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1. ®i3uko-XiMiuHi BJIACTUBOCTI MACUBHUX Ta HaHeceHUX VPO-kaTani3aTopiB AJ1s IPOLeciB OKUCHEHHS H-0yTaHy Ta

eTaHy

2. Physico-chemical properties of bulk and supported VPO-catalysts for the oxidation of n-butane and ethane

Pedepar:

1. Inceprarnis Ha 3000YTTSI HAYKOBOTO CTYIEHS KaHMATa XiMiUHUX HayK (HoKTopa (pinocodii) 3a crenianbHiCTIO
02.00.04 «®iznuna ximis» (102 - Ximist). - [HcTuTyT ximii noBepxHi imeni O.0. Uyiika HAH Ykpainu, Kuis, 2020.
BusHaueHoO BIIJIMB YMOB TPafULIiMHOIO Ta ajJlbTePHATUBHUX (6apoTepMaslbHUI Ta MeXaHOXIMIUYHNIT) METOJiB CUHTE3Y
MaCHUBHUX Ta HaHeceHux VPO-kaTanisaTopiB Ha ¢popmyBaHHs VPO-da3, ix (piznko-xiMiuHi BJaCTUBOCTI i
KaTaJiTUYHY aKTHMBHICTb B OKUCJIIOBaJILHOMY JAETiIpyBaHHI €TaHy 10 €TUJIEHY Ta CEJIEKTUBHOMY OKUCHEHH] H-
OytaHy 1o MasieiHoBoOro aHrigpunay. ITokasaHo, o rnpy nepesaxHiil opienTanii VOHPO4 « 0,5H20 (T'®B) o
6a3asbHill IJIOIMHI 3pa3ku MalOTh BUCOKI TOKa3HUKY B OKUCHEHHI H-0yTaHy, B TOH 4ac SIK 6ijbIlla OpieHTallisl IO
OOKOBIill IVIOMVYHI BeJle 10 KPalUX IOKA3HUKIB B OKUCHEHHI €TaHy. AKTMBHICTb 3pa3KiB B 000X PeaKlIisiX 3aJIe’KUThb
Bif], €(PEKTUBHOTO HETATUBHOTO 3apsAy Ha aTOMaX OKCUTeHy KaTajlizaTopa. BcTaHOBIEHO ONTUMabHI YMOBU
6aporepmainbHoro cuHTedy ['OB. BukopuctanHs MexaHoXiMiuHO o6pobsieHoro (MX0) V205 B cunresi I'OB Ta



nopanbua oro MXO 1o3BoJisie ofep>kaTy 3pa3ky 3 OpPieHTali€elo 110 60KOBIi MIOIMHI, e(peKTUBHI B OKUCHEHHI
etany. OntumizoBaHo ymoBu MXO cymimmi I'®B Ta TiO2, mo 1o3Bossie ogepskatu HaHeceHu VPO-KkaTamizaTop 3
mopgosiorieto I'OB y popmi «1KyTiB», epeKTUBHUI B OKUCHEHHI H-0yTaHy IIPU MiJBUIIEHUX KOHLEHTpaLisiX
ByIJIeBOIHIO (3,4 - 10,0 06.%). Kimouosi cioa: VPO-karasizatopu, MexaHOXiMiuHa 06pooka (MXO),

GapoTepMasibHUN CUHTE3, MaJIeiHOBUII aHTiIpU], €TUJIEH.

2. The dissertation is devoted to the study of the influence of the conditions traditional and alternative
(barothermal and mechanochemical) methods of bulk and supported VPO-catalysts synthesis on the formation of
VPO-phases and their physicochemical properties. The catalytic properties of VPO catalysts in oxidative
dehydrogenation of ethane to ethylene and selective oxidation of n-butane to MA (maleic anhydride) with both
standard hydrocarbon (1.5-1.7 vol. % n-butane) and rich hydrocarbon concentrations (3.4 - 10 vol. % n-butane)
were studied. It was shown that the modification of the conditions of traditional synthesis of bulk VPO-samples by
Bi and Zr additives introduction leads to VOHPO4 ¢ 0,5H20 (VPO) formation with different basal and lateral plane
ratios. The samples with predominant orientation on basal (001) plane have a high rate of n-butane oxidation, while
the samples with predominant orientation in the lateral (220) plane demonstrate better performance in ethane
oxidation. The activity of the samples in both reactions determines by the effective negative charge on the oxygen
atoms of the catalysts. The optimal conditions of the barothermal synthesis (BTS) of bulk VPO-samples were
established and the possibility of the morphology of VPO changes from “rose-like” shape to “jute” shape with a high
content of basal plane was shown. The prepared samples demonstrate of high oxidation rate of n-butane in
hydrocarbon-rich mixtures. It is established that the using of the reducing agents and their nature significantly
influence on formation of the VPO-phase at BTS, but the previous mechanochemical treatment of V205 permits to
exclude the reducing agent from the synthesis process. It was shown that the mechanochemically treated V205
uses in the synthesis and next mechanochemical treatment of the synthesized VPO-samples leads to the formation
of samples with predominant orientation on lateral plane, which were effective in the selective oxidation of ethane
(Ukraine patent). The possibility of the VPO phase formation on supports surface (pyrogenic silica, TiO2, SiC and
aerosilogel were used as support) was shown. Previous barothermal modification of the aerosilogel surface by
organic compounds improves the performance of the supported VPO-catalyst in the oxidation processes of the
studied hydrocarbons. The conditions of mechanochemical treatment of the mixture of hemihydrate vanadyl
hydrogen phosphate and TiO2 were optimized, which permits to obtain supported VPO /TiO2 catalysts with "jutes"
morphology and high content of basal plane. These catalysts were effective in oxidation of n-butane to maleic
anhydride at high concentrations of n-butane in air (3.4, 5.0 and 10.0 vol. %) (Ukraine patent). The use of these
catalysts permits to improve the process of n-butane oxidation with an increase of the MA productivity by recycle
technology or cascade scheme application.
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