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1. BnuB cknagy okeuaHux cuctem Ha ocHoBi Mg(1I), Al(IIT), Zr(IV) Ha ix kaTaniTU4Hi BIIACTUBOCTI B IIpoLjecax
ra3zo(asHoro NePETBOPEHHs €TaHOJIy Ta 1-6yTaHOIIy 3 MOJABOEHHSAM BYIJIELE€BOTO JIAHIOra
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Pedepar:

1. B pucepTauiiiniil poboTi pO3BUHYTO HAYKOBI MiIXOAU LOI0 PO3POOJIEHHS KaTasli3aTopiB 6araToCTalilHuX
npoliecis razo¢azHOro NepeTBOPEHHS €TaHoJy Ta 1-6yTaHoJy 3 TOJBOEHHSM BYIJIEL€BOrO JlaHItora. Ha nmigcrasi
3'SICyBaHHS BIIMBY KOMIIOHEHTIB KaTtasiTuuHux cuctem MgO-Al203(CeOx) Ta ZrO2-MxOy (M = Ce, Y) Ha
KHUCJIOTHO-OCHOBHI XapaKTePUCTUKY [TOBEPXHI Ta BU3HAYEHHSI CIIOCOOIB iX perysioBaHHs 3allpOIIOHOBAHO LIJISIXU

IOCSITHEHHS BUCOKOI aKTUBHOCTI Ta CEJIEKTUBHOCTI KaTasi3aTopis B mpolecax razo¢asHoi KoHBepcii eTaHos 0 1-



6yTaHos Ta 1-6yTaHoJ 0 2-eTus-1-rekcaHosl. Briepiie peanizoBaHo npoliec razodasHoi KouaeHcalii 1-6yranosy B 2-
eTus-1-rekcaHoJI B IPOTOYHOMY PEXUMIi B IPUCYTHOCTI KaTaliTUYHNX Mg-Al-OKCUIHUX CUCTEM; IIiATBEPIKEHO
MO>KJIMBICTb ITOCJIiIOBHOTO [1I€PETBOPEHHS: €TaHOJI 0 1-6yTaHOoII 0 2-€TUjI-1-TeKCaHOo1, 32 aTMOC(EPHOTO THUCKY B
IIPOTOYHOMY PE>KUMi, 110 JO3BOJUTh OTPUMYBATU 2-€TUJI-1-reKCaHOoJI 6€3M0CePENHBO 3 €TaHOJIy. [IoKa3aHo, 1o
1151 e(PEKTUBHOTO NEPETBOPEHHSI BUXiIHUX CIIUPTIB y LinboBi NpoayKTH (1-6yTaHom Ta 2-eTus-1-rekcaHorn)
GiHapHUi1 okcuHMI Katasizarop MgO-Al203 Mae BKIIOYaTH KHMCJIOTHO-OCHOBHI napu Jlbtoica (Mg-0O-Al),
copMOBaHi 32 yMOB ITPO>KAPIOBAHHS iIpOTaIbKiTiB. Halbinbmuil Buxiz, 3a 1-6ytanosnom (18 %) nocsruyTo y
IIPUCYTHOCTI KaTasisaTopa i3 criBBigHomeHHsIM Mg/Al = 2, Hait6inbImNii BUXiz, 3a 2-eTumn-1-rekcanosnom (11 %) o a
Karasizaropi 3i cniBBigHOmeHHIM Mg /Al = 1. 3'acoBaHo, mo MoaudikyBaHHsI Mg-Al OKCUIHUX CUCTEM KaTioHaMU
Ce3+ Ha crafiii CMHTE3y TripOTaJIbKIiTiB IPU3BOAUTD A0 MiJBULIEHHS KOHLEHTPALil KUCJIOTHUX Ta OCHOBHUX LIEHTPIB
Ha [IOBEPXHIi KaTali3aTopiB, M0 3abe3neyye 36i1bIeHHs MUTOMOI MBUAKOCTI YTBOPEHHS 1-0yTaHOJIy TOPIBHSIHO 3
HeMoaU(iKOBaHUM KaTtasizaTopom. Haibinbmmii Buxig 1-6yranosny (14 %) njocsiraeTbcst B IPUCYTHOCTI KaTaslizaTopa
3i criBBigHOmEHHSIM Mg /Al /Ce = 2:0,9:0,1. BusnaueHo, mo go6asku CeO2, Y203 BiuBaloTh Ha (Ha3oBUil CKIIa],
ZrO2, gxuil BU3HaYae KUCJIOTHO-OCHOBHI BJIACTMBOCTI I0ro nNoBepxHi. B peaysbrarti cTabinisauii TeTrparoHaabHoi
¢dasu ZrO2 nobaBkamu CeO2 ta Y203 BifbyBaeThCs 306i1bLI€HHS KOHLEHTPALllii OCHOBHUX LIEHTPIiB HA TIOBEPXHI
KaTasi3aTopiB, 10 3yMOBJIIOE MiIBULIEHHS CEJIeKTUBHOCTI yTBOpEeHHS 1-6yTaHOJIy 3 €TaHOJY B iX IPUCYTHOCTI.
BcraHoBseHo, mo 3pas3ok 3 BMicToM CeO2 10 %Mmac. xapakTepusyeTbCst HalbiIbII0I0 KOHLIEHTPallielo OCHOBHUX
LIEHTPIB Ha [IOBEPxHi cepen gociimkeHnx ZrO2-CeO2 cucrem, o 3ade3nevye 301/1bLUIEHHS B 2 pa3u CEJIeKTUBHOCTI
Ta IIPOJYKTUBHOCTI KaTajizaTtopa 3a 1-6yTaHOJIOM B NOPiBHSIHHI 3 iHAuBinyanpHuM ZrO2. [TokazaHo, 1o BeJleHHS
Moaudikyrouoi 1odaBku Y203 Ta nmposkaproBaHHs Zr-Y-oKCuAHOi cuctemu 3a Temiepartypu 500 °C cripusie
301/IbLIIEHHIO KOHLIEHTpallii OCHOBHUX LI€HTPIiB Ha [10BEPXHi KaTajizaTopiB pa3oM 3i 3MEHIIEHHSIM KOHLEHTpalLlil
KMCJIOTHUX LEeHTPiB. B npucyTtHOCTI KaTtasniszatopa ZrO2-Y203 gocCsaraloTbCst BUCOKI 3HAYEHHS CEJIEKTUBHOCTI
yTBOpeHHs! (1o 70 %) Ta Buxony 1-6ytaHosy (17 %). 3anporoHOBaHO KaTaliTU4HI cucTeMu Ha ocHOBI MgO-AI203 3i
criBBigHoOmeHHIM Mg /Al = 1Ta 2 nj1s npoueciB nepeTBOPeHHs eTaHoJ 0 1-6ytaHos Ta 1-6yraHos o 2-eTus-1-
reKCaHoJ, 10 3a0€3MeYyI0Th IOKa3HUKU [IPOAYKTUBHOCTI 3a 1-6yraHosiom 87 rBuOH /(krkarorop) Ta 3a 2-etus-1-
rekcanosiom 40 r2-EI' /(xrkaroron). [IpioputeT po3po6Ky 3aXuMILEeHO IAaTEHTOM YKpPaiHU Ha KOPUCHY MOJIEJIb.
BusBieHo, 1110 3aCTOCYBaHHS KaTajiTu4Hoi cuctemu ZrO2-Y203 (3,4 %mac. Y203, TemniepaTypa poxXapioBaHHS
500 °C) B mpoueci NepeTBOPEHHS €TaHoJ 0 1-6yTaHoJ1, 3a6e3Ieuye CeJeKTUBHICTb 3a 1-6ytaHosiom — 1o 70 %, 3
npoaykTusHicTio 27 rBuOH /(krkaroron). IIpiopureT po3po6Ky 3axuIlleHO NATEHTOM YKpaiHU Ha KOPUCHY MOJEJIb.
3a3HavyeHi KaTaliTUYHi CUCTEMU NIEPCIEKTUBHI JJ11 CTBOPEHHS BUCOKOINPOILYKTUBHUX KaTajli3aTopiB CUHTE3Y 1-

OyTaHOJIy Ta 2-€TUJ-1-TeKCaHoJly i3 €TaHOoIy.

2. Scientific approaches to development of catalysts for multistage processes of gas-phase ethanol and 1-butanol
conversion with doubling of a carbon chain are developed in the thesis. Based on elucidation of the influence of
components of MgO-Al203(CeOx) and ZrO2-MxOy (M = Ce, Y) catalytic systems on their acid-base surface
characteristics and determination of methods of their varying, the ways to achieve the high activity and selectivity
of catalysts in gas-phase ethanol o 1-butanol and 1-butanol o 2-ethyl-1-hexanol conversion are proposed. The
process of gas-phase condensation of 1-butanol to 2-ethyl-1-hexanol in the flow reactor over Mg-Al-oxide
catalytic systems was realized for the first time. The possibility of sequential ethanol o 1-butanol o 2-ethyl-1-hexanol
conversion at atmospheric pressure in the flow mode was confirmed. It will allow to obtain 2-ethyl-1-hexanol
directly from ethanol. It is shown that for the efficient conversion of initial alcohols into target products (1-butanol
and 2-ethyl-1-hexanol) the binary oxide catalyst MgO-AI203 should include Lewis acid-base pairs (Mg-O-Al)
formed under the conditions of calcination of hydrotalcites. The highest yield of 1-butanol (18%) is achieved over
the catalyst with a ratio of Mg /Al = 2, and the highest yield of 2-ethyl-1-hexanol (11%) is achieved over catalyst with
aratio of Mg /Al = 1. It is found that modification of Mg-Al oxide systems by Ce3+ cations during the hydrotalcite
synthesis leads to an increase in the concentration of acid and base sites on the catalyst surface, which provides an
increase in the specific rate of 1-butanol formation comparing to unmodified catalyst. The highest yield of 1-
butanol (14%) is achieved over the catalyst with a ratio of Mg /Al /Ce = 2:0.9:0.1. It is established that the CeO2,
Y203 additives affect the phase composition of ZrO2, which determines the acid-base properties of its surface. As



a result of stabilization of the tetragonal phase of ZrO2 by the addition of CeO2 and Y203 there is an increase in

the basicity of the catalysts which leads to an increase in the selectivity of 1-butanol formation from ethanol in

their presence. It is found that the sample with a 10 wt.% of CeO2 is characterized by the highest concentration of
base sites on the surface among the studied ZrO2-CeO2 systems, which provides a twofold increase in the
selectivity and productivity of the catalyst for 1-butanol formation comparing with unmodified ZrO2. It is shown
that the introduction of a modifying additive Y203 and calcination of the Zr-Y-oxide system at 500 °C leads to an
increase in the concentration of the base sites on the surface of the catalysts together with a decrease in the
concentration of acid sites. Over the ZrO2-Y203 catalyst the high values of selectivity (up to 70%) and yield of 1-
butanol (17%) are achieved. MgO-AI203 catalytic systems with the ratio of Mg /Al =1 and 2 are suggested for
ethanol o 1-butanol and 1-butanol o 2-ethyl-1-hexanol conversion processes, which provide productivity of 1-butanol
formation 87 gBuOH /(kgcat-h) and 2-ethyl-1-hexanol 40 g2-EH /(kgcat-h). The priority of development is

protected by the Patent of Ukraine for Utility Model. It is found that the usage of ZrO2-Y203 catalytic system (3.4
wt.% Y203, calcination temperature 500 °C) in the ethanol o 1-butanol conversion, provides selectivity for 1-butanol
up to 70%, with the productivity of 27 gBuOH /(kgcat-h). The priority of development is protected by the Patent of
Ukraine for Utility Model. These systems are promising for the creation of high-performance catalysts for the
synthesis of 1-butanol and 2-ethyl-1-hexanol from ethanol.
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