PE3IOMETA HA N3bPAHU HAYUYHHU ITIYBJIUKAIINU
Ha 1. ac. A-p Huna KbneBa-/lo0peBcka
MpEeICTaBeHH 3a y4acTHe B KOHKYPC 3a ,,JJOLCHT 110 HanpasieHue 4.2 XuMHYECKHA HAyKu
(Heopranmuna xumusi)
QAKVIITET 110 XUMUA U PAPMALIUA
COPUNCKH YHUBEPCHUTET ,,CB. KJIUMEHT OXPHJCKH “

1. N. Kaneva, 1. Stambolova, V. Blaskov, Y. Dimitriev, S. Vassilev, C. Dushkin, “Photocatalytic
activity of nanostructured ZnO films prepared by two different methods for the photoinitiated decolorization

of malachite green”, Journal Alloys Compounds, 500 (2010), 252-258. DOI:10.1016/j.jallcom.2010.04.020
Abstract:

Patterned thin films ZnO are successfully prepared on glass substrates by the sol-gel method using
both dip coating and spin coating. Two different procedures are applied for preparation of the films: (i)
polymeric one (zinc acetate and ethylcellulose) and (ii) one with complexing agent monoethanolamine (zinc
acetate and 2-methoxyethanol). The films of ZnO nanocrystallites with hexagonal crystal structure are
characterized by means of scanning electron microscopy, X-ray photoelectron spectroscopy and X-ray
diffraction. The films obtained by procedure (i) possess needle-like structure, while the films obtained by
procedure (ii) have ganglia on the surface. The as-obtained ZnO films are studied with respect to the
photoinitiated bleaching of malachite green (MG) under UV illumination in aqueous solutions. It turns out
that the films obtained by procedure (ii) have a better photocatalytic activity than those deposited by
procedure (i). It is proven that the films have also some activity in darkness, which is lower than the

activities under UV light.
Pesrome:

ZnO THHKM (UIAMM ca YCHEIIHO NPUIOTBEHM BBPXY CTBHKJICHU MOIJIOKKU 4Ype3 30J-Tell MEeTO,
W3MOJI3BAKM METOJ Ha MOTarsIaTa NOJUI0KKAa M XMMHYHOTO OTiaraHe. [[Be pasnuuHu npouenypu ca
OpWIOXKEHU 3a MoJiydaBaHe Ha ¢uiMuTe: (1) moauMmepHa (IIMHKOB aneTaT M eTwinenynos3a) U (i) c
KOMILJIEKCOOOpa3yBalll areHT MOHOETAHOJaMUH (IIMHKOB aleTraT U 2-MeTOoKcheTaHoid). HaHokpucranHute
ZnO ¢uiMu Cc XeKcaroHajgHa CTPYKTypa ca XapaKTepHU3MpaHH OCHOBHO 4Ype3 CKaHMpalla eJIeKTPOHHA

MHUKPOCKOIIHA, PCHTICHOBA q)OTOGJ'IeKTpOHHa CIICKTPOCKOIIUA W PCHTTCHOBA ,I[I/ICI)paKLII/IH. dunmure



MOJIyY€HH TI0 TIpolieiypa (1) UMaT UIIIOBUIHA CTPYKTYpa, ToKaTo GUiIMHUTE 1O Tporenypa (ii) UMaT raHriaInu
1o MOBBPXHOCTTA. ZnO GUIMHU ca U3CIEABAHU U 110 OTHOIIEHWE Ha pasrpaxkaHe Ha MaJIAXUTOBO 3€JICHO
(M3) BBB BOJHHU Pa3TBOpPHU B MPHUCHCTBUE HA YB o0mpuBaHe. YcraHOBsIBa ce, ue (DUIMHTE, MOJYyUYEHHU 10
npoueaypa (i) uMar mo-godpa (oToKaTamTUTHYHA AKTUBHOCT OT TE3H, OTJIOXKEHH Mo mpouenaypa (i).
JlokazaHo e, ue (uiaMuTe UMaT ¥ M3BECTHA aKTMBHOCT HAa THMHO, KOSITO € MO-HUCKA OT aKTMBHOCTTA MPH

oOJrpuaBade ¢ YB cBeriinHa.

2. Nina Kaneva, Assya Bojinova, Karolina Papazova, Dimitre Dimitrov, Katerina Zaharieva, Zara
Cherkezova-Zheleva, Alexander Eliyas, “Effect of thermal and mechano-chemical activation on the
photocatalytic efficiency of ZnO for drugs degradation”, Archives of Pharmacal Research, 39 (2016), 1418-
1425. DOI 10.1007/512272-016-0789-6

Abstract:

Over the past few years, pharmaceutical drugs have been considered as emerging pollutants due to
their continuous input and persistence in the aquatic ecosystem even at low concentrations. They have been
detected worldwide in environmental matrices, indicating their ineffective removal from water and
wastewaters using conventional methods. In this study we present photocatalytic purification of water from
Acetaminophen and Chloramphenicol by ZnO upon UV-light illumination. Commercial ZnO powders are
activated thermally (annealed at different temperatures—100, 200, 300, 400 and 500 °C for 1 h) and
mechanically (treated for 5, 15, 20, 30, 40 and 60 min). The mechonoactivation is performed varying the
atmosphere in air, or in suspension of ethanol and methanol. The changes in the studied material (phase
composition, structure and particle size of the samples) and morphology have been investigated by means of
X-ray diffraction and Scanning electron microscopy. The ZnO powders annealed at 100 °C show highest
photocatalytic efficiency and rate constant of drug degradation, which is due to the smaller size of
nanocrystallites and their better developed surface. The degradation rate of Acetaminophen and
Chloramphenicol increases with time of mechanical activation up to 30 min and then decreases. The optimal

temperature and time of mechanoactivation are experimentally established.

Pesrome:
[Ipe3 mocieaHUTE HAKOJIKO TOAWHM (hapMaleBTUYHHUTE JICKAPCTBA CE€ CYHMTAT 32 HOBOBB3HUKBAIIH

3aMBPCHUTCIIN IMOpaar TAXHATA HCIIPCKbCHATA yHOTpeﬁa n YCTOI\/’I‘-II/IBOCT J0pHU U B HUCKH KOHICHTPAIIUH BbB



BOJHATa €KOCHCcTeMa. Te ca OTKPUTH B CBETOBEH Mamad B EKOJOTMYHHM MATPUIM, KOETO MOKa3Ba
Hee()EKTUBHOTO UM OTCTPAHSBAHE OT BOJUTE M OTHNAJHUTE BOAM M3MOI3BAKA KOHBEHIIMOHATHH MeToau. B
TOBa W3CJEIBAaHE HHUE TPEACTaBsIME (POTOKATATUTHYHOTO MPEYUCTBAHE HA BOAM OT AleTaMHMHOPEH U
Xnopamdenukon upe3 ZnO B npuchctBue Ha YB cBetnuHa. Komepcuanuu ZnO mpaxoBe ca TEPMUYHO
aKTUBUpaHKW (HakaleHW NpU pas3iuuHu Temmeparypu — 100, 200, 300, 400 u 500°C 3a 1 4) u
MEXaHOAKTUBUpaHU (Tpetupanu 3a 5, 15, 20, 30, 40 u 60 mMuH). MexaHOAKTUBUPAHETO C€ W3BBHPINBA MPU
BapupaHe Ha arMoc(epaTa BbB Bb3/lyXa HJIM B CYCIIEH3UsI HA €TaHOJ U MeTaHoJI. C IOMOIITa Ha PEHTTEHOBA
mupakiyusg U CKaHUpalla eJIeKTPOHHA MHKPOCKOIHS ca W3CJIe/BaHU MPOMEHUTe B marepuana (¢pazos
ChCTaB, CTPYKTYpa U pa3Mep Ha 4acTUIUTE Ha mpodute) u B Mopdosorusata. ZnO mpaxoBe HAKAJICHU NPH
100 °C, moka3Bar Haii-BHCOKa (POTOKATATUTHYHA €()EKTUBHOCT U CKOPOCTHA KOHCTAaHTa Ha pasrpaxkaaHe Ha
JIEKapCTBOTO, KOETO C€ IBJDKM Ha IMO-MajKusl pa3Mep Ha HAHOKPHCTAJIWTE W TO-A00pe pa3BUTATa UM
NMOBBPXHOCT. CKOPOCTTA Ha pasrpa)kIaHe Ha arleTaMUHO(EH U XJIOpaM(PEHUKOJI CE YBEITUUaBa C BPEMETO Ha
MexaHoakTuBupane 10 30 MUHYTH U ciie[ ToBa HamansBa. OnTHManHaTa Temreparypa U BpEMETO Ha

MCXaHOAKTUBUPAHC Ca YCTAHOBCHU CKCIICPUMCHTAJIHO.

3. Sh. A. Syuleiman, N. D. Yakushova, 1. A. Proninb, N. V. Kaneva, A. S. Bojinova, K. L. Papazova,
M. N. Gancheva, D. Tz. Dimitrov, I. A. Averin, E. 1. Terukov, V. A. Moshnikov, “Study of the

Photodegradation of Brilliant Green on Mechanically Activated Powders of Zinc Oxide”, Technical Physics,
62,(2017), 1709-1713. DOI: 10.1134/S1063784217110287

Abstract:

A study of the photocatalytic activity of commercial and mechanically activated zinc oxide powders
has been carried out based on the example of the decomposition of Brilliant Green. The goal of this work
was to study the effect of the grinding time (0, 1, 3, 5, and 7 min) on the structure of zinc oxide and its
photocatalytic activity under visible and ultraviolet (UV) radiation. It has been found that, when UV
radiation is used, the constant of the dye oxidation rate for samples activated for 1 min increases compared
with unactivated powders, whereas further mechanical activation leads to a decrease in the photocatalytic
activity. When using visible radiation, samples activated for 1 min showed the minimum photocatalytic

activity and further mechanical activation led to an increase in the efficiency of photocatalysis.



Pesrome:

N3cnensana e porokaTaqUTHYHATA aKTMBHOCT Ha KOMEPCHAJICH M MEXaHOAKTUBHUpPAH LIMHKOB OKCH]L
Ha Ipax Bb3 OCHOBA Ha pasnaraHero Ha bpwmsHtHo 3eneno. Llenta Ha Tasum pabora e Ja ce u3cienBa
edexra Ha BpemeTo Ha cmuiane (0, 1, 3, 5 u 7 MUHYTH) BbPXY CTPYKTypaTa Ha [IMHKOBHSI OKCHUJ M HEroBaTa
(oToKaTaIMTUUHA aKTUBHOCT MPH 00JIbUBAHE C BUJIUMa U yiaTpaBuosieToBa (YB) cBeTnnHa. YCcTaHOBEHO €,
4e MpH U3M0JI3BaHe Ha Y B cBeTiIMHA, CKOPOCTHATa KOHCTAaHTa Ha pasrpakaaHe Ha O0arpuioTo ce yBeauyaBa
3a mMpoOM aKTUBUpAaHM 3a | MHH, B CpaBHEHHE C HEAKTUBUPAHHM IPAaxoBe, JOKATO I0-HAaTaThIIHOTO
MEXaHOAKTUBUpAHE BOJM 1O HaMaysiBaHe Ha (OTOKaTaJUTUYHATa aKTUBHOCT. IIpm oOnpuBaHe ¢ BHIUMA
CBETJIMHA, MPOOUTE aKTUBHUPAHU 3a | MUHYTa, [TOKa3BaT MHHUMAaHA (OTOKATAIMTUYHA AKTUBHOCT M IIO-

HaTaTbITHOTO MCXAHOAKTUBHUPAHE BOAXU A0 ITOBUIIABAHC e(l)eKTI/IBHOCTTa Ha (I)OTOKaTaJ'H/ISaTa.

4. 1. A. Pronin, N. V. Kaneva, A. S. Bozhinova, I. A. Averin, K. 1. Papazova, D. Ts. Dimitrov, V. A.
Moshnikov, “Photocatalytic Oxidation of Pharmaceuticals on Thin Nanostructured Zinc Oxide Films”,

Kinetics and Catalysis, 55 (2014), 166—170. DOI: 10.1134/S0023158414020074
Abstract:

The photocatalytic activity of thin ZnO films in the photocatalytic oxidation of the pharmaceuticals,
paracetamol and chloramphenicol (Levomycetin) is reported. The films annealed at 500°C exhibit the
highest activity. They have a wurtzite like structure and consist of conducting branches, which are the

spinodal decomposition products.
Pestome:

doTokaTaluTHYHATa aKTHBHOCT Ha ZnO THHKH (UIMH € TpeacTaBeHa 3a (HOTOKATATUTHIHOTO
pasrpaxkaane Ha (apMaleBTHYHU JIEKAPCTBA, MMapaneTaMol U xjaopamdenukon (Jlepomunutun). Ounmute
nakanenu npu 500°C mposiBABaT Hal-BHCOKA aKTMBHOCT. Te NpHTEKaBaT BIOPIMTHA CTPYKTYpa M C€

CbCTOAT OT IPOBOJAIIN I'aHTJIMU, KOUTO pa3rpa>kKaaT NpoOaAYyKTHUTE.



5.N. V. Kaneva, C.D. Dushkin, A. S. Bojinova, ” ZnO thin films preparation on glass substrates by
two different sol-gel methods”, Bulgarian Chemical Communications, 44 (2012), 261-267.

Abstract:

Here we present thin films of ZnO with photocatalytic application in purifying water from organic
pollutants. The films were obtained from stable colloidal precursor sol, prepared by two sol-gel methods (A
and B) using zinc acetate and varying the solvents. These sols are deposited on glass substrates via dip-
coating technique. The films are characterized by different methods (XRD, SEM, FTIR). By XRD was
established that the zinc oxide is of hexagonal crystal structure.

A comparison of the determined morphology, composition and structure for the prepared by two
different method films is studied. The morphology of films obtained with 1-propanol and 1-butanol, as
shown is not homogeneous. The film surface is not uniform and there are many cracks and bubbles. Layers
in such films are very easy to peel off after their ignition. Therefore, a third synthesis of the sol-gel method
A is performed, with any changes in the formulation, only alcohol is substituted by 2-propanol. There is
ganglia typical surface structure of the so obtained film, which is established by SEM. They are evenly
distributed over the entire film surface. The film surface in the sol-gel B was investigated by SEM. The film
surface has characteristic ganglia-like patterns.The resulting samples are more uniform, show much better
adhesion of the layers and higher density, compared to films from the sol-gel method A. The difference in

the films morphology has influence their photocatalytic performance.

Pesrome:

B nacrosimiero uscienBane npeactaBsiMe (HOTOKATATUTUIHOTO MpmiiokeHrne Ha ZnO ThbHKHA GHIMHA 32
MpPEYnCTBAaHE HA BOJA OT OPraHUYHU 3amMbpcuTenu. PuiaMmuTe ca MONydYeHH OT CTA0MIIEH KOJOHWICH
MPEKYPCOPEH 301, MPUTOTBEH MO JBA PA3JIMYHU 30J1-Tes MeToa (A u B) OT IMHKOB aneTaT v Mpu BapupaHe
Ha pastBopuTesmTe. [loKpUTHATAa ca OTJIOXKEHH HAa CTHKIO MO METOAAa Ha MOTAlsIHE Ha MOJJIOXKKAaTa.
dunMuTe ca xapakTepu3upaHu upe3 paznuuHu mMetoau Ha aHanu3 (XRD, SEM, FTIR). PentrenoBara
T pakIys MOKa3Ba, 4e MUHKOBUST OKCHUJI € C XeKCaroHaTHa KpUCTalIHa CTPYKTYpa.

CpaBHeHn ca MOpQOJOTHATa, ChCTaBa W CTPYKTypaTa Ha IMOJYYECHUTE IO JABaTa MeToAa (puimm.
Mopdomorusita Ha ¢uaMUTe, MOIydeHu ¢ l-npomnanon u 1-GyraHon e HexomoreHHa. [1o moBbpXHOCTTA ce

Ha0JII0/JaBaT MHOXECTBO OalOHYETa M IMyKHATHHU. 3aTOBA € HAlpaBeH TPETH CHHTE3 MO METOJ A, KaTo €



H3I0JI3BaH 2-HpOHaHOJ'I. I'anrnuunara CTPYKTypa Ha NOBBPXHOCTTA HaA TaKa IOJYYCHHUTC CI)I/IJ'IMI/I €
YCTaHOBCHA CHC CKaHUPpaAIlla CJICKTPOHHA MUKPOCKOIIUA. HO,I[O6H3. raHrJinuHa CTPYKTYypa € Ha6n}01[aBaHa n
npu (1)I/IJ'IMI/IT€, MOJIYYCHHU II0 MCTOA B. HOJ’Iy‘IGHI/ITe 06p33LII/I ca XOMOI'CHHH, C no-z[06pa aaxe3ud U I110-
BHCOKa IIIIBTHOCT, B CpaBHCHHC C CI)I/IJ'IMI/ITG, MOJYYCHHU II0 METOL A. Pasnukara B MOp(i)OJ'IOl"I/ISITa Ha

CI)I/I.TIMI/ITG OKa3Ba BJIMAHHUEC BbPXY (bOTOKaTaJ'II/ITI/I‘-IHaTa UM e(l)eKTI/IBHOCT.

6. N. V. Kaneva, L. K. Krasteva, A.S. Bojinova, K. I. Papazova, D. Tz. Dimitrov, Photocatalytic
Oxidation of Paracetamol and Chloramphenicol by ZnO Nanowires, Bulgarian Chemical Communications,

45, Special Issue B, (2013), 110-114.

Abstract:

This study is focused on ZnO nanowires, synthesized by chemical bath deposition method and spin-
coating technique. The dimensions of nanowires growth (diameter and height) are controlled by adjusting of
zinc nitrate and methenamine concentrations in the precursor.

The crystallite size, surface morphology and photocatalytic efficiency are determined by X-ray
diffraction, scanning electron microscopy and UV-vis spectroscopy. The ZnO nanowires, grown on glass
substrate have average diameter of 100-150 nm and height of approximately 3—3.5 pm. The nanocrystallites
size is of 70 nm. The photocatalytic action of ZnO nanowires is checked in photodegradation of two
pharmaceutical drugs, Paracetamol (PCA) and Chloramphenicol (CA), in aqueous solutions under UV-light
irradiation. The experimental results show that the films exhibit better photocatalytic activity in the

degradation of CA, compared to that of PCA.

Pesrome:

ToBa m3cnensane e pokycupaHo BbpXy ZnO HAHOKHYKH, CHHTE3UPAHU 4Ype3 METOJa 32 XUMHUYHO
OTJIaraHe W TEXHHMKA 3a HaHacsHe. Pa3MepbT 3a pacTeka Ha HAHOKUYKUTE (IUAMETHDP UM BHUCOYMHA) CE
KOHTPOJIMpA MOCPEACTBOM KOHLIEHTPAIMUTE HA LUHKOB HUTPAT U METEHAMHH B IPEKYPCOPBHT.

Pa3mepbT Ha KpHUCTANMUTUTE, TOBBPXHOCTHATA MOpdoiorus u orokaranuTHuHaTa €pEeKTUBHOCT ca
YCTaHOBEHH 4Ype3 pEHTreHoBa JU(pakmus, CKaHUpama eJeKTPOHHA MHUKpockomus u YB-Buc

cnektpockonusi. Hanoxuukute ot ZnO, n3pacHaiy BbpXY CTBKJIEHA MOAJIO0XKKA UMAT cpeaeH auamersp 100



— 150 nm u Bucounna okosio 3 — 3.5 um. PazmepbT Ha HaHokpuctaiuture € 70 nm. doTokaTaIUTHUHATA
akTUBHOCT Ha Zn(O HAaHOXKMYKK € YCTaHOBEHa 4pe3 (OTOKATAIUTUYHOTO pas3rpaxkJaHe Ha JBE
¢dapmaneBTrnyHn sekapctsa, [lapameramon (PCA) u Xnopamdenukon (CA), BbB BOJHU Pa3TBOPH NpPH
ob0puBaHe ¢ YB cBernmHa. ExcriepuMeHTaTHUTE pe3yiTaTh MOKa3Bar, 4e (HIMUTE MPOSBSIBAT MO-100pa

(doToKaTaIUTUYHA aKTUBHOCT IpH pasrpaxaane Ha CA, B cpaBaenue ¢ PCA

7. Nina Kaneva, Dimitre Dimitrov, Ceco Dushkin, “Effect of nickel doping on the photocatalytic
activity of ZnO thin films under UV and Visible light”, Applied Surface Science, 257 (2011), 8113-8120.
DOI:10.1016/j.apsusc.2011.04.119

Abstract:

Nanostructured ZnO thin films with different concentrations of Ni*" doping (0, 1, 5, 10 and 15 wt %)
are prepared by the sol-gel method for the first time. The thin films are prepared from zinc acetate, 2-
methoxyethanol and monoethanolamine on glass substrates by using dip coating method. The films
comprise of ZnO nanocrystallites with hexagonal crystal structure, as revealed by X-ray diffraction. The
film surface is with characteristic ganglia-like structure as observed by Scanning Electron Microscopy.
Furthermore, the Ni-doped films are tested with respect to the photocatalysis in aqueous solutions of
malachite green upon UV-light illumination, visible light and in darkness. The initial concentration of
malachite green and the amount of catalyst are varied during the experiments. It is found that increasing of
the amount of Ni*" ions with respect to ZnO generally lowers the photocatalytic activity in comparison with
the pure ZnO films. Nevertheless, all films exhibit a substantial activity under both, UV and visible light and
in darkness as well, which is promising for the development of new ZnO photocatalysts by the sol-gel

method.
Pesrome:

HarocTpykrypupanute ZnO THHKN QUIMH JOTHPAHH C pa3indHa KoHneHTpaus va Nit' (0, 1,5, 10 1
15 Tern.%) ca mosydeHu 3a MbPBH BT Ype3 30J-Tresl MeTO. TbHKUTE (DUIIMH ca MMOJIy4€HU OT LIMHK aleTar,
2-METOKCUETAHOJI U MOHOETAHOJIAMUH BBPXY CTHKJICHH IOJJIOKKH MOCPEICTBOM METOJ Ha MoTarsimiara
noanoxka. @unmure or ZnO ca ¢ XEKCaroHallHa KpPUCTalHA CTPYKTypa, JOKa3aHa 4Ype3 PEHTTEeHOBa

mudpakaus. [ToBbpxHOCTTA Ha PUIMUTE € ¢ XapaKTepHa raHTJIMMHA CTPYKTYpa, KaTO TOBA € YCTAHOBEHO



CbC CKaHupala CJICKTPOHHA MHUKPOCKOIIUA. OcBeH TOBA, Ni-Z[OTI/IpaHI/ITe (I)I/IJ'IMI/I ca TCECTBAHU IIO
OTHOIICHHUC Ha CI)OTOKaTaJ'II/I?;aTa BbB BOJHHM PA3TBOPH HA MAJIAXHUTOBO 3CJICHO IIPHU o0ipuBane ¢ YB u
BHUJHNMa CBCTIIMHA, KAKTO M HAa TbMHO. Hauannara KOHLOCHTpAaLus Ha MAaJIaXUTOBO 3CJICHO U KOJIUYCCTBOTO
Ha KaTaJin3aTropa BapupaTt 110 BpEMC Ha CKCIICPUMCHTUTE. YcTaHOBEHO ¢, U yBeHH‘IaBafIKH KOJINYCCTBOTO
Ha NiZJr WOHU CIIpsAMO 7ZnQO xaro Os1J10 CE€ IIOHHMXKaBa q)OTOKaTaJ'H/ITI/I‘-IHaTa UM aKTHBHOCT B CpPAaBHCHHC C
gyuctute ZnO q)HJ'IMH. HezaBsucumo ot TOBa, BCMYKH q)HJ'IMH IposABABAT 3HAYHUTCIIHA aKTUBHOCT KAKTO IIpU
VB u BHUJHMMa CBCTJIMHA, TaKa W Ha TBbMHO, KOCTO € OGCH.I&B&H.IO 3a paspa60TBaHeTo Ha HOBH ZnQO

q)OTOKaTaJ'II/ISaTOpI/I 110 30JI-I'SJ1 MECTO/I.

8. N. Kaneva, 1. Stambolova, V. Blaskov, Y. Dimitriev, A. Bojinova, C. Dushkin, “A comparative
study on the photocatalytic efficiency of ZnO thin films prepared substrates by the sol-gel method using
both spray pyrolysis and dip coating”, Surface and Coatings Technology, 207 (2012), 5-10.
DOI:10.1016/j.surfcoat.2011.10.020

Abstract:

Nanocrystalline ZnO thin films are deposited on aluminum foil and glass substrates by two different
chemical methods: (i) polymer modified spray pyrolysis and (ii) sol-gel dip-coating from zinc acetate
complex solutions. The ZnO films are characterized by means of scanning electron microscopy, X-ray
photoelectron spectroscopy and X-ray diffraction. The films obtained by procedure (i) possess a porous
structure, while the films obtained by procedure (ii) have ganglia on the surface. The influence of the
thermal treatment temperature (350 or 450°C) on the film microstructure and photocatalytic efficiency
toward the organic dyes malachite green (MG) and reactive black (RBS) is also investigated. The films
obtained by both methods have a better photocatalytic activity in the degradation of RB5 compared to MG
due to the weaker N_N bond in comparison with the C\C bond between the central carbon atom and N,N-

dimethylaminobenzyl in MG.
Pesrome:

TopHKM ¢uiMu oT HaHOKpucTalieH ZnO ca OTIOKEHH BBPXY aTyMHUHUEBO (OJHO U CTHKICHU
MOJITIOXKKU TIOCPEICTBOM JIBa Pa3IUYHU XUMHUYHU MeTo/a: (1) moJuMepHO MoIU(pUIIUpaHa CIIPei TUpOIH3a

u (il) 30J-TeNl Ype3 METOJ Ha TOoTarsara MOJIOKKa OT pa3TBOPHM Ha LMHK arerar. ZnO ¢uimu ca



XapaKkTepU3UpaHu OCHOBHO UYpEe3 CKaHMpAIla EJIEKTPOHHA MHUKPOCKOMUs, PEHTIeHOBa (HOTOETEKTpOHHA
CHEKTPOCKONHS M PEHTreHoBa Audpakiua. OuiMure moxydeHu mo mporenypa (i) mpurexaBar NOphO3HA
CTPYKTypa, 10KaTo (puIMUTE MPUTOTBEHH MO Tporeaypa (il) ©MaT TaHIJIMKA TI0 IOBBPXHOCTTA. BriusHueTo
Ha Temneparypata (350 wnu 450°C) e u3cneaBaHo BbpXy CTPYKTypara Ha GUIMUTE U (pOTOKaTaTUTHYHATA
€(eKTUBHOCT CIPSIMO OpraHWYHUTEe Oarpuia ManaxutoBo 3eneHo (M3) u peaktuBHo uepHO (PUS).
duiMuTe MOMYYSHH IO JBaTa METOJIa UMAT Mo-100pa POTOKATAIMTHYHA aKTUBHOCT MPHU pasrpakaaHe Ha
PYS5 B cpaBaenue ¢ M3 nopanu no-cinabara Bps3ka N_N B cpaBHeHue ¢ Bpb3kaTta C\C Mex1y HEeHTpaTHHS

BBIJIepocH aToM U N,N-mumetniiaMmuHoOeH3 T B M3.

9. D. Tz. Dimitrov, N. K. Nikolaev, K. I. Papazova,L. K. Krasteva, I. A. Pronin, I. A. Averin, A. S.
Bojinova, A. Ts. Georgieva, N. D. Yakushova, T. V. Peshkova, A. A. Karmanov, N. V. Kaneva, V. A.
Moshnikov, “Investigation of the electrical and ethanol-vapour sensing propertiesof the junctions based on

ZnO nanostructured thin film doped with copper”, Applied Surface Science 392 (2017) 95-108.
Abstract:

We present the investigation of ethanol sensing properties of the junctions composed by two plane-
parallel nanostructured thin film electrodes. One of them consists of pure ZnO and the other one iscomposed
of ZnO doped with Cu. The thickness of the lower layer was kept constant for all of the investigated
structures. The thickness of the upper layer was varied. The samples were produced with different thickness
of the top layer by changing the numbers of dip-coatings cycles. On produced junction structures we
investigate the dependence of the potential difference on the temperature in the air flow and the changes that
occur under exposure to flow of air with certain concentration of ethanol vapour. ForZnO/ZnO:Cu junction
with top layer produced by two dip-coatings cycles, the potential difference under the air flow were getting
more positive values up to 290°C and then the values were decreasing, whilefor ZnO/ZnO:Cu junction with
top layer produced by three dip-coatings cycles, the potential differencewere getting more negative values
with increasing the temperature. However in both cases the potentialdifference increases in value, when the
structures are exposed to the vapour of ethanol. On this installation by the exchange the content of gas
atmosphere at fixed temperature the ethanol concentration dependence of the potential difference of
produced junction structures were evaluated. Both sampleshave shown nonlinear dependence of signal
towards the concentration of ethanol vapour. The observedresults for ZnO/ZnO:Cu were compared with

those of the junctions composed by layers of ZnO doped with Ga and pure ZnO nanowires. The performed



fractal analysis based on the SEM images showed a cor-relation between the fractal dimension of the

surface of the upper layer of the samples and gas-sensitive properties of the sensing structures.
Pesrome:

[IpencraBssMe wu3clieABaHE HaA €TAaHOJN CCH30PHH CBOWCTBA Ha (WIMH, CBCTaBEHH OT JIBa
IJIOCKOTapaeTHd HAaHOCTPYKTYPUPAHU THHKOCIIOWHHM eJIeKTpoaa. EAuHUAT OT TAX ce cbeTou OT unuct ZnO,
a npyrusat e cbetaBeH oT ZnO, notupan ¢ Cu. [leOenwHara Ha JOJHHS CIOW € €HAa M ChINa 3a BCUYKH
W3CIIeIBaHA CTPYKTypH. JleOenmnHara Ha TOpHUS CIION € pa3nudHa. [IpoOuTe ca MPUTrOTBEHU C pa3jndyHa
neOelTMHa Ha TOPHHUS CJIOW 4pe3 mpomsiHa Opost Ha moTarsHe. Ciell KaTo CTPYKTYPUTE C€ TPUTOTBST, HHE
M3CeABaMe 3aBUCHMOCTTA Ha MOTCHIIMATHATA Pa3jinKa MEXIY TeMmIlepaTypaTa Ha BB3AYIIHUS TOTOK U
MIPOMEHUTE, KOUTO HACTHIIBAT NP OTIpe/IeNieHa KOHIIEHTpaIus Ha mapu KpM eTtaHoi. ZnO/ZnO:Cu npobara,
C TOpPEH CIIOH TOJlydeH OT JBa Oposl MOTalsiHe, MOTCHIIMAIHATA pa3jiMKa BHB BB3AYIIHUS TOTOK HMa
noJ0KuTeNHU croinocTH 10 290°C u cien ToBa HaMassar, nokato 3a Zn0O/ZnO:Cu chequHEHNE, ¢ TOPEH
CJIOW HampaBeH OT TpU Opos IMOTarsHE, MOTCHIIMATHATA Pa3jiMKa JlaBa BCE MO-OTPUIIATEITHU CTOWHOCTH C
MOBUIIABaHE Ha TemIeparypara. Bbnpeku ToBa U B iBaTa ciiydasl IOTEHTEMAIIHATA Pa3JIMKa HApacTBa KaTo
CTOWHOCT, KOTaTO CTPYKTYPHTE Cca M3JI0KECHHU Ha U3MApeHHUsATA Ha eTaHoia. [Ipu Ta3u mHcTanamus ¢ oOMeH
Ha razoBa aTMocdepa npu pUKCHpaHa TeMIepaTypa € yCTaHOBEHA 3aBHCHUMOCTTA MEXIy KOHICHTpAIusITa
Ha €TaHOJIa U MOTEHIMAIHATA Pa3jiuKa Ha MPUTOTBEHUTE CTPYKTYpH. M nBeTe mpoOu moka3BaT HeMMHEHHA
3aBUCMMOCT Ha CHTHajla COPSIMO KOHIIGHTpalusATa Ha Napute Ha eTaHoja. llomyueHure pesynratu 3a
Zn0/ZnO:Cu ca cpaBHeHHu ¢ TpoOH, cheraBeHH OT ZnO, motupan ¢ Ga m unctn ZnO HAHOKUYKH.
W3pbpiienusT gpakraneH aHanus ocHoBaBaiiku ce Ha CEM m3o0pakeHUsITa MOKa3Ba KOpeamus MEKIy

(bpaKTaTHUAT pa3Mep Ha TOBBPXHOCTTA HA TOPHHUSI CJIOW HA MPOOUTE U Ta30BUTE CBOMCTBA HA CTPYKTYPHUTE.

10. N. V. Kaneva, C. D. Dushkin, “Tuning of the UV photocatalytic activity of ZnO using zinc
ferrite(IlT): powders and thin films prepared of powders”, Colloids and Surface A: Physicochemical and
Engineering Aspects, 382 (2011), 211-218. DOI:10.1016/j.colsurfa.2010.11.031

Abstract:

Nanostructured thin films and powders of ZnO mixed with zinc ferrite (III), ZnFe,O4, are prepared,

characterized and tested for the first time in the photocatalytic degradation of dye aqueous solutions. The
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decolorization kinetics of malachite green in water upon UV-light illumination is studied as a model system.
The ZnO and ZnO/ZnFe>O4 powders are first tested as photocatalysts in the form of slurry. Then thin films
of the same materials are prepared from polyethylene glycol/alcohol dispersions of the powders on glass
substrates using dip coating. The films are characterized by means of scanning electron microscopy, X-ray
diffraction and specific surface area before and after annealing. Their photocatalytic activity is investigated
and compared with that of the respective powders. The initial concentration of malachite green, the amount
of catalyst, and the molar ratio of ZnFe,O4/ZnO are varied during the experiments. It is found that
increasing the amount of ZnFe,O4 with respect to ZnO lowers the photocatalytic activity in comparison with
pure ZnO for both films and powders under UV-light illumination. The observed nonlinear dependence on

the zinc ferrite content can be used as a means for the fine tuning of the activity of ZnO catalysts.
Pesrome:

Hanocrpykrypupanure ZnO 1hHKH puiamu u npaxoBe cmeceHu ¢ muHK ¢epur (III), ZnFe,O4, ca
MOJIy4Y€HHU, OXapaKTepU3MpPaHH W TECTBAHU 32 MBPBU MBT NMPU (POTOKATATUTHYHOTO pasrpaxaaHe Ha
Oarpusio BBB BOJCH pa3TBOp. M3cienBaHa € KMHETHKATa Ha pasTpakJaHe HAa MajaxXUTOBO 3€JCHO MpHU
oonpuBane ¢ YB cBermmua. Ilpaxosetre ot ZnO wu ZnO/ZnFe,O4 mwBpBO ca TECTBAaHH KaTo
¢dorokarammuzaropu mnoj (opmara Ha cycrneHsus. Cien ToBa ca MPUTOTBEHH THHKH (MIMH OT CHIIHUTE
MaTepHa I, TMOJUETHJICHTIINKOJ/aJKOXOJMHH pPa3TBOPU Ha TMPaxXOBETE, BBPXY CTHKIEHU TOIJIOKKHU
M3I0JI3BAKM METO/IA HAa MOTAMAIIATa MOAJI0KKa. DUIMHUTE ca XapaKTEPU3UPaHU C MOMOIITA Ha CKaHUPAILA
€JIGKTPOHHA MUKPOCKOIIUS, PEHTT€HOBA AU(PPAKIKUS U ClIeHU(PUIHA TOBBPXHOCT NPEIU U CIIe/] HaKaIsIBaHE.
Tsaxnarta (OTOKATAIMTHYHA AKTUBHOCT € U3CJIEIBAaHA M CpaBHEHA C Ta3W Ha CHOTBETHUTE IPaXOBe.
Havamnara kOHIIEHTpanus Ha MaJaXUTOBO 3€JIEHO, KOJIMYECTBOTO Ha KaTAIM3aTOpP, U MOJHOTO OTHOLIEHHUE
ZnFe;04/Zn0 Bapupar 1o BpeMe Ha €KCIEPUMEHTHUTE. Y CTAHOBEHO €, Y€ C yBEJIMYaBaHE KOJIMYECTBOTO Ha
ZnFe;04 o otHOmEeHHe Ha ZnO ce moHmkaBa (HOTOKATATUTHYHATA AKTUBHOCT B CpaBHEHHE C YnucTHs ZnO
KakTo 3a (UIMH, Taka M 3a IpaxoBe B MNPUChCTBUE Ha YB-cBernmna. HaGnromaBanara HenMHeEHHa
3aBHCHMOCT CHPSMO CBHABP)KAHUETO Ha IIMHKOB ()EPUT MOXKE Ja Ce M3IMOJ3Ba KAaTro CPEICTBO 3a (uHA

HACTpOIKa Ha aKTUBHOCTTA Ha ZnO KaTaau3aTopH.
11. N. Kaneva, A. Bojinova, “Photocatalytic action of zinc ferrite and ZnO/zinc ferrite films in the
degradation of Reactive Black 5”, Comptes rendus de 1’Academie bulgare des Sciences, 65 (2012), 1349-

1356.
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Abstract:

In recent years, semiconductor photocatalysts are widely used to degrade a large number of chemicals
and organic pollutants. Here the photocatalytic degradation of the commercial textile dye Reactive Black 5
has been investigated in aqueous solutions, under UV-light, visible illumination and in complete darkness.
In this study, we used for the first time ZnO/ZnFe,0,4 as photocatalysts in the form of films. Zinc ferrite and
Zn0O/ZnFe,04 films were obtained on glass substrates by sol-gel method via dip coating technique. The
films are characterized by means of scanning electron microscopy, X-ray diffraction and UV-visible
spectroscopy. Their photocatalytic properties were investigated and compared at different initial dye
concentration (3, 5 and 10 ppm). The experimental results showed that pure ZnFe;O4 films have lower
photocatalytic efficiency in RB5 dye decolourization than those mixed with ZnO. Nevertheless, all films
exhibit a substantial activity under both types of irradiation — UV and visible light and in darkness as well,

which is promising for the development of new photocatalysts, obtained by the sol-gel method.
Pezrome:

[Ipe3 mocneaHWTE TOAWHU TMOJIYIPOBOAHUKOBHUTE (POTOKATAIM3ATOPU CE€ H3MOJI3BAT IIMPOKO 3a
pasrpaxiaHe Ha rojisiM Opoi XMMHKaJIM U OPTaHUYHU 3aMBbpCUTEN. TyK (POTOKATATUTUIHOTO pa3rpakaaHe
Ha TEKCTWJIHOTO Oarpmio PeaktuBHO YepHo 5 € m3cieaBaHO BBB BOJICH Pa3TBOP B MPUCHCTBHE HA YB u
BUJMMa CBETJIMHA W HAa TBMHO. B TOBa wm3cnenBane ca wu3moi3BaHu 3a mbpBH ObT ZnO/ZnFe,Oq4
¢dorokaramuzaropu noa popmara Ha Grumu. Ounmute oT HTUHK Geput u ZnO/ZnFe,O4 ca moyueHu Bbpxy
CTBKJIEHU TOJJOXKKHM Ype3 30J-TeJl METOJ M TEXHUKAa Ha [oTamsmara nomioxka. duiMmure ca
XapaKkTepU3UpaHu OCHOBHO Ype3 CKaHMpaIla €JIEKTPOHHA MUKPOCKOIHS, PEHTIeHOBa Audpakuus u Y B-suc
cnekTpockonus. TexHure (HOTOKaTaTUTUIHH CBOMCTBA Ca M3CJCIBAHU M CPABHEHH MPU pa3JIMYHA HavaIHA
KoHIeHTpawst Ha Oarpwinoro (3, 5 u 10 ppm). ExcriepuMeHTaHUTE pe3yATaTH MOKa3BaT, Y€ UYUCTHUAT
ZnFe;O4 ¢unm mputexkaBa Mo-HUCKa (poToKaTaauTHyHA €()EKTHBHOCT CHPSIMO pasrpaxkiaanero Ha PYS
OTKOJIKOTO Te3u cMecenu ¢ ZnO. He3aBucumo oT ToBa, BCHYKU (DUIIMH MPOSIBIBAT 3HAUNUTEIIHA aKTUBHOCT U
npu JBaTa BUIa oOJpYBaHe — YB M BHOuMa CBETIMHA, KAaKTO M HAa THMHO, KOETO € OOeIIaBamio 3a

paspa60TBaHeT0 Ha HOBU q)OTOKaTaJ'II/ISaTOpI/I, IMOJIyYCHH IIO 30JI-I'€JI MCTOM.
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12. I. Stambolova, V. Blaskov, N. Kaneva, M. Shipochka, S. Vassilev, O. Dimitrov, A. Eliyas, “Effect
of titanium dopant on the surface features and on the photocatalytic characteristics of ZnO films”, Materials

Science in Semiconductor Processing, 25 (2014) 244-250. http://dx.doi.org/10.1016/j.mssp.2013.12.020
Abstract:

The crystallographic phase, surface features and photocatalytic properties in the reaction of
decolorization of Malachite Green dye over TiO; (0—100 mol%) doped ZnO films have been investigated.
The films have been prepared by polymer modified spray pyrolysis. The crystallization degree and the size
of the crystallites comprising the films have been found to be influenced by the TiO, content in the spraying
solution. The undoped ZnO film has little porosity. The titania dopant causes formation of hexagonal
nanorods on the ZnO surface. The increase in TiO, content results in enhancement of both size and
crystallization degree of the nanorods. When the TiO, content is increased (i) the Zn2p,Ols and Ti2p peaks
are shifted to lower binding energies, (ii) the atomic ratio of Or/Zn is decreased and (iii) the amount of
adsorbed hydroxyl (OH") species is increased. All the TiO, doped ZnO films manifested higher
photocatalytic activity than that of the undoped ZnO and TiO, samples. The films obtained from solutions
with 50 mol % TiO, showed the fastest decoloration of the dye.

Pesrome:

N3cnensanu ca xpucrtanorpadcekata (asza, HOBBPXHOCTHUTE XapaKTEPUCTUKU U (OTOKATATUTUUHUTE
cBoiictBa Ha ZnO ¢unmu gotupanu ¢ TiO; (0-100 mox %) 3a obe3nBeTsBaHE HA OATPHIIOTO MAJIAXUTOBO
3eneHo. duamuTe ca MOTYYEHH Ype3 MOJUMEPHO MoJIudHUUpaHa CHpel MuUpoJin3a. YCTAaHOBEHO €, 4e
CTENIEHTa Ha KpUCTATW3alMsi M pa3MepbT Ha KPUCTAIUTUTE, ChAbpPXKAIM (WIMUTE, C€ BIUSIAT OT
cpabpxkanuero Ha TiO, B pastBopa. Hemotupanusar ZnO ¢wiM uMa Majgka MOPbO3HOCT. TUTaHOBUST
JOMAHT MPHUYMHABA OOpa3yBaHE€ Ha IIECTOBI'BIHM HAHONPBUKU BBPXY MOBBpXHOCcTTa Ha ZnO.
VBennuaBaneto Ha TiO, chabpikaHHe BOAM /10 yBEJIMYaBaHE KAaKTO Ha pa3Mepa, Taka M Ha CTENEHTa Ha
KpUcTanu3auus Ha HaHonpbukute. Korato cbabpikanuero Ha TiO; ce yBenuuu (1) nukoBete Ha Zn2p,0ls u
Ti2p ce u3MecTBaT KbM MO-HUCKH €HEPTUH Ha CBBpP3BaHe, (11) aTOMHOTO choTHOLIeHHne Ha Or/Zn HamansaBa
u (iii) xoimdyecTBOTO Ha ancopoupanute xuapokcuaau (OH') wactumm ce moBumasa. Bewuku TiO,

AOTHUPpAHU 7Zn0O (1)I/IJ'IMI/I MIpOosABABAT IMMO-BHCOKaA (bOTOKaTaJ'II/ITI/I‘-IHa AKTHUBHOCT OT Ta3W Ha HCAOTHUPAHUTC ZnO
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u TiO, npo6u. ®unmuTe, nosydenu ot pazrBopu ¢ 50 mon % TiO,, moka3BaT Hali-ObP30 00E3IBETIBAHE HA

OarpuioTo.

13. S. Siuleiman, N. Kaneva, A. Bojinova, K. Papazova, A. Apostolov, D. Dimitrov,
Photodegradation of Orange II by ZnO and TiO; powders and nanowire ZnO and ZnO/TiO, thin films”,
Colloids and Surfaces A: Physicochemical and Engineering Aspects, 460 (2014), 408-413.
http://dx.doi.org/10.1016/j.colsurfa.2014.01.010.

Abstract:

The present study is focused on photocatalytic degradation of the organic azo-dye Orange II in
watersolutions using TiO; and ZnO powders or bare and TiO, doped ZnO nanowire thin films. Commercial
anatase TiO, and ZnO are used for the photocatalytic experiments in slurry. The ZnO seeded substrates are
prepared by repetition of four seed deposition cycles from zinc acetate solution using spin coating
technique. The ZnO nanowires array films are obtained via wet chemical method. The ZnO and TiO, doped
ZnO nanowire thin films are investigated by SEM and X-ray diffraction. The photocatalytic tests are
performed in cylindrical glass reactors under UV or visible light irradiation. The pollutants concentrations
are 20 ppm Orange II for slurry and 10 ppm for film photocatalysis. The dyes photodegradation is observed

spectrophotometrically.

Pesrome:

Hactosmoro uscnenBane € (GokycupaHo BBPXY (DOTOKATATUTHUYHOTO pasTpakJaHe HA OPTraHMYHOTO
azo-Oarpmwio OpamxkeBo I BEB BoJIeH pa3TBOp, M3Noa3Baiiku npaxoBe oT TiOx u ZnO WM HAHOKUYKU OT
ZnO potupanu ¢ TiO,. Komepcuamuusatr TiO, anata3 m ZnO ca u3N0g3BaHHM 3a (DOTOKATATMTHYHUTE
eKcriepuMeHTH moj gopmara Ha cycreH3us. Hanoxwmukute or ZnO ca MPUTOTBEHU 4Ype3 MOBTapsiHE Ha
YEeTUPU IMKbBJIA Ha OTJIaraHe Ha PasTBOP OT ITMHKOB aieTaT, KaTo C€ HW3I0JI3Ba TEXHUKAa Ha XUMHUYHO
ornarane. [lTonydenu ca upe3 MOKbp xumudeH meto]. Hanoxuukure ot ZnO u te3u popupanu ¢ TiO; ca
W3CJICIBAHM Ype3 CKaHHpalla eJICKTPOHHA MUKPOCKOIHS W PEHTreHoBa audpakiusa. PoToKkaTaIUTHIHUTE
TECTOBE Ca MPOBEJCHU B IWIMHJAPUYCH CTHKICH PEAKTOp NpH 0O0JbYBaHE ¢ YB wim BuauMa CBETIWHA.
KoHneHnTpamusita Ha 6arpuiioro 1o BpeMe Ha ¢orokaranusara ¢ 20 ppm 3a npaxose u 10 ppm 3a ¢puamu.

DOoTOKATAIMTUUHOTO pasrpaxxiaaHc Ha 63.1"pI/IJ'IOTO CC IIpociicaiaBa CHCKTpO(i)OTOMeTpI/I‘IHO.
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14. N. Kaneva, I. Stambolova, V. Blaskov, A. Eliyas, S. Vassilev, “Microwave-assisted and
conventional sol-gel preparation of photocatalytically active ZnO/TiO»/glass multilayers”, Central European

Journal of Chemistry, 11 (2013), 1055-1065. DOI: 10.2478/s11532-013-0240-5

Abstract:

For the first time a combination of microwaves and/or the conventional treatment method was used to
dry and heat multilayered sol-gel ZnO/Ti0,/glass structures. Compact or porous TiO2 films were deposited
as a bottom layer, covered with a ZnO film.

The structures were characterized by X-ray Diffraction (XRD), Energy Dispersive X-ray Spectroscopy
(EDX) and Scanning Electron Microscopy (SEM). Only peaks of wurtzite ZnO crystalline phase were
registered on the X-Ray diffractograms.

The microwave irradiation leads to a formation of poorly crystallized multilayers with very small
crystallites and enhanced surface roughness. This result in a better photocatalytic activity of these structures
than the structures of the samples treated conventionally.

It was established that the morphology of the bottom titania layer affects the reaction of photocatalytic
degradation of Malachite Green dye (MQG). The structures with the compact bottom TiO, films showed
higher activities than those on porous TiO; films.

This study offers an energy saving method of producing ZnO/Ti0,/glass multilayered structures of
various morphologies and pronounced photocatalytic properties. The method does not involve any
calcination step, normally applied to achieve a good degree of crystallization. This makes the method

suitable for protecting substrates of low thermal stability.

Pesrome:

3a mbpBU MBT Oelle M3MOJI3BaHAa KOMOMHAIMS OT MUKPOBBJIHOB W/WJIM KOHBEHIIMOHAJIEH METOX 3a
u3cyllaBaHe W HarpsiBaHe Ha MHorocyoiHu 3oi-ren ZnO/TiO,/cTeknenu crpykTypu. KommakTtHu uinu
nopectu TiO, ¢punamu ce oTaarat KaTo A0JeH cloi, HOKpUT ¢ ZnO dumm.

CTpyKTypHTe ca XapaKTepU3UpaHU C PEHTreHOBA MU(PaKLs, eHEPrUitHO JUCIIEpCHOHHA PEHTICHOBA
CIIEKTPOCKONHUS M CKaHHMpalla eJeKTpoHHa MHKpockomus. Ha peHrtreHoBute audpakrorpamu ca

pEerucTpupaHu caMo MUKOBE Ha KpucTanHa ¢aza ot ZnO BIOPIIUT.
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MuKpOBBIHOBOTO O0JIbYUBAHE BOJU O 00Opa3yBaHe Ha CJIad0 KPHUCTAIM3UPAHU MHOTOCIOEBE C MHOTO
MaJIK{ KPHCTAIWTH U MOBHUIICHA TPANaBOCT Ha MOBBPXHOCTTA. TOBa BoAM 710 MO-100pa (HOTOKATAIUTHIHA
AKTUBHOCT Ha T€3H CTPYKTYPHU OT CTPYKTYPHUTE HA MPOOUTE, TPETUPAHH KOHBEHITHOHATHO.

YcranoBeHo €, 4e MOp(QOJIOrusTa Ha JOJHHA CIOW OT TUTAH BJIMSE BBPXY (POTOKATATUTHYHOTO
pasrpaxnane Ha Oarpunoro manaxutoBo 3eneHo (M3). Ctpykrypute ¢ nonen cnoii TiO, mokas3BaT mo-
BHCOKAa aKTUBHOCT OT Te3u Ha nopectute Ti0, punmu.

ToBa m3cieBaHe Mpeasiara eHeProcIecTsBall METO 3a MPOU3BOJICTBO HA MHOTOCJIONWHH CTPYKTYPH
ot ZnO/TiOy/cTBKII0O ¢ pa3nuuHa MOPQOJIOTUS M H3pa3eHH (POTOKATATUTHYHH CBOWCTBA. METOIBT HE
BKJIFOYBA HUKAKBB €Tall Ha KAIIIUHUPAHE, KOWTO OOMKHOBEHO Ce MpuJiara 3a MocTUraHe Ha Jo0pa CTeneH Ha

KpUCTaJIU3alus. Tosa npaBy MCTO/JA IMMOAXO A1 3a 3alllUTa HAa BCIICCTBA C HUCKA TCPMUYIHA CTaOMIIHOCT.

15. Nina Kaneva, Irina Stambolova, Vladimir Blaskov, Alexander Eliyas, ,,Photocatalytic efficiency
by sol-gel method using complexating agent or polymeradditive”, Comptes rendus de I’Acad’emie bulgare

des Sciences, 67, (2014), 505-512.

Abstract:

Thin ZnO films have been successfully prepared on glass substrates by the sol-gel method using two
different solutions of zinc acetate with complexating agent (monoethanolamine, MEA) or polymer additive
(polyvinyl alcohol, PVA). The films have been characterised by means of X-ray diffraction (XRD),
Scanning Electron Microscopy (SEM) and UV-Vis spectroscopy. The films prepared by the complexating
agent solution possess many separate ganglia on the surface, while the polymer modified solutions lead to
the formation of some ganglia aggregates. The films morphology has significant influence on the
photocatalytic properties. The higher photocatalytic activity and the faster degradation of the organic dye
(94% degree of conversion after 3 h under illumination) over the ZnO samples obtained from complexating
agent solution could be attributed to the greater number of active sites on the surface, while the polymer
solution leads to aggregation of the ganglia. This results in a lower photocatalytic activity in the reaction of

degradation of model wastewater pollutant Malachite Green dye.

Pesrome:
ZnO TwHKM (UIMH ca YCTHENIHO MPUTOTBEHH BBPXY CTHKIEHU MOJUIONKKH 4Ype3 30JI-Tell METO/,

U3I0JI3BalKU ABa pa3IMYHU pa3TBOpa Ha HUHK aneTar C KOMHJ’ICKCOO6paBYBaH_I arcHT (MOHOGTaHOJ'IaMI/IH,
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MEA) unu npubaBsHe Ha mosmMmep (IMOJUBUHIIOB ankoxo, PVA). dunmute ca XapakTepuU3HpaHH C
MOMOIITAa HAa PEHTreHOBa AU(paKius, CKaHUpalla eleKTpoHHa MUKpockonust u YB-Buc cnextpockomnus.
dunMuTe, TPUTOTBEHH OT Pa3TBOpPa HAa KOMILIEKCOOOpa3yBallvsi areHT MPUTEKAaBaT MHOTO TaHTIUHU TI0
MOBBPXHOCTTA, JOKATO MOJUMEPHO MOJU(DUIMPAHUTE PA3TBOPU BOJAT 110 OOpa3yBaHETO Ha HSIKOH
raHrJauuHy arperatu. Mopdonorusara Ha puaMuTe 0Ka3Ba 3HAYUTEITHO BIUSHUE BHPXY (POTOKATATUTUYHUTE
cBoiictBa. Ilo-Brucoka (oTOKATATMTUYHA AKTUBHOCT W TMO-OBP30 pasrpaxkiaHe Ha OPraHUYHOTO Oarpuio
(94% crenen Ha pasrpaxaane cies 3 yaca oOpUBaHe) ce HaOIr0AaBa crpsiMo npodute ot ZnO, moxy4eHu
OT Pa3TBOpP C KOMIUIEKCOOOpa3yBall areHT, KOETO MOXKE Ja Ce IBJDKM Ha MO-TojJeMus Opoil aKTHBHH
LEHTPOBE IO MOBBPXHOCTTA, AOKATO MOJUMEPHUAT PAa3TBOpP NMPEOU3BUKBA arperauys Ha raHriud. Tosa
BOJHM JI0 TMO-HHUCKA (POTOKATATUTUYHA aKTUBHOCT MPHU Pa3rpa)KIaHe Ha MOJCIHHUS 3aMBPCUTEN] MAIaXUTOBO

3CJICHO B OTIIAAHUTC BOAU.

16. N. Kaneva, A. Bojinova, K. Papazova, D. Dimitrov, “Effect of the substrate on photocatalytic
efficiency of ZnO films for Malachite Green degradation”, Journal of Chemical Technology and

Metallurgy, 49, (2014), 149-156.
Abstract:

Transparent zinc oxide precursor sol is prepared via sol-gel method. The thin films are deposited on
aluminum foil or glass substrates by dip-coating technique and then annealed at 500 °C for 1 h. The samples
are characterized by means of Scanning Electron Microscopy, X-ray diffraction and UV-vis analysis. SEM
images show surface roughness, which favors the photocatalytic efficiency of ZnO films. The zinc oxide is
of hexagonal crystal structure as estimated from XRD measurements. The nanostructured films are applied
for photocatalytic degradation of Malachite Green under UV-light irradiation as a model organic pollutant
for contaminated textile wastewaters. Bleaching kinetic of MG is investigated at different initial dye
concentrations: 3, 5 and 10 ppm. The results show that the dye decolorization degree reaches 92.3% for ZnO
thin film on glass substrate, which is higher than that of ZnO/Al film on aluminum foil substrate. The results
show that the ZnO on commercial aluminum foil and glass substrates are promising and efficient thin film

catalysts to degrade organic pollutants under UV-light irradiation.
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Pesrome:

ITpo3padeH mpeKypcopeH 307 OT IMHK OKCHJ € MOJyd4eH upe3 30J1-resl MeTol. ThHkuTe (puiamu ca
OTJIO)KEHU BBPXY alyMHHHEBO ()OJIMO M CTBKJICHM IOJUIOKKU Ype3 TEeXHHKAa Ha MOTamsIaTa MoJjIoKKa U
cien ToBa ca Hakanenu npu 500°C B npoasiokenue Ha 1 yac. [TpobuTe ca XapakTepu3UpaHu ¢ MOMOIITA Ha
CKaHMpallla eJIEKTPOHHAa MUKPOCKOIUS, peHTreHoBa aAudpakiuus u YB-suc ananusz. CEM u3o0paxeHusTa
[IO0Ka3BaT IPanaBoCcT MO MOBBPXHOCTTA, KOETO OaronpusTcTBa (poToKaTanTHYHaTa epekTuBHOCT Ha ZnO
¢unmu. LIUHKOBUAT OKCHJ € C XeKCaroHajgHa KpHCTajJHa CTPYKTYpa, KaKTO € YCTAaHOBEHO OT PEHTI€HOBU
n3MepBanus. HaHocTpykTypupanute ¢GWIMH ca OpUIOKEHH 3a (DOTOKATAIMTUYHO pasrpaxjaHe Ha
ManaxuTtoBo 3eseHo npu o0apuBaHe ¢ YB cBeTiMHa, KaTo MOJIEIEH OpraHuYeH 3aMbPCUTEN HaMHpall Ce B
ornagHuTe Boau. KuneTnkara Ha pasrpaxkaane Ha M3 e uscieqBaHa IIpyU pa3IMuHU HAYAIHUA KOHLEHTPaLUH
Ha Oarpuinoto: 3, 5 u 10 ppm. Pesynrarure mokasmar, 4e CTeleHTa Ha 0oOe3LBETsABaHE Ha OarpuioTo
noctura 92.3% 3a ZnO ThHBK (QWIM BBPXY CTHKJIECHA MOJJIOKKA, KOETO € MO-BHUCOKO OT ToBa Ha ZnO/Al
¢unM BBpXy anymuHueBo ¢osmo. Pesynrature nmokassat, 4ye ZnO BBpPXY QIyMHUHHEBO (OJIHO U CTHKICHU
MOJUIOKKM ca obemiaBalid ¥ e€()EeKTHBHU THHKOCIOWHM KaTaJlM3aTOpPH 3a pasrpakiaHe Ha OpraHUYHU

3aMBPCUTENM TIPU Y B-TpueHHE.

17.N. V. Kaneva, G. G. Yordanov, C. D. Dushkin, “Photocatalytic action of ZnO thin films prepared
by sol-gel method”, Reaction Kinetics, Mechanisms and Catalysis, 98 (2009), 259-263. DOI
10.1007/s11144-009-0081-6.

Abstract:

Nanostructured ZnO thin films were deposited on glass by the dip coating sol-gel method. The films
exhibited pronounced activity to destroy malachite green in water both under UV-light illumination and in
the dark.

Pesiome:

Hanoctpykrypupanure ZnO ¢uiMu ca OTIOXKEHU BBPXY CTHKJIA 4Ype3 TeXHUKAa Ha MOTarsima
MOJIOKKA M 30JI-resl MeToll. PUiIMUTEe MOKa3BaT M3pa3eHa aKTUBHOCT 3a pasrpaxkJaHe Ha MaJaXUTOBO

3€JICHO BBB BOJAa KaKTO IIpH o0ipuBane ¢ YB CBCTJIMHA, TaKa U HA TBMHO.
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18. N. Kaneva, A. Bojinova, K. Papazova, D. Dimitrov, “Photocatalytic degradation of the
pharmaceuticals Paracetamol and Chloramphenicol by Ln-modified ZnO photocatalysts”, Bulgarian

Chemical Communication, 51, (2019), 406-413.
Abstract:

Ln-modified (Ln = La, Ce, Eu) zinc oxide powders are synthesized by green thermal method. The
materials are characterized by various techniques such as XRD, BET, TEM, SEM, EDX and UV-visible
spectroscopy. The photocatalytic activity of the nanostructured ZnO modified with different rare earths is
tested in the photodegradation of the commonly used drugs Paracetamol and Chloramphenicol in aqueous
solution under UV light illumination. Highest degradation efficiencies are encountered for the materials
modified with La’", degradation efficiencies values of 95.88% (Paracetamol) and 80.74%
(Chloramphenicol) are achieved after 240 min of photocatalytic treatment. The photodegradation efficiency
of doped ZnO powders follows the order La>Eu>Ce. This trend is observed in the course of degradation of

both drugs (Paracetamol and Chloramphenicol)

Pesrome:

Ln- monudurupanu (Ln = La, Ce, Eu) nuHK OKCHAHY MpaxoBe ca CHHTE3UPAHH Upe3 3€JIeH TepMHUUYCH
MeTol. MaTtepuainre ca XapakTepU3HMpaHW 4Ype3 pa3jIMiHu TeXHUKW TakumBa kato Pentren, BET, TEM,
CEM, EJIC u YB-Bunuma cnektpockonus. @oTokaraJsuTUYHaTa aKTUBHOCT HA HAHOCTPYKTypHupanus ZnO
MOJU(MUIIMPAH C Pa3IMYHU PEIKO3EIMHHU €JIEMEHTH € TeCTBaH 3a (DOTOKATATMTUYHO DasrpakJaHe Ha
nekapctBa [lapaneramon u XnopamQpeHHKOJ BB BOIHH pa3TBOpH mpu oOxbuBaHe ¢ YB cBernmna. Haii-
BHCOKa €(pEeKTUBHOCT Ha pa3rpaxaHe ce Ha0I01aBa MpU MaTepHaIuTe, MoAu(UIUpaHu ¢ La’", croitHocTn
Ha pasrpaxnane ot 95.88% (Ilapaueramon) u 80.74% (Xnopamdenukoin) ce mocturat ciesn 240 MUHYTH
¢dorokaramutuaHa obOpaboTka. EdextuBHOCTTA Ha (oTopasrpaxkgane Ha ZnO MoaudUIIUPaHU TPAXOBE
ciensa pena La>Eu>Ce. Ta3u TeHaeHuus ce HaOIr0/laBa B X0Ja HA pasrpakJaHETO Ha JIBETE JICKapCTBA

(maparneTamost U XJI0paM(pEHHUKOI).
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N. Kaneva, A. Bojinova, K. Papazova, “Photocatalytic efficiency of zinc oxide films obtained at
different annealing temperatures”, BLACK SEA NETWORK FOR INTERCULTURAL
COMMUNICATIONS (BIC), ISBN: 978-625-7720-11-3, 5, (2020), 171-179. ISPEC Publishing House,
Editors Dr. Bulent Haner and Zhuldyz Sakhi.

Abstract:

Zinc oxide films are obtained on glass substrate using sol-gel method via dip coating, at three different
thermal treatment temperatures (100, 300 and 500°C). The resulting films are characterized by XRD, SEM,
AFM and UV-vis analysis. The deposited films have different ganglia-like hills with dimensions, which
become much larger with the rise of treatment temperature. The crystallite size of as-prepared ZnO films
increases with the increase of the film annealing temperature as well. The photoinitiated decolorization of
azo dye Reactive Black 5 (RBS) from water solutions (3, 5 or 10 ppm) with the ZnO films is investigated
under UV and in complete darkness. Highest degradation efficiencies are encountered for the materials
annealed at 500°C, degradation efficiencies values of 84.85% are observed after 240 min of photocatalytic
treatment. With films, treated at 300°C, removal efficiency of 75.9 % is achieved. The annealed samples at
100°C have the lowest photocatalytic efficiency. Photodegradation of the pollutant follow pseudo-first order
kinetics. The dye concentration decreases with the experimental time even in darkness, due to adsorption
onto the catalysts surface. Under UV light, the decrease is more intensive due to photocatalytic process. The
prepared ZnO films can find various applications as effective photocatalysts in the treatment of waste waters

from organic contaminants such as textile dyes.

Pesrome:

®unMuTe OT IMHKOB OKCHJl Ca IMOJIyY€HU BBPXY CTHKICHU MOMJIOKKH IO 30JI-TeT METOJ 4pe3
TEXHUKATa Ha IOTaNsANaTa MOI0XKKa IIPH TPH pasIM4HK Temreparypu Ha Hakaissade (100, 300 u 500°C).
[Monyuenute ¢punmu ca xapakrepusupanu ¢ Pentren, CEM, AOM u YB-Buc ananu3. Otnoxenure puamu
¥UMaT Pa3IMYHU TAaHTJINH 110 pa3MepH, KOUTO CTaBaT MHOTO MO-TOJIEMH C TIOBHIIaBaHEe Ha TeMIepaTypaTa Ha
HakasBaHe. Pa3mepbT Ha kpuctanute Ha moArorseHute ZnO GuiamMu ChIo ce yBeandaBa ¢ MOBUILIABAHETO

Ha TeMIeparypara Ha HakainsBaHe Ha ¢uiama. DOTOKATATUTHUYHOTO pasrpa)KJIaHe Ha a3o O0arpuioTo
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PeaktuBno YepHo 5 BBB BogHM pa3tBopH (3, 5 nim 10 ppm) ce uzcnensa ¢ ZnO ¢unmu npu YB obipuBane
1 Ha ThbMHO. Hali-BUCOKa e(EKTHBHOCT Ha pasrpakJaHe WMaT Marepuanurte, Hakanenu npu 500°C,
HaOIr01aBa ce cTeneH Ha pasrpaxaaHe 84.85% cnex 240 munytH dotokartanutuana oopadbortka. Ounmuy,
o6padoTenu npu 300°C, ce nocrura eheKTUBHOCT Ha pasrpaxaane ot 75.9%. [Ipoou npu 100°C umart Haii-
HUCKa (OTOKATAIUTUYHA €(PEKTUBHOCT. PasrpakJaHeTo Ha 3aMBpPCUTEINSl ClieiBa KHHETUKA OT TICEBIIO-
nbpBH NOpsAbK. KoHIeHTpanusaTa Ha 6arpuaoTo HaMassiBa MO BpeMe Ha €KCIEpUMEHTa JOPH U Ha ThMHO,
IBJDKAIIO0 Ce Ha aacopOIus MO TOBBPXHOCTTA Ha Karanu3atopa. B mpuckcTBHe Ha YB cBernmHa
HAMAJICHUETO € MO-UHTEH3UBHO nopanu GorokatanuTudHus npouec. [IpurorBennte ZnO dunamu morat aa
HaMEPST Pa3IMYHH MPUIOKEHUS KaTo e()eKTHBHU (OTOKATAIM3ATOPH IMPH TPETHPAHETO HA OTMATHH BOIU

OT OpraHu4HH" 3aMbPCUTCIIN KAaTO HAIIPUMECP TCKCTHUIIHU 6arp1/ma.
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