[IpeBoa Ha pe3tomerara Ha MyOJIUKALIUUTE

Ha ac. 1-p I'eHoBeBa ATaHacoBa,
IPEJICTaBEHH 3a y4acTHE B KOHKYPC 3a 3a€MaHe Ha aKaJeMHYHaTa AJIBXKHOCT ,,JJOLIEHT , TI0
npodecronanHo Hanpasienue 4.2 ,, XUMHUECKU HAyKW~ W Hay4YHA CICIHUATHOCT ,, XUMUS Ha
TBBPJO Tsu10”, 00siBeH B JIB Op. 36 ot 03.05.2019 r.

B.4. XaOwiutanmuoHeH TPyA - Hay4YHH NY0JUKAUMU B H3JAHUSA, KOUTO ca
pedepupaHu M HHAEKCHPAHM B CBETOBHOM3BECTHHU 0a3M JIaHHU ¢ HaAy4YHa MH(OpMan s
(Web of Science u/usim Scopus) — 7 nyoaukanumn

B.4.1. P Stefanov, G Atanasova, E Manolov, Z Raicheva, V Lazarova, Preparation and
Characterization of SnO, Films for Sensing Applications, Journal of Physics: Conference
Series, 100 (2008) 082046, doi:10.1088/1742-6596/100/8/082046

Abstract: SnO; thin films for gas sensing applications were deposited by RF sputtering in a
mixture of oxygen and argon. The morphology, structure and composition of the SnO, films
were analysed by XRD, SEM and XPS. SnO, thin films showed a crystalline structure with a
submicron particle size of 200 nm. The electronic structure of the film surface was elucidated
by analysis of the photoelectron core level and valence band spectra of Sn.

Pestome: Upe3 paguodecTOTHO pas3MpaliBaHEe B CMEC OT KHCIOPOA M aproH ca OTIOXKEHHU
THHKH ¢uiMu oT SnO; 3a MPUIIOKEHHs B Ta30BU ceH30pu. Mopdororusara, CTpyKTypara u
cbeTaBbT Ha SnO; Guinmu ca anamusupanu ¢ XRD, SEM u XPS. Twakute ¢punmu ot SnO,
MOKa3BaT KpHUCTaJHAa CTPYKTypa € pa3Mep Ha CyOMUKpoHHM dyactuiu ot 200 nm.
EnexkTpoHHaTa CTpyKTypa Ha MOBBPXHOCTTa Ha (WiIMa € H35ICHEHAa upe3 aHaliu3 Ha
($OTOENEKTPOHNUTE CIIEKTPH HA BHTPEIIHUTE HUBA U Ha BaJICHTHATa 30Ha Ha Sn.

B.4.2. A. Og. Dikovska, G. B. Atanasova, N. N. Nedyalkov, P. K. Stefanov, P. A. Atanasov,
E. I. Karakoleva, A. Ts. Andreev, Optical sensing of ammonia using ZnO nanostructure
grown on a side-polished optical-fiber, Sensors and Actuators B, 146 (1) (2010) 331-336,
doi: 10.1016/j.snb.2010.02.018

Abstract: In this work, thin ZnO films were produced by pulsed laser deposition on a side-
polished single-mode fiber in view of optical gas sensor applications. The experimental
conditions used for preparation of the samples were chosen so as to obtain smooth, porous
and nanostructured films. The influence of the film structure on the sensitivity to ammonia
was investigated. For all samples, a shift of the spectral position of the resonance minimum to
the longer wavelengths was observed under gas exposure at room temperature. The
nanostructured sensor element demonstrated a substantially higher sensitivity due to its
structure compared to the only smooth and porous samples

Pestome: B Tasm pabora upe3 UMIyJICHO JIa3epHO OTJIaraHe ca IMOJIy4YeHUW THhHKH (HIMH OT
ZnO BBpXY ONTUYHH BJIAKHA C OIJIE] Ha MPHJIOKEHUETO UM KaTO ONTUYHHU ra30BU CEH30pH.
ExcniepuMmenTaHuTe yCIIOBUS, M3MOJI3BAHU 3a TOJIy4aBaHEe Ha MpoouTe, 0sxa M30paHu Taka,
4e J1a ce Moay4aT TJIaJKu, MOPECTH U HAHOCTPYKTypupaHu GuimMu. M3cneaBaHo € BIUSHUETO
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Ha CTPyKTypaTa Ha (uiIMa BbPXY UYBCTBUTEIHOCTTa KbM aMOHSK. 3a BCUYKU IpodH ce
HaOII0aBa M3MECTBAaHE Ha IMOJIOKEHHETO Ha PE30HAHCHUS MUHHUMYM KBM IO-BHCOKHUTE
OBbJDKMHM Ha BBJIHATa I[pU U3JaraHeé KM Ha Tra3 [pud crailHa Temieparypa.
HaHOCTpyKTYypUpaHUAT CEH30pEH  €JIEMEHT JEMOHCTpHUpa 3HAUYMUTEIHO I10-BHCOKa
YYBCTBUTEIHOCT MOPAJH CBOSITA CTPYKTYpa B CPAaBHEHHE C IIIAKUTE U IOPECTUTE 00pa3Iy.

B.4.3. G Atanasova, A Og Dikovska, M Stankova, P Stefanov and P A Atanasov, XPS study
of ZnO nanostructures prepared by laser ablation, Journal of Physics: Conference Series, 356
(2012) 012036, doi:10.1088/1742-6596/356/1/012036

Abstract: The subject of the present work is different types of nanostructured ZnO films
produced by pulsed laser deposition. The influence was investigated of the surface
morphology on the physicochemical and optical properties of the nanostructured films. X-ray
photoelectron spectroscopy was used to study the composition and chemical state of the
nanostructured ZnO. The changes occurring on the surface of the films after prolonged
exposure in air are considered in the light of practical applications of ZnO films. The change
in the number of adsorbed species on the surface with the time affects the surface
conductivity, the latter in turn modifying the optical properties of the samples.

Pestome: TIpeamer Ha HacTosmaTa paboTa ca pa3jiMyHU BUIAOBE HAHOCTPYKTYpPHpaHH (HUIMU
or ZnO, TONy4YeHH UYpe3 HMILYJICHO Jla3epHO oTjiaraHe. M3cienBaHo € BIMSHUETO Ha
MopdoorusTa Ha TOBBPXHOCTTA BBHPXY (U3MKOXUMUYHHTE W ONTHYHUTE CBOWCTBA Ha
HAaHOCTPYKTYpHpaHuTe ¢wiMa. PeHTreHoBa (OTOCIEKTPOHHA CIEKTPOCKONHs —Oerre
M3MOJI3BaHa 33 W3CJIC/BAHE HAa ChCTaBa M XUMHUYHOTO CHCTOSHHE HAa HAHOCTPYKTYPHUPAHHS
Zn0O. C orien Ha MpPaKTUYECKUTE MpPHIOXKEHUs Ha Quimure oT ZnO ca pasrieqaHu
MPOMEHUTE, HACTBIBAIM HAa TOBLPXHOCTTa Ha (GUIMHTE CJel MPOABIDKUTETHATa UM
€KCIO3UIUs BB BB3AyX. [IpoMsiHaTa B Opos Ha aJicopOMpaHHUTE YaCTUIU HA MOBBPXHOCTTA C
BpPEMETO BIHsiC HA MOBBPXHOCTHATA MPOBOJAMMOCT, KaTO MOCJETHATa Ha CBOW pel MPOMEHs
ONITUYHUTE CBOWCTBA HA MPOOUTE.

B.4.4. A. Og. Dikovska, G. B. Atanasova, G. V. Avdeev, N. N. Nedyalkov, Synthesis and
characterization of ZnO nanostructures on noble-metal coated substrates, Applied Surface
Science, 374 (2016) Pages 65-70, http://dx.doi.org/10.1016/j.apsusc.2015.09.141

Abstract: In this work, ZnO nanostructures were fabricated on noble-metal (Au, Ag and Au—
Ag alloys) coated silicon substrates by applying pulsed laser deposition. The samples were
prepared at a substrate temperature of 550 °C, an oxygen pressure of 5 Pa, and a laser fluence
of 2 Jem 2 — process parameters usually used for deposition of smooth and dense thin films.
The metal layer’s role is substantial for the preparation of nanostructures. Heating of the
substrate changed the morphology of the metal layer and, subsequently, nanoparticles were
formed. The use of different metal particles resulted in different morphologies and properties
of the ZnO nanostructures synthesized. The morphology of the ZnO nanostructures was
related to the Au—Ag alloy’s content of the catalyst layer. It was found that the morphology of
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the ZnO nanostructures evolved from nanorods to nanobelts as the ratio of Au/Ag in the alloy
catalyst was varied. The use of a small quantity of Ag in the Au-Ag catalyst (AusAg) layer
resulted predominantly in the deposition of ZnO nanorods. A higher Ag content in the catalyst
alloy (AuAg,) layer resulted in the growth of a dense structure of ZnO nanobelts.

Pestome: B Ta3u paboTa upe3 UMIYJICHO JIA3€PHO OTJIaraHE ca HAaHECEHW HAHOCTPYKTYpPHU OT
ZnO BbPXY CHIHIIMEBH MOIOKKH, TOKPUTH ¢ Ojaropogau metanu (Au, Ag u crutaB Au-AQ).
OOpasuure ca cuHTe3WpaHu mpu mnapamerpu Ha PLD mporeca, KOUTO OOMKHOBEHO Ce€
M3IIOJI3BAT 32 OTJIAaraHe Ha IJIaJKW U IUTBTHU THHKH (QWIMHU: TEMIepaTypa Ha MOAJIOKKaTa OT
550 °C, nansrane Ha kuciopoaa 5 Pa v mIbTHOCT HA eHEprusita Ha JA3epPHOTO JIbYCHHUE OT
2J.cm2. Pousita Ha METAIHHUS CIOM € CHIICCTBEHA 3 dbopMUpaHEeTO Ha HAHOCTPYKTYpHUTE.
HarpsiBanero Ha cyOctpata mnpomeHs Mop¢oJIoTHATa Ha METAJHHUSA CIIOM TMpH KOETO ce
oOpa3yBaT HaHO4YacTUIU. VI3MOM3BaHETO Ha pa3IMYHU METAIHU YacTULIU BOAH [0
dbopmHupaHeTo Ha pa3aMYHH MOP(OJOTHH W CHOTBETHO /O pas3IMYHU CBOWCTBA Ha
CHHTE3MPAHUTE HAHOCTPYKTypu OoT ZnO. Mopdomorusita Ha HaHOCTpYKTypuTe oT ZnO e
CBbp3aHa C HAJIMYMETO Ha cmuiaB AU- Ag B KaTAIUTUYHUA CJIOH. YCTaHOBEHO €, 4e
Mop¢onorusita Ha HaHOCTPYKTypure oT ZnO Bapupa OT HAHOIPBUKU JI0 HAHOJEHTH, B
3aBHCHMOCT OT CHOTHOIIEHHETO Au/Ag B katanuTuueH cioid. [Ipu manko xonuuectBo Ag B
ciost Au—Ag (AuzAg) ce oriarar mpeauMHO HaHOMPBYKUA OT ZnO. [10-BHCOKO ChABPIKAHHE
Ha Ag B KaTanmuTU4HUS cloi (AuAgy) BOIU 0 U3pacTBaHe Ha IUTbTHA CTPYKTypa oT ZnO mof
(dbopMara Ha HAHOJICHTH.

B.4.5. G. Atanasova, A. Og. Dikovska, T. Dilova, B. Georgieva, G.V. Avdeev, P. Stefanov,
N.N. Nedyalkov, Metal-oxide nanostructures produced by PLD in open air for gas sensor
applications, Applied Surface Science, 470 (2019) 861-869,
https://doi.org/10.1016/j.apsusc.2018.11.178

Abstract: In this work, we report fabrication of highly porous metal-oxide nanostructures by
pulsed laser deposition performed in air at atmospheric pressure. The attention was focused
on the structure, morphology, and composition of ZnO, TiO,, SnO, and MoO3 metal oxides.
The technology applied leads to formation of nanostructures composed by nanoparticles.
Additionally, a nanocomposite sample consisting of metal-oxide and noble-metal
nanoparticles was fabricated. The nanostructures were produced in view of applications as gas
sensors. Preliminary results on the gas-sensing properties of the metal-oxide nanostructures
are reported.

Pestome: B Tta3u pabota ce cho01IaBa 3a MoydaBaHETO Ype3 UMITYJICHO JIa3epHO OTJaraHe Ha
BHCOKOIIOPHO3HU METAIIOOKCUIHA HAHOCTPYKTYPHU, H3BBPIIECHO BHB BB3IyX NPH aTMOCHEPHO
Hamsirane. M3cnensanusra 6sxa GoKycupaHu BbPXY CTPYKTypaTa, MOPQOJIOTHSATA U ChCTaBa
Ha ZnO, TiO;, SnO; u MoO; mertannu okcunu. [IpumaraHara TEXHOJIOTHS BOAU JIO
oOpa3yBaHe Ha HAaHOCTPYKTYpPH, CbCTaBeHHM OT HaHodacTUld. OCBEH TOBa € TOJydueHa
HAaHOKOMITO3UTHA TP0O0a, CHCTOSIIA CE€ OT HAHOYACTUIM OT METaJeH OKCHUJI U OJaropojeH
Metan. HanocTpyktypute ca ¢dopMupaHu ¢ Orjie[ Ha NPUIOKEHHETO UM KaTo Ta30BU



ceHzopu. IlpeacraBeHu ca TmpeABapUTENIHM peE3yATaTH 3a CEH30pPHUTE CBOWCTBAa Ha
METaJIOKCUTHUTE HAHOCTPYKTYPH.

B.4.6. A. Og. Dikovska, G. Avdeev, P. Stefanov, N. N. Nedyalkov, Light irradiation effect
on the gas sensing properties of the ZnO nanostructures, Proc. SPIE 11047, 20th International
Conference and School on Quantum Electronics: Laser Physics and Applications, 110470B
(2019); https://doi.org/10.1117/12.2516517

Abstract: In this work, we present fabrication of ZnO nanostructures by pulsed laser
deposition in air at atmospheric pressure. The use of this technology leads to formation of
nanostructures composed by nanoparticles and nanoaggregates. These nanostructures possess
a large surface-to-volume ratio, which makes them suitable for gas-sensor application. The
samples were exposed to NH3 and the effect was investigated of light irradiation on the gas
response and recovery time of the sensor element. It was found that the response of the sensor
element increases even by irradiation by sunlight. The gas sensing properties of the ZnO
nanostructures were compared when irradiated by light of different wavelengths.

Pestome: B Tasm paborta € mpeacTaBeHO IMOTYyYaBAHETO HA HAHOCTPYKTypu OoT ZnO upes
HMIIYJICHO JIa3€pHO OTJIaraHe BbB Bb3AYX IPpHU aTMOchepHO HajsraHe. M3moia3BaHeTo Ha Ta3u
TEXHOJIOTUSl BOJM 1O OOpa3yBaHETO HAa HAHOCTPYKTYpPH, CbCTaBEHUW OT HAHOYACTULHU H
HaHoarperaTd. Te3n HAHOCTPYKTYpPHM MpHUTEKaBaT TOJIIMO OTHOIIEHHWE IOBBPXHOCT/00eM,
KOETO ' NIPaBM MOAXOAIIN 32 MIPUJIAraHeTO UM KaTo ra3oBU ceHzopu. [Ipodute ca TecTBaHM
3a perexuus Ha NH;3 mapu u Oeme uscnenBan edekra Ha OOIbYBAHETO ChC CBETJIMHA BBPXY
OTKJIMKA CIPSIMO Ta3a U BPEMETO 3a Bb3CTAHOBSIBAHE Ha CEH30PHHUS €JIEMEHT. Y CTaHOBEHO €,
4ye OTKJIMKAa Ha CEH30pHHUS €JIEMEHT Ce€ IOBMIIAaBa JOpPH INpU OOIbYBAHE OT CIbHUEBA
cBeTyinHa. CpaBHEHH ca ra30BUTE CBOWCTBA HAa HAHOCTPYKTypHTe Ha ZnO npu 001bYBaHE ChC
CBETJIMHA C pa3/InyHa JbJDKMHA HAa BbIHATA.

B.4.7. T. Dilova, G. Atanasova, A. Og. Dikovska, G. V. Avdeev, P. Stefanov, N. N.
Nedyalkov, Gas-sensing properties of metal-oxide nanostructures produced by PLD, Proc.
SPIE 11047, 20th International Conference and School on Quantum Electronics: Laser
Physics and Applications, 110470G (2019); https://doi.org/10.1117/12.2516753

Abstract: We report the fabrication of gas sensor elements by pulsed laser deposition in air at
atmospheric pressure. We focused our attention on metal-oxide semiconductors, namely,
SnO,, TiO, and M0oOs3 and studied the samples’ structure and morphology. The deposition
technology applied leads to the formation of nanostructures composed of nanoparticles and
nano-aggregates. We report preliminary results on the gas-sensing properties of the metal-
oxide nanostructures. The sensors were exposed to CO, acetone and ethanol, with the TiO,
nanostructure demonstrating the highest response to CO exposure.

Pesrome: Jloknansa ce MPOU3BOACTBOTO HAa €JIEMEHTH 3a a30BH CEH30pPHU 4pe3 MMILYJICHO
Ja3epHO OTJIaraHe BbB BB3AYyX MpH arMocdepHo Hamarane. Hue gokycumpaxme BHUMaHHETO



CH BBPXY METAJOKCHIHH MOJYIPOBOAHMIHU, a ©MeHHO SnO;, TiO; 1 MoO3 u H3ciaeaBaxme
CTpyKTypaTa u Mopdosiorusara Ha npodute. M3mnon3BaHaTa TEXHOIOTHS 3a OTIaraHe BOJIH JI0
o0pa3yBaHETO HA HAHOCTPYKTYPH, ChCTABEHU OT HAHOYACTHUIM W HaHoarperaTH. JlokimaaBame
MpEeABAPUTEIIHU PE3YJITAaTU 32 CEH30PHUTE CBOMCTBA HA METAJIOKCUIHUTE HAHOCTPYKTYpPH.
Cenzopure Osxa msnokenn Ha CO, aleToH W €TaHON, KaTo HaHOCTpykTypara oT TiO;
MpOsIBSIBA HA-BUCOK OTKJIUK MpH ekcrno3unus Ha CO.

I'.7. Hayyna ny0Jukanusi B M3J1aHUsSl, KOUTO ca pedepUpPaHU U HHIAEKCHPAHHM B
CBETOBHOM3BECTHH 0a3u JaHHU ¢ HaydyHa nHpopmauus (Web of Science u/uinu Scopus) —
13 nyboukauuu

I.7.1. A. Og. Dikovska, N. N. Nedyalkov, S. E. Imamova, G. B. Atanasova, P. A. Atanasov,
Au-coated ZnO nanostructures for surface enhanced Raman spectroscopy applications,
Quantum Electronics, 42 (3) (2012) 258-261, doi: 10.1070/QE2012v042n03ABEH014761

Abstract: Thin ZnO nanostructured films were produced by pulsed laser deposition (PLD) for
surface enhanced Raman spectroscopy (SERS) studies. The experimental conditions used for
preparation of the samples were chosen to obtain different types of ZnO nanostructures. The
Raman spectra of rhodamine 6G (R6G) were measured at an excitation wavelength of 785 nm
after coating the ZnO nanostructures with a thin Au layer. The influence of the surface
morphology on the Raman signal obtained from the samples was investigated. High SERS
signal enhancement was observed from all Au-coated ZnO nanostructures.

Pestome: ThbHKM HAaHOCTPYKTypupaHu ¢uiMu OoT ZnO ca MoJlydyeHH Ype3 UMIYJICHO Ja3epHO
omnarane (PLD) 3a mnpunoxkenus B Surface Enhanced Raman Spectroscopy (SERS)
u3cienBaHuATa. EKCIepiMEeHTaIHUTE YCIIOBHS, U3IOJI3BAaHU 3a TOTydaBaHe Ha mpoouTe, 0sxa
n30paHu Taka, 4e Ja ce IMOoJlydyaBaT pa3MyHM BUJOBe HaHOCTpykTypu ot ZnO. Cren
MOKpHUBaHe Ha HAaHOCTPYKTypuTe oT ZnO ¢ ThHBK clioil Au Oeme n3mepeH PamaHoB criekTbp
Ha poaamuH 6G (R6G) mpu nbkrMHA Ha BbIHATa Ha Bb30yxaaHe 785 nm. M3crnensano e
BIMSIHUETO Ha MOp(QOJIOrHsATa Ha MOBBPXHOCTTa BbpXYy PamaHOBHUS CHrHas, HOJY4YeH 3a
npobute. HabmogaBa ce mosumaBaHe Ha SERS curnama 3a BCcHYKM MOKpUTH cbc AU
HaHOCTPYKTYypHu oT ZnO.

I'.7.2. Tanya Tsoncheva, Gloria Issa, Teresa Blasco, Momtchil Dimitrov, Margarita Popova,
Selene Hernandez, Daniela Kovacheva, Genoveva Atanasova, Jos¢ M. Loépez Nieto,
Catalytic VOCs elimination over copper and cerium oxide modified mesoporous SBA-15
silica, Applied Catalysis A: General, 453 (2013) 1-12. doi:10.1016/j.apcata.2012.12.007,

Abstract: Copper and cerium oxide bi-component materials with different Cu/Ce ratio were
prepared using ordered SBA-15 silica as a support and compared with their bulk analogs. The
samples were characterized by nitrogen physisorption, XRD, UV-Vis, FTIR, XPS, Raman
spectroscopy and TPR with hydrogen. Cyclohexanol conversion was used as a catalytic test to
obtain more information for the surface properties of the supported materials. The catalytic
properties of the samples were studied in VOCs oxidation using toluene and ethyl acetate as



probe molecules. A strong effect of mesoporous silica support and samples composition on
the formation of catalytic sites was established.

Pestome: Tlomydyenn Osixa JBYKOMIIOHEHTHH MaTE€pHaIM OT MEJCH M IIEPHEB OKCHUIU C
paznuuHo croTHOomeHue Cu/Ce Bbpxy nojapeacH SBA-15 cunuimeB JMOKCUI U Ca CPAaBHEHH
c TexHuTe obeMHU aHao3u. [Ipobute Osxa oxapakTepuswpaHu ¢ (U3NIHA aICOPOIUST Ha
azor, XRD, UV-Vis, FTIR, XPS, PamanoBa cnektpockonusi u TPR ¢ Bomopox. 3a
MoJIy4aBaHe Ha ToBeue WH(OpMAIUS 32 MOBBPXHOCTHUTE CBOMCTBA HA HOCEIIUTE MaTEepHAIU
€ W3MOJ3BaHa KOHBEPCHUSTAa Ha IHUKIOXEKCAHON KaTo KaranuThueH TecT KaramutmuHute
CBOICTBa Ha MPOOUTE ca u3cieaBanu npu okucisiBane Ha VOCs, KaTo ca M3IMO0I3BaHH TOJYCH
M eTUJIAlleTaT KaTO TECTOBU MOJIEKYJIH. YCTAaHOBEHO € CHJIHO BJIMSIHME Ha Me30ropecTraTa
MOAJIOKKA OT CHUJIUIIMEB JAHOKCHUJ M ChCTaBa Ha oOpa3uure BBPXY QopMuUpaHE Ha
KaTAIUTUYHU [IEHTPOBE.

I.7.3. A. O. Dikovska, M. T. Alexandrov, G. B. Atanasova, N. T. Tsankov, P. K. Stefanov,
Silver nanoparticles produced by PLD in vacuum: role of the laser wavelength used, Applied
Physics A: Materials Science and Processing, 113(1) (2013) 83-88, doi: 10.1007/s00339-
013-7834-9

Abstract: In this work we report the results of investigation of silver (Ag) nanoparticles
prepared on a silica substrate by laser ablation. Our attention was focused on the mean
diameter, size distribution and optical absorption properties of nanoparticles prepared in
vacuum by using different laser wavelengths. The fundamental wavelength and the second,
third, and fourth harmonics of a nanosecond Nd:YAG laser were used for nanoparticles
fabrication. The corresponding values of the laser fluence for each wavelength were:
0.6 J/cm? at 266 nm, 0.8 J/cm? at 355 nm, 2.8 J/cm? at 532 nm, and 2 J/cm? at 1064 nm. The
Ag nanoparticles produced have mean diameters in the range from 2 nm to 12 nm as the
nanoparticles’ size decreases with the decrease of the wavelength used. The presence of the
Ag nanoparticles was also evidenced by the appearance of a strong optical absorption band in
the measured UV-VIS spectra associated with surface plasmon resonance (SPR). A redshift
and widening of the absorption peak were observed as the laser wavelength was increased.
Some additional investigations were performed in order to clarify the structure of the Ag
nanoparticles.

Pestome: B Hacrosiiata paboTa ca mpeacTaBeHH pe3yiaTaTUTe OT U3CJIEIBAHMUATA HA CPeOBPHHI
(Ag) HaHOYACTHIIM, MOJYYCHH 4Ype3 Jia3epHa abmarms BbpXxy SiO; momnoxka. DoKychT Ha
U3CIEeBaHUATa € CPEJOTOYEH BBPXY CPEIHUS IHUaMEeThp, paslpeAesieHHeTO MO pa3Mmep U
ONTUYHUTE aOCOPOLIMOHHM CBOMCTBA HAa HaHOYacCTHIMTE, (OPMUpaHM BBB BaKyyM dpe3
U3MOJI3BaHE Ha Jla3ep C pa3iMuyHU JBJDKMHU Ha BbJIHATa. 3a IPOU3BOJACTBOTO HA
HAHOYACTHUIIMTE ca M3MOJI3BaHM OCHOBHATA ABJDKMHA HA BhJIHATA Ha HaHOceKyHAeH Nd: YAG
Ja3ep KakTo M BTOpaTa, TpeTara U 4YeTBbpTaTa XapMOHMYHA. CHOTBETHUTE CTOMHOCTH Ha
IUTBTHOCT Ha €HEpPrusTa Ha JIa3€pHOTO JIBYEHHE 32 CHOTBETHUTE ABDKMHU Ha BbBJHATa ca:
0.6 J/cm? mpu 266 nm, 0.8 J/cm? mipu 355 nm, 2.8 J/em? ipu 532 nm u 2 J/cm? npu 1064 nm.
[Tonydyenute Ag HaHOYACTUIIM UMAT CPEICH JTUAMETHP B Auara3zoHa ot 2 nm g0 12 nm, kato



pa3MepbT HAa HAHOYACTULIMTE HaMalsiBa C HaMaJsBaHETO HA M3IOJI3BaHATa [bDKMHA Ha
BhIHATa. Hanmumero Ha Ag HAHOYACTHIIM C€ JOKa3Ba M OT IOsBaTa Ha CHJIEH MUK Ha
abcopOimss B m3mepenute UV-VIS crekrtpu, oTroBapsi] Ha TOBBPXHOCTCH IUIA3MOHEH
peszonanc (SPR). Ilpu yBennuaBaHe Ha IBIDKMHATA Ha BBJIHATA Ha Jlazepa ce HabmogaBa
yepBeHo oTMecTBane (redshift) u pasmmpsBane Ha nvika Ha abcopOIvst. V3BbpiiieHH ca HIKOU
JOMBIHUTEITHU U3CJICIBAHUS, 32 J1a CE U35CHU CTPYKTYpaTa Ha HAaHOYaCTULIUTE Ag.

I.7.4. A. Og. Dikovska; G. B. Atanasova; G. V. Avdeev; M. E. Koleva; N. N. Nedyalkov,
Fabrication of ZnO nanostructures by PLD, Proceedings of SPIE - The International Society
for Optical Engineering, 94470 (2015) Article number 94470H. doi:10.1117/12.2175634

Abstract: Different types of ZnO nanostructures were fabricated on metal (Au or Ag) coated
silicon substrates by applying the pulsed laser deposition (PLD) method. The samples were
prepared at substrate temperatures in the range of 300 — 650 °C, oxygen pressure of 5 Pa, and
laser fluence < 1 J.cm™— process parameters usually used for thin-film deposition. The metal
layer is essential for the preparation of nanostructures. The nanostructures grown at different
substrate temperatures showed obvious morphological differences. The substrate temperature
increase led to changes in the morphology of the nanostructures from nanowhiskers to
nanowalls when a thin Au layer was used. It was also observed that the type and thickness of
the metal layer affect the morphology of the nanostructure.

Pestome: Upes wummyncHo nazepHo ominaraHe (PLD) ca monmydeHM pa3iuyuHU BHIIOBE
HAaHOCTPYKTYpH OT ZnO BBPXY CUIIMIIMEBH TOJUIOKKH, MOKPUTH ¢ MeTanHu (Au unu Ag)
cineBe. [IpoOuTe ca cHUHTE3WpaHU TMpPH THapaMeTpH, KOUTO OOMKHOBEHO C€ HW3MOJ3BaT 3a
OTJaraHe Ha THHKM (UIMH: TEMIIEpATypu Ha MOMIOKKara B auamazona or 300 — 650 °C,
HaJsiraHe Ha KUCJIOpoJia oT 5 Pa v TUTTHOCT Ha eHeprusiTa Ha JIa3epHOTO JibueHue < 1 Jem?
W3non3Banero Ha MeTajeH CcJIOW € OT ChUIECTBEHO 3HayeHHe 3a (OopMHpaHETO Ha
HaHOCTPYKTypu. HaHocTpykTypute, QopMupaHu Tpu pa3IMuHA TEMIlepaTypd Ha
MOJIOKKATa, TOKa3BaT OYEBUAHM MOPQOJIOTHYHM pa3nukd. [Ipu m3mon3BaHETO HAa THHBK
MOKPHUBEH CJION OT Au, yBeIMYaBaHETO HA TeMmIepaTypaTa Ha cyOcTpaTa BOAM J0 MPOMEHU B
Mop(oorusTa Ha HAHOCTPYKTYPHUTE OT HAHOJEHTU J0 HAaHOCTeHHU. BUuabT u nebenuHaTa Ha
METAJIHUS CJIOU CHILO BIUSIST BHPXY MOP(OIOTHATA HA HAHOCTPYKTYypaTa.

I.7.5. R. lvanova, I. Genova, D. Kovacheva, G. Atanasova, T. Tsoncheva, Effect of porous
structure on the formation of active sites in manganese hosted in ordered mesoporous silica
catalysts for environmental protection, Journal of Porous Materials, 23(4) (2016) 1005-1013,
doi:10.1007/s10934-016-0158-3

Abstract: Recently ordered mesoporous silicas have been considered as suitable catalyst
supports due to their high surface area, well developed porous volume and tuned size, shape
and topology of mesopores. Among them SBA-15 and KIT-6 are most promising and studied
materials as host matrix of metal/metal oxide nanoparticles. Both structures are characterized
with cylindrical mesopores which are 2D and 3D-packed in the SBA-15 and KIT-6 silicas,



respectively. The flexibility of the oxidation state of manganese ensures high oxygen storage
capacity of its oxides and provokes their wide application as catalysts in various redox
processes. The aim of the current investigation is to clear the effect of pore topology in SBA-
15 and KIT-6 mesoporous silicas on the state of the hosted in them manganese oxide
nanoparticles. The samples were obtained by incipient wetness impregnation of silicas with
manganese nitrate and conventional SiO, was also used as a reference support. A complex of
physicochemical techniques, such as nitrogen physisorption, X-ray diffraction, UV-Vis, XPS,
FTIR and temperature-programmed reduction with hydrogen was used for samples
characterization. The obtained modifications were tested as potential catalysts for
environmental protection via total oxidation of VOCs (ethyl acetate) or hydrogen production
from methanol as clean and effective alternative fuel. It was established that the porous
structure of mesoporous silica supports influences in a complex way the catalytic behaviour of
their manganese modifications, which is determined by the specificity of the reaction
medium.

Pestome: Criopen mocieHuTe U3CieaBaHus moapeaeHuTe Mesonopectu SiO, marepuanu ce
CUMTAT 3a TMOAXOMSIIMA KATAIATHYHA HOCHTEIM IIOpaay BHCOKATa WM ChernupuIHa
MMOBBPXHOCT, JI0OpE pa3BUT 00EM Ha MOPHUTE M pa3Mep Ha KaHAJIUTE, (popMa M TOIOJIOTHS Ha
mezonopute. Cpen tax SBA-15 u KIT-6 ca Haii-o0emaBanuTe 1 u3y4aBaHu MaTepHalld KaTo
HOCeIlla MaTpHlla 3a HAHOYACTHIM OT MeTal/MeTaneH okcuia. M nBere cTpykrypu ce
XapakTepu3nupaT ¢ UWIMHAPUYHUA Me30nopu, kouto ca 2D 3a SBA-15 u 3D B KIT-6. Jlecnara
MPOMSIHA B OKHCJIMTEITHOTO CBhCTOSHHE HA MAaHTaHa OCHUTYpsiBA BHCOK KaraluTeT 3a
ChXpaHEHHE Ha KHUCJIOPOJ B HETOBUTE OKCHJM U TIPEIojara TIXHOTO MUPOKO MPUIIOKEHUE
KaTo KaTaJIu3aToOpH B PA3IMYHU PEIOKCUpANy mporecu. [lenTa Ha HACTOSAIIOTO H3CIICIBAHE €
na ce u3sacHu edekrta Ha TomosorusTa Ha mopure B SBA-15 u KIT-6 me3omnopectu SiO;
BBPXY ChCTOSTHUETO HA PA3IIOIIOKCHHUTE B TSIX HAHOYACTUIIM OT MaHTaHOB Okcuj. [Ipodure ca
MOJIyYEHH Ype3 UMIpErnupane Ha Me3zomnopect SiO; ¢ MaHTaHOB HUTPAT, KaTo 3a €TaJOHEH €
W3MOJI3BaH W HOCHTEN OT KoHBeHIMoHaieH Si0;. 3a oxapakTepusupaHe Ha HpoOUTe ce
W3MO0I3Ba ChUeTaHue OT (PM3MKOXUMUYHH TEXHUKH, KaTo (pusndHa agcopoums Ha a3otr, XRD,
UV-Vis, XPS, FTIR u TPR c Bomopoa. Ilomyuenure cuctemu Osxa TECTBaHU Karo
MOTCHIIMATHN KaTaJu3aTOpH 3a OlNa3BaHE Ha OKOJIHATA Cpejla 4Ype3 IBJIIHO OKHUCICHHE Ha
VOCs (ermmarierar) wid IMojiydyaBaHe Ha BOJOPOJ OT METAHOJ KaTO YHUCTO U e(EKTUBHO
aITepHATHBHO TOPUBO. Y CTAHOBEHO €, Ue MmopecTara CTPyKTypa Ha Me3omnopectus SiO, Biwsie
KOMIUICKCHO BBPXY KATAUTUYHOTO ITOBEJCHHEC HAa MAHTAHOBUTE MOJH(HUKAIIUU, KOETO Ce
orpesens oT CneuUIHOCTTa Ha PeaKIIMOHHATA CPea.

I.7.6. A Og Dikovska, G B Atanasova, G V Avdeev and V Y Strijkova, Thin
nanocrystalline zirconia films prepared by pulsed laser deposition, 19th International Summer
School on Vacuum, Electron and lon Technologies (VEIT2015) IOP Publishing, Journal of
Physics: Conference Series, 700 (2016) 012024, doi:10.1088/1742-6596/700/1/012024

Abstract: In the present work, thin zirconia films were prepared by pulsed laser deposition at
different substrate temperatures and oxygen partial pressures. The substrate temperature was



varied from 400 °C to 600 °C, and the oxygen pressure, from 0.01 to 0.05 mbar. The effect
was investigated of the substrate temperature and oxygen pressure on the formation of m-
zirconia and t-zirconia phases. The formation of a cubic phase of ZrO, by using targets doped
with 3 and 8 mol % content Y,03 was also investigated. The variation in the optical properties
was studied and discussed in relation with the zirconia films’ microstructure.

Pestome: B Hacrosmiara pabota TeHKE GuiiMu oT ZrO; ca moilydeHd 4pe3 UMITYJICHO Ja3epHO
oTJIaraHe MpH Pa3IuIHA TEMIIEPATypH Ha MOJI0KKATA U MAPIIMATHO HAJIsITaHe Ha KUCIOPOIa.
Temneparypata Ha noanoxkara Bapupa ot 400 ° C no 600 ° C, a HansiraHETO Ha KUCTIOpoAa €
or 0.01 mo 0.05 mbar. M3cnenBaHo € BIMSHUETO HA TeMIEparypara Ha MOMJIOXKKTa H
HaJISITAHETO Ha KUCJIOpoJa BbpPXY oOpa3yBaHETO Ha M-LIUPKOHMEBH U t-IIUPKOHUEBU (a3u.
W3cnenBano e obOpasyBaHeTto Ha KyOumuHa ¢aza oT ZrO; upe3 HU3MOJI3BAHE HA MUIICHU,
notupan ¢ 3 u 8 mol% Y,0;. M3cnenBanu ca pa3nuKuTe B ONTUYHUTE CBOWMCTBA U €
JUCKyTHpaHa Bpb3KaTa ¢ MUKpOCTpYKTyparta Ha ZrO; punmu.

I'.7.7. Margarita Popova, Agnes Szegedi, Hristina Lazarova, Alenka Risti¢, Yuri Kalvachev,
Genoveva Atanasova, Nicole Wilde, NataSa Novak Tusar, Roger Gliser, Synthesis of
biomass derived levulinate esters on novel sulfated Zr/KIL-2 composite catalysts,
Microporous and Mesoporous Materials, 235 (2016) 50-58,
doi:10.1016/j.micromes0.2016.07.047

Abstract: Zirconia nanomaterials were prepared by impregnation of KIL-2 type silica with 4,
8, 15 and 25 wt% of ZrO,, and were modified by sulfate groups in order to vary the type,
strength and density of the active sites. The samples were characterized by X-ray powder
diffraction (XRD), EDX analysis, N, physisorption, SEM, TEM, UV-VIS spectroscopy, XPS,
and thermogravimetric analysis (TGA). The acidic properties were investigated by FTIR
spectroscopy of adsorbed pyridine. The catalytic properties of ZrKIL-2 catalysts and their
sulfated varieties were studied in levulinic acid (LA) esterification with ethanol or n-butanol.
The sulfated materials showed significantly higher activity compared to the non-sulfated ones
due to their stronger Br€onsted and Lewis acid sites. It was found that the silica supported
sulfated samples show different activity depending on the applied alcohol. With increasing
ZrO, content up to 15 wt% increasing catalytic activity and selectivity was observed to
produce levulinate esters. A further increase of the amount of zirconia leads to a decrease in
catalytic activity because of the significant decrease of ZrO, dispersion and the structure
deterioration of the catalyst. For the first time insight was provided into the relation between
sulfates group leaching and zirconia dispersion.

Pestome: Hanomarepuanu OoT HUPKOHUEB OKCHJ 0siXa CHHTE3UpaHU Ype3 MMIPErHUpaHe Ha
cunuipeB auokeun tun KIL-2 ¢ 4, 8, 15 u 25 wt.% ZrO; u 6s1xa 06paboTeHu cbe cyadpaTHu
Tpyny, 3a Ja ce MoauuIpa THUIMA, 3[paBHHATA W IDTHTHOCTTA HA aKTHBHHUTE IEHTPOBE.
[IpoGute ca oxapakrtepuszupaHu ¢ mpaxoBa peHTreHoBa audpaxmus (XRD), EDX anamus,
¢usmuna ajgcopbrus Ha Np, SEM, TEM, UV-VIS cnekrpockonus, XPS wu
tepmorpaBuMmetrpuueH aHanu3 (TGA). Kucenunnure cpoiictBa ca uscnensanu upe3 FTIR
CIEKTPOCKONUsA Ha ajcopbupan nwmpuauH. Karamutuunute cBoiictBa Ha ZrKIL-2



KaTaJIn3aTOPUTE U TEXHUTE CyldaTupanu MOAU(GUKAIIUN CE U3CIICIBAHU B eCTepU(PUKAIIH Ha
neBynuHoBa kucenuHa (LA) ¢ eranon wim n-Oyranon. Cyndarupanure MaTepraiu MoKa3BaT
3HAYUTEIIHO T0-BHCOKA aKTHBHOCT B CpaBHEHHE C HecyldaTupaHuTe, OiaroJapeHue Ha Io-
crabunaute UM bproHcTenoBu U JIrOMCOBH TIEHTpOBE. YCTAaHOBEHO €, Y€ cyndarupaHuTe
mpoOM TOKAa3BaT pas3lIMYHA AaKTUBHOCT B 3aBHCHUMOCT OT H3MON3BaHUS ankoxon. C
yBeJInYaBaHe Ha ChlbpxkanueTo Ha ZrOz 10 15 wt.% ce nmoBuiaBa KaTaJuTUYHATAa AKTUBHOCT
U CEIIGKTUBHOCT OTHOCHO TIOJIy4aBaHETO Ha JIEBYJIMHOBH ecTepu. [lo-HAaTaThyHOTO
yBeJIMYaBaHE Ha KOJWYECTBOTO Ha ZrO, BOJM /10 MOHM)KaBaHE HA KaTAIUTHUYHATA aKTUBHOCT
MOpaJid 3HAYUTEITHO HaMallsiBaHe Ha nucrepcusara Ha ZrO; U BIIOIIaBaHE Ha CTPYKTypara Ha
Karaam3aTopa. 3a IpbB MBT € NPEACTaBeHA BPB3KAa MEKIY pa3TBApsSHETO Ha CyldaTHUTE
rpynu u qucnepeusita Ha ZrOs.

I'.7.8. Margarita Popova, Agnes Szegedi, Hristina Lazarova, Momtchil Dimitrov, Yuri
Kalvachev, Genoveva Atanasova, Alenka Risti¢, Nicole Wilde, Roger Glaser, Influence of
the preparation method of sulfated zirconia nanoparticles for levulinic acid esterification,
Reac Kinet Mech Cat., 120(1) (2017) 55-67, doi:10.1007/s11144-016-1088-4

Abstract: Zirconia nanomaterials were prepared by hydrothermal synthesis with or without
template and were modified by post synthesis method with sulfate groups. The materials were
thoroughly characterized by X-ray powder diffraction, TEM, N, physisorption, FTIR
spectroscopy of adsorbed pyridine TG analysis and XPS spectroscopy. The catalytic
performance of nanosized ZrO, catalysts and their sulfated modifications was studied in
levulinic acid esterification with ethanol. The sulfate group’s dispersion was predetermined
by the use of template during the mesoporous zirconia synthesis. A relation between sulfate
groups leaching and the applied synthesis conditions (with or without template) of the
zirconia nanoparticles was found. Sulfated materials showed significantly higher activity
compared to nonsulfated ones. Furthermore, it has been found that the presence of template
during the mesoporous ZrO, nanoparticles preparation influences significantly the zirconia
phase and catalytic performance in levulinic acid esterification.

Pestome: Hanomarepuamu ot ZrO; ca MONy4YeHH 4pe3 XUAPOTEPMAaJCH CHUHTE3 ¢ win 0e3
TEMIUIEUT M ca MoIu(pUUKPaHU 4Ype3 MOCTCHUHTE3 ChC CyiadaTHU TIpynu. Marepuanute ca
OXapakTepu3NpaHu OCHOBHO C peHTreHoBa mpaxosa audpakuus, TEM, dusznuna agcopOuus
Ha Nj, FTIR cnektpockomnus Ha ancopoupan nmupuauH, 1G anamm3 u XPS crekTpockomnws.
Karanmutuunoro nosenenne Ha HaHOpa3MepHUTE ZrO, KaTaIM3aTOPU U TEXHUTE CyldaTupaHu
Moau(UKAIMK € W3CIeABAHO B ecTepu(UKaius Ha JIEBYJIMHOBA KHCEIMHA C E€TaHOJ.
Jlucniepcusita Ha cyndaTHaTa rpyna € mpeaonpeesieHa Ype3 U3MOI3BaHeTO Ha TeMIUICHT 1o
BpeMe Ha cuHTe3a Ha Me3onopecTust ZrO,. YCTaHOBEHO € OTHOIIEHUETO MEX/1y pa3TBapsSIHETO
Ha cyndaTHH TPpynu W TpUIATaHUTE YCIOBUA 3a CHUHTe3 (¢ wiam 0Oe3 MaTpuia) Ha
Ha”Hovacturure ot ZrO;. CyndarnpaHuTe Marepuand MOKa3BaT 3HAYUTEITHO IO-BHCOKA
aKTUBHOCT B cpaBHeHHUE ¢ Hecylarupanutre. OCBEH TOBa € YCTaHOBEHO, Y€ HAIMYUETO Ha
TEeMIUIEHT 1O BpPEME Ha CHUHTE3UPAHETO Ha Me30mopecTuTe dvactumu oT ZrO, Biuse
3HauMTeNHO Ha (a3ata Ha ZrO, W KaTaJIUTHYOTO MY TOBEICHHE TpHU ecTepudukanus Ha
JIEBYJIMHOBA KUCEINHA.



I.7.9. A.Og. Dikovska, D. Pallotti , S. Lettieri, G.B. Atanasova, G.V. Avdeev, P.
Maddalena, S. Amoruso, N.N. Nedyalkov, Growth mechanism of ZnO nanostructures
produced by ultraviolet and visible laser ablation, Applied Surface Science, 423 (2017) 977-
982, https://doi.org/10.1016/j.apsusc.2017.06.331

Abstract: ZnO nanostructures were fabricated on noble-metal (Au-Ag alloy) coated substrates
by pulsed laser deposition. We studied the influence of the laser wavelength used for ablation
on the morphology, growth mechanism, and optical properties of the nanostructures. ZnO
nanostructures produced by UV (35 nm) pulsed laser deposition possessed a mixed-structures
morphology, composed of nanorods (mean diameter of 25-50 nm) and large-size nanobelts.
The density of these structures could be controlled by varying the Au/Ag ratio in the alloy
layer. Samples deposited by pulsed laser deposition at VIS wavelength (532 nm), instead,
presented a dense agglomeration of nanoparticles (hanorods) with a mean diameter in the
range of 40-55 nm. The growth of the ZnO nanostructures followed a vapor-solid or vapor-
liquid-solid mechanism depending on the catalyst layer composition when a UV source was
used for ablation. The presence of Au and Ag on the ZnO surface was a clear indication for a
vapor-liquid-solid mechanism of growth for nanostructures deposited by using a VIS
radiation. A narrow peak centered at 379 nm in UV band and a broadband visible emission
with a peak at 540 nm were observed in all nanostructures. The UV-deposited sample
exhibited a stronger UV emission, while the visible emission was predominant for the sample
deposited by VIS ablation.

Pestome: Upes MMITyJICHO JIa3epHO OTJIAraHe ca MOJYy4YeHH HAHOCTPYKTypu OoT ZnO BBPXY
MOJUTOKKH, MOKPUTH ¢ OsaropoaHu MeTanu (Au-Ag cmias). M3cnensaHo € BIMSHUETO Ha
IbJDKMHATAa Ha BBJIHATA Ha Jlazepa 3a abnauus BbpXy Mopdosorusara, MexaHu3sMa Ha
M3pAcTBaHE M ONTUYHUTE CBOMCTBA Ha HAHOCTPYKTYpHUTE. ZnO HAHOCTPYKTYpH, IPOU3BEIEHU
ype3 PLD ¢ nazep ¢ UV nwemwkuHa Ha BbaHata (355 nm), nputexaBaT mopdonorus Ha
CMECEHHU CTPYKTYpH, ChCTaBeHa OT HAHONPBUYKHU (cpeneH auameTsp oT 25-50 nm) u rojemu
HaHOJIeHTH. [ITbTHOCTTa Ha TE3M CTPYKTYpH MOXKE Ja c€ KOHTPOJIMpa 4ype3 MPOMsHA Ha
CHOTHOIIEHUETO AU/AZ B W3MOJ3BaHUS TMOJJIOKEH CiIOH. CTPYKTYpUTE, OTJIOKEHH Upe3
U3MOI3BaHe Ha uMmmysiceH nasep ¢ VIS nwpkumHa Ha BbiaHata (532 nm), mpeacTaBiisBat
IUTBTHA arjioMepanus Ha HAHOYaCTUIM (HAHOIIPBYKHU) ChC CPEAEH TUAaMETHp B nuamnazoHa 40-
55 nm. Korato 3a abnamusra e wusnon3BaH UV u3TOUHUK, u3pacTBaHeTO Ha ZnO
HAHOCTPYKTYypu ciienBa vapor-solid wmu vapor-liquid-solid mexaHu3sM B 3aBHCHMMOCT OT
ChCTaBa Ha KaTaIUTUYHUA cioil. Hannunero Ha Au n Ag BepXy noBbpxHOCTTa Ha ZnO € sicHa
uHanKanus 3a vapor-liquid-solid MexaHn3sM Ha U3pacTBaHe Ha HAHOCTPYKTYPHUTE, OTIOKECHU
ype3 VIS mpuenune. 3a BCUUKHM HAHOCTPYKTYpH c€ HaOJIO/IaBa TECEH MUK, IECHTPUPAH TPH
379nm B UV oOnactra W mMHMPOKO MUK BHB BHauUMa oxuiacT mpu 540 nm. OOpazenst
otnoxeH upe3 UV nazep noka3pa no-cumiiHa UV emucusi, 10Kato 3a mpodara, OTI0XKEHa upe3
abnanus ¢ VIS nasep, npeobiaaBaina € eMUCHITa BbB BUIUMaTa 001acT.



I'.7.10. Kamelia Kamburova, Nelly Boshkova, Nikolai Boshkov, Genoveva Atanassova,
Tsetska Radeva, Hybrid zinc coatings for corrosion protection of steel using polyelectrolyte
nanocontainers loaded with benzotriazole, Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 559 (2018) 243-250, https://doi.org/10.1016/j.colsurfa.2018.09.039

Abstract: Core-shell nanocontainers (NCs) with corrosion inhibitor benzotriazole (BTA) are
fabricated by electrostatic selfassembly of poly(diallyldimethylammonium chloride)
(PDADMAC) and poly(acrylic acid) (PAA) on kaolinite and hematite particles. BTA is
entrapped within the polyelectrolyte shell in one assembly step. The growth of the polymer
shells and stability of the NCs suspensions against aggregation are followed by electric light
scattering and electrophoresis The NCs loaded with BTA are incorporated into the matrix of
ordinary zinc coatings by electrodeposition on steel substrates from acidic zinc sulfate
solutions. The influence of the NCs on cathodic and anodic processes is analyzed in the
starting zinc sulfate solution with cyclic voltammetry. The scanning electron microscopy
shows random (near to uniform) distribution of the NCs in both hybrid coatings. The
protective characteristics of the hybrid coatings in model medium of 5% NaCl are followed
by means of potentiodynamic polarization curves, polarization resistance measurements and
electrochemical impedance spectroscopy. XPS method is applied for determination of the
nature of additional products appearing on the coatings as a result of the corrosion treatment.
Both hybrid zinc coatings reveal improved corrosion protection of steel as compared to the
pure zinc coating, the coating with kaolinite-based NCs showing better protective
characteristics in comparison with the one incorporating hematite NCs.

Pestome: Ilpoussenenu ca Core-shell HanokonTeitHepu (NCs) ¢ MHXMOMTOpP Ha KOpO3UsTa
OeH30TpHAa30JI (BTA) upe3 €JIEKTPOCTATUYHO caMOOpraHu3upaHe Ha
polydiallyldimethylammonium chloride (PDADMAC) u polyacrylic acid (PAA) Bbpxy
KAaOJIMHUTOBU M XeMaTUTOBU dacTuid. BTA e 3axBaHaT B MOJUENEKTPOIMTHATa OOBHBKA B
€IMH OT eTanuTe OT mpolieca. M3pacTBaHeTo Ha MOJIMMEPHUTE OOBUBKU M CTAaOMIIHOCTTA Ha
NCs cycneH3uuTe OTHOCHO arperamnus ca npocieneHu upe3 electric light scattering u
enektpodopesa. Hanoxonreitnepu ¢ BTA ca BkimoueHM B MaTpulaTa Ha OOMKHOBEHHU
LIUHKOBM TOKPUTHUS UYpe3 eNIeKTPOOTIaraHe BbPXY CTOMAaHEHHM IOAJIOXKKH OT Pa3TBOp Ha
uHKOB cyndar. Brusarero Ha NCs BbpXy KaTOIHUTE M aHOJHHUTE MPOIIECH CE aHAIHM3Hpa B
M3XOJHHSI Pa3TBOp Ha [WHKOB Cyindar upe3 IUKIMYHA BoaTMeTpus. CkaHHMpamaTta
eJIEKTPOHHA MUKPOCKOITHS TIOKa3Ba pasmnpeneneHrnero Ha NCs B ABeTe XHOPUIHH TIOKPHUTHUS B
CIlyJailHH 30HU. 3aIUTHUTE XapaKTEPUCTUKH HAa XUOPUIHUTE TOKPHUTHUS Ca W3CIECIBaHU B
MmojenHa cpena oT 5% NaCl ype3 3anucBaHe Ha NMOTEHIMOAMHAMUYHHU TOJISPU3ALMOHHH
KpUBHM, W3MEPBAaHUS HA TMOJSIPU3AIMOHHA YCTOMYMBOCT M E€JIEKTPOXMMHUYHA HMIIEaHCHA
cnektpockonus. XPS ce u3mon3Ba 3a ompenensHe Ha NpUpojaTa Ha JOMBJIHUTEITHHUTE
MPOAYKTH, MOSIBSBAILM C€ BbPXY MOKPUTHUATA B pe3yJITAT Ha KOpO3MOHHATa 0OpaboTka. [IBeTe
XUOPHUTHY IITHKOBU TIOKPHUTHS TTOKA3BaT MO-100pa aHTUKOPO3MOHHA 3alliTa Ha CTOMaHaTa B
CpaBHEHHE C YHCTOTO IIMHKOBO TOKpPHUTHE, KaTo MokputHeTo ¢ NCS Ha KaOJMHHTHA OCHOBA
MOKa3Ba TO-J00pH 3aIlIMTHH XapaKTEPUCTHKH B CPAaBHEHHE C OHE3HW, KOUTO ChIbpXKAT
xematutoBu NCs.



I'.7.11.M.Peshova, V.Bachvarov, St.Vitkova, G.Atanasova & N. Boshkov, Electrodeposited
zinc composite coatings with embedded carbon nanotubes — advanced composite materials for
better corrosion protection, Transactions of the IMF, 96 (6) (2018) 324-331,
https://doi.org/10.1080/00202967.2018.1520486

Abstract: The aim of the present investigation was to demonstrate a preparation method for
obtaining an electrodeposited composite zinc coating with incorporated carbon nanotubes
(CNT). The composite coatings were additionally treated in a newly developed conversion
solution based on a Cr(l11)- containing compound. The surface morphology of the Cr(I11) and
non-Cr(l1l) samples was investigated with scanning electron microscopy (SEM), the
metallographic structure with X-ray diffraction analysis (XRD) and the composition with X-
ray photoelectron spectroscopy (XPS). Composite zinc coatings without and with the surface
conversion film (CF) have been investigated in a standard test medium of 5% NaCl solution
by use of potentiodynamic polarisation (PDP) curves, electrochemical impedance
spectroscopy (EIS) and polarisation resistance (Rp) measurements. The results obtained show
the synergistic effect of the incorporated CNT and conversion film for achieving better
corrosion resistance of the system composite Zn/CF in aggressive medium containing chloride
ions as corrosion activators.

Pestome: Ilenra Ha HAcCTOAIOTO M3CIENBAHE € Ja JAEMOHCTpUpA METOJ 3a IOJydaBaHE Ha
€JIEKTPOOTIOKEHO KOMIIO3UTHO LMHKOBO IOKPUTHUE C BrPaJeHU BBIVIEPOJHH HAHOTPBHOU
(CNT). Komno3utHuTe ca JOMBIHUTEIHO TPETUPAHU B HOBOPA3pabOTEH KOHBEPCHOHEH
pa3tBop Ha 0azara Ha ceeauHeHue cpabpxamio Cr (III). Mopdonorusta Ha MOBEPXHOCTTA Ha
npobute Ha HeTpeTupaHu U Tpetupanu ¢ pa3rBop Ha Cr (III) e u3cnenBana cbec ckaHUpalla
enektponHa mukpockonus (SEM). Crpykrypara e nedpunHupaHa ¢ peHTreHoBa JUpPaKIUsL
(XRD), a cbcTaBbT € OmIpeneneH ¢ peHTreHoBa (oToeneKTpoHHa crnekTpockonus (XPS).
Kommo3utHuTe NMHKOBU MOKpUTHUS 03 W ¢ moBbpxHOCTeH KoHBepcuoHeH (uim (CF) ca
u3cieIBaHM B CTaHJapTHa TecToBa cpeaa oT 5% pastBop Ha NaCl upe3 3amuc Ha
HNOTCHIMOJMHAMUYHY nossgpu3aionHn  kpuBd (PDP), enexkTpoxuMuyHa HMMIEIaHCHA
cnekrpockonus (EIS) u usmepBane Ha monspuszainuonHara ycroituuBoct (Rp). IHomyuenure
pe3yaTatu mokas3BaT cuHepruuyHus edexr Ha BrpageHuss CNT u KoHBepcMOHEH GWIM U
MOCTUTaHEe Ha TMo-700pa KOPO3MOHHA YCTOMYMBOCT Ha Kommo3uTHata cuctema Zn/CF B
CTaHJIapTHA KOPO3HOHHA Cpefia, ChAbPrKallla XJIOPHU HOHU KaTO KOPO3UOHHU aKTUBATOPH.

I'.7.12.Rabadzhiyska, S.N., Kolaklieva, L.P., Cholakova, T.M., Kakanakov, R.D., Chitanov,
V., Stefanov, P.K., Atanasova, G.B., Balashev, K.T., Rangelov, B.S., Atanasova, S.B.,
Multilayer CrN/TiN coatings deposited at low temperatures by unbalanced magnetron
sputtering for implant applications, Bulgarian Chemical Communications, 50 (2018) 172-180,
http://www.bcc.bas.bg/BCC_Volumes/VVolume 50 Special G _2018/50G_PD 172-
180.80.pdf

Abstract: A multilayer CrN/TiN coating was developed and deposited onto high speed steel
(HSS) specimens by unbalanced magnetron sputtering in a closed-field magnetron
configuration at a temperature lower than 200 °C from Cr (99.99 %) and Ti (99.99 %) targets.



Multilayers were deposited at different nitrogen partial pressure, a target current ratio ranged
from 0.7 to 1 and a bias voltage of -60V, -70V and — 80 V. The study of mechanical
properties indicated that the highest hardness value of 31 GPa and elastic modulus of 378 GPa
were achieved at a bias voltage of -80 V and a target current ratio I¢/I+ = 0.7. The performed
scratch tests exhibited good adhesion of the coating to the substrate as no cracks and
delamination in the scratch track were observed. The coating thickness varied between 1.2 um
and 1.7 um. The wear rate of the film was estimated to be 4.8 X 10°m*N™*m™. X-ray
photoelectron spectroscopy (XPS) was used to determine binding energies between Cr, Ti and
N elements in the coatings. The surface roughness was evaluated to be 16.2 nm by Atomic
force microscopy (AFM). The coating surface was characterized by Scanning Electron
Microscopy (SEM). Energy-dispersive X-ray spectroscopy (EDX) analysis defined the
elemental composition in the multilayer coating layer to be 46.73 at.% chromium, 43.67 at.%
nitrogen, 9.61 at.% titanium.

Pestome: Paszpaboreno e muorocioitHo CrN/TiN mokpuTHE, KOETO € HAaHECEHO BBPXY
BHUCOKOCKOpocTHH cTtomanenu oOpasuu (high speed steel (HSS)) upes pasbanancupano
MarHeTpoHHO pa3mnpalliBaHe B MarHeTpoHHa KoHpurypaius cbe 3atBopeno noiue (Unbalanced
magnetron sputtering in a closed-field magnetron configuration) npu temneparypa mo-Hucka
or 200°C ot Cr (99.99%) u Ti (99.9 9%) muinenu. MHuorocioiiHuTe 00pasuu Osxa
OTJIOXKCHU MIPH PA3IMYHO MApIUATHO HAJIATAHE HA a30Ta, Pa3JIMYHO ChOTHOIICHHE HA TOKA Ha
MUIIeHUTe B auanazoHa ot 0.7 mo 1 u oTkioHeHue Ha Hampexenueto ot -60 V, -70 V u —
80 V. UscnmensaHeTo Ha MEXaHMYHHMTE CBOMCTBA IIOKa3Ba, Y€ Hal-BHCOKAaTa CTOMHOCT Ha
tBBpAocT ot 31 GPa u emactuara Moxayn 378 GPa ce nmocrura npu notermuan ot -80 V u
ornomenwue Ic/lti = 0.7. TIpoBeaeHnTe TeCTOBE 3a HaapacKBaHEe MOKa3axa J00pa aaxe3us Ha
MOKPUTHETO KbM IMOJUIOKKATA, Thil KaTO He 0sXa HaOJI0JaBaHU MTYKHATHHH M Pa3ciIosBaHe B
cieauTe OT HaapackBaHe. JleOennHaTta Ha MOKpUTHETO Bapupa Mexay 1.2 um u 1.7 um.
Crenenra Ha W3HOCBaHe Ha (uiama ce oneHsBa Ha 4.8 X 10°m°N"m™. Upe3 peHTreHoBa
¢doroenexkTpoHHa cnektpockonus (XPS) ca ompeneneHu eHepruuTe Ha CBbpP3BAaHE Ha
enementute Cr, Ti 1 N Ha TOBBPXHOCTTA Ha MOKPUTHATA. Upe3 aTOMHA CUIIOBA MUKPOCKOTIHS
(AFM) e oneHeHa MOBBPXHOCTHATA rpanaBocT Ha 16.2 nm. [ToBbpXHOCTTa Ha MOKPUTHETO €
XapakTepu3upaHa 4pe3 CKaHMpamia eJekTpoHHa Mukpockonus (SEM). Upes EDX e
oTpesieNieH €JIEMEHTHUSI ChbCTaB B MHOTOCJIOMHUS MOKPUBEH CIIOH, KoiTo e 46.73 at.% Xpowm,
43.67 at.% Asor, 9.61 at.% Turan.

I.7.13.T. M. Cholakova, L.P. Kolaklieva, R.D. Kakanakov, V.A. Chitanov, B. S. Ranguelov,
S. Atanasova-Vladimirova, P. K. Stefanov, G. B. Atanasova, K. T. Balashev, Effect of the
heat treatment on mechanical and structural properties of CrTiAIN coatings deposited at low
temperature, Bulgarian Chemical Communications, 50 Special Issue G (2018) 197 — 204
http://www.bcc.bas.bg/BCC_Volumes/Volume_50_Special G 2018/50G_PD_197-
204.105.pdf

Abstract: The present article investigates the mechanical properties and microstructure of the
CrTiAIN thin coatings obtained at a low deposition temperature (150°C) using Closed Field
Unbalanced Magnetron Sputtering (CFUBMS) technique onto different substrates. In order to



determine the effect of heat treatment on mechanical and structural properties, the as-
deposited CrTiAIN coatings were annealed in an argon atmosphere and air at different
temperatures (400-800°C) for 2 hours. The alteration of the morphology, microstructure,
chemical composition, hardness and adhesion strength after the treatment was analysed by
atomic force microscopy (AFM), scanning electron microscopy (SEM) complemented with an
energy dispersive x-ray spectroscopy analysis, Xray photoelectron spectroscopy (XPS), a
Nanoindentation Tester and a Micro Scratch Tester. After an annealing to the temperature of
600°C the coatings demonstrated higher hardness and elastic modulus of 29 +2 GPa and
365 + 20 GPa, respectively. Further increase of the treatment temperature caused decrease of
the coating hardness and elastic modulus and rise of the surface roughness and coefficient of
friction.

Pestome: B Tasu cratus ce u3cienBaT MEXaHMYHHUTE CBOMCTBA M MHKPOCTPYKTypara Ha
ThHKOCHONHHUTE TMOKpUTHS 0T CrTiAIN, momydeHH BBpXy pasiudHU CyOCTpaTh dYpes
TeXHHWKaTa paszbamaHcupano wmarHerponHo pasnpamBane (Closed Field Unbalanced
Magnetron Sputtering (CFUBMS)) npu Hucka temneparypa Ha otiarane (150 °C). 3a na ce
orpeneny epexTa OT TepMUIHATA 00padOTKa BBPXY MEXaHHUYHHUTE U CTPYKTYPHHU CBOWCTBA Ha
nanecenute CrTiAIN mokputus Te Osxa HakajaeHH 3a 2 Yaca B aproHoBa aTmocdepa u Ha
BB3AyX mnpu pazmuuHu temmeparypu (400-800 °C). Ilpomsina ©Ha Mopdonorusra,
MUKpPOCTPYKTYpaTa, XHMUYHHS CbCTaB, TBBPAOCTTa M aAXe3UsiTa Ha OO0pa3luTe Clel
TEPMHUYHO TpETHUpaHe OsxXa U3CIeABAaHM Ype3 aTOMHO-cuioBa MuKpockomus (AFM),
ckaHHpaia enekrponHa Mukpockomusi (SEM) ¢ EDS ananmms, peHtreHoBa (oTOENeKTpOHHA
cnektpockonust (XPS) ), tect ¢ nanomaentrop (Nanoindentation Tester) u Tect 3a MHUKPO
HagpackBane (Micro Scratch Tester). Cnmen nHakamsiBane 10 Ttemmeparypa oT 600°C
MOKpUTHSTa TOKa3BaT TBbpAOCT 29+ 2 GPa u monyn Ha IOHr or 365+ 20 GPa. Ilo-
HATATBIIHO YBEIIMYaBaHE HaA TeMIlepaTypara Ha TpETHpaHe BOAM 1O HaMalsBaHEe Ha
TBBPJOCTTa U MOJyJa Ha €JaCTUYHOCT M YBEJIMYaBaHE Ha IparnaBOCTTa HAa MOBBPXHOCTTA U
Koe(HIMEeHTa Ha TPHEHE.



