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Ha aHTJIMACKU ¥ Ha OBJITAPCKHU €3MK Ha CTaTHUTE Ha IIL. ac. A-p XpucrtuHa Mauesa Jlazaposa

(u3non3BaHo MMe B myOnukaruute Hristina Lazarova)

Konkypc 3a 3aemaHe Ha akageMH4yHa JUTBXHOCT ,,JlomeHT* mo Obmact 4. Ilpuponnu Haykw,
matematnka u wuHpopmaTtuka, IIpodecnmonanno wnampasnenue 4.4 Haykm 3a 3emsATa
(Munepanoruss u kpucraiorpadusi — eKCIEpUMEHTAIHA MHHEPAIOTUs) 3a HYXKAUTE Ha
HarpasieHue ,,CTpykTypHa kpuctanorpadus u marepuano3nanue B UMK-BAH.

Kpumepui B, Ilokazamen 4. XaOuauTanmoHeH TPY/l - HAYYHH ITyOJIMKAIIMW B U3JIaHUs, KOUTO Ca
pedepupanu ¥ UHACKCUPAHU B CBETOBHOM3BECTHU 0a3u JaHHM ¢ HayuyHa uHpopmanus (Web of
Science u Scopus)

4.1. Lazarova, H., Rusew, R., Kostadin, I., Tsvetanova, L., Barbov, B., Shivachev, B,
Photodegradation of Methylene Blue and Crystal Violet by Zr-Modified Engelhard Titanium
Silicate 10, MDPI, Water, 15, 23 (2023), SJR:0.72, JCR-IF:3.4 3a 2023r., Q1 mo SJR 3a 2023r.,
DOI:10.3390/w15234186

Abstract: The present work focuses on the removal of dyes from polluted water, and, more
precisely, the targets are crystal violet (CV) and methylene blue (MB). For this purpose, a
series of Zr-modified catalysts based on microporous Engelhard Titanium Silicate 10 (ETS-
10) were developed and synthesized. Aiming at improvement in the photodegradation
efficiency and stability of ETS-10, Zr centers replacing part of Ti ones were introduced
during the synthesis procedure. The obtained Na-K-ETS- 10/xZr catalysts were characterized
by X-ray powder diffraction (XRD), wavelength dispersive X-ray fluorescence (WDXRF),
N2 physisorption and Fourier transform infrared spectroscopy (FTIR). The photocatalytic
properties of Na-K-ETS-10/xZr- (x = 5, 10, 15 and 20 wt% Zr) catalysts were studied in
terms of water purification from crystal violet and methylene blue. The Na-K-ETS-10/xZr
wit% X = 6 catalyst appeared to be the most efficient in the photodegradation of CV and MB,
removing nearly 100% of the dyes. Kinetic studies showed that the removal of CV and MB
is a rapid process and one, which obeys the non-linear pseudo-second-order model.

JlazapoBa, X., PyceB, P., Kocramun, W., IlBeranosa, JI., bap6os, b., IlluBaues, b.,
doTopa3rpaxiane HAa MeTHJIEHOBO CHHHO M KPHCTAIHO BHO01eTOBO 0T Zr-moauduuupax
Enreaxapa Turanocuaukar - 10.

Pa3ziome: Hacrosimoro n3cnenBane € HACOYEHO KbM OTCTPAHSABAHETO HA Oarpuia OT 3aMbpceHa
BOJIa, KATO KOHKPETHO 00EKT Ha M3CJlIe[BaHe ca KpUCTAIHO BHOJeToBO (CV) 1 METHIIEHOBO
cunbo (MB). 3a Ta3u nen e paspaboTeHa M CHHTE3MpaHa cepusi OT Zr-mMoauduuupaHu
Katajau3aTopu Ha 0azara Ha Mukpornopect Enrenxapn tutanocunukar 10 (ETS-10). C uen
nogo0psBaHe Ha epekTUBHOCTTA Ha (hoToaerpananus u crabunHoctTa Ha ETS-10, mo Bpeme
Ha CHHTE3a ca BBBEACHM Zr IIEHTPOBE, 3aMEHSIIM 4YacT oT Ti IEHTpOBeTe B CKejera.
[Tonyyenute katanuzatopun Na-K-ETS-10/xZr ca xapaktepusupaHu dYpe3 peHTI€HOBA



npaxoBa au¢ppaknus (XRD), BBIHOBOIMCIIEPCHOHHA PEHTICHO(IYOPECIICHTEH aHalu3
(WDXRF), azotna (N2 physisorption) ¢buzucopbuust u nHppadepBeHa CreKTPOCKOIUS Ha
®ypue (FTIR). ®otokaranutuunuTe cBoMcTBa Ha Katanuzaropure Na-K-ETS-10/xZr (x =
5, 10, 15 u 20 TernoBuu % Zr) ca u3ciaeABaHU 10 OTHOIIICHHWE HA IIPEUYHMCTBAHETO HA BOJIA OT
KPHUCTAIHO BHOJIETOBO M METHJIEHOBO cuHBO. KaTamu3aTopsT Na-K-ETS-10 ¢ x = 6 Tern. %
Zr ce oka3Ba Hal-edekTuBeH npu Goropasrpaxaanero Ha CV u MB, karo octpanu mouru
100% ot 6arpunara. Kunernunure uscieaBaHus okaspar, 4e orcrpansBanero Ha CV u MB
e OBp3 mpolec, MOAYMHSBAI c€ HAa HEJIMHEEH MO/JIeN OT ICEBIOBTOPH pPel.

4.2. Nikolov, A., Kostov-Kytin, V., Tarassov, M., Tsvetanova, L., Lazarova, H., Tasheva, T,
Products of carbonation of cement kiln dust, Review of the Bulgarian Geological Society, 85 (3),
163-166 (2024), JCR-1F:0.2, Q4 no JCR 3a 2024r., DOI:10.52215/rev.bgs.2024.85.3.163

Abstract: Cement kiln dust (CKD), a by-product of cement clinker manufacturing, embodies
considerable amounts of alkali and alkaline-earth compounds, presenting a potential route
for CO2 sequestration. The study aims to clarify the potential of CKD for CO2 capture and
storage. Two experimental schemes were used: (1) direct carbonation of dry CKD and (2)
carbonation of hydrated CKD. Analytical techniques such as XRF, XRD, FT-IR, SEM and
DSC/TG were employed to characterize the mineralogical and morphological
transformations of hydratation and carbonation of CKD. The findings reveal that even in the
dry state, the CKD has the ability to react with carbon dioxide at normal pressure to form
stable mineral phases such as calcite and vaterite. The study confirms that CKD, both in raw
and hydrated forms, holds promise for CO2 capture and storage applications.

Hukonos, A., KocroB-Kutun, B., Tapacos, M., Llseranona, JI., JlazapoBa, X., Tamesa, T.,
IIponyxkTn Ha kKapOOHM3aLMs HA NMPaX OT HMMEHTOBH TelIH.

Pe3some: [{umentoBusat npax ot neumwm (LIIIT), crpanndeH mpoaykT OT HMpPOM3BOJICTBOTO Ha
LIMMEHTOB KJIMHKEp, CBABpPXKA 3HAYUTEIHM KOJMYECTBA aJKAJIHU H AJIKAIO3EMHHU
CBhEIMHEHUS, KOETO TO NpaBH MOTEHLIMalIeH Marepuan 3a ynaBgHe Ha CO.. Llenara Ha
u3cieaBaHeTo € Aa ce ussichu noreHuuansT Ha LTI 3a ynaBsHe u chxpanenue Ha COa.
M3non3Banu ca 1Ba eKcriepuMeHTanHu nojaxona: (1) nupexkrna kapOonusanus Ha cyx L{ITIT
u (2) xap6onuzauusa Ha xuzapatupan LIIII. 3a xapaktepusnpaHe Ha MUHEPATOKKUTE U
MOP(OJIOKKUTE MPOMEHU Tpu Xxuaparanus u kapoonusanus Ha LI ca npunoxenu
anamutudan TexHuku kato XRF, XRD, FT-IR, SEM u DSC/TG. Pe3ynraTute mokaspar, ue
nopu B cyxo cectosinue, LI nma criocobHOCTTa J]a pearupa ¢ BbIIEpOAeH AUOKCUA IPH
HOpPMAJIHO HajsiraHe W Ja oOpa3yBa CTaOWIHM MHUHEpadHH a3y KaTo KaJlUT U BaTapwur.
N3cnensanero norebpkaasa, ue LI — kakTo B cypoBa, Taka U B XuapaTtupaHa popma —
¥MMa MOTEHIMA 3a IPWJIOKEHHUE MPH yiIaBsiHe U cbXpaHeHne Ha COs..



4.3. Lazarova, H., Rusew, R., Tsvetanova L., Barbov, B., Tacheva, E., Shivachev, B,
Elaboration and Characterization of Different Zirconium Modified ETS Photocatalysts for the
Degradation of Crystal Violet and Methylene Blue, Wiley-VCH GmbH, ChemistryOpen, 14, 3,
e202400348 (2025), SJR:0.56, JCR-IF:2.5 3a 2025r., Q2 mo SJR 3a 2025r.,
DOI:10.1002/0pen.202400348

Abstract: In this study, Zirconium-modified Engelhard Titanium Silicate 4 (Na K-ETS-4/xZr)
catalysts were synthesized and evaluated for their photocatalytic efficiency in degrading
crystal violet (CV) and methylene blue (MB) in aqueous solutions. The catalysts were
characterized using XRD, FTIR, SEM, WDXRF, and nitrogen adsorption/desorption
isotherms. The results confirmed the successful incorporation of Zr into the ETS-4
framework, with the highest Zr content reaching 9.2 wt%. The photocatalytic performance
under visible light irradiation was studied at varying pH levels. The Na K-ETS-4/6.3Zr
catalyst exhibited the highest photodegradation efficiency for CV (76.6%), while Na K-ETS-
4/8.9Zr achieved 86.6% efficiency for MB. A combination of Engelhard Titanium Silicate
10, Na K-ETS-10/6.3Zr and Na K-ETS-4/8.9Zr significantly enhanced dye degradation,
achieving up to 96.5% efficiency for MB. Kinetic studies indicated that the degradation
process follows a non-linear pseudo-first-order model. The catalysts also demonstrated
excellent reusability, with minimal efficiency loss after five cycles, and full recovery after
an ethanol wash. These findings suggest that Na K-ETS-4/xZr is a promising candidate for
environmental water treatment applications due to its efficient photodegradation
performance and stability.

Jlazaposa, X., Pyces, P., lIBeranoBa, JI., bap6os, b., Tauesa, E., llluBaues, b., PazpadoTka u
XapakTepu3upaHe Ha pa3ju4yHu nupkonuii-moauduuupanu ETS dorokaranuzaropu 3a
pasrpakiaHe Ha KPUCTAJIHO BHOJETOBO U METHJIEHOBO CHHbO.

Pa3iome: B TOoBa m3cienBaHe ca CHHTE3MpPaHM M OLCHEHM KaTalM3aTOpPM HAa OCHOBAaTa Ha
mupkoHui-moqudumpan Earenxapa turanocmmkar 4 (Na-K-ETS-4/xZr) no oTHomenne
Ha TSAXHaTa (POTOKaTAINTHYHA €PEKTUBHOCT MPH pa3rpaxJaHeTO Ha KPUCTAIHO BHOJIETOBO
(CV) u wmerunesnoBo cunbo (MB) BBB BomHu pastBopu. Karanmuzaropure ca
xapakrepusupanu upe3 XRD, FTIR, SEM, WDXRF u nzorepmu Ha agcopOuus/necopOrus
Ha a30T. Pe3ynraruTe MOTBBpKIaBAT YCIENTHO BrpaXK/1aHe Ha IUPKOHUH B CTPYKTypaTa Ha
ETS-4, karo Hail-BUCOKOTO chIbpxkaHHue nocTtura 9.2 ternoBHu %. DoTOKaTaIMTHYHATA
aKTUBHOCT TI0J] 00JIbYBaHE C BUAMMA CBETIMHA € M3CIIE/IBaHA IPU PA3JINYHNA CTOWHOCTH Ha
pH. Karamuzatoppr Na-K-ETS-4/6.3Zr mnoka3Ba Haii-BUCOKa e(EeKTHMBHOCT NpHU
pasrpaxmaanero Ha CV (76.6%), nokaro Na-K-ETS-4/8.9Zr noctura 86.6% epeKTHUBHOCT
npu pasrpaxaanero Ha MB. KomOunanusra ot enrenxapaoB tutaHocunukat 10 (Na-K-
ETS-10/6.3Zr) u Na-K-ETS-4/8.9Zr 3HaunTenHO TmOBHWIIaBa eQEKTHBHOCTTa Ha
pasrpakaaHe Ha Oarpmiata, kato moctura 10 96.5% edexkruBnoct 3a MB. Kunernunure
U3CIIeBAHMs TIOKa3BaT, 4Ye NpOIEChT Ha pa3TpakiaHe cjelBa HEIMHEEH MOJEeN OT
nceBIobpBH pell. KaTanuzaTopure moka3saT OTIMYHA Bb3MOKHOCT 3a IIOBTOPHA yHoTpeoa,
C MUHHUMaJTHa 3ary0a Ha e(eKTUBHOCT CJe]] MeT IUKBIA M IBIHO BH3CTAHOBSIBAHE CIIE]
MPOMHUBKa ¢ eTaHo. Te3u pesynraru mokassar, ue Na-K-ETS-4/xZr e oGemnaBai kanauaat
3a TPUIOXKEHHS B EKOJIOTUYHOTO NPEYHCTBAaHE HA BOJAMW TMOPAJNW CBOSITa BHCOKA
¢doropasrpaxaaiia epeKTUBHOCT U CTAOMIIHOCT.



44.  Angelova, M., Lazarova, H., Kurteva, V., Nikolova, R., Rusew, R., Shivachev, B., A
Novel Zinc-Based MOF Featuring 2,4,6-Tris-(4-carboxyphenoxy)-1,3,5-triazine: Structure,
Adsorption, and Photocatalytic Activity, Crystals, 15 (4), 348 (2025), SJR:0.75, JCR-IF:2.4 3a
2025r., Q2 mo SJIR 3a 2025r., DOI:10.3390/cryst15040348

Abstract: A metal-organic framework, MOF-S1, was synthesized via a solvothermal reaction
between 2,4,6-tris-(4-carboxyphenoxy)-1,3,5-triazine (TCPT) and zinc nitrate hexahydrate.
Single-crystal and powder X-ray diffraction analyses confirmed the formation of hexagonal
rod-shaped crystals with a trigonal (P-31c) structure featuring a two-fold interpenetrated 3D
framework. A  comprehensive characterization—including NMR  spectroscopy,
thermogravimetric analysis, and surface area measurements (using Langmuir, t-plot,
Horvath—Kawazoe, and Dubinin—Radushkevich models)—revealed an ultramicroporous
material with a Langmuir surface area of 711 m?/g and a median pore width of ~6.5 A.
Adsorption studies using Congo Red, Methylene Blue, Methyl Orange, and Rhodamine B
demonstrated the rapid uptake and effective removal from aqueous solutions, with kinetic
modeling indicating a dominant chemisorption mechanism. Photocatalytic tests under UV
irradiation yielded degradation efficiencies of ~93% for Methyl Orange and ~74% for
Rhodamine B. These findings suggest that MOF-SL1 is a promising candidate for wastewater
treatment applications and UV-related processes, offering a strong adsorption capacity and
thermal stability.

Amnrenosa, M., Jlazaposa, X., KypreBa, B., Hukonosa, P., Pyces, P., [lluBaues, b., HoB unnk-
0asupan Mmeraj-opranuydHa pamka (MOF), cvabp:kam 2,4,6-Tpuc-(4-kapookcdeHokcH)-
1,3,5-Tpua3un: cTpyKTYypa, agcopouus u poToKATATUTHIHA AKTHBHOCT.

Pesrome: Meran-oprannuna pamka (MOF), o3nauena kato MOF-S1, Oemie cuHTe3upana upes
COJIBOTEpMaiHa peakuusi Mexay 2,4,6-tpuc-(4-kapookchenoken)-1,3,5-rpuasun (TCPT) u
[IMHKOB HUTPAT XEKCaxuapar. AHaATU3WUTE 4Ype3 pPEHTreHOBa AUQpakius Ha STUHHYHU
KpPHUCTaIM U Mpax MOTBbpPAMXA 00pa3yBaHETO HAa XEKCArOHAJHH, MPBTOBUJHU KPUCTAIU C
TpuroHaisa ctpykrypa (P-31c¢), xapakrepusupaiia ce ¢ AByKpaTHO NpeIieTeHa TpHU3MEpHa
paMkoBa CTpyKTypa. I[IpoBeneHa € LSJIOCTHa XapaKTepUCTHKA, BKIo4YMTeIHO SAMP
CTHIEKTPOCKOIHS, TEPMOTPABIMETPHUYCH aHAIN3 U U3MEPBAHMUS Ha CTIEHU(UIHA TOBBPXHOCT
(upe3 monenute Ha Langmuir, t-plot, Horvath-Kawazoe u Dubinin—Radushkevich), xosro
pa3Kpy, 4e MaTepHalIbT € YITPAaMHUKPOINOpecT ¢ moBbpxHOCT o Langmuir ot 711 m?/g u
cpe/lHa IMPUHA Ha HopuTe 0KojIo 6.5 A. M3cnenpanusTa no aacop6ius ¢ 6arpuiara Konro
yepBeHO, MeTuiIeHoBo cuHbo, MeTmi opanx U Pomamun B nokas3Bar 0bp30 moemane u
e(pEeKTUBHO OTCTpaHsABaHE OT BOJAHM pPA3TBOPHU, KAaTO KHUHETHUYHHUAT MOJEN COYHU
npeobyiafaBail MeXaHM3bM Ha XxemocopOuus. PorokaTanuThyHu TectoBe moxa UV
o0TbYBaHE IEMOHCTpUpPAT €PEKTUBHOCT Ha pasrpaxjaHe oT okojo 93% 3a Metuin opanx u
74% 3a Pogamun B. Te3u pesyntatu mokaszsat, ue MOF-S1 e obemaBam kaHauaar 3a
NPUJIOKEHNE B IPEYUCTBAHE HA OTNAABYHU Boau U UV-CBbp3aHu mpoliecu, baaroiapeHue
Ha CBOSITA BUCOKA a7icCOPOLMOHHA CITIOCOOHOCT U TEPMHUYHA CTAOUITHOCT.


https://www.scopus.com/pages/publications/105003561687

4.5. Lakiss, L., Hamoud, H. I., Cruchade, H., Lazarova, H., Qassab, M., Desmurs, M., Roz, M.
El, Valtchev, V., Gilson, J.-P., Zeolite Catalysts for Hydrogen Harvesting from Polyethylene: A
Sustainable Approach to Plastic Waste Upgrading, ChemCatChem, (2025), SJR:0.94, JCR-IF:3.8
3a 2025r., Q2 mo SJR 3a 2025r., DOI:10.1002/cctc.202500592

Abstract: This study aims to produce hydrogen from polyolefin plastics, using nickel zeolite-
based catalysts under inert conditions. Low Density Polyethylene (LDPE) has been chosen
as a model for upgrading polyolefin plastic wastes. Zeolites with a large variety of physico-
chemical properties have been investigated including large pores Beta (BEA/BEB), Faujasite
(FAU), Mordenite (MOR) and the intermediate pore ZSM-5 (MFI). All have been
impregnated with Nickel to enhance catalytic hydrogen production. Their catalytic
performance was assessed through LDPE conversion in a fixed bed reactor under nitrogen
flow as well as in a combined TGA-MS setup. All catalysts performed better, i.e. at lower
temperatures than under thermal decomposition. Ni-LZY-210, Ni-Beta, and Ni-CBV712 are
active at low temperatures (~250 °C) with a high hydrogen selectivity (40-50 mol.% of the
gas phase). They also exhibit different selectivity toward isobutane and heavier hydrocarbons
(C6+). The composition of the condensed products depends also of the zeolite: with Ni-Beta,
the primary products are alkyl benzenes (C8-13) while Ni-CBV712 produces approximately
30 wt.% of branched alkanes in the C8-10 range and Ni-LZY-210 predominantly yields
aromatic compounds in the C8-10 range. The coke deposit varies also in the range of 2-20
wit%. The presence of Nickel is essential for hydrogen production. In the absence of Nickel
the yield of hydrogen ranges from 1% to 7% for pure zeolite based catalysts.

Lakis, L., Xamyn, X. U., Kpyman, X., Jlazaposa, X., Kaca6, M., lecmrop, M., En Po3, M.,
Boiues, B., Kuiicon, XK.-11., 3eoauTHH KaTaau3aTopu 3a 100MB HA BOJAOPOA OT MOJIHETHJIEH:
YCTOMYHB MOAX0/1 32 ONOJI30TBOPSIBAHE HA MJIACTMACOBU OTHABIIMN.

Pesrome: Hacrosmoro wuscnenBaHe 1€l NPOU3BOACTBO Ha BOAOPOJ OT MOJHOJNE(PUHOBU
IUIACTMACH 4Ype3 M3IMOJI3BAHE HA HUKEI-ChIbPIKAIIN 3€0JIMTHU KaTaJIM3aTOPU NP UHEPTHU
ycnoBusi. Kato mojen 3a onon3oTBopsiBaHE Ha MOJIMOJIE(PUHOBH MIACTMACOBU OTHAABIU €
u30pan monueTwieH ¢ Hucka bTHOCT (LDPE). U3cneaBanu ca 3eonuTu ¢ pa3inuyuHu
($U3MKO-XMMHYHU CBOMCTBA, BKIIOUUTENHO ¢ mpoku nopu — bera (BEA/BEB), ®oxazur
(FAU), Mopaenutr (MOR), kakto u c¢bc cpeanu nopu — ZSM-5 (MFI). Beuuku Te ca
MMIIPETHUPAHU C HUKEJ C 11eJ1 TIOBUILIaBaHEe HA KaTaJIUTUYHOTO MPOU3BOJCTBO HA BOJOPO/I.
Kartanutnunata eekTUBHOCT € o1leHeHa upe3 pasrpaxaane Ha LDPE B peakTop ¢ pukcupan
CJIOW TMOJ TOTOK OT a30T, KakTo W 4Ype3 KomOmHUpaHa cuctema TGA-MS. Bcuuku
KaTaJIn3aTOpU TIOKa3BaT MO-100pa aKTUBHOCT — T.€. IPU TMO-HUCKH TeMIeparypu B
CpaBHEHHE C YHCTO TepMHUYHOTO pasrpaxkaane. Ni-LZY-210, Ni-Beta u Ni-CBV712 ca
aKTUBHH IIPU HUCKU TemIiiepaTypH (okono 250 °C) u 1eMOHCTpUpaT BUCOKA CEIEKTUBHOCT
KbM Bogopos (40—50 mo1.% oT razoBarta (a3za). Te chIo moka3BaT pa3iniHa CEJIEKTUBHOCT
KBbM H300yTaH U NO-TEKKU BbIIIeBo10poan (C6+). ChCTaBbT HAa KOHACH3UPAHUTE TPOJYKTH
3aBHCH OT BHUJa Ha 3eonuta: mpu Ni-Beta npeobnanasat ankunbenzenute (C8—13), mpu Ni-
CBV712 ce nony4asat okouio 30 Teri.% pa3kiioHeHHu ankaHu B quanazona C8—10, a mpu Ni-
LZY-210 ocHoBHO ce hopmupaT apoMaTHU cheauHeHus B Auana3ona C8—10. Otnaranero
Ha KOKC CbhIIO Bapupa B rpanunure ot 2 1o 20 tern.%. IlpucbcTBUETO HA HUKEN € OT


https://www.scopus.com/pages/publications/105004170116

CBHIIECTBEHO 3HAUEHUE 32 MTPOU3BOJICTBOTO HA BOJOPO — MPH OTCHCTBUETO MYy JJOOUBBT Ha
BOZIOPOJ IIPY YUCTH 3€0JIMTHU KaTanu3aTopu € ensa mexay 1% u 7%.

4.6. Kalvachev, Yu., Todorova, T., Nihtianova, D., Lazarova, H., Popova, M., Fluoride
etching of mordenite and its influence on catalytic activity, Journal of Materials Science, 52 (9),
5297-5308 (2017), SJR:0.84, JCR-1F:2.30 32 2017r., Q1 mo SJR 3a 2017r., DOI 10.1007/s10853-
017-0769-3

Abstract: Due to its structure and high Si/Al ratio, zeolite mordenite has high thermal and acidic
stability. Mordenite-type of zeolites have been used as catalysts in many industrially
important reactions such as hydrocracking, hydroisomerization, alkylation, acid-catalyzed
isomerization of alkanes and aromatics, reforming. In order to overcome the problem of the
limited access to the active sites, OSDA free synthesized mordenite undergoes fluoride
etching as a post-synthetic treatment. The post-synthetic treatment is performed with
hydrofluoric acid in combination with ammonium fluoride. Thus, the porosity is enhanced
additionally without changing considerably the Si/Al ratio of the zeolite framework. All
samples have been characterized by X-ray diffraction analysis, nitrogen adsorption, scanning
electron microscopy, high-resolution transmission electron microscopy and solid-state
nuclear magnetic resonance spectroscopy. The catalytic activity of the samples obtained has
been investigated in the reaction of mxylene transformation. All mordenite samples having
undergone post-synthetic treatment exhibit catalytic activity higher than that of the parent
sample.

Kangaues, 10., Togoposa, T., Huxtanosa, /1., Jlazaposa, X., [Tonosa, M., ®1yopHO enBaHe Ha
MOP/JAEHUT U HErOBOTO BJIHSAHUE BbPXY KATAJUTHYHATA AKTUBHOCT.

Pe3iome: briaromapenue Ha cBOsiTa CTPYKTypa U BHCOKOTO ChOTHOIIEHHE Si/Al, 3€01UTHT -
MOP/IEHUT, KOMTO NPUTEKaBa BUCOKA TEPMUYHA U KUCETMHHA CTAOMIIHOCT. 3€0JIUTH OT TUIIA
MOpPJICHUT C€ W3IMOJ3BaT KaTO KaTajlM3aTOpU B peAMIla MHAYCTPUATHO 3HAUMMU PEAKIMU
KaTO XUJPOKPEKUHI, XHUAPOM3OMEpHU3alus, aJKWIMpaHe, KHCEIMHHO-KaTaJu3upaHa
u30Mepu3alys Ha ajJKaHd M apoMaTHU CheAMHEHHUs, puOpMHUHI. 3a Aa ce Mpeojosiee
npoOJeMbT ¢ OTPaHUYEHUS JOCTBII 1O AKTUBHUTE IIEHTPOBE, MOPJEHUT, CUHTE3UpaH 0e3
opranu4yHu cTpykrypoonpenensmu areHt (OSDA-free), ce mognara Ha (GayopHO enBaHe
KaTo IOCTCHHTEeTHYHa oOpaboTka. OOpaboTkara ce u3BBpIIBA C (PIyopoOBOJOPOIHA
KHCeJIMHa B KOMOMHanus ¢ amoHueB ¢uryopus. [1o To3u HauMH ce noBuIIaBa MOpbO3HOCTTA,
0e3 3HaAUYUTEITHO Ja ce MpoMeHs choTHOoIeHneTo Si/Al B 3eonuTHara pamka. Benuku npobu
ca OXapakTepH3UpaHU upe3 pEeHTreHoBa audpaxius, aacopOuMs Ha a30T, CKaHMpalla
€JIEKTPOHHA  MHUKDOCKOINMSI, = BHCOKOPE3OJIIOIMOHHA  TPAaHCMUCHOHHA  €JIEKTPOHHA
Mukpockornus u SIMP criektpockonus B TBbpJIO CbCTOsIHUE. KaTaMTHYHaTa aKTUBHOCT Ha
MOJIyYeHUTE NMPOOH € M3CIIe[BaHa B peakUusaTa Ha TpaHcopmarus Ha M-KcuileH. Benuku
npoOM OT MOPACHMT, MOJJIOKEHU Ha MOCTCUHTETHYHa oOpaboTKa, MOKa3BaT MO-BHCOKa
KaTaJIMTHYHA aKTUBHOCT CHPSMO U3XO0HATa mpooa.



Kpumepuii I. Ilokazamen 7. Haydna nyOnukamusi B W3JaHHs, KOUTO ca pedepupaHud u
WHJIGKCUPAaHU B CBETOBHOM3BECTHH 0Oa3u AaHHW ¢ HayyHa uHpopmanms (Web of Science u
Scopus), U3BbH XaOMIUTALMOHHUS TPY/I

7.1.  Vicente, A. ., Coelho, J. A. S., Simeonov, S. P., Lazarova, H. |., Popova, M. D., Afonso,
C. A. M, Oxidation of 5-Chloromethylfurfural (CMF) to 2,5-Diformylfuran (DFF), Molecules, 22
(2), 329 (2017), SJR:0.54, JCR-IF:2.47 3a 2017r., Q2 mo SJR 3a 2017r.,
DOI:10.3390/molecules22020329

Abstract: 2,5-Diformylfuran (DFF) is an important biorenewable building block, namely for the
manufacture of new polymers that may replace existing materials derived from limited fossil
fuel resources. The current reported methods for the preparation of DFF are mainly derived
from the oxidation of 5-hydroxymethylfurfural (HMF) and, to a lesser extent, directly from
fructose. 5-Chloromethylfurfural (CMF) has been considered an alternative to HMF as an
intermediate building block due to its advantages regarding stability, polarity, and
availability from glucose and cellulose. The only reported method for the transformation of
CMF to DFF is restricted to the use of DMSO as the solvent and oxidant. We envisioned that
the transformation could be performed using more attractive conditions. To that end, we
explored the oxidation of CMF to DFF by screening several oxidants such as H2O2, oxone,
and pyridine N-oxide (PNO); different heating methods, namely thermal and microwave
irradiation (MWI); and also flow conditions. The combination of PNO (4 equiv.) and
Cu(OTf)2 (0.5 equiv.) in acetonitrile was identified as the best system, which lead to the
formation of DFF in 54% yield under MWI for 5 min at 160-C. Consequently, a range of
different heterogeneous copper catalysts were tested, which allowed for catalyst reuse.
Similar results were also observed under flow conditions using copper immobilized on silica
under thermal heating at 160-C for a residence time of 2.7 min. Finally, HMF and 5,50-
oxybis(5-methylene-2-furaldehyde) (OBMF) were the only byproducts identified under the
reaction conditions studied.

Bucente, A. U., Koemo, XK. A. C., Cumeonos, C. I1., JIazaposa, X. U., [Torosa, M. /1., Adomncy,
K. A. M., Okucienune Ha S-xaopomerwiapyppypan (CMF) no 2,5-nupopmuadypan (DFF).

Pe3some: 2,5-/Iludopmundypan (DFF) e Baxxen OHMOOOHOBsSIEM TpaguBeH €IEMEHT, OCOOCHO 3a
IIPOU3BOJICTBOTO HAa HOBU IOJIMMEPH, KOUTO MOTaT /1a 3aMEHAT ChIIECTBYBAlU MaTepUallH,
MOJIy4Y€HU OT OIPaHUYEHH U3KoIMaeMu pecypcu. ChIIECTBYBAIIUTE METO/IM 3a MOJTyyaBaHe
Ha DFF ce ocHOBaBar riaBHO Ha okUcleHHe Ha S-xuapokcumetundyppypan (HMF) u, B mo-
MaJjika CTereH, JUPEKTHO OT PppykTo3a. 5-Xmopometundypdypan (CMF) ce pasraexaa kato
antepHatuBa Ha HMF nopanu npenumcrBara cu, CBbp3aHU ChC CTAOMIIHOCT, MOJIIPHOCT U
BB3MOKHOCT 3a JI00MB OT IJIIOKO3a U Iienyfio3a. EAMHCTBEHUAT Jocera omucaH METO[ 3a
tpancpopmanus Ha CMF B DFF BkirouBa usnomnsBanero Ha auMerwiicyiagpokcus (DMSO)
€JHOBPEMEHHO KaTo pa3TBOpUTEN M  okuciauten. Hwue mnpenmonoxuxme, de
TpaHchopManuaTa MOXKe Ja C€ OChUIECTBU NPHU MO-TIPUBJIEKATEIHN YCIOBUS. 3a Ta3u 1el
m3cneaBaxme okuciaennero Ha CMF no DFF ¢ paznnuau okucIHTENH KAato BOAOPOAECH
nepokcun (H202), okcon u mupunun N-okcua (PNO), kakTo U mpu pa3IMyHd METOAM Ha
HarpsiBaHe — TEPMUYHO U ¢ MUKpPOBBJIHOBA paauanus (MWI), BKIIIoUnTENHO U B TOTOKOBU
ycnoBusi. Haii-noOpara cucrema BrmouBame PNO (4 exB.) u Cu(OTf) (0.5 exB.) B



AlETOHUTPHII, KOeTo noBeAe jao monydaBaHe Ha DFF ¢ mobuB 54% cnex 5 MuHyTH
MHUKpPOBBIHOBO HarpsiBane rpu 160 °C. M3npoOBaHu 0siXxa ¥ pa3IMuHU XETECPOTCHHU MEIHHU
KaTaJIn3aTOpH, O3BOJISBALIY ITOBTOpHA ynoTpeba. [TonoOuu pesynraru 0sxa HaOIr01aBaHU
U TIpU TOTOKOBU YCJIOBHS C MeJ, MUMOOWIM3MpAH BbPXY CHJIMKArei, MpU TEPMUUHO
HarpsiBane Ha 160 °C u Bpeme Ha mpectoil 2.7 munyTtH. EnuncTBenuTe uaeHTuGUIMpanu
CTpPaHUYHHM MMPOAYKTH MPH U3cieaBanutTe yciuoBus 0sxa HMF u 5,5'-okcubuc(5-metunen-2-
bypannexun) (OBMF).

71.2. Popova, M., Lazarova, H., Trusheva, B., Popova, M., Bankova, V., Mihdly, J., Najdenski,
H., Tsvetkova, 1., Szegedi, A, Nanostructured silver silica materials as potential propolis carriers,
Microporous and Mesoporous Materials, 263, 28-33 (2018), SJR:1.07, JCR-IF:4.18 3a 2018r., Q1
no SJR 3a 2018r., DOI:10.1016/j.micromes0.2017.11.043

Abstract: It is reported for first time, that silver modified nanoporous MCM-41 or SBA-15 silicas
are promising carriers for the preparation of poplar propolis loaded dermal formulations.
MCM-41 or SBA-15 were successfully modified with 5-15 nm sized silver nanoparticles by
direct or post synthesis methods. The formed silver nanoparticles are stabilized in the
channels or on the outer surface of nanoporous supports. Poplar propolis molecules were
loaded into the mesoporous channels by impregnation. The parent and poplar propolis loaded
formulations were characterized by powder XRD, N2 physisorption, thermal analysis and
ATR FT-IR spectroscopy. In vitro release of poplar propolis and silver was studied in
phosphate buffer at pH = 5.5 which is typical for dermal formulations. Adsorption of poplar
propolis on nanoporous silica particles significantly improves its water solubility. More over
propolis loaded silver-silica systems show significantly better antibacterial and antifungal
activities than poplar propolis and silver-modified carriers themselves.

[Tonosa, M., JIazapoBa, X., Tpyuesa, b., [lonnoBa, M., baukosa, B., Muxaii, 1., Halinencku, X.,
[BetkoBa, 1., Cesrenu, A., HaHocTpyKkTypupaHu cpe0bPHO-CWINMIIHEBH MATEPHAJIU KATO
NMOTEHUMATHUA HOCUTEJIH HA IPOMOJIKC.

Pe3srome: 3a mbpBU BT ce choOIIaBa, 4e cpeObPHO-MOAUPUIIMPAHUTE HAHOIIOPECTH CHUIIMIIMEBU
marepuanu MCM-41 u SBA-15 ca o0emaBaiy HocuTenu 3a pa3paboTBaHe Ha JepMallHU
OPOAYKTH, ChAbpXKAIKM TomojoB mnpornoiauc. MCM-41 u SBA-15 0saxa ycneurHo
MOJIUGHUIMPAHU ChC CPeOBPHU HAHOYACTUIM C pa3Mepu Mexy 5 U 15 nm upe3 qupexTeH
WM MOCTCUHTETHYEH MeTo. OOpa3yBaHuTe cpeObpHU HAHOYACTUIM ca CTAOUIIM3UPaHU B
KaHaJIUTE WIK BbPXY BBHIIHATA IOBBPXHOCT HA HAHOIIOPECTUTE HOCUTENN. MOJIEKyIUTE Ha
TOTOJIOBHSI TPOMOJUC OsiXa HATOBAPEHU B ME30IMOPECTUTE KaHAIM 4Ype3 HMMIIpETHUpaHe.
[Tony4yenuTe MaTepualiu — MbPBUYHU U HATOBAPEHH C MPOIOIUC — 051Xa XapaKTepU3UPaHH C
npaxoBa peHtreHona nudpakmus (XRD), azotHa ¢usucopomus, TepmuueH aHann3 U1 ATR
FT-IR cnekrpockomnus. M3cieaano oete in Vitro ocBo00K1aBaHETO Ha MPOIOIUC U Cpedpo
B (ocharen Oydepen c¢ pasrBop pH = 5.5, xapakrepeH 3a nepMaiHH MPOIYKTH.



AncopOmusaTa Ha TPONOJMC BBPXY HAHOMOPECTHTE CHJIMLMEBU YACTHLIM 3HAYUTEITHO
nozo0psiBa Boopa3TBOpUMOCTTa My. OCBEH TOBa, CHUCTEMHUTE C IPOIOJINC, HATOBAPEHH
BbPXY  CpPeOBPHO-CHIIMIIMEBH  HOCUTEIH,  MPOABSIBAT  3HAYUTEIHO  MO-700pa
aHTHOAKTepUalHa ¥ MPOTUBOTrbOMYHA aKTHBHOCT B CPAaBHEHUE KAKTO C YHCTHS IPOIIOJIHC,
Taka M ChC CAaMHUTE CPeObPHO-MOAU(PHUIIMPAHN HOCUTEIH.

7.3. Pavlovic, J., Popova, M., Mihalyi, R.M., Mazaj, M., Mali, G., Kovac, J., Lazarova, H.,
Rajic, N, Catalytic activity of SnO? and SO4/SnO?containing clinoptilolite in the esterification of
levulinic acid, Microporous and Mesoporous Materials, 279, 10-18 (2019), SJR:1.09, JCR-IF:4.2
3a 2019r., Q1 mo SJR 3a 2019r., DOI:10.1016/j.micromes0.2018.12.009

Abstract: Catalysts based on natural zeolite — clinoptilolite loaded with either SnO2 (TOHCLI) or
sulfated SnO, (STOHCLI) were prepared and tested in the esterification of levulinic acid
(LA) with octanol or ethanol. The Sn content in TOHCLI and STOHCLI varied from 4.5 to
12.3 wt.%. The catalysts were characterized by powder X-ray diffraction method, scanning
electron microscopy coupled with energy dispersive X-ray spectroscopy, thermal analysis,
X-ray photoelectron spectroscopy, N2 physisorption at -196 °C, ?’Al and 2°Si MAS NMR
solid state spectroscopy and FTIR spectroscopy for analysis of acidic centers. A high
conversion rate of LA into octyl- (OLA) or ethyl levulinate (ELA) was obtained for both
TOHCLI and STOHCLI. TOHCLI showed a high activity in the conversion of LA into OLA
(55%) and a moderate activity in the conversion to ELA (22%). STOHCLI led to a total
conversion of LA to OLA and ELA due to the presence of a high amount of Brensted and
Lewis acid sites in the catalysts. The catalytic activity decreased to 86% for OLA and to 66%
for ELA after next five cycles. Lower catalytic activity in the repeated cycles during ELA
formation was explained by pore blockage due to coke formation.

[TaBnoBuy, U., [Tonosa, M., Muxaiin, P. M., Ma3zaii, M., Manu, I'., Kopay, {., Jla3aposa, X.,
Paitnu, H., Katanutuyna aktuBHOCT HAa chabpxamm SnO* n SO4/SnO* KIMHONTHIOIUTH
Nnpu ecTepuPUKANNATA HA JIEBYJIHHOBA KHCEJIMHA.

Pe3rome: Katanuzaropu Ha ocCHOBaTa Ha MPUPOJEH 3€0JIUT — KIMHONTUIIONNUT, HaToBapeH ¢ SnO:
(TOHCLI) wumm cyndatupan SnO: (STOHCLI), 0sxa mpuUroTBEHM W TECTBAHU MPHU
ectepudukanusaTa Ha JeByauHoBa kucennHa (LA) ¢ oktaHon uinu eraHos. ChabpKaHUETO
Ha kanaid (Sn) B TOHCLI u STOHCLI Bapupame ot 4.5 no 12.3 TerjnoBHM MpOLEHTA.
KaranuzaTopute 0sixa xapakTepu3upaHH ¢ TIOMOILTa Ha PEHTT€HOBA MpaxoBa Audpakuus,
CKaHHUpallla eJeKTPOHHA MUKPOCKOIIMS, ChUeTaHa ¢ €HEPTUHHO-IUCIIEPCUOHHA PEHTIEHOBA
CHEKTPOCKOMNUS, TEPMUYEH aHalIu3, PEHTreHOBa (OTOENEKTPOHHA CIEKTPOCKOIHS,
¢uzucopOuus Ha azoT npu -196 °C, TBBpAOda3Ha CHEKTPOCKONHUS C MAarHETUYEH SApeH
pezonanc (MAS NMR) 3a Al u #Si, xakto u FTIR cmekTpockonus 3a aHanu3 Ha
KHCEJIIMHHUTE 1IeHTpoBe. Bucoka crenen Ha npeobpasyBane Ha LA B oktunoB (OLA) unu
etunoB neBynuHat (ELA) 6eme mocturnara u ¢ TOHCLI, u ¢cec STOHCLI. TOHCLI
[I0Ka3a BUCOKA aKTUBHOCT IpH npeBpbinanero Ha LA B OLA (55%) u ymepeHa akTUBHOCT



npu npespbianeto B ELA (22%). STOHCLI nosezae no nbina kouBepcus Ha LA B OLA u
ELA, nopaau Hamu4uueTo Ha rojsMm Opoit bprorcTenoBu n JIyncoBu KHCETWHHU IIEHTPOBE B
karanuzaTopute. Katanntuunara aktuBHOCT HaMaust 10 86% 3a OLA u 1o 66% 3a ELA cnen
HeT MocieoBaTeNHu UKbaa. [lo-HuckaTta akTUBHOCT MpH nmoBTopHuTe mukiu 3a ELA ce
o0sicHsIBa ¢ OJIOKMpaHe Ha MIOPUTE B pe3yaTaT Ha 0Opa3yBaHe Ha KOKC.

7.4.  Simeonov, S., Lazarova, H., Marinova, M., Popova, M., Achmatowicz rearrangement
enables hydrogenolysis-free gas-phase synthesis of pentane-1,2,5-triol from furfuryl alcohol,
Green Chemistry, 21, 5657-5664 (2019), SJR:2.26, JCR-IF:9.41 32 2019r., Q1 mo SJR 3a 2019r.,
DOI:10.1039/c9gc02888a

Abstract: Highly efficient synthesis of pentane-1,2,5 triol, a promising member of biorenewable
C5 alcohols, has been achieved by gas-phase hydrogenation of the Achmatowicz
intermediate derived from furfuryl alcohol. The hydrogenation was carried out on
monocomponent or bicomponent Ni and/or Pt modified mesoporous silica catalysts. The
process features the absence of hydrogenolysis of the furan ring and rendered 100%
selectivity together with additional green chemistry benefits, such as mild and simpler
solvent free technology that operates at atmospheric pressure. The bicomponent Ni/Pt
modified mesoporous silica catalysts exhibited the highest catalytic activity, with
10Ni1Pt/KIT-6 being the most active, providing up to 100% conversion.

Cumeonos, C., JlazapoBa, X., Mapunosa, M., Ilonosa, M., Ilpenape:xxnanero no AXMaToBH4
no3BoJisiBa razogaseH cuHTe3 Ha mneHTaH-1,2,5-tpuoa ot ¢ypdypuioB ajakoxos 0e3
XUAPOreHOJIN3a

Pe3tome: I[locturHatr e BuCOKOE(EKTHBEH CHUHTE3 Ha TMeHTaH-1,2,5-Tpmon — obemaBar
npeacTaBuTEN Ha OnooOHOBsieMuTe CS aTKOX0u — Ype3 XUIporeHupaHe B ra3ona (aza Ha
MEXJIWHEH TMPOIYKT OT MPEHapEeKIAaHETO MO AXMAaTOBHY, MONYy4YeH OT (Qyppypuion
aIKOXO0J. XUJPOTEHUPAHETO € W3BBPIICHO BBPXY MOHO- WIHM OWKOMIIOHEHTHU
Karajau3aTopu Ha ocHoBara Ha Huken (Ni) w/mnum mnatuHa (Pt), momudunupanu c
ME30TOPECTH CHJIMIIMEBU KaTanu3artopu. lIpomechT ce oTin4aBa C OTCHhCTBHE Ha
xujaporeHonuza Ha (ypaHoBus npbcTeH U mnoctura 100% ceneKTUBHOCT, 3aeAHO C
JOTTBJIHUTEITHU TIPEIMMCTBA B KOHTEKCTA Ha 3€JIeHaTa XUMUs, KaTo AN YCIOBHS,
MPOCTa TEXHOJIOTHUs 0e3 U3IM0I3BaHe Ha Pa3TBOPUTEIH U paboTa Mpu aTMOCHEPHO HATISTaHE.
bukomnonenTHuTe kKaramuszatopu ¢ Ni/Pt, Moamduiupanu Me30MOPECTH CHIHIMEBU
KaTaJan3aTopH, MOKa3axa Hail-BUCOKAa KaTaluTH4Ha akTUBHOCT, kato 1ONilPt/KIT-6 ce
OTKpPOM KaTo Hali-aKTUBEH, ocurypsiBaiiku 10 100% xoHBepcusi.



1.5. Boycheva, S., Zgureva, D., Vaclavikova, M., Kalvachev,Y., Lazarova,H., Popova, M.,
Studies on non-modified and copper-modified coal ash zeolites as heterogeneous catalysts for
VOCs oxidation, Journal of Hazardous Materials, 361, 374-382 (2019), SJR:1.79, JCR-IF:7.65 3a
2019r., Q1 mo SJR 3a 2019r., DOI:10.1016/j.jhazmat.2018.07.020

Abstract: The present study is aimed at investigations on the catalytic activity for total oxidation
of volatile organic compounds (VOCs), such as toluene, acetone, n-hexane and
dichlorobenzene onto zeolite-like materials synthesized from coal fly ash (FA) directed to
development of an economically efficient approach for degradation of VOCs. Fly ash
zeolites (FAZ) were prepared by alkaline conversion of FA collected from Thermal Power
Plants supplied with lignite coal from “Maritza-East” basin in Bulgaria. Different synthesis
procedures double stage fusion-hydrothermal activation, fusion-atmospheric crystallization
and atmospheric aging were applied. The synthesis products were identified by X-ray
diffraction, and were assigned to zeolite Na-X. Scanning electron microscopy images reveal
submicron dimensions of the composing crystallites. Nitrogen adsorption/desorption
measurements reveal a mixed micro-mesoporous structure and specific surface area between
116 and 396 m?%g for the obtained FAZ. Relationships between surface properties, iron
content and the catalytic activity of FAZ were investigated and discussed. Copper-modified
fly ash zeolites (Cu-FAZ) were prepared by incipient wetness impregnation technique with
copper acetylacetonate. The loading of 5 wt. % copper on the zeolite samples was achieved.
The catalytic activity of FAZ and Cu-FAZ in the total oxidation of model VOCs mixture
containing n - hexane, acetone, toluene, 1,2 dichlorobenzene was evaluated.

boiiuesa, C., 3rypea, /l., BammnaBukoBa, M., Kansaues, 1O., JlazapoBa, X., [lonoBa, M.,
N3caenBanusi BbpXy HeMOAN(PUIHUPAHH W METHO-MOAM(PUIIUPAHU 3€0JJUTH OT BBHIJIMIIHA

Merej Karo X€TEPOr¢cHHu KaTajJdu3aTopu 3a OKUCJICHUE HA JICTJIMBU OPraHuvYHU CHEAUHCHU S
(VOC)

Pesrome: HacrosmoTo n3cieasale € HACOYEHO KbM U3CIIEIBAHE HA KaTAJIUTUYHATA aKTUBHOCT 3a
I'BJIHO OKUCJIEHHE Ha JIETJIMBH opraHuyHu cbenuHeHus (VOC), kato ToNyeH, aleToH, n-
XEeKCaH U JTUXJOpOEH3eH, BbpPXY 3€0JUTONOJOOHM MaTepuany, CUHTE3UpPaHHU OT JIeTsIla
nernen (FA) ot Beroummn enexktporentpanmu. llenta e pazpaboTBaHe HaA MKOHOMHYECKHU
epexTuBeH noaxona 3a pasrpaxiaHe Ha VOC. 3eonutute ot nersma nenen (FAZ) ca
MOJIYYeHH upe3 aJikaiHa 00paboTka Ha menen, chOpaHa OT TOIUIOCIEKTPHUECKH [IEHTPaIH,
3axXpaHBaHM C JIMTHUTHU BBIJIMINA OT OaceiiHa ,,Mapuna-u3rok* B bwarapus. Mznonzsanu
ca pa3MYHU CHHTETUYHU IOJXOAM: ABYETAIlHO CIIMBAHE-XUJIPOTEPMAJIHO aKTHUBHUpAHE,
ciMBaHe-aTMoc(hepHa KpucTanu3aus 1 atMocepHo crapeeHe. CHHTE3UpaHUTE MPOIYKTH
ca MJICHTU(PHUITUPAHU Ype3 PEeHTreHoBa Mupakius U ca ompenereHu kato 3eonut Na-X.
CHUMKHU OT CKaHMpalla eJeKTPOHHa MUKPOCKONMs IOKa3BaT CyOMHUKPOHHHU pa3MepH Ha
Kpuctanutute. M3mepBaHuaTra Ha ajncopOuus/aecopOuus Ha a30T pa3KpUBaT CMECceHa
MHUKpPO-ME30I0pecTa CTPYKTypa U crieluduyHa NOBbPXHOCTHA Ttony Mexty 116 u 396 m?/g
3a nonyuenutre FAZ. U3cnenBanu 1 0oOCHIEHU ca 3aBUCUMOCTUTE MEXKY MOBBPXHOCTHUTE
CBOICTBa, CHABPKAHUETO HA JKEISA30 M KaTaJUTHYHATa akTHUBHOCT Ha FAZ. MenHo-
Monupuuupanu 3eonutH ot jerdma nenen (Cu-FAZ) ca npurorBeHu upe3 TeXHUKa Ha
HaBJIAXKHSABAHE J10 HACUTEHOCT C MEJIEH aneTuianeroHar. Ilocturuaro e HaroBapsase oT 5
ter. % Men BbpXy 3eoauTHUTE poOu. OlleHeHa € KaTanuThHaHaTa akTuBHOCT HAa FAZ u Cu-



FAZ npu nbenHoTO Okuciienne Ha MozenHa cMec oT VOC, chabpkalia n-XxeKkcaH, aleToH,
ToyeH U 1,2-1uxopOeH3eH.

7.6. Pardo Cuervo, O. H., Simeonov, S. P., Peixoto, A. F., Popova, M. D., Lazarova, H. |,
Romanelli, G. P., Martinez, J. J., Freire, C., Afonso, C. A. M., Efficient Continuous Production of
the Biofuel Additive 5-(t-Butoxymethyl) Furfural from 5-Hydroxymethylfurfural, Energy
Technology, 7, 11 (2019), SJR:0.85, JCR-IF:3.16 3a 2019r., Q1 mo SJR 3a 2019r.,
DOI:10.1002/ente.201900780

Abstract: The catalytic etherification of 5-hydroxymethylfurfural (HMF) with t-butanol to a
biofuel additive 5-(t-butoxymethyl) furfural (t-BMF) is studied by screening 27
heterogeneous protic and/or Lewis acids. Preyssler heteropolyacid H14[NaP5W300110] and
Montmorillonite-based CLOI_CSP catalysts are identified as the most efficient ones,
allowing the etherification to reach the t-BMF/HMF equilibrium faster (1:1), thus promoting
minimum side reactions. Further optimization of the batch experimental conditions, namely
catalyst loading, temperature, HMF concentration, time, t-BMF stability, and additives,
allows the t-BMF/HMF equilibrium to be reached in less than 3 h with outstanding selectivity
>95%. Under optimized conditions, CLOI_CSP is reused for four cycles without significant
loss of efficiency. In addition, it exhibits high efficiency under flow conditions, allowing
continuous production of t-BMF up to 0.7 g t-BMF g catalyst/min at high concentrations
of HMF.

Kyepso, II. O. X, Cumeonos, C. II., Ileitmory, A. ®., Ilonosa, M. /., JlazapoBa, X. H.,
Pomanenu, I'. T1., Maptunec, X. X., ®peiipe, K., Aponcy, K. A. M., E¢pekTUBHO HeNpPeKbCHATO
NPOU3BOACTBO Ha OmoaguTHBA 5-(Tper-0yTroxkcumerni)pypdypan oT 5-
xuapoxcuMeTuadgyppypas

Pe3iome: H3crenBana e karanutuyHara erepudukanus Ha S-xuapokcumeruindypdypan (HMF) ¢
t-Oyranon mo 6uoamutuBa S-(t-Oyroxcumerun)pypdypan (t-BMF), upe3 ckpununr Ha 27
XEeTEepOreHHU MPOTOHHM W/uiu Ha Jlrouc kucennHu. XerepomnoaukucenuHara Ha [lpeiicinep
Hi4[NaPsW300110] 1 kxaTanmuzaropure Ha ocHoBata Ha MoHTMOpwiIoHMT (CLOI CSP) ca
UJACHTUQHUIMPAHU KaTo Hal-e(peKTHBHH, KaTo MO3BOJSABAT MO-OBP30 JIOCTUTaHE Ha
paBHoBecue mexay t-BMF u HMF (B cboTHOmeHue 1:1), MUHUMU3Upaliku CTpaHUYHUTE
peakuuu. Ilo-HaTaTpllHA ONTUMU3ALMSA HAa €KCIIEPUMEHTAIHUTE YCIOBUSA B NEPUOAUYEH
PEXKUM — BKIIIOYUTEITHO KOJIMYECTBO KaTaJIn3aTop, TeMIlepaTypa, KoHueHrpauus Ha HMF,
Bpeme, ctabuiHocT Ha t-BMF 1 no6aBku — Bou 10 tocturane Ha paBHoBecue t-BMF/HMF
3a Mo-MaJIko OT 3 yaca IpU OTJIMYHA CeNIeKTUBHOCT >95%. Ilpu onTuMH3uMpaHu yCIIOBUS
katanmzatopbT CLOI CSP moske n1a 6b/ie U3M0I3BaH MOBTOPHO B YETHPH MOCIIEI0BATEIHU
MKbJIa 0e3 3HauuTeNHa 3aryoa Ha edekTuBHOCT. OCBEH TOBa TOW IIOKa3Ba BHCOKa
e(EKTUBHOCT M MPHU MPOTOYHHU YCIOBUS, O3BOJISIBANKH HEMTPEKbCHATO MPOU3BOJICTBO HA t-
BMF 10 0.7 g t-BMF g karanusatop/munyra™ npu Bucoku xonnentpamuu Ha HMF.



7.7.  Popova, M., Boycheva, S., Lazarova, H., Zgureva, D., Lazar, K., Szegedi, A., VOC
oxidation and CO> adsorption on dual adsorption/catalytic system based on fly ash zeolites,
Catalysis Today, 357, 518-525 (2020), SJR:1.40, JCR-1F:4.89 3a 2020r., Q1 mo SJR 3a 2020r.,
DOI:10.1016/j.cattod.2019.06.070

Abstract: Zeolite NaX was prepared by conversion of coal ash residue, collected from the
electrostatic precipitator of a thermal power plant supplied with lignite coal, by treatment
with alkaline solution. Three different synthesis procedures, namely hydrothermal activation,
double stage fusion-hydrothermal activation, and atmospheric aging, were applied.
Formation of zeolite NaX, accompanied by iron oxides or Fe?*”** jons incorporated in the
zeolite matrix was found. The zeolite crystallites are with uniform size around 1-2 um. The
obtained materials showed the formation of a micro-mesoporous composite with relatively
high specific surface area (between 220 and around 500 m?%g). Fly ash zeolites (FAZ)
showed high capacity for CO. adsorption depending on the state of iron in the zeolite
structure. Cobalt-modified fly ash zeolites (Co-FAZ) were prepared by incipient wetness
impregnation technique with 6 wt. % cobalt loading. The initial and cobalt modified FAZ
showed high activity in degradation of different VOCs (acetone, n-hexane, toluene and 1,2
dichlorobenzene). It was established that the extent of zeolitization and the state of iron in
FAZ are critical parameters for the catalytic activity. The obtained initial and modified fly
ash zeolites are promising candidates for development of a dual catalytic/adsorption system
for VOCs and CO; elimination.

[Tonora, M., boitueBa, C., JlazapoBa, X., 3rypesa, /., JIlazap, K., Ce3zrequ, A., Okucienne Ha
JerauBu oprannyHu cbeanHeHusa (VOC) m agcopOumsa Ha CO: BbpXy KOMOMHHpPaHa
aJICOPOLIMOHHO-KATAJTUTHYHA CHCTEMa HA OCHOBATA HA 3€0JIMTH OT JIeTSAIIA neneJl.

Pe3tome: 3eonmut NaX Oerie moimydeH upes mpeoOpa3yBaHe Ha OCTaThYHA JIETSIIA Mernes, Chopana
OT €JIeKTPOCTAaTHUYEH yTauTesl Ha TOIUIOEeNIeKTpUYecKa LIEHTpaja, 3aXpaHBaHa C JIUTHUTHU
BBIVIMIIA, TIOCPEICTBOM 00paboOTKa C aykajieH pa3TBop. llpuioxkeHu 0sxa Tpu pasiauyHu
CUHTETMYHU  NPOLUEAYPH:  XMIPOTEPMAIHO  AKTUBUPAHE, JBYETAallHO  CJIMBaHe-
XUJAPOTEPMATHO aKTUBHUpaHE U aTMOC(hEepHO cTapeeHe. YCTaHOBeHO Oele oOpa3yBaHe Ha
3eonuT NaX, CBIPOBOJEHO C NPUCHCTBUE Ha >kene3Hu okcuau uinu Fe?'/Fe’’ lonw,
BHEJPEHU B 3€0JMTHAaTa Marpuua. [lomyuyeHuTe 3€0IMTHM KPUCTAIUTH Ca C €IHAKBU
pazMepu okojo 1-2 pm. Matepuanute NpeAcTaBiIsABAT MHUKPO-ME30MOPECT KOMIIO3UT C
OTHOCHUTEJIHO BHUCOKa CrelU(puyHa MOBbpXHOCTHA Tuionl (Mexay 220 u okono 500 m?/g).
3eonutute ot netsma nenen (FAZ) nokazaxa Bucoka criocodHoct 3a agcopOrus Ha COz, B
3aBHCHUMOCT OT CBHCTOSIHUETO Ha JKEJSI30TO B 3€0JIMTHATa CTPYKTypa. Moauduimpanu c
koOant 3eomutn ot Jsersama mnenen (Co-FAZ) 6sxa monyueHH dYpe3 TeXHMKA Ha
HaBJIXXHSBAHE 0 HACUTEHOCT ¢ 6 Ter. % chabpkaHue Ha KoOanT. HauamHuTe 1 K0OaITOBO
moguduimpanute FAZ mokasaxa BHCOKa aKTHMBHOCT IPU pasrpakJaHETO Ha pa3IMuHU
JETIMBU OpPraHUYHU ChEIUHEHHUS (alleTOH, Nn-XeKcaH, ToidyeH u 1,2-muxiiopOeH3eH).
VYcraHoBeHO Oe, ue CTENEeHTa Ha 3€0JIMTU3AlUs U ChCTOSHHETO Ha skensa30To B FAZ ca
KPUTHYHU TapaMeTpH 3a KaTaJuTHYHaTa akTUBHOCT. [loiydenute HemonuduuupaHu u



Mo (UIIMPAHU 3€0JIUTH OT JIETAIIA TeTel ca oOemaBaly KaHauaaTy 3a pa3padoTBaHe Ha
KOMOHMHMpaHa KaTAIUTUYHO-a1copOLnoHHa cuctema 3a enumuHupane Ha VOC u CO..

7.8. Boycheva, S., Zgureva, D., Lazarova, H., Lazarova, K., Popov, C., Babeva, T., Popova,
M., Processing of high-grade zeolite nanocomposites from solid fuel combustion by-products as
critical raw materials substitutes, Manufacturing Review, 7, Article number 22 (2020), SJR:0.50,
JCR-1F:1.44 3a 2020r., Q2 mo SJR 3a 2020r., DOI:10.1051/mfreview/2020019

Abstract: High-grade zeolite nanocomposites are synthesized utilizing solid by-products from
combustion of coal for energy production in Thermal Power Plants applying alkaline aging,
hydrothermal and fusion-hydrothermal activation procedures. The obtained coal ash zeolites
were studied with respect to their chemical and phase composition, morphology, surface
parameters and thermal properties. It was found that they are distinguished in nanocrystalline
morphology and significant content of iron oxide nanoparticles (g-Fe203, a-Fe203, g-Fes04)
and doping elements (Cu, Co, Mn, V, W, etc.) transferred from the raw coal ash, and
therefore they are assumed as nanocomposites. Coal fly ash zeolite nanocomposites are
characterized by a mixed micro-mesoporous texture, significant concentration of acidic
Brensted centers due to their high surface insaturation, high chemical and thermal stabilty.
This unique combination of compositional and textural properties predetermines the
application of these materials as catalysts for thermal oxidation processes, anticorrosion
barrier coatings, carbon capture adsorbents, matrices for hosting functional groups,
detergents etc. Examples for coal fly ash zeolite applications for substitution of critical raw
materials in practice are provided.

boitueBa, C., 3rypesa, /l., JlazapoBa, X., JlazapoBa, K., [Tonos, 11., ba6esa, T., IloroBa, M.,
O0padoTKa HA BUCOKOKAYECTBEHH 3€0JIMTHU HAHOKOMITIO3UTH OT CTPAHUYHH MPOAYKTH NPHU
U3rapsine Ha TBbP/AU rOPUBA KATO 3aMEeCTHTEJIM HA KPUTUYHHM CYPOBHHH.

Pe3rome: BucokokauecTBEHU 3COJUTHH HAHOKOMITO3UTH Ca CHHTE3MPAHU 4pe3 W3I0JI3BaHE Ha
TBBPAU CTPAHUYHU MPOAYKTH OT M3TAPSHETO HAa BBITIUINA 32 €HEPTUWHO MPOU3BOJICTBO B
TOTUTOCIIEKTPUYECKH IIEHTPAIM, KaTo Ce TpujaraT MpOIEeAypH Ha alKaJlHO CTapeeHe,
XUAPOTEPMAIHO U CIIMBAHE-XUAPOTEPMAITHO aKTUBUpPaHe. [lomyueHnTe 3e0IUTH OT JeTsIIa
IIerejsl ca HMU3CJICABAHU 110 OTHOMICHUEC HaA TiIXHATAa XHUMHWYHA H (1)330321 KOMIIO3UIIHuA,
Mophoorusi, MOBLPXHOCTHU MapaMeTpyu U TEPMHUYHU CBOMCTBA. Y CTAaHOBEHO €, 4e Te ce
oTJIn4yaBar C HaHOKpI/ICTaJ'IHa MOpCbOJ'IOFI/IH 1 3HAYUTCIIHO C'B)IT)p)KaHI/Ie Ha HAHOYACTHUIIU OT
xkene3Hu okcunau (y-Fe20s, a-Fe20s, y-FesO4), kakto u gonantu (Cu, Co, Mn, V, W u ap.),
MPEXBBHPIICHU OT IIbPBUYHATA JICTAIIA ST, KOSTO MTO3BOJISIBA TE Ja ObJIaT KIIaCU(UITUPAHA
KaTO HAHOKOMIIO3UTH. 3€0JIMTHUTE HAHOKOMITO3UTH OT JIETSAIIA TeTes ce XapaKTepu3upar
ChC CMECeHa MHKPO-ME30IOopecTa TeKCTypa, 3HAYUTENIHA KOHIICHTpAIMs Ha KUCEIMHHU
[IEHTPOBE OT TUMa bphoHCTE] MOpaau BHCOKAaTa MOBBPXHOCTHA HEHACUTEHOCT, KAKTO U C
BHCOKAa XUMHWYHA U TepMI/I'-IHa CTa6I/IJ'IHOCT. Ta31/1 YHI/IKaJ'IHa KOM6I/IHaHI/I$[ OT CbCTAaBHHU U
TEKCTYPHU CBOMCTBA MIPEIOTPEIelis MPUI0KEHUETO Ha Te3H MaTepUaly KaTo KaTalu3aTopu
3a TepMI/I‘IHI/I OKHCJIINTCIIHHN Hpouecn, aHTI/IKOpOSI/IOHHI/I 3allIUTHHU HOKpI/ITI/ISI, a)ICOp6eHTI/I 3a



yJaaBsiHE Ha BBIJIEPOJ, MATPULM 32 HOCUTEIH Ha (YHKUMOHAIHMU TPYIHU, CHCTaBKU 3a
npenapaty u ap. IIpencraBenu ca nmpuMepu 3a IPaKTUYECKO IPHUIIOKEHUE HA 3€0JIUTUTE OT
JeTAIIA Mernesl KaTo 3aMECTUTEN Ha KPUTUYHHA CYPOBHUHH.

7.9. Boycheva, S., Zgureva, D., Lazarova, K., Babeva, T., Popov, C., Lazarova, H., Popova,
M., Progress in the utilization of coal fly ash by conversion to zeolites with green energy
applications, Materials, 13, 9 (2020), SJR:0.65, JCR-1F:3.06 3a 2020r., Q2 mo SJR 3a 2020r.,
DOI:10.3390/MA13092014

Abstract: Fly ash (FA) from lignite coal combusted in different Thermal Power Plants (TPPs) was
used for the synthesis of zeolites (FAZs) of the Na-X type by alkaline activation via three
laboratory procedures. FAZs were characterized with respect to their morphology, phase
composition and surface properties, which predetermine their suitability for applications as
catalysts and adsorbents. FAZs were subsequently modified with metal oxides (CuQ) to
improve their catalytic properties. The catalytic activity of non-modified and CuO-modified
FAZs in the total oxidation of volatile organic compounds was investigated. FAZs were
studied for their potential to retain COy, as their favorable surface characteristics and the
presence of iron oxides make them suitable for carbon capture technologies. Thin films of
FAZs were deposited by in situ crystallization, and investigated for their morphology and
optical sensitivity when exposed to pollutants in the gas phase, e.g., acetone. This study
contributes to the development of novel technological solutions for the smart and valuable
utilization of FA in the context of the circular economy and green energy production.

boitueBa, C., 3rypesa, /., Jlazaposa, K., ba6eBa, T., Ilonos, LI., Jla3apoBa, X., IlornoBa, M.,
Hanpeabk B 01m0J130TBOPABAHETO HA JeTAIIA Memnes Yype3 nNpeodpasyBaHeTO U B 3€0JIUTH €
NPWIOKEHUs B 00/1aCTTA HA 3eJIeHATA eHepPIus.

Pestome: Jlersma mnenen (FA) or wu3rapsHe Ha JIMTHUTHM BBIVIMIIA B  Pa3idUdHU
toroenekrpudecku nentpanu (TELL) Gemre n3non3sana 3a cuntes Ha 3eonutu (FAZ) ot
tun Na-X ype3 ajkajiHa akTUBALMA 1O TpH JiabopaTopHu npouenypu. [lomyuenure FAZ
0s1xa XapakTepH3UpaHU 110 OTHOIIEHHWE Ha TsAXHaTa Mopdosiorus, (a3oB cbCTaB U
MOBHPXHOCTHH CBOICTBA, KOMTO ONPEIEIAT TAXHATA MPUIOKHUMOCT KaTO KaTalu3aTopu U
ancopbentu. FAZ Gsxa Bnocienctsue Moauduuupanu ¢ MetanHu okcuau (CuO) ¢ men
nogo0psiBaHe Ha KAaTAIMTUYHATE WM CBOWcTBA. M3cnenBana Oemie KaTalWTHYHATA
akTUBHOCT Ha Hemoaupuiupanu 1 CuO-monudunmpann FAZ npu mbeiHO OKHCIEHHE Ha
JIETJIMBU OPTaHUYHU ChelnHeHUs. FAZ 0sxa ChIo Taka MPOYyYEeHH 3a CIIOCOOHOCTTA CH Ja
3aabpxar CO:z, KaTo GIArONpPUATHUTE UM MOBBPXHOCTHH XapaKTEPUCTHKU U HATUYHETO Ha
KETIe3HN OKCHIM TH TPABST MOIXOSIIN 32 TEXHOJIOTHN 32 yJaBsiHE Ha BBIIIEPOJ]. THHKH
¢mimu ot FAZ Gsixa 0TI0KEeHU Ype3 MH CUTY KPUCTATIU3ALMS U U3CIEABAHU 110 OTHOIICHUE
Ha TAxHaTa MOPQOJOTHS W ONTHYHA YYBCTBUTEIHOCT MPH H3JIaraHe Ha 3aMBbPCUTEIH B
ra3osa (asa, HarpuMep areToH. Hactosamioro uscneaBane JOMpHHACs 3a pa3pab0oTBaHETO Ha
HOBHM TEXHOJIOTUYHU DEIICHHS 32 HWHTEIWTCHTHO W e()EeKTUBHO OIOJ30TBOpsSBaHE Ha
JeTdaTa nemeyl B KOHTEKCTAa Ha KPbroBaTa MKOHOMHKA W IMPOM3BOJICTBOTO Ha 3€JI€HA
EHEpTHs.



7.10. Boycheva, S., Zgureva, D., Lazarova, H., Popova, M., Comparative studies of carbon
capture onto coal fly ash zeolites Na-X and Na—Ca-X, Chemosphere, 271 (2021), SJR:1.63, JCR-
IF:7.06 3a 2021r., Q1 mo SJR 3a 2021r., DOI:10.1016/j.chemosphere.2020.129505

Abstract: The combustion of coal in Thermal Power Plants generates fine dust particles (coal fly
ash, CFA), which are collected from the flue gas streams and deposited as solid wastes. One
of the technologically reliable solutions for utilization of CFA is its alkaline conversion into
zeolites. The present study focuses on the influence of calcium content in CFA on the
chemical and phase composition, morphology and surface properties of coal fly ash zeolites.
Comparative studies of the capacity of zeolites of Na-X and Na-Ca-X types from coal fly ash
to capture carbon emissions under static and dynamic conditions have been performed. The
present study answers a key question from a practical point of view, how does moisture in
flue gases affect the adsorption of carbon dioxide on zeolites. The development of efficient
adsorbents from CFA with varying composition will contribute to a number of environmental
benefits and to the development of efficient CO> capture technologies in the context of the
circular economy.

boiiuesa, C., 3rypema, /., JlazapoBa, X., IlomoBa, M., CpaBHMTeJIHM HU3CJIeABAHUS HA
yJ1aBSIHETO HA BbIJIEPO] BbPXY 3e0JUTH 0T JeTsima nenea Na-X u Na—Ca-X.

Pe3tome: I3rapsHeTo Ha BBIUIMINA B TOIUIOCIEKTPUYECKH IEHTpaIN reHepupa (GUHH NpaxoBH
yactuuu (nerama nenen, CFA), KouTo ce ynaBst OT JUMHHUTE Ta30BE U C€ ACTIOHUPAT KaTo
TBBPIU OTHAIBIHU. EJHO OT TEXHOJOTUYHO HAJICKAHUTE PEIICHHS 32 OMOJI30TBOPSBAHE HA
JeTsIaTa mernes € HeHHOTO ajuKajiHo Mpeodpa3zyBaHe B 3e0auTH. HacTosoro uscnensane e
(dhoKycupaHO BBPXY BIMSHUETO Ha ChAbpKaHUETO Ha Kauuid B CFA BbpXy XUMUUYHUA U
dazoBus crcTaB, MOP(HOIOTHUITA ¥ TOBBPXHOCTHUTE CBOWCTBA HA 3€0JUTHUTE, MOJTYYECHU OT
netsia nenen. V3BbpIieHn ca CpaBHUTEIHH U3CIIeIBaHUS HA CITOCOOHOCTTA Ha 3€0JIUTH OT
tun Na-X u Na—Ca-X, cuHTe3upanu OT JIeTsIIa MeMnel, Aa YIaBsIT BbIVIEPOIHA EMUCHH MIPH
CTaTUYHU M JWHAMHYHU ycyioBus. HacTosmoTo wm3ciieBaHe gaBa OTTOBOP Ha KIIFOYOB
MPAKTUYECKH BBIPOC — KaK BIMSAE BiaraTa B JAMUMHHTE Ta30Be BBPXY aAcopOIusTa Ha
BBIJIEPOJICH JIMOKCUJ BbpXY 3eonutute. PazpaboTBaHeTO Ha €(pEKTUBHU aJCOPOEHTH OT
JeTsAna IMeneyl C pa3jiMyeH ChCTaB IIE JONPHUHECE 3a peaulla €KOJOTMYHM IOJ3U U 3a
pa3BuTHETO Ha €(EeKTHUBHU TexXHOJIOTHH 3a ynaBsiHe Ha CO: B KOHTEKCTa Ha KpbroBara
HKOHOMMKA.

7.11. Zumbar, T., Risti¢, A., Drazi¢, G., Lazarova, H., Volavsek, J., Pintar, A., Logar, N. Z,,
Tusar, N. N., Influence of alumina precursor properties on cu-fe alumina supported catalysts for
total toluene oxidation as a model volatile organic air pollutant, Catalysts, 11 (2), 252, 1-26 (2021),
SJR:0.8, JCR-IF:4.15 3a 2021r., Q2 mo SJR 3a 2021r., DOI:10.3390/catal11020252

Abstract: The structure—property relationship of catalytic supports for the deposition of redox-
active transition metals is of great importance for improving the catalytic efficiency and
reusability of the catalysts. In this work, the role of alumina support precursors of Cu-



Fe/Al>O3 catalysts used for the total oxidation of toluene as a model volatile organic air
pollutant is elucidated. Surface characterization of the catalysts revealed that the surface area,
pore volume and acid site concentration of the alumina supports are important but not the
determining factors for the catalytic activity of the studied catalysts for this type of reaction.
The determining factors are the structural order of the support precursor, the homogeneous
distribution of the catalytic sites and reducibility, which were elucidated by XRD, NMR,
TEM and temperature programed reduction (TPR). Cu—Fe/Al>Oz prepared from bayerite and
pseudoboehmite as highly ordered precursors showed better catalytic performance compared
to Cu-Fe/Al,O3 derived from the amorphous alumina precursor and dawsonite.
Homogeneous distribution of FexOy and CuOx with defined Cu/Fe molar ratio on the Al.O3
support is required for the efficient catalytic performance of the material. The study showed
a beneficial effect of low iron concentration introduced into the alumina precursor during the
alumina support synthesis procedure, which resulted in a homogeneous metal oxide
distribution on the support.

3ymbap, T., Puctuu, A., Ipaxuy, I'., JIazapoBa, X., Bonapmiek, n., [Tunrap, A., Jlorap, H. 3.,
Tymap, H. H., Biusinue Ha cBoiicTBaTa Ha MpeKypcopa Ha aatymMuHueB okcu] Bbpxy Cu-Fe
KaTaJM3aTopH, NOAAbPKAHU BbPXY AJIYMHHA, 32 IbJIHO OKHMCJIEHHE HA TOJYEH KaTo MoJeJl
HAa JICTJIMBO OPraHUYHO 3aMbPCABAII0 BelIeCTBO BbB Bb31yXa.

Pe3rome: Bpb3kaTta MexXay CTPYKTypaTa ¥ CBOMCTBATA HA KaTAJIMTUYHUTE HOCUTEIH 32 OTJIAraHe
Ha pPEeJOKC-aKTMBHM IPEXOJHH METAlIU € OT ChILECTBEHO 3HAUYEHHUE 3a MOJ00psBaHE Ha
KaTaJUTHUYHaTa €(QEeKTUBHOCT U MOBTOpPHA ymnoTpeda Ha Karaiau3aTopuTe. B HacTosmoro
M3CIIEIBAHE € U3SICHEHA POJIATa HAa IPEKYPCOPUTE HA AlyMUHUEBHS OKCUJ] KATO HOCUTEIH B
karanuzatopute Cu-Fe/Al:Os, n3non3Banu 3a MbJIHOTO OKUCIEHHE HA TOJNYEH — MOJEIHO
JETIMBO OPraHMYHO 3aMbpCSABAIO BELIECTBO BbB Bb3AyXa. XapaKTEpU3UPAHETO Ha
MOBBbPXHOCTTA HA KaTaJIM3aTOPUTE Pa3KpH, Ue MJIOLITa Ha TOBbPXHOCTTA, 00EMBT Ha MOPUTE
Y KOHIICHTpaLMATa Ha KUCEJIMHHYU LIECHTPOBE B HOCUTEJINTE Ca Ba)KHU, HO HE U ONPEIEIIAIIN
¢dakTopu 3a KaTalMTU4YHATa AaKTUBHOCT MpU TO3W TUN peakuua. Omnpegensduy ca
CTPYKTypHaTa MOJAPEIEHOCT Ha IPEKypcopa Ha HOCUTEIIS, XOMOT€HHOTO Pa3NpeesIeHuE Ha
KAaTAINTUYHUTE LEHTPOBE M peayuupyemocrtra, usscHeHu udpe3 XRD, SIMP, TEM wu
temneparypHo-nporpamupano peayuupane (TPR). Cu-Fe/Al:Os, mpuroTtBen ot Oaiieput u
NCEBAOOEMUT KaTO CHJIHO TMOJPEIEHH NPEKYpCOpH, IOKa3a MO-J00pH KaTaJIUTUYHU
XapaKTEePUCTHKH B CPABHEHHUE C KaTAIN3aTOPH, MOJYyYEHHU OT aMOp(eH aTyMUHHEB OKCH]T U
JaycoHUT. 3a e(exkTUBHA KaTaJIUTUYHA AaKTHUBHOCT € HEOOXOAMMO XOMOTEHHO
pasnpenenenne Ha FexOy u CuOx ¢ TouHO omnpeeneHo MoHO choTHolIeHne Cu/Fe Bbpxy
AlL:Os Hocutens. U3cnenBanero nokasa GiaronpusiTHUS €(heKT OT HUCKA KOHLIEHTPAlKs Ha
KeIs30, 100aBEHO B IPEeKypcopa Ha alTlyMUHUEBUS OKCHJI IT0 BpeMe Ha CHHTE3a Ha HOCUTEI,
KOETO BOJIM /IO XOMOT'€HHO paslpesielieHue Ha METATHUTE OKCUAHN BbPXY MOBBPXHOCTTA.

7.12. Boycheva, S.; Zgureva-Filipova, D., Popov, C., Lazarova, H., Popova, M., Plasma-
Modified Coal Fly Ash Zeolites with Enhanced Catalytic Efficiency toward the Total Oxidation



of Volatile Organic Compounds as Low-Cost Substitutes for Platinum Group Metals Catalysts,
Physica Status Solidi (A) Applications and Materials Science, 219 (15), Article number 2100632
(2022), SJR:0.49, JCR-IF:2.17 3a 2022r., Q2 mo SJR 3a 2022r., DOI:10.1002/pssa.202100632

Abstract: The initial coal fly ash zeolites (CFAZ) are obtained from raw coal fly ash with two
SiO2/Al03 ratios of 2.0 and 2.2 by hydrothermal activation or by twostage process.
Microwave plasma surface treatment of CFAZ is performed to modify their surface and
therefore their catalytic activity in total VOC oxidation. CHF3 and SF6 are used as plasma
agents at two different treatments times—30 s and 60 s. The obtained hierarchal CFAZ are
characterized by X-ray diffraction, N2-physisorption, temperature programmed reduction
experiments, UV-vis spectroscopy and X-ray photoelectron spectroscopy to clarify the effect
of plasma treatment on the surface and reduction properties, morphology and structure of the
modified samples. The catalytic performance of the modified CFAZ is investigated in a flow
system toward toluene oxidation in the temperature range of 250-520°C. It has been
observed that CHF3 favors the catalytic activity of CFAZ at shorter treatment duration, while
SFs inhibits their catalytic properties. The development of efficient low-cost catalyst will
contribute to the saving of critical raw materials such as platinum group metals, and to the
utilization of the enormous resource of coal ash instead of its landfilling in accordance to the
development of circular economy and smart waste management.

boiiuesa, C.; 3rypeBa-®ununona, /., [lomos, 1., JlazapoBa, X., [loroBa, M., I[lna3zmenno
MOAU(UIHMPAHN 3€0JJMTH OT JIETSIIA Memnes ¢ MOBHIIEHA KATAJUMTHYHA e(eKTHBHOCT 3a
MbJHO OKHCJEHHE HA JIETJMBH OPraHWYHU CbeIMHEHHs KATO €BTHMHM 3aMeCTHTEJM Ha
KATAJU3aTOPH OT IJIATHHEHATA rPyNa MeTaJu.

Pe3iome: [IspBoHavannuTe 3eonutu ot Jyersama nenen (CFAZ) ca momydenn oT cypoBa JieTsina
nenesn ¢ aBa paznuyHu Si02/AlOs xoeduumenrta — 2.0 u 2.2 — ype3 XuapoTepMalHa
aKkTUBalMs WiIM aABycTeneHeH mpouec. IloBppxHocTHata o0pabotka Ha CFAZ upe3
MHUKPOBBJIHOBA TIIa3Ma € M3BBbPIICHA C el MOAM(UIMpaHe Ha TAXHATA MOBBPXHOCT U
CBHOTBETHO MOJ00pPsBAaHE HA TAXHATA KAaTAIUTUYHA AKTUBHOCT MPU ITBJIHOTO OKUCIIEHHE Ha
netnuBu oprannunu cheauHeHus (VOC). Msnomssanu ca CHFs u SFs xaro miazmenu
areHTH IIPH JIBa pa3IMyHU BpeMeHa Ha 0opadoTka — 30 cekynau u 60 cexynu. [Tomydenure
repapxuunu CFAZ ca xapakTepu3upaHu ¢ IOMOIITa Ha peHTreHoBa qudpaxus (XRD), Ne-
(Gusucopbuus, TemneparypHo-nporpamupano peaykius (TPR), UV—vis crekrpockonust u
pentreHoBa ¢ortoenekTpoHHa crnektpockonus (XPS), 3a ma ce u3sICHM €PEeKThT OT
I1a3MeHaTa 06paboTka BbpXY HOBBPXHOCTTA, PEIyKIIMOHHUTE CBOMCTBA, MOp(OIOruara u
CTpYyKTypara Ha MoauuimpanuTe mpodu. KatammTiuaHaTa ak THBHOCT Ha MOJU(PHUIIMPAHUTE
CFAZ e uscnensana BbB (I0y cUCTeMa NPH OKHCICHUE Ha TOJNYEH B TeMIIEpaTypHHS
nuamnaszon 250-520 °C. Ycranoseno e, ye CHFs momo6psiBa karanmuTuyHaTa akTUBHOCT Ha
CFAZ npu no-kpatka o0paboTtka, nokato SFs moTHCKa TEXHMTE KAaTaIUTHYHU CBOMCTBA.
Pa3zpaboTkara Ha e(eKTUBHM W E€BTHHH KaTallM3aTOPH JOIPHHACS 3a CIIECTSBaHE Ha
KPUTUYHM CYPOBHHM KaTO METaJUTe OT IUIATHHEHaTa Ipyna M 3a OMNOJ30TBOpSBAaHE Ha
OTPOMHHSI pecypc OT JIETSIa Iemesl, BMECTO HErOBOTO JIETIOHUpPAHE, B CHOTBETCTBHUE C
NPUHIUIINTE Ha KPBroBaTa MKOHOMMKA U MHTEJIMICHTHOTO YIPABJICHUE HA OTIAIbLIUTE.



