®akyarer TEXHOJIOIIKO-
METAJIYPIHIKN

2026 - 35/287

(Bpoj 3axteBa)

9.7.2026.

(Marym)

3AXTEB

Oo6pa3zan 3.

YHUBEP3UTET Y BEOI'PALY

Behe HayuHux 00sacTH TEXHUYKUX HayKa

(Ha3uB Beha Hay4He o0nacTu KOMe ce 3aXTeB
yuyhyje)

3a JaBamhEe CarJIaCHOCTH Ha OJVIYKY O IpUXBAaTalby TEME TOKTOPCKE zmcepTalmje

U 0 oapehuBamy MeHTOpA

Momnumo na, cxoano uwi. 48 cr. 5 tay. 3) Craryra YHuBep3urera y beorpany (,,I'maciuk YHaupep3urera™ op.
201/2018, 207/2019, 213/2020, 214/2020, 217/2020, 230/21, 232/22, 233/22 u 236/22), nate cariacHOCT Ha
OJUTYKY O MPUXBATay TeMe TOKTOPCKE JUCepTalyje:

IosonpuBpeHU 0TNAL KA0 aICOPOEHT 3a YKJIambamhe KATjOHCKUX OPTraHCKUX 00ja U3 BOJEHUX
pactBopa (Agro-industrial waste as an adsorbent for the removal of cationic organic dye

residues from aqueous solutions

HAVYYHA OBJIACT WHXemepCcTBO 3alTUTE )KUBOTHE CPEUHE

(IyH Ha3MB IPEJUIOKEHE TEME TOKTOPCKE JUCEPTALH]je)

MTOJALIY O KAHAUJATY:



I/IMC, nme jCI[HOl" oI poAuTEJba U MPE3UME KaHAuaaTa:

Naji (Geuma F.) Agilee

[IpetxomHo obpazoBame (Ha3UB U cequInTe haKyaTeTa, CTYIHjCKH

Iporpam): Yuusepsurer

CHHIHIYHYM,

dakyJITeT 32 IPUMerbeHY ekoyIorujy - ®yrypa, 3aliTure )KMBOTHE CpeJUHe, MacTep AHAJTUTHYAP
3alUTHUTe }KUBOTHE CPeuHe

['onuna 3aBpiieTka
MpeTXoaHOT HUBoa ctynuja:  2018.

l'oguHa ymuica Ha TOKTOPCKE CTyAHje: 2021.

Hasus crynujckor mporpama
JOKTOPCKHUX CTy/Wja: NHxemepCcTBO 3alITUTE KUBOTHE CPEIUHE

JaTtyMm nogHoIema mpujase 11. 6. 2026.
TeMe JIOKTOPCKE JAUCepTanyje:




MNOJAIIKX O MEHTOPY:
3a kagauaara Naji Agilee

Nwme n pesnme menropa: ap Maja Boauh
3Bame: JOICHT YHUBep3uTeTa y beorpany, TexHOMOMKO-MeTaTypIIku (haKkyiITeT
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ISSN: 2213-2929 https://doi.org/10.1016/j.jece.2022.108009

JEKAHKA ®AKYJITETA

[Ipod. np Mupjana Kujepuanun


https://doi.org/10.1016/j.electacta.2022.140936

NOJAIIK O MEHTOPY 2:
3a kanauaara Naji Agilee

Nwme u npeszume menTopa: Ap Hesena Ilpiaannosuh
3Bame: BaHpeanu mpodecop YauBepauteTa y beorpany, TexHomomko-MeTamypku GpaxyaTer
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1. Sekuljica, N. Z., Prlainovi¢, N. Z., KneZevi¢-Jugovié, Z. D., Mijin, D. Z. (2019). Removal of
synthetic dyes from wastewaters using horseradish peroxidase. Horseradish Peroxidase: Structure,
Functions and Applications, 111, 112—168. Nova Science Publishers, New York. ISBN: 978-1-
53615-912-7

2. TomasSevié, A., Mijin, D., Radi$i¢, M., Prlainovié, N., Cvijeti¢, 1., Kovacevi¢, D. V., Marinkovi¢,
A. (2020). Photolysis of insecticide methomyl in various solvents: An experimental and theoretical
study. Journal of Photochemistry and Photobiology A: Chemistry, 391, 112366, ISSN: 1010-6030,
https://doi.org/10.1016/].jphotochem.2020.112366

3. Veli¢i¢, Z., Rusmirovié, J., Prlainovi¢, N., Tomié, N., Veli¢kovi¢, Z., Taleb, K., Marinkovié, A.
D. (2020). The optimization of glycidyl methacrylate based terpolymer monolith synthesis: an
effective Candida rugosa lipase immobilization support. Journal of Polymer Research, 27, 127,
ISSN: 1022-9760 https://doi.org/10.1007/s10965-020-02127-z

4. Milentijevi¢, G., Marinkovi¢, A. D., Ranci¢, M., Bogdanovi¢, A., Prlainovié¢, N., Markovi¢, S.,
Milosavljevi¢, M. (2021). New facile one-pot synthesis of isobutyl thiocarbamate in recycling
solvent mixture. Minerals, 11, 1346, ISSN: 2075-163X, https://doi.org/10.3390/min11121346

5. Tomasevi¢, A., Marinkovi¢, A., Mijin, D., Radisi¢, M., Porobi¢, S., Prlainovié¢, N., Gasi¢, S.
(2020). A study of photocatalytic degradation of methomyl and its commercial product Lannate-90.
Chemical Industry and Chemical Engineering Quarterly, 26, 237-247, ISSN: 1451-9372,
https://doi.org/10.2298/CICEQ190424002T
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ObaBemraBamMo Bac 1a je HacraBHo-Hay4Ho Behe

(Ha3MB HA/UISKHOT Tena (akynTeTa)

Ha CEHUIM opkanoj 9. 7.2026. romuHe  Pa3MOTPHIIO MPEUIOKECHY TEMY M 3aKJbYUHIIO 1A je

TeMa MoJ00Ha 3a U3paay AOKTOpPCKE IUCcCepTallije jep caapKU OpUTHHAIHY HIEjy U JAa je of
3Ha4aja 3a pa3Boj HayKe, IPUMEHY HBeHUX Pe3yiTara, OJHOCHO Pa3BOj HAydHE MFECIH YOIIIITE.

IIpumor 1. Opnyka HacraBHo-HayuHor Beha o mpuxBaTamy TeMe U oapehuBamy MEHTOpA
2. MHssemrraj Komucuje o olieHrn Hay4HEe 3aCHOBAHOCTH TeME IOKTOPCKE IUCEpTalje

Hanomena: dakyareT 10CTaB/ba YHUBEP3UTETY 3aXTEB €A NPHIO3HMA Y €J1eKTPOHCKOj GopMH 1
Y jeIHOM IHMCAHOM IPMMEPKY 32 apXUBY Y HUBEpP3UTETA



I

Ha ocnoBy un. 40. craB 3. 3akoHa o BuUCOKOM oOpasoBamy, wi. 112. craB 3. Craryra
VYHuusep3utera y beorpany, un. 88. craB 3. Craryra TM®-a u un. 33. IlpaBmwiHuka o
JNOKTOpCKUM cTynujama TM®-a Ha cennunu HactaBHo-nayunor Beha TexHosomiko-
MeTanypikor ¢akynrera ox 9. 7. 2026. ronune, 1oHETa je

OHNINVYKA
o mpuxBaramy M3BemTaja Komucuje 3a olieHy Hay4He 3aCHOBAaHOCTH TeMeE
JOKTOPCKE AMCepTalyje U oapehuBamwy MEHTOpa

[MpuxBara ce M3Bemraj Kommcuje 0 Hay4HO] 3aCHOBAHOCTH TE€ME 3a M3Paay IOKTOPCKE
mucepranyje kauauaara Naji (Geuma F.) Agilee, 6poj ungexca 2021/4042, nox Ha3uBOM:
»Ilo/bONpUBPENHN OTHAA KA0 aAcOPOEHT 32 yKIambalbhe KATjOHCKUX OpraHckux 0oja u3
BOJeHUX pacTtBopa (Agro-industrial waste as an adsorbent for the removal of cationic
organic dye residues from aqueous solutions”.

Omnyky o JaBamy CarflaCHOCTH Ha TIPEJIOr TeMe JOKTOPCKE TUCepTaldje TOHOCH
YHusepsuret y beorpany.

3a meHTOpe ce oapehyjy np Maja Boauh, gonent Yuuepsurera y beorpany, TexHomomko-
Mmetanypuiku ¢akynrer u ap Hesena llprmannoBuh, Banpennu mpodecop YHHBEp3UTETa Y
beorpany, TexHonomko-MeTanypiku GpakyiaTer.

Opnyky nocraButu: YHHBep3utery y beorpany, kanaupary, Mentopuma, Ciyx0u 3a
HAaCTaBHO CTYJEHTCKE N0CNIOBe U apxuBu Dakyirera.
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YHUBEP3UTET Y BEOI'PAZLY
TexHo0mKO-MeTANYPIIKH (paKkyaTeT

HACTABHO-HAYYHOM BERhY
Ipenmert: M3BemTaj o olleHN HAyYHE 3aCHOBAaHOCTH TeMe JIOKTOpPCKe aucepranyje kanauaata Naji (Geuma
F.) Agilee
Onnykom Op. 2026-35/212 ox 11. jyna 2026. ronuHe, UMEHOBaHM CMO 3a wiaHoBe Kommcuje 3a oneny
HaydJHE 3aCHOBAHOCTH TE€ME€ JOKTOpCKe amcepranvje kanaumata Naji (Geuma F.) Agilee mon HacmoBoM
"[losponpuBpeiHN OTHAA Kao ancopOeHT 3a YKJamame KaTjOHCKHX OpPraHCcKHX 0oja M3 BOJCHHMX pacTBOpa
(Agro-industrial waste as an adsorbent for the removal of cationic organic dye residues from aqueous

solutions)".

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

N3IBEIITAJ

1. [Togaum 0 kKaHAUAATY

1.1. Buorpadcku nmopanu

Naji (Geuma F.) Agilee pohen je 17. dpedpyapa 1984. rogune y mecty An Asusuja, JIubuja. [pxaB/paHuH je
JIubuje. Cpenme oOpazoBame 3aBpInO je y mkonu Al-Azizyah y Jlubuju, y nepuony ox 1999. mo 2002.
roguHe. Hakon tora je, y mepuomy on 2003. mo 2007. rogmue, moxahao Buimm WHCTHUTYT 3a HayKy U
TEXHOJIOTH]Y Y A3U3UjH, T]IE je CTEeKA0 BUILY JUIJIOMY U3 00JIACTH XEMHjCKOT HHXKEHEPCTBa. Y IHUIbY Jajber
aKaJIeMCKOT ycaBpIllaBama, KaHauaaT je mkoicke 2015/2016. ronuHe 3aBpIIMO OCHOBHE aKaJleMCKe CTy Hje
13 00J1acTH 3aIITUTE KUBOTHE cpelnHe Ha YHuBep3uTeTy CHHIHIYHYM, a IOTOM je y nepuoxay ox 2017. mo
2018. romuHe 3aBpIIMO M MacTep akKaJeMCKe cTyauje u3 ucre obmact. [oKTopcke akajeMcke CTyauje
yrmucao je mkoyicke 2021/2022 na TexHosomko-MetanypikoM ¢dakynrety YHusep3utera y beorpany, Ha
cTyAujcKoM npoduny MHKemepcTBO 3alITUTE JKUBOTHE CPEAMHE.

Kanaunar mocenyje noOpo mHo3HaBame paja Ha padyyHapy, Kao M pa3BUjeHE KOMYHHMKAIlMOHE BEILTHHE.
TedHO TOBOpH aparckd je3uK, KOju My je MaTepmH, Ka0 W EHIJIECKH je3uK. Y clIo00aHO BpeMe 0aBu ce
TUTMBAKEM, jaXamheM U YUTAHhEeM, IITO JOIPUHOCH HBeTOBOM aKTHUBHOM M YPAaBHOTE)KEHOM HAYHHY KHBOTA.

1.2. CredueHO HAYYHOUCTPAKUBAYKO HUCKYCTBO

Kanaunar Naji (Geuma F.) Agilee je npodecnoHanHo MCKyCTBO CTHLA0 y BHIleM MHCTHTYTYy 3a HayKy U
TEXHOJIOTH]y Y A3u3ujy, rae je paauo y nepuoxny ox 2007. no 2014. rogune. Y ToMm nepuoay o06aBibao je
MOCJIOBE ACHCTEHTa y HACTaBU U J1abopaTopujcKor TexHuuapa. HaBeneHu mocnoBu omoryhmim cy my na
MOBEXe TEOpHjCKa 3Hamka Ca MPAKTUYHUM JIadOPaTOPHjCKMM pPajoM, Kao M Ja y4YecTBYje Yy HOAPIILHA
HACTaBHUM U €KCIIEPUMEHTAIHUM aKTHBHOCTUMA CTYyACHATa U HACTABHHUKA.

Kanmumar mocemyje akageMcko oO0Opa3oBamke M HPOPECHOHAIHO HCKYCTBO y 00JacTH XEMHJCKOT
WHXKCIEPCTBA, 3AlITUTE XHBOTHE CPEIMHE W XEMHjCKUMX Hayka. TOKOM Jocaiaimimer oOpa3oBama U paja
pa3BHO je 3HaWba U BEUITHHE Y HACTABHOM IPOIIECY, JJa0OPaTOPHUjCKOM pajly, Kao U y 00JIaCTH HCTPaKUBamba
YCMEpPEHHX Ka 3allITUTH KUBOTHE CPEIMHE U OIPKUBOM yIIPABJbaKky pPECypCcUMA.

TokoM gocajammker CTpyYHOT ycaBpllaBamka KaHAWAAT je YYeCTBOBAO y BHUIIE IMporpama oOyke u3 00iacTu
yIpaBJbarka MOJFONPHBPEIHIM OTIAJIOM, TIPOIICHE YTHIAja HA )KUBOTHY CPEAHMHY W OAPKHBOT YIIPABJbakha
pecypcuma. Mely 3HauajHuM oOykama u3JBajajy ce KypC M3 yIpaBibaibha IMOJHOIPHUBPEIHUM OTIIAIOM,
peanuzoBa 2010. ronune, Kypc U3 IpolLeHe yTHLaja Ha )KUBOTHY cpeanHy, peanu3osad 2011. ronuHe, kao u
Kypc U3 00JIaCTH OJJP)KUBOT yIpaBjbama pecypcuma, peanusoBad 2013. roaune. [lopes Tora, yuecTBoBao je



W Ha BHIIE PaJUOHHIA MOCBEheHHX aKTyelIHMM IUTAalkUMa 3alllTUTe JKUBOTHE CpEIUHE, YKIbyuyjyhu
YIIpaBJbambhe MOJFOTPUBPETHIM OTIIAIOM, OUyBamke¢ OMOIUBEP3UTETa, OOHOBJEUBE U3BOPE CHEPTH]C U YTHUIIA]C
KIIMMATCKUX TIPOMEHA.

Naji (Geuma F.) Agilee je mxoncke 2021/22 rommHe ymmcao IOKTOpCKe CTyndje Ha TeXHONOIIKO-
MeTanypimkoM dakynTety YHuBep3uTera y beorpany, ctyaujcku nmporpaM NHKemHepeTBO 3aITUTE )KUBOTHE
cpeaune. [lonoxwuo je cBe ucnure npensul)eHe TIAHOM M MPOTPaMOM AOKTOPCKHX aKaJeMCKHX CTyIuja ca
MpOLEITHOM omneHoM 9,27, kao © 3aBpmiHA HcmUT ca TemMoM ,JlloBpmmHcka wMomudukanuja wu
(hyHKIIMOHANH3ANHja arpONHAYCTPHJCKOT OTIaAa y IIUbY YKJIamama OPTaHCKHX 3aral)yjyhux cymncTaHmu u3
ornaaaux Boaa (Surface modification and functionalization of agro-industrial waste material for removal of
wastewater organic residues)”.

[ndpa Hazus nmpenmera ECIIb | Ouena

npeaMera
1. 141178 XeMuja METall-OPraHCKUX jSIHbCHA 5 10 (mecer)
2. J10313 ExoHOMUja )KMBOTHE CpeiiHE ¥ OAPYKMBH Pa3Boj 4 10 (meceT)
3. JA3M2 OpnabpaHa TorjaBjba HyMEpHUIKe aHATH3e 5 10 (meceT)
4. | A102U3 Wupyctpujcka exooruja 5 7 (cenam)
5. J101 XeMHjcKa KHHETHKA 5 8 (ocam)
6. AT3 TepMoarHaMUKa YBPCTOT CTamka 5 10 (mecer)
7. J138 Katanmsa y opranckoj XxeMuju 5 10 (meceT)
8. 14]1136 3eneHa xeMuja 5 10 (meceT)
9. 170 CTpyKTypHa aHaJIM3a OPraHCKUX MOJIEKyJa 6 10 (mecer)
10. | 14]1179 XeMuja ecTuImaa 5 10 (mecer)
11. | A3U 3aBpUIHN HCTIUT 30 7 (cegam)

80 [9,27

Kanaupar je 2025. ronuHe 00jaBuo Hay4YHHU paj mmoJl HaciaoBoM ,,Hazelnut Shells as a Tenable Biosorbent for
Basic Red 18 Azo Dye Removal” (y waconmcy Separations, kararopuje M22). OBaj paj oxpakaBa HEroBO
UCTPAXMBAUYKO WHTEPECOBAE 3a NMPUMEHY OTIAJAHUX OHMoMaca M OAPKUBHX Marepujaja y HpouecuMma
yKJIamama 3aral)yjyhux cyrncranny u3 BOJAEHUX PacTBOpA.

Ha HacraBHo-HayunoMm Behy Texnomomrko-meramypmkor (akynrera, ogpxkaHoMm 11. jyra 2026. roause,
NpHUjaBJbEHa je TeMa JOKTOPCKE HcepTanuje MOJA HacloBOM ,lIlospomnpHuBpeHn OTHaa Kao ajacopOeHT 3a
YKJIamkame KaTjOHCKUX OpraHckux 0oja u3 BoJieHHX pacTtBopa (Agro-industrial waste as an adsorbent for the
removal of cationic organic dye residues from aqueous solutions)".

Kareropuja M22:

1. Agilee, N., Spasojevi¢, T., Deli¢, M., Ogrizovié¢, D., Gria, 1., Prlainovi¢, N., Poli¢, M. (2024). Hazelnut
shells as a tenable biosorbent for Basic Red 18 azo dye removal. Separations, 11, 343. (IF=2.5) (ISSN: 2297-
8739) (https://doi.org/10.3390/separations11120343)

Kareropuja M33

1. Ogrizovi¢, D., Deli¢, M., Spasojevi¢, T., Agilee, N., Pavicevi¢, V., Prlainovi¢, N., Poli¢, M. (2025).
Modification of agricultural wastes for improved phosphate removal from wastewater. In Proceedings/6th
Metallurgical & Materials Engineering Congress of South-East Europe, MME SEE 2025, Vol. 6, No. 1.
(Published 26.05.2025). (https://doi.org/10.30544/MMESEE63)

Kareropuja M34

1. Agilee, N., Deli¢, M., Ogrizovi¢, D., Spasojevi¢, T., Prlainovi¢, N., Doli¢, M. (2026). From nut shell
waste to dye adsorbents: The effect of cationic dye structure on removal efficacy. In Book of Abstracts/1st
Congress of Chemists of Montenegro, CHEMCONMNE 2026, Budva, Montenegro, May 26-29, 2026, PO2-
16, p. 92. (ISBN: 978-9940-633-09-7)

2. Agilee, N., Spasojevi¢, T., Deli¢, M., Ogrizovi¢, D., Gria, ., Prlainovi¢, N., Poli¢, M. (2024). The
utilization of hazelnut shells for efficient removal of BR18 azo dye: A comparative study of raw and
modified adsorbents. In Program and the Book of Abstracts/Twenty-Second Young Researchers' Conference
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https://doi.org/10.3390/separations11120343
https://doi.org/10.30544/MMESEE63

— Materials Sciences and Engineering, Belgrade, Serbia, 2024, p. 29. Belgrade: Institute of Technical
Sciences of the Serbian Academy of Sciences and Arts. (ISBN: 978-86-80321-39-4)

1.3. OnieHa ocnoco0JHEHOCTY KaHAM/IATA 34 PaJl HA IPEUI0KEHO] TEMU

Ha ocHoOBy nocamammmer paja M MOKa3aHHWX Pe3yNTaTa UCTPaXKHBama y O0JACTH MHKEHEPCTBA 3aIITHTE
KHUBOTHE CpEANHE, 8 HAPOUUTO y 001aCTH XeMHjcke PYHKIIMOHAM3AIMje U BaJopu3aluje OMo-0Tnaaa, Kao u
Opoja m kBanmmurera 00jaBJbeHHWX pamoBa, Komucwja omemyje na je Naji (Geuma F.) Agilee, mactep
aHaIUTHYap JKMBOTHE CpPEIWHE, IT0KAa3a0 BUCOK CTETEH CaMOCTAIHOCTH M CIIOCOOHOCT 3a 00aBibambe
HAay4YHOUCTPaKUBAUKOr paja, Te J1a je M0J00aH 3a paj Ha NpeIIoKeH0j TEMU JOKTOPCKE AUcCepTallyje.

2. [IpenMeT U Wb HCTPAKUBAHA

OBa JOKTOpCKa AucepTanrja UCTpaKyje MOTEHIHMjal yrnoTpede JIMTHOLETYI03HIX MaTeprjajia IOPEKIoM U3
MOJFONPUBPETHOT OTIAAa — KOHKPETHO JbYCKE JICIIHMKA M Opaxa — Kao EKOHOMCKH M EKOJIOIIKH
MPUXBATJFUBUX aficopOeHaTa 3a yKiIamame KaTjOHCKUX OpPraHcKuX 0oja m3 BomeHux pactBopa [1, 2]. Mako
ce Iyro mocMarpao MpeBacXoHO Kao OTMajl, JaHac Ce CBE BHILE MPEMo3Haje Kao BpeaaH, 0OHOBILUB, jehTHH
W IHPOKO JAocTymaH pecypc [3]. Y epu HHTEH3WBHOT pa3Boja CO(PHUCTUIUPAHUX W XEMHU]CKU
Moan(UKOBaHUX afcopOeHaTa, CBe je U3paKeHHje CTAHOBUINTE J]a OJPXKUBA pEllekha He MOPajy HyKHO OUTH
TEXHOJIOIIKH CJI0KeHa, Beh MpoMHIIIbeHOo o/jabpaHa, JJOKaIHO JOCTYITHA U MPaKTHYHO NPUMEHIbHBA.

HcroBpemeHo, 3araljeme Boma opraHckuM 0ojama TMpeAcTaBiba jelaH O]l 3HAYajHUX EKOJIOMIKUX MpodiieMa
caBpeMeHor apymTBa [4]. Oprancke 0oje ce MIMPOKO MPUMEHY]Y Y TEKCTUIIHO], KOXapCKOj, MarHupHO],
npexpam0OeHoj, KO3METHYKOj M JpyruM mpepauBaykum HHAyCTpujama. IbHMXOBO MPHUCYCTBO Y BOACHUM
CHUCTEMHMA j€ HETIOXKEJFHO YaK M MPY HUCKUM KOHIIEHTpaIfjama, jep JOBOAH 10 000jeHOCTH BOJIE, CMambYje
IPOJOp CBETIIOCTH, HapyliaBa (OTOCHHTETHYKE NpoIece y BOJACHUM cucTeMuma. OpraHcke 0oje Mory
WMaTy TOKCHYHE, MyTarcHe WM KaHIeporeHe edekTe y 3aBUCHOCTU O] XeMHjCKe CTPYKTYpe U MpoayKaTa
BUX0BE pasrpaame [S]. 300r clokeHe apoOMaTHYHE CTPYKTYpPE U BUCOKE CTaOMIHOCTH, MHOTE OpTraHCcKe 0oje
Cy TemKo OHopasrpajuBe, IITO TOAATHO OTEXaBa HHUXOBO YKJIAmbame MPHUMEHOM KIACHYHHX ITOCTyIaKa
npeuunnhaBama OTHAIHUX BOJA.

VY Peny6numu CpOuju JEMHUK U opax MpeAcTaBibajy 3HauajHE MOJbONPHUBPEAHE KYJITYpe, ca MPOU3BOIHOM
ox oko 8.700 Tona nemrauka u 9.000 Tona opaxa y 2023. ronunu [6]. UMajyhu y Buny na 3Ha4ajaH eo Mace
TUI0/Ia YMHM JbYCKa, jJaCHO je Ja ce CBaKe IOJIMHE TeHEepHINy BEeJMKE KOJIWYHHE OBOT' OTIAJHOT MaTepujaia,
LITO OTBapa MPOCTOp 3a BUXOBY Jajby Banopusanujy [7,8]. Jbycke nemHnka u opaxa, Kao JUTHOLETYI03HU
MaTepHjaji, Ooceyjy CIOKEHY CTPYKTYpy Ooraty LeiayI030M, XEMHLETYJIO30M, JUTHUHOM U Pa3InIUTUM
MOBPIIMHCKUM (DYHKIIMOHATHUM Tpyllama Kao INTO Cy XHUJIPOKCHIIHE, KapOOKcHiHe, (EeHOJHE M Jpyre
peakTUBHE TPyIIE, KOje MOTY Y4eCTBOBAaTH Yy MHTEPaKIMjaMa ca MOJICKYJIMMa opraHckux 0oja [7]. 36or Tora
MpeACTaBIbajy NePCIEKTUBHE NPUPOIHE COPOCHTE 3a yKIIamhamke KaTjOHCKUX 00ja U3 BOACHUX PacTBOpA.

[Tonaszehn ox HaBegeHOT, MpeaMET OBE JOKTOPCKE JHCEPTAllije YCMEPEH je Ha MCIUTUBAKE a/ICOPIIIHOHNX
CcBOjcTaBa 0J1abpaHUX CUPOBUX ITOJHONPHBPEIHNX JIMTHOLETYJIO3HUX MaTepHjaja, ca KOHKPETHOM IPHMEHOM
JbyCKe JICIHUKA U Opaxa, y IMpolecy yKiIamama KaTjOHCKHX OpraHckux 0oja M3 BojeHHX pactBopa [9, 10].
UctpaxuBame he o0yxBaTHTH TpolleHy e(DUKACHOCTH yKJIamama 00ja, aHalnu3y YTHIAja peJeBaHTHHX
MPOLECHUX MapameTapa, HCIUTHBAalk€ KUHETUKE M PAaBHOTEXKE aJCOpILHUje, Kao M TyMmMaudewme Moryhux
MexaHW3aMa MHTepakiuje n3Mel)y moBpuIMHE aacopOeHTa ¥ Monekysa 0oje. Ha Taj HaumH, HCTpakuBame
MOBE3yje JIOKAJTHO JOCTYIIHE OTIHajHe OMomace 3a TpeTMaH OTNAJHUX BOJA, y CKIAly ca HPUHIUNNIMA
3eJICHUX TEXHOJIONIKUX pellieha U MUpKyJIapHe ekoHomuje [11, 12].

Nmajyhu y Buay na 3HavajaH eo0 MOJbOIPUBPEIHOT OTMA/A U JIajbe 0CTaje HEIO0BOJbHO MCKOpuInhieH, jenaH
0]l OCHOBHHX IMJbE€Ba OBE JOKTOPCKE JMCEpTAIHje jecTe MCIUTHBamke MOTYNHOCTH HEroBEe BalOpU3allyje
KpO3 NPHMEHY Y MpOoIleCHMa YKJIamamka KaTjOHCKUX OpraHCKUX 00ja M3 BOJCHHMX PacTBOpa. YMECTO Jia ce
OBa BpCTa OTMHAJHOT MaTepHjaja TMOCMaTpa HCKJBYYMBO Kao EKOJIOMIKO omnTepeheme, HCTPAKUBAKBE je
YCMEpPEHO Ka HeroBoM Kopuiilielkhy Kao CEKyHIAapHE CHUPOBUHE 3a JI00OHMjalke €KOHOMCKH W EKOJIOIIKU
MPUXBATJFUBUX aficopOeHara.



IMoceban 1MIP HCTpakWBama OJHOCH CE€ Ha TPOIEHY aJCOPIIMOHOr TMOTEHIHjaNa OJadpaHux
JUTHONGNTYJIO3HAX MaTepHujalia TMOPEKIOM H3 TOJHONPUBPEIAHE NPOHM3BOAE 32 YKIAMHAKE KaTjOHCKHX
opranckux 0oja U3 MOJIeN-BoJIeHUX pactBopa [9, 13]. YV okBupy ucrpaxuBama Ouhe ucrnmraHa e)ukacHOCT
yKJIamama 00ja, YTUIAj PEICBAHTHUX MPOIIECHUX MapaMerapa Ha aJCOPIIHUOHM MpPOoIec, kKao U MoryhHocT
MPIMEHE OBHMX MaTepHjalia Kao alTepHaTHBE KOMEPIIHjATHUM a/ICOPOSHTHMA.

Hwmb aucepranyje je U Aa ce Kpo3 aHaIM3y KMHETHKE U paBHOTEXKE afcopIiuje Ao0uje neTajbHUjH YBUT Y
MOHAIIaFke NCTIUTUBAHUX CUCTEMa, Kao U y Moryhe MexaHu3Me HHTepaKiyje n3mel)y mospmrmHe ancopbenTta
MW MOJIeKyNla KaTjoHCKMX Ooja. Ha Taj HaumH, mcTpakmBame Tpeba Oa JONpHHECE pasyMeBamby OHOCA
nu3Mely CTpyKType W MOBPLUIMHCKUX CBOjCTaBa arpOMHAYCTPHjCKUX JIMTHOLECTYIO3HUX MaTeprjana U lbUX0BE
CIOCOOHOCTH Ja Be3yjy opraHcke 3araljyjyhe cymncrasiie U3 BoJieHE CpE/IMHE.

[lopen HaywHOr acmekTa, UWb HCTpaXHBamka j€ W Pa3Boj KOHIENTa OAPKHBOT YIpaBJbamba
arpoMHIYCTPUjCKUM OTMAAO0M, y CKJIady ca NpUHIUINMA IHUpKyJapHe eKoHOMHje. [IpruMeHOM OBakBUX
Marepujaja y IporecrumMa aJCopIIrje HCTOBPEMEHO ce oMoryhaBa cMamere KOJTMINHE OTIIa/Ia M YKIIAmhabhe
3aralyyjyhux cyrmcraniu u3 Boze, YAMe C€ MOBE3Yjy 3allITHUTa )KHBOTHE CpPEAWHE, PAlMOHATHO KOpHITheme
JIOKAaJTHO JIOCTYIIHUX pecypca M pPa3BOj jEAHOCTABHUX M EKOHOMCKH IPHUXBATJbUBUX TEXHOJIOTHja
npeunnrhaBama BoJa.

PeneBantHn GubmMorpad)cku M3BOPH MOBE3aHU Ca MPEAMETOM HCTPaKHBamka OBE JOKTOPCKE IHMCEpTAIHje,
KOjH yjeTHO TIpe/ICTaBIbajy OCHOBY 32 J1aJbll TOK UCTPaKuBama cy cieaehu:
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3. ITos1a3ue xumortese

[TonazHe xuImoTe3€ OBOT UCTPaXKMBamka 3aCHUBAjy ce Ha cieqehuM mpernocTaBKama:

1. Bbuoornan kao onpxuBa cupoBuHa: OTmagHE JbyCKe JICHIHWKA W Opaxa MOCEdyjy JMTCHOLETYJIO03HU
cacTaB IOTO/IaH 3a aACOPNIHMjY pa3IMYNTHX OPraHCKHX MOJIKyJla U3 BOAEHHX pacTBOpA.
[IpernocTaBba ce na ce HUXOBOM YHOTpeOOM Kao ajcopOeHaTa MOTYy AOOMTH MaTepujand KoOju
MpeACTaB/bajy CKOJOMIKH MpPUXBATIFUBY, CKOHOMHYHY U JIOKQJHO JOCTYIIHY aJTEPHATHBY
KOMEPIHjaTHAM XeMFjCKH CHHTETHCAaHUM aJICOPOCHTHMA.

2. Ekonomku nonpruHOC U yckial)eHOCT ca MpUHIMIIMA [TUpKyJIapHe ekoHomuje: Kopumheme OnooTmana
3a noOujame ajcopOeHTa nonprHehe cMamehy KOJUYMHE OTIIaAa KOjU 3aBpIliaBa Ha JeloHujama, Kao U
peAyKIHju eMrucHje TacoBa ca eekToMm crakieHe Oamre. VcTpaxuBame je yckial)eHo ca KoHIlenTrMa
IUPKyJapHE €KOHOMHje W OAPXKHBOT pPa3Boja, KOjU MPOMOBHINY IIOHOBHY yHOTpeOy pecypca H
CMamhCHE SKOJIOIIKOT I'yOUTKa.

3. TlpuMeHJBHUBOCT y peaHUM YCIOBUMA U €KOHOMCKa orpasaanoct: [IpernocTariba ce na he xopumhenu
a/ICOPOCHTH OWTH TEXHOJIONIKH HPWIArOJbUBH W E€KOHOMCKH ONpaBJaHU 32 NPUMEHY Yy peaHUM
ycloBHMa TpeTMaHa 3arajeHuX BoJa, Kako y JabopaTOpHjCKUM, TakO0 W Yy HHAYCTPHJCKHM U
KOMYHaJITHUM CHCTeMrMa. tbuxoBa mHpuMeHa MOKE JONPHUHETH Pa3Bojy MPUCTYMAYHUX TEXHOJIOTHja
3aIlITHTE JKUBOTHE CPEANHE Y CpeTMHAMa Ca OTPAaHUYECHUM pecypcHMa.

4. Haque METOAC UCTPAKUBALA

UctpaxuBame he OWTH cIpoBeneHO KpPO3 HHU3 METOMOJOMIKHX KOpaka Koju 00yXBarajy MPHUIIPEMY
MaTepHjaja, WBHUXOBY (HU3MUKO-XEMHUjCKY KapaKTepusalujy, aJCOpIIMOHE EKCIIEpUMEHTE M aHaInu3y
nobujeHux pesynrara. Lusb je na ce ucrnmra MOryhHOCT NpUMeHEe 0JlabpaHuX MOJHOTIPUBPEIHUX OTIATHUX
Marepujaia Kao (YHKIMOHATHHX ajcopOeHaTa W NMpOIEeHH HBUXOBe e(hUKACHOCTH Yy YKIambamy KaTjOHCKHX
opranckux 0oja, Basic Red 18 (BR18) u manaxuT 3eneHe, U3 BOJICHHUX pacTBOpa.

MerTose uctpaxxuBama 00yxBarajy:
1. [Tpunpema agcopbenaTa
[NonazHa cuposuHa Ouhie MOBLONPUBPETHH OTHA — JbYCKE JICIIHUKA U Oopaxa. HakoH MpuKyIubama OThajaa
ca JIOKaJIHOT Ta3nuHcTBa y Jaroaunu, Pemyonuka CpOuja, Ouhie npuMemenn cienehn moctynmy 3a BUXOBY
ynoTpedy Kao CUpOBOT afcopOeHTa:
- 3amp3aBame paau Jakiie oopaje, a 3aTUM MEXaHHUYKO YCUTHABAhe
- Cymeme ycutmeHor marepujaia Ha 105 °C tokom 1 h
- IIpocejaBame yCUTHEHOT U OCYIIIEHOT MaTepHjajia Kpo3 CEpHjy CHUTa U 01a0Hp jKeJbeHe PpaKinje
- Hcnmpame u3abpane (pakiyje 1ejOHH30BaHOM BOJIOM y IIMJbY YKJIambamka NPUCYTHUX HeyrcToha n
na0aBo BE3aHUX MOBPUIMHCKUX KOMIIOHEHTH
- IlonoBHo cymeme Matepujana Ha TemnepaTtypu o 105 °C toxom 24 h, 1o noOujama cTadUIHOT
CyBOT ajicopOeHTa
- Xemujcka MOIU(pUKAIIH]a JICITHIUKA TUMYHCKOM KHCEIMHOM (HAKOH MPETXOIHO OMHCAHOT Mpolecca
noOujama aacopOeHaTa, CUpoBe oTnaaHe Jbycke he outu moaudurosane 0.5M pacTBopom
JUMYHCKE KHCEJIMHE y LMJbY 000JbIIakha aJICOPIIIMOHOT KalaluTeTa)

2. ®du3nyKo-xeMHjcKa KapakTepu3almja
VYnotpebibeHN MaTepHjady Npe M HAKOH aJICOPIIMje KaTjOHCKHUX 0oja Ouhe neTasbHO OKapakTephUcaHU
MPUMEHOM CaBPEMEHHUX aHAINTHYKUX U (PU3MUKO-XEMHjCKUX METOIa U TEXHHUKA U TO:
- OppehuBame Tauke HYJATOT HaeIEKTpUCaha
- Penparencka nudpaxiriona ananuza (XRD) — 3a McnuTHBamke KPUCTATTHE CTPYKTYpe JOOHjeHUX
MaTepujaia
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- Hudpaupsena crnekrpockonuja ca Dypujeosom tpanchopmanujom (FTIR) — 3a upeHTHGHKAIA]Y
(hyHKIMOHATHUX Tpyla ¥ UCIIUTHBAKE CTPYKTYpaTHUX OCOOMHA MaTepHjalia

- Pengarencka ¢ayopecuentna ananusa (XRF) — 3a ogpehuBame enemenranHor cactaBa

- OnTHyka MUKPOCKOIHUja — 3a BU3YEIU3allljy MOp(OJIOTHje OBPIIUHE U UCITUTHBAKA MOBPIITHHCKOT
cactasa (EDS)

- BET ananmuza — 3a Mepeme crienupuIHe MOBPIIHHE U PACTIOEIIE IMopa.

3. AZICOPIIIIHOHYU EKCITCPUMEHTH
EdwukacHocT yknamama Be KaTjoHCKe 00je — ocHOBHe IjpBeHe (BR18) u mamaxur 3enene — 6uhe ucrimtaHa
y naboparopujckuM ycinoBuMa. buhe ananusupan ytuiaj cienehux mapamerapa Ha epUKaCHOCT YKIambamba
0oja:

- IlouerHa koHIEHTpaIHja 60ja

- pH Bpennocrt pactBopa

- Bpewme xonTakTa

- YTHmaj Temmneparype

- Moryhnoct noHoBHE ynotpeoe

4. Kunetnuke 1 U30TEPMCKE aHAIU3E:
- ExcnepumenTannu noganu ouhe oopaheHn npuMeHOM:
- Kunernukux Mojena: mceyo-npBor peja, nceya0-aApyror peaa, u JpyTH.
- MBorepmckux moaena: JlanrmupoB, @pojHINX0OB, TEMKHHOB MOJIEIN, U APYTH.
- Mogpena 3a onpehuBame Mexaan3ma ancoprnuje (Bedbep-Mopucos u bojnoB Mmomen)
- Jlepurncame TepMOJUHAMUYKUX ITapaMeTapa ajCcopIije
- HcnutuBame MexaHHW3Ma aJIcopIiyje 1 qeduHICAkhe MeXaHu3Ma yKIIamkama 00ja MPIMEHOM
OTIaAHUX JbYCKHU

[Momam nmoOuWjeHH Yy aJCOPNIMOHMM HCIHUTHBAambHMa, Kao W PE3yNTaTH TPOMCTEKIN W3 HpPUMEHE
oaroBapajyhnx KWUHETHYKAX M PABHOTEXKHHMX Mojena, Ouhie aHamu3upaHd y OAHOCY Ha CTPYKTYpHa,
MopdoJOIKa W TOBPUIMHCKA CBOjCTBA HCIHMTHUBaHWX Marepujana. OBa cBojctBa he Outm yTBpheHa
MPIMEHOM pElIeBaHTHUX HWHCTPYMEHTAIHUX MeToJa KapakTepm3anuje. Ha Taj HaumH omoryhmhe ce
cBeoOyXBaTHHjE TyMadyewme aJICOPIIHMOHOT Mpolieca, HACHTH(HKAIMja JOMUHAHTHUX MHTEpaKuuja u3mMely
MOBPIIMHE JIUTHOIICIYJIO3HOT aJICOPOCHTAa U MOJIEKYJIa KaTjOHCKHUX 00ja, Kao M ojapeluBame yciaoBa IMoOJ
KOjHMa C€ MOCTUXE BUXOBO Haje(pUKaCHH]je YKIIamhamke U3 BOJACHUX PacTBOpa.

ITocine yrBphuBama HAjIOBOJGHHUjMX IMMapaMerapa Tpoleca, aiACOPIIHOHa ePUKACHOCT HCIHUTHBAHHUX
Matepujaia Oulie J0JaTHO MpoOBEpeHa Y KOHTPOJIMCAHUM JabopaTopHjckuM yciioBuma. OBa ¢asa
NpeJICTaB/ba BaKaH KOpPaK Ka MPOICHH HHUXOBE NMPUMEHJbUBOCTH, KA&0 M OCHOBY 3a Jajby ONTHMH3AIIN]y
Marepujajia ¥ mpolieca y mpaBily Moryhe mpuMmeHe y peajHHM CHCTEMHMa 3a TPETMaH KOHTaMHHHUPAHHUX
BOJIA.

5. O4yekuBaHH HAYYHH JONPHHOC

VY OKBHpY OBOT' HCTpaKMBamba OYEKYje ce OCTBapHBame BHIe Mel)ycoOHO MOBe3aHMX HAyYHHX JIONPUHOCA,
KOjH ce oJjHoce Ha cieznehe acrexTe:

- Banopusayuja nomonpuepeonoz omnaoa Kpo3 pazeoj eKoHOMCKU Onpasoanux aocopbenama
UctpaxxuBame he monpunerH cariiefaBamby MOTYRWHOCTH NMpHMEHE JbYCKU JICHIHUKA U Opaxa, Kao HIMPOKO
JOCTYITHHX JIMTHOLICTYJIO3HUX OTHaJHUX MaTeprjaa, 3a YKIamamke KaTjOHCKUX OpPraHCKUX 00ja U3 BOJCHHUX
pacTtBopa. Ha Taj HaumMH OoTmaj KOju HacTaje mpepaaoM je3rpacTor Boha 100Mja HOBY yIIOTPeOHY BPEAHOCT Y
00JIACTH 3alITUTE KUBOTHE CPEJINHE.

- Vuanpeherwe npucmyna npunpeme u npumene npupoOHux adcopbenama
CucreMaTCKMM HCIUTHBAKbEM JBYCKH JICHIHUKA W Opaxa Kao CHPOBUX arpOMHJIYCTPHUjCKHX ajcopOeHaTa
ouhe omoryhieHa mporeHa BUXOBE TPUMEHIBUBOCTH 0€3 CIIOMKEHUX MOCTYTaKa XeMHjCKe MOJU(HUKALINje HITH
EHepreTcku 3axTeBHe oOpaxe. OBuM mpuctynoM Ouhe neduHHCAHM YCIOBH HOA KOjUMa OBH MaTepHjajd
MOKa3yjy HajTIOBOJbHUja aJCOPIIIMOHA CBOjCTBA.

- Hoea casnarwa o cmpykmypu, NOBPUUHCKUM CEOjCMEUMA U AOCOPNYUOHOM NOMEHYUjary /byCKU
JIEUWHUKA U 0paxa



Uctpaxusame he omoryhutu moOujame AeTabHUX IMogaTaka 0 MOP(OJIOTHjH, XEMHJCKOM CacTaBy,
MOBPUIMHCKUM (YHKIIMOHATHIM TpynaMa M JpyruM KapaKTepUCTHKaMa OBHX JIMTHOLETYJIO3HUX MaTepHjaa.
[Toceban 3nauaj nmahe MoBe3MBamke HABEJCHUX CBOjCTaBa ca CIOCOOHOMINY Be3uBama MOJIEKYJIa KaTjOHCKHX
OpraHckux 00ja U3 BOJCHE CpPEIIUHE.

- Honpunoc pasymesarsy mexanusma aocopnyuje KamjoHCKUx opeanckux 6oja

[TpuMeHOM KHHETHUYKUX, PABHOTSIKHHMX M TEPMOIMHAMHYKHX Mozeia Ouhe omoryheHo Tymaueme

npolieca ykiamama KaTjoHCKUX 00ja, Kao U uaeHTu(UKaIja JOMHHAHTHUX HHTEepaKyja u3Mmel)y moBpinHe
agcopOeHTa u Mojekyna 6oje. Ha ocHOBy mobujeHmx pesynrata Owmhe AeUHHCAHW ONTHMATHH YCIOBH
aJICOpIIIMje 1 Mpolelh-eHa e(pUKACHOCT UCTIMTHBAHUX MaTepHjana y MOAeI-BOACHUM PacTBOPHMA.

- Honpunoc npumenu npunyuna yupkyiapre eKoHomuje y mpemmany 3azalhenux 600a

Hayunnm W mpakTHUHM 3Ha4Yaj] WCTPAXUBamka OINEAa Ce Yy II0OBE3MBAbY OJAPKHBOT  YIPaBIbarba
arpoMHIYCTPUjCKUM OTMaZOM ca pa3BojeM jeIHOCTABHMX W CKOHOMCKM TPHXBATJBUBUX peUICHa 3a
yKIamame Opranckux 3aralyjyhmx cyncranimm u3 Boje. IIpuMeHOM JbYCKHM JIEHIHMKAa W Opaxa Kao
azcopOeHaTa JOTPHHOCH CE CMambelkhy KOJIWYHWHE OTIA/A, PAlMOHATHOM KOpUIIhemY JOKATHO JOCTYITHHX
pecypca 1 pa3Bojy eKOJOMIKH MPUXBATIFUBUX TEXHOJIOTH]ja IpednihaBamka Boja.

6. IL1an ucTpaxxuBama U CTPYKTYypa pajga

HcrpaxuBame y OKBUPY JOKTOPCKE AMCEPTaIHje Mo Ha3uBOM ,,IlosponpuBpeiHy oTnaa Kao aacopOeHT 3a
yKJIambame KaTjOHCKUX OpraHcKkux 0oja u3 BoJgeHUX pacTtBopa (Agro-industrial waste as an adsorbent for the
removal of cationic organic dye residues from aqueous solutions)” 6uhe noze/peHO Y 4eTHpH OCHOBHE (pase:

1. Ilpunpema u KapakTepu3alyja MoJLONPUBPETHOT OTHAIA KAa0 TOTSHIIUjaTHOT aIcOpOeHTa

Y 1npBoj ¢a3m wucrtpakuBama Owhe u3BpIIeHAa NpuUIpeMa oJadpaHUX TOJFOTPUBPEIHUX OTIIATHIX
MaTepujaia, Tpe CBera JbYCKH JISIIHHKA W Opaxa, Kao TOTCHIWjaTHUX aJcopOeHaTa 3a YyKIamame
KaTjOHCKUX OpraHCcKux 0oja M3 BOACHUX pacTBopa. Matepujanu he OMTH cakyIUbeHH, OYMIINEHH, CYIICHH,
YCUTH-CHHU U TIPOCEjaHu J0 oaroBapajyhe rpanynaiyje. Jeaan neo Matepujana ouhie xeMujcku Moau(pUKOBaH
JTUMYHCKOM KuCenmnHOM. HakoH mpumpeme Matepujama Ouhe KopumheHHM y  agcOPHIIMOHUM
EKCIIEpUMEHTHMA.

[loyetnn marepujanu Owhe neTabHO KapaKTEpUCaHW HPUMEHOM OAroBapajyiux HHCTpYMEHTAIHUX H
(U3NUKO-XEMHJCKUX METoJa, ca LH/beM oapehuBama HHXOBOI XEMHjCKOT C€acTaBa, MOPQOIOMIKHX
KapaKTepPHCTUKA, MOBPIIMHCKUX (PYHKIMOHATHUX TpyIa, KpUCTaiHe/aMOp(HE CTPYKType, TeKCTypaTHHX
CBOjCTaBa W TMOBPIIMHCKOI HaenekTpucama. Kapakrepuzaumja maatepujana he oOyxsatutu, FTIR,
SEM/ontnuky mukpockonujy, XRD, BET anammsy, oapehuBame pH BpemHocTH Tauke HysdTOT
HaenekTpucama (pHp.c), kKao u npyre peneBantHe Metoae. Ha ocHOBy noOujeHux pesynrara Owuhe
MPOIeHkEeHa MOTOJHOCT MCIHUTUBAHMX MaTepHjajia 3a NMPUMEHY Y IpolleCHMa aJICOPIIMOHOT YKIIamamba
KaTjOHCKHUX 0oja.

2. UcniuTuBame ajcoprirje KaTjOHCKUX OPraHCKHUX 00ja Ha ogadpaHuM afcopOeHTHMa

VY npyroj ¢a3u Ouhe ncnuraHa ehUKACHOCT JbYCKH JICIIHUKA U Opaxa y YKJIamamy 0Ja0paHuX KaTjoOHCKHX
opranckux 0oja u3 BoaeHHWX pacTtBopa. Kao mopen-3araljyjyhe cymcranie kopuctuhe ce mpeicTaBHHUIU
KaTjOHCKUX 00ja pa3iInuuTe XeMHjCKe CTPYKType, Kao mrto cy Basic Red 18 n mamaxwur 3enena, kako Ou ce
UCIIUTAO0 YTHUIIAj CTPYKType MOJIeKyJa 00je Ha e(pHKACHOCT aJICOPIIIMOHOT MPOIIeca.

AJICOpIIMOHH eKcriepuMeHTH Ounhe M3Boh)eHM y IIap)KHOM CHCTEMY, NPU 4eMy fie ce UCTIMTUBATU YTHIA]
pelieBaHTHUX MPOIECHUX IapaMeTapa, YKJbydyjyhu BpeMe KOHTakTa, MOYeTHY KOHIEHTpaimjy Ooje, pH
BpPETHOCT pacTBopa W Temmeparypy. Konnenrpamuja 0oje y pacTBopy mpe W HakoH ajcopruuje Owuhe
onpehuBana UV-Vis crnekTpopoTOMETPHjCKH, HAa OCHOBY IPETXOMHO Je(PUHHCAHUX KAITHOPAIMOHHUX
kpuBrx. Ha ocHOBy moOujeHMx monmaTaka Owhe W3padyHAaTH aJICOPIIIMOHU KalaluTeT W e(PHKacCHOCT
yKiIamamwa 00je, a 3aTuM he OutH gedrHICaHU ONTHMAITHHU YCIIOBH IpoLIeca.

3. KuneTnuka, paBHOTE)KHA M TEPMOAMHAMUYKA aHAJIM3a aICOPIIMOHOr Mpoleca

VY 1pehioj dasu ucrpaxkupama Ouhe crnpoBeleHa aHalM3a KWHETHKE, PABHOTEXKE M TEPMOIMHAMHKE
aJICOpIIIIMje KAaTjOHCKMX OpraHCKMX 00ja Ha HCIUTHBAaHMM ajicopOeHTMMa. KuHernuku monmaru Owuhe
aHAJIM3UPaHK MPUMEHOM OAroBapajylinx KMHETHYKHX MOJENa, Kao IITO CY MOJEN ICEeYIO-IPBOr peaa,



MozeN Tceyno-apyror pema, Weber—Morris Momen uHTpadectuane audysuje u Boyd momen, ca mubem
yTBphHUBama Op3uHe mpoiieca, MOryhinx qudy3uoHHX OrpaHHYCHha U KOHTPOJIHUINYNHX Kopaka aaCcopIIiHje.

PaBHoTe)xxHM nogany Ouhe oOpaheHn mprUMeHOM H30TEPMHHUX Mojena, ykibyuyjyhu Langmuir, Freundlich u
Temkin monen, pamu yTBphuBama MaKCHMAIHOT aJCOPIIMOHOT KalalUTeTa, XeTePOreHOCTH MOBPIINHE
ajcopOeHTa M TpHUpoJe WHTepaknuja n3Mel)y monekymna 6oje U moBpmmHe aacopOeHTta. TepMoamHaMUYKa
aHanu3a Ouhe cripoBeeHa Ha OCHOBY pe3yiTaTa JOOMjEHUX NP Pa3uIuTUM TeMIiepaTtypama, a o0yxsaTuhe
onpehuBame cranmapane npomene ' mOcoBe eHepruje, eHTANNHje U eHTponHje afacopnuuje. Ha oBaj HaumH
Ouhe mporemena CIIOHTaHOCT, CHAOTEPMHH WII €r30TepPMHH KapakTep Ipoleca, Kao U IMPHPOJa Be3WBamba
WCIIUTHBAHUX 00ja.

4. Pa3jammeme MexaHM3Ma aJCOPIIIHje U TMPOIIeHa MPUMEHJFUBOCTH UCTIMTHBAHNX MaTeprjaia

VY 4erBpToj (hazm Ouhe M3BpIICHO MOBE3MBAKE PE3yNiTaTa KapakTepHu3aluje ajcopOeHaTa ca pesyiaTaruma
KUHETHYKUX, PABHOTSKHUX M TEPMOJWHAMHUYKUX HCIWTHBAA, Ca IMJbEM pazjallibelhba MEXaHu3Ma
yKIIamama KaTjOHCKHX OpPraHCKHX 0oja m3 BojeHuX pacTtBopa. llocebHa maxma Omhe mocBeheHa yiosu
MOBPIIMHCKUX (YHKIMOHAIHUX Tpyrna, MOpQOJIOTHje, MOPO3HOCTH, TOBPIIMHCKOT HACICKTPUCAhA |
XEMH]jCKE CTPYKTYpEe MOJIeKyJia 00je y TIPOIIeCy aJICOPIIIIHje.

Ha ocHoBy nmoOujenux pe3ynrtara Ouhe wuaeHTH(HWKOBaHE JOMHUHAHTHE WHTEpaKIHje KOje IOTPUHOCE
Be3uBamy 00ja Ha MOBPIIMHY aJCOpOCHTa, YKIbY1yjyhH elneKTpocTaTHUKe HHTEePAKIIYje, BOATOHHYHE Be3e, TT—
T UHTepaknuje, XxuapohoOHe MHTEpakiuje U Moryhu monpuHoc nudy3uoHux mpoieca. Takohe he Outn
NpOLCHEHA TPAKTHYHA TNPHUMEHJBUBOCT HCIUTUBAHUX IOJHONIPUBPEAHUX OTHAJHHX MaTepHjaia Kao
jeTHHHX, JOCTYIHHUX U €KOJIOLIKH MPUXBATJEUBUX ajicopOeHara 3a TpeTMaH BojJa ontepeheHnX KaTjOHCKUM
OpTaHCKUM Oojama.

JokTopcka qucepraruja 6uhe cTpykTynpana kpo3 cieneha moriasspa:
YBon
Y yBomHOM moraBiby Ouhe neduHUCaHM NpeAMET U 3HAYa] MCTPAKMBamka, Ka0 W OCHOBHU IUJbEBU
TOKTOpcke mucepramnyje. buhe ykasano Ha mpoOnem 3araljema BOJEHUX CUCTEMa CHHTETHYKHUM OPTaHCKUAM
00jama, moceOHO KaTjoHCKHM 0ojama, Kao 1 Ha moTpely 3a pa3BojeM e(hUKACHUX, EKOHOMCKU NPUXBATHHBHX
W EKOJIOUIKH OJIPKUBHX METOJIa 32 KHXOBO yKiamame. [locebaH akmeHar Owhe craB/beH Ha MoryhHOCT
NpUMEHE TTOJHOTIPUBPEIHOr OTIaja, Mpe CBera JbYCKH JICITHUKA U Opaxa, Kao MPUPOIHHX aJicopOeHara y
CKJIJTy Ca MPUHIUIMA [UPKYJIapHE EKOHOMH]E ¥ OJIPXKHUBOT YIIPABIbarha OTIII0M.
Teopujcku seo
Ogo nornaBsbe 00yxBaTtuhe mperies pejeBaHTHE TUTepaType u3 00IacTH:

- CHHTETHYKHX OpraHCKHX 00ja kao 3aralyyjyhux CyIiCTaHIIM y BOACHUM CUCTEMUMA;

- KapaKTepHCTHKAa U EKOJIOIIKOT 3Hauaja KaTjOHCKUX OPTaHCKUX 00ja;

- MeToja 3a yKiIamame 00ja U3 OTHaIHHX BOJA;

- aJIcCOpIIMje Kao jeTHOCTaBHE U e(hUKacCHE METO/Ie TpeTMaHa 3aral)eHux Boja;

- NpHUMEHE JUTHOIEITYJIO3HUX MaTepHjalia v OJbOIPUBPEIHOT OTIA1a Kao ajacopOeHara;

- CTPYKType, cacTaBa M MOBPIIUHCKHUX CBOjCTABA JbYCKH JICITHUKA U 0paxa;

- KMHETWYKHX, H30TEPMHHX U TEPMOJMHAMUYKHX MOJENa KOjU c€ KOPUCTE 3a OIUC aJICOPIIIHOHNX

nporeca;

- MexaHM3aMa MHTepakiyje u3mely kaTjoHckux 00ja 1 MOBpPIIMHE MPUPOTHHUX aJcOpOeHATA.
ExcnepumeHTaqHu €0
VY excniepuMeHTATHOM JieNTy Ouhe mpuKa3aHu:

- Tlopeko, mpuripeMa 1 rpaHyJIOMeTpHjcka oOpaja MoJOMPUBPEIHIX OTIAJHUX MaTepHujana Koju he

outu kopumheHu Kao aacopOeHTH;

- Kapakrepucruke kopumheHnX XeMHUKaUja 1 MoJIen-00ja;

- Meroze kapakTepHu3anyje MOYETHUX aJcopOeHaTa U MaTepHjajia HAaKOH aJICOPIILIH]jeE;

- IlocTtynak nmpunpeMe BOJEHUX PacTBOpa KaTjOHCKUX OPraHCKHUX 00ja;

- Ommc map>XKHUX aJICOPIIIMOHNX EKCIIEpUMEHATa;

- Ilocrynak onpehuBama koHIeHTpanuje 60ja mpumeHoM UV-Vis criekTpodoTomeTpuje;

- Merojonoruja u3padyHaBama aJCcopIIHOHOT KanaluTeTa U epUKACHOCTH YKIIamhamba;

- Omnuc npuMemneHUX KMHETHIKUX, U30TEPMHUX U TEPMOANHAMUYIKIX MOJIENA.
Pesynraru u quickycuja
VY oBoM nornarspy Oulie peIcTaB/beHU M KPUTHYKH aHAJTH3UPAHU JIOOWjeHH Pe3yJITaTu:




- KapakTepu3alje U MoauduKaIyje JbyCKH JICITHUKA U opaxa Ipe ajCcopIIIHje;

- MOpGOJIOMIKUX, CTPYKTYPHUX U MTOBPIIHHCKUX CBOjCTaBa UCITUTUBAHUX aJicopOeHaTa;

- yTHIaja BpeMEHa KOHTaKTa Ha e(DUKACHOCT YKJIakamka KaTjOHCKUX OPraHCKUX 00ja;

- yTWIlaja moYeTHEe KOHIIEHTpamuje 060je Ha aCOPIINOHN KalalluTeT U MPOIICHAT YKIIamhamba,

- yruuaja pH BpenHocTH pacTBopa U TeMIlepaType Ha Mpoliec aJCopIyje;

- mopehema ajcopIIOHOT MOHAIAKhA JbYCKH JICIITHUKA H 0paxa;

- mopehema ancopriyje pa3IMuUTHX KaTjOHCKUX 00ja y 3aBUCHOCTH O] FBUXOBE XEMHU]JCKE CTPYKTYPE;

- KUHETUYKE aHaJH3¢ aJICOPIIIMOHOT MpoIIeca;

- aHaAJIM3€ MHTPAYECTUYHE U PUIMCKe audysuje;

- PaBHOTEXHE aHAJIN3¢ MPUMEHOM H30TEPMHHIX MOJIENA;

- TepMOJVHAMHYKE aHAIIU3e aJICOPIIIIH]E;

- KapakTepu3aluje azcopOeHaTa HaKOH IIpolieca aJICOPIILHje;

- pa3marpama MOTYhHX MeXaHHW3aMa Be3WBamka KaTjOHCKHX OpraHCKuX 00ja Ha MOBPIIHHY
WCTIUTHBAHUX MaTepHjasa;

- MpolicHEe MOTEHIMjaa MPUMEHe UCITMTUBAHKX aJiIcopOeHaTa y TpeTMaHy Boja 3aral)eHuX OpraHCKUM
0ojama.

3akJpydak
VY 3akpyuky he OWTH CyMUpaHW Haj3HAYAJHUJU PE3YNITATH UCTPAKHBAKa W UCTAKHYT HAYYHH JOTIPHHOC

JOKTOpCKe aucepranuje. buhe mprkazaHo y kK0joj Mepu JbyCKe JICHIHAKA M Opaxa MOTY Jia ce MpHUMEHE Kao
edUKacHU MIPUPOIHU aJICOPOCHTH 3a YKIamkamke KaTjOHCKAX OpraHCKuX 00ja W3 BOJEHUX pacTBopa. Takohe
he OWTHM MCTaKHYT 3HaYa] MMOBE3WBAMKA CTPYKTYpPE W IMOBPIIMHCKUX CBOjCTaBa ajcopOeHaTa ca FHUXOBHUM
aJICOPIIIIMOHMM TIOHAIIAkEeM, Ka0 M 3Hayaj XeMHjCKe CTpyKType 0oje y mpollecy ykiamama. [loceoHo he
OUTH pa3MOTpEH MOTEHIMja]l IMPHMEHE MOJFONPHUBPEIHOT OTNaAa Yy Pas3Bojy jeTUHUX, NOCTYIMHHUX H
SKOJIOIIKY MPUXBATJEUBHUX TEXHOJIOTH]a 3a MpeunirhaBame BOja.

JIureparypa
JlutepatypHu mpernen he oOyxBaTHUTH peleBaHTHE HaydHE paloBe, MpETNIEAHE pajoBe, MOHOorpaduje u

IpyTe CTpyYHE M3BOPE KOjH CE OJHOCE Ha 3araljeme BOJla CHHTETHYKUM OPTaHCKHM 0ojamMa, aJICOPIIIHOHE
npolece, NPUMEHY JMIHOLENYJIO03HUX MaTepHjaia U MOJbONPUBPENHOr OTNaja Kao ajcopOeHara, Kao U
KHHETHYKO, PABHOTEKHO U TEPMOJIUHAMUYKO MOJICIIOBAE a/ICOPTIIIH]E.



7. 3ak/by4aK M mpeasior

Ha ocHoBy MaTepmjana mpuJIOKEHOT Y3 MpHjaBy TeMe JOKTOPCKE MUCEPTalje W M3JI0KEHOT 3amaxara,
Komucuja cmatpa n1a je TeMa mpeioskeHe TOKTOpCKe AUcepTaluje Mol HacaoBoM ,,llossonpuBpeiHl OTHa
Kao aJICOPOEHT 3a yKIIambame KaTjOHCKUX OpraHCKuX 00ja h3 BoJeHHX pacTtBopa (Agro-industrial waste as an
adsorbent for the removal of cationic organic dye residues from aqueous solutions)" kanguaara Naji (Geuma
F.) Agilee, mactep aHanuTuHuapa >XKMBOTHE CpeAMHE, HAayyHO 3aCHOBaHa W Ja TNpEACTaBba 3Ha4ajaH
JOTIPUHOC HAaydHO] 00JacTH WHXXEHEepCTBA 3alliTHUTE >KUBOTHE CpeauHe, 3a Kojy je TexHomomko-
MeTanypuika - Qaxynter YHuBep3utera y beorpamy martmuna ycranoBa. Kommcuja mpemraxe HacraBHo-
HayyHoM Behy TexHomomko-meTamypikor ¢akynTera YHuBep3urera y beorpamy ama kangunmaty Naji
(Geuma F.) Agilee ono0pu wu3paay JOKTOPCKE IUCEpTaIMje TOJ] HAaBEICHUM HACJIOBOM. 32 MEHTOpa
nokTopcke nucepranmje Kommcuja mpemnmake ap Majy Domuh, momenta TexHOIOMIKO-METaTypIIkoOT
¢dakynrera Yuusep3ureta y beorpaxy m ap Heseny I[lpnamnoBuh Banpeanor mpodecopa TexHomomko-
MeTanypiukor gakynrera YHuBep3ureta y beorpany.

VY beorpany,
1. jym 2026. ronuae

YJIAHOBU KOMUCHJE

Hp Maja Honuh, noreHt
Yuusepsuret y beorpany, TexHomomko-meTamypiku (haxkyiarer

Ip Hesena [Ipnannosuh, Banpeaau mpodecop
Yuusepsuret y beorpany, TexHomomko-mMeTamypiku (haxkyiarer

Hp Anexcannpa [lepuh-I"pyjuh, penosan mpodecop
VYuusep3uret y beorpaany, TexHonomko-MeTanypky GakyiaTer

Hp Mupjana hyjuh, Bummm Hay9HU capaHUK
Yuusep3uret y beorpany, MHCTUTYT 32 HyKkIeapHe Hayke ,,BuHua®,
WHcTUTyT 01 HallMOHAIHOT 3Ha4aja 3a Pernyonuky Cpoujy
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UNIVERSITY OF BELGRADE
Faculty of Technology and Metallurgy
TO THE TEACHING AND SCIENTIFIC COUNCIL

Subject: Report on the Evaluation of the Scientific Justification of the Doctoral Dissertation Topic of the
Candidate Naji (Geuma F.) Agilee

By Decision No. 2026-35/212 of June 11, 2026, we were appointed as members of the Committee for the
Evaluation of the Scientific Justification of the Doctoral Dissertation Topic of the candidate Naji (Geuma F.)
Agilee, entitled “Agro-industrial Waste as an Adsorbent for the Removal of Cationic Organic Dye Residues
from Aqueous Solutions”.

Based on the materials submitted with the candidate’s doctoral dissertation topic application, the Committee
hereby submits the following

REPORT
1. Candidate information

1.1. Bibliographical data

Naji (Geuma F.) Agilee was born on February 17, 1984, in Al-Aziziyah, Libya. He is a citizen of Libya. He
completed his secondary education at Al-Azizyah School in Libya between 1999 and 2002. Subsequently,
from 2003 to 2007, he attended the Higher Institute of Science and Technology in Aziziyah, where he
obtained a higher diploma in chemical engineering. With the aim of further academic development, the
candidate completed undergraduate academic studies in the field of environmental protection at Singidunum
University in the 2015/2016 academic year, and subsequently completed master’s academic studies in the
same field between 2017 and 2018. He enrolled doctoral academic studies in the 2021/2022 academic year at
the Faculty of Technology and Metallurgy, University of Belgrade, specializing in Environmental Protection
Engineering.

The candidate has good computer skills, as well as well-developed communication skills. He is fluent in
Arabic, which is his native language, and in English. In his free time, he enjoys swimming, horse riding and

reading, which contributes to his active and balanced lifestyle.

1.2. Acquired Scientific Research Experience

The candidate Naji (Geuma F.) Agilee gained professional experience at the Higher Institute of Science and
Technology in Aziziyah, where he worked from 2007 to 2014. During this period, he was engaged as a
teaching assistant and laboratory technician. These positions enabled him to connect theoretical knowledge
with practical laboratory work, as well as to participate in supporting the teaching and experimental activities
of students and academic staff.

The candidate has academic education and professional experience in the fields of chemical engineering,
environmental protection and chemical sciences. Throughout his education and professional work to date, he
has developed knowledge and skills in the teaching process, laboratory work, and research activities focused
on environmental protection and sustainable resource management.

During his professional development, the candidate participated in several training programmes in the fields
of agricultural waste management, environmental impact assessment and sustainable resource management.
Among the significant training activities are the course in agricultural waste management, completed in
2010, the course in environmental impact assessment, completed in 2011, and the course in sustainable
resource management, completed in 2013. In addition, he participated in several workshops dedicated to
current environmental protection issues, including agricultural waste management, biodiversity conservation,
renewable energy sources and the impacts of climate change.



Naji (Geuma F.) Agilee enrolled in doctoral studies at the Faculty of Technology and Metallurgy, University
of Belgrade, in the 2021/2022 academic year, within the Environmental Engineering study programme. He
passed all examinations prescribed by the curriculum of the doctoral academic studies with an average grade
of 9.27, as well as the final examination entitled “Surface Modification and Functionalization of Agro-
industrial Waste Material for the Removal of Wastewater Organic Residues”.

No. | Course Course Title ECTS | Grade
Code
1. 14D178 Chemistry of Organometallic Compounds 5 10 (ten)
2. D1031Z Environmental Economics and Sustainable 4 10 (ten)
Development
3. DZM?2 Selected Topics in Numerical Analysis 5 10 (ten)
4. D1021Z Industrial Ecology 5 7 (ten)
5. D101 Chemical Kinetics 5 8 (eight)
6. DT3 Solid State Thermodynamics 5 10 (ten)
7. D138 Catalysis in Organic Chemistry 5 10 (ten)
8. 14D136 Green Chemistry 5 10 (ten)
9. D170 Structural Analysis of Organic Molecules 6 10 (ten)
10. | 14D179 Chemistry of Pesticides 5 10 (ten)
11. | DZI Final Examination 30 7 (seven)
Total | 80

In 2025, the candidate published a scientific paper entitled “Hazelnut Shells as a Tenable Biosorbent for
Basic Red 18 Azo Dye Removal” (journal Separations, Q2/Q3). This paper reflects his research interest in
the application of waste biomass and sustainable materials in processes for the removal of pollutants from
aqueous solutions.

On June 11, 2026, the doctoral dissertation topic entitled “Agro-industrial Waste as an Adsorbent for the
Removal of Cationic Organic Dye Residues from Aqueous Solutions” was submitted to the Teaching and
Scientific Council of the Faculty of Technology and Metallurgy.

Category M22:

1. Agilee, N., Spasojevi¢, T., Deli¢, M., Ogrizovi¢, D., Gria, 1., Prlainovi¢, N., Poli¢, M. (2024). Hazelnut
shells as a tenable biosorbent for Basic Red 18 azo dye removal. Separations, 11, 343. (IF=2.5) (ISSN: 2297-
8739) (https://doi.org/10.3390/separations11120343)

Category M33

1. Ogrizovi¢, D., Deli¢, M., Spasojevi¢, T., Agilee, N., Pavicevi¢, V., Prlainovi¢, N., Poli¢, M. (2025).
Modification of agricultural wastes for improved phosphate removal from wastewater. In Proceedings/6th
Metallurgical & Materials Engineering Congress of South-East Europe, MME SEE 2025, Vol. 6, No. 1.
(Published 26.05.2025). (https://doi.org/10.30544/MMESEE63)

Category M34

1. Agilee, N., Deli¢, M., Ogrizovi¢, D., Spasojevi¢, T., Prlainovi¢, N., DPoli¢, M. (2026). From nut shell
waste to dye adsorbents: The effect of cationic dye structure on removal efficacy. In Book of Abstracts/Ist
Congress of Chemists of Montenegro, CHEMCONMNE 2026, Budva, Montenegro, May 26-29, 2026, PO2-
16, p. 92. (ISBN: 978-9940-633-09-7)

2. Agilee, N., Spasojevi¢, T., Deli¢, M., Ogrizovi¢, ., Gria, L., Prlainovi¢, N., Poli¢, M. (2024). The
utilization of hazelnut shells for efficient removal of BR18 azo dye: A comparative study of raw and
modified adsorbents. In Program and the Book of Abstracts/Twenty-Second Young Researchers' Conference
— Materials Sciences and Engineering, Belgrade, Serbia, 2024, p. 29. Belgrade: Institute of Technical
Sciences of the Serbian Academy of Sciences and Arts. (ISBN: 978-86-80321-39-4).


https://doi.org/10.3390/separations11120343
https://doi.org/10.30544/MMESEE63

1.3. Assessment of the Candidate’s Competence to Work on the Proposed Topic

Based on his previous work and the research results achieved in the field of environmental engineering,
particularly in the area of chemical functionalization and biowaste valorization, as well as on the number and
quality of his published papers, the Committee concludes that Naji (Geuma F.) Agilee, Master
Environmental Analyst, has demonstrated a high degree of independence and competence for conducting
scientific research. Therefore, the Committee considers him qualified to work on the proposed doctoral
dissertation topic.

2. Subject and Aim of the Research

This doctoral dissertation investigates the potential use of lignocellulosic materials derived from agricultural
waste, specifically hazelnut and walnut shells, as economically and environmentally acceptable adsorbents
for the removal of cationic organic dyes from aqueous solutions [1,2]. Although agricultural waste was for a
long time regarded primarily as waste material, it is now increasingly recognized as a valuable, renewable,
low-cost and widely available resource [3]. In an era of intensive development of sophisticated and
chemically modified adsorbents, there is a growing awareness that sustainable solutions do not necessarily
have to be technologically complex, but rather carefully selected, locally available and practically applicable.

At the same time, water pollution by organic dyes represents one of the significant environmental problems
of modern society [4]. Organic dyes are widely used in the textile, leather, paper, food, cosmetic and other
processing industries. Their presence in aquatic systems is undesirable even at low concentrations, as it
causes coloration of water, reduces light penetration and disrupts photosynthetic processes in aquatic
environments. Organic dyes may exhibit toxic, mutagenic or carcinogenic effects, depending on their
chemical structure and degradation products [5]. Due to their complex aromatic structure and high stability,
many organic dyes are difficult to biodegrade, which further complicates their removal using conventional
wastewater treatment methods.

In the Republic of Serbia, hazelnut and walnut are important agricultural crops, with a production of
approximately 8,700 tons of hazelnuts and 9,000 tons of walnuts in 2023 [6]. Considering that shells account
for a significant portion of the fruit mass, it is evident that large quantities of this waste material are
generated annually, opening up opportunities for their further valorization [7, 8]. Hazelnut and walnut shells,
as lignocellulosic materials, possess a complex structure rich in cellulose, hemicellulose, lignin and various
surface functional groups, such as hydroxyl, carboxyl, phenolic and other reactive groups, which may
participate in interactions with organic dye molecules [7]. Therefore, they represent promising natural
sorbents for the removal of cationic dyes from aqueous solutions.

Based on the above, the subject of this doctoral dissertation is focused on the investigation of the adsorption
properties of selected raw agricultural lignocellulosic materials, specifically hazelnut and walnut shells, in
the process of removing cationic organic dyes from aqueous solutions [9, 10]. The research will include the
evaluation of dye removal efficiency, analysis of the influence of relevant process parameters, investigation
of adsorption kinetics and equilibrium, as well as interpretation of possible interaction mechanisms between
the adsorbent surface and dye molecules. In this way, the research links locally available waste biomass with
wastewater treatment, in accordance with the principles of green technological solutions and the circular
economy [11, 12].

Considering that a significant portion of agricultural waste still remains insufficiently utilized, one of the
main aims of this doctoral dissertation is to examine the possibility of its valorization through application in
processes for the removal of cationic organic dyes from aqueous solutions. Instead of regarding this type of
waste material solely as an environmental burden, the research is directed towards its use as a secondary raw
material for obtaining economically and environmentally acceptable adsorbents.

A specific aim of the research is to assess the adsorption potential of selected lignocellulosic materials
derived from agricultural production for the removal of cationic organic dyes from model aqueous solutions
[9, 13]. Within the research, dye removal efficiency, the influence of relevant process parameters on the
adsorption process, and the possibility of applying these materials as alternatives to commercial adsorbents
will be investigated.



The aim of the dissertation is also to obtain a more detailed insight into the behaviour of the investigated
systems through the analysis of adsorption kinetics and equilibrium, as well as into the possible mechanisms
of interaction between the adsorbent surface and cationic dye molecules. In this way, the research should
contribute to understanding the relationship between the structure and surface properties of agro-industrial
lignocellulosic materials and their ability to bind organic pollutants from aqueous media.

In addition to the scientific aspect, the aim of the research is to develop the concept of sustainable
management of agro-industrial waste, in accordance with the principles of the circular economy. The
application of such materials in adsorption processes simultaneously enables the reduction of waste
quantities and the removal of pollutants from water, thereby linking environmental protection, rational use of
locally available resources, and the development of simple and economically acceptable water treatment
technologies.
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3. Initial Hypotheses
The initial hypotheses of this research are based on the following assumptions:

1. Biowaste as a sustainable raw material: Waste hazelnut and walnut shells possess a lignocellulosic
composition suitable for the adsorption of various organic molecules from aqueous solutions. It is assumed
that their use as adsorbents may result in materials that represent an environmentally friendly, economical
and locally available alternative to commercially used chemically synthesized adsorbents.

2. Environmental contribution and compliance with the principles of the circular economy: The use of
biowaste for the preparation of adsorbents will contribute to reducing the amount of waste disposed of in
landfills, as well as to reducing greenhouse gas emissions. The research is aligned with the concepts of the
circular economy and sustainable development, which promote resource reuse and the reduction of
environmental burden.

3. Applicability under real conditions and economic feasibility: It is assumed that the investigated
adsorbents will be technologically adaptable and economically justified for application under real conditions
of polluted water treatment, both in laboratory systems and in industrial and municipal systems. Their
application may contribute to the development of accessible environmental protection technologies in
resource-limited environments.

4. Scientific Research Methods

The research will be conducted through a series of methodological steps, including the preparation of
materials, their physicochemical characterization, adsorption experiments and analysis of the obtained
results. The aim is to investigate the possibility of applying selected agricultural waste materials as
functional adsorbents and to evaluate their efficiency in the removal of cationic organic dyes, Basic Red 18
(BR18) and malachite green, from aqueous solutions. The research methods will include the following:

1. Preparation of the Assorbents
The starting raw material will be agricultural waste, namely hazelnut and walnut shells. After collecting the
waste from a local farm in Jagodina, Republic of Serbia, the following procedures will be applied to prepare
the materials for use as raw adsorbents:
- freezing to facilitate further processing, followed by mechanical grinding;
- drying of the ground material at 105 °C for 1 h;
- sieving of the ground and dried material through a series of sieves and selection of the desired
fraction;
- washing of the selected fraction with deionized water in order to remove impurities and loosely
bound surface components;
- repeated drying of the material at 105 °C for 24 h, until a stable dry adsorbent is obtained;
- chemical modification of hazelnut shells with citric acid. After the previously described procedure
for obtaining the adsorbents, the raw waste shells will be modified using a 0.5 M citric acid solution
in order to improve their adsorption capacity.

2. Physicochemical characterization
The materials used before and after the adsorption of cationic dyes will be thoroughly characterized using
modern analytical and physicochemical methods and techniques, including:
- determination of the point of zero charge;
- X-ray diffraction analysis (XRD), for examining the crystalline structure of the obtained materials;
- Fourier-transform infrared spectroscopy (FTIR), for the identification of functional groups and
investigation of the structural properties of the materials;
- X-ray fluorescence analysis (XRF), for determining the elemental composition;
- optical microscopy, for visualization of surface morphology, and energy-dispersive spectroscopy
(EDS), for surface composition analysis;
- BET analysis, for measuring the specific surface area and pore size distribution.



3. Adsorption Experiments
The removal efficiency of two cationic dyes, Basic Red 18 (BR18) and malachite green, will be investigated
under laboratory conditions. The influence of the following parameters on dye removal efficiency will be
analyzed:

- initial dye concentration;

- pH value of the solution;

- contact time;

- temperature;

- possibility of adsorbent reuse.
4. Kinetic and Isotherm Analyses
The experimental data will be processed using:

- kinetic models: pseudo-first-order, pseudo-second-order and other relevant models;

- isotherm models: Langmuir, Freundlich, Temkin and other relevant models;

- models for determining the adsorption mechanism, including the Weber—Morris and Boyd models;

- determination of thermodynamic adsorption parameters;

- investigation of the adsorption mechanism and definition of the mechanism of dye removal using

waste shells.

The data obtained in the adsorption experiments, as well as the results derived from the application of
appropriate kinetic and equilibrium models, will be analyzed in relation to the structural, morphological and
surface properties of the investigated materials. These properties will be determined using relevant
instrumental characterization methods. In this way, a more comprehensive interpretation of the adsorption
process will be enabled, including the identification of dominant interactions between the surface of the
lignocellulosic adsorbent and cationic dye molecules, as well as the determination of the conditions under
which their most efficient removal from aqueous solutions is achieved.

After determining the most favorable process parameters, the adsorption efficiency of the investigated
materials will be further verified under controlled laboratory conditions. This phase represents an important
step towards assessing their applicability, as well as a basis for further optimization of the materials and
processes with regard to their potential application in real systems for the treatment of contaminated waters.

5. Expected Scientific Contribution

Within this research, several interrelated scientific contributions are expected, referring to the following
aspects:

- Valorization of agricultural waste through the development of economically justified adsorbents
The research will contribute to assessing the possibility of applying hazelnut and walnut shells, as widely
available lignocellulosic waste materials, for the removal of cationic organic dyes from aqueous solutions. In
this way, waste generated during the processing of nut crops gains new added value in the field of
environmental protection.

- Improvement of the approach to the preparation and application of natural adsorbents
Through the systematic investigation of hazelnut and walnut shells as raw agro-industrial adsorbents, it will
be possible to evaluate their applicability without complex chemical modification procedures or energy-
intensive treatment. This approach will enable the definition of conditions under which these materials
exhibit the most favorable adsorption properties.

- New knowledge on the structure, surface properties and adsorption potential of hazelnut and walnut

shells

The research will provide detailed data on the morphology, chemical composition, surface functional groups
and other characteristics of these lignocellulosic materials. Particular importance will be given to correlating
these properties with the ability of the materials to bind cationic organic dye molecules from aqueous media.

- Contribution to the understanding of the adsorption mechanism of cationic organic dyes
The application of kinetic, equilibrium and thermodynamic models will enable the interpretation of the
cationic dye removal process, as well as the identification of dominant interactions between the adsorbent
surface and dye molecules. Based on the obtained results, optimal adsorption conditions will be defined and
the efficiency of the investigated materials in model aqueous solutions will be evaluated.

- Contribution to the application of circular economy principles in the treatment of polluted waters



The scientific and practical significance of the research is reflected in linking sustainable agro-industrial
waste management with the development of simple and economically acceptable solutions for the removal of
organic pollutants from water. The application of hazelnut and walnut shells as adsorbents contributes to
waste reduction, rational use of locally available resources and the development of environmentally friendly
water treatment technologies.

6. Research Plan and Structure of the Dissertation

The research within the doctoral dissertation entitled “Agro-industrial Waste as an Adsorbent for the
Removal of Cationic Organic Dye Residues from Aqueous Solutions” will be divided into four main phases:

1. Preparation and Characterization of Agricultural Waste as a Potential Adsorbent

In the first phase of the research, selected agricultural waste materials, primarily hazelnut and walnut shells,
will be prepared as potential adsorbents for the removal of cationic organic dyes from aqueous solutions. The
materials will be collected, cleaned, dried, ground and sieved to obtain the appropriate particle size fraction.
One portion of the materials will be chemically modified with citric acid. After preparation, the materials
will be used in adsorption experiments.

The initial materials will be thoroughly characterized using appropriate instrumental and physicochemical
methods, with the aim of determining their chemical composition, morphological characteristics, surface
functional groups, crystalline/amorphous structure, textural properties and surface charge. Characterization
of materials will include FTIR, SEM/optical microscopy, XRD, BET analysis, determination of the pH value
of the point of zero charge (pHpzc), as well as other relevant methods. Based on the obtained results, the
suitability of the investigated materials for application in adsorption processes for the removal of cationic
dyes will be evaluated..

2. Investigation of the Adsorption of Cationic Organic Dyes on Selected Adsorbents
In the second phase, the efficiency of hazelnut and walnut shells in the removal of selected cationic organic
dyes from aqueous solutions will be investigated. Representatives of cationic dyes with different chemical
structures, such as Basic Red 18 and malachite green, will be used as model pollutants in order to examine
the influence of dye molecular structure on the efficiency of the adsorption process.

Adsorption experiments will be performed in a batch system, during which the influence of relevant process
parameters will be investigated, including contact time, initial dye concentration, pH value of the solution
and temperature. The dye concentration in the solution before and after adsorption will be determined by
UV-Vis spectrophotometry, based on previously established calibration curves. Based on the obtained data,
the adsorption capacity and dye removal efficiency will be calculated, and the optimal process conditions
will subsequently be defined.

3. Kinetic, Equilibrium and Thermodynamic Analysis of the Adsorption Process

In the third phase of the research, the kinetics, equilibrium and thermodynamics of cationic organic dye
adsorption on the investigated adsorbents will be analyzed. Kinetic data will be analyzed using appropriate
kinetic models, such as the pseudo-first-order model, pseudo-second-order model, Weber—Morris
intraparticle diffusion model and Boyd model, with the aim of determining the process rate, possible
diffusion limitations and the rate-controlling steps of adsorption.

Equilibrium data will be processed using isotherm models, including the Langmuir, Freundlich and Temkin
models, in order to determine the maximum adsorption capacity, surface heterogeneity of the adsorbent and
the nature of the interactions between dye molecules and the adsorbent surface. Thermodynamic analysis
will be performed based on the results obtained at different temperatures and will include the determination
of the standard changes in Gibbs free energy, enthalpy and entropy of adsorption. In this way, the
spontaneity, endothermic or exothermic nature of the process, as well as the nature of dye binding, will be
evaluated.

4. Elucidation of the Adsorption Mechanism and Assessment of the Applicability of the Investigated
Materials



In the fourth phase, the results of adsorbent characterization will be correlated with the results of kinetic,
equilibrium and thermodynamic studies, with the aim of elucidating the mechanism of cationic organic dye
removal from aqueous solutions. Particular attention will be paid to the role of surface functional groups,
morphology, porosity, surface charge and the chemical structure of dye molecules in the adsorption process.

Based on the obtained results, the dominant interactions contributing to dye binding onto the adsorbent
surface will be identified, including electrostatic interactions, hydrogen bonding, m—m interactions,
hydrophobic interactions and the possible contribution of diffusion processes. The practical applicability of
the investigated agricultural waste materials as low-cost, available and environmentally friendly adsorbents
for the treatment of water contaminated with cationic organic dyes will also be assessed.

The doctoral dissertation will be structured through the following chapters:
Introduction
The introductory chapter will define the subject and significance of the research, as well as the main
objectives of the doctoral dissertation. It will address the problem of pollution of aquatic systems by
synthetic organic dyes, particularly cationic dyes, as well as the need to develop efficient, economically
acceptable and environmentally sustainable methods for their removal. Special emphasis will be placed on
the possibility of applying agricultural waste, primarily hazelnut and walnut shells, as natural adsorbents in
accordance with the principles of the circular economy and sustainable waste management.
Theoretical Background

- This chapter will include a review of relevant literature in the following areas:

- synthetic organic dyes as pollutants in aquatic systems;

- characteristics and environmental significance of cationic organic dyes;

- methods for dye removal from wastewater;

- adsorption as a simple and efficient method for the treatment of polluted waters;

- application of lignocellulosic materials and agricultural waste as adsorbents;

- structure, composition and surface properties of hazelnut and walnut shells;

- kinetic, isotherm and thermodynamic models used to describe adsorption processes;

- mechanisms of interaction between cationic dyes and the surface of natural adsorbents.
Experimental Part

- The experimental part will present:

- the origin, preparation and particle-size processing of agricultural waste materials to be used as

adsorbents;

- the characteristics of the chemicals and model dyes used;

- the methods for characterization of the initial adsorbents and materials after adsorption;

- the procedure for preparing aqueous solutions of cationic organic dyes;

- the description of batch adsorption experiments;

- the procedure for determining dye concentration using UV-Vis spectrophotometry;

- the methodology for calculating adsorption capacity and removal efficiency;

- the description of the applied kinetic, isotherm and thermodynamic models.
Results and Discussion
This chapter will present and critically analyze the obtained results, including:

- characterization and modification of hazelnut and walnut shells before adsorption;

- morphological, structural and surface properties of the investigated adsorbents;

- the influence of contact time on the efficiency of cationic organic dye removal;

- the influence of initial dye concentration on adsorption capacity and removal percentage;

- the influence of solution pH and temperature on the adsorption process;

- comparison of the adsorption behaviour of hazelnut and walnut shells;

- comparison of the adsorption of different cationic dyes depending on their chemical structure;

- kinetic analysis of the adsorption process;

- analysis of intraparticle and film diffusion;

- equilibrium analysis using isotherm models;

- thermodynamic analysis of adsorption;

- characterization of the adsorbents after the adsorption process;

- consideration of possible mechanisms of cationic organic dye binding onto the surface of the

investigated materials;




- assessment of the potential application of the investigated adsorbents in the treatment of waters
polluted with organic dyes.

Conclusion

The conclusion will summarize the most important research results and highlight the scientific contribution
of the doctoral dissertation. It will show to what extent hazelnut and walnut shells can be applied as efficient
natural adsorbents for the removal of cationic organic dyes from aqueous solutions. The importance of
correlating the structure and surface properties of the adsorbents with their adsorption behaviour will also be
emphasized, as well as the significance of the chemical structure of the dye in the removal process. Particular
attention will be given to the potential application of agricultural waste in the development of low-cost,
available and environmentally acceptable technologies for water purification.
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7. Conclusion and Suggestion

Based on the materials submitted with the application for the doctoral dissertation topic and the presented
observations, the Committee considers that the topic of the proposed doctoral dissertation entitled “Agro-
industrial Waste as an Adsorbent for the Removal of Cationic Organic Dye Residues from Aqueous
Solutions” by the candidate Naji (Geuma F.) Agilee, Master Environmental Analyst, is scientifically justified
and represents a significant contribution to the scientific field of Environmental Engineering, for which the
Faculty of Technology and Metallurgy, University of Belgrade, is the competent institution. The Committee
proposes to the Teaching and Scientific Council of the Faculty of Technology and Metallurgy, University of
Belgrade, to approve the preparation of the doctoral dissertation by the candidate Naji (Geuma F.) Agilee
under the stated title. As supervisors of the doctoral dissertation, the Committee proposes Dr. Maja Doli¢,
Assistant Professor at the Faculty of Technology and Metallurgy, University of Belgrade, and Dr. Nevena
Prlainovi¢, Associate Professor at the Faculty of Technology and Metallurgy, University of Belgrade.
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