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(Tarywm) 3AXTEB

3a JaBambe CarJIaCHOCTH HA OMVIYKE 0 ycBajamwy u3Bemraja Komucuje 3a oueny
AOKTOPCKe JUCepTALHje H 0 MMEHOBalkby KOMHCHje 3a 00paHy

Monumo 1a, cxomHo wiany 47. cr. 5. tau. 4. Craryra Yuusepsutera y beorpany ("I'macuuk Yuusepsuret", O6poj 186/15-
npeuntihenu Teket U 189/16), naTe cariacHOCT Ha OJUTYKY O ycBajamy m3BemnTaja KoMucuje 3a olileHy JTOKTOpPCKE AuCepTalyje:

KAHAUJAT Amit (Parashu Ram Jaiswal) Kumar

(uMe, UMe jeTHOT O] POANTEIhA U IIPE3UME)
CTYACHT NOKTOPCKUX CTy}lI/Ija Ha CTyZ[I/IjCKOM nporpamy . I/IH)KeH:epCTBO 3aIITHTE )KUBOTHE CPEIUHE

MIPHUjABHUO j€ JTOKTOPCKY TUCEPTAIIH]Y IOl HA3UBOM:
Pa3Boj u kapakTepu3zanuja miasma cucreMa Ha aTMocdepcKoM NMPUTHCKY 3a pepajay OTNaHe Boje
(Design, Development and Characterization of Atmospheric Plasma System for Wastewater Treatment)

TeXHOJOLIKO HHKEHEPCTBO
U3 Hay4He 00JIacTH:

. 19.01. . 1206- .
YHHUBEP3UTET je HaHa ()09 CBOjUM aKTOM MOJ Op. ?7823_22 JIa0 CariacHOCT Ha MPEJIOT TeMe JOKTOPCKE qucepTalmje

KOja je riiacuia:

Pa3Boj u kapakrtepu3aunuja miazMa cucreMa Ha aTMocepcKOM NPUTHUCKY 3a Npepajay OTHajHe BOje
(Design, Development and Characterization of Atmospheric Plasma System for Wastewater Treatment)

Nme n npesume menropa: ap [paran [ToBpenosuh, penosuu nmpodecop Yuusepsurera y beorpany, TexHomomko-MeTanypuiku
¢axynrer,

Nme u npesume menrtopa 2: ap Bondranr ['epmak, penosuu npodecop Yuusepsurera y buponu, [lInanuja, Katanoncku
HHCTHTYT 38 UCTPa)KUBAIbE BOJIE.

Komucuja 3a onieHy 10KTOpCKe AMCEpPTalMje UMEHOBaHA je Ha cenHuIy onpxanoj 20.09.2022.

OIUTyKOM (pakynrera mox 6p.  35/228 , Y cacray:
Nwme u pe3nme wiaHa 3Bamke Hay4YHa 00JIaCT YcraHoBa y K0joj
KOMHCH]e je 3amocieH
Np Bnagumup [Nasuhesuh BaHpeaHU mpodecop WmKemepcTBo 3allTHTE
1. JKMBOTHE CpPEIHE ™D
2 p Usona Pamosuh penoBHu mpodecop XeMHjCKO HHKESHEPCTBO T™M®
Enextporexnuka Cpricka akajeMHuja HayKa 1 YMETHOCTH
3 Ip 3opan [Terposuh Axanemuk CAHY P p JICMH)a HayKa o yM
HnxemepcTBo 3a1uTUTe VYuusepsuret y Buponu, Karamoncku
4, Jp Jenena Pahenosuh Hay4HHM CaBETHUK JKUBOTHE CPEJMHE HMHCTUTYT 3a UCTpPa)kMBame BOJE,
[nanuja
HNmxemwepcrBo 3amrure Vuusepsurer y Buponn, Katanoncku
Hp Capa Ponpures-Moza3 BMILIM HAYYHU CapaJHUK
5. JKHBOTHE CpEJIIHE WHCTHTYT 32 UCTPAXXKUBAE BOZE,
[Imanunja
Vuusepsurer Komenuyc
6. Jp 3nenxo Maxana penoBHH TIpodecop p ye

Dusnka Bparucnasa, CoBauka




Hamnomena: ykosmmko je wian Komucuje y neH3uju HaBecTH JaTyM NEH3HOHUCALA.
Jatym craBbama u3Bemraja Komucuje u 1okTopeke nucepranuje Ha yBua jaBHoctn 16.11.2022.

HacrtaBHo-HayuyHo Behe ¢dakyiaTera ycBojuio je uspemraj Komucuje 3a oneHy 10KTOpCcKe AucepTranmje Ha
CeTHUIH Ofip:KaHoj nana 29.12.2022.

Komucuja 3a oq0pany 10KTOPCKe AUCEpPTAIMje HMEHOBAHA je Ha CeMHUIH oapxkanoj 29.12.2022.

omtykoM dakynarera mox op.  35/336 , y cacTaBy:

HwMe u npe3umMe diaHa YcTaHoBa y K0joj

. 3BabE Hay4YHa 00JIaCT .
KOMUCH]C J€ 3aIo0cCiiCH
Ip Bnamumup [Tasuhesuh BaHpEIHU Tpodecop NuxemepcTBo 3amrTure
1. JKUBOTHE CPEIMHE T™®
) Jp ViBoHa Panosuh penoBHHU 11podecop XeMHjCKO HHKEHEPCTBO T™®
Enextporexnuka Cpricka akajemMuja HayKa U yMETHOCTU
3. Jp 3opan I[Terposuh Axanemuk CAHY p P JICMH)a Hayka 1 yM
NuxemwepcTBo 3amTuTe YHuusepsutet y Buponu, Karanoncku
4, Jp Jenena Pahenosuh Hay4HH CaBETHHUK JKHBOTHE CpEJIHHE WHCTHTYT 32 HCTPa)KHBambe BOJE,
nanuja
MuxemepcTBo 3amTuTe YuusepsureT y Buponu, Karanoncku
p Capa Poppure3-Mo3za3 BUIIY HAy4YHU CapaTHUK
5. JKMBOTHE CPEJIHE MHCTUTYT 32 HCTPAXXUBAE BOJIE,
nanuja
Yuusepsuter Komennyc
6. 3nenko Maxana €I0BHH Ipodeco '
Jlp 31 et podecop Dusnka Bparucnasa, CioBauka

Hanomena: ykoiauko je wian Komucuje y neH3uju HaBecTH JaTyM IeH3HOHUCAHA,

JEKAH ®AKYJTETA
ap Ierap Yckokosuh, pexosun npogecop

| (- 1 Onayka HactaBHo-HayuyHoOr Beha o ycBajawy uzBemraja Komucuje 3a oneny 10KTopcke aucepTanuje
P ) " W oaayka o uMeHoBamy Komucuje 3a o10pany 10KTOpCKe TucepTanuje

2. H3Bemraj Komucuje 0 olleHN JOKTOPCKe JHCePTaNHje

3 IIpumende na u3Bemraj Komucuje o onieHu J0KTOpCKe qucepranuje (YKOJIMKO UX je OUJI0) U
" Mmunubeme Komucuje o npumendama

Hanomena: @akyaTeT A0CTaB/ba Y HUBEP3UTETY 3aXTeB €A MPUJI03UMA Y eJIeKTPOHCKOj GOPMHU U Y jeTHOM MHCAHOM
NPUMEPKY 32 apXUBY Y HUBEP3UTETA



AlIVa
Ha ocnoBy un. 40. craB 3. 3akoHa 0 BUCOKOM oOpa3zoBamy, wi. 112. craB 3. Craryra YHuBep3urera y
Beorpany, . 88. craB 3. Craryra TM®-a u un. 52. [IpaBunHuka o goktopckum crynujama TM®, Ha
cenaui HacraBHo-nayynor Beha TexHomomko-meramypukor dakynrera ox 29.12.2022. roaune,
JIOHETA je
OLIVKA
o mpuxBaramy Pedepara o orjeHu TOKTOpCKe IucepTaryje

[Ipuxsara ce Pedepar Komucuje y cacraBy: ap Bnaaumup IlaBuheBuh, Bampemnu mnpodecop
VYuuBepsutera y beorpamy, Texnomomko-meranypimiku ¢akyiarer, ap HMBona Panosuh, penoBHu
npodecop Yumpep3utera y beorpany, Texuonomko-meranypmku ¢axkynrer, np 3opan Ilerposuh,
akagemuk Cprcke akajgemuje Hayka MU yMeTHocTH, beorpaa, np Jenena PalhenoBuh HayuyHu caBeTHUK
VYuusep3uteta y Buponu, [llnanuja, KaranoHcku HHCTUTYT 3a UCTPAaKUBAKE BOJIE,
np Capa Pompure3-Mo3zas, Bulln HaydHH capagHuk YHuUBep3utera y buponu, [llnanuja, Karamoncku
WHCTUTYT 3a UCTPaXKUBamke BoJe U Jp 31eHK0 Maxana, penoBHu npodecop Yuuepsuteta Komenuyc,
Bbparucnasa, CrnoBauka, o mperjiefly U olieHu ypal)eHe JOKTOPCKE AucepTalvje 1mo1 Ha3uBoMm: ,,Pa3Boj u
KapaKTepu3aluja njiazMa cucreMa Ha aTMoc(epcKoM MPUTHCKY 3a npepaay ornaane Boae(Design,
Development and Characterization of Atmospheric Plasma System for Wastewater Treatment)«
Kojy je moaneo Amut Kymap, mactep nHxemep TexHojoruje u ynyhyje ce Ha cariacHocT Behy HayuHux
o0nacTu TEXHWYKUX Hayka YHuBep3uteta y beorpamy. Behe HayuHux o06iacTé TEXHHMUKHX Hayka
VYuuep3uteta y beorpamy mano je carmacHOCT Ha mpeyior TeMe JOKTopcke nuceptaiuje Amuta Kymapa,
noJ Ha3uBoM ,,Pa3Boj M Kkapakrepu3auMja Imjia3Ma cHcTeMa Ha aTMocepcKoM MPHUTHCKY 3a
npepaay ornaane Boae(Design, Development and Characterization of Atmospheric Plasma System
for Wastewater Treatment)“ Omtykom 6poj: 61206-178/2-22 ox 19.01.2022. roaumue.
Bepudukanuja HaydHIX TOTIPHHOCA:
Kareropuja M21a: 5 5
1. Amit Kumar, Nikola Skoro, Wolfgang Gernjak, Olivera Jovanovi¢, Andelija Petrovi¢, Suzana Zivkovic,
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using cold atmospheric plasma source, Submitted in the journal of Science of The Total Environment, under review
(2022), IF = 10,753, ISSN 1879-1026.
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2. Amit Kumar, Nikola Skoro, Wolfgang Gernjak, Dragan Povrenovi¢ and Nevena Puag, Direct and indirect treatment of
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3,718, ISSN 2296-424X, doi: 10.3389/fphy.2022.835635.

3. Amit Kumar, Ananthanarasimhan J, Anand M Shivapuji, S Dasappa and Lakshminarayana Rao, Experimental
investigation of a non-catalytic cold plasma water-gas shift reaction, J Phys D Appl Phys, 53 (2020), 465205, IF = 3,409,
ISSN 1361-6463, doi: 10.1088/1361-6463/abad2d.

Kareropuja M23: 5
4.  Amit Kumar, Nikola Skoro, Wolfgang Gernjak and Nevena Pua¢, Cold atmospheric plasma technology for removal of

organic micropollutants from wastewater — a review, Eur Phys J D, 75 (2021) 1-26, IF = 1,611, ISSN 1434-6060,
doi: 10.1140/epjd/s10053-021-00283-5.

Onnyky nocraButu: Behy HayuyHuX 00nacTH TEXHMUYKUX Hayka YHHUBep3uTeTa, MeHTopuMa, Ciyx6u 3a
HACTaBHO-CTYJICHTCKe NocioBe, bubnnorenm nu ApxuBu ¢axynrera.
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[Tpoo. np Iletap Yckokosuh
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YHUBEP3UTET Y BEOI'PALY

TEXHOJIOIIKO-METAJYPIIKHA ®AKYJITET

HACTABHO-HAYYHOM BERY

Hpeamer: Pedepar o ypaheroj mokTopckoj aucepranuju kKananaata Amura Kymapa, Mmactep HHX. TEXHOJIOTHje

Omrykom 6p. 35/228 ox 20.09.2022.roxune, MMeHOBaHH cMO 3a wiaHOBe KoMiicHje 3a mperen, OLeHy

on0paHy TOKTOpCKe IucepTanuje kKannuaata AMuta Kymapa, Mactep HHX. TEXHOJIOTHj€ IO HACTIOBOM:

Pa3Boj n kapakTepu3anmja miazmMa cucreMa Ha aTMocepckoM MPUTHUCKY 32 Npepaay oTHagHe BoJe

[Mocne mperiiena goctaBibeHe Jucepranuje u qpyrux npatehnx MaTepujana u pa3ropopa ca kanaunatoM, Komucuja
je caunHmia ciuenehn

PEDPEPAT

1. YBOJ
1.1. XpoHosoruja onodopaBama u u3paje aucepraumje

Ixoncke 2019/2020, kangunat Amutr Kymap, mMactep TEXHOJIOTHje YMUCYje TOKTOPCKE aKaJeMCKE CTYyIHje Ha
TeXHOJIOMIKO-METAYPIIKOM (akynTeTy, YHuBep3uTeTa y beorpany, cTyamjcku mporpaM MHKEHEPCTBO 3aIlITHTE
JKHBOTHE CPEJINHE.

29.06.2021- Ha cennumm HacraBHO-HaywHOT Beha moHeTa je omtyka Op. 35/153 o umeHoBamy Komucuje 3a oreny
NoJOOHOCTH TeMe 10N HasMBOM Pa3Boj M KapakTepHu3alyja IUIa3Ma CHCTeMa Ha aTMOC()EpCKOM HPHUTHCKY 3a
mpepany OTHajHEe Boje, W MOJoO0HOCTH KaHauaata Amuta Kymapa, Mactepa TEXHOJOTHje, 3a U3paay JOKTOPCKE
JUcepTanyje.

23.12.2021. - Ha cenuuiiu HactaBHo-HayuHor Beha TexHOJOMIKO-MeTanypuikor (akynreTa YHHBEp3UTETa Y
Beorpany nmonera je omayka Op. 35/370 o mpuxBaramy Pedepara Kommcuje 3a oreHy Mmogo0OHOCTH TeME IOJ
Ha3uBOM: Pa3Boj W KapakTepu3alyja Mmia3Ma CUCTeMa Ha aTMOC(EepCKOM MPHUTHUCKY 3a Mpepany OTMHajHe BOJE U
KaH/IM/1aTa 3a u3paay JOKTopcke aucepranuje Amurta Kymapa, Mactepa TeXHOJIOTHje, a 32 MEHTOpa OBE JOKTOPCKE
Juceprandje uMeHoBaH je npod. ap [param IloBpenosuh, pemoBuu mpodecop, YHuBepsurera y beorpany,
TeXHOJIOMIKO-METATYPUIKOT (haKyITeTa.

19.01.2022. - Ha cenuunu Beha Hayunux 007acTH TeXHHYKHX Hayka YHUBep3uTeTa y beorpaay moHeTa je oiyka
(ommyka 02 Op: 61206-178/2-22 TcH) 0 gaBame CArjJacHOCTH Ha MPEUIOT TeME JOKTOPCKE AMcepTaiije Amwuta
Kymapa, MacTepa TeXHOJIOTH]e, 110/ Ha3uBOM: Pa3Boj U KapakTepu3alyja rmia3ma

cucTeMa Ha aTMOC(EPCKOM MPUTHCKY 32 Tpepay OTHaHe BOe.

02.06.2022. Ha cemnuin HacraBHo-Hay4yHOr Beha TexHosOmKo-MeTanypiikor ¢akyiarera y beorpamy moHera je
omtyka 6p. 35/129 na ce nmenyje u komenrtop ap Bondranr I'epwax, UKPA, Yausepsuret y Buponn, lllnanuja.

04.07.2022. - Ha cennnun Beha HayuHux o0nacT TeXHHYKMX Hayka YHHBep3uTeTa y beorpany nonera je omiyka
(ommyka 02 Op: 61206-2828/2-22 TcH) Ha 3axTeB KaHOWIaTa Ja ce 3a IPYror MEHTOpa MMeHyje np Bondranr
I'epmaxk.

20.09.2022. - Ha cennuin HacraBHo-Hay4uHOr Beha TexHOJOMIKO-MeTamypikor ¢akyiarera y beorpany moHera je
omnyka Op. 35/228 o wumenoBawy Komucuje 3a omneHy AokTopcke nucepranuje Amura Kymapa, mactepa



TEXHOJIOTHje 1moJ Ha3uBoM: Pa3Boj M Kapakrepu3zaluja Iula3Ma cucTeMa Ha aTMOC()epCKOM IPHUTHCKY 3a Ipepany
OTNajHEe BOJE.

1.2. Hayuyna o6aacT aucepranuje

HctpaxuBama y OKBUPY OBE JIOKTOPCKE JMCEpTalldje MpuIagajy HayqyHoj obsacTi TeXHOIOMIKO MHXEHEPCTBO U
yX0j Hay4yHOj obOmactu WmKemepcTBa >KHBOTHE cpenuHe, 3a KOjy je TeXHOIIOMKO-MeTalypIiKu (aKyaTeT
VYuauBepsutera y beorpagy marmdnHa ycraHoBa. MeHTop kaHmupaarta, mnpo¢. np paran [loBpenoBuh, pemoBHH
mpogecop TexHOIOMKO-MeTaTypuIkor dakyirera, YHuBep3utera y beorpany n xomentop np Bondranr 'epmak,
UKPA, Yausepsurer y DBuponn, lllmanmja, cy Ha OCHOBY Hay4HOT HCKYCTBa M O00jaBJBCHHX HAYYHHX pPazoBa
KOMITETEHTHH JIa PYKOBO/IE H3PalOM OBE JOKTOPCKE AUCEPTALH]eE.

1.3. Buorpadcku noganu 0 KAHIUIATY

Awmut Kymap je poher 1992. rogune y Yrap [panemry, Maguja. 2014. roaumHe cTekao je AUIUIOMY HEKEEHepa
MammmHCTBa Ko Ap A.I1.J. Texanuku yauBep3uter A0ayn Kanam y Jlaknay, Uaamja. Maructpupao je oIp>xuBy
texHonorujy y LlenTpy 3a oxpxmuse Texnonoruje (Oncek 3a MEXaHHUKe HayKe) Ha VIHANjCKOM HHCTUTYTY 32 HAYKY
(MVH) y barranopy, Uaamja ca MarucTapckom Te3oM ,,EKCIIepUMEHTATHO HCTPaKMBAE HEKAaTATUTHIKE PEAKIIH]je
roMepama BoZie-Tac ca XJaJHoM m1a3MoM”. HakoH cTHIlama MarucTapcke IUIUIOME Pajiio je Kao NCTpakuBad-
npunpaBHuk y Jlaboparopuju 3a noroH racudukanuje caropesamwa, MUH, Uuauja.

VY nenem6bpy 2019. u3abpas je xao gokTopanT y okBupy npojekta MSCA-ITN-H2020 Nowelties. Y okBupy
nporpama ABOCTPYKHX JIOKTOpara 3aro4eo je gokropcke cryauje (European Joint Doctorates) Ha Texromomko-
MeTanypiukoM ¢daxkynreTy YHuBep3urera y beorpany (Cpbuja) u KaranoHckoM MHCTHTYTY 32 HCTPaKUBaHE BOJIA
VYuusepautera y Buponu (lllnanuja). 3anocnen je y MuctutyTy 3a husuxy beorpan ox nenem6pa 2019. ronune.
O0aBe3an OopaBak y MapTHEPCKO] MHCTUTYIHJU Y OKBUPY JOKTOPCKE qucepTanuja je 6uo 7 meceu (2021-2022) y
KaTanoHCKOM HHCTUTYTY 3a HCTPaXXHUBakbe BOAA.

Awmur Kymap je o6jaBuo uetnpu pasa y melhynapoaaum gyaconucuma (M22, M23) u jenaH Koju je y TOKy mpoiieca
periensupama (M21a). Takohe, uma 6 caomiiTema Ha pEHOMUPAaHUM MeljyHapoJHUM KOH(pepeHIrjama.

2. OIMUC JUCEPTALIMJE

2.1. Caap:kaj aucepranuje

L{1b 0Be TOKTOPCKE AMCEPTALIMje je OHO MPOjeKTOBambE, Pa3Boj U Kapakrepu3samuja multi-pin-ATII) cuctema 3a
npeuninhaBambe OTHaJHUX Boja. Jlucepraiumja je mojesbeHa y cejam noriasiba. OKBUP M LIMJb UCEPTALMje Cy TEMe
Koje ce 06palyjy y nmpsom norsasiey (Introduction). Jipyro nmormassse (Literature review on wastewater) ce 6asu
MIperJIeIoM JTUTepaType U HayuyHux nocturayha u3 obnactu npednimrhaBama OTIAAHAX BOJA, yaecTaiomhy u
Kiacudukaiyjo opranckux 3arahusadya (OMII-a) xao u petmanom OMII-a kopunthemem oapelheHNx TOCTYIHUX
AOII-a (anTHOKCcHIatuBHUX mpoueca). Tpehe noriassbe (Cold atmospheric plasma technology) mokpusa ocHoBe
TEXHOJIOTH]j€e Tu1a3Me, Kao ¥ TPEHYTHO CTamhe HayYHUX JIOCTHTHyha y MHTepakuuju ra3mMa-reyHoct. [lokpusa
nperien aureparype o tperMany OMII Ha 6a3u xiagHe atMocdepcke riasMme (Kao mrTo ¢y papManeyTcKu
MIPOU3BOJIH, OPTaHCKe 00je U IECTHIIU/H), ca (OKYCOM Ha M3BOPE TUIa3Me, MOJISNIaBAmhEe PEAKTOPa U Pa3IUINTe
panHe mapamerpe Koju yruay Ha nerpaganujy OMII. HakoH npyxama yBOJHUX HH(POpMAIHja O HEKOJIUKO BpCTa
M3BOpa IJIa3Me, OBO TIOTJIABJbE JIaj€ JETaJhe O METOA0JIOTHjaMa Koje ce KOPUCTE 3a pa3rpaamy Opranckux 0oja,
(bapmaneyTcKuX MpOU3Bo/ia M NECTHIIU/IA.



Yerepro nornassbe (Materials and methods) omucyje marepujan u metoze kopuirhene y aucepranuju: koju OMII
cy uzabpanu kao mere (Acid Blue 25, Disperse Red 1, Diclofenac, Para-Chlorobenzoic), kopunihene nzsope
ia3Me, eKCIepUMEeHTATHE MOCTaBKe, HHCTPYMEHTAIHY ONPEMY U aHAJUTHYKE MPOLEaype.

IMero mornassbe (Treatment of contaminated water by using Pin-electrode atmospheric pressure plasma jet)
o0yxBara eJeKTpUYHY ¥ ONTHYKY AujarHocTuky nuH-AllllJ, xkao u Tperman paznuuntx OMII u napamerapcke
aHaJIn3¢€ KO KOjI/IX C€ UCIIMTUBAO YTI/IHaj KOHHeHTpaHI/Ije 3aranI/IBaqa, BpEMCEHA TpE€TMaHa 1 MpcaJgTe CHAre riiasmu.

Enexktpuuna u ontuyka aujarsoctika multi-pin-AIlIJ cuctema ncnutuBana je y mectoM noriasiby (Treatment of
contaminated water by using Multi-needle electrodes atmospheric pressure plasma jet). PasmaTpeHo je kako
CHCTME 32 pelMpPKYJIalujy BoJie yTuue Ha ykiamame OMII 3 Bozge. Y mectoM noriasspy je Takohe Omiio peun o
MIPOM3BOIMMA TpaHChOpMaIyje 100HjeHIM U3 TUKIo(heHaKa.

Ha xpajy, y ceamom mornasisy (Summary, conclusion and future work), natu cy 3ak/bydiu u pa3MOTpeHeE Cy
TeMme 3a Oyayhu paj Ha TpeTMaHy OTIAJHUX BOJA HA 0a3H XJaJHE MiasMe.

3. OIEHA JUCEPTALIUJE

3.1. CaBpeMeHOCT U OPUTHHAJTHOCT

3araljeme Bojie Ce TPEHYTHO CMaTpa jeTHUM O] HajBAKHHjUX SKOJIOIIKUX MPOo0OieMa Ha TII00aTHOM ILJIaHy.
Oprancku Mukposaraljuaun (OMP) cy HoBa Bpcra 3araljuBaua Koju ce Haase y pa3jIMuuTHM BojiaMa U UMajy
MOTEHLMjaJ []a yTUYY Ha )KHUBOT Y BOAH, MOJHONIPUBPEY U 31paBibe Jbyau. Heku OMP HeMory OuTH enMMUHHCaHN
MIPUMEHOM KOHBEHIIMOHAJIHUX KOHBEKIM]CKHUX MOCTPOjerha 3a MpevrinhaBame OTHaIHUX BOJIA, IITO JOBOJIH 10 TOTa
Ja 3araljuBauu 3aBpuie y )HUBOTHOj cpenuHu. C THM y BE3H, aKTyeJIHA Cy UCTPAXKHBaba IJIe C€ HEKOJIHUKO
HampeIHHX nporeca okcunanuje (AOP) koprcTe kao edukacHe 1oJaTHE TEXHUKE TPETMAaHA OTHAJHUX BOJA.
Xnamua atmocepcka rasma je AOP 6e3 xemuKkanmja Koju je HelaBHO MPEMo3HaT kao epukacHa u ooehasajyha
TEXHOJIOTHja 3a yKiamame OMP U3 oTagHux Boja.

Xagna arMocdepcka mia3ma je U3Bop pa3inuuTUX PEAKTHBHUX BPCTA Y aMOHjEHTAHUM YCIIOBHMA KOjU UMajy
MOTEHIMjaTHE PUMEHE Y KOMEPIHjalHUM U HAYYHUM HCTPAKHUBABUMA, K0 LITO Cy TPETMAaHHU BOJIE,
MOJHOIIPUBPEA, OHOMETUIIMHCKA IEKOHTAMUHAIM]a IOBPIIKHA U jOIII MHOTO TOTa. Y cilydajy TpeTMaHa BOJIE,
MHTEPAKIM]ja TJIa3Me ¥ TEYHOCTU MOJXKE J]a TeHEPHIIIE XeMHjCKH 00raTe peakTUBHE BPCTE KA0 IITO CY XUIPOKCUITHU
panukan (HO.), atomcku kuceonuk (O.), Bomonuk nepoxcun (H;0,), 030H (O3) 1 Tako gaske. OBO Cy HajBaXXHUJU U
Hajjay OKCHIAHTHU KOjU MOTY M3a3BaTH OKCHJIALM]y U yHUIITaBatbe OMP-a y Bonu.

VY 0BOj Te3H, Ba 0JIBOjE€HA U3BOPA XJIAJAHE aTMOC(EpCKe IIa3Me MO3HATH Kao Iula3Ma Mila3 Ha aTMOc(epcKoM
nputHcky (APPJ) ca jeqHOM MIMsbacToM €1eKTPOJIOM | 3 MNjbacTe eeKTpoe (Takole Ha3BaH Kao
MYJITHENIEKTPOIHHU CUCTEM) Cy KopuIheHH 3a ucTpaxusambe aerpagauuje OMP y Bogu. APPJ ca Bumie enextpoaa
ca peLUpKYJIalrjCKUM CUCTEMOM je Takolje MCIIMTHBAH Y Te3W Y LIMJbY ONTUMH3AIHje KOHTAKTHE ITOBPIINHE TJIa3Me
U TEYHOCTH U jaerpanaije OMP-a.

VY o0a ciy4aja, m1a3ma je peain3oBaHa y3 moMoh BUCOKOHATIOHCKOT pagnodpekBeHTHOT (P®) Hamajama, a kao
panHu rac je uzabpan aprod. Kopucrtehn uBop miasme Ha MOBPITUHU TEYHOCTH KOja je Y KOHTAKTY ca OKOJHUM
Ba3IyXOM HacTala je aproHcka rrasma. [Ima3sma cucteM je kapakTepucas n3 HoMoh eIeKTPUIHNX U ONTHIKHX
TexHuKa. [lTomohy HalMOHCKHUX M CTPYjHUX COHIHM HCIUTAHU Cy paJHU MapaMeTpHu eNeKTPUIHOT IPaXkbemha (HAaloH |
ctpyja). JlenoHoBame cHare y Ba pa3IuduTa Jena Koia (Ha U3BOpy M Y KOHTAKTY ca Y30pKOM) je J0OHjeHO
KopHuInhemheM CHMJbEHHUX CHTHAJIA HalloHa U cTpyje. Ontuuka emucuoHa cektpockonuja (OES) u kamepa ca
WHTCH3UBHPAHUM JIETCKTOPOM KopHIIhieHe Cy 3a ONTHYKY Kapakrepu3anujy miazme. OES TexHuke cy kopumheHe
3a pa3lIM4UTe pajiHe MapaMeTpe Aa OU ce UCIHUTAaNIa MIPOU3BOIkA PA3IMIUTAX PEAKTUBHUX BPCTa (POPMHPAHHX Y
racHoj (asu Tj. y mpaxmeny. ONTHYKH €eMUCHOHU CIIEKTPH CY TOTBPIMIIN IPUCYCTBO PA3TUYUTHX PEaKTHBHUX



Bpcra kuceoHuka u azora (RONS) y nmpaxmemy. 3a 100Hjame CEeKTPaIHO U BPEMEHCKHU Pa3lIoKeHUX CIIMKa Tu1a3Me
KopuiheHa je kamepa ca COYMBOM TpaHCIapeHTHHUM Yy nienty Y B cnekrpa. Kamepa je kopurhena y komOuHanmju ca
pasnuuutuM Qunrepuma 3 YB 1 BUIIBHBOT oricera aa Ou ce CHUMMIIA IPOCTOPHA AUCTPUOYyLUja EMHCH]e
paszmmautux RONS u mobyhenor aprona y mima3zmu.

VY 0BOM HCTpaxuBamy, yetipu pasninunta OMP cy n3abpaHa kao mibHH 3araljuBaun KOjU Cy TPETHPAHH ILIa3MOM:
aBe oprancke 6oje (AB25 6oja u DR1 60ja) n nBa hapmaneyrcka nponsBoa (AMKIOpEHAK U Hapa-XJopoOeH30jeBa
KucenrHa). TpeTMaHu cy cripoBeAeH! y3uMajyhu y 003up pa3niauTe eKCIiepuMeHTaTHe apaMeTpe Kao IITo CY
MOYETHA KOHIIGHTpalyja 3arajupaya, BpeMe TpeTMaHa IUIa3MoM, 3allpeMHHa TPETHPAHOT pacTBOpa, yiIa3Ha CHara
IUTa3Me U pacTojame u3Mely n3Bopa masme u y3opka. Kapakrepusanmja y3opaka TpeTHPaHHX IIA3MOM je
obaBspeHa kopumhemem ciekrpodortomerpa, HPLC u LC-MS texnuke. Takole je mepen pH u npoBoassuBoCTH
pacTBOpa TpETHpaHUX IUIa3MOM. Pesynrtatu cy ynopeheHr ca HEKOIMKO KHHETHYKHX MOZENA fa OU ce HCTPasKIIH
pa3IMYUTH TUIIOBU peociieaa Aerpaaallrje U u3padyHana Op3una okcunanuje ogadpanunx OMP. [Ipema Hanazuma
CTyaHje, 1a3Ma je YKIOHHIIA CBe MOMeHyTe 3araljiBaue, cBaku Kpo3 cnetduyuan oOpasall pasnarama. Y nopehemy
ca octana Tpu OMP-a nuknodeHnax je mokasao HajBehu creneH aerpaganuje. M3padyHart je U eHEPreTCKH MPUHOC,
ITO je BaXkKHa Mepa 3a ojipehuBame eHepreTcke ehUKacHOCTH IIa3Ma cucTeMa. V3padyHaT je eHepreTCKU MPHUHOC
3a yknamame 50% 3araljuBaua, a HajBehu eHepreTcku npuHOC 6o je 6465 mg/kWh 3a pasrpaamy qukiIodeHaka.

IMopen Tora y oBoj cTyauju je 3araljuBau AB25 00ja TpeTupaH HHIUPEKTHO NPU YeMy IUIa3Ma HHje Ouia y J0aupy
ca pactBopoM 0oje Beh je kopumhena Boaa aktuBupane wiazmoM (PAW). PAW je npousBezneH y TpeTMany
JIECTHIIOBaHE BOJIE TJIa3MOM, a 3aTUM NOMEIIaH ca BOACHHM PacTBOPOM KOjU caApiku 00jy U HaKOH Tora npaheH
TOKOM HEKOJIMKO JiaHa J1a Ou ce HACHTU(HUKOBAA yjiora TyroxXuBehnx peak THBHUX BpCTa y Ierpagaiuju 0oje.
PAW je memasmnna mHOTHX ctabmianx RONS koju Mory nonpuHeTH pasrpanmu 60je y Bogu. [lomro PAW caapxu
paznmuute RNS, oH HCTOBpEeMEHO MOXKe UTpaTH CYIITHHCKY YJIOTY U Y JeKOHTaMHHALU]H U Y TTOJEOTIPUBPEIH.

EkcnepuMeHTanHu pe3ynrtaru nokasyjy aa ce AOP-u 3acHOBaHM Ha XJIaHOj aTMOC(EPCKO] TUIa3MH MOTY
KOPHCTHUTH 3a epukacHo yriamamwe pasnnautux OMP-a u3 Boge. TperMaH 3acHOBaH Ha XJIaIHOj aTMOC(HEPCKO]
IUTa3MH UMa 3Ha4ajaH MOTCHIINjal Kao jeIMHCTBEH MPHCTYII peynmhaBamy Boe 0e3 XeMUKarja KOji Ce MOXKe
CMaTpaTH alTepHATUBOM TPaIHIIMOHAIHUM npoueaypama. Haxasu oBe cTyauje MOIin OM ce KOPUCTHUTH 3a aJbe
HCTPaXXHBakbe pa3Boja CHCTEMa 3a TPETMaH IuIa3Ma BOJIE 3a TPeTMaH MHOTHX BpCTa 3araljeHux Boja y OynyhHocTH.

3.2. OcBpT Ha pedepeHTHY U KopuliheHy JUTepPaTypy

AyTop oBe aucepTaLje je 3a NHcake KOPUCTHO 194 IuTepaTypHHUX HaBOAA, KOjH Y MOTIIYHOCTH OArOBapajy

TEeMH U YKa3yjy Ha aKTYeJIHOCT UCTpakhBamba. BehiHa HaBeeHUX pedepeHln MpeICTaBibajy HAyYHE KbHIe H
Hay4He paJoBe HOBHjer JaTyMa KOjH Cy MyOIMKOBaHU y MeljyHApOIHUM Yacomucuma. Y OKBUPY JIUTEPATypPHUX
HaBoa KopuiheHe cy U Hay4yHe IyOiuKalyje paHujer aTyMa y KojuMa ce Hajla3e OCHOBHA Ca3Hama 3a
HCTpaKMBarba CIIPOBEICHA Y JUcepTaInju. McTpaxkuBama Koja Cy IpHKa3aHa y HaBeICHHUM pedepeHnama moMoria
Cy y IUTAHUPakhy EKCIIEPUMEHTAIHOT Pajia, aHAJU3U U AUCKYCHjH JOOHMjeHUX pe3ysiTaTa Kao u 3a H3Boheme
3akspyuaka. [Iperienana oOMMHa JTUTEpATypa U MPUIOKEHN 00jaBIbeHH PAJIOBH YKa3yjy Ha KAHIHIATOBO aCKBATHO
MO3HABakE 00JIACTH HCTPAKUBAIHA.

3.3. Onuc 1 a1IeKBATHOCT MPUMEHEHUX HAYYHHUX MeTo/1a

XIajiHe 11a3Me ¢y nperoHaTe Kao HOBU M3BOP aHTHOKCHIATUBHUX IPOILeca KOjU MOTY Jia Ce KOPHCTE y
npeuynnrhaBamky B0, TIOTOTOBO Kaja Cy y MUTamy 3arajuBahn Koju HE MOTY Jja c€ YKJIOHE KJIIACHIYHUM METOoaMa.
VY okBHpY OBe AHcepTaIje ¢y KopumheHe A1jarHOCTHIKE TEXHUKE 32 eNIEKTPUYIHY M ONITHYKY KapaKTepH3alujy
IuIa3Me: BUCOKOHAIIOHKCa HAallOHCKa COH/IA, HAIIOHCKE COHJIE, CTPYjHA COHJIa, criekTpoMeTap u 6p3a UL/ xamepa.
3a nerexuujy 3arahuaya y Boau cy ce kopuctiian XITJIL merona, JIL[-MC opburrpan, ypehaju 3 amepesse pH,
IIPOBOIHOCTH M Mepema Temneparype. CBe oBe TexHHUKe cy pal)eHe ca HajHOBHjOM I'eHepanujyM MEepHUX ypehaja n
HajHOBHMjUM METO/I0JIOTHjaMa a y UJbY JieTaJbHE KapaKTepu3alyje XIaaHe mia3Me 1 e(rKacHOCTH yKIIambamba
KOHTaMMHaHaTa.



3.4. IIpuMeH/bHBOCT OCTBAPEHHUX pe3yJTaTa

Osga aucepTanyja ce y HOTITYHOCTH 0aBM IpUMEHaMa XJIQJIHUX IIa3Mu y npeynithaBamy Boja 3aral)eHux
opruackum 3arahuBaunma. Lluse nucepranmje je Omna KOHCTPYKIHMja H3BOpa XJIAJHE IIa3Me KOjU MOXKE Ja TIOCIY KU
Kao 1abopaTOpHjCKH IPOTOTHII 3a OyAyhe HHAYCTPHjCKY NMPUMEHY XJIaJHUX IUIa3MH Y IpedniThaBamy BoJa.

3.5. OueHa JOCTUTHYTHX CIIOCOOHOCTH KAHIHMIATa 32 CAMOCTAJHHA HAYYHU pPaj

Awmur Kymap je TokoM u3pajie TOKTOpPCKe AUcepTalije MoKa3ao CTpyYHOCT M COCOOHOCT y KopuIinhiewy, IPUIIPEMU
U peann3alijy eKCIIepUMEHaTa, Kao U KOpHmhewky pa3IHIuTHX TEXHHKA KapaKTepH3aLije XJIaJHe IIa3Me 1
aHanM3M 100MjeHNX pe3ynrara. Komucuja cmatpa na kaaauaaT AMut Kymap KBaJIUTETOM OCTBapEHHX HAYYHHX
pe3ynrara, Kao U CBOjHM aHTaXXOBAkbEM Y HAyYHO-UCTPAXHUBAYKOM Pagy TOKOM H3paje OBE JOKTOPCKE
JHCepTalyje, TTOCeyje CBE KBAMTETE HEOMXOIHE 33 CAMOCTAIaH HAyTHO-UCTPAKMBAIKH P,

4. OCTBAPEHU HAYYHMU JOIIPUHOC
4.1. IIpuka3 ocTBapeHNX HAYYHHUX AONPHHOCA
OcTBapeHH HayYHH JONPHUHOC OIJIEa CE Y:

e yHanpehemy nocrojeher U KOHCTPYKIIMjU HOBOT H3BOpa XiajHe mia3me (multi-pin-APPJ)

e  KOHCTPYKIHMja HPOTOYHOT CUCTEMA 3a TPeTMaH 3aral)eHux Boaa

e [IOTIIyHA €JIEKTPUYHA KapaKTepu3aluja u oJpehuBame cHare mpeaaTe XJaHoj MIa3MU TOKOM TpEeTMaHa
3raljeHux BoJa

e kopumheme CIEKTpOMETpHje 3a ofpehuBame modyheHnk aToMa i MOJIeKyJa y TacHo] (as3u ra3Me

e neduHHCAEmE U ONMICHBAKE XEMH]jE TUIa3Me y TacHOj (a3u

e 0oJbe pa3yMeBame MHTEPaKIMja moOyleHux yecTuila, joHa U pajuKajia ca BOAOM

e kopumheme |CCD kamepe 3a ogpehuBame mpocTopHE pacroesne peaKTUBHUX BPCTa ca HarjJackoM Ha
pEaKTHBHE KHCEOHUYHE BPCTE

e yjeHTH(]UKAIMja HAJOUTHUX NTapamMeTapa MomyT IpeaaTe cHare ria3Mu, BpeMeHa TpeTMaHa Wil
KOHIIeHTpauje 3araljpaya Ha edekre npeuninhaBama BoJie

e  pazyMeBamC IIOHAIAKa KOHTAMUHAHATA M FbUXOBOT paciajia TOKOM IUla3Ma TpeMaHa

e JneduUHUCAE U ONHCHBAhE XEMHje HHTEPaKIHje IU1a3Me 1 KOHTaMHHHpPaHe BOJIe

e yHanpehemy QyHIaMEHTAIHUX 3HaWka U3 00JIACTH NIPUMEHA XJIaJJHUAX UIa3MH y TipeunnhaBaby Bojie

3araljeHe opranckum 3araljuBadnma

4.2. KpuTuuka aHaIu3a pe3yJTara HCTPakuBambha

[Ipernmenom mocojehe mmrepatype m3 o0JacTH KOjuMa INpHIaga OBa IHCEpTaldja MOXKE C€ BHICTH Ja cama
JHcepTalija ca MpPEACTAaBJbEHUM pe3yiNTaTuMa JONpPHHOCH YyHampehemy HaydHHX 3Hama. 3Ha4dajaH HAaydYHU
JOIIPUHOC j€ OCTBApeH y pasyMeBamy HHTEpakilfje PeakKTUBHUX KHCEOHHMYHHX BPCTAa M3 IUIa3ME Ca MOJEKyIHMa
3araljiBada y BOJEHOM pacTBOpy. JleTabHO je WCIUTaHO Kako ojpeheHH mapamMeTpu yTHdy Ha e(pHKacCHOCT
Jerpaganyje 3arahBada Kao IITO Cy THII OPraHCKOT 3arajuBada W BErora KOHIEHTpaimja. Takole, moka3aHo je aa
Cy cHara Ipejara IUIa3MH Kao M BpeMe TpeTMaHa HajOMTHHWju mapamerpu 3a npaheme pesynrtara npeunmthaBama
BoJie. [ledpuHucane cy mpocropHe paricopene nodyheHux BpcTa OJroBOpHHX 3a HajOMTHHjE XEMHCjKE peakiuje y
racHoj ¢as3u Iu1a3Me Kao 1 3a HHTepakiuje ca BojoM. Ilomohy kopumfieHHX aHaIUTHYKUX TEXHHUKA Ae(UHHUCAHU CY
MIPOJIYKTH pacliajia OpraHcKor 3arajuBaya TOKOM TpeTMaHa XalJHoOM Iuia3MoM. Takole, nedpuHncann cy MexaHu3MHU
OJITOBOPHH 32 pactiaj 3arajuBaya Kao U HajONTHHjE KHCEOHUMYHE BPCTE HACTAJIE y IIa3MH KOj€ CY OATOBOPHE.



4.3. Bepudukanuja HayqYHHX JONPHHOCA
Kareropuja M21a:

1. Amit Kumar, Nikola Skoro, Wolfgang Gernjak, Olivera Jovanovié, Andelija Petrovi¢, Suzana Zivkovi¢,
Elisabeth Cuervo Lumbaque, Maria José Farré and Nevena Puaé¢, Degradation of pharmaceuticals in aqueous
solution by using cold atmospheric plasma source, Submitted in the journal of Science of The Total
Environment, under review (2022), IF = 10,753, ISSN 1879-1026.

Kateropuja M22:

2. Amit Kumar, Nikola Skoro, Wolfgang Gernjak, Dragan Povrenovi¢ and Nevena Pua¢, Direct and indirect
treatment of organic dye (acid blue 25) solutions by using cold atmospheric plasma jet, Frontiers in Physics, 10
(2022) 835635, IF = 3,718, ISSN 2296-424X, doi: 10.3389/fphy.2022.835635.

3. Amit Kumar, Ananthanarasimhan J, Anand M Shivapuji, S Dasappa and Lakshminarayana Rao, Experimental
investigation of a non-catalytic cold plasma water-gas shift reaction, J Phys D Appl Phys, 53 (2020), 465205,
IF = 3,409, ISSN 1361-6463, doi: 10.1088/1361-6463/aba92d.

Kareropuja M23:
4.  Amit Kumar, Nikola Skoro, Wolfgang Gernjak and Nevena Pua&, Cold atmospheric plasma technology for

removal of organic micropollutants from wastewater — a review, Eur Phys J D, 75 (2021) 1-26, IF = 1,611, ISSN
1434-6060, doi: 10.1140/epjd/s10053-021-00283-5.


https://ui.adsabs.harvard.edu/link_gateway/2021EPJD...75..283K/doi:10.1140/epjd/s10053-021-00283-5

5. 3AK/bYYAK U ITPEJJIOT

HcTpaxxknBama y OKBHpPY OBE JOKTOPCKE TUCEpTaldje MPpUIanajy HaydHoj oOmacTu TexHOIOImKe HayKe 3a KOjy je
Texnonomko-Metaxypmkun (axynrer, YHHBep3uTeTra y beorpamy, matudHa ycraHoBa. MEHTOp OBE JOKTOPCKE
mucepranyje je ap Jparan [lospenosuh, penosau npodecop Yuusepsurera y beorpany, TexHOTOMKO-MeTaTypIIKn
¢dakynter a xomeHntop np Boxdranr ['epmak, ULIPA, Yausepsuter y buponu, lllmanuja. Ha ocHOBY u3HETHX
nogaraka Kommcmja cmarpa ma cy HpenMeT, OWJBEBH, METOAE, aKTYSJHOCT W 3Hadaj JOKTOPCKE IUCEpTalHje
kaHnuaata Amuta Kymapa, Mactep MHX. TEXHOJIOTHje, jacHO JeUHUCAaHN M Hay4yHO 3acHoBaHu. OBa aucepranyja
Jlaje 3HayajaH Hay4yHH JIONPUHOC HaydHo] oOmactu VHkemepcTBO >KHMBOTHE cpeanHe. Kommcuja npemmaxe
HacraBno-nayunom Behy TexHomomiko-meramypmkor ¢axyirera, YHuBep3utera y beorpaay ma ce JokTopcka
JaMcepTanyja moj HacioBoMm: Pa3Boj M kapakTepu3aluja miaa3Ma cHcTeMa Ha aTMocgepcKoM NMPHUTHCKY 3a
npepajay oTnajaHe Bole, kaHaunaata AmMura Kymapa npuxsaty, U3JI0KH Ha YBUJ jaBHOCTH M YITyTH HA KOHaYyHO
ycBajame Ha Behe HaydHMX 00nacTH TEXHWYKHX HayKa YHHBep3uTera y beorpanmy, kao u a ce HaKOH 3aBpIIETKa
Ipoueaype, KaHIUIaT 030BE Ha YCMEHY 010paHy JOKTOPCKE AucepTalje.

Beorpan, 25.10.2022.
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Jp Capa Poapure3-Mo3a3, BUIIIK HAYYHH CAPATHUK
VYuusepsutet y Buponu, [lInanuja.KatasoHcky HHCTUTYT 32 HCTPaKUBAHE BOJIE
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Subject: Report on the completed doctoral dissertation of candidate Amit Kumar, Master Eng. of Technology

Decision no. 35/228 from 20.09.2022. year, we were appointed as members of the Commission for the review,
evaluation and defense of the doctoral dissertation of candidate Amit Kumar, Master Eng. of Technology under the
title: Design, Development and Characterization of Atmospheric Plasma System for Wastewater Treatment.
After reviewing the submitted Dissertation and other supporting materials and talking to the candidate, the
Commission made the following

REPORT

1. INTRODUCTION

1.1. Chronology of approval and preparation of the dissertation

Candidate Amit Kumar, Master Eng. of technology, enrolled in 2019/2020 in doctoral studies of the Environmental
Engineering study program at the Faculty of Technology and Metallurgy, University of Belgrade.

29.06.2021 - At the session of the Teaching and Research Council, decision no. 35/153 was made on the
appointment of the Commission for assessment of the suitability of the topic entitled ** Design, Development and
Characterization of Atmospheric Plasma System for Wastewater Treatment', and the suitability of the
candidate Amit Kumar, Master Eng. of environmental protection, for the preparation of a doctoral dissertation.

23.12.2021. - At the session of the Teaching and Scientific Council of the Technological and Metallurgical Faculty
of the University of Belgrade decision no. 35/370 on the acceptance of the Report of the Committee for Evaluating
the Suitability of the PhD dissertation entitled: **Design, Development and Characterization of Atmospheric
Plasma System for Wastewater Treatment " and PhD candidate Amit Kumar, Master Eng. of environmental
protection. As the mentor of this doctoral dissertation was appointed Prof. Dragan Povrenovi¢, Ph.D., full professor
at the Faculty of Technology and Metallurgy, University of Belgrade.

19.01.2022. - At the session of the Council of Scientific Fields of Technical Sciences of the University of Belgrade,
the decision 02 no. 61206-178/2-22 tsn) on giving consent to the proposal of the doctoral dissertation topic of Amit
Kumar, master of engineering. of environmental protection, entitled: " Design, Development and Characterization
of Atmospheric Plasma System for Wastewater Treatment ".

02.06.2022. At the session of the Teaching and Scientific Council of the Technological and Metallurgical Faculty of
the University of Belgrade decision no. 35/129 was appointed Wolfgang Gernjak, Ph.D., ICRA, University of
Girona, Spain, as co-mentor.

04.07.2022. - At the session of the Council of Scientific Fields of Technical Sciences of the University of Belgrade,
the decision 02 no. 61206-2828/2-22 tsn) was appointed Wolfgang Gernjak, Ph.D., ICRA, University of Girona,
Spain, as co-mentor.



20.09.2022. - At the session of the Teaching and Scientific Council of the Faculty of Technology and Metallurgy,
University of Belgrade made a decision no. 35/228 on the appointment of the Committee for the evaluation of the
doctoral dissertation of Amit Kumar, master of engineering. of environmental protection entitled: " Design,
Development and Characterization of Atmospheric Plasma System for Wastewater Treatment ".

1.2. Scientific field of the dissertation

The research within this doctoral dissertation belongs to the scientific field of Technological Engineering and the
narrower scientific field of Environmental Engineering, for which the Faculty of Technology and Metallurgy is the
relevant institution of the University of Belgrade. The candidate's mentor, prof. Dragan Povrenovié¢, Ph.D., full
professor at the Faculty of Technology and Metallurgy, University of Belgrade and Wolfgang Gernjak, Ph.D.,
ICRA, University of Girona, Spain based on their scientific experiences and published scientific works, are
competent to mentors the preparation of this doctoral dissertation.

1.3. Biography

Amit Kumar was born in 1992 in Uttar Pradesh, India. In 2014, he obtained bachelor's degree in mechanical
engineering from Dr. A.P.J. Abdul Kalam Technical University in Lucknow, India. He obtained MSc degree in
Sustainable Technology at the Centre for Sustainable Technologies (Division of Mechanical Science) at the Indian
Institute of Science (11Sc) in Bangalore, India with the Master thesis "Experimental investigation of a non-catalytic
cold plasma water-gas shift reaction.”" After obtaining MSc degree he worked as a research assistant at Combustion
Gasification Propulsion Laboratory, 11Sc, India.

In December 2019, he was selected as a Marie Curie fellow within the project MSCA-ITN-H2020 Nowelties. As an
early-stage researcher in a double-degree program he began PhD studies (European Joint Doctorates) at the Faculty
of Technology and Metallurgy, University of Belgrade (Serbia) and The Catalan Institute for Water Research,
University of Girona (Spain). He is employed at the Institute of Physics Belgrade since December 2019. His
obligatory PhD secondment was at The Catalan Institute for Water Research for 7 months in the year of 2021-2022.
Amit Kumar has published four papers in international journals (M22, M23) and one is submitted for review
(M21a). Also, he has 6 contributions at the renowned international conferences.

2. DESCRIPTION OF THE DISSERTATION

2.1. Contents of the dissertation

The goal of this doctoral dissertation was the design, development and characterization of a multi-pin-APPJ system
for wastewater treatment. The dissertation is divided into seven chapters. The framework and goal of the dissertation
are the topics covered in the first chapter (Introduction). The second chapter (Literature review on wastewater)
deals with the review of literature and scientific achievements in the field of wastewater treatment, the frequency
and classification of organic pollutants (OMPs) as well as the treatment of OMPs using certain available AOPs
(antioxidative processes). The third chapter (Cold atmospheric plasma technology) covers the basics of plasma
technology, as well as the current state of scientific achievements in plasma-liquid interactions. Covers a literature
review on cold atmospheric plasma-based treatment of OMPs (such as pharmaceuticals, organic dyes, and
pesticides), with a focus on plasma sources, reactor setup, and various operating parameters that affect OMP
degradation. After providing introductory information on several types of plasma sources, this chapter details the
methodologies used to degrade organic dyes, pharmaceuticals, and pesticides.



The fourth chapter (Materials and methods) describes the material and methods used in the dissertation: which
OMPs were chosen as targets (Acid Blue 25, Disperse Red 1, Diclofenac, Para-Chlorobenzoic), used plasma
sources, experimental settings, instrumental equipment and analytical procedures.

The fifth chapter (Treatment of contaminated water by using Pin-electrode atmospheric pressure plasma jet)
includes electrical and optical diagnostics of pin-APPJ, as well as the treatment of various OMPs and parametric
analyzes where the influence of pollutant concentration, treatment time and plasma advance power was examined.

Electrical and optical diagnostics of the multi-pin-APPJ system was examined in the sixth chapter (Treatment of
contaminated water by using Multi-needle electrodes atmospheric pressure plasma jet). It was considered how
the water recirculation system affects the removal of OMP from water. Chapter six also discussed the transformation
products derived from diclofenac.

Finally, in the seventh chapter (Summary, conclusion and future work), conclusions are given and topics for
future work on cold plasma-based wastewater treatment are discussed.

3. DISSERTATION ASSESSMENT

3.1. Modernity and originality

Water pollution is currently considered one of the most important environmental concerns on a global scale. Organic
micropollutants (OMPs) are a type of emerging pollutant that is identified in a variety of water bodies and has the
potential to impact aquatic life, agriculture, and human health. Some OMPs are frequently insufficiently eliminated
by conventional convectional wastewater treatment plants, resulting in OMPs ending up in the environment. In this
regard, several advanced oxidation processes (AOPs) have been investigated as efficient supplemental wastewater
treatment techniques. Cold atmospheric plasma is a chemical-free AOP that has recently been recognized as an
efficient and promising technology for the removal of OMPs from wastewater.

Cold atmospheric plasma is an abundant source of diverse reactive species at ambient conditions that are attracting
attention due to its potential applications in commercial and scientific exploration, such as water treatment,
agriculture, biomedical surface decontamination, and much more. In the case of water treatment, plasma and liquid
interaction can generate chemically rich reactive species such as hydroxyl radical (HO"), atomic oxygen (O’),
hydrogen peroxide (H202), ozone (O3), and so on. These are the most important and strong oxidants that can cause
OMPs to be oxidized and destroyed in water.

In this thesis, two separate cold atmospheric plasma sources known as 1-pin electrode and 3-pin electrode (also
known as multi-electrode system) atmospheric pressure plasma jet (APPJ) were utilized to explore the degradation
of OMPs in water. A multi-electrode-APPJ with a recirculation system was also investigated in order to optimize the
plasma-liquid contact area and the degradation of OMPs.

In both cases, plasma was ignited using a high voltage RF power supply, and argon was chosen as a working gas.
During the treatment, argon plasma was produced at the liquid surface in contact with the surrounding air. The
plasma system was tested electrically and optically. Using voltage and current probes, the operating electrical
discharge parameters (voltage and current) were investigated. The power deposition in two different circuits (at the
source and in contact with the sample) was estimated using captured voltage and current waveforms. Optical
emission spectroscopy (OES) and an intensified charge-coupled device (iCCD) camera were used to characterize
plasma optically. OES techniques were used at various parameters to find evidence of numerous short-lived reactive
species formed in the gas phase of a plasma system. OES spectra confirmed the presence of different reactive
oxygen and nitrogen species (RONS) in a plasma discharge. The iCCD camera with a UV lens was utilized to obtain
spectrally and temporally resolved images of the plasma discharge. The iCCD was utilized in combination with
different band pass filters to capture the emission distribution of distinct RONS and excited argon in the plasma.



In this investigation, four different OMPs were chosen as target pollutants and treated with plasma, including two
organic dyes (acid blue 25 dye and disperse red 1 dye) and two pharmaceuticals (diclofenac and para-chlorobenzoic
acid). The treatments were carried out while taking into account many experimental parameters such as pollutant
concentration, plasma treatment time, solution volume, input plasma power, and discharge gap. Characterization of
plasma-treated samples was accomplished using a UV/Vis spectrophotometer, HPLC, and an Orbitrap-LC-MS. A
pH and conductivity analyzer was used to evaluate the pH and conductivity of the plasma-treated solution. Several
kinetic models were assessed in order to investigate the various types of order of degradation and compute the
oxidation rate of chosen OMPs. According to the study findings, plasma removed all of the mentioned pollutants
through a distinct decomposition pattern. When compared to the other three OMPs, diclofenac showed the highest
degradation. The energy yield was also calculated, which is an important measure for determining the energy
efficiency of the plasma system. For comparison, the energy yield for 50 % pollutant removal was calculated; the
highest energy yield was 6465 mg/kWh for diclofenac degradation.

In the present study, a pollutant, such as acid blue 25 dye, was treated indirectly (plasma was not in touch with dye
solution) by using plasma-activated water (PAW). PAW was produced using pin-APPJ, then mixed with a dye-
containing solution and studied for many days to identify the role of long-lived reactive species in dye degradation.
PAW is a mixture of many stable RONS that can contribute to dye degradation in water. Since PAW contains
diverse RNS, it can play an essential role in both decontamination and agriculture.

Overall, the experimental results indicate that cold atmospheric plasma-based AOPs can be used to efficiently
remove various OMPs from water. Cold atmospheric plasma-based treatment has significant potential as a unique,
chemical-free approach to water purification that might be regarded as an alternative to traditional procedures. The
findings of this study could be used to further research the development of plasma water treatment systems for the
treatment of many types of polluted water in the future.

3.2. Review of references and used literature

The author of this dissertation used 194 literature references for writing, which are completely appropriate for the
topic of the research. Most of the mentioned references represent recent scientific books and scientific works
published in international journals. As part of the literature references, scientific publications of an earlier date were
also used, which contain the basic knowledge for the research conducted in the dissertation. The research presented
in the mentioned references helped in the planning of the experimental work, analysis and discussion of the obtained
results as well as in drawing conclusions. The reviewed extensive literature and attached published works indicate
the candidate's adequate knowledge of the research area.

3.3. Description and adequacy of applied scientific methods

Cold plasmas are found to be a new source of antioxidant processes that can be used in water purification, especially
when it comes to pollutants that cannot be removed by classical methods. Diagnostic techniques for electrical and
optical characterization of plasma were used in this dissertation: high-voltage voltage probe, voltage probes, current
probe, spectrometer and high-speed ICCD camera. For the detection of pollutants in water, the HPLC method, LC-
MS orbitrap, pH, conductivity and temperature measuring devices were used. All these techniques were performed
with the latest generation of measuring devices and the latest methodologies with the aim of detailed
characterization of cold plasma and the efficiency of contaminant removal.

3.4. Applicability of achieved results

This dissertation is entirely related to the applications of cold plasmas in the purification of waters polluted by
organic pollutants. The goal of the dissertation was the construction of a cold plasma source that can serve as a
laboratory prototype for the future industrial application of cold plasmas in water purification.

3.5. Assessment of the candidate's abilities for independent scientific work
During the preparation of his doctoral dissertation, Amit Kumar demonstrated expertise and ability in the use,



preparation and implementation of experiments, as well as the use of various techniques for cold plasma
characterization and analysis of the obtained results. The Committee believes that the candidate Amit Kumar, with
the quality of the achieved scientific results, as well as his engagement in scientific and research work during the
preparation of this doctoral dissertation, possesses all the qualities necessary for independent scientific and research
work.

4, ACHIEVED SCIENTIFIC CONTRIBUTION
4.1. Presentation of achieved scientific contributions
The achieved scientific contribution is reflected in:

e improvement of the existing and construction of a new source of cold plasma (multi-pin-APPJ)

e construction of a flow system for the treatment of polluted water

e complete electrical characterization and determination of the power delivered to the cold plasma during
wastewater treatment

e using spectrometry to determine excited atoms and molecules in the gas phase of the plasma

e defining and describing plasma chemistry in the gas phase

e better understanding of the interactions of excited particles, ions and radicals with water

e using the ICCD camera to determine the spatial distribution of reactive species with an emphasis on
reactive oxygen species

o identification of the most important parameters such as the delivered plasma power, treatment time or
pollutant concentration on the effects of water purification

e understanding the behavior of contaminants and their decomposition during plasma treatment

o defining and describing the chemistry of plasma and contaminated water interaction

o improvement of fundamental knowledge in the field of application of cold plasmas in the purification of
water polluted by organic pollutants

4.2. Critical analysis of research results

By reviewing the available literature from the fields to which this dissertation belongs, it can be seen that the
dissertation itself with the presented results contributes to the improvement of scientific knowledge. A significant
scientific contribution has been made in understanding the interaction of reactive oxygen species from plasma with
pollutant molecules in agueous solution. It was examined in detail how certain parameters affect the efficiency of
pollutant degradation, such as the type of organic pollutant and its concentration. Also, it was shown that the power
delivered to the plasma as well as the treatment time are the most important parameters for monitoring the results of
water purification. Spatial rhapsodes of excited species responsible for the most important chemical reactions in the
gas phase of the plasma as well as interactions with water are defined. By means of the used analytical techniques,
the decomposition products of the organic pollutant during the Hald plasma treatment were defined. Also, the
mechanisms responsible for the disintegration of pollutants are defined, as well as the most important oxygen
species formed in the plasma that are responsible.



4.3. Verification of scientific contributions

M21a:

1. Amit Kumar, Nikola Skoro, Wolfgang Gernjak, Olivera Jovanovié¢, Andelija Petrovi¢, Suzana Zivkovié,
Elisabeth Cuervo Lumbaque, Maria José Farré and Nevena Pua¢, Degradation of pharmaceuticals in aqueous
solution by using cold atmospheric plasma source, Submitted in the journal of Science of The Total
Environment, under review (2022), IF = 10,753, ISSN 1879-1026.

M22:

2. Amit Kumar, Nikola Skoro, Wolfgang Gernjak, Dragan Povrenovié¢ and Nevena Puag, Direct and indirect
treatment of organic dye (acid blue 25) solutions by using cold atmospheric plasma jet, Frontiers in Physics, 10
(2022) 835635, IF = 3,718, ISSN 2296-424X, doi: 10.3389/fphy.2022.835635.

3. Amit Kumar, Ananthanarasimhan J, Anand M Shivapuji, S Dasappa and Lakshminarayana Rao, Experimental
investigation of a non-catalytic cold plasma water-gas shift reaction, J Phys D Appl Phys, 53 (2020), 465205,
IF = 3,409, ISSN 1361-6463, doi: 10.1088/1361-6463/abad2d.

M23:
4.  Amit Kumar, Nikola Skoro, Wolfgang Gernjak and Nevena Pua&, Cold atmospheric plasma technology for

removal of organic micropollutants from wastewater — a review, Eur Phys J D, 75 (2021) 1-26, IF = 1,611, ISSN
1434-6060, doi: 10.1140/epjd/s10053-021-00283-5.
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5. CONCLUSION AND PROPOSAL

The research within this doctoral dissertation belongs to the scientific field of Technological Science, for which the
Faculty of Technology and Metallurgy, University of Belgrade, is the parent institution. The mentor of this doctoral
dissertation is Dr. Dragan Povrenovi¢, full professor at the University of Belgrade, Faculty of Technology and
Metallurgy, and the co-mentor is Dr. Wolfgang Gernjak, ICRA, University of Girona, Spain. Based on the data
presented, the Committee considers that the subject, goals, methods, topic and importance of the doctoral
dissertation of candidate Amit Kumar, Master Eng. of Technology, are clearly defined and scientifically based. This
dissertation makes a significant scientific contribution to the scientific field of Environmental Engineering. The
Committee proposes to the Teaching and Scientific Council of the Faculty of Technology and Metallurgy,
University of Belgrade that the doctoral dissertation entitled: "Design, development and characterization of
plasma systems at atmospheric pressure for water processing” by candidate Amit Kumar be accepted, exposed
to the public and sent to the final acceptance to the Council of Scientific Fields of Technical Sciences of the
University of Belgrade, as well as that, after the completion of the procedure, the candidate will invited to the oral
defense of the doctoral dissertation.
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