


MNpwujaBrbeHn KaHauaaTn

1 | TujaHa hypuuuh, ma

Il. BUOTPAGCKU NOAALIUA O NPUJABJbEHUM KAHANAATUMA

MpBu KaHaUAAT

a) OcHoBHM 6rorpadcku noaaum:

Tunjana (BpaHkuua n CtojaH) hyprunh 05.10.1989.roa., 1060j

Wime (nme 0ba poanTerba) n Npenme Datym n mjecto pofietsa

- [pylITBO 3a TEXHWUYKO UCMIMTWNBaHbE, aHaNU3Y U KOHTPONY kBanuteTa "Eypo-nHcnekT” poo OcjeuaHu
(2013 - 2015);
- TexHonowKn pakyntet YHnsepsuteTa y barwoj Jlyun (2015 - gaHac).

YCTaHoBe ¥ KOjJUMa je 1o 3anocnex

- HKetbep 3a KOHTPoNY KBannTeTa Bofla U TeUHUX HapTHUX ropusa ("Eypo-nHcnekT" goo OcjeuaHu);
- ACNCTeHT: HoB. 2015. - cenT, 2019. (TexHONOWKN $pakynTeT YHuBep3uTeTa y barboj Jlyun);
- Buwm acncreHT: cent. 2019. - paHac (TexHonowkn dakynTeT YHupep3uteTa y banoj Jlyunm).

PafiHa mjecTa

UNAHCTBO Y HAayUHIM 1 CTPYUHAM OpranunzaLiiijama unn yapyxeruma

6) Aunnome v 3Batba:

OcHoBHe cTyauje / ctyauje | umknyca:

YHusepsutet y banoj Jlyun, TexHonowku ; .
JvnnomnpaH MHXKerbep Xemujcke TeXHONOTUje

dakyntet

Haszuns nHcTutyUuje 3Batbe

bama Jlyka, 2013. roguHe 8,38

Mjecto u roguHa 3aBpiieTKa [Mpocjeuna oiljena n3 unjenor ctyauja

MNocrannnomcke cryauje / ctyanje Il umknyca:

YHuBep3uteTy barboj Jlyun, TexHonoukm :
MacTep xemujckor HerepcTBa

dakynter
Hasup unctutyunje 3Bame
“EneKTpoxemidjcka NCNUTWBaKba KOposuje Ha
barba Jlyka, 2019. roanHe HepBhajyhem yenuky EN 1.4301 n 6akpy EN
13601"
Mjecto n roguHa 3aeplieTxa Hactos 3aBplUiHOT pafia
XemMnjCKO NHXKeHepcTBO 9,86

HayuHa obnact/ymjeTHnuka obnact

(NosaLy vz aunnome) [pocjeuHa oujeHa

Hokropar / cryauje lll umknyca

TexHonowwkn $akynTeT, YHMBep3uTeT Y HoBOM
Cany

Hazuns wHCTUTYUUje Mjecto u rognka oabpare JOKTOPCKe gucepTaLiuje
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Hasne JOKTOPCKe ancepTauyje

HayuHa obnact/ymjeTHruka obnact (nofauy 13 guniome)

YHusep3uteTy barboj Jlyumn, TexHonowkn dakynteT:

- ACUCTEHT 3a yXy HayuHy obnact EnektpoxeMujcko nHxerbepcTeo, 2015. roa.

- BuLum acucTeHT 3a yXy HayuHy obnact Enektpoxemujcko MHxerepcrso, 2019. roa. (Opnykom
CeHara YHuBep3auteta 27.01.2022., 6poj. 02/04-3.126-9/22, n3BplueHa je eKBuBasieHLInja y>ke HayuHe
obnact EneKTpoxemmnjcko HKenepcTBo y MNpoLecHo HXeHepcrso)

[peTxodHn nz60pu y HacTaBHa 1 HayuHa 3Barba (MHCTUTYUMja, 3Barba, rofurHa nsbopa)

lll. OBABE3HU YCNTOBU

) HactaBHuM paf v floKa3aHe HaCTaBHUYKe CnocobHOCTH

KBanuTeT negarolukor paga
(HapecTu nofatke 0 OfPHAROM NPUCTYNHOM Mpeaasary - LATYM i MjecTo OApKaBatba, Kao 1 NOJATaK fa iin je kananaat
YCnjelWRe ofpxKao NPUCTYNHO NpefaBarke)

Bpefil;0Barbe HaCTaBHUYKMX CMOCOOHOCTY
(Hasecmu hodamxe o cnpoeeGeHOM AHKeMUpParsy cmydedamd YKOIUKO je Ucmo ClIpogeoemo)

A'T_Zii'\::a Hasus npegmeTa OujeHa
2020/2021 Koposnja v 3awTuta matepunjana (nabopatopujcke n pauyHcke sjexbe) 474
2021/2022 EnekTpoxemujcko nHxerepcTBo (nabopatopujcke Bjex6e) 463
Enekrpoxemujcko nHxet.epcTBo (padyHcKe Bjexbe) 475
KoHCTpyKLWOHK MaTepujanu (pauyHcKe Bexbe) 455
Koposuja n 3alTura maTtepujana (nabopatopujcke n pauyHcke sjexbe) 467
MNpojekToBarbe NpoLieca y XemMujckoj MHAYCTpnju (MpakTyHe Bjex6e) 4.49
lanBaHoTexHuKa (naboparopwjcke Bjexbe) 457
lanBaHoTexHWKa (payyHcKe Bjex6e) 455
Xemurpadwja (nabopatopujcke sjexoe) 458
2022/2023 Enektpoxemmnjcko uHxerwepcTeo (nabopartopujcke Bjexbe) 4.79
EneKTpoxemujcko MHXerepcTBo (pauyHCKe Bjexbe) 4.59
YKynHa npocjevHa ouljeHa:| 4.63
Bpoj 6ogoBa:| 9.3

r) HayuHoucTpaxunsauku pag

HayuHoucrtpaxXupauku paf

HayuHw pag 06jaBibeH y NCTakHYTOM HayuHoM vaconncy mehyHapogHor 3Hauaja (10 6ofoBa)

Hacnos ny6nukauuje 6on




T. Puridié, H. Prosen, A. Kravos, S. Mi¢in, G. Kal¢ikova, B. N. Malinovi¢, ,Electrooxidation of
Phenol on Boron-doped Diamond and Mixed-metal Oxide Anodes: Process Evaluation,
Transformation Byproducts, and Ecotoxicity*, Journal of The Electrochemical Society, vol.
170, 023503, 2023. WoS indexed

Abstract: Phenolic pollutants raise health and environmental concerns due to their widespread occurrence in
industrial wastewaters. Electrooxidation was studied for phenol degradation in different supporting
electrolytes: NaCl, Na,SO,, H,SO,. Experiments were performed at constant current density 20 mA cm 2
Two anode materials were tested — boron-doped diamond (BDD) and mixedmetal oxide (MMO).
Degradation process and its impact was investigated from technological, analytical, and ecotoxicological
viewpoints. Removal efficiency was monitored by phenol index spectrophotometric method and phenol
removal quantified with HIPL.C-DAD. Additionally, transformation by-products were tracked with GC-MS
and LC-MS, as well as ion chromatography. Finally, ecotoxicity was investigated using Daphnia magna.
Electrooxidation was efficient and had low energy consumption. The use of BDD anode led to higher
removal efficiencies and induced more progressive degradation to simple organic acids, compared

to MMO. Selection of electrolyte affected degradation pathways and detoxification pattern. Treatment by
BDD in NaCl led to complete phenol removal in 30 min, but undesired chlorinated aromatic by-products
were formed. Treatment in sulphate medium led to slower processes irrespective of pH, but less problematic
by-products with minimal ecotoxicological impact emerged. By using multi-aspect methodology, this study
reevaluates phenol electrooxidative degradation and contributes to better understandingof electrooxidation
performance in water treatment.

CaxeTtak: QeHonu Kao 3arahupaum u3asmsajy 3aBPUHYTOCT 3a 3APaAB/LE bYAN N KUBOTHY CpeluHy 3601
HUXOBE WWUPOKO PacnpocTpatbeHe Mojase Y WHAYCTPUjCKUM OTnagHum BojaMa. [lpoydyasaHa je
eNekTpooKcuaaumja pasrpagme dGeHona y paznuuutum nomohHum enexktponutuma: NaCl, Na,SO,,
H,SO,. EKCNepMMeHTH Cy M3BeAeHW NPW KOHCTAHTHOj ryCTMHM cTpyje 20 mA cm™. WcnutaHa cy ABa
aHOAHa MaTepujana - 6opom gonosaH AujamaHT (BAJ) u mujewann metanHm okcng (MMO). Mpouec
pa3rpajre W HeroB yTuuaj je WCTpaXuBaH Ca TEXHOMOLWKWX, aHATUTUUKUX W EeKOTOKCUMKONOLIKUX
acnekara. EdukacHoCT yknakbatba je npaheHa cNeKTPpodOTOMETPUJCKOM MeTOAOM OAapeluBarba
beHoNHOr MHAEKCa, a YKnarbarbe PpeHona je keaHTUdukosaHo nomohy HPLC-DAD TexHuke. [Topeg Tora,
Hycnpouzsoanm TpaHchopmaumje cy npahenn TU-MC w LC-MS aHanMszama, Kao M joHCKOM
Xpomarorpadujom. EKOTOKCMUHOCT je ncnutaHa kopuwhetbem Daphnia magna. EnekTpookcuaaumja je
6una epukacHa n UMana je HUCKY NoOTpolwry eHepruje. YnoTtpeba BAL aHope fosena je go Behe
edUKaCHOCTY YKAatbatba U M3a3Bana NporpecueHy Aerpagauyjy Ao jefHOCTaBHUX OpraHCKUX KNCenuHa, y
nopehery ca MMO. Ogabup BpcTe eNekTponuTa yTuUe Ha NnyTeBe pasrpajre 1 WeMy feToKCMKalmje.
TpeTmaH ca B y NaCl goseo je 4o NoTnyHor yKnatbarba ¢peHona 3a 30 MrHyTa, ann cy ce popmupani
HeXerbeHW X/I0POBaHW apoMaTUUHK HycnpousBeoau. TpeTMaH y cyndaTHoj CpenHN je [OBEO 10 CNopjuX
npoueca 6e3 063upa Ha pH, ann cy ce Nojasnan Marbe NpPobNemMaTUUHN HYCNPOU3BOAUN Ca MUHUMaNHUM
EKOTOKCUKONOWKUM yTulajem. Kopulwhetbem BUWeacneKTHe MeTofonoruje, oea CTyauja MOHOBO
npoujersyje  enekTpookcuaaTWeHy Aerpagauujy deHona u  ponpuHocn Golbem  pasymjeBarby
nepdopmaHcK enekTpookcuaaLmje y TpeTMaHy Bofa.
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S. Micin, B. N. Malinovi¢, T. Puri€ié, , Development and characterization of electrochemical
sensors based on carbon modified with TiO, nanoparticles*, Chemical Industry, vol. 76(3), pp
147-158, 2022. WoS indexed

Abstract: The aim of this study is the development and characterization of a carbon-based electrochemical
sensor, modified with TiO, nanoparticles for potential application in electroanalytical techniques. The
influence of binder and modifier contents on morphological, physicochemical and electrochemical
characteristics of the electrode material was investigated in order to determine the optimal ratio of the carbon
material/binder/modifier. Carbon pastes were prepared from mixtures containing graphite powder, TiO,
nanoparticles and liquid hydrocarbons. Scanning electron microscopy showed that the electrode material
becomes more compact with the addition and the increase in the binder material content, while increasing the
proportion of TiO, nanoparticles did not have any signiticant effect on the material morphology showing
fairly homogeneous nanoparticle distribution in the graphite electrode material. The test results indicate that
the modified carbon paste with 40 vol.% paraffin oil (PO) and 6-8 wt.% Ti0, nanoparticles is characterized
by the lowest value of specific resistance. By applying cyclic voltammetry, the most pronounced degree of
reversibility was obtained in relation to the standard reversible redox system ([Fe (CN)]-3/-4) for the
electrode material with 30-40 vol.% PO and 8-10 wt.% TiO, nanoparticles. Characterization of the electrode
material based on carbon modified with TiO, nanoparticles indicated that the optimal composition contains
2 40 vol.% PO and 6-8 wt% TiO, nanoparticles, which is mportant for application in electroanalytical | 1g
techniques.

CaxeTak: Lwb oBe cTyAmje je pa3Boj U KapaKkTepu3almja eneKTpOXeMjcKor ceH3opa Ha 6a3sun yribeHuka,
moandukosaHor HaHouecTuuama Ti0O, 3a noTeHyMjanHy NpuMjeHy y enekTpoaHanMTMUKUM TexHuKama.
BplieHa cy WCnMTMBatba YTWLaja YAjena Be3vBHOT CpefcTBa W moaudukatopa Ha MopdornolKe,
PU3MYKOXeMUjCKe W efleKTpOXeMUjCKe KapaKTepucTKe enekTpogHor maTepuwjana paau oppefunBatba
ONTUMANHOT OfHOCA YITbeHUUHN MaTepujan/seanso/moandukaTop. YribeHnuHe nacte cy NpunpemsbeHe
of rpaduTHOr npaxa MoAMPUKOBaHOr HaHouecTMLama TiO, M TeuHWX YrboBofoHWKa. CkeHupajyha
eneKTPOHCKA MUKPOCKOMMja NoKasana je Aa eneKTPOAHN MaTepujan NocTaje KOMMNaKTHWK ca AoAaTKOM
Be3VBHOI MaTepujana u nosehatbeM HeroBor yAjena, Te 4a Hema 3HauajHUX MopdONOLKKX pasnnKka ¢
nopactom ygjena HaHouectuua TiO, Koje Cy MPUINYHO XOMOTEHO pacnofjerbeHe y rpadputHom
eNeKTPOAHOM MaTepwjany. Pesyntatu ucnuTuBara yKasyjy Aa MoAMUKOBaHY yrbeHUUHy nacty ca
cappxajem 40 Bon.% napadpuHckor yrba (NY) n 6-8 mac.% HaHouectnua TiO, KapaKTepuwe Hajmatba
BpPWjeQHOCT creunduyHor oTnopa. lMpuMmjeHoM LMKIMYHe BonTameTpuje AoGujeH je HajuspakeHujn
cTeneH pesepanBUAHOCTM y OAHOCY Ha CTaHZapAHW peBep3nbUnHN peaoke cnctem ([Fe(CN))3-/4-) kog
enekTpofHor Mmatepuwjana ca cagpxajem 30 -40 Bon.% MY u 8-10 mac% HaHoyectnya TiO,.
KapakTepusaLnjom enekTpoAHOr mMaTepujana Ha 6asu yribeHka MogndukosaHnX HaHouecTulama TiO,
ytepheHo je Aa onTumanaH cactaB cagpxu 40 Bon.% MY n 6-8 mac% HaHodecTuua TiO,, wWTo je oA
Ba)KHOCTM 3a NMPUMjeHy y eneKTpoaHanuTUYKUM TEXHUKama.

YxynHo:| 20

HayuHm pag 06jaBbeH y 360PHULIMMA Ca peLieH3MjoM ca HayuHoT ckyna meflyHapoaHor sHavaja (8 Gogosa)

Hacnos ny6nukauuje 6on




B. N. Malinovi¢, A. Boji¢, D. Bjeli¢, T. Durici¢, , Nickel recovery from static rinsing in the
electroplating process”, Congress Proceedings, MME SEE Congress 2023, Trebinje, June
2023, pp 401-409.

Abstract: Wastewater from the electroplating process can contain heavy metals in high concentrations and, if
released into the environment, can cause serious consequences for the environment and human lhealth, due to
its toxicity and biological accumulation. High amounts of Ni?* fons are produced during drag-out and rinsing
in the nickel plating process and end up in wastewater. Recovery (recycling) of nickel from such water is
desirable both from an economic and ecological point of view. In this research, nickel was recovered from
static rinsing wastewater after nickel plating by the cathodic electrodeposition process. The concentration of
nickel in this water was 34.3 g/L. Using the Hull cell, the most important parameters affecting the process
were determined: current density and temperature. Also, the influence of stiring, the type of anode material
and the surface ratio of the anode and cathode were examined. The electrodeposition process was performed
in a batch laboratory electrochemical reactor with the possibility of constant stirring. During different
treatment times, the mass yield of nickel on the cathode was monitored by the gravimetric method and
process parameters were calculated: current efficiency and specific energy consumption. It was found that
with an increase in the treatment time, the yield on the cathode increases linearly. The results showed that the
highest current efficiency was at a current density of 2.5 A/dm? For 60 minutes of electrodeposition
treatment, 2.59 g of nickel was recovered per liter of wastewater, on the cathode surface o 0.5 dm?, while the
energy consumption was 6.71 kWlv/kg of recovered nickel.

CaxeTak: OTnagHe BoAe W3 npoueca ransaHusaunje Mory fa CajpXe TelluKe MeTane y BUCOKUM
KOHLEHTpaunjama 1, ako Ce WCMyCTe y XWBOTHY CPeAuHy, Mory u3aspaTh o30ubHe noubefnLe no
XMBOTHY CPEAWHY W 3apaBibe jbyan, 360r CBOje TOKCWYHOCTA M Ouonowke akymynaumje. Bucoke
konuumHe Ni’* joHa 3aBplasajy y OTNagHOj BOAN HaKOH ,,0KaMaparba™ M ucnuparba HWKIOoBaHUX
npoduna y npouecy Huknosawa. PereHepaluja (peumknaxa) HUKNa W3 Takee BOAe je NoXesbHa W ca
EKOHOMCKE W Ca eKONoLLKe Tauke rneguTa. Y oBoM UCTpaxuBarby, HUKN je AobujeH NocTynKomM KaTofHe
eNeKTPOAEeno3NLMje U3 OTNAAHMX BOAA WITEAHOT NCMparba HakKoH npolieca HUKNoBatba. KoHueHTpalvja
HUKNa y oBoj Boaw 6una je 34,3 /L. Momohy Xynose hennje ogpehenn ¢y HajBaxkHuju napameTpu Koju
YTNUY Ha NpoLec: rYCTUHa CTpYje 1 TeMnepatypa. Takohe, nCNUTUBaH je yTULIaj Mujelliatba, BPCTa aHOAHOT
maTepujana n of4HOC MOBPLUMHA aHoAe W KaTode. MNpoLieC enekTpoAenosnLMje je U3BedeH Yy LWapxHOM
nabopaTopMjCKOM eNeKTPOXeMWjCKOM peakTopy ca moryfhiHolRy cTanHor Mujeluatba. TOKOM PasnnyuTix
BpeMeHa TpeTMaHa, rpaBUMETPUjCKOM MeToAoM je nNpafeH MaceHn NPUHOC HUKNa Ha Katogn u
W3pauyHaTU cy nNapaMeTpu npoueca: Wckopulifierbe CTpyje M cnelndUyYHM YTPOLLAK enekTpuyHe
eHepruje. YTBpheHo je ga ca noseharbeM BpemeHa TpeTMaHa, NPWHOC Ha KaToAW pacTe JMHeapHo.
PesynTaTi Cy nokazanm fa je Hajsehe nckopuwwhetse CTpyje 610 NpU ryCTMHY CTpyje of 2,5 A/dm?. 3a 60
MWHyTa TPETMaHa pereHepuncaHo je 2,59 g HUKNa No NUTPy oTnagHe BoAe, Ha NOBPLWHK KaTode oA 0,5
dm?, gok je noTpowwta eHepruje nsHocuna 6,71 kWh/kg pereHepncaHor Hukna.

T. Djuricic, B. N. Malinovic, D. Bjelic, "Treatment printing wastewater by electrocoagulation
using steel and aluminium anodes", Proceedings, Wood, Pulp & Paper Polygrafia Academica,
Bratislava, Slovakia, March 2020, pp 140-146.

Abstract: This research focused on electrocoagulation of synthetic printing industry wastewater containing
tri-colour ink (cyan, magenta and yellow). This ink contains harmful substances and needs to be treated.
Electrocoagulation is the in situ formation of the coagulants by electrolytic dissolution of sacrificial
electrodes in an electrochemical reactor. The metal ions formed on the anode by hydrolysis create a large
number of different compounds that are effective coagulants for the treatment of wastewater such as printing
ink wastewater. The study was conducted in a batch laboratory electrochemical reactor. As electrode material
it was used iron (steel) and aluminium as anodes and stainless steel as cathode.

CaxeTak: OBO uCTpaxuBarwe ce (OKYCMpano Ha eneKTpoKoarynauujy CMHTeTUUKe oTnagHe BoAe
WTamnapcke MHAYCTPUje Koja Cappsku Tpu WTamnapcke 6oje (cyan, magenta v yellow). Ose 60je caapxe
WTETHe CyncraHue u noTpeBHo WX je TpeTupaTu. EnekTpokoarynauwja npeacrasbva in situ opmuparbe
KoarynaHata enekTpoNUTUYKUM pacTBaparbem XXPTBOBaHNX enekTPOoda Y enekTPOXeMUJCKOM peakTopy.
JoHu meTana GopmMuUpaHn Ha aHOAM XVAPONWN3OM CTBapajy BENUKN 6poj pasnnumnTuX jefuntberba Koju cy
edNKacHM KoarynaHcu 3a TPeTMaH OTMaAHUX BoAa Kao WTO je OTMafHa BOAa WTaMnapcke uHaycTpuje.
Cryavja je cnpoBeAeHa Y LIapKHOM NabopaTopujcKoM eneKTPOXEMUCKOM peakTopy. Kao enekTpoaHu
maTtepujan KopuifieHe cy aHofe O Xerbesa (Hennka) u anyMnHujym u Hephajyfin uenmnk Kao Katoaa.




Borislav N. Malinovic, Dusko Zoric, Tijana Djuricic, "Efficiency of corrosion inhibitors on
pilot plant of open recirculating colling system made of stainless steel and copper",
Proceedings, XXI YUCORR International Conference, Tara, Serbia, september 2019, pp
233-341,

Abstract: This paper studied the efficiency of three commercially available corrosion inhibitors (KURITA
S-6300, BWT CS 1006 and HEMOD MS 1E) on open recirculation cooling system pilot plant. The pilot
plant (18 L volume capacity), designed as a real industrial plant, is made of stainless steel EN 1.4301 and
copper EN 13601. Simulated cooling water (pH = 8,8-9,2) in which chlorides are added as corrosion
activator (5 % NaCl) circulated for 210 minutes. Efficiency of corrosion inhibitors was determined by
corrosion coupons method (ASTM D2688), analysing of the physical-chemical parameters of cooling water
and by Langelilier Saturation index (LSI) and Ryznar Stability index (RSI). Phosphate-based with zinc
compounid corrosion inhibitors (KURITA S 6300 and BW'I' CS 1006) provide better results in copper and
stainless steel corrosion protection compared to zine-free phosphate inhibitors (HEMOD MS 1E). Based on
the physical-chemical composition of the analyzed water and results of the corrosion coupon analysis, the
best results in the corrosion protection system for both materials provides the corrosion inhibitor BW'1 CS
1006.

CaxkeTak: Y 0BOM pagy je npoyyaBaHa edpWKacHOCT TPU KoMepumjanHo AoCTynHa WHXMBUTOpa Koposuje
(KURITA S-6300, BWT CS 1006 v HEMOD MS IE) Ha nuwioT nocTpojewy OTBOPEHOr
peumnpKynaumjckor cuctema xnaherba. NMunot nocrpojerse (3anpemute 18 L), npojekToBaHo y cKnaay ca
peanHyim MHEYCTPUjCKUM NOCTpojerseM, u3paheHo je og Hephajyher venmka EN 1.4301 u 6akpa EN
13601. CumynupaHa pacxnagHa sBofa (pH = 8,8-9,2) y Kojy cy Kao akTusaTopu Kopo3suje 4oLaHn XNopuan
(5 % NaCl) je unpkynncana 210 muHyTa. EdMKacHOCT MHXMBUTOpa Koposuje je oapeheHa MeTofom
Kopo3noHux KynoHna (ASTM D2688), aHanusom ¢un3nNuKo-XeMUjCKUX NapameTapa pacxnagHe Boje U
NanxenunjepoBum uHaekcom 3acuhiedoctn (Langelilier Saturation index, LSI) n Pu3HapoBum WHAEKCOM
ctabunHoctu (Ryznar Stability index, RSI). UHXW6UTOPKN Koposuje Ha 6a3un docdaTa ca jeAnrberbem LuHKa
(KURITA S-6300 u BW'I' CS 1006) pajy 6orbe pesyntate y 3awTuti 6akpa u Hephajyher yenmka oj
Kopoauje y nopefhery ca nHxnbutoprma pocdara 6es umnka (HEMOD MS 1E). Ha ocHoBy ¢usnuko-
XeMWjCKOr cacTaBa aHanu3MpaHe BoAe W pesynTaTa aHanmse KOpO3WOHMX KynoHa, Hajborbe pesyntate y
CUCTeMYy 3alUTUTE Of KOpOo3Wje 3a 06a MaTepujana faje MHXMBUTOpP Kopoanje BWT CS 1006.

Borislav N. Malinovic, Tijana Djuricic, Drazenko Bjelic, “Electrocoagulation of textile
dyeing wastewater containing an azo dye”, Proceedings, 27" International Conference
Fological Truth and Environmental research”, Bor, Serbia, 18-21. June 2019, pp253-257.

Abstract: This research focused on electrochemical treatment (electrocoagulation) of synthetic textile
industry wastewater containing azo dye (BEMACID RED E-TL). It is well know that many of azo dyes are
toxic, cause skin and eye irritation, and are extremely dangerous to aquatic organisms. The study was
conducted on a prepared synthetic wastewater in a batch laboratory electrochemical reactor. As electrode
material it was used steel and stainless steel. The concentration of dye before and after the treatment was
measured spectrophotonietrically and the results are shown trough dye removal efficiency. It was examined
the impact of current density (2,5; 5, 10 mA/cm?) and initial dye concentration (100, 200; 500 mg/L). It was
found that the process of electrocoagulation can very effectively carry out almost complete removal of dye
by using steel anode. For 30 minutes of treatinent it was achieved 86,2% removal efficiency at lowest
examined current density (2,5 mA/cm?) and highest initial dye concentrtation (500 mg/L).

CaxeTak: OBO WCTpaxuBarbe ce $OKYCMpano Ha enekTpoXemujcku TpeTMaH (enekTpokoarynauujy)
CUHTETWYKe OTMafHe BOAe TEKCTUNHE UHAYCTPWje Koja cappxu aso 6ojy (BEMACID RED E-TL). Jo6po
je nosHaTto Aa cy MHore a3o 60je TOKCUUHE, 13a3UBajy UPUTaUKjy KOXe M 04Uy 1 U3Y3eTHO Cy OnacHe 3a
BofieHe opranusme. CTyfuja je cnpoBefeHa Ha NPUNPeMbEHOj CUHTETUYUKOj OTMaAHOj BOAM Y LWAPXKHOM
NnabopaTopujCKOM eNneKTPOXeMUjcKoM peakTopy. Kao enekTpofHu maTepujan KopuwifeH je Yenuk u
Hephajyhu venuk. KoHueHTpaumnja 60je npuje n nocnuje TpeTMaHa mjepeHa je cnekTpodpoTOMETPIjCKK, a
pe3ynTaTh Cy NpuKazaHn Kpo3 edpnKacHOCT yknawatba 6oje. McnutuBaH je yTuuaj ryctuHe crpyje (2,5; 5;
10 mA/cm?) W noueTHe KoHueHTpauwje 6Goje (100; 200; 500 mg/L). YTepheHo je Aa npouec
enexkTpoKkoarynauynje Moxe Bpno epUKacHO W3BPLINTK CKOPO MOTAYHO YKnawake 6oje ynorpebom
uenunuHe (KembesHe) aHode. 3a 30 MMHYTa TpeTMaHa NOCTUNHYTa je ePUKACHOCT yKnararsa of 86,2% npu
HajHWKO] NCMINTUBAHO] TYCTUHM CTpYje (2,5 mA/cm?) W HajBULLOj NOYETHO] KoHLeHTpauuju 6oje (500 mg/
L).

YKynHo:

32

Hay4HW pap HaLWMOHAIHOT 3Hayaja 06jaBrbeH Y PenybnniKoM Hay4HOM Yaconucy npse Kateropuje (5 6oposa)
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Hacnos ny6nukayuje

6op

Borislav N. Malinovi¢, Neda Brestovac, Dario Marjanovi¢, Dajana Dragi¢, Drazenko Bjeli¢,

Tijana Puri¢ié¢, “Application of the principles of green chemistry in the plastic recycling
industry: a case study”, Technologca Acta, vol. 16(2), pp 21-29,2023.

Abstract: The subject of this research was to verify the feasibility of implementing green chemistry principles
within the business company ,,Omorika ReciklaZa“ Ltd. situated in Johovac near Doboj, Bosnia and
Herzegovina. The objective of this study was to conduct a detailed assessment of the company's facilities and
operations, using environmental audits, to identify technological processes (production lines), energy and
waste flows, capacities, product range, and other pertinent factors crucial for the application of green
chemistry principles. Special emphasis was placed on analyzing each substance that constitutes a raw
material, whether used individually or as part of mixtures. The assessment of safety data sheets involved
utilizing the CAS registration numbers of substances from the Chemical Abstracts Service, cross-referenced
with the ECHA database (European Chemicals Agency). The outcomes, attained through an exhaustive
analysis of each substance, were presented as a "chemical inspection" of the company. Through the analysis
of all substances and mixtures in the technological process (chemical inspection), as well as the capacity of
production flows, energy and tesource flows, wastewater, and waste, the potential for enhancing the
technological process was identified. This involved reducing dust levels in the workspace, decreasing
electricity consumption (utilizing renewable sources), and substituting particularly hazardous chemicals used
in the technological process.

CaxeTak: MMpefmeT OBOr UCTpaXuBatba GuNa je NpoBjepa M3BOL/LUMBOCTU UMMNEMEHTaLWje NpuHUMna
3efleHe xemuje Yy OKBUPY npuBpeaHor ApywTea ,OMopuka Peluknaxa’ foo ca cjenuutem y JoxoBuy Kop
Noboja, bocHa u XepueroeuHa. Lum oBe cTyauje 61o je fa ce U3BpWY AeTasbHa MpoujeHa objekaTa u
NOCNOBatba KOMNaHWje, KopuilierbemM eKONOWKUX PEBU3N)ja, fia Ce WAeHTIOUKY]Y TEXHONOLKN NpoLecu
(Npon3BoaHe NWHWje), TOKOBM €eHepruje W oTnafa, KanauwuTeTW, acopTUMaH npowsBofja u Apyru
peneBaHTHW GpakTopPW KIbYYHW 3a NpUMjeHy MPUHLMMIYM 3eneHe xemuje. MocebaH akLeHar je cTae/beH Ha
aHann3y cBake CyncTaHUe Koja NpeacTaB/ba CMPOBUHY, 6UNO fia ce KOPWUCTU NojeAuHAYHO UK Kao ANo
cMmjete. MpoujeHa 6e3bejHOCHUX NUCTOBa je YkbyuuBana Kopuufierbe CAS perncrapckux 6pojesa
cynctadum us Cnyx6e 3a xemujcke cagpaje (Chemical Abstracts Service), yKpuTeHnx ca 6azom nogaraka
ECHA (EBponcka areHuwja 3a xemukanuje). Pe3yntaTi, MOCTUrHYTM KpPO3 WCLPMHY aHanusy cBake
CyrncTaHUe, NpefcTaBbEHN €y Kao “XeMujcka WHCneKuwja' KomnaHuje. AHanu3om CBUX CYMcTaHun u
cMjellla y TEXHONOLIKOM npoLiecy (xeMnjCcki nperneq), Kao 1 Kanauurteta npoun3sofHUX TOKOBa, TOKOBa
eHepruje U pecypca, OTMafHWX BOAa M 0TNaja, MAEHTUOUKOBaH je noTeHuwjan 3a yHanpehere
TexHONoWKor npoleca. To je nofpa3ymjeBano cMarerbe HUBOA MpallMHe y PafHOM NPoCTopy, CMatberbe
NOTpOLWHEe eneKTpuuHe eHepruje (Kopuctehn o6HOB/LUMBE W3BOpe) W 3amjeHy NoceBHO OMacHWX
XeMUKanuja Koje ce Kopucre y TEXHONOLWKOM NpoLiecy.




Borislav N. Malinovic, Tijana Djuricic, Dajana Dragic, Rade Malesevic, Drazenko Bjelic,
“Electrochemical removal of hexavalent chromium by electrocoagulation”, Technologea Acta,
vol. 15(1), pp 23-28, 2022.

Abstract: Cliromium in wastewater is discharged trom tannery, electroplating, metal finishing, dying industry
and many other industries. Presence of hexavalent chromium (Cr(VI)) in the environment considerable
concern because it is non-biodegradable, highly toxic and carcinogen. There are several treatments for the
removal of chromium from wastewater, but the most common method involves reduction to its less toxic
trivalent state. In this paper electrocoagulation was used as treatment for removing of hexavalent chromium
from synthetic prepared wastewater initial concentration 50 mg/L, in presence of sodium chloride as
supporting electrolyte (1 g/L.). The treatment was perform in a batch electrochernical reactor 250 mL capacity
and with possibility of constant stirring. It was examimed the impact of electrode materials and current
density (5, 10, 20 mA/cm?) on Cr(VI) removal efficiency. The examination showed that iron has higher
removal efficiency compared to aluminium. Also, it was observed high efficiency at very begin of treatment
and at low current density. For 20 minutes of treatment it was achieved almost complete Cr(VI) removal at
current density of 5 mA/cm? by using iron electrodes (E= 99.8 %).

CaxeTak: XpoM y OTNafHWM Bofama ce UCMyLITa U3 KoXapa, npolieca ranBaHWsauuje, obpafe metana,
uHAYCTpWje 60ja U MHOTMX APYrUX MHAyCTpuja. Mpucyctso wecrosaneHTHor xpoma (Cr(VI)) y XMBOTHO]
CpeanHN NpeacTaBsba BeNUKY 3a6pUHYTOCT jep Huje 6nopasrpaans, BACOKO je TOKCUYaH W KaHLieporeH.
MocToju HeKonuKo TpeTMaHa 3a yKnarbate Xpoma M3 OTMajHUX BoZa, anv Hajuewhn meTod ykibyuyje
peayKUMjy y HeroBo Marbe TOKCUUHO TPOBANEHTHO CTare. Y OBOM Pajly enektpokoarynauuja je
KopuwheHa Kao TpeTMaH 3a YKilatbatbe LIeCTOBaNeHTHOT XPOoMa U3 CUHTETU UKW NpunpembeHe oTnagHe
Bojle NoUeTHe KoHLeHTpaLmje 50 mg/L, y NPUCYCTBY HaTpujym xnopuga Kao nomohHor enektponura (1 g/
L). TpeTmaH je BPLIEH y LapKHOM eneKTPOXeMWjCKOM peakTopy Kanauuteta 250 mL w y3 moryhHoct
CTanHor Mujelatba. Micnutan je yTyuaj enekTpofHOr MaTepujana v ryctviHe crpyje (5,10, 20 mA/cm?) Ha
eduKacHocT yKnarbarba Cr(VI). Mcnutusatbe je nokasano fa Xe/beso Kao eNeKTPOAHWN Matepujan uma
Befly edMKacHOCT yKnatbarba y OAHOCY Ha anymuHujyMm. Takofie, npumjefieHa je BUCOKa edpuKacHOCT Ha
CaMOM MOYeTKy TpeTMaHa 1 MpW Manoj ryctvHu crpyje. 3a 20 mMuHyTa TpeTMaHa NOCTUTHYTO je CKOpo
NOTNYHo yKnatrbatbe Cr(VI) Npu rycTuHm cTpyje of 5 mA/cm? NnpuMjeHoM xebe3Hux enektpoaa (E= 99,8
%).

H. Prosen, B. N. Malinovi¢, E. Korenci¢, J. Mrkelj, S. Vranje§, T. Duricic,
“Electrooxidation of polar benzotriazole - The impact of supporting electrolyte”, Journal
of Chemists, Technologists and Environmentalists, vol. 1(1), pp 28-33,2020.

Abstract: Polar benzotriazoles are heterocyclic compounds widely used in industry, and as such are easily
released into the environment. These compounds show harmful and toxic effects on plants and some aquatic
organisms, biodegrade quite slowly, and some, depending on the structure, have the ability to bicaccumulate.
They can only be partially removed by conventional wastewater treatment, and are therefore found in a
variety of waters, as well as solid waste. In this paper, synthetic wastewater containing polar benzotriazole
was treated by an electrooxidation process. The efficiency of the treatment was tested depending on various
parameters, such as: anode material (mixed metal oxide - MMO and boron-doped diamond - BDD), applied
current density (10 and 20 mA/cm?), type of supporting electrolyte (NaCl, Na,CO,, Na,S04, H,80,) and
treatment time (0.5 - 2.5 h). Obtained results showed the treatment was more effective at higher current
density and by using BDD anode. Also, the efficiency of the treatment increases with the prolongation of the
electrolysis time. After 2.5 h of treatment, 97.9% of benzotriazole was removed, in the presence of sulfiiric
acid as supporting electrolyte.

CaxeTak: MonapHu 6eH30TPWA3ONW Cy XeTepoUUKNWYHa jeautberwa Koja Ce LWUPOKO Kopucte y
WHAYCTPWjM M Kao TakBa ce Nako ocnobahajy y XWBOTHY cpeanHy. Oa jeantberba MoKasyjy WTeTHO W
TOKCWYHO AejcTBO Ha BuibKe W Heke BofeHe opraHusme, focta cropo ce 6uopasrpahyjy, a Heka, ¥
3aBUCHOCTW off CTPYKTYPe, UMajy cnocobHoCT 6rnoakymynaumje. OHN ce MOy Camo AjeNMMNUYHO YKITOHUTH
KOHBeHLWOHANHUM TPETMaHOM OTNafHUX BOA3, Na Ce CTora Hanase y pasHUM BOJiama, Kao U Y UBPCTOM
oTnagy. Y oBom pafly, CUHTETWUKa OTNajgHa BoAa Koja Cafpu nonapHu GeH3oTpuason TpetupaHa je
NOCTYNKOM enekTpooKcupaLmje. EQUKacHOCT TpeTMaHa je TecTWpaHa y 3aBUCHOCTU Of PasfnvunThxX
mapamertapa, Kao LUTO Cy: aHOAHW MaTepwjan (MujellaHn MeTanHu okcup - MMO u 6opom aonoBaH
LvjamanT - BT, npumujerseHa ryctuHa ctpyje (10 1 20 mA/cm?), Bpcra nomohHor enektponuta (NaCl,
Na;COs, NaySO4, H;SO4) v Bpujeme Tpetmana (0,5 - 2,5 h). lobujeHn pesyntaTh Cy nokasann Aa je
TpeTmaH edukacHuju npu Befioj rycTWHM cTpyje n ynotpebom BIJ aHope. Takofe, edpUKacHOCT TpeTMaHa
ce nosehaBa ca NpofyxereM BpeMeHa enekTponuse. locnuje 2,5 h TpeTmaHa, yKioweHo je 97,9%
6eH30TpNazona, y NpUcyCTBy CYMNopHe KucenunHe Kao noMofHor enektponnTa.




B. N. Malinovic, D. Zoric, T. Djuricic, “Corrosion coupon testing of commercial inhibitor in
simulated cooling water”, Technologca Acta, vol. 13(1), pp 27-32, 2020.

Abstract: In maintaining cooling systems, one of the biggest challenges is to control the corrosion process.
Various corrosion inhibitors are often used for this purpose. Which type of corrosion inhibitor will be chosen
depends on the material from which the plant has made. The main causes of corrosion in these systems are:
pH, dissolved gas, ammonia, temperature and microbiology. In this paper it was studied the efticiency of two
multicomponent commercial corrosion inhibitors based on phosphates and one of which containing zinc
chloride. For the purposes of research, the pilot plant of open recirculation cooling system is constructed and
made of stainless steel (EN 1.4301) and copper (EN 13601). Experiments were performed in a simulated
cooling water witch recirculated for 3.5h. For the purpose of accelerating corrosion processes, it was added a
corrosion activator (5% NaCl). It was monitored the corrosion rate of the mentioned materials in the cooling
water with the corrosion activator, with and without inhibitor. Corrosion rate is determined by using
corrosion coupons according standard ASTM D2688 and by analyzing physical-chemical parameters of
cooling water. The results showed it was achieved higher protection efficiency for copper and stainless steel
4 by using an inhibitor containing zinc chloride in addition to phosphate.

CaxeTak: Y ofjpaBatby CUCTeMa 3a xnahetbe, jesaH of HajeenuX 13a3oBa je KOHTpONa NpoLieca Koposuje.
Y Ty CBPXY YecTo ce KOpUCTe pasnuuuTi WHXWEMTopn Koposuje. Koja BpCTa MHXMGUTOPa Koposuje he
61TV n3abpaHa 3aBUCK of MaTepujana of Kojer je NocTpojere Hanpas/beHo. [N1aBHU y3poLin Koposuje y
0BWM CHCTeMUMa cy: pH, pacTBOpeHN racoBW, aMoHUjak, Temneparypa i MUKpoGuonowku dakropu. ¥
0BOM pafly je NpoyyaBaHa ePpUKaCHOCT ABA BULIEKOMMNOHEHTHa KOMepLinjanHa uHXMbuTopa Kopo3suje Ha
6a3n pocdara, 04 KOJUX jenaH CaapKv LMHK XIOpUA. 3a noTpebe UCTpaxmBakba KOHCTPYWUCAHO je nunot
nocTpojerse OTBOPEHOT peLnpKynaLmnjcKor pacxnagHor cuctema of Hephajyher uenuka (EN 1.4301) u
6axpa (EN 13601). EKCnepuMeHTY cy N3BeL4eHU Y CUMYNHUPAHO] pacxnaHoj BOAW Koja je UMpKynucana 3,5
h. Y unmy y6p3ara npoleca Koposuje, AOAAT je aktusaTop Koposuje (5% NaCl). MpaheHa je 6p3nHa
KOpO3Wje HaBefeHWX maTepuwjana y pacxiafHoj BOAW Ca aKTUBATOPOM Kopo3uje, ca U 6e3 uHxubutopa.
Bp3uHa koposuje je ogpeheHa KopullfieremM KOPO3MOHUX KyrnoHa npema craHaapsy ASTM D2688 u
PUINUKO-XEMW|CKOM aHann3om pacxniagHe Bofe. Pesyntat cy nNokasanu fa je NocturHyra seha
epMKacHOCT 3aWTuTe 6akpa M Hephajyher uenuka Kopuwhetbem UHXUBMTOPa Koju noped docdata
Cafipu UMHK Xnopug,.

B. N. Malinovic, T. Djuricic, D. Zoric, "Corrosion behaviour of stainless steel EN 1.4301 in
acid media in presence of PBTCA inhibitor", Materials Protection, vol. 61(2), pp 133-139,
2020.

Abstract: In this study, corrosion behaviour of stainless steel in 0.5 M and 1 M hydrochloric acid was
examined. Also, commercial corrosion inhibitor which contam 2-phosphonobutane-1,2,4-tricarboxylic acid
(PBTCA) is examined as potential inhibitor for stainless steel EN 1.4301 in 0.5 M hydrochloric acid. kor
experimental research it was used DC-technique (Tafel extrapolation, linear polarization method and
potentiodynamic polarization). The obtained results show that the inhibitor is effective in mentioned acid
environment and the protection efficiency depends primarily on the concentration of the inhibitor. Based on
the obtained results this inhibitor has moderate inhibition efficiency, since the highest efficacy was achieved
E; = 55.7%. According to the corrosion mechanism the inhibitor is behaved as a mixed inhibitor.

CaxeTak: Y 0BOj CTyAMjU WCMUTMBAHO je KOPO3WOHO MoHallawe HepHajyher uenuka y 05 M u 1 M
XNOPOBOAOHUUKOj Kucenuuu. Takofe, KomepuMjanHW WHXMOUTOp KOpo3nje Koju caapxu  2-
dochoHobyTaH-1,2,4-TpuKapbokcunHy kucenuy (PBTCA) je mcnutan Kao noTeHUmMjanHu MHXUGUTOP
Koposunje 3a Hephajyhn uenuk EN 1.4301 y 0,5 M XxnopoBOACHMUKO] KUCENMHK. 33 eKcnepumeHTanHa
ncTpaxuBarba Kopuwhena je DC-TexHuka (Tadenoea ekcTpanonaumja, meToaa NHeapHe nonapusauuje
W NoTeHuMofMHamMuuKa nonapusauuja). JobujeHn pesynTaT noKasyjy fa je MHXWUOWUTOP eduKacaH y
HaBeleHo] KCenoj CpefmvHu, a epUKacHOCT 3alUTUTe 3aB1CH Npuje CBera of KOHLeHTpaLuje nHxubutopa.
Ha ocHoBy JobuwjeHux pesynTata oBaj MHXMOBWUTOP MMa ymjepeHy eduKacHOCT MHXMOMLUMje, NowTo je
flocTurHyTa Hajseha edukacHocT E; = 55,7%. MpeMa MexaHW3My Koposuje, UHXMOUTOP ce NoHallia Kao
MjeWwoBUTH MHXMBUTOP.
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Borislav N. Malinovi¢, Maja Preradovi¢, Drazenko Bjeli¢, Tijana Duri€i¢, ,Treatment of
wastewater from cyanide-zinc plating™, Book of Abstracts, XVI International scientific
ceonference Contemporary materials 2023, Banja Luka, September 7-8, 2023, p. 63.

Abstract: Wastewater from the electroplating process often contains high concentrations of heavy metals, and
must be treated before being discharged into public sewage systems or natural recipients. In this research,
rinsing wastewater after acid and alkaline zinc electroplating process was treated by the electrocoagulation
process. The experiments were performed in a batch electrochemical reactor made of polypropylene with a
volume of 250 cm®. During all treatments constant mixing was performed at a speed of 200 rpm. Different
electrode pairs (anode-cathode) were used: Fe-Fe, Al-Al, Fe-stainless steel (SS), Fe-Cu, Al-SS, Al-Cu. The
success of the electrocoagulation process, in terms of zinc removal from cyanide-free electroplating rinsing
wastewater, achieved with electrode pairs was: Fe-NC > Fe-Cu > Fe-Fe, respectively. The initial
concentration of zinc in the wastewater was 173.5 mg/L, and after 60 minutes of treatment with the Fe-SS
electrode pair it was achieved removal efficiency of 99.8%, while the specific energy consumption was 6.10
kWh per m* of treated wastewater, or 8.74 kWh per kg of removed zinc.

Caxerak: OTniagHe BoAe W3 npolleca ranBaHW3alWje YecTo CappXe BUCOKe KOHLEHTpaluje Tewkux
MeTana, Te ce Kao TakBe MOpajy TpeTupaTW npuje uchnywTama y jaBHe KaHanusalnoHe cucTeme Wnu
NPUPOLHe peunnnjeHTe. ¥ OBOM UCTPaXuBamy WCMUPHe oTragHe Bode Nocimnje KUCenor u ankanHor
UMHuYatba TpeTupaHe Cy npouecom enekTpokoarynauwje. EKcnepumeHtn cy u3BoBeHy Y thapXHOM
€NleKTPOXEMNJCKOM peakTopy UspafieHoM of nonaunponuieHa u 3anpemiuHa 250 cm? Mpuankom CBUX
TPpeTMaHa BPLUEHO je KOHCTaHTHO Mujewarbe 6p3vHOM of 200 o/MUH. KopuWTeHW Cy pasnuuuTy
enekTpoAHn naposu (aHopa-katoga): Fe-Fe, Al-Al, Fe-Hephajyhin uenuk (SS), Fe-Cu, Al-SS, Al-Cu.
YcnjelWwHOCT npolieca eneKkTpoKoarynaumje, y CMUCNY YKnarbarba LMHKa M3 oTnagHe Bogde 6esuujaHnaHor
UMHYatba, OCTBApPEHa Ca PasfNYynTUM eneKTPofHUM naposima je Fe-SS > Fe-Cu > Fe-Fe. ToueTHa
KOHUEHTpaumWja UWHKa y oTnagHoj BoAn W3Hocuna je 173,5 mg/L, a Hakok 60 MUHYTa TpeTMaHa ca
eneKkTpoAHuM napom Fe-SS ocTeapeHa je duKacHOCT yKnatbarba off 99,8%, npu uemy je cneunduysu
yTpolak enekTpuyuHe eHepruje 3a je nsHocno 6,10 kWh no m® TpetupaHe oTnagHe Boge, OAHOCHO 8,74
kWh no tkg yknoreHor Zn.

1




Tijana Djuricic, Borislav N. Malinovic, Helena Prosen, "Phenol removal from synthetic
wastewater by electro-Fenton process", Proceedings, VIII International Congress
"Engineering, Environment and Materials in Processing Industry, Jahorina, B&H, March
2023, p. 181.

Abstract: Water pollution with phenols is a consequence of their massive use in the textile, printing,
petrochemical, pharmaceutical, cosmetic and many other industries. Phenols are poisons for protoplasm and
its toxic effect is manifested even at very low concentrations. Due to its toxicity and mass production and
use, many countries of the world have strict laws regulating the use and transport of phenol. The European
Chemicals Agency (ECHA) classifies phenol as a dangerous substance (suspected to be mutagenic), and
provides details on the impact of phenol on humans and the environment. There are several methods for
removing phenol from wastewater, and the most commonly applied techniques are: chemical oxidation,
adsorption, solvent extraction, coagulation and flocculation, reverse osmosis, photocatalysis and electrolysis,
as well as advanced oxidation processes. In this research, the electro-Fenton process, as one of the miost
effective electrochemical advanced oxidation processes (EAOPs) for the removal of organic pollutants in
wastewater, was used for the treatment of synthetic wastewater containing phenol as a pollutant. Several
process parameters (electrode material, treatment time, stirring; current density, catalyst concentrations) that
mfluence on the efliciency of ‘OH generation and phenol degradation were examined. Electro-Fenton
process was performed in a batch electrochemical reactor with capacity of 500 cm?. The concentration of
phenol in the waste water was 50 mg/L, and sulfuric acid was used as supporting electrolyte. The results
showed the boron dopped diamond anode is significantly more efficient than mixed metal oxides anodes,
process is diffusion controlled and the catalyst concentration has inpact on the process efficiency. For 180
min of treatment at current density of 2.5 mA/cm? a 93.8% phenol removal efficiency was achieved. Specific
energy consumption was 29.97 kWh per kilogram of removed phenol, which corresponds to only 3.49 kWh
per cubic meter of treated wastewater.

Caxetak: 3arafietbe Bofa deHoONMMa MOC/bEAULA je HUXOBe MacoBHe ynoTpebe Yy TeKCTWAHO),
LUTAMMNaPCKOj, METPOXeMUjCKOj, GpapMaLieyTCKoj, KO3SMETUUKO) U MHOTUM ApYrUM uHaycTpujama. GeHonn
Cy OTPOBM 3a NPOTOMIasMy W HUXOBO TOKCUUHO AEjCTBO Ce MaHMQecTyje M Npu Beoma Manum
KOHUeHTpauujama. 360r tberoBe TOKCMYHOCTM M MacoBHe NpPow3eogrbe W ynotpebe, MHOre 3emrbe
CBWjeTa UMajy CTpore 3akoHe Koju peryauwy ynoTpe6y 4 TpaHcnopT ¢eHona. EBponcka areHuuja 3a
xemukanuje (European Chemicals Agency, ECHA) knacudukyje dpeHon kao onacHy cyncraHLy (3a Kojy ce
CyMHa fia je MyTareHa) v Aaje fetasbe 0 yTuuajy geHona Ha ibyfie W XUBOTHY CpeamnHy. [MocToju HeKonnko
meTofda 3a yKnamwarbe deHona M3 oTnagHWX BoAa, a Hajuelwhe npumjerMBaHe TEXHMKE Cy: XeMujcKa
oKkcupaumja, agcopnumja, ekcTpakumja pacresapadvem, koarynauuja n Gaokynauuja, pesepsHa 0Cmosa,
doToKaTanmsa n eNeKTPoAN3a, Kao 1 HampefHW OKCUAALIMOHU NPOoLECH. Y OBOM UCTPaKUBatby, enekTpo-
®eHTOH npoLec, Kao jefaH of HajedpnKaCHMjUX eneKTPOXEMUJCKNX HanpeaHUX oKchaauMoHnx npoleca
(Electrochemical Advanced Oxidation Processes, EAOPs) 3a yKnarbatbe opraHckux 3arahjusada y oTnajHum
Bofama, KopulwheH je 3a TpeTMaH CUHTETUYKMX OTMaAHWX BoAa Koje cagpxe peHon Kao 3arahnsavy.
UcnuTtaHo je HekonWKo NMapameTapa npoleca (eneKTpogHo matepujan, Bpujeme TpeTMaHa, Mujellatbe;
rycTUHa CTpyje, KOHUeHTpauuje KaTanau3atopa) Koju yTudy Ha edumkacHocT reHepucara ~OH u
pasrpaamwy $eHona. Enektpo-OeHToH NpoLec je W3BeAeH Y LUAPXKHOM eNeKTPOXEeMUjCKOM PeakTopy
Kanauwteta 500 cm?®. KoHueHTpauuja deHona y oTnagHoj Boau 6una je 50 mg/L, a Kao nMomofHu
enekTponnT KopulheHa je cymnopHa KucenwuHa. PesyntaTu Cy nokasanu fa je AWjaMaHTCKa aHoha
JonoBaHa Bopom 3HauajHO edUKacHMja 0f aHoAa MUjeLLaHWX METanHKX OKCKAa, npouec je AndysnoHo
KOHTPONMCaH W KoHLeHTpalUmja KaTannsaTopa yTuue Ha epukacHocT npoueca. 3a 180 MUHYyTa TpeTMaHa
NP# ryCTUHY cTpyje o4 2,5 mA/cm? nocTUrHyTa je ebukacHoCT yknamara deHona og 93,8%. Cneyudnyinm
YyTPOLaK eHeprije W3Hocuo je 29,97 kWh no kunorpamy yknoreHor ¢eHona, WTo oAropapa camo 3,49
kWh no meTpy Ky6HOM npeuunwheHe oTnagHe sofe.
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Aleksander Kravos, Tijana Purigi¢, Gabriela Kal¢ikova, Borislav N. Malinovi¢, Helena Prosen,
“From electrooxidationd to multianalytical evaluation of phenol degradation”, Book of
Abstracts, International scientific ceonference X1V Conference of Chemists, Technologists and
Environmentals of Republic of Srpska, Banja Luka, B&H, October 21-22, 2022, p. 181.

Abstract: Understanding chemical pollution is inevitable for future management of increased pressure of
anthropogenic pollutants on natural waters. The latter include discharges of persistent organic
micropollutants through poorly treated wastewaters. Herein, various phenolic substances seem to remain
highly ubiquitous even over decades due to their irreplaceable industrial importance. So, it is essential to
remove them before discharging into the environment. Accordingly, there has been an increased interest in
advanced oxidation processes. Electrooxidation (EO) has been standing out as cost-effective, sustainable, and
chemicals-free method. So, the aim of this study was to expand research methodology in order to address the
potentia] of using EO to treat waste waters with high phenol index. Using a batch reactor and two anode
materials (boron-doped diamond, mixed-metal oxide), we treated aqueous solutions of phenol (used as a
mnodel representative of phenolic compounds) in three supporting electrolytes: NaCl, Na,SO,, and H,SO,
Firstly, degradation effectivity for phenol removal and energy consunption were monitored. However,
designed to induce progressive reactions, EO leads to generation of degradation by-products with either
unknown or even higher toxicities. Therefore, we, secondly, monitored chemical transformations behind
phenol removal by using chromatographical analytical teclmiques. And lastly, the ecotoxicological aspect
was also included by testing ecotoxicity with Daphnia magna. The results suggest that the EO effectivity is
influenced mostly by anode material, while type of degradation by-products depends on the supporting
electrolyte, which reflects in ecotoxicity. In conclusion, the interweaving of all the viewpoints allowed
comprehensive evaluation, which led to specific findings useful for combating the pollution with phenolic
pollutants in the future.

CaxeTak: PasymjeBarbe M3BOpa XeMujCKor 3arahetba je HeonxogHoo 3a 6yayhe ynpasbatbe nosehaHum
NPUTUCKOM aHTpororeHux 3arahueava Ha NpupodHe Bofe. OBO NoU/befre YKbyuyje ucnywTame y
npupogHe Bofe MOCTOjaHUX OPraHCKUX MuKposarahueauya Kpo3 fole TpeTupaHe oTnajHe BoAe.
Pasnuuute ¢eHonHe cyncraHue oCTajy BeoMa CBeMpPUCYTHE YaK M JeleHujama 360r HUXoBOr
He3amjeHbUBor MHAYCTPUjCKOr 3Hayvaja. [lakne, HEONXOAHO je YKNOHUTI WX MNpuje UCTyLUTarba Y XKUBOTHY
cpeanHy. CxofHO Tome, AoLWNO je Ao noBeRaHOr WHTepecoBaka 3a HanpefHe Npolece oKcuaauwje.
Enektpookcngauwja (EO) ce nctuye Kao ncnnatvea, oapxuea metoaa 6e3 xemukanuja. Liumb ose cryaunje
610 je fa ce NpoLIMPYN MeTOAOoNOMja UCTPaxKBatba Kako 61 ce NpuKasao noTeHuujan kopuwhetsa EO 3a
TpeTMaH OTNaAHNX BOAa Ca BUCOKUM GeHONHUM MHAEKCOM. KopucTehn WapXHW peakTop W ABa aHofdHa
MaTepujana (6opom fonosaH AWjaMaHT, MUjellaHN METAHW OKCUA), TRPETUPaHW CY BOLEHW pacTBOPH
deHona (Koju ce KOpUCTW Kao Mofen perpeseHTaTMBaH 3a deHoNHa jefutbersa) y TpW nomohHa
enekrponuta: NaCl, Na,SO4, n H;S80,. MNpaheHa je edukacHocT pasrpagwe beHona v noTpolra
eHepruje. MebyTum, AusajHupaH Aa v3a3oBe nporpecusHe peakyuje, EO foBoau Ao cTBapatba
HyCNpousBoAa pasrpaftbe Ca HermosHaTom unu yak sehom TokcnyHowhy. Ctora je npaheHa v xemujcka
TpaHcdopmaumja npoaykaTa pasrpage odeHona Kopuwherbem Xpomarorpapckux aHanmTUuKunX
TexHWKa. Ha Kpajy, eKOTOKCUKONOWKY acnekT je Takohe YKbyUYeH UCMUTMBatbeM eKOTOKCUYHOCTU Ca
Daphnia magna. PesyntaTu yKasyjy Ha To Aia Ha edpukacHocT EO HajBuwe yTuue aHOQHWU MaTepujan, Aok
BPCTa HycnpousBofa pasrpafibe 3aBUCW Off NOMONRHOr enexTponuTa, WTO Ce OApaKasBa M Ha
EKOTOKCUUHOCT. Y 3aKrbyuKy, NpennunTare CBUX rneguwta omoryhnno je ceeobyxsaTHy eBanyauujy, Wwto
je [oBeno [0 KOHKPETHUX CasHaka KOPUCHWX 3a cysbujarbe 3arafierba QeHoNHUM 3arahusayvma y
6yayhHocTw.




Borislav N. Malinovic, Tijana Djuricic, “Treatment of copper cyanide wastewaters in
electrochemical batch reactor with different electrode materials”, Book of Abstracts,
International UA.B. - B.ENA Workshop: Environmental Engineering and Sustainable
Development, Alba lulia, Romania, June 20-21th, 2019, p.33.

Abstract: Metal cyanide compounds, including copper cyanide complexes, are still widely used in surface
protection of metals and metal finishing industries such as printing circuit boards. The largest amounts are still
present in mining, especially in gold mines.In the batch electrochemical reactor electrolysis of strong alkaline
copper cyanide wastewater was performed. The effect of different electrode materials on chemical oxygen
demand (COD) reduction, cyanide removal efficiency and at the same time copper removal (as cathode deposits)

was examined. All experiments performed at the same electrolysis conditions (=10 mA/c1n2; =30 min). Also,
the energy consumption per kilogram of removed cyanide or kg of removed copper was examined depending on
the electrode material. The following electrode materials were used: steel, stainless steel, copper, platinised
titanium, mixed metal oxide (MMO) and boron-doped diamond (BDD).

Caxerak: Jemmbema IMjaHuja, YKIbyuyjyhu xoMiDekce IMjaHuja Oakpa, M Jab€ Ce ILIMPOKO KOPHCIE Y
IOBPIMHCKO] 3alITHTY MeTala M y HHEYCTPUjH 3aBpIuHe oOpajie MeTala Kao IITO Cy INTAaMIIApCKe ILIOYE.
Hajsehe xomuudHe €y H Ja/b€ IPUCYTHE y pPyAapcTBY, [OCEOHO Y PYJHHMIMMA 37aTa. VY 1uapxHOM
€7IEKTPOXEMUJCKOM PEaKTOpy H3BpIIEHA je eNEKTPONM3a OTMajHMX BOJA jako anKamHor Gaxap-LijaHH/a.
VCIMTHBAH j€ yTHI[A] pasTHIHTHX MaTEPHjala eeKTPO/ia Ha CMAIbeme XEMU]CKe TIOTPOIILE KUCEOHHKA XIIK),
e(UKaCHOCT YKJIAkaa [MjaHHIa H HCTOBPEMEHO YKIamarhe Oakpa (ka0 KaTOHHX Hacjara). CBH €KCIIEPUMEHTH
Cy U3BEJICHU y HCTHM YCIOBHMA enexrpomnuse (=10 mA/cmz; =30 min). Taxohje, UcCIMTHBAHA j& MOTPOMNIbHA
EHEPTHU]j€ 10 KANTOTPaMY YKIOHEHOT LIFjaHI/Ia MK KT YKIIOHhEHOT Gakpa y 3aBUCHOCTH O/ Marepyjasa eIeKTPOJIE.
Kopuuihenu cy cibesiehu elekTpo/HY MaTepHjany: Jenuk, Hephajyhu denu, Gakap, IIAaTHHA3UPAHL TUTAHIYM,
Mujernany Metary okeu (MMO) u Gopom jomoBat aujamant (BIJT).

YKynHo:
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aKTMEHO yuelfie Ha Hay4HOM cKyny ca MehyHapopHum yueurfiem (3 6opa)

Hacnos nybnukauwje

14

6on




Borislav N. Malinovi¢, Drazenko Bjeli¢, Tara Kovljanin, Tijana Burici¢, ,,Chemical and
electrochemical treatment of Zn-EDTA complex in rinsing water from the zinc electroplating

process”, Book of Abstracts, 15" International Symposium “Novel technologies and
sustainable development”, Leskovac, Serbia, p.139, 2023.

Abstract: Many chemicals used in the electroplating process can be very harmful to human health and
can be found in wastewater. High concentrations of heavy metals, and various chemicals used for
additives in galvanization baths are frequently present in these types of wastewater. There is
increasing concern about the direct or indirect potential effects of the presence of ethylene diamine
tetraacetic acid (EDTA) in the environment, which is often used as a complexing agent in galvanic
baths. This paper, examined the waste rinse water left after the cyanide-free zinc galvanizing process,
which uses EDTA as a complexing agent. The initial concentration of zinc in the rinse water was 0.837
mg/L, and the pH was 7.26. The experimental part of the research consists the degradation of metal
complex by two chemical and electrooxidation process (EO). After Zn-EDTA complex degradation,
released Zn was removed from wastewater by using an electrocoagulation process (EC). For the EO
process, a boron-doped diamond anode and stainless steel cathode were used, and for the EC
process, steel electrodes were used. Chemical degradation of the Zn-EDTA complex were performed
by reduction with sodium bisulfite and by the chemical Fenton process. The EO and EC was performed
in a batch electrochemical reactor for 15, 30, and 60 minutes (EO) and 45 and 60 minutes (EC).
Applied current density was 10 mA/cm?. The results showed that the increase in the zinc concentration
released from degraded Zn-EDTA complex by the chemical reduction process was 22.13%, followed
by the electrochemical oxidation process 42.11% and the Fenton process 82.71%. Also, the results
showed that EC is an efficient process for removing released Zn from the complex after it has
degraded. The combination of Fenton process and EC (60 minutes) showed the highest zinc removal
efficiency (=100%).

CaxeTak: MHore xeMukasuje Koje ce KopucTe y npoliecy rarniBaHusaupje mory 6uTi Beoma WwTeTHe no
rbYficKo 3[ipaBrbe U Mory ce Hahu y oTnafHAM BoAama. Y OBUM BpcTama oTnagHux Bofa 4ecTo cy
MpUcyTHe BUCOKe KOHLEHTpaLje TELLKUX MeTara U pasHuX XeMinkarnja Koje ce KOpUCTe kao aguTusi y
KynaTunuma 3a ransaHusauujy. CBe je Beha 3aBpuHyTOCT 36Or AUPEKTHUX WU WUHAUPEKTHUX
roTeHUMjanH1X edekata NpucycTBa eTUNeH AuamuH TeTpacupheTHe KucennHe (EDTA) y XWBOTHO]
cpefnHu, Koja ce 4ecTo KOPUCTH Kao KoMNnekcupajyhu areHe y ranaickum kynarunuma. Y oBoM pagy
WCMUTWMBaHA je UCMWpHa OTMadHa BOAA HakoH npoleca GesuujaHUAHOr LHYatba, Y KojeM ce KOpUCTH
EDTA kao koMnnekcupajyhnn areHc. ModeTHa KOHLiGHTpaLUMja LiHKa y UcrupHoj Boau 6una je 0,837
mg/L, a pH 7,26. EKcriepuMeHTanHn [WO UCTpaXuBatba cactojao ce Of pasrpajre MeTanHor
Komnnekca noMohy fBa npolieca: XeMujckor npolieca v enektpookcugaumje (EO). HakoH pasrpajroe
komnnekca Zn-EDTA, ocnoBohjeHn Zn je ykrokeH M3 oTmajHe Bofe KopuwhetseMm npoleca
enekrpokoarynatuje (EC). 3a EO npouec kopuwhena je GopoM AorioBaHa AuvjamaHTcka aHoda i
kaToga oA Hephajyher yenuka, a 3a EC npouec kopuwheHe cy uenudHe enektpoje. Xemujcka
perpanauuja Zn-EDTA koMnnekca w3BefieHa je peflykuMjoM ca HaTpujym OUCYNIPUTOM U XEMUJCKUM
deHTOHOBUM mocTynkom. EO u EC cy M3BEAEHU Y LIapXHOM erekTpoxeMmujcKoM peakTopy TOKOM 15,
30 u 60 MuHyTa (EO) u 45 n 60 muHyTa (EC). MpumjereHa ryctura cTpyje 6una je 10 mA/cm?,
PesynTaTi cy nokasanu Aa je nosehare KoHUeHTpaluje LuHKa ocnoBboljeHor U3 perpaguparor Zn-
EDTA «xoMmrmnekca NpoLEcOM Xemujcke peaykuuje usHocuro 22,13%, a 3aTuM  M1poLecoM
eneKTpoxemujcke okeugauuje 42,11% n ®eHToH npouecoM 82,71%. Takohe, peayntati cy nokasanu
na je EC echukacaH npoLjec 3a yknarbarbe ocrnofofeHor Zn U3 KOMMeKca HakoH HeroBor pasrpajtbe.
Kombunaumja denton npoueca u EC (60 munyTa) nokasana je Hajehy edukacHOCT yKnakatba LiHKa
(=100%).




Borislav N. Malinovi¢, Helena Prosen, Aleksander Kravos, Tijana Buri€i¢, ,Phenol
degradation from synthetic wastewater by electrooxidation - influence of electrode design®,
Book of Abstracts, 14 Symposium “Novel technologies and economic development”,
Leskovac, Serbia, 22.-23. October 2021, p.123.

Abstract: Advanced oxidation processes (AOPs) have proven to be very efficient in the wastewater
treatment process. One such process is electrooxidation which was used in this work to remove phenol
as pollutant. In the synthetic prepared wastewater initial phenol concentration was 50 mg/L, in the
presence of Na,SOy (2 g/L) as supporting electrolyte. The volume of wastewater was 400 mL and it
was treated in a batch electrochemical reactor at a constant current density of 20 mA/cm?2. Boron
doped diamond (BDD) electrodes were used as the anode and stainless steel was used as the
cathode. Two different designs of anode were used - plate and mesh type, and their effect on phenol
removal efficiency and energy consumption was examined. The examination showed that at shorter
oxidation time (30 or 60 min) the plate type electrode shows almost twice higher efficiency compared to
the mesh type. After 160 min of treatment almost complete removal of phenol was achieved, 99.3% for
mesh and 96.0% for plate type. In terms of energy consumption, the mesh type has a significantly
lower energy consumption (320.88 kWh/Kgpheno) Compared to the plate (540.60 kWh/kgphenar) for
160 min of treatment.

CaxeTak: HanpeaHu okcugaluoHn npolecu (AOPSs) cy ce nokalanu kao BeoMa ecukacHu y npouecy
npeurlhaBama OTMagHUX Boja. JeflaH TakaB Mpouec je enekTpookcuaaLuja Koja je kopuwheHa y
OBOM pajy 3a yKfiathatbe beHona kao 3arafjupava. Y CUHTETUYKM MpUMNpeMrbeHoj OTrMafHoj BOAMW
noyeTHa KoHLeHTpauwja deHona je 6una 50 mg/L, y npucyctey Na,SO, (2 g/L) kao nomohHor
erekTponuTa. 3anpeMwHa oTnagHe Boge W3Hocuna je 400 mL w TpeTupaHa je y LUapXHOM
eneKTpOXeMUjCKOM peaKkTopy MpW KOHCTaHTHOj rycTWHM cTpyje of 20 mA/cm. BopoM ponosaHa
IOvjamanTcka enexktpoaa (BA) je kopuwheHe kao aHoaa, a Hephajyhu vyenuk kao katofa. McnutaHa cy
fBa pasnuyuTa AW3ajHa aHoge - MNo4YacTor W MpexacTor TUMa, M UCMWUTaH je HUXOB YTULaj Ha
edUKaCHOCT yKnatbarba geHona W NoTpollty eHepruje. VcnuTueawe je nokasano Aa npu kpahem
BpeMeHy okcuaauuje (30 wnu 60 MuHyTa) nnovacTa enekTpofa nokasyje ckopo Aynno Behy
eUKacHOCT y OfHOCY Ha MpexacTu Tun. [Nocne 160 MWH TpeTMaHa MOCTUIHYTO je CKOpO MOTMYHO
yknaware ceHona, 99,3% 3a mpexuuy u 96,0% 3a nnody. LLTo ce Tuye noTpolike eHepruje, Tun
MpeXe UMa 3HaYajHo Matby NOTPOLLHY eHepruje (320,88 kWhikgphena) ¥ Nopefiery ca nnodom (540,60
KWh/kgphenot) 3@ 160 MuHyTa TpeTmaHa.

YKynHo:

aKTMBHO yuelufie Ha HayuHoM ckyny penyBnuukor sHavaja (1 6og)

Hacnos ny6nnkauuje J 6on




D. Bjeli¢, B. N. Malinovic, T. Djuricic, M. Markovié¢, ,Landfill leachate treatment by
electrochemical technologies”, Proceedings, URBAN WATER 2023, Brno, Czech Republic,
October 2023, pp 196-202.

Abstract: The aim of this paper was to evaluate the application of electrochemical technologies (combined
electrocoagulation and electrochemical oxidation) i the treatment of landfill leachate. Studies were
performed with the same leachate samples collected at the regional sanitary landfill in Banja Luka, Bosnia
and Herzegovina. Ditferent electrode materials and operational variables such as applied current density and
electrolysis time were studied on ammonia (NH;-N) removal, N total removal, and COD (Chemical Oxigen
Demand) reduction. Electrooxidation achieves better efficiency if the electrocoagulation process is carried
out at a higher current density. Continuing electrooxidation after electrocoagulation, all parameters recorded
an increase in efficiency except when the current density was 5 mA/cm?. Depending on the leachate
characteristics, electrochemical treatments can be applied as a pretreatment or subsequent treatinent of
another conventional process.

CaxeTak: L oBor paja 6uo je pga ce MpoUjeHW NpUMjeHa ENeKTPOXeMUjCKUX TeXHONoruja
(kombuHOBaHa eneKkTpokoarynaumja W enekTpPOXeMujcka oOKcwupauuja) y TpeTMaHy [enoHMjCKUX
npoujeaHux soja. CTyanje cy obas/beHe ca UCTMM y3opuuma npoljeaHyx Bofda MNPUKYM/beHUM Ha
PernoHanHoj caHutapHoj fdenoHwju y bama Jlyun, bocHa n Xepuerosuha. lpoyyasaH je yTuuaj
PasnnUNTUX enekTPOoAHUX MaTepujana N onepaTUBHUX YCIOBA, Kao LUTO Cy NPUMjerbeHa rycTuHa cTpyje u
BPUjeMe eneKkTponnae, Ha edUKacHOUCT yKnarbarbe amoHujauHor asota (NH;-N), ykynHor N u cmarberbe
XMK (xemujcke noTpol e KuceoHuKa). Enekrpookcmaaumja noctuxe 6oy epukacHoCT ako ce npoLjec
enekTpokoarynauuje cnposogu npwu BeRoj TycTUHW cTpyje. HacTaBkom enekTpookcnpaaluje HakoH
eNneKrpoKkoarynaumje, CcBn napameTpu cy 3abwbexunu noseharwe edpnKacHOCTW oMM Kafa je ryctrHa
cTpyje 6una 5 mA/cm? Y 3aBUCHOCTU Of KapaKTepucTuKa NpoLljefiHe BOAe, eneKTPOXeMMjCK TpeTMaHm
ce Mory NPUMjEHUTY Kao NpeATpeTMaH UNW HakHa[HW TPeTMaH Apyror KOHBEHLMOoHaNHor npoleca.

Aleksander Kravos, Gabricla Kalcikova, Borislav N. Malinovi¢, Tijana Puri€i¢, Helena Prosen,
,Insight in degradation process and detoxification of phenol achieved by optimised anodic
electrooxidation,Book of Abstracts, 27" Annual Meeting of the Slovenian Chemical Society,
Portorose, Slovenia, 22.-24. September 2021, p.150.

Abstract: At the beginning of the century, alarming data pointed to a fact that clean water and aquatic biota
were facing serious threat due to disperse chemical pollution reaching out even to the most isolated
geographical regions. But long public debate, concerning novel approaches to eliminate the presence of
organic micropollutants in aquatic ecosystems, has been encouraging the advancement of wastewater
technologies based on advanced oxidation processes. Majority of those have not yet been considered as
technologically mature. Therefore,“low-cost, high-tech, chemicals-free” processes are being developed and
assessed. One opportunity has been seen in advanced electrochemical oxidation since first pioneering
research from mid-1970s and the introduction of diamond-coated anodes in late-1990s, by which degradation
is achieved with in situ generated reactive oxygen species. Nowadays, lab-scale optimisations of parameters
and/or materials to reach higher corrosion and chemical resistance, as well as practical applicability still play
the key role. Whilst controlling the evolution and impact of formed by-products is often disregarded {1].
Accordingly, the aim of our research work was a technical optimisation of electrochemical working
parameters, as well as multidisciplinary evaluation of induced electrooxidations. Herein, phenol was chosen
as model pollutant since it stands for a main structural constituent of a wide group of priority and/or
emerging phenolic pollutants, i.e. chloro-, nitro-, alkyl- and bisphenols. Furthermore, used in every aspect of
high-scale industrial syntheses, phenol is also a prevalent wastewater pollutant. In our research, separate
electrooxidations were achieved in batch electrochemical reactor at constant current density in three different
supporting electrolytes (2 g/l NaCl, 2 g/l Na,SO,4, 2 M H;SO,) and by two types of anode materials
(borondoped diamond on Nb substrate — BDD; mixed-metal oxide IrO,Ru0, on Ti substrate - MMO {2]).
After treatments, we were motivated to provide data to (#) understand the impact of working parameters (type
of electrode, supporting electrolyte, reactor construction) on degradation effectivity using HPL.C-DAD, pH-
metry, UV/Vis spectrophiotometry and TOC. In addition, (i7) degradation pathways were tracked, and some
byproducts were identified by GC-MS, UPLC-MS/MS and ion chromatography. Moreover, (i)
ecotoxicological tests on water flea Daphnia magna provided us information about detoxification process.
Final results suggest using BDD and acceptance of compromise about electrolyte choice. Degradation and
mineralization of phenol is by far the most effective in NaClgq) but toxic chlorinated by-products are formed.
So, Na;SOyaq, rather than HySOy,q), was found to encompass both (slow) degradation effectivity but, yet,
suitable detoxification pattern and less problematic side-products.

Caxetak: MoueTKOM BWjeKa, anapMaHTHWN NofaLik yKasusanu cy Ha YntbeHnLy Aa Cy Y1CcTa BOAA U BOAEHW
cBMjeT 6MNK CyoueHU ca 036ubHOM NpujeTrom 36bF pacnpocTpareHor xemujckor 3araherba Koje je
Jonupano Yak v 4o HajusonoeaHwiux reorpadcknx pervoHa. lyro cey jaBHoCTW pacnpas/bano 0 HOBUM




Borislav Malinovic, Tijana Djuricic, Dusko Zoric, “Corrosion testing and efficiency of
benzotriazole based inhibitor on stainless steel and copper”, Book of Abstracts, Scientifing
conference for young researches CUTTING EDGE 2019, Ljubljana, Slovenia, 17. September
2019, p.25.

Abstract: The construction materials are necessary to protect against the impact of corrosion. Otherwise,this can
lead to high maintenance costs, repairs or replacements and may cause a risk to people and environmental.
Industrial equipment can be made of only one material, but a combination of two or more materials is often used.
In that sense, a major challenge is finding a corrosion inhibitor that will effectively protect all parts of the
equipment. This paper presents the results of electrochemical testing (potentiodynamic polarization, linear
polarization, Tafel extrapolation) the behavior of stainless steel EN 1.4301 and copper EN 13601 in hydrochloric
acid (0.5 mol dm-3) and efficiency testing of a multicomponent industrial corrosion inhibitor which contain
benzotriazole (BTA). Thiazole and triazole derivatives provide good corrosion protection, with much better
inhibitory efficacy in less acidic and lower temperatures2. The results indicate that tested inhibitor is effective in
protecting both materials from corrosion. The higher protection efficiency was achieved on the copper, compared
with stainless steel. The highest achieved efficiency for stainless steel was at inhibitor concentration of 0.16 mL/L
(Ep=24.1%), while the highest efficacy for copper was achieved at the lowest tested concentration of inhibitor,
0.04 mL/L (£p= 74.2%).

Caxerak: KOHCTPYKIMOHE MaTepHjaje j€ HEOIIXO/HO 3allTUTH OX yTHIaja KoposHje. ¥ CYIPOTHOM, JoNa3d 1o
BHCOKMX TPOLIKOBA OJ[PXABarha, IIONPABKH 1M 3aMjeHe,a KOPO3Hja MOXKE M3a3BaTH PU3HK 3a by IE Y XHUBOTHY
cpemuHy. MHjycTpHjcka onipeMa Moxe OHTH HAIIPaBIbeHA OJf caMo jeJTHOT MaTepHjaa, i Ce HeCTO KOPUCTH
KOMOMHaLH]a /A WIK BHILE MaTepujana. Y TOM CMHCIly, BETMKY M3a30B je MPOHAIAXEHE MIXUOHTOpa Koposuje
KOjH Ne e(HKacHo 3aITHTHTH cBe JHjeloBe olipeMe.Y OBOM pajy cy NPHKAIAHH PE3YJITATH €EKTPOXEMH]CKOT
MCTIMTHBaMa  (IIOTCHUMOAMHAMIUKA [I0J4pH3alja, JIMHeapHA Tonapusaipja, TadenoBa excTparonarimja)
MoHamama Hephajyher demuxa EN 1.4301 u 6axpa EN 13601 y xoposogoniukoj kucenuryt (0.5 mol dm-3) u
WCIIMTHBAthd C(UKACHOCTH BHIIEKOMIIOHEHTHOI HMHYCTPHjCKOT HHXHOMTOPA KOpO3Mje KOjU  CaipXu
Gensorpuazon (ETA). Jlepupaty TMazona U Tpuasona Ipyxajy Ko0py 3allTHTY OJ1 KOpO3uje, ca MHOIO GOIbOM
MHXUGHTOPCKOM €DHKACHOMNY y Mamse KMCETMM CDEIMHAMA M HIKUM TEMIepaTy pama. Pesy iTaTd rokasyjy fa
je TecTHpaHM MHXHOMTOp edHKacaH y 3amTHTH o0a Matepujayia off koposuje. Ha 6akpy je mocTurHyra Beha
e(pHUKacHOCT 3alITUTE Yy nopeljer-by ca Hephajylimm uemuxom. Hajeha mocruriyTa edukacHocT 3a Hephajyhu
ueuK OWila je IpH KoHIEHTpaiju mxuouropa ojt 0,16 mL/L (Ep= 24.1%), mox je HajBeha eduxacHoCT 38
akap MOCTUrHyTa [IPK HajHKIKO] TECTHPAHO] KOHIIEHTpaLuji HEXHOHTopa 08 0.04 mL/L (Ep= 74.2%).

YKynHo:
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IV. AONMYHCKU YCJIOBU

1) CTPYUHO-NPOGECUGHANHY JONPUHOC

2) AonpuHoc akafeMcKoj nilnpoj:3ajeaHuun

3) Capagitba Ca APYriM BUCOKOWKONCKNM, HayYHOUCTPAXNBAYKIAM, OBHOCHO MHC.'TVIT)/LM jama
KYNTYpe Wil YMJETHOCTW y 3eM/bI U KHOCTPaHCTBY » . .

NCNYHEHOCT AONYHCKX YCIIOBA
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O3HaunTy f1a M KaHAWAaT UCMyHaBa AOMNYHCKe ycnose 3a n3bop

s
[THE

¢) BoroBM Ha OCHOBY NpOCjeuHe oOLjjeHe NPBOT 1 APYror UnKyca cTyanja

flpocjeyHa oujeHa npBor ynKnyca ctyauja 8.38

MpocjeyHa oljeHa apyror uuknyca ctyauja 9.85

YkynHo 6ogosal91.15

MNpuKasz ykynHor 6poja 60a0Ba KaHanaaTa:

onnc YKYINMHO
Bpefi-0Bare HaCTaBHUUKUX CMOCOBHOCTK 9.3
Hayu4HoucTpaxusaukn pag 106
CTpyuHo-NpodecnoHanHn AoNpuHOC 0
[lonpuHoc akagemckoj 1 LWWpoj 3ajedHUuUN 0
Capafitba Ca 4pyrimM BUCOKOLIKONCKUM, Hay UHOUCTPaXnBaYKnM, OOHOCHO MHCTUTYUMjama KynType uim 0
YMjETHOCTU y 3eM/bU U MHOCTPAHCTBY
BoaoBu Ha 0CHOBY MpocjeuHe oljeHe 91.15

 YkynHoi| 20645
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V. 3AK/bYYHO MULLJLEHE

Ykonuko ce Ha KOHKypC MpujaBuno BULLE KaHANAATA, Y 3aK/by Y4HOM MILLIbeksy 0 6aBe3HO je HaBeCTU PaHT INCTY CBUAX
KaHAWpaTa ca HasHakom 6poja ocBojeHx 600Ba, Ha OCHOBY Koje fie 61TH bopmynncaH npujeanor 3a nbop/Hens6op.

Ha pacnucaHun KOHKYpC 3a u3bop capaaHuKa Ha TexHonolKkom dakynTety YHuBep3uTeTa y baroj Jlyum 3a
YKy HayuHy o6nacT poLecHO MHXetepCTBO MpujaBuo Ce jeaaH KaHAWAaT - TujaHa Bypuuuh, mactep
XEMUjCKOT MHXeHepCTBa.

Komucmja je KoHcTaToBana Aa je KaHAmAaT MNpefac CBa HEOMXoflHa JOKYMeHTa TpaXeHa y KOHKypCy. Ha
OCHOBY YBUAA Y NPWIOXKeHY AOKYMEHTaLMjy Kojy je KaHauaaT [oCTaBAO Ha yBUA YnaHoBUMa Komucuje o
NpuWjaB/beHNM KaHAMAATUMA 3a M360p capaiHUKa y 3Bakbe 3a YXKy HayuHy 06/1acT [poLeCHO NHXetbepcTBo,
1 Ha OCHOBY CBETa LLITO je N3I0KEHO y OBOM M3BjellTajy, UMeHOBaHa KoMMcUja KOHCTaTyje cbegehe:

TujaHa hypuunh, Mactep XeM1jCKOr UHXeHepCTBa UCMYHbaBa CBe KOHKYPCOM MponucaHe ycnoBe, npu uemy
je octapuna 3HauajaH 6poj 6ogoBa (206,45) Ha OCHOBY 06pa30oBHe [jeNaTHOCTH, HaCTaBHUUKUX
CNoCcoBHOCTU N HayYHOUCTPaXNBauKor paja.

KavanpaT TujaHa Hypuuuh uma nposedeH jegaH n3bopHW Nepuoa y 3patby Brller aCUCTeHTa 3a YKy HayuHy
06nacT [POLIECHO WHXEeHepCTBO, y TOKy KOra je W3BOAMAa HacTaBy Ha TexHonowkom dakynrety
YHuBep3uTeTa y barboj flyumn. HakoH nsbopa y 3satbe o6jaBuna je HeKONUKO HayUHWUX pafioBa U3 yXe HayuHe
06nacTi, Koju cy O6jaB/beHN Y WCTaKHYTUM HayuHWM uaconucuma, mehyHapoAHum 36opHMLMMa ca
peLieH3NjOM, HaLMOHANHUM YacomucuMa, Te 36opHULIMMa CaxeTaka ca MeDyHapoHWX W HaLWOHaNHUX
kKoHbepeHUuja.

Mopes KOHKYPCOM TpaeHe [OKyMeHTalmje, KaHAMAAT je Npunoxmo Ysjepetbe o NpodpecroHanHom
ycaBpluaBatby 3a yHanpehetbe HaCTaBHOT NpoLeca Ha YHUBep3uTeTy y barboj Jlyuw, Koje je npema oanyuu
CenaTa YHuBepauteTa y batboj Jlyum 6p. 02/04-3.668-77/23 obapesyjyhe 3a capafiHWuKa 3Batba 3aNnoC/ieHa Ha
YHWBJ, Te AoKa3 o oTBopeHoM Hanory Ha ,Google Scholar”.

Ha 0CHOBY MPETX0AHO HaBeAeHWX YnibeHNLa, Komuchja je KoHCTaToBana Aa TujaHa Hypuuuh, Ma, ncnyrasa
cBe YCNoBe nponucaHe 3akOHOM O BUCOKOM o6pasoBatby Penybnuke Cpncke ('Ciyx6eHW rnacHuK
Peny6bnuke Cpncke" 6poj 67/20), MpaBUIHNKOM O ycnoBuma 3a n3bop y HayuHo-HacTaBHa, YMjeTHUYKO-
HacTaBHa, HaCTaBHa W capagHUuKa 3Bama (‘Ciyxbenn rnacHuk Penybnuke Cpncke" 6poj 69/23),
MpaBUAHUKOM O MOCTYMKY M YCIOBMMA M360pa aKafiemcKor ocobsba Ha YHueepsuTety y batboj Jlyun un
CratyTom YHnBep3nTeTa y batboj Jlyum 3a n3bop y akaaemcko 3Batbe BULLIET aCUCTEHTa 3a YKy HayUHY obnacr
[MpouecHo NHXetbepcTBo.

Komucuja jegHornacHo npepnaxe HayuHo-HacTaBHom Bujehy TexHomowkor ¢akynteta u CeHaty
YuuBepauteta y barboj Jlyun ga ce kaHaupat TnjaHa Hypuumwh, ma noHoBo usabepe y 3Batbe BuwWwer
aCMCTEHTa 3a YXKY HayuHy o6nacT [TpolecHO NHXetepcTBo.

MoTrnuc unaHoBa KOMUCKje

1
[p Bopucnas ManuHosuh, BaHp. npod.,

npeAcjenHuK, cp

Op OpaxeHko Bjenuh, goLeHT, YnaH, cp

[p TaTjaHa Bynuh, pea. npod., unan, cp

Y barboj Jlyum n Hosom Cagy, 29.05.2024. roa.
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Vi. U3ABOJEHO 3AK/bYHYHO MUILJbEHE

O6pasnoxetse unan(os)a Komncuje o pasnosnma usfBajarba 3akbyYHor MUIL/bEHA.

Motnunc unaHoBa Kommucuje
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