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1. IlepcrieKTHBHI T€XHOJIOTii IepepoOKU i30I1pOIiNIOBOro CIMPTY B yMOBaX aep0O30JIbHOIO HAHOKATAIi3y

2. Innovative technology for the processing of isopropyl alcohol using aerosol nanocatalysis

Pedepar:

1. Incepraist npucBsYeHa po3pooLi Ta BLOCKOHAJIEHHIO TEXHOJIOTI MDKMOJIEKYJISIPHOI JierigpaTaliii
i301IpOMiNOBOro CIUPTY B Aii30IPOIINIOBUIA €TEP i IIMOOKOro KaTaJiTUYHOTO OKUCHEHHS i30IIPONAHOIY 3
BHUKOPHCTaHHSIM METOZY aep0O30JIbHOI0 HAaHOKATAai3y Y BiopO3piIKeHOMY IIapi KaTaliTHYHOI CUCTEMU.
[30mpomnizioBuil CIUPT MOKE BUCTYIIATU SIK CAMOCTIMIHE €KOJIOTiYHO YMCTE [MaINBO, TaK i B CyMillli 3 iHIIMMUA
CIIAPTaMU, a TAKOX SK IIyCKOBE NaJIMBO NPY POOOTI KaTaJiTUYHUX F€HEPATOPiB TeIla Ha BYTJIEBOLHSIX.
JiizomnporminoBuii eTep Moxke 6yT BUKOPUCTAHUH SIK OKTAaHKOPUTYIOYA J06aBKa O aBTOMOOIIbHIX O€H3KMHIB.
I'nuboke KaTaliTUYHE OKMCHEHHS i30MPOIIiJIOBOrO CIIUPTY MOXKe BinoyBaTucs i3 100%-Mu cTynieHeM IepeTBOPEHHS
i cenexrusHicTIO 32 CO2, i jaHMii Npouec MoXXe 6yTU BUKOPUCTaHUI IIPYU pO3pOOLi KaTaliTUYHUX F€HEPATOPiB
TEIIa 3 [IOKPALEHNMY TEXHIKO-€KOHOMIYHUMU Ta €KOJIOTIYHMMHU ITOKa3HMKaMU. ONTUMAJIbHOIO TEMIIEPATYPOIO

npouecy mbkmosnekyssipHoi gerigparauii II1C B JITIE B yMoBax a€p030JIbHOTO HAaHOKATaJIi3y IIPU YaCTOTi KOJIMBAHb



1,4 T'y € 220°C, KOJIM JOCATAETLCS CENEKTUBHICTD 78,1%, mo B 1,17 pasiB Bulle, HIXX B TEXHOJIOTIi 3 BAKOPUCTAHHSIM
reTEPOreHHOro Karanidy. ONTUMaJbHUMU YMOBAaMU KaTaliTUYHOTO OKUCHEHHS € Temneparypa 400°C, yacrora
kosiuBaHb 3,0 'ty i KoHIeHTpalis KaTanizaTopa Fe203 5 r/m3 peakTopa, Koau gocsaraetbest 100% ceneKTUBHICThb
nepersopenHs ITIC B CO2. Y po60Ti 3alIpONIOHOBAHI TEXHOJIOTIYHI CX€MH, 110 BUKOPUCTOBYIOTb IPUHLIANN
aepo30JIbHOTO HaHOKaTasi3y, Aj1s MbxkmosekysapHoi gerigparauii ITIC B JITIE Ta KaTaniTUYHOIrO reHeparopa Teria
i3 3actocyBaHHaM IT1C sk nanusa.

2. The dissertation is devoted to the development and improvement of technologies for the etherification of
isopropyl alcohol into diisopropyl ether and deep catalytic oxidation of isopropanol using the aerosol nanocatalysis
method in a vibro-fluidized bed of a catalytic system. Etherification processes are used to produce ethers, which
are high-octane additives to motor fuels. Catalytic oxidation processes using alcohols as fuels will have improved
environmental performance. Such catalytic heat generators are promising for the generation of thermal energy in
cities where more stringent environmental standards exist. It was found that the introduction of acids to the pore
structures of zeolite NaX using ammonium nitrate leads to an acceleration of conversion reaction of IPA to DIPE in
the temperature range of 180-240°C at the investigated vibrational frequencies of 1.4 and 2.0 Hz and the catalyst
concentration of 2.5 g/m3 of the reactor. For the process of etherification reactions by aerosol nanocatalysis there
is an optimal temperature range (180-220°C), in which the maximum selectivity of the conversion of IPA to DIPE is
observed. An increase in the oxidation temperature from 400 to 550°C leads to a decrease in the selectivity of the
reactions of CO2 formation from 100% to 87% at a frequency of 3 Hz. The concentration of the Fe203 catalyst is 5
g/m3 of the reactor. A mathematical model of the process of deep catalytic oxidation of IPA is constructed, taking
into account the influence of the vibration frequency of the catalytic system on the degree of conversion of IPA at
a given temperature (440°C) and catalyst concentration (5 g/m3 reactor). The optimum temperature for DIPE
etherification reaction using IPA as the feed, under conditions of aerosol nanocatalysis at an oscillation frequency
of 1.4 Hz is 220°C, where selectivity of 78.1% is achieved, which is 1.17 times higher than in technology using
heterogeneous catalysis. An increase in the acidity of NaX zeolite by the addition of ammonium nitrate is
recommended, which leads to an acceleration of etherification reactions using this catalyst under conditions of
mechanochemical activation. The high selectivity of the etherification reaction is maintained at a constant level by
continuous mechanochemical activation, which is confirmed by the 60 hours of laboratory operation. The optimal
conditions for catalytic oxidation are at a temperature of 400°C, an oscillation frequency of 3.0 Hz and a catalyst
concentration of Fe203 of 5 g/m3 of the reactor. At these conditions, 100% selectivity of the conversion of IPA to
CO2 is achieved. Technological schemes using the principles of aerosol nanocatalysis for etherification of DIPE and
a catalytic heat generator using IPA as fuel are proposed. The involvement of isopropyl alcohol as a raw material in
the etherification process and in the technology of a catalytic heat generator using aerosol nanocatalysis is a
promising direction in the development of the chemical industry.
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