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1. Mera i 3apayi gocmigkeHHs. MeTa poboTu nosisirana y po3pooLii MeToiB LiJecpsMOBaHOIO CUHTE3Y
KaTaJji3aTopiB Ha OCHOBI LIE€OJIITIB 3 pEryJIbOBAHUMU KUCJIOTHUMU Ta OCHOBHUMU BJIACTUBOCTIMU, CeO2-BMiCHUX
MarepiasiB Ta HAHOKOMIIO3UTIB Ha iX OCHOBI 117151 piinHHO(A3HUX peakliil oflepKaHHS IUKIiYHUX KapOOHATIB i3
€TIOKCHU[IiB, aJIKEHIB, /1i0JIiB Ta Kap6aMariB i3 aMiHOCIUPTIB LIISIXOM LIMKJIONIPUENHAHHS BYTJIEKHCIIOTO rasy. J1s
IIOCSATHEHHS [IOCTAaBJIE€HOI METU BUPIIlyBaJIMCh HACTYIIHI 3aBAaHHS: * JIOCAinUTH BIVIUB YMOB CUHTE3Y i€papXidYHUX
11e0J1iTiB (cTpyKTypHUX TUMiB BEA, MFI Ta in.) pisHoro xiMmiyHoro ckiany (Cs-¢opmu 1ieoJ1iTiB, TATAHOCUJIIKATH,
HAaHOKOMIIO3UTH LeoJiTiB i3 CeO2, MgO To1110) 3 PeryJabOBaHO0 IPUPOIOI0, CUJIOK Ta KOHLIEHTPALi€l0 OCHOBHUX
LEHTPIB (a 32 NOTpe6U i KUCIOTHUX LeHTpiB JIbloica); * OxapakTepusyBaTu (i3sUKO-XiMiuHi BIaCTUBOCTI i JOCTIINTH

NIPUPOJYy NMOBEPXHi, OCHOBHICTb Ta KMCJIOTHICTh LIUX MaTepiasis; ® JJoCaianTi KaTaniTU4YHi BJaCTUBOCTI OJepKaHUX



MarepiasiB B peaklisix CUHTe3y LMKJIiYHUX KapOOHaTiB (3 €NIOKCUiB, osiediHiB 4u AioiB) i kapbamMarTis (3
aMiHOCIIUPTIB); ®* BcTaHOBUTH BIJIUB OYL0BU, XIMIUHOI IPUPOY TOBEPXHi, KHCIOTHO-OCHOBHHUX XapaKTEPUCTUK
1eoJiTiB (Cs- uu K-¢opm 11e071iTiB, TUTAHOCUJIIKATIB TOIO) Ta LIEOJITHMX HAHOKOMITO3UTIB Ha KaTaJiTU4Hi
BJIACTUBOCTI B TaKUX peakuisx. O0'€eKTH NOCiIPKeHHsI: MaTepiajii Ha OCHOBI iepapXiyHUX 11€0JIiTiB, ME30IIOPUCTUX
MOJIEKYJISPHUX CUT, 3MilIaHUX OKCUJIIB MarHilo Ta LiEPilo a TaKOK HAHOKOMITO3UTH Ha IX OCHOBI, K KaTajizaropu
peaxliiil nepeTBOPeHHS! €MOKCULy CTUPEHY B LIMKJIIYHUI KapOOHAT, CTUPEHY B IIPUCYTHOCTI TPETOYTUIIIIEPOKCUAY B
LMKJIIYHUI KapboHaT, nukjonpuenHanHsa CO2 no niosiB 3a yyacTio Tpudropourosoro anrinpuny (TOOA), N,N-
niisonpomninerunamid (IITTEA) Ta cuHTe3y UMKJIYHMX KapOamarTiB i3 aMiHOCIIMPTIB (€TaHOJIaMiHy, 2-aMiHO-2-
denineran-1-ony ta 2-amino-1-denineran-1-ony). Ilpenmer gocmimxkeHHs: $i3MKO-XiMiYHI XapakKTepUCTHUKU Ta
KaTaJIiTU4HI BJIACTUMBOCTI iepapXiYHUX LIE€OJIITiB Ta KOMIIO3UTIB Ha IX OCHOBI B P€aKLisIX IEPETBOPEHHS €IIOKCULY
CTHPEHY B LUKJIIYHUN KapOOHAT, KaTaliTU4Hi BiacTuBocTi CeO2-BMiCHMX KOMIIO3UTHUX MaTepPialiB B peaklisix
OTPMMAaHHS UKJIIYHOTO KapOOHATYy 3i CTUPEHY, 3aKOHOMIPHOCTI I1epebiry peakiii OTpUMaHHS HUKJIYHUX
Kap6oHaris 3 fioiB 3a yuactio TOOA, JITTEA ta CeO2-BMiCHUX KOMIIO3UTHUX MaTepiasiB B SIKOCTi KaTasi3aTopiB,
KaTaJliTnyHi xapakrepuctuku CeO2 B peaklisax ofep>KaHHs JUKIIiYHUX KapbaMarTiB 3 amiHOCIMPTiB. MeTonu
IOCJiIKeHHS: peHTreHoda3osuii aHasni3 (POA); PeHTreHiBcbka (yopeclieHTHA CIIEKTPOCKOIIisl, CKaHyio4Ya
esleKTpoHHa Mikpockoris (CEM); HusbkoTemnepatypHa (- 196 °C) an(ne)cop6Lisi a30Ty; CIIEKTPOCKOIIis SIAePHOTrO
marHiTHoro pe3oHancy (1H SIMP); enekrpoHHa criekTpockomnis gudysHoro Binoutts (ECIB) B ynbrpadioseTosii i
BUIVMIN 0671aCTi; TepMonporpamosaHa gecop6uis (TTI[]) amiaky Ta giokcupay ByrieLlo; iHppayepBoHa
cnektpockortist (I4YC), 30kpema 3 BUKOPUCTAHHSIM MOJIEKYJI-30H]IiB; IOT€HLIOMETPUYHE TUTPYBaHHSI, ra30Ba
xpomaTorpadisi 3 Mac-CIeKTPOCKOIIIYHUM KOHTPOJIEM. Y MUCepTaliliHiil po60Ti BCTAHOBJIEHO, 11O 11e3ieBi popmu
QIIOMOCUJIIKATHUX L€O0JIiTiB, TATAHOCUJIIKATHI LI€0JIiTY Ta HAHOKOMIIO3UTH 1€O0JIiTiB 3 OKCUAMU METAJIIB 3
OCHOBHUMU BJIACTUBOCTSIMU ITOKA3YyIOTh BUCOKi KAaTalTiTUYHI XapaKTEePUCTUKY (BUXiT, 10 95%) B peakiiii cuHTesy
LIMKJI'YHOrO KapOoHaTy i3 enokcuny ctupeny mif Tuckom CO2. BUKOpUCTaHHS MOHOJIITHOTO KapTPUIKa Ha OCHOBI
Cs-(opmu iepapxidHOro 1eoiTy CTpyKTypHOro Tuny BEA B ymoBax IpOTOYHOTO peakTopy (25 at, 150 °C, 0,5
MJ1/XB.) JO3BOJIMJIO NOCSIT'TYU BUXO[y LIiIbOBOTO NPOAYKTY poeaKlii 61u3bKo 67%. [TokazaHo, 10 TUTAaHOCUJIIKaTHI
Lle€0JIiTH 3 pi3HUM cHiBBiTHOMmEHHIM Si/Ti Ta KOMIIO3UTHI MaTepiajiu Ha OCHOBI OCHOBHUX i€papXiYHUX LEOJITIB i
3Mmimanux okcuiB MgO-CeO2 € akTUBHUMU KaTajli3aTopaMu [BOCTailiHOTO MpoLecy IepeTBOpeHHs oyiediHiB B
IMKJIiYHi Kap6OHATH B IPUCYTHOCTI OKMCHUKA. B mpucyTHOCTI TeTpabyTunamoHiiitonuay (TBAN) sk katanizatopa
Ipyroi cranii peakuii 6ys0 mocsarayto Buxony 95%. Bniepiue rmokasaHo, o 4iosiyd B IPUCYTHOCTI TPU(TOPOIITOBOTO
aHrigpugny Ta N,N-giizonpomnineTnnaminy, BCTYNIalOTh B PEaKLi0 UKJIOIPUEHAHHS BYTJIEKUCIIOTO ra3dy 3
YTBOPEHHSIM BiATIOBITHMX LIMKJIIYHUX KapOOHATIB 3 BUXOLOM 710 72%. Buxkopucranus MgO-CeO2-BMicHUX
LI€OJIITHUX MaTepiaiB CTPYKTypHOro tTurly BEA gk KaranisaTopiB HaHoi peakuil MigBuUIyBajo BUXif, LiTbOBOTO
LIMKJIIYHOrO KapboHaty 1o 76 — 98 %. [TokazaHo, mo a1 MarepiasiB Ha ocHoBi CeO2, oep>kaHnX PO3KIaIOM
LlepiflaMOHINHITpaTy, TEMIIEPATypa PO3KJIaLy CyTTEBO BIUIMBAE HA MOTO KaTAJITU4HI BJIACTUBOCTI B PEAKLiIX
OTPUMAaHHS UUKIIYHUX Kapb6aMaTiB 3 aMiHOCTIUPTiB. BcTaHOBJNEHO, 1110 HAallBULWIL BUXif, (84%) mpuTamaHHUM [171s
3pa3ska, ogepskaHoro rnpu 300 °C, mo Moxe 6yTH 0OYMOBJIEHO MaKCUMaJIbHOIO KOHIeHTpallieto gedekTis 3 Ce3+ B
CTPYKTYpi KaTasizaropa.

2. Purpose and objectives of the study. The aim of this work was to develop methods for the targeted synthesis of
zeolite-based catalysts with tailored acidic and basic properties, CeO2-containing materials and their
nanocomposites for liquid-phase synthesis of cyclic carbonates from epoxides, alkenes, and vicinal diols, as well as
cyclic carbamates from amino alcohols via the cycloaddition of carbon dioxide. To achieve the stated objective, the
following tasks were addressed: * To investigate the effect of the synthesis conditions of hierarchical zeolites (BEA,
MFI, and other framework types) with different chemical compositions (Cs-form zeolites, titanosilicates,

zeolite /CeO2 and zeolite /MgO nanocomposites, etc.) on the nature, strength, and concentration of basic sites, as
well as, where appropriate, Lewis acid sites.; ® To characterize the physicochemical properties of these materials
and investigate the nature of their surface, as well as their basicity and acidity; * To investigate the catalytic
performance of the synthesized materials in the synthesis of cyclic carbonates (from epoxides, olefins, and diols)
and cyclic carbamates (from amino alcohols); * To establish the influence of the structure, surface chemical nature,



and acid-base properties of zeolites (Cs- and K-form zeolites, titanosilicates, etc.) and zeolite nanocomposites on
their catalytic performance in these reactions.; Objects of the study: hierarchical zeolite-based materials,
mesoporous molecular sieves, mixed magnesium-cerium oxides, and their nanocomposites as catalysts for the
conversion of styrene oxide into styrene carbonate, the tandem conversion of styrene into styrene carbonate in
the presence of tert-butyl hydroperoxide, the cycloaddition of CO2 to vicinal diols in the presence of
trifluoroacetic anhydride (TFAA) and N,N-diisopropylethylamine (DIPEA), and the synthesis of cyclic carbamates
from amino alcohols (ethanolamine, 2-amino-2-phenylethan-1-ol, and 2-amino-1-phenylethan-1-ol). Subject of the
study: The physicochemical characteristics and catalytic performance of hierarchical zeolites and their composites
in the conversion of styrene oxide into styrene carbonate; the catalytic performance of CeO2-containing
composite materials in the synthesis of styrene carbonate from styrene; the reaction pathways and catalytic
aspects of the synthesis of cyclic carbonates from vicinal diols in the presence of trifluoroacetic anhydride (TFAA),
N,N-diisopropylethylamine (DIPEA), and CeO2-containing composite materials; and the catalytic performance of
CeO2 in the synthesis of cyclic carbamates from amino alcohols. Research methods: X-ray diffraction analysis
(XRD); X-ray fluorescence spectroscopy (XRF); scanning electron microscopy (SEM); low-temperature (-196 °C)
nitrogen ad(de)sorption; nuclear magnetic resonance spectroscopy (IH NMR); ultraviolet-visible diffuse
reflectance spectroscopy (UV-Vis DRS); temperature-programmed desorption (TPD) of ammonia and carbon
dioxide; infrared spectroscopy (IR), including the use of probe molecules; potentiometric titration; gas
chromatography with mass spectrometric detection (GC-MS). In the dissertation, it was established that Cs-forms
of aluminosilicate zeolites, titanosilicate zeolites, and zeolite nanocomposites with metal oxides possessing basic
properties exhibit high catalytic performance (yield up to 95%) in the reaction of cyclic carbonate synthesis from
styrene oxide under CO2 pressure. The use of a monolithic cartridge based on the Cs-form of a hierarchical BEA-
type zeolite under continuous-flow reactor conditions (25 atm, 150 °C, 0.5 mL/min) made it possible to achieve a
target product yield of about 67%. It was shown that titanosilicate zeolites with different Si /Ti ratios and
composite materials based on basic hierarchical zeolites and mixed MgO-CeO2 oxides are active catalysts for the
two-stap conversion of olefins into cyclic carbonates in the presence of an oxidant. In the presence of
tetrabutylammonium iodide (TBAI) as a catalyst for the second stage of the reaction, the yield reached 95%. For
the first time, it was demonstrated that diols, in the presence of trifluoroacetic anhydride and N,N-
diisopropylethylamine, undergo CO2 cycloaddition reactions with the formation of the corresponding cyclic
carbonates in yields up to 72%. The use of MgO-CeO2-containing BEA-type zeolitic materials as catalysts for this
reaction increased the yield of the target cyclic carbonate to 76-98%. It was shown that, for CeO2 obtained by
thermal decomposition of cerium ammonium nitrate, the decomposition temperature significantly affects its
catalytic properties in the reaction of cyclic carbamate synthesis from amino alcohols. It was established that the
highest yield (84%) was achieved for the sample obtained at 300 °C, which may be attributed to the maximum
concentration of Ce3+-related defects in the catalyst structure.
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