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1. 3aKOHOMIPHOCTI KaTaJIiTUYHOTO MipOJIi3y IPUPOLHMX CIIOJYK Ha [IOBEPXHI HAHOPO3MiPHUX OKCUIB e1eMeHTIB 111

Ta IV rpyn

2. Systematic relationships in the catalytic pyrolysis of natural compounds on the surface of nanosized oxides of
groups Il and IV elements

Pedepar:

1. Incepranifina po60Ta IPUCBIY€HA BCTAHOBJIEHHIO 3aKOHOMIPDHOCTEN KaTayliTUYHOrO MipoJli3y Ha IOBEPXHi
HaHOPO3MipHUX okcuziB (SiO2,0Al1203,Ce0 2,Ce02Si0 2,Al2 0 3 SiO 2, TiO 2 SiO 2 ) HaibinbIl NpUAaTHUX
KOMITIOHEHT 6ioMacu [ij1s1 CTBOPEHH s Qi3uKo XiMIYHMX 3acaji TepMOXiMiuHOI KOHBepcii 6iomacu y IPOLyKTU 3

BHICOKOIO JIOJJaHOIO BapTiCTIO Ta 6ionanuso. Ha ocHoBi npunuuny JICBE Ta ekcriepuMeHTabHUX KiIHETUYHUX JaHUX
(TemMnepaTypa MakCHMaJIbHOI IBUAKOCTI peakuii T max , MOpsigoK peakuii n , eHeprig akrusalii E ##,
nepenexcrnoHeHuinHuY gakrop 0 0 , 3MiHa eHTpomii akTuBaLjii dS ##) 3aIpONIOHOBAHI Ta OGIPYHTOBAHI MiTXO4M [1JIs
CTaHOBJIEHHS MeXaHi3MiB TEpPMIYHUX KaTaliTUYHUX PeaKlliil B €IUHiN mKasi peakijiiiHoi 3aTHOCTi (KOHCTaHT
Tadra/I'ammerTa Ta peakuifHUX KOHCTAHT 0 0 ). Lli migxoay rpyHTy0ThCs Ha: (i) HAOIMKeHNX MO (piKOBaHUX

piBusiHHAX Tadra/Tammera (Ig(k/k o o -oo=1g(B/2.31gB) o A T makc /T 0 Makc ) Ajist pO3paxyHKy peakLiliHMX KOHCTAHT 0 0

; (i) MiHIMHMX KOpeJIsLisX «CTPYKTypa peakliliHa 3[aTHICT» MDK KIHETUYHMMU Ta TEPMOJUHAMIYHUMU



napameTpamu (iHIyKUilHMMU Ta CTepUYHUMU KOHCTaHTamu Tadra i Fammera (0%, o, Es*)); (iii) HabnmxeHOMY
piBusHHI KIE=k /k 0 =10 1g(B/2.31gB) o A Tmakc/To Makc [iji1 po3paxyHKy KIHETUYHOT'O i30TOITHOTO eeKTy.
[TpupaTHicTh PO3p0O6JIEHUX TEOPETUIHO EKCIIEPUMEHTAILHUX MiAXOMAiB [I71s1 BUBHAUEHHS MEeXaHi3MiB KaTaJiTUYHOTO
nipoJiizy 6yJa nigTBEpAKeHa Ha MPUKIIALaX BXKIMBUX [1JI KaTaliTUYHOI KOHBEPCii 6ioMacu TepMidYHUX
IepeTBOpPeHb (KeTOHi3allisl, KeTeHi3alisl, JeKapOOKCUIIIOBaHHS, erinpararis, 1ekapboHimoBaHH, Je3aMiHyBaHHS).
JocnimKeHo CTPYKTYpY I0BEPXHEBUX KOMILJIEKCIB, ineHTH(diKoBaHO cTaii ix TepMoIiepeTBOpeHb Ta OCHOBHI
IIPOJYKTH, PO3paxoBaHo KiHeTu4Hi napametpu ( nT makc , E ##,0 0, dS ##) npouecis niposi3y Ha IoBepxHi
HAaHOPO3MipHUX OKCHUIB psAy anipaTUYHMUX KApOOHOBUX KUCJIOT; IPUPOIHUX (KOPUYHA, (PepyJIoBa, KABOBA) i
CHHTETUYHUX [[MHAMOBUX KUCJIOT Ta KyMapyHiB; anipaTUYHUX aMiHiB (JIIHIMHUX, PO3TralyKeHUX Ta alilUKIIYHUX);
psALy noJlicaxapuiiB (XiTo3aH, eKCTPaH, TellapyH); HalliBCHHTETUYHMX KOMIIOHEHTIB NeNTU 0T IiKaHiB. CTEPUYHO
KOHTPOJILOBAaHUM «KOHLEPTHUI» MEXaHi3M peakuii KeToHizauii Ha moBepxHi Ce O 2 SiO 2 3ar1porIoHOBaHO Ha
nifcTaBi: (a) aHasi3y KiHETUYHUX apaMeTPiB IMPOKO]i i30€HTPOMINHOI PeaKLifHOi cepii JKUPHUX KUCIIOT
(BKJIIOYAIOUY i30TONHO MiveHi crIoyKu); (0) KopeJsiLii «CTpyKTypa peakiiiiHa 3gaTHicTb» E =126 ,84 3.096-0Es* R 2
=0.9488); () o6epHenoro geitepieoro KIE (0.0689 oyt C 2 D 4 H 2 CO ), HasgBHICTb KO0 00yMOBJIEHA MEHIINMU
po3MipamMu IEUTEPisl y MOPIiBHSAHHI 3 NIPOTIEM.

2. The thesis is devoted to establishing systematic relationships in the cata lytic pyrolysis of biomass components
on the surface of nanosized oxides (SiO2,0A1203,CeO02,CeO2 /SiO2,Al1203 /SiO 2, TiO 2 /SiO 2). The
study provides a physicochemical basis for the thermochemical conversion of the most common biomass types
into high value added products and biofuels. Novel approaches for establishing the mechanisms of thermal
catalytic reactions, in the unified reactivity scale (Taft/Hammett constants and reaction constants o /o **), are
introduced and verified using the LFER principle and exp erimental kinetic data (maximum reaction rate T max,
reaction order n, activation energy E ##, pre exponential factor o 0, change in activation entropy dS ##). Developed
approaches are based on: (i) modified Taft/Hammett equations (Ig(k/k o o -oo=Ig(B/2.31gB) 0 A T m ax /T o max ) for
calculating the reaction constants o/o **; (ii) linear "structure reactivity" correlations between kinetic and
thermodynamic parameters (inductive and steric constants of Taft and Hammett (o **, o, E s*s*)); (iii) semi empiric
equation for the kine tic isotope effect calculation KIE=k/k o =10 1g(B/2.31gB) o A T max /To max ). The suitability
of the developed theoretical and experimental approaches for determining catalytic pyrolysis mechanisms was
confirmed by studying a comprehensive reaction series of fatt y and cinnamic acids, coumarins, and aliphatic
amines. Several thermal transformations that are important for industrial catalytic conversion of biomass have
been demonstrated and studied (ketonization, ketenization, decarboxylation, dehydration, decarbony lation,
deamination). The structure of surface complexes was investigated, the stages of their thermal transformations
and main products were identified, and the kinetic parameters of pyrolysis processes on the surface of nanosized
oxides were calculated ( T max, n, E #z#, 00, dS #2). The experiments were performed using a series of aliphatic
carboxylic acids; natural (cinnam ic , ferulic, c a ffe ic ) and synthetic cinnamic acids and coumarins; aliphatic
amines (linear, branched and alicyclic); polysaccharides (chitosa n, dextran, heparin); semi synthetic components
of peptidoglycans. Sterically controlled "concert ed " mechanism for the ketonization reaction on the surface of
CeO 2 /SiO 2 was proposed on the grounds of: (a) analysis of the kinetic parameters of a comprehensi
veisoentropic reaction series of fatty acids (including isotopically labeled compounds); (b) strong correlation
"structure reactivity” ( E 126,84 3.096 oE s * (R 2 =0.9488)); (c) 45 inverinversese DDeuterium Kinetic Isotope
Effecteuterium Kinetic Isotope Effect, KIE,, KIE, (0.0689 for C(0.0689 for C22DD44HH22CO), attributedCO),
attributed to to the smaller atomic radius of deuterium compared to protium.the smaller atomic radius of
deuterium compared to protium.
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