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1. KonBepcist H- Ta i-6yTaHOJIy HAa MeTaI-OKCUAHUX Ta LI€OJITHUX KaTali3aTopax 3 Ofiep>KaHHSIM aJIKeHiB Ta BUIINX
CIIUPTIB

2. Conversion of n- and i-butanol on metal oxide and zeolite catalysts with the production of alkenes and higher
alcohols

Pedepar:

1. Incepraniiina po60Ta IPUCBIY€HA BCTAHOBJIEHHIO 3B'I3Ky MiX (Pi3UKO-XiMIYHMMU XapaKTepUCTUKaAMU
KaTaJIiITHYHUX CUCTEM Ha OCHOBI L1€0JIiTiB (CTpyKTypHUX TuniB FER, MFI, FAU, BEA) Ta MeTal-OKCUIHUX
kommnosuin (Ca-BMiCHUX riffpokcranaturis, ZnO-MgO(Zr0O2)SiO2), 3okpema, MoandikoBaHUX J06aBKaMU JIy>KHO-
(Mg Ta Sr) Ta pigkicHo3emenbHux (P3E: Y, La, Ce) eniemeHTiB, Ta ix KaTaliTUMHUMU BJIACTUBOCTSIMU Y IIpoLiecax

nepeTtBopeHHs: C4-CUPTIB Y LiHHI XiMi4Hi IPOLYKTH, 30KpEMa JIiHilHi i3oMepu OyTeHy Ta 2-eTUJIreKCaH-1-0JI;



BU3HAYEHHIO MIJISIXIB PETyJII0BAHHS TaKUX BJIACTUBOCTEH. OCKiIbKM Hapa3i HEMae YiTKOrO ysIBJIEHHS IIPO 3B'SI30K
CTPYKTYpPHUX, Qi3MKO-XIMIYHUX Ta KaTaJiTUYHUX BJIACTUBOCTE! 3a3HaYEHUX CUCTEM Y IIPOLiecax [1epeTBOPEHHS
CIIMPTIB, 110 NEPELIKOHKAe PO3POOJIEHHIO Ha iX OCHOBI €(PEKTUBHUX KaTajli3aTOPiB TaKUX IIPOLIECIB, OIIYK
3aKOHOMIpHOCTEH, 10 O3BOJISITh LiIECIIPSIMOBAHO PETYJIIOBATY KATaIITUYHI XapaKTEPUCTUKU METAI-OKCUJHUX Ta
LI€OJIiTHUX MaTepiajliB 3 METOI0 CTBOPEHHS KaTali3aTOPiB OTPMMAaHHS JIiHITHUX i30MepiB OyTeHy Ta 2-eTUJIreKCaH-
1-oJ1y, 110 TOEIHYIOTh BUCOKi ITIOKa3HUKU CEJIEKTUBHOCTI, BUXOMy Ta MPOLYKTUBHOCTI 34 LiJIbOBUM IIPOJIYKTOM, €
aKTyaJIbHOIO HAyYKOBOIO 33]a4€10, BXJIMBOIO 3 TPAKTUYHOI TOUKHU 30py. O6'€KTaMU NOCiIKEHHS OyJIu: IIPOLEC
KaTaJIiTHYHOrO nepetsopeHHs i-BuOH B isomepu 6yTeHy y IPUCYTHOCTI LIEOJIiTiB CTPpyKTypHUX TUIiB FER, MFI, FAU,
BEA; npouec neperBopensst BuOH B 2-ET' y npucytHocTi KaTanituyHux cucrem CaM-T'AIT (M = Mg, Sr) ta Ca-
I'ATl/C (C = aktuBOBaHe Byrisig Mapok RWAP 1208, RWAM 1019, BAY-A, CKT, anieTuneHoBa caxa, ByJKaHiuHa caxa
mapku Vulcan XC-72R, rpadiTosi n1acTiBLi, MiKpo- Ta ME30IIOPYBATe BYTiJLIS); PeaKLis ajbL0JIbHOI KOHIEeHC allii
€TaHaJllo y IPUCYTHOCTI CKIaJHUX OKCUAHUX cucTeM ZnO-MxOy-MgO(ZrO2)SiO2 (M =Y, La, Ce). V nuceprauiiiniii
POOOTi pO3BUHYTO HAYKOBI MiIXOI! 1010 PO3POOJIEHHS LJEOITHUX Ta CKIATHUX METal-OKCUIHUX KaTasli3aTopiB
17151 6araTocTafiliHMX IIPOLECiB IEPETBOPEHHS 2-METUJNPOIIaH-1-051y [0 JiHINHUX i30MePiB OyTeHY, ra3odasHoi
KOHAeHcalii 6yTaH-1-0J1y 3 IOJOBXEHHSIM BYIJIEL|€BOTrO JlaHIora. Ha OCHOBI BCTAaHOBJIEHHS 3B'I3KYy MiX (i3nKo-
XiMIYHMMU XapaKTepUCTUKAMU 1e0JIiTiB Pi3HUX cTpyKTypHUX TUiB (FER, MFI, FAU, BEA) Ta MeTan-OKCUIHUX
komnosunii (Ca-BMiCHUX riipokcranaturis, ZnO-MgO(Zr0O2)SiO2), 3okpema, Moan@ikoBaHUX J06aBKaMU JIy>KHO-
(Mg Ta Sr) Ta pigkicHo3emenbHux (P3E: Y, La, Ce) enieMeHTiB, Ta iX KaTaJiTUMHAMMU BJIACTUBOCTSIMH, 3aIIPOIIOHOBAHO
IJISXY MiABUILEHHS aKTUBHOCTI Ta CEJIEKTUBHOCTI y IIpoLiecax OTPUMaHHS JiHIMHUX i30MepiB 6yTeHy 3 i300yTaHomy
Ta 2-eTusnrekcaH-1-omay 3 6yraH-1-osy. 3's1COBaHO, 1110 BUCOKA CEJIEKTUBHICTb 1070 JIiHIITHUX i30MepiB 6yTeHy y
IIpolLieci IEPETBOPEHHS i300yTaHOIY, OCSATHYTA Ha LIEOJIITHUX KaTaslidaTopax cTpyKTypHux tumis FER (SJIB = 80 %)
ta MFI (SJIb = 37 %), 06yMOBJIEHA HAsIBHICTIO Ha iX MOBEPXHi CUJIbHMX KACJIOTHUX LeHTPiB bpeHcTena (3 eHepriexo
akTuBalii gecop6buii amiaky Enec 0125 k[Ix /mosb). [TokazaHo, mo neostit MFI-40(Si/Al = 40) xapakTepusyeTbCs
HaMEHILOI0 3[aTHICTIO 10 afcopoLii Boay, siKa € MPOAYKTOM I1IePETBOPEHHS i300yTaHOy B OyTeHHU Pi3HOi OyoBHY,
11O crpusie 6inbll CTabibHIA POOOTI 3a3HAYEHOT0 KaTali3aTopa MOPIiBHIHO 3 LeOJIiTaMu iHIIMX CTPYKTYPHUX TUIIIB,
3okpema FER. BcTaHOBIIEHO, 110 3aMillleHHS KaJlbliilo MarHieM y cTpyKTypi rigpokcuanaruty ([All) cnpuunnse
3MEHIIEHHs 3arajabHoi OCHOBHOCTI NoBepxHi I'AIl 3a paxyHOK opMyBaHHS Mg-BMiCHUX KUCJIOTHUX LIEHTPIB
JIbtoica, 1110 3yMOBJIIO€ 30i/IbIIEHHS CEJIEKTUBHOCTI 110110 KOHBEPCii 6yTan-1-oJy 3 yrBopeHHsM 2-ET ta nigBuieHHs
CTabisIbHOCTI poOOTH KaTaslidaTopa. [Joka3aHO BM3HAYAJIbHY POJIb CIiBBiIHOLIEHHS KOHLUEHTpPAllii KUCJIOTHUX Ta
OCHOBHUX LI€HTPIB, 5IKi yTBOPIOIOTHCS HA [TOBepxHIi ribpungHux cucrem I'AIl/C, B mpoueci razodasHoi KoHpeHcalji
OytaH-1-o1y 10 2-eTuarekcaH-1-os1y, 30KpeMa BCTAaHOBJIEHO, 1110 30iJIbII€HHS YaCTKY CUJIbHUX OCHOBHUX LIEHTPIB
IIOBEPXHIi CIIpUsie nepebiry npolecy KoHAeHcalii 6yTan-1-0J1y 3 IOJOBXKEHHSIM BYIJIELIEBOTO JIAHLIIOTA.
BcraHoBieHO, 0 (POPMYBAHHS Ha MOBEPXHIi CKIAAHUX OKCUIHUX cucTeM ZnO-MxOy-MgO(ZrO2)SiO2 (M =Y, La,
Ce) KHMCJIOTHUX Ta OCHOBHUX LIEHTPIB 3a Y4aCTIO piAKiCHO3eMeJIbHUX eJIeMEeHTIB, 3yMOBJIIO€ MiABUILEHHS LIBUIKOCTI
yrBopenHs BJl, BUOH Tta isomepis 6yTeny, siKi nepediraloTh 4epes CTafilo aaboJbHOI KOHAEHC ALlil eTaHalo.
[NokasaHo, o cepey, 1eodiTiB pisHux cTpykrypHux tTunis (FER, MF1, FAU, BEA) neositu MFI (Si/Al = 40) Ta FER
(Si/Al = 10) € Hai6ibII IEPCIIEKTUBHUMU MaTepiaaMu JJjisl CTBOPEHHS e(peKTUBHUX KaTali3aTopiB [IepeTBOPEHHS
i-BuOH y niHiitHi i3omepu 6yTeny. [lns npouecy nepersopeHHs BuOH B 2-EI" po3po6sieHo KaTasnizaTop Ha OCHOBI
Ca-BMiCHOTO TiipOKCHUANaTUTY, SIKAi 3a6e3nedye ceseKTUBHICTb mozo 2-ET' 1o 77,5 %, a Hai6inbmmii Buxiz, 2-El

cTtaHoBUTD 68,3 % (300 °C), Ta xapaKTepU3yeThCA MiIBUIIEHOIO CTIMKICTIO IO Oe3aKTUBALIii.
) ) p pusy JABUII 4o 1 1

2. The dissertation is devoted to establish a relationship between the physicochemical characteristics of catalytic
systems based on zeolites (structural types FER, MFI, FAU, BEA) and metal oxide systems (Ca-containing
hydroxyapatites, ZnO-MgO(ZrO2)SiO2), in particular, modified with additives of alkaline (Mg and Sr) and rare earth
(REE: Y, La, Ce) elements, and their catalytic properties in the processes of C4-alcohol transformation into valuable
chemical products, in particular linear isomers of butene and 2-ethylhexan-1-ol; determination of ways to regulate
such properties. There is no clear idea of the relationship between the structural, physicochemical and catalytic
properties of such systems in the processes of alcohol conversion. It prevents the development of effective
catalysts for such processes. The search for patterns that will allow to purposefully regulate the catalytic



characteristics of metal-oxide and zeolite systems in order to create catalysts for the production of linear butenes
and 2-ethylhexan-1-ol, which combine high selectivity, yield and productivity to the target product, is an actual
scientific problem, important from a practical point of view. Objects of the study: the process of catalytic
conversion of isobutanol to butene isomers in the presence of FER, MFI, FAU, and BEA zeolites; the process of
converting butan-1-ol into 2-ethylhexan-1-ol in the presence of catalytic systems CaM-HAP (M = Mg, Sr) and Ca-
HAP/C (C = activated carbon brands RWAP 1208, RWAM 1019, BAU-A, SKT, acetylene black, carbon black of Vulcan
XC-72R brand, graphite flakes, micro- and mesoporous carbons); ethanal aldol condensation reaction over
complex oxide systems like ZnO-MxOy-MgO(ZrO2)SiO2 (M =Y, La, Ce). Scientific approaches to the development
of zeolite and complex metal oxide catalysts for multistage conversion processes of 2-methylpropan-1-ol into
linear isomers of butene, gas-phase condensation of butan-1-ol with carbon chain elongation are developed in the
thesis. Based on the establishment of a relationship between the physical and chemical characteristics of various
type (FER, MFI, FAU, BEA) zeolites and metal-oxide systems (Ca-containing hydroxyapatites,
ZnO-MgO(Zr02)SiO2), in particular, modified with alkaline (Mg and Sr) and rare earth (REE: Y, La, Ce) element
additives, and their catalytic properties, the ways of increasing activity and selectivity in the processes of obtaining
linear butene isomers from isobutanol and 2-ethylhexan-1-ol from butan-1-ol are proposed. In the process of
isobutanol conversion the high selectivity towards linear isomers of butene, achieved on zeolite catalysts of FER
(SLB = 80%) and MFI (SLB = 37%) structural types, is found to be conditioned by the presence of strong Brgnsted
acid sites on their surface (with activation energy of ammonia desorption Edes 0125 kJ /mol). MFI-40 (Si/Al = 40)
zeolite is shown to be characterized by the lowest ability to adsorb water, which is a product of isobutanol
transformation to butenes, which contributes to more stable operation of the specified catalyst compared to
zeolites of other structural types, in particular FER. The replacement of calcium by magnesium in the structure of
hydroxyapatite (HAP) is established to cause a decrease in the overall basicity of HAP surface due to the formation
of Mg-containing Lewis acid sites, which leads to an increase in the selectivity of butan-1-ol conversion with the
formation of 2-ethylhexan-1-ol and an increase in the catalyst stability. In the process of gas-phase condensation
of butan-1-ol to 2-ethylhexan-1-ol the determining role of the concentration ratio of acid and basic sites, which
are formed on the surface of HAP/C hybrid systems, is shown. In particular, an increase in the share of strong
basic sites on the surface is established to promote butan-1-ol condensation process with the carbon chain
elongation. On the surface of complex oxide systems like ZnO-MxOy-MgO(ZrO2)SiO2 (M =Y, La, Ce) the
formation of acid and basic sites with the participation of rare earth elements is established to increase the
formation rate of buta-1,3-diene, butan-1-ol and butenes, which pass through the stage of ethanal aldol
condensation. Among zeolites of different structural types (FER, MF1, FAU, BEA), MFI (Si/Al = 40) and FER (Si/Al =
10) zeolites are shown to be the most promising materials for creating effective catalysts for isobutanol conversion
to linear butene isomers. For the process of butan-1-ol conversion to 2-ethylhexan-1-ol, a catalyst based on Ca-
containing hydroxyapatite is developed. It provides selectivity towards 2-ethylhexan-1-ol up to 77.5%, and the
highest yield of 2-ethylhexan-1-ol is 68.3% (300 °C). The catalyst is characterized by the increased stability to
deactivation.
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2. Sergiy O. Soloviev

KBasidikamnis: 1. x. u., npodecop, wien-kop. HAH Vkpainu
InenTudikarop ORCHID ID: 0000-0001-9271-7495
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHSI OPUAHUYHOI OCOOH: IHCTUTYT (isnyHoi ximii im. JI. B. [TncapkeBCbKOro

HaujonasnpHoi akagemii Hayk YKpaiHu

Kopg, 3a €IPIIOY: 05417213

Micuesnaxo,r.perHﬂ: npocnekt Haykuy, 6ya. 31, Kuis, 03028, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafeMivHuit

VII. BizomocTi npo odilliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:



1. TTarpunsik JIro60oB KasumupisHa

2. Lyubov K. Patrylak

KBasigikamis: 1.x.u., npodecop, c.H.c., 02.00.13
InenTudikarop ORCHID ID: 0000-0002-8049-9811
JoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: IHcTUTYT 6ioopranivyHoi ximii Ta HadToXiMii im. B. TT. Kyxaps

HanjionanbpHoi akagemii Hayk Ykpainu

Kopg 3a €IPIIOY: 03563790

Micue3HaxoaKeHHS: ByJI. Akazemika Kyxaps, 6yz. 1, Kuis, 02094, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: Haujonanbha akazemis HayK YkpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafemivHui1

BiacHe IIpisBuie Im'sa ITo-6aThKOBI:
1. Xanmamernga CsitsiaHa B'gyecsaBiBHa

2. Svitlana V. Khalameida

KBasigikamis: k. x. n., 02.00.15
Imentudikarop ORCHID ID: 0000-0002-5174-6043
JonmaTkoBa iHdopmarist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: JlepkaBHa opraHisanis IHCTUTYT cop6iiii Ta mpo6iem

eHpoekosorii HanioHanbHOI akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05398131

MicneSHaxo,erCHHﬂ: ByJ. ['enepasna Haymosa, 6yz. 13, Kuis, 03164, Ykpaina
dopma BiracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: HanjjonanbHa akageMisd HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkafieMivHuil

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tpunonbcbkuit AHAPiN [KKiiOBHUY

2. Andrii I. Trypolskyi
KBasigikanis: n.x.n., 02.00.15
I,T.[eHTI/I(l)iKaTop ORCHID ID: 0000-0003-1682-0241

JoparkoBa iHdpopmamnist:



IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: IHCTUTYT isnyHOi Ximii im. JI. B. [TncapkeBCbKOro

HanjjonasnpHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 05417213

MicueSHaxo,q)KeHHﬂ: npocnekt Haykuy, 6ya. 31, Kuis, 03028, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu
InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuil

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bnacenko Hina BacuiiBHa

2. Nina V. Vlasenko

KBasigikanis: k.x.u., c.u., 02.00.15
Imentudikarop ORCHID ID: 0000-0003-2162-5969
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: THcTUTYT (iznanoi ximii im. JI. B. TTucapkeBCbKOro

HanionanbHoI akasemii Hayk YKpainu

Kopg 3a €IPIIOY: 05417213

MiCI.IGSHaXO,I[)KeHHH: npocnekt Haykuy, 6ya. 31, Kuis, 03028, Vkpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkanieMivHui1

VIII. 3aKkJII04Hi BiZoMOCTi
BnacHe IIpizBume Im's I10-6aTbKOBI Kyumiit Crenan fIpocnasosud

roJIOBH pagu

Biacue IpizBume Im's I1o-6aThbKOBI Kyumiit Crenan fIpociaBosud

roJIOBYIOYOTO Ha 3acigaHHi

BiamoBizasibHHU 32 MiATOTOBKY 3ikpara OxcaHa BosionumupiBHa

00JIIKOBHX JOKYMEHTIB

Peectparop VYkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




