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B1. N. Velinov, D. Dimitrov, K. Koleva, K. Ivanov, I. Mitov, Mechanochemical
Synthesis and Characterization of Nanocrystalline Copper—Cobalt Ferrites, Acta
Metallurgica Sinica (English Letters) 28 (3) (2015) 367-372.

Abstract: Nanocrystalline copper-cobalt ferrites with composition Cui.xCoxFe204, where x=
0.2 and 0.8 were synthesized by mechanochemical treatment of co-precipitated precursors.
The ferrite powders were characterized by XRD and Mossbauer Spectroscopy. Results proved
obtaining of spinel ferrites with crystallite size under 10 nm. Increasing of crystallite size of
samples with increasing of mechanochemical treatment duration was established, too.
Catalytic properties of obtained ferrites were tested in reactions of oxidation of CO, methanol
and dimethyl ether. It was established high catalytic activity of nanocrystalline copper-cobalt
ferrites towards CO and CH3OH (about 100% conversions of CO and CH30OH at 160 °C) and
moderate activity towards (CHz)2O oxidation. The results obtained revealed that the Co/Cu
atomic ratio is an important factor determinant the behavior of catalysts towards methanol and
DME oxidation.

Pe3ome: Hanoxpucranuu MeaHo-ko6antosu geputu ¢ popmyna CuixCoxFe20as, kbaero X =
0.2 n 0.8, 64xa CUHTE3UpaHU UYpe3 MEXaHOXUMHMYHA 00pabOTKa Ha ChbYTa€HU MPEKYPCOPH.
[Tonydyenure peputHU npaxoBe Osxa XapaKTepuzupaHH ype3 peHTreHoBa Audpakius (XRD)
u MbocbayepoBa cniekTpockonusi. Pesynararure nokasaxa oOpa3yBaHe Ha UIIHUHETHU (EepUTH
c pasmep Ha kpuctamuture noa 10 nm. VYcraHoBeHo Oemie CbIO, Y€ pa3MepbT Ha
KPUCTAJINTUTE CE€ YBEIMYaBa C YBEIMYABAaHE IPOIBIDKUTEIHOCTTA HAa MEXaHOXMMHYHATA
oOpaboTka. Kartanutuynure cBOHCTBAa Ha modydeHHTe (epuTH Osgxa H3CIEIBaHU MpPH
peakuun Ha okucieHue Ha CO, MeTaHON M JMMETHUIIOB €Tep. YCTAaHOBEHA € BHCOKa
KaTaJIMTUYHA aKTUBHOCT HAa HAHOKPUCTATIHHUTE MeIHO-KoOanToBu ¢eputu kbM CO u CH30H
(mpubmmsurenHo 100% xouepcust Ha CO nu CH3OH npu 160°C) n ymepeHa akTUBHOCT KbM
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okucineane Ha (CH3)20. IloaydeHuTe pe3yaTaTd MOKa3BaT, Y€ aTOMHOTO CHOTHOIICHHE
Co/Cu e BaxkeH (hakTOp, OMpeneNsil MOBEIEHUETO Ha KaTaJu3aTOpUTE MpPU OKUCICHHE Ha

metanon u JIME.

B2. K. V.Kaoleva, N. I. Velinov, T. S. Tsoncheva, I. G. Mitov, Preparation, structure and
catalytic properties of copper-zinc ferrites, Bulgarian Chemical Communications
47(1) (2015) 348-353.

Abstract: Well crystallized Cui-xZnxFe;O4 ferrites with different composition were prepared
and tested as catalysts in methanol decomposition to CO and hydrogen. The influence of
cation distribution in ferrites on their catalytic behaviour and phase transitions under the
reaction medium was in the focus of the study. It was established that Cuo.gZnoFe2O4 ferrite
exhibits the highest catalytic activity and good selectivity in methanol decomposition to H»
and CO. Mossbauer study of samples after the catalytic test reveals transformation of the
initial ferrite phase with the formation of Zn-substituted magnetite, iron carbide, wuestite and
a-Fe in different ratio.

Pe3tome: JloOpe xpuctammsmpanu ¢eputn CuixZnkFe:Os ¢ pasnuyen cbcraB  Osixa
CUHTC3UPAHU W M3CJICIBAHMA KAaTO KATAJIM3aTOPH B PEaKIUsATa HA pa3jlaraHe Ha METaHOJ JI0
CO wu Bomopox. MscnenBano Oeiie BIMSHUETO Ha pPA3MpelesIEHUETO HA KAaTHOHHUTE BbHB
dbeputuTe BHPXY TAXHOTO KAaTAIMTUYHO TMOBeACHHE U (Aa30BUTE MPEXOIU B peaKIMOHHATa
cpena. YcraHoBeHo e, 4e ¢epurbT CuogZno2Fe;0s4 mposiBsiBa Haill-BHCOKa KaTalUTUYHA
aKTUBHOCT M J00pa CEJIEKTUBHOCT MpH paznarane Ha meranon j0 Hz u CO. MbocbayepoBusT
aHaJIN3 Ha TPOOWTE CJe]l KaTATMTUYHUS TECT MOKa3Ba TpaHCopMaIvs Ha IIbpBOHAYATHATA
deputHa ¢dasza ¢ oOpasyBaHe Ha ZN-3aMECTEH MAarHETHT, KEJe3eH KapOW, BIOCTUT U O-

JKEJIA30 B pa3yIMYHU CbOTHOMICHUS.

B3. T. Tsoncheva, N.Velinov, R. Ivanova, I. Stoycheva, B. Tsyntsarski, I. Spassova, D.
Paneva, G. Issa, D. Kovacheva, I. Genova, I. Mitov, N. Petrov, Formation of catalytic
active sites in iron modified activated carbons from agriculture residues,
Microporous and Mesoporous Materials 217 (2015) 87-95.

Abstract: Agriculture residues (grape seeds, peach, apricot and olive stones) were used as a
precursor of activated carbons with tunable textural characteristics and relatively low surface
functionalities (predominantly carbonyl and hydroxyl groups). Thus obtained activated
carbons were modified with iron species and tested as catalysts in methanol decomposition.

Nitrogen physisorption, XRD, UV-Vis, FTIR, Moessbauer spectroscopy, TPR with hydrogen
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and Boehm method were applied for complex characterization of the initial activated carbon
supports, their iron modifications and the transformations during the catalytic process. The
final phase composition and the related with this catalytic activity and selectivity of these
materials was considered as a result of complex transformations of active phase by the
influence of activated carbon support and reaction medium and this is in close relation with
the dispersion and location of iron species into the porous matrix. The decisive role of
activated carbon texture characteristics, which is much more significant than the surface
functionalities, on the formation of iron catalytic sites is established, and the variation in the
nature of the agriculture precursor is assumed as a simple approach for tailoring their

properties.

Pesrome: 3emenencku ormagbly (CEMKH OT Ipo3f€, KOCTHIKHM OT MPAacKOBU, Kailcuu u
MaclMHM) 0siXa M3MO0J3BaHM KaTo INPEKypCOpH 3a I0oJlydyaBaHE HA aKTUBHU BBIVIEHH C
peryJIupyeMH TEKCTYPHM XapaKTEpUCTUKA W CPABHUTEIHO HHUCKA IIOBBPXHOCTHA
(GYHKIMOHATHOCT (MPEeIMMHO KapOOHWIHU W XHIPOKCHIIHU Tpymu). [lomydeHuTe akTHBHU
BBIJICHH 05iXa MOIM(UIMPAHHU C JKEJIA30 W TECTBAaHM KaTO KAaTalIM3aTOpU B pEaKIusATa Ha
pasnaraHe Ha METaHOJI. 3a XapaKTepU3UpaHEe Ha U3XOJHUTE AKTUBHU BBIVICHH, TEXHUTE
MOJU(UKALMY C JKEJIe30 U MPOMEHUTE 10 BpeMe Ha KaTaJIUTUYHUS Ipoliec 0s5Xa U3M0I3BaHU
MertoauTe: asotHa ¢usucopdbums, XRD, UV-Vis, FTIR, MpocbayepoBa CIEKTPOCKOMHS,
TeMIeparypHo-nporpamupana peaykuust ¢ Bogopoa (TPR) u merogst Ha bhoMm. Kpaiinusr
¢$a30B CbhCTaB M CBbp3aHaTa C HEr0 KAaTAIUTHYHA AaKTUBHOCT M CEJIEKTUBHOCT Ha Te3U
MaTepHalid Ce paslIeXkJaT KaTo pe3yiaTaT OT KOMIUIEKCHM TpaHc(opMalMM Ha aKTUBHATa
(aza noj BIMSHUE HA aKTUBHUSA BBIJIEH M PEAKIIMOHHATa Cpela, KaTo TOBA € TSICHO CBBP3aHO
C AMCIIEPCUsATa U JIOKAIU3ALMATa Ha JKEJIe3HUTE YaCTULU B TIOpECTaTa MaTpHULa. Y CTAHOBEHA
€ pellaBala posis Ha TEeKCTYpHUTE XapaKTePUCTUKU Ha aKTUBHHS BBIVIEH (3HAYMTEIHO IO-
BaXHa OT TMOBBPXHOCTHaTa (YHKLIMOHATHOCT) BBPXY (HOPMUpPAHETO Ha IKEJIEe3HHUTE
KaTaJIUTUYHU LIEHTPOBE, KaTO IIPOMSIHATA HAa BUJA 3€MEJEIICKU IPEKYPCOp CE pasriexaa KaTo

JIECEeH MOAX0/1 32 HACTPOMKa Ha TEXHUTE CBOWCTBA.

B4. N. Velinov, T. Petrova, T. Tsoncheva, I. Genova, K. Koleva, D. Kovacheva, I. Mitov,
Auto-Combustion Synthesis, Miossbauer Study and Catalytic Properties of Copper-
Manganese Ferrites, Hyperfine Interactions 237 (1) (2016) art. no. 24, pp. 1-11.

Abstract: Spinel ferrites with nominal composition CuosMnosFe2Os and different
distribution of the ions are obtained by auto-combustion method. Mossbauer spectroscopy, X-
Ray Diffraction, Thermogravimetry-Differential Scanning Calorimetry, Scanning Electron
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Microscopy and catalytic test in reaction of methanol decomposition is used for
characterization of synthesized materials. The spectral results evidence that phase
composition, microstructure of the synthesized materials and the cation distribution depend on
the preparation conditions. Varying the pH of the initial solution microstructure, ferrite
crystallite size, cation oxidation state and distribution of ions in the in spinel structure could
be controlled. The catalytic behaviour of ferrites in reaction of methanol decomposition also
depends on the pH of the initial solution. Reduction transformations of mixed ferrites
accompanied with the formation of Hagg carbide y-FesC> were observed by the influence of

the reaction medium.

Pestome: Ilnunennu ¢eputn ¢ HommHANEH cbcTtaB CugsMnosFeOs u  pasmuyno
pasnpezneneHrue Ha HoHuTe OsXa MONy4eHH [0 METOJa Ha CaMOBB3IUIAMEHSBaHe. 3a
XapakTepu3WpaHe Ha CHHTE3UPAHUTE MaTepuad ca M3MoJa3BaHu  MpbocbayepoBa
CIIEKTPOCKOMUS, PEHTIeHOBa Judpakiys, TepMOrpaBUMETpusi—IudepeHIaiHa CKaHupalia
KaJIOpUMETpHSI, CKaHUpAIlla eJICKTPOHHA MUKPOCKOIHS U KaTATUTUYHU TECTOBE B PEAKIUATA
Ha pasznaraHe Ha MeTaHosl. CHIEeKTpaJlHUTE pe3yiaTaTH TOKa3Bar, 4e (ha3oBHAT CHCTAB,
MUKPOCTPYKTYpaTa ¥ KaTHOHHOTO Pa3lpe/elicCHUE 3aBHCAT OT YCJIOBUSATA Ha CUHTE3. Upes
npomMsiHa Ha pH Ha W3XOAHHUS pPa3TBOp MoOrar Ja Cc€ KOHTPOJIUPAT MHKPOCTPYKTyparta,
pa3MepbT Ha PEPUTHUTE KPUCTAIIUTH, CTEIICHTA HA OKUCIICHUE U PA3MPEICIICHUETO Ha HOHHUTE
B INIMHETHATA CTPYKTypa. KaTanuTWyHOTO TIOBeIeHWE Ha (epUTUTE MPH pas3jiaraHe Ha
METaHOJ ChIO 3aBUCH OT pH Ha u3xoanus pa3teop. [lox BausHUE Ha peakIMOHHATA Cpea ca
HaON0/1aBaH PEAYKLIMOHHU TpaHchopMalud Ha cMmeceHuTe (epuTH c oOpa3yBaHe Ha

kapou Ha Xar (y-FesC>).

B5. T. Petrova, N. Velinov, I. Genova, T. Tsoncheva, D. Kovacheva, N. Petrov, I. Mitov,
Synthesis and characterization of copper-manganese ferrites with composition
Cu«Mn,Fe>04 supported on activated carbon, Bulgarian Chemical Communications
49 Special Issue A (2017) pp. 21-28.

Abstract: The present study is addressed to the synthesis of mixed copper-manganese ferrite
catalysts Cui-xMnxFe204 (x=0; 0.2; 0.4; 0.6; 0.8; 1) supported on activated carbon from peach
stones. The samples were characterized by X-ray diffraction, Mdssbauer spectroscopy and
methanol decomposition to CO and hydrogen was used as a catalytic test. The formation of
ferrite catalysts with cubic and partially inverse spinel structure was established. Significant
changes under the reaction medium of the ferrite materials with the formation of magnetite
and carbide of Haag were registered. The presence of copper in the manganese ferrites
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improves the catalytic activity at the low-temperature and this tendency increases with the

increase of copper content.

Pe3ome: HacTosmoTo m3cienBaHe € MOCBETEHO HAa CHHTE3a HA CMECEHU MeIHO-MaHTaHOBH
beputnn karaauzaropu CuixMnxFe20s (x = 0; 0.2; 0.4; 0.6; 0.8; 1), HaHeceHH BBPXY
aKTHBEH BBIJICH OT KOCTUJIKU Ha MpackoBu. [IpoOuTe ca oxapakTepu3upaHu upe3 peHTTeHOBa
mudpakuus, MpocbayepoBa CIIEKTPOCKOIHS, a peakiusaTa Ha paznarade Ha Metanou 10 CO u
BOJIOPOJI € HM3IIOJI3BaHA KAaTO KAaTaJIUTUYECH TEeCT. YCTAaHOBEHO € oOpasyBaHe Ha (pepUTHH
KaTaJM3aTopu ¢ KyOMYHAa U YaCTUYHO WHBEPCHA IIMMHEIHA CTPYKTYypa. B peakiyonHa cpena
ca PEruCTpUpaHM 3HAYUTEITHH NPOMEHU BBHB (EPUTHUTEC MaTepuand ¢ oOpa3yBaHe Ha
MarHeTut W kapOua Ha Xar. Hammuumero Ha Men B MaHraHoBuTe (epuTd momoOpsiBa
KaTaJIMTUYHATA AaKTUBHOCT INPH HUCKA TEMIIepaTypa, Karo Ta3W TEHICHIUS C€ 3acHiBa C

yBCJINYAaBaHC CbAbPIKAHUCTO HA MC.

B6. N. Velinov, T. Petrova, I. Genova, I. Ivanov, T. Tsoncheva, V. Idakiev, B. Kunev, I.
Mitov, Synthesis and Mdossbauer spectroscopic investigation of copper-manganese
ferrite catalysts for water-gas shift reaction and methanol decomposition, Materials
Research Bulletin 95 (2017) 556-562.

Abstract: Copper-manganese ferrites with nominal compositions Cui-«MnxFe204, where x=0;
0.2; 0.4; 0.6; 0.8 and 1 are synthesized by sol-gel auto-combustion method. Formation of
ferrites with cubic spinel structure and crystallite size of 11-26 nm was observed. A decrease
of iron located in tetrahedral positions with the increase of Mn content in ferrite structure was
found. The prepared ferrite materials are tested as catalysts in water-gas shift reaction
(WGSR) and methanol decomposition (MD). The samples are arranged according the WGS
activity in following order: CuggMng2Fe204>CuosMnosFe.04>CuFe2,04>Cuo.2Mno gFe20s>
MnFe,O4. All mixed copper-manganese ferrites exhibit higher catalytic activity in methanol
decomposition as compared to single CuFe:Os4 and MnFe204 ones. A significant phase
transformation with ferrites under the reduction reaction medium which influences the
formation of real catalytic active phase is registered. Formation of magnetite or Mn-
substituted magnetite is registered during the WGSR, while iron carbides and Mn-rich oxides

are the dominant phases during the MD reaction.

Pe3tome: Men-manranoBu ¢eputu ¢ HomuHaneH cbeTaB CuixMnyxFe20a4, kprero x = 0; 0.2;
0.4; 0.6; 0.8 1 1, 6s1xa CUHTE3UpaHU IO METO/1a 30JI-TeJI CAMOBB3IIJIaMEHSBaHE. Y CTAHOBEHO €

oOpa3yBaHe Ha (GepuTH ¢ KyOWYHA MIMWHENIHA CTPYKTypa M pazMmep Ha kpucramuture 11-26



nm. HabmronaBa ce HamassiBaHe Ha ChABP)KAHUETO HA JKEJIS30 B TETPACAPUYHUTE MO3UIUH C
yBeJIMYaBaHE Ha KOJIMYeCTBOTO Mn B cbcraBa. llpurorBeHure QepuTu ca TeCTBaHU KaTo
KaTaJIu3aTOpU B peaklMsITa Ha KOHBEPCHS Ha BbIiepoaeH okcu ¢ BogHa napa (WGSR) u npu
paznarane Ha Metanon (MD). Karanutuynara aktuBHocT no otHomenne Ha WGSR crensa
pena: CuogMng2Fe204 > CuosMnosFe;04 > CuFe;04 > Cuo.2MnogFe204 > MnFe204. Benukn
CMECEHH MeJ-MaHraHOBU (EepUTH IOKa3BaT I0-BUCOKA KaTaJIUTUYHA AaKTUBHOCT IPHU
pasnarane Ha MeTaHon B cpaBHeHHe ¢ enuHnaHUTe CuFe.Os4 u MnFe;O4. HabmronaBanu ca
3HauuTeNHU (a3oBu TpaHchopMaluu Ha (EepuUTHTE B PEAYKIMOHHA CpeAa, BIHUSCIIM Ha
oOpa3zyBaHeTO Ha peajiHaTa kKataauTuyHO akThBHa (aza. [To Bpeme Ha WGSR ce oOpaszyBa
Mar"HeTut win Mn-3aMecTeH MarHeTuT, fJokato npu MD npeobnagaBar kene3Hu KapOuau u

0oraru Ha MaHTraH OKCHJIU.

B7. N. Velinov, T. Petrova., I. lvanov, T. Tabakova, V. Idakiev, 1. Mitov, Influence of
gold presence and thermal treatment on recrystallization of copper-manganese

ferrite catalysts, Hyperfine Interactions 238 (2017) Article: 72.

Abstract: The present work aims to evaluate the influence of synthesis conditions and gold
addition on structural and functional characteristics of copper-manganese ferrites. Object of
the investigation is spinel ferrite with composition Cuo.sMnosFe2O4, thermally treated at
different conditions. The influence of gold deposition on structure of ferrites and catalytic
properties in water-gas shift reaction (WGSR) is studied on the ferrite sample obtained at
300°C. Structural characteristics of samples are determined by Mdssbauer spectroscopy and
X-Ray diffraction. The Mossbauer spectra of treated at different temperature ferrite samples
consist of sextet and doublet components. A comparative assessment Of crystallite size of
ferrite phase was accomplished from the calculated value of the hyperfine fields. It was
established well expressed tendency of ferrite crystallite growth with increasing of thermal
treatment temperature. Increasing of the ferrite crystallite size in presence of gold in the
sample is established, too. The analysis of catalytic activity in WGSR shows unexpected
result i.e. the activity of gold-modified ferrite sample is lower than that of the sample without
gold. Probably this is due to complex factors, including recrystallization of the ferrite phase
due to additional thermal treatment at higher temperature, addition of gold, changes of the

structural features and phase composition during catalytic test.

Pe3ome: Hacrosimara paboTta MMa 3a 1€ /1a OLIEHH BIMSHUETO Ha YCIOBHUSTA HAa CHUHTE3 U
N00aBSHETO Ha 37aTO BBPXY CTPYKTYpHUTE M (YHKIMOHATHUTE XapaKTEPUCTUKH Ha MeJ-

ManranoBute ¢eputu. OOekT Ha wu3cnenBaHe e mmuHENeH ¢epur ¢ dopmyna
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Cuo.sMng sFe>04, TEpMUUHO TpETHpaAH MPHU PA3IUYHM yCIoBUs. M3cienBano € BIMAHUETO HA
OTJIaraHeTO Ha 37aTO BBPXY CTPYKTypaTa Ha (PEpUTHTE U KATAIUTUYHUTE UM CBOWCTBA B
peakiusaTa Ha KOHBEpCUsl Ha BbriepojeH okcun ¢ BogHa mapa (WGSR), karo e usnon3Ban
obpazen;, momyueH mpu 300°C. CTpyKTypHUTE XapaKTePUCTHKH Ca OMpEACIICHU dYpe3
MpbocOayepoBa CHEKTPOCKONUS M peHTreHoBa nudpakuus. MbocOayepoBHUTE CIEKTpU Ha
dbeputute, TpEeTHUpPAHU NPHU PAIMYHH TEMIEpPaTypH, CHABPKAT CEKCTETHU M JyOJIETHU
KOMIIOHCHTH. LIpe3 U3YHCIIEHUTE CTOMHOCTU Ha BBTPCIIHU MArHWTHU ITOJICTAa € HaIlpaBCHA
CpaBHUTENHA OICHKAa Ha pa3Mepa Ha (ePUTHUTE KPUCTAIUTU. Y CTAHOBEHA € SICHO M3pa3eHa
TEHJICHIIMS 32 HapacTBaHE Ha pa3Mepa Ha KPUCTAJIUTHUTE C MMOBUIIaBaHE HA TeMIIepaTypara Ha
TepMHYHaTa 00paboTKa, KaKTO U YBEJIMUYaBaHE HA pa3Mepa MpH HAJIMYMe Ha 37aT0. AHAIU3BT
Ha KaranuTuyHaTa akTUBHOCT B WGSR moka3Ba HeouakBaH pe3ylTarT — aKTUBHOCTTA Ha
3naro-moauduimpanara nmpoba e mo-Hucka oT Tas3u Ha mpobara 6e3 31mato. BeposTHo ToBa ce
IBIIKU Ha KOMILIEKC OT (PaKTOpH, BKIIOYUTEITHO peKpUcTaiu3ainus Ha (pepuTHaTa Qasza npu
MO-BHCOKA TeMIepaTypa, 100aBsHe Ha 371aTO M MPOMEHU B CTPYKTYPHUTE XapaKTEPUCTUKU U

(ba?:OBI/I?I CBbCTaB I10 BpEMC Ha KaTAJIUTUYHUA TCCT.

B8. N. Velinov, T. Petrova, R. Ivanova, T. Tsoncheva, D. Kovacheva, I. Mitov, Synthesis
and characterization of copper-nickel ferrite catalysts for ethyl acetate oxidation,
Hyperfine Interactions 241 (2020) Article: 31.

Abstract: Materials with nominal composition CuosNio.sFe204 were prepared by sol-gel auto-
combustion technique using corresponding metal nitrates and citric acid as complexating
agent/fuel agent. Different ratios between citric acid and metal ions were used to control the
combustion reaction. For comparison, CuosNiosFe204 ferrite was also synthesised by co-
precipitation. MOssbauer spectroscopy was used for analysis of synthesised samples both at
room temperature and liquid nitrogen temperature. Iron distribution in tetrahedral and
octahedral positions of spinel lattice was determined. Different degrees of agglomeration of
the ferrite phase were estimated by superparamagnetic behaviour of samples. In addition,
methods of X-Ray Diffraction, UV-Vis, FTIR, nitrogen physisorption, TPR with hydrogen
were applied for structural characterization of the materials. Some quantities of secondary
phases (Cu, Cu-Ni alloy and hematite) were found out in samples prepared by auto-
combustion method. The catalytic activities of the samples in ethyl acetate oxidation reaction
strongly depended on the variations in the structural and texture characteristics of the samples.
The sample synthesized at the highest ratio of citric acid to metal ions is characterized by the

smallest ferrite crystallite size, the higher surface area and the best catalytic activity.



Pe3iome: Marepuanu ¢ HomuHaneH cbetaB ClosNiosFe.Os Osixa momydeHu mo MeToaa 3071-
rejl CaMOBB3IJIAMEHSIBAaHE, M3MOI3BAaHKU CHOTBETHUTE HUTPATH HAa METAJIMTE M JMMOHEHA
KHCeIMHA KaTo KOMIUIEKCOOOpa3yBallTOpUBEH areHT. M3monsBaHM ca  pa3inyHU
CHOTHOIICHUSI MEXAY JUMOHEHA KHUCEJIMHA U METAJTHUTE HOHM 3a KOHTPOJ Ha peakuusiTa Ha
usrapsine. 3a cpaBuenue ¢Geputr CuosNiosFe2Os Oemre cuHTE3WpaH M Ype3 ChyTasBaHE.
MpbocOayepoBa CHEKTPOCKONUS NpU CTallHA M MpU TeMIepaTypa Ha TeueH a3zoT Oelie
M3IIONI3BaHA 3a aHanu3 Ha mpobute. OmpeneneHo Oemie pasNpeleNeHUeTO Ha KENsA30TO B
TeTpaepUyHN U OKTACAPUYHM MO3UIMH B INMHUHENHATa perieTrka. CTeneHTa Ha arjioMepamnus
Ha (QepuTHaTa (aza Oe olieHEeHa upe3 cylnepnapaMarHUTHOTO MOBeJeHHWE Ha mpoodute. 3a
CTPYKTYpHa XapakTepucTuka Osixa mnpuioxkenn ome XRD, UV-Vis, FTIR, a3ortHa
¢busucopOuus W TEeMIEepaTypHO-IPOrpaMHPAHO BH3CTAHOBSIBAaHE C BOAOpoA. B mpolOwute,
NPUTOTBEHHU [0 METO/a CaMOBB3IUIaMeHsBaHe, Osixa oTkputu BTopuuHU (azu (Cu, Cu—Ni
cruiaB U xemartuT). KartaauTuuHaTa akTHBHOCT Ha MPOOUTE B pPEaKIUsATa HA OKUCIICHHE Ha
eTHJI aleTaT 3aBUCH CHUJIHO OT BapUallMUTE B CTPYKTYPHUTE U TEKCTYPHUTE UM
xapaktepuctuku. OOpa3ensT, CHHTE3WpPaH TPH HAH-BHCOKO CHOTHONICHHE JIMMOHEHA
KHCEJIMHA/METATHA HOHH, CE XapaKTepU3nupa ¢ Hali-MalIbK pa3Mep Ha (EPUTHUTE KPUCTAINTH,

IIo-rojsma cneumbana IIOBBPXHOCT H Haﬁ-z[06pa KaTaJIMTH4YHa aKTHUBHOCT.

B9. N. Velinov, T. Petrova, R. Ivanova, T. Tsoncheva, D. Kovacheva, A. Eliyas, I. Mitov,
Synthesis, Mdassbauer study and catalytic properties of Cu-Ni-Fe- oxide/nitride
mixed-phase materials, Hyperfine Interactions 242 (2021) Article: 10.

Abstract: Materials with cation ratio Cu:Ni:Fe=0.5:0.5:2 were prepared by sol-gel auto-
combustion technique using corresponding metal nitrates and citric acid as complexating/fuel
agent and ammonia for pH adjustment. For comparison, one sample was synthesised by the
same method, but without pH adjustment, and one sample with nominal composition
CuosNiosFe.Os was synthesised by co-precipitation method. The methods of X-Ray
Diffraction, Mdossbauer spectroscopy at room (RT) and liquid nitrogen (LNT) temperature,
UV-Vis, FTIR, nitrogen physisorption, and H>-TPR were applied for structural
characterization of the materials. X-Ray Diffraction and Madssbauer spectroscopy proved
formation of spinel phase, FesxNixN and minor quantity CuO phase. Presence of doublets
with high quadrupole splitting (A=1.02-1.07 mm/s) at RT Mdssbauer spectra, which are partly
preserved at LNT is evidenced that nitride phase has high nickel content. Specific surface of
oxide/nitride samples was determined in the range 19-24 m?/g. The catalytic behaviour of the
Cu-Ni-Fe- oxide/nitride materials is studied in reaction of methanol decomposition.

Maossbauer spectra reveal significant phase transformations of the samples to Hagg carbide (y-
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FesC) and Fe,Ni-alloy under the reaction medium, which ensures good catalytic activity and
selectivity to H> and CO. The photocatalytic oxidation activity of samples was tested in
degradation of Alizarin model contaminant dissolved in water under visible light and UV-C
light irradiation.

Pe3ome: Marepuanu ¢ katuoHHo choTHomeHne Cu:Ni:Fe = 0.5:0.5:2 06sxa mosy4eHH 1O
METO/A 30JI-TeJI CaMOBB3IUIAMEHSBAHE, M3MOJI3BAKNM ChOTBETHUTE HUTPATH HA METAIUTE U
JTMMOHEHA KHCEJIMHA KaTo KOMIUIEKCOOOpa3yBall/TOPUBEH areHT U aMOHSK 3a peryjupaHe Ha
pH. 3a cpaBHeHue Oerie cMHTE3UpaHa eAMH 00pasel] IO ChIIHS METOM, HO 0e3 peryaupaHe Ha
pH, u enun obpasen ¢ HomuHaneH cbheraB CuUosNiosFe,Os upe3 Merona Ha chyTasBaHe. 3a
CTPYKTYpPHO OXapakTepu3upaHe Ha MaTepuanuTe ca usnomsBanu XRD, Mpocbayeposa
CIIEKTPOCKONUS TPH CTailHa M INpH Temreparypa Ha TedeH azoT, UV-Vis, FTIR, a3zorna
¢usucopbuus u Hp-TPR. PentrenoBara audpakuus 1 MbocOayepoBUAT aHAIU3 JOKa3zaxa
obpa3yBaHeTo Ha mmuHeaHa (asa, FesxNixN u manko konmudectBo ¢pasza CuO. Hanuumero Ha
nyonetn ¢ roiisiM KBaapymoiHo pasmnenBane (A = 1.02-1.07 mm/s) B MpocOayepoBure
CIEKTPU TPH CTaiiHa TeMIeparypa, YaCTMYHO 3alla3eHd M NpPHU TeUeH a30T, MOKa3Ba, ue
HuTpuaHaTta ¢asza e 6orata Ha Hukenl. CrenupuyHaTa TOBBPXHOCT HA OKCUIHO/HUTPHUIHUTE
npobu e B guanasona 19-24 m?/g. Karaaurtuunoro mnosenenne Ha Cu—Ni—Fe
OKCHJTHO/HUTPUIHNATE MaTEpUaINd € H3CIEABAHO B PEaKIMATa Ha pas3jiarane Ha METAaHOJL
MpbocbayepoBuTe CIEKTPH TOKa3BaT 3HAYMUTETHH (a30BU TpaHCHOpMAIMK HA MPOOUTE [0
kapoun Ha Xar (y-FesCz) u Fe,Ni-criaB B peakimoHHa cpena, KOETO OCUTypsiBa 1oOpa
KaTaJTUTHYHA aKTUBHOCT U cenekTUBHOCT KbM Hz m CO. doTokaTanuTUYHATA aKTUBHOCT Ha
mpoOuTe € n3cieBaHa Py pa3rpakIaHe Ha MOJICITHUS 3aMbPCUTEN alli3apyH, pa3TBOPEH BHB

BoJa, moj oorpuBane ¢ BuauMa U UV-C cBeTiinHa.

I'pyna ot nokaszareau I’

I't. L. llieva, G. Pantaleo, N. Velinov, T. Tabakova, P. Petrova, I. Ivanov, G. Avdeev, D.
Paneva, A.M. Venezia, NO reduction by CO over gold catalysts supported on Fe-
loaded ceria, Applied Catalysis B: Environmental 174-175 (2015) 176-184.

Abstract: Nanosized gold catalysts on Fe-loaded ceria were studied in NO reduction by CO
in the presence of H> and water. The Fe-modified ceria supports (5, 10 and 20 wt% Fe203)
were synthesized by two different methods: mechanochemical mixing (MM) and

impregnation (IM) methods. Gold (3 wt%) was loaded by deposition-precipitation method.
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The samples were characterized by XRD and H>-TPR measurements; Mdssbauer
spectroscopy results of fresh and used catalysts were used for clarifying the role of Fe
addition. It was established that the presence of very small gold particles was not of crucial
importance. The Fe-modification of ceria was beneficial for NO conversion, however it
decreased the selectivity to N2 by increasing the selectivity to N2O. The 100% selectivity to
N2 at 250 °C as well as a high catalytic activity and stability was observed over gold catalyst

on ceria support containing 5 wt% Fe2Oz and prepared by IM method.

Pe3tome: U3cinenBanm Osixa HaHOpa3MEpHHM 3JIaTHU KaTalM3aTOpU BBPXY LIEpHH,
Moaubuupan ¢ kens3o, npu peaykius Ha NO ¢ CO B mpuchctBue Ha Hz u Bona.
Hocwurenute ot xenszo-moauduiupana mepus (5, 10 u 20 rern.% Fe,O3) 6sxa cuHTe3upanu
110 JIBa pa3jIMuHU METOJa: MEXaHOXUMUYHO cmecBaHe (MM) u meroa Ha umnpernupase (IM).
3natoro (3 Ttern.%) Oemie OTIOXKEHO uUpe3 METOJ Ha oTiarane-yrasBaHe. [IpoOute Osxa
xapakrepuszupann ¢ XRD wu Hz-TPR wusmepBanus; pesynratute oT MpbocbayepoBa
CIEKTPOCKOIUSI Ha CBEXHU M W3MOJI3BaHU KaTalIW3aTopu OsiXa W3IOJI3BAaHU 3a U3SICHSBAaHE
porsiTa Ha 100aBSHETO Ha JKENsA30. Y CTAaHOBEHO Oellle, Ye HaJTMYUeTO Ha MHOTO MaJIKH 3JIaTHH
YacTULIM HE € OT pemaBamio 3HadeHwe. Moaudukanusra Ha LEpUS C Kels3o Oere
OnaromnpusaTHa 3a KoHBepcusiTa Ha NO, HO HamansBalle CeeKTUBHOCTTa KbM N2 32 CMETKa Ha
yBennueHa cenekTuBHOCT KbM N20. HabnromaBana 6eme 100% cenektuBHOCT KbM N2 mpu
250 °C, xaKkTo W BUCOKAa KaTAIMNTHYHA aKTHBHOCT W CTAOWIIHOCT TIPH 3JIaTHHUS KaTaJIH3aTop

BBPXY Liepus, chabpxkaia 5 teri.% Fe2O3 u moarorsena no IM metona.

I'2. R. Palcheva, U. Olsbye, M. Palcut, P. Rauwel, G. Tyuliev, N. Velinov, H.H. Fjellvag,
Rh promoted Lao.75Sro.25(Feo.8C00.2)1-xGaxOs-s perovskite catalysts: Characterization
and catalytic performance for methane partial oxidation to synthesis gas, Applied
Surface Science 357 (2015) 45-54.

Abstract: Synthesis gas production via selective oxidation of methane at 600 °C in a pulse
reaction over Lao.7sSro.2s5(Fe0sC00.2)1-xGaxOss (x = 0.1, 0.25, 0.4) perovskite-supported
rhodium catalysts, was investigated. The perovskite oxides were prepared by sol-gel citrate
method and characterized by X-ray Diffraction (XRD), Moessbauer Spectroscopy (MS),
Temperature Programmed Reduction (TPR-H>), X-ray Photoelectron Spectroscopy (XPS) and
High Resolution Transmission Electron Microscopy (HRTEM). According to XRD analysis,
the synthesized samples were a single perovskite phase. The perovskite structure of Ga
substituted samples remained stable after TPR-H, as confirmed by XRD. Data of MS

identified Fe®* ions in two distinctive coordination environments, and Fe*" ions. The Rh,O3

10



thin overlayer was detected by the HRTEM for the Rh impregnated perovskite oxides. During
the interaction of methane with oxidized perovskite-supported Rh (0.5 wt.%) catalysts,
besides CO, Ho, and surface carbon, CO> and H.O were formed. The Rh perovskite catalyst
with x = 0.25 gallium exhibits the highest catalytic activity of 83% at 600 °C. The CO
selectivity was affected by the reducibility of Lao.75Sro.25(F€0.8C00.2)1xGaxOs-s perovskite

materials.

Pe3tome: [1pon3BOJACTBOTO Ha CHHTE3-TA3 UpE3 CEJIEKTUBHO OKHCIIeHHE Ha MeTaH npu 600 °C
B MMITYJICHA PEaKIIHs BbPXY MEPOBCKUTOBH KaTamuzaTopu Lao75Sr0.25(Feo8C00.2)1-xGax0O3-5 (X
= 0.1, 0.25, 0.4), umnperaupanu ¢ poauii, oemre uzcienBano. [lepoBckuToBUTE OKCHIU Osixa
MOJyYeHU Ype3 30J-TeNl IUTPATeH METOJ M OXapaKTEpU3MpPaHU C PEHTICHOBA IU(MPAKIIHSA
(XRD), MpbocbayepoBa crnekrpockonus (MS), TemmeparypHO-porpaMupaHa peayKIus
(TPR-H2), pentrenoBa QotoenekTponHa crektpockonus (XPS) W  TpaHCMHCHOHHA
eNeKTpoHHa MuKpockorust ¢ Bucoko pazaensHe (HRTEM). Cnopen XRD ananumza
CHHTE3MPaHUTE 00pa3Iy MpeCTaBIsIBaT €AWHCTBEHA IepoBckuToBa (haza. IlepoBckuroBara
CTPYKTypa Ha Trajuii-3amMecTeHuTe OHpa3uu ocTtaBa crabuiHa cien TPR-Hz, kakto e
noteepaeHo or XRD. Jlamnute or MS wunentudummpar Fe' jiomm B 1Be pasnuyHu
xoopauHarmoHHn cpeau U Fe*' fionn. TeubK cmoit RhoO3 Geme otkput upes HRTEM 3a
IIEPOBCKUTOBUTE OKCUIM, UMIIpETHUpaHu C¢ poaui. [lo BpeMe Ha B3aUMOAEWCTBUETO Ha
ME€TaHa C OKCUIUPAHHU POJAUM-CHIBPKAIIN EPOBCKUTOBU KatanuzaTopu (0.5 tern.%), ocBeH
CO, Hz u noBbpxHOCTEH BBIIIEPO], ce obpazyBar CO2 u H20. KaranuzatopsT ¢ poauii u x =
0.25 ramuii noka3Ba Hal-BUCOKa KaTamuTH4yHa akTUBHOCT — 83%  mpu 600 °C.
CenextuBHoctTa KbM CO ce BiIusie OT CTENEHTa Ha PEAYLUPYEMOCT Ha NEPOBCKUTOBUTE

MaTepuany Lao 755r0.25(Fe0.8C00.2)1-xGaxOs-s.

I'3. T. Tsoncheva, R. Ivanova, J. Henych, N. Velinov, M. Kormunda, M. Dimitrov, D.
Paneva, M. Slusna, I. Mitov, V. Stengl, lron modified titanium-hafnium binary
oxides as catalysts in total oxidation of ethyl acetate, Catalysis Communications 81
(2016) pp. 14-19.

Abstract: Multicomponent iron—titanium—hafnium oxide materials with different
compositions were prepared by combination of homogeneous precipitation with urea and
incipient wetness impregnation techniques and tested as catalysts for ethyl acetate oxidation
as representative VOCs. Nitrogen physisorption, XRD, Raman, UV—Vis, XPS, Mdssbauer
spectroscopy and TPR analyses reveal co-existence of substituted FexTii-xO2 oxide, finely

dispersed iron oxide species with supper paramagnetic behavior and well crystallized a-Fe;O3
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particles, which relative part depends on hafnium content in titania lattice. The effect of phase
composition on the catalytic behavior of these materials in ethyl acetate oxidation was

discussed.

Pe3rome: MHOTNOKOMIIOHEHTHH JKENSI30—-TUTAHHEBO—Xa(QHUEBH OKCUAHM MaTepuaiu C
pa3auyueH ChCTaB OsiXa MOJY4YEHH 4Ype3 KOMOHMHAIMS OT XOMOIEHHO YTasiBaHE C yped U
UMITPETHUPAHE M0 METO/AA Ha MPEICTHOTO OBIAXKHSBAHE, U TECTBAHU KATO KATallU3aTOpH 32
OKHCJICHUE Ha eTWJI aneraTt karo npenacraBures Ha JIOC (JieTauBU OpraHMYHU CHEIUHEHUS).
AzotHa Qusucopobums, XRD, PamanoBa cnekrpockornms, UV—Vis, XPS, MpocbayepoBa
cnektpockonusi 1 TPR ananu3u paskpuBaT ChbBMECTHOTO CHIIECTBYBAHE Ha 3aMECTEH OKCH]I
FexTi1xO2, puHOAMCTIEPCHH JKENISI300KCHIHU BHIOBE ChC CyIEepHIapaMarHUTHO TOBEACHUE U
no0pe KpucTaau3upaiu 9acTuiu o-Fe;03, 4uiTO OTHOCUTENCH ST 3aBUCH OT ChIbPKAHUETO
Ha xadHUIl B TUTAaHUEBO-OKCHHATa pemieTka. OOchaeH € edeKThT Ha (Ha30BUS ChCTAaB BHPXY

KaTaJIMTUYHOTO IMOBCACHHEC HA TC3U MATCPpHAJIN IIPU OKUCIICHUCTO HA CTUJI all€TaT.

I'4. M. Dimitrov, R. Ivanova, N. Velinov, J. Henych, M. Slusna, V. Stengl, J. Tolasz, 1.
Mitov, T. Tsoncheva, Mesoporous TiO2 powders as host matrices for iron
nanoparticles. Effect of the preparation procedure and doping with Hf, Nano-
Structures and Nano-Objects 7 (2016) pp. 56-63.

Abstract: The aim of the current investigation is to follow the formation of iron phase in
mesoporous nanocrystalline titania and Hf-doped titania powders and its influence on the
physicochemical and catalytic properties of the obtained materials. The parent host matrices
were synthesized by using either template-assisted hydrothermal approach or homogeneous
precipitation with urea. The iron modifications were prepared by incipient wetness
impregnation with Fe(NOz)3.9H.0. Nitrogen physisorption, X-ray diffraction, TEM analysis,
Moessbauer spectroscopy, UV—-Vis spectroscopy and TPR with hydrogen were the techniques
used for samples characterization and their catalytic behaviour was studied in methanol
decomposition and ethyl acetate oxidation as catalytic tests. The hydrothermal treatment, the
iron modification and the doping with Hf lead to the appearance of a significant absorption in
the visible region for the studied samples, which together with the red shift of the absorption
edge could be advantageous because of increased yield of photogenerated electron—hole pairs.
The presence of very highly dispersed and uniform iron oxide particles with sizes below 4 nm
and superparamagnetic behaviour are most beneficial for the catalytic activity in ethyl acetate

total oxidation. On the other hand, the iron introduction retards the methanol conversion by
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blocking some of the supports active sites and alone or together with Hf changes the

selectivity to predominant methane formation.

Pe3ome: LlenTa Ha HACTOAIIOTO M3CIIEABAHE € J]a C€ MPOCIEeaN 00pa3yBaHETO Ha XKels3HaTa
¢da3za B Me30MOpPECTH HAHOKPUCTAHM TUTAHWEBO-OKCHIHW u Hf-nerupanu TtuTanueBo-
OKCHJTHH TIPaXxOBE ¥ HEWHOTO BIMSHUE BbPXY QU3NKOXUMUYHUTE M KATATUTUYHUTE CBOWCTBA
Ha monydeHute Martepuanu. OCHOBHUTE MaTpHUIM OsXa CHHTE3UPAaHH 4pe3 MabIIoH-
aCHCTHpaH XHJAPOTEPMAJICH IOAXOJ] WM Ype3 XOMOTEHHO YyTasBaHe C ypes. JKenesnute
MomuuKanuu Osxa TMOJATOTBEHH Ype3 MMIIPETHHpPAHE [0 METoJa Ha TPEACTHOTO
opnaxkusBane ¢ Fe(NO3)3:9H20. Asorna ¢usucopOuus, penrreHona gudpaknus, TEM
ananu3, MpocbayepoBa cnektpockonus, UV—Vis cnekrpockorus u TPR ¢ Bomopoxn 0Osixa
W3MOI3BaHN 3a XapakTepu3WpaHe Ha TPOOUTE, a KATAIMTUYHOTO WM TIOBEICHUE Oere
W3CJICIBAHO TPH pa3jiaraHe Ha METAaHOJ M OKUCJICHHWE Ha eTHJI aleTaT KaTo KaTaluTUYHU
TecToBe. XuapoTepManHara o0paboTka, jxensi3Hata Moaudukamnus u jgerupanero ¢ Hf Bogsat
JI0 TIOSIBaTa HA 3HAYMTENTHAa a0CcopOIMs BHB BUIUMAaTa 00JIacT 3a M3CIICBAHUTE MTPOOH, KOCTO
3a€THO C YEPBEHOTO OTMECTBaHE Ha aOCOPOIMOHHHS pBO MOXKe Ja ObJe OIaronpusTHO
nopajii yBEJIIMYCH OOMB Ha (POTOrCHEPUpPAHHW EJIEKTPOH—IYyNKa JABOHKU. Hammdwmero Ha
CWJIHO JMCIEPTHpPAaHH W PABHOMEPHHU JKEIIS300KCHIHM YacTUIM C pa3Mep moj 4 nm u
CyleprapaMarHiTHO IOBEJCHUE € Hai-OJarompusaTHO 33 KaTAJMTUYHATA AKTHBHOCT IPH
IBJIHO OKWCJICHWE Ha eTwi arerar. Ot japyra crpaHa, BBBEXKIAHETO Ha JKENSI30 3aTbpiKa
KOHBEPCHTa HA METAaHOJ Ype3 OJIOKUpaHe Ha YacT OT aKTUBHUTE IICHTPOBE HA HOCUTEJIUTE U
CaMOCTOSITENTHO WJIM B KoMmOuWHanus ¢ Hf mpoMeHst celleKTHBHOCTTAa KbM IpPeo0iiaiaBaIio

oOpa3zyBaHe Ha METaH.

I's. K. Koleva, N. Velinov, I. Genova, T. Tsoncheva, V. Petkova, Synthesis, structure,
and catalytic properties of SrFei2019 hexaferrite, Bulgarian Chemical
Communications, Volume 50, Special issue H (2018) 87-92.

Abstract: M-type SrFe12O19 hexaferrites were synthesised by means of co-precipitation
method followed by annealing at 600 °C and 850 °C. A portion of a sample, treated at 850 °C,
was further subjected to high-energy ball milling for 1 and 5 hours. TG-DTG-DTA, X-ray
powder diffraction, and *’Fe Mossbauer spectroscopy were used for samples characterisation.
A well-crystallised SrFe12019 hexaferrite phase and small amount of secondary hematite (a-

Fe2O3) phase were observed after annealing at 850 °C. Changes in the structure and a
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decrease in crystallite size of SrFe12019 from 47 nm to 22 nm were observed after one-hour
ball-milling treatment. Prolongation of the milling time induced separation of hematite phase
and the highest amount was achieved after 5 hours of treatment. All samples exhibited good
catalytic activity and CO selectivity in methanol decomposition. Mdssbauer study of
catalytically tested materials demonstrated stability of the hexaferrite phase under reductive

reaction conditions.

Pe3rome: M-tun xekcadepuru SrFe12019 Osixa CHHTE3MpaHM 4Ype3 METOJ] Ha ChyTasiBaHe,
nocnenad oT HakasiBane npu 600 °C u 850 °C. Yacrt ot npoba, tpetupana npu 850 °C,
Oele JOMBJIHUTEIHO MOJI0kKEHA Ha BUCOKOEHEPTUITHO TOMKOBO cMuiIaHe 3a 1 u 5 yaca. 3a
oxapakTtepusupane Ha npooute Osixa m3nomsBanu TG-DTG-DTA, pentrenoBa mpaxosa
mudppakmus u °'Fe MpocbayepoBa crexrpockonus. JloOpe KpucTamusupana xekcaepuTHa
daza SrFe;2019 m Malko KOJIMYECTBO BTOpHYHa xemMatutHa (aza (a-Fe,O3) Osxa
HabmonaBanu cnen HakansBane npu 850 °C. [IpomeHu B CTpyKTypaTa W HaMajsBaHE Ha
pasmepa Ha kpucramutute Ha SrFei2019 or 47 nm g0 22 nm 0siXxa yCTaHOBEHH CJEJ
€IHOYaCOBO CMMWJIaHE. Y IbJDKaBaHETO Ha BPEMETO Ha CMUJIAHE MPEIU3BUKBA OTIEIISHE Ha
xemaTtuTHata (aza, Karo Hail-roisMO KOJIMYECTBO ce HalOmojaaBa cien 5 vaca oOpaboTka.
Beuuku npoOu mokazaxa noOpa KaTalWUTHYHA aKTUBHOCT M celeKTUBHOCT kbM CO mpu
pa3marane Ha MeTaHONI. MpocOayepoBOTO H3CIelBaHE Ha KaTaTUTHYHO TECTBAHHUTE
MaTepHalii IEMOHCTpUpa CTaOMITHOCT Ha XekcadeputHaTa (aza mpu peayKIHOHHH YCIIOBHUS

Ha peaKkuusl.

I'6. A. Nikolov, R. Titorenkova, N. Velinov, Z. Delcheva, Characterization of a novel
acid-activated geopolymers based on fayalite slag from local copper industry,

Bulgarian Chemical Communications, Volume 50, Special issue F (2018) 54-61.

Abstract: In the present study the copper smelter slag from the Aurubis enterprise (Pirdop,
Bulgaria) was used as geopolymer precursor. The X-ray fluorescence and powder diffraction
analysis showed that the slag contains significant amount of iron, presented by the minerals
fayalite and magnetite. The slag was activated with phosphoric acid solution to prepare fresh
geopolymer paste. Rapid exothermic reaction took place and the material hardened in
minutes. The obtained inorganic polymer material was characterized by XRD, FTIR, DSC
and Mossbauer spectroscopy. In conclusion, our study shows that the waste slag from local
copper industry could be used as a potential geopolymer precursor to produce building
materials. This novel method could reduce the huge amounts of fayalite slag generated during
the last decades.
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Pe3tome: B HacTosmoTo m3cneaBaHe miaka oT Meaoao0uBHUS 3aBoj ,,Aypyouc (ITupmom,
boearapust) Gemie n3mos3BaHa KaTo reOMOIMMEPEH MPEKypcop. PeHTreHodmyopecieHTHUAT 1
MPaxoBUAT NU(PAKIMOHCH aHAIM3 MMOKa3axa, ye MUIaKaTa ChAbpiKa 3HAUYUTEIIHO KOJIUYECTBO
KEISA30, MPENCTaBeHO OT MuHepanuTe Qasumt u mMaraetut. llnakara Oere akTUBUpaHA C
pa3tBop Ha QochopHa KucenMHA 3a MOJydyaBaHE Ha IPECEH IeoloJMMepeH mactooOpaseH
matepuain. [Iporeue Obp3a ek30TepMHUHA PEaKIUs U MAaTepHaIbT Ce BTBBPIAU 32 MUHYTH.
[Tonyuyenusar HeopranuueH noaumep Oeme xapakrtepusupan upe3 XRD, FTIR, DSC wu
MprocbayepoBa crieKTpockomnus. B 3akiitoueHue, HAIIeTO U3ClIeABaHe MMOKa3Ba, 4e OTIaHaTa
[Ulaka OT MeCTHaTa MeJIHa HWHAYCTpUS MOXKe Ja ObJe H3MOJ3BaHa KaTo IMOTEHIMAJIEH
reoIoJIMMEpEH MPEKypcop 3a MPOU3BOJICTBO HA CTPOUTEIHU MaTepuanu. To3u HOB MOAXoa Ou
MOT'BJI JIa HAMAJ OTPOMHHUTE KOJMYeCTBa (DasuiMTHA IUIAKa, TEHEPUPAHH TPEe3 TOCICIHUTE

JACCCTUIICTHA.

I'7. T. Petrova, N. Velinov, I. lvanov, T. Tabakova, V. Idakiev, I. Mitov, Structural
characterization of Au/Cui«Mn.Fe;O4 catalysts suitable for WGSR, Bulgarian
Chemical Communications, VVolume 50, Special issue F (2018) 150-157.

Abstract: The spinel ferrites are known to have many important properties as magnetic,
optical, catalytic etc., which provokes the scientific interest. Copper-manganese-iron samples
with nominal compositions Cui-xMnxFe;O4 (x=0; 0.2; 0.4; 0.6; 0.8 and 1) were prepared by
auto-combustion sol-gel method and modification by gold was carried out by deposition-
precipitation procedure. Their performance in the water-gas shift reaction (WGSR) was
investigated. Structural characteristics of samples were determined by X-Ray diffraction and
Maossbauer spectroscopy. Spinel ferrite phase and gold phase were proved in all synthesized
samples. In copper-rich composition additional phase of CuO was present. The cation
distribution in octahedral and tetrahedral positions in spinel lattice and the presence of
superparamagnetic particles were evaluated by Mdssbauer spectroscopy. Catalytic activities
in the WGSR of studied samples followed the order: Au/Cuo2MnogFe.Os >
AU/CuosMnosFe204 > Au/CuosMno2Fe204 > Au/CuFe204 > Au/MnFe204. Some changes in
the phase composition and structure of both gold and spinel ferrite phases were found after
WGSR. Full or partial alloying of gold with copper was evidenced. The main samples
transformation in reactive atmosphere was partial reduction of the ferrite phase. The result of
this reduction was the formation of metallic copper and copper and/or manganese substituted
magnetite in mixed copper-manganese containing samples. Simultaneous presence of both

phases could be considered as a reason for better catalytic activity of mixed ferrites.
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Pe3tome: [lInuuennute epuTH ca M3BECTHU C MHOXKECTBO Ba)KHU CBOMCTBA — MarHUTHH,
ONTUYHH, KaTAIUTUYHHU U Jp., KOETO MPOBOKUpa HaydeH uHTepec. [Ipodu or men—maHran—
KeJsi30 ¢ HomuHaIHU cbetaBu CUi«MngFe 04 (X = 0; 0.2; 0.4; 0.6; 0.8 u 1) Osxa monaydeHu
Yype3 30J-Tell METOJ C CaMOBB3IUIAMEHsSBaHE, a MOAM(DHUIMPAHETO MM ChC 35aTO Oere
U3BBPIICHO Ype3 Mpoleaypa Ha oTiarane-yrasBaHe. M3cnenpana Oemie TXxHaTa akTUBHOCT B
peaknusaTa kouBepcus Ha CO ¢ Boxna mapa (WGSR). CTpykTypHUTE XapaKTEepHCTHKH Ha
npoburte Osixa ONpeneNeHn 4Ype3 peHTreHoBa Audpakius 1 MbocbayepoBa CIIEKTPOCKOIHSL.
BbB BCcuUkHM cuHTE3MpaHu Mpodu Osxa yCTaHOBEHU IIMUHENHA GepuTHa (aza u 3maTHa (dasa.
B Gorarute Ha Men cbcTaBM ce OTKpHBa AombiHuTenHa ¢daza Ha CuO. Upe3s MpocbayepoBa
CHEKTpPOCKONusi Oelie OIEHEHO KAaTUOHHOTO pas3lpellelieHue B OKTaeApUYHUTE U
TeTpaeIpUYHUTEe TO3WIMM HA [IMHWHEIHATa pemeTKa, KakTo W HaJU4ueTo Ha
cyneprnapamMaraiuTHu dyactuiy. Karanuruunarta aktuBHoct B WGSR Ha n3cneaBanure npobu
cienBa  pema:Au/Cuo2MnogFe;0s > Au/CuosMnosFe20s > Au/CupsMno2Fe.0s >
AU/CuFe204 > Au/MnFe;04. Cien WGSR 0sixa ycTaHOBEHH IPOMEHH BB (ha30BUs ChCTaB U
CTpYKTypaTa KakTO Ha 3JlaTHATa, Taka W Ha MmuHenHata ¢eputHa (asza. Jlokazano Oerre
II'BJTHO WJIM YAaCTUYHO CIUIaBsiBaHE Ha 371aTOTO ¢ Men. OcHOBHaTa TpaHchopManus Ha IpoOuTe
B peaklMoHHa aTMoc(epa Oelle yacTHUHATa peaykuus Ha gepuTHaTa ¢dasza. B pesynrar ce
oOpa3yBaxa MeTaJHa Me€Jl U MeJ- W/WIM MaHraH-3aMeCTeH MAarHeTHT B CMECEHH MpoOuTe,
ChIbPIKalM MeJ U MaHraH. EJHOBpEMEHHOTO MPUCHCTBUE HA JiBeTe a3y MOXKE Ja ce cuuTa

3a MpUYrHa 3a no-z[o6paTa KaTaJluTH4YHa aKTUBHOCT HaA CMCCCHHUTC (1)€pI/ITI/I.

I'8. T. Petrova, A. Eliyas, D. Kovacheva, B. Tsyntsarski, N. Velinov, TiO2/Activated
Carbon Composites for Photocatalytic Degradation of Alizarin under UV Light -
Synthesis and Characterization, Journal of Environmental Protection and Ecology
21(5) (2020) 1577-1586.

Abstract: Photocatalysts containing TiO»/activated carbon (TiO2/AC) composite materials
with different variation of the TiO2/AC ratio were synthesised by sol-gel method. Their
properties and catalytic activities were compared with the synthesised pure TiO2. The samples
were characterised by X-ray diffraction and nitrogen physisorption. The results showed that
the amount of AC has a great influence on the structural characteristics of the composites. It
was found out that the size of the crystalline phase of anatase in the samples containing AC is
significantly smaller than that of the sample containing pure TiO. It was also found out that
the specific surface area increased and the pore size decreased accordingly after the addition
of AC. The results showed that a higher amount of TiO> leads to pore blockage, which leads

to a decrease in the specific surface area. The testing of the photocatalytic activity of the
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samples was carried out using model contaminant of waste water Alizarin in a semi-batch
reactor at low concentrations within the linear range of the dependence
extinction/concentration following spectrophotometrically the course of the oxidative
photodegradation reaction under ultraviolet (UV) radiation.

Pe3tome: DoToKaTaIM3aTOPH, CHAbPXKAIIKM KOMIO3UTHU MaTepuanu TiO2/akTUBEH BbIJICH
(TiO2/AC) ¢ pasmuuno cbotHomieHue TiO2/AC, 0sixa CHHTE3UpaHH Ype3 30J—Tel METOI.
TexHure cBOICTBAa M KaTATUTHYHU aKTMBHOCTH 0s1Xa CpaBHEHU CbhC CHHTE3upaH 4yucT TiOq2.
[Ipobute Osixa XapakTepU3UpaHW Ype3 PEHTreHOBa MUpakmus W a30THA (U3HCOPOITHSI.
Pesynrature mokazaxa, 4ye KOJIMYECTBOTO AaKTUBEH BBIJIEH MMa CHIHO BIHSHHUE BBPXY
CTPYKTYPHUTE XapakTePUCTUKH Ha KOMIIO3UTHTE. YCTaHOBEHO Oeiie, 4Ye pa3MepbT Ha
KpucTaigHara (as3a aHatras B MpoOHTE, ChABPIKAIIM AKTUBEH BBIJICH, € 3HAYUTEIHO MMO-MaJTbK
or To3u B mpodbara ¢ yuct TiO2. Cemo Taka Oemle ycTaHOBEHO, 4Ye cCrelu(UYHATa
MOBBPXHOCT C€ yBEIMYaBa, a pa3MepbT Ha MOpPUTE HaMajsBa ciel J100aBsHEe Ha aKTUBEH
BBIJICH. Pesynrarure mokasaxa, 4e mo-BHCOKOTO chabpkanue Ha TiOz Boau 1o OiokupaHe Ha
MOpUTE, KOETO BOIM JO HaMalsiBAaHE Ha crnend@uyHaTta IOBBPXHOCT. TecToBeTe 3a
¢dboToKaTaTUTHYHA AKTUBHOCT Ha MpoOuTe OsfXa MPOBEACHU C MOJAEN Ha 3aMbpPCHUTEN Ha
OTIaJbUHU BOJAU — aJU3apHH, B MOJYNEPUOIUYECH PEAKTOpP MPHU HUCKU KOHIICHTPAIUU B
JUHEWHUS JHMara3oH Ha 3aBUCUMOCTTa MEXAY eKCTHHKIHMS U KOHIIGHTpalus, KaTo
dboTomerpamanmsaTa ce crueaeme crnekTpodgoromeTrpudyHo Tnonx yarpaBuosietoBo (UV)

00JIbYBAHE.

9. T. Tsoncheva, C. Rosmini, M. Dimitrov, G. Issa, J. Henych, Z. Némeckova, D.
Kovacheva, N. Velinov, G. Atanasova, I. Spassova, Formation of catalytic active sites
in hydrothermally obtained binary ceria-iron oxides: Composition and preparation
effects, ACS Applied Materials & Interfaces 13(1) (2021) 1838-1852.

Abstract: A series of mesoporous cerium—iron binary oxides was prepared by a hydrothermal
technique using CTAB as a template. The influence of the Fe/Ce ratio and the variations in
the preparation techniques such as the type of solvent and the precipitation agent, the
approach of the template release, and the temperature of calcination on the phase composition,
textural, structural, surface, and redox properties of the obtained materials was studied in
details by XRD, nitrogen physisorption, TPR, FTIR, UV—vis, XPS, Raman, and Moessbauer
spectroscopies. The materials were tested as catalysts in methanol decomposition and total
oxidation of ethyl acetate. It was assumed that the binary materials represented a complex
mixture of differently substituted ceria- and hematite-like phases. Critical assessment of their
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formation on the base of a common mechanism scheme was proposed. This scheme declares
the key role of the formation of shared Ce—O—Fe structures by insertion of Fe3* in the ceria
lattice and further competitive compensation of the lattice charge balance by the existing in
the system ions, which could be controlled by the Fe/Ce ratio and the hydrothermal synthesis
procedure used. This mechanism provides proper understanding and regulation of the
catalytic behavior of cerium—iron oxide composites in methanol decomposition with a

potential for hydrogen production and total oxidation of ethyl acetate as a model of VOCs.

Pe3tome: Cepusi OT Me30mopecTd OMHApHU OKCUAM Ha LIEPUI U Kemsu30 Oelle MmojiyueHeHa
ype3 XuApoTepMaliHa TexHuka ¢ usnoi3BaHe Ha CTAB karo mabnoH. BausHuero Ha
choTHOmeHUeTo Fe/Ce um BapumanmuuTe B METOAWTE HA IMIOJIydaBaHE — KaTo BHJAA Ha
pa3TBOpUTENST M yTauTess, MOJXO0Ja 3a IMpeMaxBaHe Ha IabjioHa W TeMIleparypara Ha
KaJlMHUpaHe — BBPXY (a30BUS CHCTaB, TEKCTYPHHUTE, CTPYKTYPHHUTE, MOBBPXHOCTHHUTE U
pElOKC CBOICTBaTa Ha MONyYEHUTE MarepHaiu Oeie moapoOHO u3cneaBaHo upe3 XRD,
azotHa ¢mucopobums, TPR, FTIR, UV-Vis, XPS, PamanoBa u MpsocbayepoBa
CHeKkTpockonuu. Marepuanutre Osixa TECTBaHM KaTo KaTajlu3aTopu IIpH pas3jiaraHe Ha
METaHOJ U TIBIHO OKHUCIEeHHWE Ha eTui anerar. [Ipuerto Oemne, ye OMHApHUTE MaTepUaTU
MPEJICTaBIsABAT CJIOXKHA CMEC OT pa3IU4HO 3aMecTeHU a3y IepUeB OKCHA U XEMAaTHT.
[Ipennoxxena Oeme KPUTHYHA OIEHKA HAa TAXHOTO (OpMHpaHE HA OCHOBaTa Ha o00IIa
MexaHu3bM. TO3M MOJeN Moja4yepTaBa KIOUOBaTa poJii Ha (OPMHUPAHETO HA CHOJEICHHU
ctpykrypu Ce—O-Fe upes Brpaxmane Ha Fe®' B pemrerkata Ha mepus M TocrenBalia
KOHKYpPEHTHa KOMIEHCAlMsl Ha PEelIEThbUHUS 3apsj OT ChIIECTBYBAIUTE B CUCTEMara WOHHU,
KOETO MOXE J]a c€ KOHTpOIupa upe3 choTHomeHueTo Fe/Ce u u3nos3Banara xuaporepMaiHa
nporeaypa. To3W MeXaHU3bM OCHTypsiBA TPABWJIHO pa30MpaHe W peryjiupaHe Ha
KaTAIUTUYHOTO MOBEJCHHE Ha LEPUEBO—KEIE3HUTE OKCHUIHU KOMIIO3UTH IPU pa3jaraHe Ha
METaHOJI C MOTEHIIMAJI 332 TPOU3BOACTBO HA BOAOPO/ U MPHU ITBJIHO OKUCJICHUE Ha €TUJI alleTaT

kato moxenuo JIOC.

I'10. R. lvanova, M. Dimitrov, D. Kovacheva, B. Tsyntsarski, I. Spassova, N. Velinov, D.
Paneva, T. Tsoncheva, Zinc ferrite nanoparticles hosted in activated carbon from
waste biomass as catalyst for methanol decomposition, Comptes rendus de
1’ Acade'mie bulgare des Sciences, 74(3) (2021) pp.343-351.

Abstract: The current investigation is focused on the preparation of activated carbons from
biomass waste such as cherry stones, walnut shells and mixture of both precursors in different

ratio. Their application as a host matrix of zinc ferrite nanoparticles was studied. The effect of
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the activated carbon texture and surface characteristics on the state of the loaded zinc ferrite
phase was investigated by Boehm method, XRD, nitrogen physisorption, Mdssbauer
spectroscopy and TG-TPR analysis. The catalytic properties of the obtained modifications
were tested in methanol decomposition with a potential for hydrogen production. The results
of the physicochemical analysis showed the formation of finely dispersed ZnFe.O4 phase,
despite the peculiarities of the carbon support. The catalytic activity was higher for the walnut
shell based materials, and was probably promoted by the facile development of mesoporous

texture in them.

Pe3rome: Hacrosimoro u3ciieZiBaHe € HACOYCHO KBbM IOJIyYaBaHE HAa aKTUBHU BBIJICHU OT
OTIagblli OMOMaca KaTo KOCTWJIKM OT Yepelld, OPEXOBH YEPYNKH U CMECH OT JBaTa
MpPEeKypcopa B Pa3IMUHU CHOTHOIICHUs. M3cienBaHo Oemie TAXHOTO MPUIOKCHHE KaTo
HOCHUTEJI 32 HAHOYACTUIIU OT IIUHKOB (epuT. BIusSHUETO HA TEKCTypaTra U MOBBPXHOCTHUTE
XapaKTePUCTHKH HAa aKTHBHHS BBIVICH BbPXY ChCTOSHUETO HAa HaHeceHara (pa3a OT IUHKOB
depur Oeme npoydeHo upe3 merona Ha brom, XRD, azotHa ¢dusucopbius, MrocbayepoBa
cnektpockonus u TG-TPR ananu3z. Katanuruunure cBolicTBa Ha MOJYYCHUTE MOAUPUKALIUN
Osixa TECTBaHM TNpPU pasjaraHe Ha METaHOJ C TOTEHIMANT 3a MPOM3BOJICTBO HAa BOIOPO..
Pesynrature oT (QU3MKOXMMHUYHHS aHAIM3 IOKa3axa (GopMHupaHeTo Ha (UHOIUCIIEPCHA
ZnFe;04 daza, HE3aBUCMMO OT OCOOCHOCTHTE Ha BBIJIEpOAHHS Hocutenl. Karamurtuynara
AKTUBHOCT Oelie Mo-BHCOKA MPH MaTEepPHAIUTE HA OCHOBATAa HA OPEXOBH UEPYIKH, BEPOSTHO

nopajau JICCHOTO Pa3BUTHUEC HA ME30ITIOPCCTa TCKCTYpa B TAX.

I'11. R. Ivanova, B. Tsyntsarski, G. Issa, I. Spassova, D. Kovacheva, N. Velinov, T.
Tsoncheva, MosZnosFe20s (M = Cu, Co, Mn, Ni) ferrites supported on activated
carbon as catalysts for methanol decomposition, Bulgarian Chemical

Communications, Volume 53, Special Issue A (2021) pp. 93-100.

Abstract: Activated carbon was prepared from cherry stones residues and used as a host
matrix of nanosized MosZnosFe204 (M = Cu, Co, Mn, Ni) ferrites. The obtained composites
were characterized by Low-temperature nitrogen physisorption, powder X-ray diffraction,
Mossbauer and Infrared spectroscopies and temperature-programmed reduction with
hydrogen. Their catalytic activity in methanol decomposition as a source of hydrogen was
studied in details. The textural analysis demonstrated significant stability of the carbon
support during the deposition of the ferrite phase. XRD and Mossbauer data revealed that the
loaded metal oxide phase represented a complex mixture of finely dispersed ferrite and
substituted magnetite particles. The catalysts based on Cu- and Co-containing ferrites

19



demonstrated fast deactivation in methanol decomposition due to the agglomeration of the
active particles and significant structural collapse of the activated carbon. The highly exposed
to the reactants Mn?*-Fe®" redox pairs in MnosZnosFe.O4 ferrite modification promoted the
catalytic process at lower temperature. The observed extremely high catalytic activity for the
NiosZnosFe2Os4 modification was related to the synergistic activity of Ni and ZnO
nanoparticles, produced under the reaction medium. The obtained results demonstrated the
potential of the activated carbon obtained from waste cherry stones for the preparation of
cheap and effective catalysts for hydrogen production.

Pe3tome: AKTHUBEH BBIJICH Oellle MOITYYEeH OT OCTAaThLU OT YEPEUIOBH KOCTHIIKH M U3IMOI3BAaH
KaTro Hocela marpuiia 3a HaHomeTpuuHu ¢eputr NiosZnosFe20s4 (M = Cu, Co, Mn, Ni).
[TosrydeHnTe KOMIIO3UTH OsiXa XapakTepHU3WpaHU dYpe3 HUCKOTEMIIepaTypHa a30THA
¢dbusncopOuusi, peHTreHoBa mnpaxoBa audpakuus, MpocOayepoBa u uHbpauepBeHa
CHEKTPOCKONUS, KaKTO U TEMIIEpaTypHO IMporpaMupaHa peayKIuss ¢  BOAOPOI.
KaranutraHata UM aKTUBHOCT TIPU pasjiaraHe Ha METAHOJ KaTo M3TOYHHK Ha BOJOPOJ Oerre
moApoOHO wu3cienBaHa. TEKCTYpHHAT aHAlUM3 TI0Ka3a 3HAYUTENIHA CTA0WIHOCT Ha
BBIJIEPOJHUSI HOCUTEN MO BpeMe Ha oTiaranero Ha ¢eputHara ¢aza. Jlanuure or XRD u
MpbocbOayepoBa CIEKTPOCKOMHS pa3Kpuxa, 4Ye HaTOBapeHaTa MeTalokcuaHa (Qasa
MPEJICTaBIsIBA CIIO)KHA CMEC OT (UHOIUCIEPCHU (EPUTHH W 3aMECTCHH MAarHETHTOBU
yactuiy. Karanuzaropure Ha ocHoBata Ha Cu- u Co-chabpkamu (epuTu mokaszaxa Obp3a
JICaKTUBAIMSl TIPU pa3liaraHe Ha METaHOJ MOpaJd ariioMepalvs Ha aKTUBHUTE YacTUIU U
3HAYUTENICH CTPYKTYPEH KOJATC HA aKTUBHUS BbIJIeH. CUITHO €KCTIOHUPAHUTE Ha pEareHTUTe
Mn?*—Fe3* penokc nBoiku B Moaudukammsata MngsZnosFe204 cTuMynupaxa KaTaTATAIHAS
Tpoliec TMpU TO-HUCKA TemriepaTypa. HaOromaBanara M3KIIFOUMTEIIHO BHCOKA KaTaIUTHYHA
akTuBHOCT Ha Nigs5ZNosFe204 MoandukanusaTa Gerie CBbp3aHa ChC CHHEPIHYHATA aKTHBHOCT
Ha Ni 1 ZnO HaHouYacTUIIUTE, O0Opa3yBaHU B peakimoHHaTa cpena. [lomydeHure pe3ynratu
JEMOHCTPHpAT TOTCHIMAa HAa AaKTHBHUS BBIJICH, IOJIYYeH OT OTHAJABYHH YCPEIIOBU

KOCTHUJIKH, 3a CHHTC3 Ha €CBTHUHU U eq)eKTHBHH KaTaJM3aTopHu 3a MPOMU3BOJACTBO HA BOAOPO.

I'12. G. Issa, N. Velinov, D. Kovacheva, T. Tsoncheva, Silica supported iron and
chromium oxide catalysts for methanol decomposition, Bulgarian Chemical

Communications, Volume 53, Special Issue A (2021) pp. 80-84.

Abstract: In present study mesoporous iron—chromium oxide silica materials with different
composition were prepared by wet impregnation method. The obtained composites were
characterized by XRD, UV-Vis, FTIR, Mossbauer spectroscopy and temperature programmed
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reduction (TPR). The catalytic behaviour of the samples was tested in methanol
decomposition to syngas. The effect of phase composition on the structure and redox
properties was discussed in close relation with their catalytic activity and CO selectivity. It
was found that the catalytic behavior of the samples in the methanol decomposition could be

successfully controlled by the Fe/Cr ratio.

Pesrome: B HacTOsAmOTO H3cienBaHE OsXa MOIYYEHHM ME30IOPECTH HKEIA30—XPOMOBHU
OKCUJIHU CUJIMIIMEBU MATE€pUaId C PA3jIUM4YCH CbCTAB 4Ype3 MMIIPETHHpPAHE [0 METo/Aa Ha
MPEACITHOTO OBNaKHsABaHE. [TomydeHuTe komro3utu Osixa xapakrepusupanu upe3 XRD, UV—
Vis, FTIR, MbocbayepoBa CIIEKTpOCKOIHsI M TeMIIepaTypHO nporpamupana peaykuus (TPR).
KaranutuuHoTOo noBeneHue Ha npoOuTe Oelle TeCTBaHO NpU pa3jaraHe Ha METaHOJN 10
cuHTe3-Ta3. BiusHueTo Ha (a30BHS ChCTaB BBPXY CTPYKTypaTa W PEIOKC CBOMCTBaTa Oerie
00CBH/ICHO B TSACHA BpB3Ka C TIXHATA KaTaUTHYHA aKTUBHOCT M cenekTuBHOCT KbM CO.
YcTaHoBeHo Oerie, 4e KaTAIUTUYHOTO MOBEACHHUE Ha MPOOUTE MPH pa3iaraHeTo Ha METaHOJ

MOXE YCIEIIHO JIa ce KOHTPOoJMpa upe3 chotHouieHuero Fe/Cr.

I'13. T. Tsoncheva, R. Ivanova, N. Velinov, D. Kovacheva, I. Spassova, D. Karashanova,
N. Petrov, Design and Catalytic Behaviour of Hosted in Activated Carbon Foam
CoxZn1-xFe204 Ferrites, Symmetry 13(8) (2021) 1532.

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, Mdssbauer 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: bsixa cuHTe3upaHu BBIJIEPOAHM MEHH C Pa3iMvHa MOBBPXHOCTHA (YHKIIMOHATHOCT

U KOHTPOJJIMPAHU TCKCTYPHHU XapaKTCPUCTUKKW OT CMCECH, CBABPKAIIN KaMCHOBBIVIMIICH
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KatpaH u Gypdypan B pa3IuuHy nmponopiuun. Marepuanu 0sxa U3MOJI3BaHU KaTO MaTpHUIia 3a
MoJiyuaBaHe Ha CMeceHU (epuTHM HAHOYACTHIM Ha KobanT u UMHK. Tekcrypara,
MopdomorusTa, (Ha3oBUAT ChCTaB M CBBP3aHUTE C TAX PEJOKC M KAaTaJUTUYHH CBOMCTBA Ha
KOMIIO3UTUTE OsiXxa OXapakTepU3UPaHU Ype3 HUCKOTeMIepaTypHa (u3ucopOIMs Ha a3oT,
XRD, SEM, HRTEM, FTIR, Méssbauer ciekrpockonusi, TPR u kaTanuTu4HO pasznarane Ha
METaHOJ J0 CHHTe3-Ta3. BiusHueTo Ha BBIIEpPOAHUS HOocUTed BbpXy popmupanero Ha Co-
Zn-cmecenn ¢eputu Oemie OOCHIEHO B JETaiyid, Karo 3a pedepeHTHH obOpasuu Osxa
u3non3Banu Moaudukanyuu Ha Hanecenu Ha KIT-6. Karanutuunoro nosenenue Ha peputute
Oelie pasriie[aHO BbB Bpb3Ka C TEXHHUS ChCTaB, MOp(dosorus, JOKaau3alus B IMopecraTa
MaTpUlla U pas3npesesieHne Ha METAIHUTE WOHU B IUMUHEIHUTE nojpemeTku. [1o-BucokoTo
chlIbpkaHue Ha ¢ypdypan B IpeKypcopa Ha BbINIEpOJHATa IIsiHA OJaronpusTCTBa
¢dbopmupaneTo Ha OoraTu Ha KOOAJIT, MO-AOCTHITHI U BHCOKOAKTHBHU IIMTUHEITHN YaCTUIHN 32

pasjiarane Ha METaHOJI 10 CHUHTC3-Tas.

I'14. T. Tsoncheva, C. Rosmini, M. Mihaylov, J. Henych, K. Chakarova, N. Velinov, D.
Kovacheva, Z. Némeckova, M. Kormunda, R. Ivanova, 1. Spassova, K Hadjiivanov,
Nickel-Decorated Mesoporous Iron—-Cerium Mixed Oxides: Microstructure and
Catalytic Activity in Methanol Decomposition, ACS Applied Materials & Interfaces,
14(1) (2022) 873-890.

Abstract: Nickel-decorated mesoporous cerium—iron oxide composites were synthesized by a
combination of incipient wetness impregnation and template assisted hydrothermal
techniques. The effects of the Fe/Ce ratio and the calcination temperature of cerium—iron
oxides on the phase composition, texture, structure, and redox properties of the composites
were studied by a combination of N2 physisorption, XRD, high-resolution transmission
electron microscopy, SEM, Maossbauer, Raman, XPS, ultraviolet—visible and FTIR
spectroscopies, Ho-temperature-programmed reduction, and total oxidation of ethyl acetate as
a catalytic test. The combined physicochemical characterization and in-situ FTIR
investigation of methanol decomposition was used for a proper understanding of the
microstructure of the Ni/FeCe oxide composites and the mechanism of the reaction occurring
on them. The complex role of the FeCe support in the stabilization of highly dispersed Ni
particles, the generation of surface intermediates, and the impact of the support phase

transformation under the reaction medium are discussed.

Pe3iome: Me3omopecT KOMIO3UTH Ha LEPUEBO—KENIC3eH OKCHJI, MOIU(PDHUIIUPAHN C HUKEI,

0sixa CHHTE3WpPaHU 4Ype3 KOMOWHAIMSA OT HUMIIPETHHpPAHE IO METoJia Ha TMPEAETHOTO
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OBJIAXKHSBAHE W  MAOJIOH-aCUCTUPAHU  XWAPOTEPMAIHM TEXHUKH. BnusHuero Ha
croTtHOMeHUeTo Fe/Ce u Ha TeMriepaTypara Ha KaJIIIMHUPAHE HA 1IEPUEBO—KEIIC3HUTE OKCUIU
BBPXY (Da30BHS CHCTaB, TEKCTypaTa, CTPYKTypaTa M PEJOKC CBOMCTBaTa HAa KOMITO3UTHUTE
Oemre m3cienBaHo upe3 KoMOuHamus oT metoau: Nz-dusucopbumsa, XRD, TpaHCMHCHOHHA
CIIEKTPOHHA MHUKPOCKOIHS ¢ BUCOKO pasuensue, SEM, Mossbauer, Raman, XPS, UV-Vis u
FTIR cnektpockonuu, Ho-TPR, KakTo ¥ MbJIHO OKMCIICHHE HA €THIIAIETAT KaTO KaTaTuTUYEH
tect. KoMOMHUPaHOTO (PHU3MKOXUMHYHO xapakTtepusupane u In-Situ FTIR wuscnenBane Ha
pasnaraHeTo Ha METaHOJ 0sXa M3MOJI3BaHHU 32 MO-J00PO pa3dupaHe HAa MUKPOCTPYKTypaTa Ha
Ni/FeCe okcHIHHTE KOMIIO3UTH W MEXaHM3Ma Ha MPOTHYAIaTa BBPXY TIX pEaKIus.
O6cpnenn ca kKoMmIuiekcHata posis Ha FeCe HocuTens B CTaOWIM3MPAHETO Ha CHITHO
nucreprupand Ni 4acTHIM, 00pa3yBaHETO Ha IOBBPXHOCTHU MHTCPMEINATH W BIMSHHECTO Ha

¢aszoBata TpaHcopmanus Ha MOAJI0KKATA B PEAaKIIMOHHATA CPE/Ia.

I'15. C. Rosmini, T. Tsoncheva, D. Kovatcheva, N. Velinov, H. Kolev, D.Karashanova, M.
Dimitrov, B. Tsyntsarski, D. Sebastian, Mari.Jest. Lazaro, Mesoporous Ce—Fe-Ni
nanocomposites encapsulated in carbon-nanofibers: Synthesis, characterization and
catalytic behaviour in oxygen evolution reaction, Carbon 196 (2022) pp. 186-202.

Abstract: Ceria-iron oxide mesoporous materials with Fe:Ce molar ratio of 5:5 and 9:1 were
synthesized by hydrothermal method using CTAB as a template and subsequently modified
with NiO (molar ratio Ni:Fe = 1:2) by incipient wetness impregnation technique. In order to
increase the electro-capacitive properties and reduce the intrinsic impedance of the metal
oxides, the samples were consecutively modified by reduction in hydrogen to obtain highly
dispersed Ni—Fe alloys into ceria matrix. By exploiting the high permeability of carbon inside
ferrous alloys, the metal phase has been further modified into ferrous carbides and metal
alloys encapsulated within carbon nanofibers. For this purpose, a reaction, already widely
studied for the production of hydrogen, was used, that is the decomposition of methanol
vapors. In fact, this decomposition, in addition to producing syn-gas and methane, changes the
catalysts in use through a chemical vapor deposition-carbon coating process. This fact, has
been used by us to demonstrate how the newly obtained metal-carbon nanocomposites can be
used for electro-catalytic purposes. The modified phases of the two molar ratios of the Fe—Ni—
Ce catalysts were tested in the Oxygen Evolution Reaction (OER) in an alkaline environment
(1 M KOH), showing a satisfactory and progressive increase in activity and a surprising
decrease in the overpotential at 10 mA/cm? of current density. The morphological, textural
and physicochemical properties of the samples were characterized in details by XRD, N2-

physisorption, TG-TPO, TEM, EDX, FTIR, XPS, Raman and Moessbauer spectroscopies.
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Pe3rome: Me3onopectu 1iepueBo—KeIe3Hu OKCUau ¢ MosiapHo cboTHolenue Fe:Ce 5:5 u 9:1
0sixa CHHTE3WpPAaHHU 4Ype3 XuapoTepmalieH metoj ¢ usnon3BaHe Ha CTAB karo mabiioH u
Briociencteue Momudumupanu ¢ NiO (momapHo cwotHomeHue Ni:Fe = 1:2) wupe3
UMIIpETHUPAHE 110 METOJa Ha MPEJeIHOTO OBJIaxHsBaHe. C 1en  yBenuM4aBaHE Ha
€JIEKTPOKAaNallMTUBHUTE CBOWCTBA M HAaMaJIIBaHE Ha BBTPEIIHOTO CBHIPOTUBICHHE HA
METaJIHUTE OKCHAM, o0pa3uuTe Osfxa MOCIeN0oBaTeTHO MOAU(PHUIMPAHU Ype3 PEeayKIHUs BbB
BOJIOPOJI 3a TOJIydaBaHE Ha CUIHO aucneprupanu Ni—Fe craBu B marpuiara Ha Iepus.
W3non3Baiiku BUCOKATa MPOITYCKIMBOCT HA BBIJIEPO] B KeNE3HUTE CIUIaBU, MeTanHaTa ¢asza
Oelle JOMBJIHUTETHO MOAU(UIIMPAHA 10 KeJle3HU KapOuAu U METaJIHH CIUIaBU, KallCyJlIupaHu
BBB BBIVIEPOJIHM HAaHOBJIAKHA. 3a Ta3u 1eJ Oellle U3MOoI3BaHa Peakiiys, MUPOKO H3yvyaBaHa 3a
IIPOM3BOJICTBOTO HA BOJIOPOJI, @ UMEHHO pa3jaraHeTo Ha MeTaHoJOBM napu. ToBa pasznarase,
OCBEH u€ IPOU3BEXKJA CUHTE3-Ta3 U METaH, NMPOMEHsI M3I0JI3BAaHUTE KaTalU3aTOpHU upe3
Mpolec Ha XUMHUYECKO Ta30BO OTJIaraHe — BBIJIEPOAHO MOKpuTue. To3u ¢akt Oemie
M3M0JI3BaH, 32 Ja JEMOHCTpUpaMe, Y€ HOBOIOIYYEHUTE METAI—BbIJIIEPOJHN HAHOKOMIIO3UTHU
Morat aa OBJaT W3MOI3BAaHU 32 EICKTPOKATATIMTUYHH 1einu. Moaudumnupanute ¢asud Ha
nBara mosiapHu cbcTaBa Ha Fe—Ni—Ce karanmszaropure Osixa TECTBaHM B peaklusATa Ha
ornensine Ha kucinopor (OER) B ankanna cpena (1 M KOH), nokasBaiiku y10BJIETBOPUTEIHO
U NPOTrPECMBHO IMOBUIIABAHE HAa AKTUBHOCTTAa M BIIEYATJISIBAIL0O HAMAJIIBaHE Ha IaJla Ha

HAIIPEKEHUETO IPHM ILTBTHOCT Ha Toka 10 mA/cm?

. Mopdonoruunute, TEKCTypHUTE U
(bUBUKOXMMUYHHUTE CBOMCTBA HA 00pa3iuTe Os1xa neTailmHo xapakrepusupanu upe3 XRD, No-
¢usucopomss, TG-TPO, TEM, EDX, FTIR, XPS, Pamanoa u MpocbayepoBa

CIICKTPOCKOIINH.

I't6. N. Popov, M. Risti¢, V. Kuncser, K. Zadro, N. Velinov, P. Badica, A. Alexandru-
Dinu, N. Alexandru-Dinu, L. Kratofil Krehula, S. Musi¢ and S. Krehula, Influence of
erbium doping on the structural, magnetic and optical properties of hematite (a-
Fe203) nanorods, Journal of Physics and Chemistry of Solids 169 (2022) 110857.

Abstract: Pure and Er-doped hematite (a-Fe2Os) nanorods were prepared by a two-step
method involving hydrothermal synthesis and calcination of pure and Er-doped goethite (a-
FeOOH) nanorods. Substitution of Fe** by Er®* in the crystal structure of hematite caused
morpho-structural changes such as expansion of the unit cell and gradual shortening and
rounding of hematite nanorods towards formation of nanoellipsoids. These changes induced
modification of magnetic and optical properties suggesting the possibility of a systematic
control of physical properties via rare earth substitution. A decrease in the hyperfine magnetic

field, coercive field and Morin transition temperature, as well as an increase of the magnetic
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susceptibility and a narrowing of the optical band gap were observed by substitution. Intimate
mechanisms related to the formation of more and more defect-like hematite phases with
decreased temperatures for the transition to the low temperature antiferromagnetic phase at

increased doping level were evidenced via temperature dependent Mossbauer spectroscopy.

Pe3tome: Ynctu u epOmii-nonupaHd HAHOTPBHOMUYKH OT XeMmaTuT (o-Fe203) 6sxa moaAroTBeHN
9ype3 JBYCTEICHEH METOJ], BKJIIOYBAII XHUIPOTEPMAJICH CUHTE3 W KaJllMHUpPAHE HA YHCTU U
epOuii-1onupany HaHOTPEOM oT reoTuT (0-FeOOH). 3amectBamero nHa Fe3* ¢ Ert* s
KpHUCTaJHATa CTPYKTypa Ha XeMaTuUTa MPUYUHSIBA MOP(GOJIOTUYHU U CTPYKTYPHHU MPOMEHH,
KaTo pa3lIMpsiBaHe Ha €JIEMEHTapHaTa KJEeTKa W MOCTEICHHO CKbCSIBAHE W 3aKPbBIUIABaHE Ha
HAaHOTPBOWTE, BOJEIIO KbM OOpa3yBaHe HAa HAHOEIHMIICOMIW. Te3u MpPOMEHH J0BEA0Xa 10
Moau(HUKaAIUs HA MATHUTHUTE U ONTUYHHUTE CBOMCTBA, KOETO IMPEJIoiara Bb3MOKHOCTTA 32
CHCTEMATHYCH KOHTPOJ BBbPXY (U3NYECKUTE CBOKMCTBA UpE3 3aMECTUTENIM OT PEAKO3EMHHU
enemMeHTd. HaOmronaBanu 0Osxa HamainsBaHe Ha CBPBX(HHHOTO MAarHHTHO IIOJIE,
KOSPIMTUBHOTO TIOJIE W TEMIIepaTrypara Ha mpexoja Ha MOpHH, KaKTO W YBEIMUYCHHE Ha
MarHMTHAaTa TPOHUIIACMOCT M CTECHSBAaHE HAa ONTHYHATA INMMPHHA Ha 30HATa. BBTpemnHu
MEXaHU3MH, CBbp3aHU ¢ (POpMHUpPAHETO Ha Bce MO-AC(PEKTHH XeMaTHTHU (Pa3u C MO-HUCKH
TeMIepaTypu 3a MpexoJ KbM HHUCKOTEMIIepaTypHaTa aHTH(epoMarHutHa (aza mpu
YBEJIMUEHO HUBO Ha JOTHpaHe, O0sXa JAEMOHCTPpUPAHH dYpe3 TEMIIEpaTypHO 3aBHCHUMA

MprbocbayepoBa ClIEeKTPOCKOITHS.

I'17. V. Tumbalev, D. Kovacheva, I. Spassova, R. Velinova, G. Tyuliev, N. Velinov and A.
Naydenov, Novel Nanosized Spinel MnCoFeO4 for Low-Temperature Hydrocarbon
Oxidation, Nanomaterials 12 (2022) 3900.

Abstract: The present paper reports on MnCoFeOs spinels with peculiar composition and
their catalytic behavior in the reactions of complete oxidation of hydrocarbons. The samples
were synthesized by solution combustion method with sucrose and citric acid as fuels. All
samples were characterized by powder X-ray diffraction, N2-physisorption, scanning electron
microscopy, thermal analysis, X-ray photoelectron spectroscopy, and Mdssbauer
spectroscopy. The catalytic properties of the spinels with Mn:Co:Fe = 1:1:1 composition were
studied in reactions of complete oxidation of methane, propane, butane, and propane in the
presence of water as model pollutants. Both prepared catalysts are nanosized materials. The
slight difference in the compositions, structure, and morphology is due to the type of fuel used
in the synthesis reaction. The spinel, prepared with sucrose, shows a higher specific surface
area, pore volume, higher amount of small particles fraction, higher thermal stability, and as a
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result, more exposed active sites on the sample surface that lead to higher catalytic activity in
the studied oxidation reactions. After the catalytic tests, both samples do not undergo any
substantial phase and morphological changes; thus, they could be applied in low-temperature
hydrocarbon oxidation reactions.

Pesrome: B mHacrosmara cratusa ce goxiansa 3a MnCoFeQOs mmmHenn ¢ 0ocoOeH ChCTaB U
TAXHOTO KaTaJUTUYHO MOBEICHHUE B PEAKIIMUTE Ha ITBJIHO OKUCIEHHWE HA BBIVIEBOJOPOIM.
[TpoGuTte Osixa CHHTE3MpPaHU YPE3 METO]I Ha M3rapsiHe OT Pa3TBOP C M3IOJI3BAHE HA 3axXapo3a u
JUMOHEHA KHCEJIMHAa KaTo ropuBa. Bcuuku mpoOu Osixa xapakTepu3MpaHU dYpe3 IpaxoBa
pentreHoBa audpakuus, No-puzncopOuusi, CKaHUpala eIeKTPOHHA MUKPOCKOITHSI, TEPMHYCH
aHaJIM3, PEHTreHOBa (DOTOEIEKTPOHHA CIEKTpOCKomus W MpocOayepoBa CHEKTPOCKOIUSI.
Karanutuunurte cBoiicTBa Ha mnmuHenute ¢be cberaB Mn:Co:Fe = 1:1:1 0sgxa u3cieaBalu B
peaKuuuTe Ha MBHJIHO OKUCIICHWE Ha METaH, MpomaH, OyTaH U MPOIMaH B MPUCHCTBUE HA BOJA
KaTo MOJICTHM 3aMbpcuTenu. M nBaTa CHHTE3MpaHM KaTajau3aTOpH ca HaHOMATEepUaJIH.
JlekaTa pa3iMka B ChCTaBa, CTPYKTypaTa W MopdoiorusTa ce AbDKH HAa BUAA TOPHUBO,
M3MOJI3BAaHO B CHUHTEe3Hara peakuus. IInmuHenbT, CMHTE3UpaH ChC 3axaposa, IMOKa3Ba IO-
rojisiMa crenu@uuHa MOBBPXHOCT, 00eM Ha MOPHUTE, MO-BUCOK s HAa MAJIKH YacTUIH, TIO-
rojsiMa TepMUYHa CTaOMITHOCT U, KaTO Pe3yiTar, IoBe4e eKCIOHUPAHU aKTUBHU IIEHTPOBE Ha
MOBBPXHOCTTa Ha Mpobdara, KOETO BOAM JO II0-BUCOKAa KaTaJUTHYHA AaKTUBHOCT B
W3CJIEIBAHUTE OKHUCIHUTENHU peakuuu. Clen KaTaIUTUYHUTE TECTOBE, W JBETE MpoOU HE
MPEeTHPIABAT 3HAYUTENHU (Pa30BH MM MOP(POJIOTUYHU MMPOMEHHU; CIIEJIOBATEIHO, T€ MOTaT Ja

6T>I[aT IMPUIIOKCHU B HUCKOTEMIICPATYPHU PCAKIIMH HAa OKHUCJIICHHUEC HA BBIJICBOJOPOIAU.

I'i8. G. Issa, M. Dimitrov, S.P. Marinov, N. Velinov, I. Spasova, D. Kovacheva, T.
Tsoncheva, Activated Carbon from Used Motor Oils: Synthesis and Application as
Supports of Nanosized Fe—Cr Oxides, Waste and Biomass Valorization 14 (2023)
1355 — 1367.

Abstract: The activated carbons were produced from waste biomass using a mixture of used
motor oil and diverse plastic residues, such as high-density polyethylene and thermoplastic
phenol formaldehyde resins. They were used as a host matrix of iron and/or chromium oxide
nanoparticles. The obtained materials were characterized in details by a complex of
physicochemical techniques, such as low-temperature nitrogen physisorption, Boehm method,
Powder X-ray Diffraction, Temperature-Programmed Reduction with Hydrogen, FTIR and
Maossbauer spectroscopies. Methanol decomposition to CO, hydrogen and methane was used

as a catalytic test. A strong regulation effect of the activated carbon pore topology on the

26



dispersion, phase composition and catalytic behaviour of the loaded metal oxide species was
established. Higher and relatively good efficiency of the iron-chromium-activated carbon

composites with predominant mesoporous texture has been established.

Pe3ome: AKTUBHUTE BBIJTICHU Os1Xa MPOU3BEICHU OT OTMAaIb4Ha OMoMaca, U3I0JI3Baiiku cMec
OT ynoTpeOsBaHO MOTOPHO MAacjO M Pa3MYHU IJIACTMACOBU OCTAThLHU, KaTO MOJUETHIICH C
BHCOKA ITUTBTHOCT U TEPMOIUIACTHYHU (PeHondopMangexuanu cMonu. Te 0gxa M3Moi3BaHu
KaTo HOCHTEN 3a HAaHOYACTHULM OT KENA30 W/MiM XpoMoB okcui. Ilomydenurte marepuanu
0sixa JeTailTHO OXapaKTepU3UpaHU Ype3 KOMIUIEKC OT (U3MKOXUMUYHH TEXHHKH,
BKJIIOUMTEIHO HHUCKOTEMIIepaTypHa a3oTHa (usucopbums, meronq Ha bboMm, mpaxoBa
pEeHTreHOBa JU(paKLus, TeMIepaTypHO Nporpamupana penykuus c¢ Bogopoxa, FTIR u
MprocbayepoBa criekrpockonusi. Pasnaranero va metanon no CO, Bojgoponx u MeraH Oemie
W3MOJI3BaHO KAaTO KaTaJUTUYeH TECT. YCTaHOBEHO Oelle, 4e TOMOJOTusTa Ha MOpPUTE Ha
aKTUBHHUS BBIJIEH MMa CWJIEH perynupail edekT BbpXy Aucnepcusita, (pa3oBus ChCTaB H
KAaTaJUTUYHOTO IOBEJIECHUE HAa HATOBAPEHUTE METAJIHU OKcuAu. belie nemMoHCTpupaHa mo-
BUCOKa U OTHOCHUTEIHO J00pa e(QEeKTHUBHOCT Ha KEJA30-XpOM-aKTUBEH BBIJIEH C

npeo6nanaBama ME30I10peCTa TCKCTYypa.
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