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A. Pe3tomera Ha myOIMKalMKUTE, EKBUBAJICHTHU HAa XaOUIUTAIIMOHEH TPY/

Tema 1: TpaHCMHCHOHHA €IEKTPOHHA MHUKPOCKOMHUS HAa KaTATHTHYHU
marepuanu — 140 T.

Al. L. llieva, I. Ivanov, J.W. Sobczak, W. Lisowski, D. Karashanova, Z. Kaszkur, P.
Petrova, T. Tabakova, “Effect of support preparation method on water-gas shift activity of
copper-based catalysts”, International Journal of Hydrogen Energy, (2021) in press,
DOl:https://doi.org/10.1016/j.ijhydene.2021.11.207. Q1

Abstract: Reducing the effect of global warming and increasing the needs for fuel sources appoint
hydrogen utilization in fuel cell technology a very promising demand. A step for required pure hydrogen
production for this purpose is the water-gas shift (WGS) reaction and the design of well performing but cost
effective WGS catalysts, the latter being of growing research interest. In the present study catalysts containing
copper (3 wt%) supported on ceria/alumina (30 wt% ceria) and Y-doped ceria/alumina (1 wt% Y203 regarding
ceria content) were prepared by impregnation (IM) and by mechanochemical mixing (MM). The effect of support
synthesis methods on the performance in the WGS reaction was discussed based on catalyst characterization by
means of XRD, HRTEM, XPS, and H2-TPR methods. It was established that the effect of Y-doping was strongly
dependent on the method of support preparation being positive for MM and unfavourable in the case of
impregnation. The IM method caused the formation of a superficial phase with CuO, Y dopant, and ceria in close
location. Additionally, a higher amount of oxygen vacancies was related to non-reducible Y3) ions that interrupted
Cueoxygen vacancyeCe interaction thus leading to both lower reducibility and WGS activity. The presence of
yttria phase located on ceria-free alumina in the case of MM support decreased the negative influence of Ce3p
replacement by Y3) ions. A positive effect of separate Y203 could explain the best WGS performance observed.
Long-term WGS tests showed good stability thus making this catalyst promising composed mainly of alumina and
low amount of active phases. The study contributes to the development of an advantageous formulation of well-
performing and economically profitable WGS catalysts for efficient improving of hydrogen purity for small-scale
applications.

Pe3rome: HamansBanero Ha edekra OT riio0alHOTO 3aTOIUITHE M YBEJIMYABAHETO Ha HYXIUTE OT
U3TOYHHUIIM HAa TOPUBA ONpEneNs M3IMOJI3BAHETO HA BOJOPOJ B TEXHOJOTHSTA HAa TOPUBHUTE KIETKU KaTo
MHoroob6emasamo. CTpnKa KbM HEOOXOJMMOTO NMPOW3BOJCTBO HAa YMCT BOJOPOJ 32 Ta3M IEJ € peakUusTa Ha
orMmecTBaHe Boja-ra3 (WGS) u npoekrupanero Ha 1o0pe padoremu, HO peHTabminu WGS Kkaranu3aTopu, KaTo
ITOCTIETHOTO MPEIU3BUKBA HAPACTBAI] M3CIEI0BATEICKH MHTEpeC. B HACTOAMIOTO M3CieBaHe KaTalIN3aTOPHTE,
cpabpkamy Meg (3 Tern.%), HaHeceHa BbpPXY IepueB TuoKcua/amyMmuaneB okcusl (30 Teri.% mepueB TUOKCHIT)
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u Y-nerupa nepueB aunoxcup/amymuHueB Tpuokcun (1 Tern.% Y203 mo oTHOLIEHHE Ha ChIBPXKAHUETO Ha
LIepUEeB AUOKCHUT), CE IPUrOTBAT Upe3 nmnperuupane (IM) u upe3 mexanoxumuuno cmecBane (MM). EdexTsT o1
METOJUTE 32 CHHTE3 Ha MOJIOKKHUTE BbPXY NpousBoauterHoctTa B WGS peakuusita 6erre o0ChIeH Bb3 OCHOBA
Ha XapakTepu3upaHe Ha kaTanuzaTopa ¢ nomormra Ha XRD, HRTEM, XPS u H2-TPR metoau. YcraHoBeHo e, ue
e(eKTHT OT Y-JIONMHTA € CHIIHO 3aBHCUM OT METO/a Ha ITOTOTOBKA Ha MOJJIOKKATA, KATO TOH € MOJI0KUTETICH 3a
MM u HeOnaronpuaTeH B caydaid Ha UMIperanpane. Metoast IM npenmssrka o0pa3yBaHETO Ha HIOBBPXHOCTHH
¢aszu CuO, Y mobaBka M IepHEB AMOKCHI, Pa3MONIOXeHH B Omm3ocT. OCBEH TOBa, MO-TOJSMO KOJHMYECTBO
KHCJIOPOJIHU CBOGOIHA MECTa € CBBP3aHO ¢ HepeaylmpyeMu Y P foHH, KOUTO IpeKbeBatT B3aumoeiictereto Cu-
oxygen vacancy-Ce, KoeTo BOJHM KaKTO IO IIO-HUCKA PEXyIHPYEMOCT, Taka U 0 aKTHMBHOCT 110 OTHOLICHHE Ha
WGS peaknusata. Hanmmauero Ha ¢as3a Ha uTpuii, pa3noiokeHa BbpXy alyMHHHEB OKCHA 0e3 Iepus B cirydail Ha
NOJJIOXKKA, akTHBHpaHa ¢ MM, HamassiBa OTPMIATENHOTO BiMsAHME Ha 3amecTBaneto Ha Ce*P ¢ iomm Y3P.
[onoxutennusar epekt Ha otaencH Y203 Moxe 1a 00sICHU Haii-moOpoTo HabroaaBaHo mpenctaBsiae Ha WGS.
Henrocpounnte WGS TectoBe mokazaxa ao0pa cTaOMIHOCT, KOETO IMpaBU TO3W KaTajuzaTop oleriasarl,
ChCTaBEH IJIABHO OT AJyMHHHMEB OKCHJ W MaJIKO KOJIMUecTBO akTWBHH (a3u. IIpoyuBanero mompuHacs 3a
pa3paboTBaHeTO Ha 100pe paboTely 1 HKOHOMUYecKH n3rogHn WGS katanuzatopu 3a epekTHBHO NOA00psBaHe
Ha YUCTOTATa Ha BOAOPO/A 32 MPHUIOKEHHS B MaTbK Mamab.

A2. S. Todorova, J.L. Blin, A. Naydenov, B. Lebeau, D. Karashanova, H. Kolev, P.
Gaudin, R. Velinov, L. Vidal, L. Michelin, L. Josien, D. Filkova, I. lvanova, A. Dotzeva, K.
Tenchev, “Co-Mn oxides supported on hierarchical macro-mesoporous silica for CO and VOCs
oxidation”, Catalysis Today 361 (2021) 94-101. Q1

Abstract: The hierarchical macro-mesoporous silica (MMS) was used for a first time as a support for
catalysts for oxidation reactions. The macro-mesoporous silica was synthesized by the emulsions templating
mechanism and modified separately or simultaneously using cobalt and manganese oxides. The obtained materials
were characterized by different physicochemical methods and tested in the oxidation of CO and n-hexane
combustion reactions. The modification of the MMS materials does not change significantly the mesopores
characteristics; however, its pores are partially blocked by the oxides. For Co-MM sample agglomerates consisting
of Co304 with average size of 100—150 nm and small spherical aggregates, encapsulated in the mesopores are
formed. The amorphous manganese oxide preferentially fills up the mesopores in Mn-MM sample. Mixed oxide
Co-Mn phases situated in the mesoporous network are formed in the bi-component Co-Mn samples. No significant
change is observed either in the texture, or in the structural features of the catalysts after reaction. The highest
catalytic activity for Co-MM sample in CO and n-hexane oxidation is related to the predomination of Co3+ species
on the surface of Co304 and the more accessible oxide particles located outside the mesopores. The encapsulation
of mixed Co-Mn oxides particles in the pores of the macro-mesoporous silica is responsible for a lower catalytic
activity in comparison with that of the mono-component cobalt sample.

Pestome: MepapXudHUAT Makpo-Me30IopecT CutHiueB auokcna (MMS) e M3I0N3BaH 3a MbPBU IBT
KaTo HOCHTEN 3a KaTalu3aTOpH 3a OKUCIUTENHH peakiuu. Makpo-Me30MOpecTHAT CHIMIHEB IHOKCHA Ce
CHHTE3Upa 4pe3 MexXaHu3Ma 3a MabJoHMpaHe Ha eMYJCHH U ce MOoAuQHIMpa ¢ MOMOIITa HAa KOOAJITOBH U
MaHTaHOBH OKCHIH, TMPHWIOXKECHA IO OTIOCIHO WIH eIHOBpeMeHHo. [lomyueHuTre Marepuanm Osixa
XapaKTepU3UPaHH C pa3IHIHi (PU3NKOXUMUYHU METOM U TECTBAHH B peakiiu Ha okucieHne Ha CO U n-XeKcaH.
Momudukanusta Ha MMS MaTepuanute He IPOMEHS 3HAYUTEITHO XapaKTePUCTUKHATE HA ME30IIOPUTE; IIOPUTE MY
obade ca yacTHYHO OJOKHpaHU OT okcuaute. 3a mpodarta Co-MM ce oOpa3yBar arioMepari, ChCTOSIIU CE OT
C0304 cwe cpenen pazmep 100—150 nm u Manku cepruvHU arperaTd, KarcyJIHupaHd B Me30onopute. AMOpGHUAT
MaHTaHOB OKCHJ IpedepeHInaIHo 3ambiBa Me3onopure B mpobara Mn-MM. Cmecenn okcuaan Co-Mn dasm,
pasIoyIoKEeHH B Me30IopecTaTa Mpexa, ce obpasysaT B ABykoMmroHeHTHHTe Co-Mn mpobu. He ce HaGmromaBa
3HAYWTEIHA MPOMSHA HHUTO B TEKCTypaTa, HUTO B CTPYKTYPHUTE XapaKTEPHCTHUKH Ha KaTalU3aTOPHUTE CIIe]
peakmusTa. Hali-Bucokata kartanurtudHa akTHBHOCT 32 Co-MM mpoba npu okucienne Ha CO U n-xekcaH e
cBBbp3aHa ¢ npeobnagasanero Ha Co®* BugoBe Ha moBbpxHOCTTa HA C0304 M MO-IOCTHIIHUTE OKCHIAHK YACTHULH,
pasnolioKeHu n3BbH Me3onopute. Kancynmupanero Ha cmecenn Co-Mn OKCHAHM YacTHUIM B MOPHUTE Ha Makpo-
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ME30IMOPECTUA CHIIMITNEB NTUOKCHU € OTTOBOPHO 3a MMO-HUCKAaTa KaTaJIMNTUYHA aKTUBHOCT B CPABHECHHUE C Ta3W Ha
MOHOKOMIIOHEHTHATa KOOaaToBa np06a.

A3. T. Tsoncheva, R. Ivanova, N. Velinov, D. Kovacheva, |. Spassova, D.
Karashanova, N. Petrov, ,,Design and Catalytic Behaviour of Hosted in Activated Carbon
Foam  CoxZnl-xFe204  Ferrites”, = Symmetry, Article  Number 1532, DOI
10.3390/sym13081532. Q1

Abstract: Carbon foams with different surface functionality and tailored texture characteristics were
prepared from mixtures containing coal tar pitch and furfural in different proportions. The obtained materials were
used as a host matrix for the preparation of zinc- and cobalt-mixed ferrite nanoparticles. The texture, morphology,
phase composition, and the related redox and catalytic properties of the obtained composites were characterized
by low-temperature nitrogen physisorption, XRD, SEM, HRTEM, FTIR, Mdgssbauer spectroscopy, TPR and
catalytic decomposition of methanol to syngas. The impact of the carbon support on the formation of Co- and Zn-
mixed ferrites was discussed in detail using KIT-6 silica-based modifications as reference samples. The catalytic
behavior of the ferrites was considered in a complex relation to their composition, morphology, location in the
porous matrix and metal ions distribution in the spinel sub-lattices. The higher amount of furfural in the carbon
foam precursor promoted the formation of cobalt-rich, more accessible and highly active methanol decomposition
to syngas spinel particles.

Pe3rome: Brorimepogun meHH € pasauyHA MOBBPXHOCTHA (YHKIMOHATHOCT W CHENUGHYHH
XapaKTEPUCTUKU HA TEKCTypaTa OsiXxa IPUTOTBEHN OT CMECH, ChABPIKAIIN KAMEHOBBIJICH KaTpaH U Gpyphypor B
pasnuuHn nponopiud. [lomydyeHnre marepuany Osxa M3MOI3BAaHM KaTO NIPHEMHA MaTpHIa 3a MOJTydaBaHEe Ha
CMECEHH IIMHKOBO-KOOANTOBM (epUTHH HAaHOYACTHLHM. Tekcrypara, MOp(oJoruATa, (asoBHAT CBCTAB H
CBBP3aHUTE C TAX PEAOKC W KaTAIUTHIHM CBOICTBA Ha ITOJMYYEHHTE KOMIIO3HTH Ca OXapaKTEepU3UpPaHH 4Ype3
HUCKOTeMIeparypHa ¢usucopoimst Ha azor, XRD, SEM, HRTEM, FTIR, MpocbayepoBa CHEKTPOCKOIIHS,
TeMIeparypHo-nporpamupana penykius (TPR) 1 kaTaTuTHYHO pa3iarane Ha METaHOJ JI0 CHHTe3-Ta3. Biusiaueto
Ha BBIJIEPOJIHATA IIOJI0KKA BbpXY 00pa3dyBaHeTo Ha cMeceHH ¢eputu oT Co u Zn Oeuie 00ChAEHO MOJPOOHO,
KaTo 3a HenTa 0sixa M3MON3BaHM Karo pedepeHTHU Npodu (QepuTHH YacTHIM, OTIOKEHH BBPXY IOJIOXKKA,
6asupana Ha cwmmnues quokcun (KIT-6). KartanutuaHoTo moBeneHmne Ha (GepuTHTE ce Pasriiekaa B CIOXKHA
BPB3Ka C TEXHHUS ChCTAB, MOP(]OIIOTHs, MECTOIIOIOKEHHE B IOPECTAaTa MaTPHUIIA U PA3NPEAEICHIETO Ha METATHUTE
HOHM B MoJpemeTkuTe Ha mmnuHena. [lo-Bucokoro kommuecTBo Gypdypan B mpeKypcopa Ha BBIVICpOIHATA TISTHA
Hachp4aBa 0OpazyBaHETO Ha OOraTH HAa KOOAJT IMHMHEIHN YaCTUIH, TT0-OCTHITHU U CHITHO aKTUBHHM B PEAKIUATa
Ha pasJjlaraHe Ha METaHOJI JI0 CHHTE3-Ta3.

A4. M. Popova, A. Szegedi, M. Oykova, H. Lazarova, N. Koseva, M.R. Mihdlyi, D.
Karashanova, Y. Mitrev, P. Shestakova, “Hydrodemethoxylation/Dealkylation on
BifunctionalNanosized Zeolite Beta”, Molecules, 26 (2021) 7694,
DOIl:https://doi.org/10.3390/molecules26247694. Q1

Abstract: Mono-, and bimetallic Ni-, Ru-, and Pt-modified nanosized Beta zeolite catalysts were
prepared by the post synthesis method and characterized by powder X-ray diffraction (XRD), nitrogen
physisorption, HRTEM microscopy, temperature-programmed reduction (TPR-TGA), ATR FT-IR spectroscopy,
and by solid-state MAS-NMR spectroscopy. The presence of nanosized nickel-oxide, ruthenium-oxide, and
platinum species was detected on the catalysts. The presence of Brensted and Lewis acid sites, and incorporation
of nickel ions into zeolite lattice was proven by FT-IR of adsorbed pyridine. The structural changes in the catalyst
matrix were investigated by solid state NMR spectroscopy. The catalysts were used in a gas-phase
hydrodemethoxylation and dealkylation of 2-methoxy-4-propylphenol as a lignin derivative molecule for phenol
synthesis.
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Pesome: Mono- u Oumeramanm Ni-, RU- u Pt-mMomupunmpann HaHOpasMepHH OeTa 3CONUTHH
KaTanu3aTopu OsXxa NMPHUTOTBEHH 4Ype3 MOCTCHHTE3CH METOJ] M XapaKTEepU3HpaHM 4Ype3 IpaxoBa PEHTIEHOBA
mappaknus (XRD), ¢usucopbumns na azor, HRTEM mukpockomnus, TemrepaTypHO-IporpaMipaHa peryKuus
(TPR-TGA), ATR FT-IR cnekrpockormus u upe3 MAS-NMR criekTpockorus B TBBPIO CheTosiHUE. Hannaueto
Ha HAaHOPa3MEpPHH YaCTUIM HUKEJIOB OKCHJI, PyTEHHEB OKCHJ M IUIaTHHA Oelle OTKPUTO BHPXY KaTalllM3aTOPHTE.
Hannuumero Ha kucenuHHH neHTpoBe Ha Brensted m Lewis ¥ BKIIIOYBaHETO Ha HHUKEJIOBH HOHM B 3€OJIUTHATa
pemerka e nokazaHo upe3 FT-IR Ha ancopOupan mnupuauH. CTpyKTypHHTE NPOMEHM B MaTpulaTa Ha
Katanu3aTopa ca usciensanu upe3 NMR cniektpockonus B TBEpAO cbeTosiHUE. KaTanu3atopure ca U3M0I3BaHU B
XHIPOJEMETOKCHIIMPAHE U JEAJKIINPaHe B ra3oBa (paza Ha 2-MeTOKCH-4-TIpONIIEeHOI KaTo MOJIEKYIa, IEPUBAT
Ha JIMTHUHA, 33 CHHTE3 Ha (EHOJ.

A5. L. llieva, D. Dimitrov, E. Kolentsova, A.M. Venezia, D. Karashanova, G.
Avdeev, P. Petrova, R. State, T. Tabakova, “Gold-Based Catalysts for Complete Formaldehyde
Oxidation: Insights into the Role of Support Composition”, Catalysts, 12, 7, 2022, ISSN:2073-
4344, DOI:10.3390/catal12070705, JCR-1F (Web of Science):4.501, Q2

Abstract: Formaldehyde (HCHO) is recognized as one of the most emitted indoor air pollutants with
high detrimental effect on human health. Significant research efforts are focused on HCHO removal to meet
emission regulations in an effective and economically profitable way. For over three decades, the unique electronic
properties and catalytic abilities of nano-gold catalysts continue to be an attractive research area for the catalytic
community. Recently, we reported that mechanochemical mixing is a relevant approach to the preparation of Co-
Ce mixed oxides with high activity in complete benzene oxidation. A trend of higher surface defectiveness, in
particular, oxygen vacancies, caused by close interaction between cobalt oxide and cerium oxide phases, was
observed for a mixed oxide composition of 70 wt.% Co0304 and 30 wt.% CeO,. These results directed further
improvement by promotion with gold and optimization of mixed oxide composition, aiming for the development
of an efficient catalyst for room temperature HCHO abatement. Support modification with potassium was studied;
however, the K addition caused less enhancement of HCHO oxidation activity than expected. This motivated the
preparation of new carrier material. In addition to Co30-CeO, mixed metal oxides with preset ratio, y-Al2O3
intentionally containing 33% boehmite and shortly named Al,Os-b was used for synthesis. Analysis of the role of
support composition in HCHO oxidation was based on the characterization of nano-gold catalysts by textural
measurements, XRD, HRTEM, XPS, and TPR techniques. Gold supported on mechanochemically treated CozO4-
Ce0,-Al;03-b (50 wt.% Al,O3-b) exhibited superior activity owing to high Ce®* and Co®* surface amounts and the
most abundant oxygen containing species with enhanced mobility. This catalyst achieved oxidation to CO; and
H20 by 95% HCHO conversion at room temperature and 100% at 40°C, thus implying the potential of this
composition in developing efficient catalytic materials for indoor air purification.

Pestome: @opmangexunst (HCHO) e mpusHaT 3a €AMH OT Hali-4eCTHTE 3aMbPCUTENN Ha BB3yXa B
3aTBOPEHH MOMENICHHS ChC CHITHO BPEIHO BB3/IEHCTBHE BEPXY YOBEUIKOTO 3/]paBe. 3HAUUTEIIHU U3CIICOBATEIICKH
YCHUIIHSL ca ChCpeNoTOUeHH BhpXy oTcTpansBaneTo Ha HCHO, 3a 1a ce cmazsar pasnopeaduTe 3a eMUCHHU 110 €IUH
e(peKTHBEH U NKOHOMHYECKH M3rojieH HauuH. [loBedye OT TpH eceTHneTHsl yHUKAIHNTE eJIeKTPOHHU CBONHCTBA U
KaTaJIMTUYHH CITIOCOOHOCTH Ha KaTaJIM3aTOPH ChC 3JIaTHW HAHOYACTHIIM NMPOABIDKABAT Jla ObAaT NpHUBIEKaTEIHA
M3CIIeIOBATEIICKa 00JIaCT 3a KaTaIuTHYHATa 00mHOCT. Hackopo choOmuxme, 4e MEXaHOXUMHUYHOTO CMECBAHE €
MOJIXOAAL] MOAX0/] 3a nonydaBaHe Ha Co-Ce cMeCeHM OKCHJIU C BUCOKA aKTUBHOCT IPU I'BIIHOTO OKUCIISIBAHE Ha
OenzeH. HabnroaBa ce TeHIEHIMS Ha MO-BHCOKA Ae(EKTHOCT HA MMOBBPXHOCTTA, T0-CIIEIUATHO CBOOOJHN MECTa
3a KHCJIOPOJ, MPUYMHEHH OT TSCHO B3aMMOJECHCTBHE MEXAY (pa3uTe Ha KOOAITOB OKCHJ M IIEPHEB OKCHJ, 32
cMmeceH okcuaeH ¢hetaB 0T 70 Terin.% Coz0s u 30 terim.% CeOs. Te3u pe3yaraTd HACOYMXa MO-HATATHIITHOTO
MbCIIeIBAHE KbM H3ITIOJI3BAaHE Ha 37aTO M ONTHMH3MPaHE Ha ChCTaBa HA CMECEHUS OKCHJI, C IIeT pa3paboTBaHETO
Ha edeKkTHBeH KaTanu3aTop 3a HamansgBane Ha HCHO mpwu craitna temnepatypa. M3cnensana e u MoguduKanms
Ha TOJIO’KKAaTa C KaJInii; BBIIPEKH TOBa, 1o0aBsHeTo Ha K 1oBene 10 mo-Maiko MogoOpeHne Ha pa3iaraHeTo Ha
HCHO ot ouakBanoto. ToBa MOTHBHpa MOArOTOBKAaTa Ha HOB MaTepHal KaTo HOCHUTeNl. B IombiIHEHHE KBM
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C0304-CeO, cMeceHH METATHH OKCHAM C TMPEIBAPUTENHO 3amaneHo choTHomeHue, Y-Al,Os, ymumeHo
cpappikany 33% Ooemut u Hakpatko HapedeH Al,Os-b, OGemre m3monsBaH 3a CHHTE3. AHAIM3BT HA POJATa Ha
chcTaBa Ha mojuioxkkara B okuciaeHnero Ha HCHO ce ocHoBaBa Ha XapaKTepuU3UpaHETO Ha HaHO-3JIATHU
Katanu3aTopu upe3 TekcTypHu usmepBanus, XRD, HRTEM, XPS u TPR texnuku. 31atoTo, MNOJABPKAHO BEPXY
MexaHoxumuuHo 00paboten Co304-Ce02-Al,03-b (50 tern.% Al,Os-b), mokassa mpeBb3xoaHAa AKTHBHOCT
NOpa/M BUCOKHUTE NOBBEpXHOCTHU KoynuecTBa Ce* u Co®* M roaMo KoJIMYeCTBO KMCIIOPOACHABPIKAIHM BUIOBE C
MOBUIIIEHA OJBUKHOCT. T03u1 KaTanuzatop nocrura okucienue 10 CO2 u HoO upe3 95% npespobiiane Ha HCHO
npu craifHa temmnepatypa u 100% npu 40°C, xoeTo npemnonara moTeHnxana Ha TO3H CbCTaB 3a pa3paboTBaHE Ha
e()eKTUBHM KaTAIUTHYHN MaTepUAIM 32 IPEYUCTBAHE HA Bh3/yXa B 3aTBOPEHH MOMEIICHUSI.

A6. A. Naydenov, R. Velinova, J.-L. Blin, L. Michelin, B. Lebeau, H. Kolev, Y.
Karakirova, D. Karashanova, L. Vidal, A. Dotzeva, K. Tenchev, S. Todorova, “Reaction
Kinetics and Mechanism of VOCs Combustion on Mn-Ce-SBA-15”, Catalysts 12 (6) (2022)
583. JCR-IF (Web of Science): 4.15 Q2

Abstract: A propane combustion catalyst based on Mn and Ce and supported by SBA-15 was prepared
by the “two-solvents” method aiming at the possible application in catalytic converters for abatement of alkanes
in waste (exhaust) gases. The catalyst characterization was carried out by SAXS, N2-physisorption, XRD, TEM,
XPS, EPR and H2-TPR methods. The catalysts’ performance was evaluated by tests on the combustion of methane,
propane and butane. The reaction Kinetics investigation showed that the reaction orders towards propane and
oxygen were 0.7 and 0.1, respectively. The negative reaction order towards the water (10.3) shows an inhibiting
effect on the water molecules. Based on the data from the instrumental methods, catalytic experiments and
mathematic modeling of the reaction Kkinetics, one may conclude that the Mars—van Krevelen type of mechanism
is the most probable for the reaction of complete propane oxidation over single Mn and bi-component Mn-Ce
catalysts. The fine dispersion of manganese and cerium oxide and their strong interaction inside the channels of
the SBA-15 molecular sieve leads to the formation of difficult to reduce oxide phases and consequently, to lower
catalytic activity compared to the mono-component manganese oxide catalyst. It was confirmed that the meso-
structure was not modified during the catalytic reaction, thus it can prevent the agglomeration of the oxide particles.

Pe3tome: Karanuzatop 3a ropeHe Ha mpomaH Ha 6a3ata Ha Mn u Ce ¢ moznoxka ot SBA-15 Geme
MIPUTOTBEH TI0 METOJIa Ha "iBaTa pa3TBOPHUTENS", C LeJ B3MOXKHO NMPHUIIOKEHHE B KATAINTHYHN KOHBEPTOPH 3a
HaMaJsBaHe Ha aJIKaHW B OTMAIHMU (M3TOpeiH) ra3oBe. XapaKTepU3UPaHETO Ha KaTalu3aTopa ce M3BBPIIN dpe3
SAXS, N2-pusucopbmus, XRD, TEM, XPS, EPR u H2-TPR meromgu. EdexkTHBHOCTTa Ha KaTaaw3aTOpHUTE €
OIIEHEeHa Ype3 TECTOBE 3a M3rapsiHe Ha MeTaH, npomnaH u OyraH. V3cienBaHeTo HAa KMHETHKAaTa Ha pEaKknusITa
MOKa3a, 4Ye IOPSAABKBT Ha PEeakuusATa MO OTHOIIEHHE Ha TNpomaHa M Kuciopojga e cwborBerHo 0,7 m 0,1.
OtpuuarenHusT pex Ha peakius KbM Bogara (- 0.3) nokaszsa nHXMOUpaI epekT BbPXY BOAHUTE MOJIEKYJIH. Bb3
OCHOBa Ha JaHHHUTE OT WHCTPYMEHTAJIHUTE METOIM, KaTaJUTUYHHTE EKCIEPUMEHTH W MaTeMaTH4eCKOTO
MO/JIeNIMpaHe Ha KWHETUKATa Ha PeakKIisaTa MOXKe J1a ce 3aKJIF0UH, Ye MeXaHn3MbT Tl Mapc-Ban KpeseneH e Haii-
BEPOSITHUAT 3a pPeakiysTa Ha IThJIHO OKHCJIEHHE Ha NpOIlaH BbPXY eAnHu4YeH Mn u aBykomnoHeHTeH Mn-Ce
katanuzaropu. @uHaTa AUCTIEpCHsl HA MAHTaHOBHUS U IIEPUEBUSI OKCH]] M TSXHOTO CHITHO B3aUMOJIEICTBHE BHTPE
B KaHAJMTE Ha MOJICKYITHOTO cuTo SBA-15 Boau 10 0OpasyBaHETO Ha TPYIHO pelyLpPyeMH OKCUAHU (a3 u
CJIEZIOBATEITHO JI0 MO-HUCKA KATAINTHYHA aKTUBHOCT B CPAaBHEHHE C MOHOKOMITOHCHTHHS KaTaJIN3aTOp MaHTaHOB
okcua. beme noTBepaeHO, Ue ME30CTpyKTyparta He € Omita MoauduIMpaHa Mo BpeMe Ha KaTAINTHYHATA peaKius,
Taka 9e MOXe J]a IPEeJOTBPATH arioMepamuaTa Ha OKCHIHUTE YaCTHIIN.
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b. [ly6ankanuu u3BbH Xa0MJIMTANMOHHUS TPY/

Tema 2: TpaHCcMHCHMOHHA €JIEKTPOHHA MHUKPOCKOMNUS Ha TpadeHOBU U
THHKOCJIOWHU MaTepuanu — 135 T.

B1. S. Petrov, P. M. Rafailov, V. Marinova, S.-H. Lin, Y.-C. Lai, P. Yu, G.-C. Chi,
D.Z. Dimitrov, D. Karashanova, M. Gospodinov, “Chemical vapor deposition growth of
bilayer graphene via altering gas flux geometry”, Thin Solid Films 690 (2019) 137521. Q2

Abstract: Graphene films with high content of bilayer graphene are obtained by chemical vapor
deposition technique on copper (Cu) foil by means of suitably designing the flux geometries of the reactant gases.
First single-layer graphene growth is optimized using a preliminary oxygen passivation of the Cu substrate which
facilitates the formation of larger graphene grains with low defect density. Then, in order to enhance the transport
of reactant species to the catalyst substrate, the gas flux geometry is modified in two ways: (i) fixing a graphite
holder next to the Cu substrate perpendicular to the stream of the flux gases or (ii) positioning the Cu foil into a
graphite shelter. It is found that both modifications facilitate the growth of a second graphene layer leading to
increased formation of bilayer graphene. The obtained graphene layers are characterized by Raman spectroscopy
(with special focus on the overtone (2D) of the disorder-induced band), scanning electron microscopy,
transmission electron microscopy, atomic force microscope analysis and optical transmission measurements.
Narrow symmetric 2D Raman peaks with linewidths ranging down to 22 cm—1 but blue-shifted with respect to
that of single layer graphene are obtained from graphite holder- and shelter-grown samples indicating high-quality
bilayer graphene.

Pe3tome: ['padeHoBH HUIMH C BHCOKO ChABPKAHUE Ha JBYCIIOCH rpadeH ce MolyyaBar 4pe3 TeXHHKa
Ha XMMHYECKO OTJIaraHe Ha napu BbpXy mMeaHo (Cu) ¢osro ype3 noaxoasio NpoeKTHpaHe Ha TeoMeTpHsiTa Ha
TIOTOKa Ha pPCarcHTHUTE Ta30BE. PactexbT Ha IbpBUA €AHOATOMCH clon e OINITUMU3UPAH C IOMOIITa Ha
npenBapuTelIHa KUciIopoaHa macuBamus Ha Cu IMOIJIOXKKA, KOETO YIeCHsBa OOpasyBaHETO Ha IIO-TOJIEMHU
rpad)eHOBH 3bpHA C HHCKA IUIBTHOCT Ha Hedektute. Clien TOBa, 3a Aa ce NoJ00pH TPaHCIIOPTAa HAa PEarceHTHU
ra3oBe KbM KaTAIUTHYHATA IOJUIOKKA, TEOMETPHATA HA ra30BHs MOTOK ce MOAM(HIMpPa 1Mo ABa HayuHa: (i)
¢ukcupane Ha rpaduTeH gbpkad B 6mu3oct 10 Cu moaioxka, MepreHINKYIIPHO Ha TIOTOKA OT ra3oBeTe wiH (ii)
nosunuoHupane Ha Cu ¢onno B rpaduTeH 3acioH. YCTaHOBEHO €, 4e U ABeTe MOJU(BHUKALIMN YIECHIBAT pacTexa
Ha BTOpHU TrpadeHOB CIIOM, KOETO BOJU J0 MOBUIIEHO oOpa3yBaHe Ha ABycioeH rpadeH. [lomyuenute rpadeHOBH
cioeBe ce xapakrepusupar ¢ Pamanoa cnekrpockonus (cbe crenuaieH Gokyc Bbpxy odeprona (2D) Ha uBuara,
npeAn3BUKaHa oOT Oe3nopsabka), CKaHHpalla eJeKTPOHHA MHUKPOCKOMUS, TPAHCMHCHOHHA EJIEKTPOHHA
MHUKPOCKOIIHA, aHaJIn3 C aTOMHO-CHUJIOB MHUKPOCKOII M H3MEpBAaHHA Ha OINTUYHATA TpaHCMUCHA. Tecun

!, HO M3MECTEeHM KbM CHHSATA 0011acT

cumetpryHH 2D Raman nukoBe ¢ mupruHa Ha JHHUATA, Bapupalia 10 22 cm™
B CpPaBHEHHE C TE€3M Ha €IHOCIOWHUS rpadeH, ce MoyyyaBaT OT NpoOH, M3pacTHATH B Jbpkada OT rpaduT U

3aCJIOHa, KO€TO MMOKa3Ba HAJIMYUEC HA BUCOKOKAYCCTBCH JIBYCJIOCH rpa(beH.

B2. T. Milenov, A. Dikovska, G. Avdeev, I. Avramova, K. Kirilov, D. Karashanova,
P. Terziyska, B. Georgieva, B. Arnaudov, S. Kolev E. Valcheva, “Pulsed laser deposition of
thin carbon films on films on Si02/Si substrates”, Applied Surface Science 480 (2019) 323—
329.Q1

Abstract: Pulsed laser deposition (PLD) of thin carbon films on SiO2/Si substrates was performed and
the resulting films were examined by X-ray photoelectron spectroscopy, transmission electron microscopy (TEM),
Raman spectroscopy and ellipsometry. The deposition process was accomplished by laser ablation with Nd:YAG
laser (third harmonic A=355 nm, pulse width 7=18 ns and a repetition rate of 10 Hz) on 320-420 nm SiO2/(001)
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Si substrates with surface area of 15x15mm?. The laser ablation process was carried out in two different deposition
regimes: i) continuous regime with a deposition time of 15-1800 s; and (ii) pulse mode. As a target, carbon
microcrystalline graphite disks (¢ 15 mm, thickness 0.5 mm) were used. We established that films consisting of
graphite nanoparticles/graphene grains of 5 to 30 nm thickness were deposited by the continuous PLD process
while films comprising one to few-layered nano-sized graphene were deposited by pulsed PLD. Some films have
low resistance (p=(0.1-1.5)x103 Q-m) and consist predominantly of sp? hybridized carbon with Raman spectrum,
which resembles that of nano-sized graphene. Regardless of the PLD process used, we observed an interface film
enriched with sp® hybridized carbon, which could be related to C-O, C-H and other interface bonds.

Pesrome: M3pwpmieno e mmmyscHo jda3epHo otiarane (PLD) Ha TBHKH BBIIIEPOJHH (GUIMH BBPXY
SiO2/Si nomnoxKu 1 MoMyvYeHUTe QUIMH ca M3CIeIBAHM Ype3 PEHTreHOBa (HOTOCTCKTPOHHA CIIEKTPOCKOIMMS,
TpaHCMUCHOHHA ejekTpoHHa Mukpockonus (TEM), pamaHoBa cnekTpockonus u enurncoMerpus. [Iponecst Ha
oTJaraHe ce ochllecTBsiBa upe3 nazepHa abmamus ¢ Nd:YAG nazep (tpera xapMoHM4Ha A=355 nm,
MPOIB/DKUTETHOCT Ha uMmimysica =18 ns u dyectora Ha noBToperue 10 Hz) Bpxy 320-420 nm SiO,/(001) Si
cy6CTpaTh ¢ MoBLPXHOCTHA Mol oT 15x15 mm?. TpouechT Ha NaszepHa abnalus ce NPOBEXk/a B /1Ba PasInIHH
peXnMa Ha OTJIaraHe: 1) HempeKbCHAT PSKUM ¢ BpeMe Ha otnaraHe oT 15—1800 s; u (ii) mmmynceH pexum. Karto
MUIIeHa OsXa M3MOJ3BAaHM BBITICPONHU MHUKPOKPUCTANHH rpaduTHH quckoBe (¢ 15 mm, nebenmna 0, 5 mm).
YcraHoBuxMe, 4e (HIMH, ChCTOSAIIN c€ OT rpaUTHA HAHOYACTHI/TpadeHOBH 3bpHA ¢ AedennHa oT 5 10 30 nm,
ca OTJIOXKEHH upe3 HempekbcHaT PLD mpouec, nokato ¢uiaMH, ChABPXKALIM €AWH A0 HAKOJKO cJos TpadeH c
HaHOpa3Mep, ca OTIoKeHH upe3 ummyiceH PLD. Hakon ¢punvu mmat Hucko cenpotusieHue (p=(0.1-1.5)x10-3
©'m) U ce ChCTOAT NPEAUMHO OT SP> XMOPHIN3UPAH BBIVIEPOJ ¢ PaMaHOB CEKTHp, KOUTO MpMIMYa HA TO3M Ha
rpaden ¢ HaHO pazmepu. HezaBucumo ot usnomseanus PLD mpornec, Hue HaOmonaBaxme unrepdeiicer Gpumm,
oborateH ¢ sp° XUOpUIU3UPaH BBIIEPOJ, KOITO Moxe fa Obae cbpsan ¢ CO, CH u apyru uatepdeiicHu Bpb3Ku.

B3. T. Milenov, A. Nikolov, G. Avdeev, I. Avramova, S. Russev, D. Karashanova, I.
Konstadinov, B. Georgieva, J. Mladenoff, 1. Balchev, N. Stankova, S. Kolev, E. Valcheva,
“Synthesis of graphene-like phases in a water colloid by laser ablation of graphite”, Materials
Science & Engineering B 247 (2019) 114379. Q1

Abstract: The aim of our work was to obtain graphene-like phases (graphene oxide and reduced
graphene oxide) as fine suspensions by applying pulsed laser ablation to highly purified microcrystalline graphite
targets immersed into a water medium. The fundamental wavelength, the second and the fourth harmonic
wavelengths of a Nd:YAG laser system (A=1064 nm) were used. The morphology of the particles dispersed in
water was studied by scanning electron microscopy. Their phase composition and structure were explored by SEM,
Raman and XP spectroscopy, GIXRD, as well as TEM. We establish that besides of the main phases of reduced
graphene oxide (rGO) with flakes of micro- to nano-sized area and graphite micro-particles, the colloids contain
some graphene oxide and defected, multilayered and folded multilayered graphene. The spacing of {0 0 1}
increases by about 5x.

Pesrome: llenta Ha Hamata paborta Oeme na moixyduM rpaderHomnonoOHu daszu (rpadeHOB OKCHA U
penyiupan rpaeHOB OKCHI) KaTo ()MHM CYCIEH3MH Upe3 IpuiIaraHe Ha MMITyJICHA Jla3epHa a0ianus Ha BUCOKO
MIPEYNCTEHH MUKPOKPUCTAIHU Tpa(UTHH MHIIEHH, MOTONEHH BHB BOJAHA cpena. M3momsBaHu ca OcCHOBHaTa
IOBJDKMHA Ha BBJIHATA, BTOpAaTa M YeTBBPTATAa XapMOHWYHA JABIDKHHA Ha BbhiIHaTa HA Nd:YAG na3epHa cucrtema
(A=1064 nm). Mopdonorusita Ha TUCTIEPTUPAHNUTE BHB BOJa YACTHIIM € M3CJICIBAHA Upe3 CKaHUpaIla eJIeKTPOHHA
MuKpockonus. TexHuAT (a3oB chCcTaB U CTPYKTypa ca miciensanu upe3 SEM, Raman u XP cnekrpockonms,
GIXRD, kakto 1 TEM. YcranoBuxme, ue 0CBeH OCHOBHUTE (pa3u Ha penynupat rpadenos okcun (rGO) ¢ mrocmu
OT MHUKPO- 10 HAHOpAa3sMEpHa 1ol 1 Fpa(bI/ITHI/I MHUKPOYACTUIH, KOJOUIUTE ChbABbPKAT MaJIKO Fpa(i)eHOB OKCUa nu
nedeKTeH, MHOTOCTIOEH B CI'bHAT MHOTOCIOeH rpaden. Pascrosauero Ha {0 0 1} ce yBenmmuaBa ¢ OKOJIO 5 IBTH.
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B4. T. Milenov, D. Dimov, A. Nikolov, N. Stankova, | Avramova, D. Karashanova,
B. Georgieva, G. Avdeev, D. Karaivanova, E. Valcheva, “Synthesis of graphene-like phases by
laser ablation of micro-crystalline graphite in water suspension”, SURFACES AND
INTERFACES 230 (2021) 101491.Q1

Abstract: The aim of our work was to obtain graphene-like phases (defected graphene, graphene oxide
and reduced graphene oxide) as fine suspensions by applying pulsed laser ablation (PLA) to microcrystalline
graphite suspension in water medium. The fundamental (A = 1064 nm), second (A = 532 nm), third (A = 355 nm)
as well as the fourth harmonic (A = 266 nm) of a Nd:YAG laser system, 15 ns pulse duration and 10 Hz pulse
repetition rate were used in PLA processes. The morphology of the particles was studied by transmission electron
microscopy (TEM). Their phase composition and structure were explored by Raman and X-ray Photoelectron
spectroscopies, grazing incidence X-ray diffractometry (GIXRD) and high temperature powder X-ray diffraction
(HTXRD) and TEM. It can be assumed, in accordance to the XPS, TEM and Raman studies, that the colloids
obtained by all experiments contain predominantly rGO and defected graphene, but also some GO, graphite micro-
particles, and graphene-like phases. Amorphous carbon is frequently observed in by PLA at A =355 nm as well as
at A = 266 nm at high laser beam fluences but it can be found in very small quantities in all specimens. The XPS
analysis of the samples revealed a significant increment in the quantity of different oxygen—containing radicals as
a function of the fluence, which is a result of the quantity of the sp3—hybridized carbon. Finally, the established
PLA procedures have been found to be highly reproducible.

Pe3tome: Ilenta Ha HamaTta pabora Geme jga moiayuum rpadeHononoOHu ¢azu (nedexren rpade,
rpadeHOB OKCH] U peAyLHpaH rpad)eHOB OKCHI) KaTo (MHM CYCIICH3MHU Ype3 NpuilaraHe Ha UMITYJICHA Jla3epHa
abmamms (PLA) xpM MEKpOKpHCTaTHa TpaduTHA CycIieH3Us BBB BogHA cpena. OcHoBHarta (A = 1064 nm), BTOpaTa
(A=1532 nm), TperaTa (A =355 nm), KakTo 1 YeTBbpTaTa XapMoHn4Ha (A =266 nm) Ha Nd: Y AG nazepHa cucrema,
¢ 15 ns npoabmkurenHocT Ha umnyica u 10 Hz yecrora Ha moBTOpeHMe Ha uMIynca ce usnons3Ba B PLA
npouecute. MopdonorusTa Ha YaCTUIUTE € U3CIIeIBaHa Ype3 TPAHCMUCHOHHA elleKTpoHHa Mukpockonus (TEM).
TexuusT (ha30B ChCTAB U CTPYKTYpa ca U3CleIBaHN ype3 Raman n peHTreHoBa ()OTOENEeKTPOHHA CIIEKTPOCKOIIHS,
HHUCKO-BIJIOBa peHTreHoBa audpakius (GIXRD) u BHCOKOTeMIlepaTypHa MpaxoBa PEHTICHOBA MU(PAKIUA
(HTXRD) u TEM. Moxe na ce mpeanoioxu, B CbOTBETCTBHE ¢ mM3cienBaHusaTa oT XPS, TEM u Raman, ue
KOJIOMJIUTE, MOTyYeHN OT BCUYKH €KCIEPUMEHTH, ChABpKaT npeaumMHo rGO u nedexteH rpadeH, HO ChII0 Taka
u "sskou GO, rpaduTHH MUKPOYACTHUIIM U TOA00HU Ha rpadeH hazu. AMOPGHUSIT BBIJICPO] YECTO Ce HAOII01aBa
B PLA mpu A =355 nm, kakTo ¥ ipu A = 266 nm NpH BUCOKH INTBTHOCTH HA EHEPTHsATA Ha JIA3E€PHUS JTbY, HO MOXKE
Jla ce HaMepH B MHOTO MaJIKH KOJIMYECTBa BbB BCHUKH 1podu. XPS aHanmm3bT Ha mpoOuTe pasKkpuBa 3HAUUTEITHO
YBEJIMUYEHNE B KOJIMYECTBOTO HA PA3IMYHM KUCIOPOACHIBPIKAIIM pajuKald Karo (pyHKIHS HA IUTBTHOCTTAa Ha
EHEPIUATA, KOETO € PE3YITAT OT KOJIMYECTBOTO Ha SP°-XMOPHAM3UpPaHus BbIiiepos. Yl Hakpas, yCTaHOBEHO €, ue
PLA mporenypute ca Bb3IPOU3BOINMHU.

B5. T. Milenov, P. Terziyska, G. Avdeev, D. Karashanova, B. Georgieva, I.
Avramova, K. Genkov, E. Valcheva, “Structure and Phase Composition Study of Heavy Doped
with Carbon Thin Films of TiO2:C Deposited by RF Magnetron Sputtering”. Russian Journal
of Inorganic Chemistry, Springer, 67 (2022) 1509-1520. ISSN:0036-0236,
DOl:https://doi.org/10.1134/S0036023622100333, JCR-IF (Web of Science):1.667, Q3

Abstract: The aim of the present research is to study some aspects of the carbon doping of TiO2 thin
films and the influence of low temperature thermal annealing on the phase precipitation in thin films. Thin films
of heavily doped with carbon TiO2 (up to 3 at % C) were deposited on (15 x 25 x 1 mm) glass substrates by r.f.
magnetron co-sputtering of TiO2 target and carbon plates on its erosion zone in Ar + air (residual pressure of 0.5
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and 0.6 Pa, respectively) atmosphere. Two different process’s parameters were varied in different experiments in
order to change the carbon content: the total area of the carbon plates which was 30, 84, 132, 400 and 830 mm?)
and the radial distance between the center of the circle of the erosion zone with maximum rate of sputtering which
was 2 and 4 cm. The as-deposited and annealed (air, 400°C, 1h) thin films with thickness of 110-150 nm were
studied by ellipsometry, grazing incidence X-ray diffractometry (GIXRD), X-ray photoelectron spectroscopy,
Raman spectroscopy, transmission and scanning electron microscopies. The GIXRD patterns reveal a mix of
amorphous and nanocrystalline anatase and rutile TiO2 phases for all thin films. The Raman study confirms this
conclusion but the TEM and GIXRD studies show presence of nonstoichiometric nanocrystalline phase based on
Ti3C20014 together with the other phases of TiO2-anatase, rutile and brookite. Similar charcterizations were
carried out after annealing at 400°C in air for 60 min and the most prominent effects of thermal treatment are
discussed.

Pesrome: llenta Ha HAcCTOSIIOTO W3CNEABaHE € Ja C€ MPOY4YaT HAKOM aCHEeKTH Ha BBIVICPOJHOTO
jerupane Ha THHKHM ciioeBe oT Ti02 M BIMSHHUETO Ha HHCKOTEMIIEPATYpHOTO TEPMHUYHO OTIPSBAHE BBPXY
(dopmupanero Ha Qazute B ThHKHTE cioeBe. ThHKH (QrimMu oT cuitHo JerupaH ¢ Boriepo TiOz (1o 3 at% C) ce
oriarar BepXy (15 x 25 X 1 mm) CTBKJICHHM MOIJIOXKH Ype3 paJno-dyeCTOTHO MAarHETPOHHO paslpallaBaHe
cbpBMecTHO Ha Ti0 MuIIeHa U BBITIEPOAHN IUIOYH B aTMocdepa oT Ar + Bb3ayX (ocTaTpuHO Haisrane ot 0,5 u
0,6 Pa, choTBeTHO). JIBa pa3nuyHM MapaMeThpa Ha Ipomneca 0sxa MPOMEHSHH B pa3INUHUTE EKCIICPUMEHTH, 32 Ja
ce TOBNIHsE ChIBP)KaHUETO HA BBIVIEPO;: 00IIaTa o] Ha BBIJIEPOJHHTE TUI04H, Kosto Oerre 30, 84, 132, 400 u
830 mMmM?) u paguaIHOTO Pa3CTOSHUE OT IEHThPA HA EPO3MBHATA 30HA C MAKCUMAIIHA CKOPOCT Ha pa3NpallaBaHe,
koeto Oemte 2 u 4 cm. OTi0keHuTe U 3arpsTh (BB Bp3ayX, 400°C, 1 h) Teaku dunmu ¢ nedenanna 110-150 nm
0sXxa M3CIIEABaHU Ype3 EJMICOMETpHUs, HHCKOBIJIoBa peHTreHoBa auppakromerpus (GIXRD), pentreHoBa
(OTOCNEKTPOHHA CIIEKTPOCKOMNUS, paMaHOBa CHEKTPOCKOIMS, TPAHCMHCHUOHHA M CKaHHUpalla eJIeKTPOHHA
mukpockomnusi. JJudpaxrorpamure ot GIXRD paskpuBar cmec ot amophHH U HaHOKpHUCTATHU (a3u Ha aHaTa3
pyrun TiO, 3a BcHYKM THHKM (uIMH. PaMaHOBOTO wu3cielqBaHe IMOTBBPI)KAaBa TOBa 3aKIIOYEHHE, HO
npoyuBaruata ¢ TEM u GIXRD mnokasBar Hanmgue Ha HECTEXHOMETPHYHA HAHOKpPHUCTaiHA (a3a Ha OazaTa Ha
Ti3C20014 3aemHo ¢ apyrute ¢azu Ha TiOz - anHatas, pytun u Opykut. IlomoOHO oxapakTepusupaHe Oeiie
n3BBpIICHO cien otrpsaBane npu 400°C Ha BB3AYX B IPOABIDKeHNE HA 60 MUHYTH U ca 00CHCHH Hal-3HAUNMUTE
e(eKTH OT TepMUYHATa 00pabOTKA.

B6. I. Avramova, D. Dimov, N. Stankova, M. Petrov, D. Karaivanova, G. Avdeev, S.
Russev, D. Karashanova, B. Georgieva, E. Valcheva, T. Milenov, “Novel Approach for
Synthesis of Graphene-like Phases by Pulsed Laser Ablation in a Flow-Mode Suspension”.
Materials, 15, (2022) 7870, JCR-IF (Web of Science): 3.748 Q2

Abstract: The present study investigates the possibility of obtaining graphene-like phases (defected
graphene, graphene oxide, and reduced graphene oxide) as fine suspensions by applying a novel pulsed laser
ablation (PLA) approach in flow mode. Two types of suspensions of microcrystalline graphite in agueous
suspensions and two types of microcrystalline graphite in suspensions of 6% hydrogen peroxide solution were
irradiated in a quartz tube through which they flow. The third (A = 355 nm) and fourth harmonics (A = 266 nm) of
an Nd:YAG laser system (15 ns pulse duration and 10 Hz pulse repetition rate) were used. The morphology of the
obtained particles was studied by transmission electron microscopy (TEM). Their phase composition and structure
were explored by X-ray photoelectron spectroscopy, X-ray diffractometry, and Raman spectroscopy.

Pe3rome: Hacrosmoro n3cnenBaHe MOKa3Ba BE3MOXKHOCTTA 3a MOJTyyaBaHe Ha rpadeHononobHu da3u
(medexten rpadeH, rpadeHoB okcHua U peaynupaH rpadeHOB OKCHI) KaTo (UHU CYCTIEH3UHW upe3 MpuiiaraHe Ha
HOB ITOJIX0/1 Ha UMIyJICHA Jla3epHa abnanus (PLA) B pexxum Ha moTok. [[Ba BUIa CyCIIEH3UH OT MUKPOKPHCTaJICH
rpaduT BBB BOJIA M /1B BHJa MUKPOKpPHUCTaJICH TpaduT B CYCIIeH3UH OT 6% pa3TBOp Ha BOJOPOAEH IPEKHC Osxa
00TbueHH B KBapIIOBa Tpbh0a, IIpe3 KoATo Teuexa. M3monsBanu ca tperata (A =355 nm) 1 4eTBbpTaTa XapMOHUYHA
JIbJDKMHA Ha BhiHaTa (A = 266 nm) Ha Nd:Y AG nazepHa cuctema (15 ns nmpoxbipkuTenHoct Ha umnysca u 10 Hz
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YecTOTa Ha MOBTOPEHHE Ha wuMiyica). Mopdomoruiara Ha MNOIyYEHHTE YaCTHIM € W3CIEABAaHA dpPE3
TpaHCMHUCHOHHA enekTpoHHa Mukpockomus (TEM). Texausar ¢a3oB cbcTaB U CTPYKTypa ca M3CIEABaHH Upe3
peHTreHoBa (POTOEIEKTPOHHA CIIEKTPOCKOIIHS, PEHTI€HOBA TU(PPAKTOMETPHUS U pAMaHOBA CIIEKTPOCKOITHSL.

Tema 3: TpaHCMHUCHOHHA €JIEKTPOHHA MHUKPOCKOIHMS HA METAIHU U

KOMITO3UTHH HAaHOYACTHUIIM, TIOJIYYEHHU Upe3 JiazepHa aljalys B pa3IMuHu CPEIH
—145T.

B7. A.S.Nikolov, N.N.Nedyalkov, R.G.Nikov, P.A.Atanasov, M.T.Alexandrov, D.B.
Karashanova, “Investigation of Ag nanoparticles produced by nanosecond pulsed laser ablation
in water”, Appl. Phys. A 109 (2012) 315-322.

Abstract: A study is presented of the properties of Ag nanoparticles produced by nanosecond pulsed
laser ablation in twice-distilled water. An Ag target was immersed in the liquid and irradiated by the fundamental,
second, third and fourth harmonics of a Nd:YAG laser system to create different colloids. Two specific boundary
values of the laser fluence were applied for each wavelength. The properties of the nanoparticles at different
wavelengths of the laser radiation were examined. The characterization of the colloids was performed immediately
after their fabrication. Spherical and spherical-like shapes of the nanoparticles created were established. The
formation of nanowires was observed when the second and the third harmonics of the laser were used. It is
connected with self-absorption of the incident laser light from the already-created nanoparticles and depends also
on the laser fluence. The size distribution of the nanoparticles is estimated by transmission electron microscopy.
Generally, their mean size and standard deviation decreased as the wavelength of the incident laser light was
increased and increased with the increase of the laser fluence. The substantial discrepancy between the results
already commented on for both characteristics considered and others, obtained by dynamic light scattering, is
discussed. The structure of the nanoparticles was established to be single and polycrystalline, and the phase
composition in both cases is identified as consisting of cubic silver. The nanoparticles are slightly oxidized.

Pe3tome: IlpencraBeHo e wu3cienBaHe Ha CBOMCTBaTa Ha Ag HAHOYACTHIM, IIOJNydEHH Ype3
HAHOCEKYH/IHAa MMITYJICHA Jla3epHa abianus B JBOWHO JecTHIMpaHa Bojxa. MumieHa or Ag Oermre MOTOICHA B
TEYHOCTTAa M OOIbYEHA OT OCHOBHATa, BTOpATa, TpeTara M YETBbPTA XapMOHWYHA JBJDKMHA HA BbIIHATA Ha
Nd:YAG nazepHa cucteMa 3a Cb3JjaBaHe Ha Pa3IMIHN KOJIOWIH. 3a BCSKA ABIDKMHA Ha BBJIHATA Os1Xa MPUIIOKEHU
JBe crnennUYHM TPAaHUYHU CTOMHOCTH Ha IUTBTHOCTTa Ha €HEprusara Ha Ja3epHus Jpd. M3cienBaHu ca
CBOMCTBaTa HA HAHOYACTHUIIUTE MTPH PA3IIMYHU JBJDKUHHI Ha BBIIHATA HA JJa3epHOTO JIbUeHHE. XapaKTepU3UpaHEeTo
Ha KoJlouJuTe Oellle U3BBPIIEHO BEJHAra clie/l TSXHOTO NOJydyaBaHe. Y CTaHOBEHH ca cpepuyHU u ONM3KU 10
chepuunuTe GoOpMH Ha Chb3AajeHuTe HaHouacTuiM. OOpa3yBaHETO Ha HaHOBEpUIHM ce HallloaaBa Npu
M3II0JI3BaHE HA BTOpPA M TPeTa XapMOHHYHA Ha Jlazepa. ToBa € cBhp3aHO ChC CaMOMOIIBIIAHETO HAa Iajariara
Jla3epHa CBETJIMHA OT Be4e Ch3/1a/ICHUTE HAHOYACTUIIN M 3aBUCH CBINO OT IUTBTHOCTTA HA €HEPrHUATa Ha JIa3epHUS
nmiyinc. PasnpeneneHneTo Ha pa3MepuTe HAa HAHOYACTHIUTE CE OLEHSIBA 4Ype3 TPAHCMHCHOHHA EJICKTPOHHA
MHUKpocKonusi. Karto a0 TeXHMAT CpeieH pa3Mep M CTaHJapTHO OTKJIOHEHHE HaMalsiBaT, C yBeIMYaBaHE Ha
JBIDKMHATA Ha BBJIHATA Ha Iajaliara jJa3epHa CBETJIMHA M C€ YBEJIMYaBaT C YBEJMYABAHETO HA IUTBTHOCTTA Ha
eHeprusata. OOCBX/a ce CHIIECTBEHOTO HECHOTBETCTBHE MEXIYy BeYe KOMEHTHUPAHHWTE DPE3yJATaTH 3a JIBETe
pasrTIexXIaHd XapaKTepUCTUKH U APYTH, MOJyYEHH Upe3 TMHAMUYIHO pa3ceiiBaHe HA CBETIMHATA. Y CTAHOBEHO €,
4Ye CTpyKTypaTa Ha HAaHOYACTHUIINTE € €AMHWYHA U TOJIMKPHCTANHA, a (a30BUAT ChCTaB W B JBaTa ciydas €
UASHTH(HUINPAH KaTO CHCTOSI ce OT KyOuuHO cpebpo. HanowyacTuuTe ca JIeko OKHUCIICHH.

B8. M.E. Koleva, N.N. Nedyalkov, D. Karashanova, G.B. Atanasova, A.L. Stepanov,
“Modification of plasmon resonance properties of noble metal nanoparticles inside the glass
matrices”, Applied Surface Science 475 (2019) 974-981. Q1
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Abstract: The present study focuses on the synthesis of noble metal (Au, Ag) nanoparticles and their
incorporation and manipulation in thin film oxide matrix. The structural and functional properties of the
nanoparticles embedded in a host matrix of fused SiO2 films are covered by this research. The effect of post-
deposition laser or thermal annealing procedures on the behavior of laser fabricated composite nanostructures is
investigated. The coloration of samples is determined by the nano-sized metal particles in a dielectric matrix, due
to a surface plasmon resonance effect of the conductive electrons and respective selective absorption. The laser
deposition and annealing are performed by a nanosecond Nd:YAG laser at fourth and third harmonics,
respectively. The estimation of the temperature and the heating and cooling rates due to the laser annealing is
performed. The influence of the nanosecond UV-laser annealing on the optical spectra and plasmon resonance
properties of the samples is investigated. The experimental results indicate that the annealing induces plasmon
resonance absorption in Ag/SiO2 nanocomposite and a red-shift of the existing resonance absorption of Au/SiO2.
The tuning of the optical properties of the samples was interpreted as a function of their morphology and structure,
formed at certain parameters in the processing stages of laser deposition and annealing.

Pe3rome: HacrosuoTo uscnenBane ce poxycupa BbpXy CUHTE3a Ha HAHOUACTHIM OT OJIaropoJieH MeTal
(Au, Ag) W TAXHOTO BKJIIOYBAHE M MAHUIIYJHPAaHE B THHKOCJIOWHA OKcHAHa MaTpuua. CTPYKTYpHHUTE H
(YHKIMOHATHHI CBOWCTBA HA HAHOYACTHIUTE, BIPaJICHH B MaTpHLa oT TotieH kBap (SiO2) mon ¢popmara Ha prim,
ca 00XBaHATH OT TOBa U3cnensane. M3ciensa ce epeKThT OT NPOLEAYPHUTE 32 Ja3ePHO OTTPSBAHE HIIH TEPMUYHOTO
OTIPSBaHE BBPXY IMOBEACHUETO HA JIA3ePHO IPOU3BEICHH KOMIIO3UTHH HAHOCTPYKTYypH. OLBETSABaHETO Ha
npoOHTe ce OmpeAeNs OT HaHOPa3MEPHHTE METAHM YacTHUIM B JAWEICKTPHYHA MAaTpUlla, Mopagu epeKTaHa
MOBBPXHOCTHHUS TUIa3MOHEH PE30HAHC Ha MPOBOAMMMTE EJIEKTPOHU M CHOTBETHATa CEJEKTUBHA aOcopOuus.
JlazepHOTO OTNIaraHe M OTTPsIBAaHETO ce M3BBpIUBAT OT HaHOceKyHAeH Nd:YAG na3ep npu ueTBbpTa U TpeTa
XapMOHMYHA JBJDKMHA Ha BBJIHATA, CHOTBETHO. V3BBpIIBa Ce OlLEHKAa Ha TeMIeparypara ¥ CKOPOCTHUTE Ha
HarpsiBaHe U OXJIAXJIaHe B PE3yJNITaT Ha JIa3epHOTO OTrpsiBaHe. 3ciensa ce BIUSHUETO Ha HAaHOCeKyHIHOTO UV -
JIa3epHO OTrpsiBAHE BBPXY ONTHUYHHUTE CIEKTPHM W CBOWCTBAaTa Ha IUIa3MOHHHMS PE30HAHC Ha mpolwure.
ExcniepMeHTaIHUTE Pe3yiTaTH MMOKA3BaT, Ye OTTPSABAHETO MPEIU3BUKBA IIA3MOHHA PE30OHAHCHA aOCcopOIHs B
HaHokommo3uTa Ag/SiO» W 4YepBEHO OTMECTBaHE Ha ChHINECTBYBamlaTa pe3oHaHCHa abcopOmms Ha Au/SiOs.
HactpoiikaTa Ha ONTHYHHUTE CBOWCTBA Ha MPOOHTE CE MHTEPIPETHPa KaTo (GYHKLHUS Ha TAXHATa MOPQOJIOTHSI U
CTPYKTYpa, popMupana Ipy onpeie/IieHd IapaMeTpH B eTalluTe Ha 00paboTKa Ha J1a3epHO OTJIaraHe U OTrpsABaHe.

B9. M.E. Koleva, N.N. Nedyalkov, Ru. Nikov, Ro. Nikov, G. Atanasova, D.
Karashanova, V.I. Nuzhdin, V.F. Valeev, A.M. Rogov, A.L. Stepanov, ”Fabrication of
Ag/ZnO nanostructures for SERS applications”, Applied Surface Science 508 (2020) 145227.

Q1

Abstract: A novel and effective approach is suggested for fabrication of composite Ag/ZnO
nanostructures for surfaceenhanced Raman scattering (SERS) by combining laser and ion implantation techniques.
The study explores the relation between the nanoscopic features of the prepared Ag/ZnO nanocomposites and their
effectiveness as SERS active substrates. The ZnO thin films are grown by pulsed laser deposition (PLD). Ag+-ion
implantation is used for surface synthesis of Ag nanoparticles (NPs) in the ZnO matrix. The implanted samples
are annealed by a Nd:YAG laser at various parameters. The surface morphology, composition and optical
properties of the nanocomposites are studied before and after the ion and laser modifications. The possibility to
apply these structures to ammonium nitrate detection is investigated by identifying the most suitable conditions
for laser annealing of the implanted Ag/ZnO structures in view of producing the strongest SERS signal. A
comparative Raman study is performed at two laser excitation wavelengths. New results are obtained for different
ammonium nitrate (AN) concentrations. The strongest Raman signal of ammonium nitrate is detected for the
Ag/ZnO substrate annealed at 532 nm and characterized by a high surface roughness and a wide nanoparticles’
size distribution, where a low surface electron density of silver was obtained.
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Pesrome: Ilpemmara ce HOB W eQEeKTHBEH MOAXOXI 3a MPOM3BOJACTBO Ha KOMHO3UTHH Ag/ZnO
HAaHOCTPYKTYpPH 3a TIOBBPXHOCTHO YCHJICHO pamaHOBO pa3ceiiBaHe (SERS) upes xkoMOMHMpaHEe Ha TEXHHKH 3a
Ja3epHO U WOHHO MMIUIaHTHpaHe. lIpoydBaHeTo mpociensBa Bpb3KAaTa MEXAY XapaKTEPUCTHKHUTE Ha
HAOCTPYKTYPUTE B IOJTrOTBEHHTE HAaHOKOMIIO3UTH Ag/ZnO u TsaxHata edpextuBHOCT Karo SERS axTuBHUM
nouoXKH. TeHKUTE citoeBe ZnO ce mony4yaBatr 4pe3 UMIYJICHO JazepHo omiarane (PLD). Mnnantupaneto Ha
Ag*-iionn ce m3non3ea 3a cuHTe3 Ha Ag Hanoudactui (NP) B ZnO matpunara. Mmmiantupanute npobu ce
otrpsiBat ¢ Nd:YAG nazep npu paziandau napamerpu. Mopdosorusara Ha MOBbPXHOCTTA, ChCTABBT M ONTHYHUTE
CBOWCTBA HA HAHOKOMIIO3UTHTE Ca M3CIECIBAHM IIPEAH U CIIe]l HOHHHUTE 1 JIa3epHN MOIU(HKaIH. Bp3MoXHOCTTA
3a IpUJIaraHe Ha Te3W CTPYKTYPH 32 OTKpUBAHE HA aMOHHEB HUTPAT C€ M3CJEBa Upe3 HACHTHU(UIMPAHE HA Hall-
MOAXOISIINTE YCIOBHSA 3a JAa3€pHO OTTpsABaHE Ha HUMIUTaHTHpaHuTe Ag/ZnO CTpyKTypu C oOrien Ha
pou3BOCTBOTO Ha Hah-cumHUS SERS curnan. U3pwpmiBa ce cpaBHHTeNTHO PamaHOBO m3cienBaHe NpH JBE
ITBIDKHHU Ha BBJIHATa Ha J1a3epHO BB30OyxknaHe. [lomydeHn ca HOBM pe3yiTaTH 3a Pa3IndHU KOHLEHTPALMH Ha
amonueB HUTpaT (AN). Haii-crHusat Raman curaan Ha aMoHHEB HUTpAT ce OTKpuBa 3a Ag/ZnO cybcTpar, oTrpsT
¢ 532 HM M xapakTepu3upalll ce ¢ BUCOKa IMOBBPXHOCTHA TPAINlaBOCT U HIMPOKO pasmpesiejieHue Ha pa3Mepa Ha
HAHOYACTHUIINTE, KBJETO € IMOJydeHa HUCKAa HOBBPXHOCTHA EIIEKTPOHHA IITBTHOCT Ha CPeOpoTO.

B10. Ro. G. Nikov, N.N. Nedyalkov, D.B. Karashanova, “Laser ablation of Ni in the
presence of external magnetic field: Selection of microsized particles”, Applied Surface Science
518 (2020) 146211. Q1

Abstract: The study presents results of nanosecond laser ablation of a Ni target in a liquid as a method
of producing contamination-free micro- and nanosized colloidal structures. The ablation was performed in two
liquids — double distilled water and ethanol, as their role on the characteristics of the ablated material is clarified.
The laser ablation method in liquid was extended by applying an external magnetic field during the ablation
process. A separation of micron and submicron particles from the nanoparticles in the colloidal solution is achieved
by placing a substrate in the liquid, where the micron size structures are deposited under the action of the external
magnetic field. At certain experimental conditions, the deposition of ordered one-dimensional microstructures on
the substrate can be realized. The influence of different laser wavelengths on the features of the nanostructures
dispersed in the liquid and microstructures deposited on the substrate was also investigated. On the basis of detailed
analyses using Optical Microscopy, Scanning Electron Microscopy, Selected area electron diffraction, and
Transmission Electron Microscopy the morphology, composition, and size distribution of the fabricated structures
were studied. The presented method allows the fabrication of contamination-free micro and nanostructures with
potential applications in biotechnology, catalysis, and magneto-optics devices.

Pe3tome: M3cnenBanero mpencTaBsi pe3yiaTaTH OT HAHOCEKYHJIHA Jla3epHa abnanus Ha Ni MHIIEHa B
TEYHOCT KaTO METOJ| 3a TNPOM3BOJACTBO HAa HE3aMBPCEHH MHKpPO- M HAHOPAa3MEPHHM KOJOWAHU CTPYKTYpPH.
AOnanusiTa € U3BBPIICHA B JIBE TEYHOCTH — JBOWHO JNECTHJIMPAaHA BOJA M €TaHOJI, KaTO € M3SCHEeHa POJIsiTa UM
BBPXY XapaKTepUCTUKUTE Ha abiaupaHusa MaTepuai. MeToasT Ha Ja3epHa abianus B TEYHOCT Oelle pa3lmInpeH
ype3 MpujaraHe Ha BBHITHO MarHWTHO TOJ€ IO BpeMe Ha mpoleca Ha abmanug. OTHensHeTo Ha MUKPOHHH H
CyOMUKPOHHM YaCTHILM OT HAHOYACTUIIUTE B KOJOWJHHS Pa3TBOpP C€ MOCTHIa ype3 MOCTaBsHE Ha CyOCTpar B
TEYHOCTTA, KBJIETO CTPYKTYPUTE C MUKPOHHHM Pa3MEpH Ce OTiIaraT noj JAeHCTBUETO Ha BRHITHOTO MarHUTHO MOJIE.
IIpn ompeneneHn eKCHEpUMEHTAIHU YCIOBHS MOXKE Jla C€ peaiM3upa OTJIaraHeTo Ha TMOAPENCHU €IHOMEPHHU
MHUKPOCTPYKTYpPH BbpPXy cyOcTpaTa. M3cineaBaHo € M BIMSHUETO HA Pa3IMYHHU IBDKHMHU HA BBIHATA Ha Jazepa
BBPXY XapaKTEPHCTHKHUTE HA HAHOCTPYKTYpPHUTE, JTUCIIEPTHPAHN B TEYHOCTTa U MHKPOCTPYKTYPHTE, OTIOKEHH
BBpXy cyOctpara. Ha 0Oa3ara Ha moapoOHM aHamM3M C IMOMOIITa Ha ONTHYHA MHKPOCKOIMS, CKaHHpalla
€JIEKTPOHHA MUKPOCKOIHS, eJIeKTpOHHa an¢pakmus oT u3bpaHa o0JacT M TPAaHCMHCHOHHA EJIEKTPOHHA
MHUKpOCKOTIHS OsXxa M3CIIeABAaHN MOP(OIJIOTHATA, CHCTABBT M PA3MpPEICICHUETO MO pa3Mep Ha MPOM3BEACHUTE
cTpykTypH. llpeacraBeHHAT METOH IMO3BOJISBA MPOM3BOACTBOTO HAa HE3aMBPCEHH MHKPO W HAHOCTPYKTYPH C
MOTEHIMATHN TPUIIOKEHHS B OMOTEXHOJIOTHHTE, KaTajIn3a 1 MarHUTOONITUYHHUTE YCTPOICTBa.
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B11l. Ru.G. Nikov, A.Og. Dikovska, G.V. Avdeev, G.B. Atanasova, D.B.
Karashanova, S. Amoruso, G. Ausanio, N.N. Nedyalkov, ,,Single-step fabrication of oriented
composite nanowires by pulsed laser deposition in magnetic field”, Materials Today
Communications 26 (2021) 101717.Q2

Abstract: In this work, we demonstrate a novel way of fabricating oriented composite nanowires
consisting of arranged nanoparticles. The structures are produced by an advanced pulsed laser deposition
technology involving the simultaneous ablation of two metal targets, Fe and Ag. The depositions are carried out
in air at atmospheric pressure in the presence of a magnetic field by using nanosecond laser pulses delivered by a
Nd:YAG laser system operating at its fundamental wavelength. Samples are thus produced composed by iron
oxide and silver at different percentage ratios. Their morphology represents nanowires with few tens of microns
in length and an orientation predominantly following the direction of the magnetic force lines. The study on the
optical properties of the structures thus produced revealed plasmon resonance behavior in their transmission
spectra with its position depending on the ratio between the two building materials. UV—vis spectra were also
obtained with polarized light. Higher transmission was measured for light polarized perpendicular to the length of
the nanowires, compared to the case of polarization parallel to the nanowires. The structures can find applications
in the design of novel polarization and magneto-optics devices, as well as in nanoelectronics and spintronics.

Pestome: B Tazu pabora HHE AEMOHCTpHpaMe HOB Ha4yMH 3a MPOM3BOJCTBO Ha OPUEHTHPAHU
KOMIIO3UTHY HAaHOMPOBOJHHUIIH, CHCTOAIIN CE€ OT MOJApeaeHH HaHouacTUll. CTPYKTypHUTe ca MPOU3BEACHU Upe3
YCBBBPIICHCTBAHA TEXHOJIOTHS 3a MMIYJCHO Ja3epHO OTJIaraHe, BKJIIOYBAIA €JHOBPEMEHHa abjalus Ha JBe
MeTanHu MueHy, Fe n Ag. OTiiaranusita ce U3BbPIIBAT BB BB3JyX PH aTMOC(EPHO HalSraHe B IPUCHCTBUETO
Ha MarHUTHO TIOJI€ 4Ype3 M3II0JI3BaHE Ha HAHOCEKYHIHW JIa3e¢pHH HMMITYJICH, JOCTAaBSHH OT JIa3€pHA CHUCTEMaA
Nd:YAG, paboTema Ha OCHOBHaTa ABJDKMHA Ha BBIHATA. [10 TO3M HAUMH ce MPOU3BEKAAT IPOOH, ChCTAaBEHU OT
KeJIe3eH OKCHA M cpeOpo B pa3iIWYHM MPOLEHTHH CHOTHOIIEHWA. TsxHaTa MOp(OJOTHS IpEACTaBIsIBa
HAHOHUIIKH C IbJDKAHA HAKOJIKO IECETKH MUKPOHA U OPHEHTALNs, CIIEABAIA IPEAUMHO TIOCOKAaTa HA MATHUTHUTE
cunoBH uHUK. [IpoyyBaHETO Ha ONTHYHHUTE CBOMCTBA Ha TaKa IOIyYEHUTE CTPYKTYPH pa3KpHU MOBEACHUETO Ha
IJIA3MOHHMSI PE30HAHC B TEXHUTE TPAHCMHMCHUOHHM ONTUYHU CIEKTPH, KAaTO IO3ULUATA MY 3aBUCU OT
CHOTHOLICHUETO MEXJY JABaTa Martepuana. UV-vis CHeKTpH ChIIO 0SXa MOJYyYeHH C MOJSIPU3MpaHa CBETIIMHA.
N3mepeHo € mOo-BUCOKO MpeAaBaHE 3a CBETIMHA, MOJSIPU3UPAHA IEPIEHAMKYJSIPHO HA JbJDKMHATA Ha
HAaHOBEPUTHTE, B CPaBHEHHUE CHC CIIydyas Ha MOJApH3alNd, yCropeaHa Ha Tax. CTpyKTypuTe Morar ja HaMepsT
NPWIOKEHUS NPU INPOEKTUPAHETO HA HOBU IOJSAPU3ALUOHHU M MArHUTOONTHUYHU YCTPOMCTBA, KakTO U B
HAHOEJICKTPOHUKATA U CIIMHTPOHUKATA.

B12. A.S. Nikolov, N.E. Stankova, D.B. Karashanova, N.N. Nedyalkov, E.L. Paviov,
K.Tz. Koev, Hr. Najdenski, V. Kussovski, L.A. Avramov, C. Ristoscu, M. Badiceanu, I.N.
Mihailescu, “Synergistic effect in two-phase laser procedure for production of silver
nanoparticles colloids applicable in ophthalmology”, Optics and Laser Technology 138 (2021)
106850. Q1

Abstract: This paper reports on the production of Ag nanoparticles (AgNPs) in a water solution based
on a two-phase pulsed laser procedure in view of therapeutic ophthalmological applications requiring AgNPs size
of <10 nm with a narrow size distribution. Nanoparticles of this size scale are capable of penetrating the complex
ocular barriers, thus ensuring effective non-invasive drug delivery to the retina. Moreover, the ocular irritation,
which is currently associated to the conventional ocular drug administration routes, would be avoided. In the first
phase, AgNPs larger than 20 nm were fabricated via laser ablation of a Ag target in water by irradiation with the
fundamental wavelength (A = 1064 nm) generated by a Nd:YAG laser. During the second phase, to reduce the
mean size of the as-obtained nanoparticles and properly adjust the size distribution, the water colloids were
additionally irradiated with the ultraviolet harmonics (355 nm and 266 nm) of the same laser source. The effect of
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the key laser parameters - wavelength, fluence and laser exposure time - upon the nanoparticles morphology was
studied. The most suitable post-ablation treatment of initial colloids was obtained by a consecutive irradiation with
the third (A = 355 nm) and the fourth (A = 266 nm) harmonics of the fundamental laser wavelength. By using this
approach, a synergistic effect between two mechanisms of light absorption by AgNPs was induced. As a result,
contaminant-free colloids of AgNPs with sizes of less than 10 nm and quite a narrow size distribution with a
standard deviation of 1.6 nm were fabricated. The toxic effect of the as-produced AgNPs on Gram-positive and
Gram-negative bacteria and Candida albicans was explored. The most efficient action was reached against
Pseudomonas aeruginosa and Escherichia coli. A potential application was proposed of the synthesized AgNPs
colloidal aqueous solutions with antimicrobial action as a non-invasive method for ocular infections prevention
and treatment.

Pesrome: Ta3u cratus mokiajgBa 3a MPOU3BOJACTBOTO Ha Ag HaHouacTuiu (AgNPs) BB BOAEH
KOJIOW/IEH pa3TBOp Ha 0Oa3ara Ha JBy¢a3Ha MMIIyJICHAa Jla3epHa MpoLeaypa C Orje] Ha TepaneBTUYHH
0 TAIMOJIOTMYHY NIPUIIOKEHNUS, N3UCKBalM pazmep Ha AgNPs ot <10 HM U ¢ TACHO pa3npejeneHue Ha pa3Mepa.
Hanouactunute ot T03u Maad ca CrocOOHU ja MPOHUKHAT TIPe3 CI0KHUTE OYHU OapHepH, KaTo MO TO3H HauuH
ocurypsiBar e()eKTHBHO HEHHBAa3WBHO JIOCTaBsHE Ha JIeKapcTBa A0 peTuHaTa. OCBEH TOBA, OYHOTO Jpa3HEHE,
KOETO MOHACTOSIIEM € CBBP3aHO C KOHBEHIIMOHAIHUTE IITHIIA Ha OYHO NPHIIOKEHHWE Ha JICKapcTBa, mie 0ble
n3berHaro. B mepBara ¢aza AgNPs, mo-romemu ot 20 nm, 0sxa MPOW3BEICHN 4pe3 Jla3epHa a0marus Ha Ag
MUIIIEHA BHB BOJIa Upe3 o0TpYBaHE C OCHOBHA IBJDKMHA Ha BhiHATa (A = 1064 nm), reHepupana ot Nd: YAG
nazep. Ilo Bpeme Ha Bropara (asa, 3a Aa ce HaAManu CPEAHHUS pa3Mep Ha MOIYYCHHTE HAaHOYACTHIM M Ja ce
KOpUTHpa pas3lpeieicHUeTO0 Ha YacTHIMTE IO pa3Mep B IpaBUIHATa II0COKA, BOJHUTE KOJIOHIM Osxa
JOITBIHUTEHO OOJ'BYCHU C yIATPABUOJETOBUTE XapMOHMYHH (355 nm 1 266 nm) Ha ChIIMS Ja3epeH U3TOYHUK.
U3cnenBaH e eeKTHT Ha KIFOUOBUTE JIa3€PHU ApaMEeTPH - TbJDKHHA Ha BBIIHATA, ILTTHOCT HA CHEPTHsATA M BpEMe
Ha Jla3epHa eKCIIO3ULM - BbPXY Mopdooruara Ha HaHodacTuiure. Haii-monxonsioro neyenue cien adbiaanus
Ha TbPBOHAYAIHUTE KOJIOW/IU CE MOJIy4aBa upe3 MociIea0BaTeIHo o0rbuBaHe ¢ Tpetara (A =355 nm) 1 yeTBbpTaTa
(A =266 nm) xapMOHHYHA HA OCHOBHATA JIa3e€PHA IbJDKMHA Ha BBJIHATA. Upe3 M3MO0NI3BaHETO Ha TO3H ITOJXO] Ce
MHIyIMpa CHHEPriHyeH epeKT MeXTy 1Ba MeXaHn3Ma Ha abcopOuus Ha cBeTmHa oT AgNPs. B pesynrar Ha ToBa
0s1xa MpOM3BEAECHN CBOOOJHHM OT 3aMbpcuTent Konouan Ha AgNP ¢ pasmepn no-manku ot 10 nm u 1ocTa TACHO
pasmpeneneHne Ha pa3sMepa ChC CTaHIAPTHO OTKJIOHeHHe oT 1,6 HM. M3cnenBaH € TOKCHYHHUSAT edeKT Ha
monyderute AgNP Bbpxy I'pam-monoxwurenan u I'pam-orpumatenan Oaktepuun u Candida albicans. Haii-
epekTHBHO Je¥icTBUe € mocTurHato cpenry Pseudomonas aeruginosa u Escherichia coli. IlpemioxeHo e
MTOTEHIMAJIHO NPIIOKEHIE Ha CHHTE3UPaHUTE KOJOUAHN BOHH pa3TBopu Ha AgNPs ¢ aHTUMUKPOOHO neiicTBHe
KaTO HEMHBA3MBEH METO/ 32 MPO(HIAKTHKA U JICYCHHE Ha OYHH MH(DEKIIHH.

C. ITarent

Cl. Amnacrac HwuxkomoB, Hans CranmkoBa, JIpuezap AmpamoB, Kpacumwmup Ilones,
Huxonaii HepsinkoB, Emun IlaBnos, Jlanuena KapamanoBa, ,Meton 3a monyyaBaHe Ha
CBPBX(HMHH MOHOJIUCIIEPCHH HAHOYACTHUIM C JIA3€PHU MMITYJCH", 3amuTeH Homep 112999,
24.09.2019.

Pedepar: M3o00pereHnero ce OTHAcCS IO METOA 3a TOJIyYaBaHE Ha CBPBX(PUHH MOHOUCIIEPCHU
HaHOYaCTUIHM C JIA3€PHU HMMIIYJICM B T€YHa Cp€aa — BOoJa — C NPWIOKCHHWE B MCIUIIMHATA, 6I/IOMCJII/IHI/IHaTa,
¢doronmkara u ap. CpriaacHO MeToJa 3a MONTydYaBaHE HA CBPBX(HHU MOHOJIUCIIEPCHH HAHOYACTHIHU C JA3epHU
UMITYJICH, HA IBHOTO Ha KOHTCﬁHCp, MPUKPEIEH HCTIOABUXHO KBM KOMITIOTBPHO YyIpaBJidi€Ma X-Y maca, ce
MOCTaBs IJIACTHHA OT Cpedpo, KOATO ce MOKPHBA ChC CIOH OT JBOHHO-AECTHIMpaHa Boja. Ha mpueHmero Ha
HaHocekyHaeH Nd:YAG nasep ¢ apmkuHa Ha BeiiHaTa 1064 HM ce 3aiaBa eHeprus Han abnanuoHHus npar. OT
OTJEJIeHUs] MaTepHal OT IUIaCTHHATa OT Cpedpo HpH abianusara B JBOWHO-AECTHIMpaHaTa Boja ce o0pa3yBaT
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HAHOYACTHUIIM OT cpedpo u ce Gpopmupa KosouaeH pa3rBop. [lnactuHara ot cpedpo ce eKkpaHupa OT Ja3epPHOTO
JBYSHHE TTOCPEICTBOM abJMpaHusI MaTeprall U TUIa3MeHus (akell. 3a Aa ce MOIabpKa CKOPOCTTa Ha abnanus 3a
oIIpeJiesIeH Mepuo/] 0T BpeMe, IUTbTHOCTTA Ha Jla3epHaTa €Heprusl ce MOBHIIaBa B mporeca Ha abmauus ot 12.0
Jiem? mo 21.0 J/cm?, cnen koeTo aGialMOHHUAT HPOLEC C€ IIPEYCTAHOBABA. 110Iy4eHHAT KONOUIEH Pa3TBOp Ce
NIPEXBBPJIS B CTHKJICHA KIOBETA, TIOCTaBs C€ BEPXY BBPTSAIIA CE Maca 32 XOMOT'€HU3UPAHETO MY M IIOCJIE/IBAILO CE
obmrpuBa ¢ HaHocekyHaHUsT Nd:YAG na3ep mocpencTBOM MOCIESIOBATEIHO MPUIaraHe Ha ABJDKHHA Ha BBJIHATA
355 HM ¢ OIBTHOCT HA eHepruara B uaTepsai 0.059 J/cm? - 0.068 J/cm? u Ha ObIKMHA Ha BBIHATA 266 HM C
IILTHOCT Ha eHeprusTa ot 0.023 J/cm?. Ha paBHM MHTEpBAIU OT BpEME JIA3€PHOTO YATPABHOIETOBO JTbUEHHE CE
MpeKpaTsiBa U Ce HM3MepBa ONTHUYHOTO MPOIYyCKaHE Ha KOMOMAHMS pa3TBop. OT moiydeHus npodus Ha
IUIA3MOHHATA MBHUIA HA ONTUYHUS TPAHCMUCHOHEH CIIEKTHP C€ MPABAT WU3BOJM 3a CTCICHTA HA M3MCHCHHE Ha
CPeIHUs pa3Mep U panpeiesCHUEeTO M0 pa3Mepy Ha HaHOYACTUIUTE OT cpedpo. Te3u neicTBHs ce MOBTApsT
MHOTOKPATHO, OKATO Ca HAJMYHH M3MEHEHUs, MOKa3Balll HaMallCHWEe Ha CPEJHHs pa3Mep U CTECHsSBaHE Ha
pasnpeneneHneTo o pa3Mep Ha HaHoYacTHIUTe OT cpedpo. Ciien KoeTo IpolechT Ha Ja3epHo 00JIbYBaHE Ha C
yATPaBHOJIETOBO JIBUCHHWE C€ MpeKpaTsBa. Te3n pasMepu ce OHarIeAsBaT IOCPEICTBOM TPaHCMHUCHOHEH
€JISKTPOHEH MUKPOCKOI. MeToIbT JaBa BE3MOKHOCT Jla CE MOJIy4aT HAaHOYacTUIM OT cpedpo ¢ pamepu nox 10
HM U IIHpUHA Ha Pa3NpelelIeHHeTo UM 1Mo pa3Mmepu 2 HM. ToBa ch3aaBa Bb3MOKHOCTH 3a IO-IIMPOKOTO MM
MIPUJIOKEHNE B MeTULIMHATA (HallpuMep oTanMosIorusnTa), GOToOHUKATa U Ap.

Abstract: The invention relates to a method for obtaining ultrafine monodisperse nanoparticles with laser
pulses in a liquid medium - water - with application in medicine, biomedicine, photonics, etc. According to the
method for obtaining ultrafine monodisperse nanoparticles with laser pulses, a silver plate is placed at the bottom
of a container attached to a computer-controlled X-Y table, which is covered with a layer of double-distilled water.
The radiation of a nanosecond Nd:YAG laser with a wavelength of 1064 nm is set at an energy above the ablation
threshold. From the material separated from the silver plate during the ablation in the double-distilled water, silver
nanoparticles are formed in a colloidal solution. The silver plate is shielded from the laser radiation by the ablated
material and the plasma torch. To maintain the ablation rate for a certain period of time, the laser energy density
was increased in the ablation process from 12.0 J/cm? to 21.0 J/cm?, then the ablation process was stopped. The
resulting colloidal solution is transferred to a glass cuvette, placed on a rotating table to homogenize it, and
subsequently irradiated with the nanosecond Nd:Y AG laser by sequentially applying a wavelength of 355 nm with
an energy density in the range 0.059 J/cm? - 0.068 J /cm? and at a wavelength of 266 nm with an energy density
of 0.023 J/cm?. At regular time intervals, the laser UV radiation is stopped and the optical transmittance of the
colloidal solution is measured. From the resulting profile of the plasmon band of the optical transmission spectrum,
conclusions are made about the degree of change in the average size and size distribution of the silver
nanoparticles. These steps are repeated repeatedly until changes are present showing a decrease in the average size
and a narrowing of the size distribution of the silver nanoparticles. After that, the process of laser irradiation with
ultraviolet radiation is terminated. These dimensions are visualized using a transmission electron microscope. The
method makes it possible to obtain silver nanoparticles with dimensions below 10 nm and a size distribution width
of 2 nm. This creates opportunities for their wider application in medicine (for example, ophthalmology),
photonics, etc.
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