana. Ox 2007. roguHe 3amocieHa je y
Omnurroj 6onanuy y Tpunonujy, JInbuja.

1.2. CredueHO HAYYHOUCTPAXKUBAYKO HUCKYCTBO

Kanmunar Houda Ali Madani Gamoudi je na Karempu 3a KOHCTPYKIIMOHE M CHEIHjaJiHE
Marepujajge Ha TeXHOJOMIKO-MeTamypiikoM QakylaTeTy YHuBep3utTeTa y beorpagy ymucana
nokTopcke ctyauje 2022. roauHe U MOJO0XKUIAa CBE MCIUTE MO MpeBUl)eHOM HACTaBHOM ILIaHy U
nporpamy ca cieaehum pesynraruma:

[Ipenmer Oruena ECIIb

1. OpabpaHa morjaB/ba HyMEpUUKE aHAIU3E 10 6
2. Xemuja QYHKIMOHAIHUX OKCHIA 10 6
3. TepmoanHaMHKa YBPCTOT CTamkA 10 6
4. Hayka 0 MaTepujajrMa U HH)KESHEPCTBO MaTepHjajia 10 6
5. Ou3nuko-MexaHWUKa HCIUTHBAKA MaTepHjalia — BHIIHN KypC 10 5
6. CTpykTypa U CBOjCTBa KOMIIO3UTHUX MaTepHjaia 10 5
7. MeraJ, yrJb€HUYHHU ¥ KEPAMUYKH KOMIIO3UTH 10 5
8. DyHKIHMOHAJIHH KOMIIO3UTHU MaTepHjaIu-BUILIHN KypC 10 6
9. BHOKOMIIO3UTHH MaTepHjalH 10 5
12. 3aBpIIHU UCTIUT 10 30

IIpoceyna oneHa/yKynio 6010Ba 10 80




3apmHu MUt L,,CHHTE3a W (QU3WYKO-MEXaHWYKA CBOjCTBAa IMOJUMEPHUX KOMIIO3UTAa 3a TNPUMEHY Y
neHtamHuM uMiutantuMma” (“Synthesis and physic-chemical properties polymer composites for dental
implants application”), onopanwuna je 9. jyna 2023. roause.

Jo cana je objaBmia pagoBe MPOUCTEKIIE U3 TE3E:

Kareropuja M21:

1. Gamoudi, H. A., Radojevi¢, V., Stajci¢, A., Petrovi¢, M., Simovi¢, B., Stojanovi¢, D. B., Staj¢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¢, L., Stojanovi¢, D. B., Simovi¢, 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).

Kareropuja M33:

1. Gamoudi, H. A., Stajci¢, I, Kojovié, A., Stojanovi¢, D.B., Stajci¢, A., Radojevi¢, 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). Ni8, Faculty of
electronic engineering (ISBN 979-8-3315-1417-4).

1.3. OneHa ocnoco0JHEHOCTH KaHAMIATA 34 Al HA OPEUI0KEHO] TEMHU

Kanmunatkuma Houda Ali Madani Gamoudi moka3ana je TOKOM paja Ha JOKTOPCKOj JUCEPTAIUju Ja je
0CTIOCO0JbeHA 32 HAYYHOUCTPAXMBAYKH PaJ] KAa0 M BUCOK CTEIICH caMOCTaNHOCTH. [looxmia je cBe ucrmre
Ha JIOKTOPCKMM CTyIMjamMa Kao ¥ 3aBpIIHM pajJ Be3aH 3a TeMy naucepramuje. Ilopex camocramHOr
TUTaHUpakha, Kperpama U pealii3allje HCTPaKUBabha BE3aHUX 32 TEMY JOKTOPCKE JUcepTalyje, mokasana je
W aHAJIMTHYHOCT W TEAaHTHOCT TPU 00paau M TUCKYCHjH pesynTara. M3 came mpeyoxkeHe TeMe JOKTOPCKe
UcepTalyje, 10 caaa je o0jaBuia jemaH paja y Boxehem MeljyHapomHOM yacomucy kareropuje M21, jenan
pax y Boaehem MeljyHapoJHOM dYacomucy kaTeropuje M22, jemHo caommTeme Ha MeljyHapomHOj
KoH(pepeHnuju kareropuje M33. Ha ocHOBY NprKazaHUX aKTHBHOCTU W pe3yiTaTa KOMHCHja cMarpa Ja
KaH/MJIAT UCITyHhaBa yCIIOBE 3a PaJl Ha MPEIJIOKEHO] TEMHU JIOKTOPCKE JUCepTaIlrje.

2. IIpeaMeT M HWb UCTPAKUBAKA

Pa3Boj caBpeMeHHX CTOMATOJIOIIKMX MaTepHjajia MPeACTaB/ba jelaH O] Haj3HAuajHUjUX HU3a30Ba y 001acTh
OMOMETUIIMHCKOT WHKEHEPCTBA U HayKe o Marepujanma. CTOMATONOIIKYA PECTOPATHBHU CUCTEMU MOPajy
Ja WCIyHE BeNIWKM Opoj CTPOrMX 3axTeBa, yKJbydyjyhm BHCOKY MEXaHWUYKYy OTIIOPHOCT,
OMOKOMITAaTHOMITHOCT, CTaOMITHOCT Y XEMHjCKH arpecHBHOM OKpYXKeWmY YCHE IYIJb€ U AYTOTPajHOCT Y
YCIIOBHMA IUKJINYHUX MEXaHHUYKUX onTepehiema. Y KIMHIUYKO] MPaKCH MaTePHjaH Cy U3JIOKEHH CIIOKEHUM
yCIIOBUMa KOjW YKJbYYYyjy KOMOHWHAIIM]y MEXaHWYKOI Hallpe3ama, TEeMIepaTypHHX BapHjaldja, Biare H
XEMHjCKUX areHaca. YmpaBo 300r Tora, pa3Boj MarepHjaja KOjU MOTy Ja OATOBOPE Ha OBE 3aXTEBE
MpeJCcTaBiba MPUOPUTET CaBPEMEHUX HCTPAXKHUBAKA y 00JIACTH CTOMATOJIOTHjE U MHKEHEPCTBA MaTepHjaa.
Hako je mocneamux [eleHWja OCTBapeH 3HAaudajaH HampelaK y pa3Bojy MOJIMMEPHHUX M KOMIO3UTHHX
CTOMATOJIOLIKUX MaTepHjaia, MHOTH O]l IbHX M Jlajhe MMoKa3yjy oapeheHa orpanuuema. [lomumepHnu cucremu
KOjU ce KOpUCTE y CTOMAaTOJOTHjU YECTO HWMajy OrpPaHWYeHy OTIIOPHOCT Ha Xalame, HEJOBOJHHY
MOBPIIMHCKY TBPJIONY W PENaTUBHO HUCKY OTIIOPHOCT Ha MIMpewe npcinHa. OBa CBOjCTBA MOTY JIOBECTH JIO
nocreneHor omrehema Mareprjana, TO HA Kpajy pe3yaTupa ryOUTKOM (YHKLIHMOHAIHOCTH U IIOTPEOOM 3a
3aMEHOM pPECTOpaTHBHHUX elleMeHaTta. 300T Tora je jeJjaH o]l MIaBHUX IMJbEBa CaBPEMEHHNX HCTPaXKHUBamba Y
OBOj 00J1aCTH pa3BOj MaTepHjaya ca MoOOJbIIAHUM MEXaHHUYKMM W TEPMHYKHM CBOjCTBMMA, KOjH OU MOIJIH
na obesz0ene OyKM paJHM BEK CTOMATOJIOMIKMX PECTOPAaTHBHHUX cHCTeMa. JenaH oA HajeUKacHUjHX
NpUCTYNa 3a MOoOOJbIIAEkE CBOjCTAaBA IOJMMEPHUX MarepHjana jecTe yBoheme HEOPraHCKMX IyHWIa y
noJIMMepHy Martpuily. KepaMmuuike yectuiie, METaTHH OKCHJIU M PA3IMYUTE HAHOCTPYKTYPE MOTY 3HAYajHO
YHaIpeIuTH MeXaHW4Ka 1 TePMHYKa CBOjcTBa KoMio3uta. [lo0osbiame cBojcTaBa OBUX CHCTEMa 3aCHUBA CE
Ha HEKOJIMKO MeXaHHM3aMa, Kao IITO Cy NPEHOC Hampes3ama ca MOoJMMEpHE MaTpuile Ha KpyTa ojadama,
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CKpeTame M 3ayCTaBJbambe IINPEHa MPCIMHA, KA0 U OTPaHNYCHE IMOKPETIFUBOCTH MOJIMMEPHHX JIAHAIA Y
Onu3uHu Mehyrpanuiie usMel)y moiuMepa ¥ Heopraucke ¢ase. YBoleme ojauama Takolje MOXKe JTOBECTH 10
nmo0oJblllaka TEPMUYKE CTAOMITHOCTH, TBpAOhEe M OTIHOPHOCTH Ha Acdopmalinjy KOMIIO3UTHOT MaTepujaia.
[TocebHy maxmy NOCIEABUX FOJMHA NPUBIade HAHOCTPYKTYPHA Ojadama. 3aXxBajbyjyhu BEIUKOM OAHOCY
MOBPIIMHE H 3ampeMuHe, HaHOodYecTHIe oMoryhaBajy WHTEH3WBHH]Y WHTEPAKIH]y ca MOIUMEPHOM
MatpurioM. OBa 1ojaBa JOBOJM A0 M3pakeHHUjeT MoO0JbIIaka CBOjCTaBa KOMIIO3UTA YaK M MPU PETATHBHO
MaJuM KOHIIGHTpalljamMa TWyHWIa. YTpaBo 300r Tora HaHOMATEPHjalld IMPEACTaBbajy jJEAHY OJ
HajMIepCIIeKTUBHUJUX Tpymna ojadaBajyhmx (aza y caBpeMEeHHM MOJIMMEpPHUM KOMITO3UTHMA. 3axBasbyjyhu
BEJINKOM aCIIEKTHOM OJTHOCY M CITOCOOHOCTH (hOpMHUpara MPOCTOPHUX Mpeka YHyTap IOJHMMEpHE MaTpHIIe,
HaHOBNakHa omoryhaBajy e(uKacHUjH TPEHOC Hampe3amba M M00OJbIIAKE MEXaHWYKEe CTaOWUITHOCTH
koMmmo3uTa. buxoBa reomerpuja omoryhaBa (opmupame ojadaBajyhux CTpyKTypa KoOje MOTY 3Ha4yajHO
YTUIIATH Ha MEXaHMYKa CBOjCTBA MaTepHjaya. JenHa of IEHTPATHUX XUIIOTe3a OBE JOKTOPCKE ANCEpTaIHje
jecTe 1a ce KallHUCAmbEM eIEKTPOIIPEICHUX KOMIIO3UTHUX BiaKaHa MOTY TOOUTH KepaMUUKa HAaHOOjauamba
Koja he moBecTH 10 3HaYajHOT MOOOJHIIAKA MEXAHWYKHX M TEPMUYKHX CBOjCTaBa MOJMMEPHE MaTpHIIC.
Enextponpeneme ce m3aBaja Kao jemHa of Hajuenrhe KOpWIINEHMX METOAa 3a CHHTE3y HaHOBIIAKaHA, jep
omoryhaBa mpenu3Hy KOHTpoiy Mopdooruje, mpedHnKa u CTpyKType BiakaHa. OBa meToma omoryhasa
no0ujame BlaKaHa ca BEOMa MaJIMM MPEYHUKOM M BUCOKOM CTPYKTYPHOM XOMOT'€HOIINY, IITO je 0] BETUKOT
3Ha4aja 3a MOCTH3amke PaBHOMEPHE AUCTPHOYIHjE Ojadama Y TOJMMEPHO] MATPHUIIH.

Kao monmMepHa maTpuiia y OBOM HCTpaxuBamy opabpaH je monuerapumuna (PEI), tepmomnactuunm
MOJIMMEP KOjH ce OJUIMKYje BUCOKOM TEMIIEPaTypOM CTaKJIACTOT Tpeliasa, JOOpOM MEXaHWYKOM YBpCTONOM
1 M3y3eTHOM XeMHjcKoM crtabmiHomhy. 3axBaspyjyhu oBuM cBojcTBuMa, PEI mpesncraBipa mepcreKTHBaH
MaTepHjaj 3a NpUMeHy y OMOMEIUIIMHCKUM U CTOMATOJIOIIKUM CHCTEMHMA, IIOCE0HO Kaja ce KoMOuHyje ca
HEOpraHckuM ojauyaBajyhum (azama. Y okBupy oBe aucepraiuje Ouhe M3BeleHAa CHHTE3a LUPKOHU]jYM-
muokcraa (ZrOz) y oOMKy HaHOBJIAKaHA, MyTEM KalIMHAIH]E EIeKTPOIPEICHUX MPEKYPCOPCKUX BIAKaHA.
LnpkoHHjyM-THOKCH]I j€ IHUPOKO IMO3HAT KEPAMHUUKH MaTepHjall KOjH CE OJUIHKYje M3Y3€THOM MEXaHUIKOM
YBpCTONiOM, BHCOKOM TBpIOhOM M H3paKeHOM XeMHjckoM crtabunHomhy. Y crtomaromoruju ce Beh
)ICHCHI/IjaMa YCICHIHO KOPUCTU Yy H3paJu HMIUIaHTaTa, KpyHHIA W JAPYIrux peCTOpPATUBHHUX CJIEMCHATa
3axBaJbyjyhu CBOjoj OMOKOMIATHOMIIHOCTH U BHCOKO] OTHOPHOCTH Ha xabame. [lopen Tora, ZrO, mokasyje
BHCOKY JKMJIaBOCT Yy mopelemy ca IpyruM KepaMHUUKUM MaTepyjainMa, ITO Ta YAHU U3Y3€THO MOTOJHUM 32
NpUMEHY Yy MaTepujainMa KOju Mopajy Ja M3Jpke 3HayajHa MexaHudka onrepehema. Ouekyje ce nma he
HAaKOH yrpajiib¢ OBUX HAaHOBJIAKaHA y IMOJMETAPUMHIHY MATpHIly YaK W PEJIaTHBHO Maje KOHIIEHTpaluje
Ojadama JIOBECTH JO 3HadajHOr moBehama MHUKpOTBpaohe W Momyna eracTHYHOCTH KommosuTa. OBo
noboJblialke MOXKe ce objacHuTH ¢opMmupameM cradbwine mehybdaze usmelly monmmepHe Marpuie u
KEepaMHYKHX BJlaKaHa, KOja OrpaHNyYaBa CETMEHTAIHY HOKPETJBHBOCT IOJMMEPHHX JaHama u mnosehaBa
OTIIOPHOCT MaTepHjana Ha nedopMariyjy.

[Topen BiakHACTUX HAHOCTPYKTYpa, 3HauajaH MOTEHIMjal 3a OjayaBarbe MOJIMMEPHUX KOMIIO3UTAa MMajy U
KepaMHU4Ke YEeCTHUIIEe Ca MEPOBCKUTHOM CTPYKTypoM. Okcuan xao wmto cy BaZrOs, SrTiOs; u Y203 mosnatu
Cy T10 CBOjOj BUCOKO] TEPMHYKOj CTAOMITHOCTH, MEXaHUYKO] YBPCTONM M OMOKOMITATHOMIHOCTH. YIIPaBo OBa
KOMOWHaIIMja CBOjCTaBa YMHH MX MMOTOJTHIUM KaHAMJATHMA 33 IPUMEHY Y OMOMETUIIMHCKUM MaTepHjaiiMa U
CTOMATOJIONIKMM KoMmo3utuma. [loceOHo je mHTepecaHTHa MOryhHOCT (popMuparma XUOPUAHUX CUCTEMA Y
KOjuMa ce KOMOWHY]Y Pa3M4UTH OKCHIH, KaKo OW ce MOCTUTIIM CHHEPTHjCKH e(PEeKTH U ONTUMH30Bala
CBOjCTBa KOMIIO3UTa. Y OKBHPY OBOT' HCTPa)KHBara MPOICCUPAHU Cy HOBU XUOPHIHN KEPAMUYKH CHCTEMH
Ha Oasum BaZrOs3-Y,03-SrTiOs (BZYS), xoju he Outn kopumheHn Kao MyHHOLUHM Y MOJHUETAPUMUIHAM
KOMIIO3UTHMA. 32 CHHTE3y OBUX cHhcTeMa Ouhe nmprMemeHa MEXaHOXEMHjCKa aKTHUBalHja, Koja MpeacTaBiba
pEeNaTHBHO jeHOCTaBHY, alld BeoMa e(UKacHy TEeXHUKY 3a JoOHjambe XMOPWIHUX KEpaMHUYKUX OKCHJIA.
Ouexkyje ce na yBoheme oux kepammukux dectuna y PEI marpumy noeene nmo 3navajHor mosehama
MHUKpPOTBpAOhe KOMIIO3UTa M TeMmIeparype cTakiactor mnpenasza. [losehame Temmeparype crakiacTor
mpeJia3a 4ecTo ce TyMadd Kao JIoKa3 ¢opMupama uMoomin3oBane Mehydasze oko yectuiia myHuia, y Kojoj
Cy TOJIMMEpPHH JIaHIIM OTPAaHMYCHW y CBOM KpeTamy yciell (U3MYKMX W XEMHjCKUX HWHTEpakiuja ca
NMOBpIIMHOM HaHouyecTua. OBa MmojaBa JOBOIM 1O NOBehamka MEXaHWYKe CTAOMITHOCTH MaTepHjaia U Bherope
ornopHoctn Ha JAedopmanujy. Ilopen Tora, 300r CBOjUX NHE30€IEKTPUYHUX CBOjCTaBa J0JATaK OBHX
YeCTHIIA MOXKE J1a MOJICTAKHE anxe3ujy u npoiudepaiujy henuja. OBe yecTUlle TEHEPHIY SICKTPUIIUTET U3
KpeTama U MPUTUCKA, Kao IITO je Bakame. Ha Taj HauWMH mocTtajy OCHOBA 3a JIM3ajH MaMETHUX JICHTATHHX
UMIIaTaTa ca yrpa)eHuM M3BOPOM Hamajamba, 11a 4aK ¥ CIPOBOJE CBETIIOCHY TEpallujy Kako OU 3aleduif 1
3aIITUTHIN OKOJTHO TKHBO JIECHH.



[Ipenmer oBOr HMcTpaxknBama O0yXBaTa CHHTE3y, MoAu(UKanMjy M KapakTepu3alHjy HOBHUX IOJIHMEp-
KEepaMHUKHX KoMIO3uTa 3acHoBaHMX Ha PEl marpumm u KepaMHYknM HaHO- M MHKpOOjadamuMa.
UctpaxkuBambe ykJbydyje pa3BOj M ONTUMH3ALMjy METoJa CHHTEe3€ IyHHWIA, HBHUXOBY HHTETpalujy vy
MOJIMMEPHY MaTpHily, Ka0 1 CBeOOyXBaTHY aHaJH3y CTPYKType, MOp(doiorHje, TepMUUKUX U MEXaHUYKHX
CBOjCTaBa JOOMjCHUX KOMITO3UTA.

Konaunu nuse oBOT paja jecTe pa3Boj HOBUX KOMIIO3MTHHX MaTepHjajia ca MoOOJbLIIaHUM MEXaHHYKUM H
TePMUYKAM CBOjCTBHMA, KOjU OM MOTIM na Hal)y NMpUMeHy y CTOMATOJIOIIKAM W OMOMEAMIIMHCKUM
cucremnMa. [loceOHa maxma Omhe mocBehena pa3ymeBamy MexaHHM3aMa oOjadaBama y MOJUMEPHUM
HAaHOKOMIIO3UTHMAa M YCIIOCTaBJbalby Kopenanuje u3Melly MHKpPOCTPYKType MarepHjala U HHUXOBHX
MaKpOCKOIICKUX MEXaHHUYKUX CBOjcTaBa. OuUeKkWBaHH pe3yJTaTH HCTPAXKHBamka MOTY IONPHUHETH Pa3BOjy
HOBE IreHepallfje CTOMATOIOMIKMX KOMIIO3UTHHUX MaTeprjaja ca MoOOJbIIaHINM CBOjCTBUMA U Ty>KUM PaTHIM
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3. Iloyga3He xumortese

- VYrpagma KepaMHYKHX HAHO- W MHKpO-Ojadyara y TMOJUMEpHY MaTpully AoBemfie 10 3Ha4ajHOT
mo0OoJbllIalkba MEXaHWYKAX CBOjCTaBa KOMIIO3WTHHUX MaTepHjayia, Mpe CBera MUKPOTBpAohe m Momyna
eTaCTUYHOCTH.

- Kepamuuka ZrO, HaHOBNIakHa JOOWjeHAa eJCKTPOIpEACHEeM M KalluHucambeM oMmoryhuhe edukacHo
OjavaBambe IOJMMEPHE MaTPHIIE.

— XuOpHIHH OKCHIHM CHCTEMH KOjU KOMOWHYjy BHILE Pa3IMYUTHX KEPAMHYKUX KOMIIOHEHTH (HIIp.
BaZrOs, SrTiOs; u Y203) ucnoseuhe cuHeprujcke eexre y mojJuMepHO] MaTpuIM, mTo he J0BECTH 10
cTaOWIIHHMje MUKPOCTPYKTYype KOMIIO3uTa, OOJbe IucTep3dje NyHWIa W H3paKEeHHjer MoOoJbllama
MEXaHUYKHX, TePMHUUKUX U TUCTEKTPUIHUX CBOjCTABA.

— Mopdonoruja u pacrnojena KepaMHUYKUX Ojadyara yHyTap MOJIMMEPHE MATPHIIC MPEICTaBbajy BaKaH
(hakTop KOju oapelyje MexaHNUKO MOHAIIake KOMIIO3UTA, PU YeMy he paBHOMEpHa IUCTIep3Hja YeCTUIa
W HaHOBJaKaHa oMOryhuTH eQUKacHWjU TPEHOC Hampe3ama W ONTUMallHe MeXaHWuke mephopmance
MaTepHjana.

4. HayuyHe MeTO€e HCTPAKUBAEA

HctpaxkuBambe y OKBHPY IpEUIOKEHE JOKTOPCKE IucepTauuje o0yxBaTa CHHTE3Y M KapakTepu3alujy
KepaMHUYKHX Ojadyara, MPHUIPEMy KOMIIO3MTA Ca IOJUMEPHOM MATPHIIOM W HCIHTHBAKE HHUXOBHX
CTPYKTYpHHUX, MOpP(QOJOMIKHX, TEPMHUUKHX M MEXaHHMYKUX CBojcTaBa. EKcrepuMmeHTanHu paja Owuhe
peann30BaH NIPUMEHOM CaBPEMEHHUX METOJa CHHTE3€ MaTepHjaia U aHAIUTHYKUX TEXHUKA KapaKkTepu3almje.
Kepamuuka HaHOBIIaKHa IMPKOHUjyM-auoKcuna (ZrQ,) Ouhe CHHTETHCaHAa METOJIOM EJEKTPONpe/eHha y
MPBOM KOpaky, monazehin oj pacTBopa mpekypcopa Koju CaapKH MOJMMEPHY KOMIIOHEHTY M OJrosapajyhy
LIUPKOHUjyMOBY co. HakoH mpoueca enekTponpenema, 100HjeHa KOMIIO3UTHA BilakHa Ouhe moaBprHyTa
KOHTPOJIMCAHOj TEPMHUYKO] 00paji, TOKOM KOje JI0JIa3H JI0 YKIIamkamba OpraHcke KOMIIOHEHTE U GopMUparma
kepamuike Qaze. Ha oBaj HaumH 100Ujajy ce kepaMHUiKa HAHOBIIAKHA Ca Pa3BUjEHOM MOBPIIUHOM, OTOIHA
3a ojayaBame MOJMMEpHUX MaTpuua. [lopen BIakHAacTHX HaHOCTPYKTypa, Ouhe cuHTeTHCaHW W XUOPUAHU
OKCHIHM TpaxoBu Ha Oa3u cucrema BaZrO;-Y,0;-SrTiO;, mpumMeHOM MeXxaHOXEMHjCKEe aKTHBalHje,
OJTHOCHO MJIEBEHA Y IIaHeTapHOM MimHY. OBaj mocTynak oMoryhaBa HHTCH3HBHY MEXaHWUYKY aKTHBAIIW]Y
MPaxoBa, CMabEHHE BEIMUKMHE YeCTUIA U MOTYly IeIMMUYHY CYNICTUTYLIHjY KaTjoHa Y KPUCTATHO] PELIETKH,
LITO MOXXE YTHLIATH Ha CTPYKTYpy M (YHKIHOHaJHa CBojcTBa MaTepujana. [lpumpema komrmosuta
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oOyxBaruhie IUCIIEProBame KEPaMHUYKHX YECTHIA WM HaHOBiakaHa y pactBopy PEI, nakoH wera he
ycnenutd  (GopMHpame KOMIIO3MTHHX (HUIMOBAa METOJOM H3JHMBakba Ca KOHTPOJHMCAHUM CYIICHEM.
Mopdonoruja U MHKPOCTPYKTYpa CHHTETUCAHMX HAaHOBJIAKaHA W HAHOYECTHIA, Kao W TOBPIIMHA
KOMITO3UTHHX MaTepujaia Ouhie HMCIUTUBAHE NPUMEHOM CKeHHUpajyhe eJIeKTpOHCKE MHUKPOCKONHje ca
emucujoM mosba (FESEM) m onTruke MHKpOCKOmNHWje, y3 aHaTW3y BEIWYMHE M pacIojelie 4YecThla U
armomepara. KpucramHa ctpykrypa marepujaina Ouhe oapehena metomom pernrtrencke mudpaxiuje (XRD),
koja omoryhaBa wuaeHtTudukauujy ¢asza u oapehuBame mapameTapa KpHCTalIHE pemeTKe. XeMHjcKa
CTPYKTypa ¥ TIPUCYCTBO KapaKTCPUCTHYHHMX (PYHKIUOHAIHUX Tpyna Owhe aHAIM3UPaHU TPUMEHOM
nH(panpeeHe crekrpockonuje ca DypujeoBom Tpancopmanujom (FTIR). Tepmmuka cBojcTBa
KOMITO3UTHUX MaTepujaia Owhe MCnuTHBaHA TpUMEHOM audepeHIHjaTHe CKeHupajyhe kanopumerpuje
(DSC), npu yemy he ce ompeauTu Temmeparypa CTAaKJIacTOT Mpeia3a M aHAIM3UPATH YTHUIA] KepaMHUYKUX
Ojadyarba HAa TEPMHUYKY CTaOMJIHOCT TONMMepHe wMartpure. Takohe je mpemBmheno u oppehuBame
IUETICKTPUYHUX CBOjCTBA KAaKO CHHTETHCAHMX YECTHLA TAaKO M KOMIIO3MTa. MexXaHWYKa CBOjCTBa
Matepujaia Owhe wucnMTaHa METOJAOM MHUKPO- W HaHOWHACHTaIje, kKoje omoryhaBajy onpehuBame
MUKPOTBpIOfie M pelyKOBaHOT MOJyJIa eIaCTHYHOCTH KOMITO3UTa. JJoOMjeH! eKCIIepUMEHTAHN Pe3yITaTH
Omhe cTaTUCTHYKKA aHATW3WPAHW TPUMEHOM ONATroBapajyhmx Meroma, Kao INTO Cy aHalu3a BapHjaHce
(ANOVA) u mocT-XOK TECTOBH, KaKo OM C€ MPOIECHUO YTHUIA] KOHIICHTpalKje U MOP(OJIOTHje ojayarha Ha
MeXaHMUYKa ¥ TEePMHUYKa CBOjCTBA KOMIIO3UTHUX MaTepujaa.

5. OuexkuBaHM HAYYHHU JONPHHOC

— Pa3Boj HOBMX KOMIO3UTHHX CHCTEMa 3aCHOBAaHMX Ha MOJUMEPHOj MATPHUIIXA U KEPAMUYKHM OjadyarbiMa y
BH/ly HOBIX HaHOBJIaKaHA ¥ HAHOYECTHIIA, KOJH MOKa3yjy M0O0O0JbIIIaHA MEXaHUYKA ¥ TEPMIYKA CBOjCTBA Y
nopehemy ca KOHBEHIIMOHATTHUM CTOMATOJIONIKMM MaTepHjaInMa.

— CuHTe3a U KapakTepu3anuja kepamuikux ZrQ, HaHOBIakKaHa JOOHMjEHUX eJEKTPOIpeJeHheM, Kao HOBE
ojauaBajyhe ¢aze 3a monmmMepHe KOMIIO3WTE, W WCIHUTHBAKkE MHHUXOBOT YTHI@ja HA CTPYKTYypy H
MeXaHMYKa CBOjCTBAa KOMIIO3UTHUX MaTepHjaia.

— MHcnuTuBame MOTEHIMjajda HOBOT XHOPHIHOT OKCHIHOT cucteMa Ha 0asu BaZrOs;-Y,03-SrTiO; kao
ojauaBajyhe ¢aze y PEI martpumm, yxpyuyjyhu aHanmsy yTuiiaja BHXOBE MUKPOCTPYKTYPE, BEIHIUHE
YecTulla M pacrhojiesie y MOJMMEPHO] MATpPUIM Ha MEXaHWYKa, TePMHUYKa W JHUEJeKTpUYHA CBOjCTBA
KOMITO3HUTA.

- VYcnocraBibame Kopenamyje usMel)y MHKpOCTpyKType, MOpQOJIOrHje M pacrojelie KepaMHYKHX
HAHOBJIAKAHA ¥ HAaHOYECTHUIIA YHYTap IMOJMMEpPHE MaTpUIle M MAKPOCKOIICKUX MEXaHHMYKHX CBOjCTaBa
KOMITO3UTHHX Matepujaia, mro he omoryhnTu 00Jbe pasymMeBame MEXaHN3aMa OjadaBama y MOJIUMEPHHM
HaHOKOMITO3UTHMA.

— Jlebunucame ONTUMAHUX YCJIOBa MPHUIPEME W cacTaBa KOMIIO3UTa Koju 00e30elyjy Hajoosba
MEXaHWYKa, TePMHYKAa M IHMENEKTPUYHA CBOjCTBA Marepujaja, IITO MOXE IpEICTaB/baTH OCHOBY 3a
Pa3Boj HOBE T€HEpaIrje CTOMATOJIOMIKUX KOMIIO3UTHUX MaTepHjana ca MoO0JbIIaHOM TyroTpajHornhy u
oTnopHomhy Ha MexaHn4ka ontepehema Kao ¥ MaMeTHUX UMILIaHTaTa.

6. [L1an ucTpaxxuBama U CTPYKTypa pajga

HctpaxkuBama y OKBUPY IpeUIOKEHE JOKTOPCKe nucepTanuje Omhe peannzoBaHa Kpo3 Buiie melycoOHO
noBe3aHux (asza Koje oOyxBaTajy CHHTE3y KEPaMHUKHX Ojadara y BUAY HAaHOBJIAKaHA M HAHOYECTHLA Ha
0a3u UUPKOHHMjyMa, IPUIPEMY MOJMMEPHUX KOMIIO3UTAa M CBEOOYXBATHY aHAIU3y HUXOBUX CTPYKTYpPHHX,
TEPMUYKHX U MEXaHWYKHX cBojcraBa. JlokTopcka aucepranmja he OWTH mHcaHa Ha CSHIJIECKOM jE3UKY.
[Ipensuba ce na he y nokropckoj aucepranuju outu obpahena cieneha mornaspa: YBox, Teopujcku aeo,
ExcnepumenTtanu neo, Pesynratu u nuckycuja, 3akipyyak, Jluteparypa. YBoaHu neo oOyxBaTa NpHKa3
3HaYaja W aKTyeJHOCTH HCTPaKMBamba HOBUX KEpaMHUYKHX Ojadara Ha 0a3W IIMPKOHWjyMa 3a JCHTAJIHE
WMILUIAHTE, Ka0 M MPHKa3 HeJ0CTaTaKka aKTyeIHUX JICHTATHUX KOMITO3HUTa ca TOJIMMEPHOM MaTpUIoM. JacHO
he OuTH neduHMCAHN LMJBEBH, XUIOTE3€ U 3HAYa] UCTPaKUBama. TeopujcKH J1eo o0yxBaTa cHCTeMaTH4aH
MPUKa3 JIOCATallbiX UCTPAKUBAKA y OOJIACTH JIEHTATHUX KOMIIO3HMTA, KEPAMHUYKUX Ojadarba, XUOPHIHHX
HaHOjayamka M MHXOBUX edekarta Ha CTPYKTYpy W CBOjCTBa MarepHjaia, Kao M O MpeJHOCTHMA
esleKkTponpenema. Excriepumentanan aeo he moapasyMmeBaTH ONMC YHNOTPeOJbEHHUX Marepujana, MeToja
CHHTE3¢ KEpaMHUYKHX HaHoOjauama Ha 0Oa3m wnupkoHujyma (ykipydyjyhm enekrpomnpenewme ZrO;
HAHOBJIAKAHA W MEXAHOXEMH]CKY MpHIIPeMy XHOPHJIHHMX OKCHUIHHUX TpaxoBa Ha 0a3um BaZrOs), xao u
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MIOCTyIaka TpHUIpPEeMe KOMIIO3UTHHX MaTepHjajia W MeTOo/a HUXOBE KapakTepusaiuje. Y IOTIaBJby
Pesynratn wm guckycwja Owhe naTu mpuka3 W aHam3a TOOMjEHMX EKCIECPHUMCHTAHUX pPE3yiTara,
yKJBY4dyjyhul CTpYKTypHY, MOPQOJOMIKY, TEPMHUYKY M MEXaHWYKY KapaKTepu3alHjy KOMIO3UTHHX
MaTepHjajia U pa3Marpame yTHIaja KepaMHUUKMX HAHOBJIAKAaHA W HAHOYECTHIA HAa HHUXOBA CBOjcTBA. Y
3akspyuky he OWTH MPECTaBIbLEHO CyMHparme HajBAKHUJUX PE3yJTaTa HCTPAKUBAFKhA W WCTHIAKE HAYIHOT
JOTPHHOCA JIOKTOPCKE IHCepTaldje, Ka0 M CMEpHHUIE 3a Jajba HCTPAKHMBamba y OOJACTH ITOJMMEPHHX
KOMIIO3UTa 32 TPUMEHY Y HUMIUIaHTUMa, Koja o00yxBaTajy OMOKOMMIATHOMIHOCT W OHOAKTHBHOCT. Y
nmoriaBpy Jluteparypa Teopujcka pa3maTpama M eKCIepUMEHTallHAa HCTpaknBama Ouhe wucnpahena
JUTEpaTypHHM HaBOJMMAa M pAJ0OBHMa IIPOUCTEKIMM W3 pe3yinTara u3 oBe aucepranuje. OBako
KOHIIMITUpaHa CTPYKTypa oMoryhuhe cuctemMaTuuaH MpUKa3 pe3yniraTa HCTPaXHBamba U jacHO AeuHUCAE
HAYYHOT AOTPUHOCA MPEASIOKEHE JOKTOPCKE AUCepTalyje.

7. 3ak/by4aKk u mpeasior

Ha ocnoBy mznoxenor Komucuja cmarpa na kanaugat Houda Ali Madani Gamoudi ucriymaBa cBe moTpebHe
ycIIOBe 3a pajl Ha MpeIIoKEHOj TeMHU JOKTOpCKe aucepTaundje. Komucuja cmatpa fa je Tema mpeliokeHe
JOKTOPCKE AucepTaluje Mo HacloBoM ,,CHHTEe3a U KapaKTepu3alyja JeHTATHUX KOMIIO3UTHUX HMILIaHTaTa
ca ojauamuMa Ha 0asm mupkoHmjyMa” (’Synthesis and characterization of dental composite implants with
zirconium-based reinforcements”) Hay4HO 3aCHOBaHa | JIa IPECTaBJba 3HAUAjaH HAYYHH JOTPHUHOC HAYYHO]
o0nactu TexXHOJOIIKO HWHXEHEPCTBO, yka HaydyHa oOmact MmxemepcTBO Marepujaia 3a Kojy je
Texnonomko-meranypiku ¢akynrer YHuBep3urera y beorpaay marndan. Komucuja npennaxe HacraBHo-
HayuHoM Behy TexHomomko-meTamypiikor Qakynrera YHuBep3uTeTa y beorpany na kaaguaaty Houdi Ali
Madani Gamoudi omoOpu u3paay MOKTOPCKE TUCEpTAlMje I0j HaBEICHUM HaclIoBOM. Pamu ycreriHe
peanu3anmje CIOKCHUX MYITHIUCUUIUTMHAPHUX HCTPaKMBamba 32 MEHTOPE OBE JOKTOPCKE TUCEpTaldje ce
npemiaxy np Becna PagojeBuh, pemoBHu mpodecop TexHOMOmKO-MeTamypiikor (pakyiarera Y HUBEP3UTETA
y Beorpagy u ap MBana Crajunh, Bumm Hay4yHu capagHuk WMHCTHTyTa 3a HykJeapHe Hayke ,,BuHua”
YuuBep3urera y beorpany.

beorpan, 1. ampun 2026. ronuHa

YJIAHOBU KOMUCHIJE

Ip Becna Panojesuh, penqoBan npodecop
VYuusep3urera y beorpany, TexHonomko-MeTanypuks (akynrer

[p Wsana Crajuuh, BULIIM HAY4YHU capaJHUK
Yuusepsurera y beorpany, MHCTUTYT 3a HyKJIeapHe Hayke ,,BuHua”

Hp Ierap YckokoBuh, penoBuu npodecop
VYuusep3urera y beorpany, TexHonomko-MeTanypuks Gakynrer

Hp Aymuia CrojaHoBuh, HAyYHH CaBETHUK
Yuusepsurera y beorpany, TexHoomko-metanypiiku hakyirer

Hp Mumomr [Terposuh, Banpeaan npodecop
Yuusep3urera y beorpany, TexHoomKko-MeTanypiiku Gakyirer
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REPORT

1. Candidate Information

1.1. Biographical data

The candidate, Houda Ali Madani Gamoudi, was born on February 12, 1982, in Tripoli, Libya. She completed
her undergraduate academic studies in 2006 at the University of Tripoli, Libya, Department of Dentistry. She
completed her Master’s academic studies in 2021 at the University of Belgrade, Faculty of Technology and
Metallurgy, study program Materials Engineering. She enrolled in doctoral academic studies in 2022 at the
University of Belgrade, Faculty of Technology and Metallurgy, study program Materials Engineering. Since
2007, she has been employed at the General Hospital in Tripoli, Libya.

1.2. Acquired scientific research experience

The candidate, Houda Ali Madani Gamoudi, enrolled in doctoral studies in 2022 at the Department of
Construction and Special Materials at the Faculty of Technology and Metallurgy, University of Belgrade, and
has passed all exams according to the prescribed curriculum with the following results:

Course Grade | ECTS
1. Selected Chapters in Numerical Analysis 10 6
2. Chemistry of Functional Oxides 10 6
3. Solid State Thermodynamics 10 6
4. Materials Science and Materials Engineering 10 6
5. Physical-Mechanical Testing of Materials — Advanced Course | 10 5
6. Structure and Properties of Composite Materials 10 5
7. Metal, Carbon, and Ceramic Composites 10 5
8. Functional Composite Materials — Advanced Course 10 6
9. Biocomposite Materials 10 5
10. Final Exam 10 30
Average grade / total credits: 10 80




The final exam entitled “Synthesis and physic-chemical properties of polymer composites for dental implants
application” was defended on June 9, 2023.
She has published the following articles arising from her thesis:

Category M21:

1. Gamoudi, H. A., Radojevi¢, V., Stajci¢, A., Petrovi¢, M., Simovi¢, B., Stojanovi¢, D. B., Staj¢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)

Category M22:

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

1.3. Assessment of the candidate’s ability to work on the proposed topic

The candidate, Houda Ali Madani Gamoudi, demonstrated during her doctoral studies that she is well qualified
for scientific research work and possesses a high degree of independence. She has passed all doctoral exams
as well as the final project related to the dissertation topic. In addition to independently planning, designing,
and conducting research related to the doctoral dissertation topic, she has shown strong analytical skills and
thoroughness in processing and discussing the results. From the proposed dissertation topic, she has so far
published one paper in a leading international journal of category M21, one paper in a leading international
journal of category M22, and one presentation at an international conference of category M33. Based on the
presented activities and results, the committee considers that the candidate meets the requirements to work on
the proposed doctoral dissertation topic.

2. Subject and objectives of the research

The development of modern dental materials represents one of the most significant challenges in the fields of
biomedical engineering and materials science. Dental restorative systems must meet a wide range of strict
requirements, including high mechanical strength, biocompatibility, stability in the chemically aggressive
environment of the oral cavity, and long-term durability under cyclic mechanical loading.

In clinical practice, materials are exposed to complex conditions that include a combination of mechanical
stress, temperature fluctuations, moisture, and chemical agents. For this reason, the development of materials
capable of meeting these requirements is a priority in contemporary research in dentistry and materials
engineering. Although significant progress has been made in recent decades in the development of polymer
and composite dental materials, many of them still exhibit certain limitations. Polymer systems used in
dentistry often have limited wear resistance, insufficient surface hardness, and relatively low resistance to
crack propagation. These properties may lead to gradual material degradation, ultimately resulting in loss of
functionality and the need for replacement of restorative elements. Therefore, one of the main goals of modern
research in this field is the development of materials with improved mechanical and thermal properties, which
could ensure a longer service life of dental restorative systems. One of the most effective approaches for
improving the properties of polymer materials is the incorporation of inorganic fillers into the polymer matrix.
Ceramic particles, metal oxides, and various nanostructures can significantly enhance the mechanical and
thermal properties of composites. The improvement of these systems is based on several mechanisms, such as
stress transfer from the polymer matrix to rigid reinforcements, crack deflection and arrest, and restriction of
polymer chain mobility near the interface between the polymer and the inorganic phase. The incorporation of
reinforcements can also lead to improved thermal stability, hardness, and deformation resistance of the



composite material. In recent years, particular attention has been devoted to nanostructured reinforcements.
Due to their high surface-to-volume ratio, nanoparticles enable more intensive interaction with the polymer
matrix. This results in a more pronounced improvement in composite properties even at relatively low filler
concentrations. For this reason, nanomaterials represent one of the most promising groups of reinforcing
phases in modern polymer composites. Due to their high aspect ratio and ability to form spatial networks within
the polymer matrix, nanofibers enable more efficient stress transfer and improved mechanical stability of
composites. Their geometry allows the formation of reinforcing structures that can significantly influence the
mechanical properties of materials. One of the central hypotheses of this doctoral dissertation is that calcination
of electrospun composite fibers can produce ceramic nanoreinforcements that will lead to significant
improvements in the mechanical and thermal properties of the polymer matrix. Electrospinning stands out as
one of the most widely used methods for nanofiber synthesis because it allows precise control over fiber
morphology, diameter, and structure. This method enables the production of fibers with very small diameters
and high structural homogeneity, which is crucial for achieving uniform dispersion of reinforcement within
the polymer matrix.

As the polymer matrix in this study, polyetherimide (PEI) was selected—a thermoplastic polymer
characterized by a high glass transition temperature, good mechanical strength, and excellent chemical
stability. Due to these properties, PEI is a promising material for biomedical and dental applications, especially
when combined with inorganic reinforcing phases. Within this dissertation, zirconium dioxide (ZrO-) will be
synthesized in the form of nanofibers through calcination of electrospun precursor fibers. Zirconium dioxide
is a well-known ceramic material characterized by exceptional mechanical strength, high hardness, and
excellent chemical stability. In dentistry, it has been successfully used for decades in the fabrication of
implants, crowns, and other restorative elements due to its biocompatibility and high wear resistance.
Additionally, ZrO: exhibits high toughness compared to other ceramic materials, making it particularly suitable
for applications involving significant mechanical loading. It is expected that, after incorporation of these
nanofibers into the polyetherimide matrix, even relatively low reinforcement concentrations will result in a
significant increase in microhardness and elastic modulus of the composite. This improvement can be
explained by the formation of a stable interphase between the polymer matrix and ceramic fibers, which
restricts the segmental mobility of polymer chains and increases resistance to deformation.

In addition to fibrous nanostructures, ceramic particles with a perovskite structure also show significant
potential for reinforcing polymer composites. Oxides such as BaZrOs, SrTiOs, and Y205 are known for their
high thermal stability, mechanical strength, and biocompatibility. This combination of properties makes them
suitable candidates for biomedical materials and dental composites. Of particular interest is the possibility of
forming hybrid systems that combine different oxides to achieve synergistic effects and optimize composite
properties. In this research, new hybrid ceramic systems based on BaZrOs-Y20:-SrTiOs (BZYS) have been
developed and will be used as fillers in polyetherimide composites. For the synthesis of these systems,
mechanochemical activation will be applied, which represents a relatively simple but highly effective
technique for obtaining hybrid ceramic oxides. It is expected that incorporating these ceramic particles into the
PEI matrix will result in a significant increase in composite microhardness and glass transition temperature.
The increase in glass transition temperature is often interpreted as evidence of the formation of an immobilized
interphase around filler particles, in which polymer chains are restricted in their motion due to physical and
chemical interactions with the nanoparticle surface. This phenomenon leads to increased mechanical stability
and deformation resistance. Furthermore, due to their piezoelectric properties, the addition of these particles
may promote cell adhesion and proliferation. These particles generate electricity from movement and pressure,
such as chewing. In this way, they can serve as the basis for designing smart dental implants with an integrated
power source, and even enable light-based therapies to heal and protect surrounding gum tissue.

The subject of this research includes the synthesis, modification, and characterization of new polymer—ceramic
composites based on a PEI matrix and ceramic nano- and micro-reinforcements. The study involves the
development and optimization of filler synthesis methods, their integration into the polymer matrix, and
comprehensive analysis of the structure, morphology, and thermal and mechanical properties of the obtained
composites.

The final goal of this work is the development of new composite materials with improved mechanical and
thermal properties, suitable for applications in dental and biomedical systems. Special attention will be devoted
to understanding reinforcement mechanisms in polymer nanocomposites and establishing correlations between
microstructure and macroscopic mechanical properties.

The expected results of this research may contribute to the development of a new generation of dental
composite materials with improved properties and extended service life.

A review of relevant literature is provided.
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3. Initial hypotheses

- The incorporation of ceramic nano- and micro-reinforcements into the polymer matrix will lead to a
significant improvement in the mechanical properties of composite materials, primarily microhardness
and elastic modulus.

- Ceramic ZrO: nanofibers obtained by electrospinning and calcination will enable effective
reinforcement of the polymer matrix.

- Hybrid oxide systems combining multiple different ceramic components (e.g., BaZrOs, SrTiOs, and
Y-0s) will exhibit synergistic effects within the polymer matrix, resulting in a more stable composite
microstructure, improved filler dispersion, and more pronounced enhancement of mechanical, thermal,
and dielectric properties.

- The morphology and distribution of ceramic reinforcements within the polymer matrix represent key
factors determining the mechanical behavior of composites, where uniform dispersion of particles and
nanofibers will enable more efficient stress transfer and optimal mechanical performance of the
material.

4. Scientific research methods

The research within the proposed doctoral dissertation includes the synthesis and characterization of ceramic
reinforcements, the preparation of composites with a polymer matrix, and the investigation of their structural,
morphological, thermal, and mechanical properties. The experimental work will be carried out using modern
material synthesis methods and advanced analytical characterization techniques. Ceramic zirconium dioxide
(ZrO2) nanofibers will be synthesized in the first step using the electrospinning method, starting from a
precursor solution containing a polymer component and an appropriate zirconium salt. After the
electrospinning process, the obtained composite fibers will be subjected to controlled thermal treatment, during
which the organic component is removed and the ceramic phase is formed. In this way, ceramic nanofibers
with a developed surface area, suitable for reinforcing polymer matrices, are obtained. In addition to fibrous
nanostructures, hybrid oxide powders based on the BaZrOs;—Y>0:—SrTiOs system will also be synthesized
using mechanochemical activation, i.e., milling in a planetary mill. This process enables intensive mechanical
activation of powders, reduction of particle size, and possible partial substitution of cations in the crystal lattice,
which may influence the structure and functional properties of the material. The preparation of composites will
include the dispersion of ceramic particles or nanofibers in a PEI solution, followed by the formation of
composite films using a casting method with controlled drying. The morphology and microstructure of the
synthesized nanofibers and nanoparticles, as well as the surface of the composite materials, will be examined
using field-emission scanning electron microscopy (FESEM) and optical microscopy, along with analysis of
particle and agglomerate size and distribution. The crystal structure of the materials will be determined by X-
ray diffraction (XRD), which enables phase identification and determination of crystal lattice parameters. The
chemical structure and the presence of characteristic functional groups will be analyzed using Fourier-
transform infrared spectroscopy (FTIR). The thermal properties of the composite materials will be investigated
using differential scanning calorimetry (DSC), where the glass transition temperature will be determined and
the influence of ceramic reinforcements on the thermal stability of the polymer matrix will be analyzed. In
addition, the determination of dielectric properties of both the synthesized particles and the composites is
planned. The mechanical properties of the materials will be evaluated using micro- and nanoindentation
methods, which enable the determination of microhardness and reduced elastic modulus of the composites.
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The obtained experimental results will be statistically analyzed using appropriate methods, such as analysis of
variance (ANOVA) and post hoc tests, in order to assess the influence of reinforcement concentration and
morphology on the mechanical and thermal properties of the composite materials.

5. Expected scientific contribution

- Development of new composite systems based on a polymer matrix and ceramic reinforcements in the
form of novel nanofibers and nanoparticles, exhibiting improved mechanical and thermal properties
compared to conventional dental materials.

- Synthesis and characterization of ceramic ZrO. nanofibers obtained by electrospinning, as a new
reinforcing phase for polymer composites, and investigation of their influence on the structure and
mechanical properties of composite materials.

- Evaluation of the potential of a new hybrid oxide system based on BaZrOs;—Y.0;-SrTiOs as a
reinforcing phase in a PEI matrix, including analysis of the effects of their microstructure, particle
size, and distribution within the polymer matrix on the mechanical, thermal, and dielectric properties
of the composites.

- Establishment of correlations between the microstructure, morphology, and distribution of ceramic
nanofibers and nanoparticles within the polymer matrix and the macroscopic mechanical properties of
composite materials, enabling a better understanding of reinforcement mechanisms in polymer
nanocomposites.

- Definition of optimal preparation conditions and composite compositions that ensure the best
mechanical, thermal, and dielectric properties of the materials, which may serve as a basis for the
development of a new generation of dental composite materials with improved durability and
resistance to mechanical loading, as well as smart implants.

6. Research plan and structure of the dissertation

The research within the proposed doctoral dissertation will be carried out through several interconnected
phases, including the synthesis of ceramic reinforcements in the form of nanofibers and nanoparticles based
on zirconium, the preparation of polymer composites, and comprehensive analysis of their structural, thermal,
and mechanical properties. The doctoral dissertation will be written in English.

It is anticipated that the dissertation will include the following chapters: Introduction, Theoretical Part,
Experimental Part, Results and Discussion, Conclusion, and References. The Introduction will present the
significance and relevance of research on new zirconium-based ceramic reinforcements for dental implants, as
well as an overview of the limitations of current polymer-based dental composites. The objectives, hypotheses,
and importance of the research will be clearly defined. The Theoretical Part will provide a systematic overview
of previous research in the field of dental composites, ceramic reinforcements, hybrid nanoreinforcements, and
their effects on the structure and properties of materials, as well as the advantages of electrospinning. The
Experimental Part will include a description of the materials used, methods for the synthesis of zirconium-
based ceramic nanoreinforcements (including electrospinning of ZrO: nanofibers and mechanochemical
preparation of hybrid oxide powders based on BaZrO:s), as well as procedures for the preparation of composite
materials and methods for their characterization. The Results and Discussion chapter will present and analyze
the obtained experimental results, including structural, morphological, thermal, and mechanical
characterization of the composite materials, as well as a discussion of the influence of ceramic nanofibers and
nanoparticles on their properties. The Conclusion will summarize the most important research findings and
highlight the scientific contributions of the doctoral dissertation, as well as provide guidelines for future
research in the field of polymer composites for implant applications, including aspects of biocompatibility and
bioactivity. The References section will include citations supporting both theoretical considerations and
experimental investigations, as well as publications arising from the results of this dissertation. This structure
will enable a systematic presentation of the research results and a clear definition of the scientific contribution
of the proposed doctoral dissertation.



7. Conclusion and proposal

Based on the above, the Commission believes that the candidate Houda Ali Madani Gamoudi meets all the
necessary conditions for work on the proposed topic of the doctoral dissertation. The Commission believes
that the topic of the proposed doctoral dissertation entitled “Synthesis and characterization of dental composite
implants with zirconium-based reinforcements” is scientifically based and represents a significant scientific
contribution to the scientific field of Technological Engineering, the narrow scientific field of Materials
Engineering for which the Faculty of Technology and Metallurgy, University of Belgrade, is the home. The
Commission proposes to the Academic and Scientific Council of the Faculty of Technology and Metallurgy,
University of Belgrade, to approve the preparation of the doctoral dissertation by the candidate Houda Ali
Madani Gamoudi under the stated title. For the successful implementation of complex multidisciplinary
research, the following are proposed as mentors for this doctoral dissertation: Dr. Vesna Radojevi¢, full
professor at the Faculty of Technology and Metallurgy, University of Belgrade, and Dr. Ivana Staj¢i¢, senior
research associate at the Institute for Nuclear Sciences "Vinca", University of Belgrade.
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