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1. Inceprauiiina po60Ta NpUCBIYeHa Po3pooLi e(PEeKTUBHMX KaTaJi3aToOPIB JJ1s1 IEPETBOPEHHS (PPYKTO3U B
aJIKiJIJIaKTaTU Ta JIEBYJIIHOBY KUACJIOTY. 3alIPOIIOHOBAHO CIOCi6 oepkaHHs SnO2 BMiCHUX OKCUIIB SIK KaTaji3aTopiB
IJ1s1 CUHTE3Y aJIKiJUIAKTaTiB 3 PPYKTO3U — MOHOBJIIOBAIbHOI CUDOBUHU, IPOCTUM METOJIOM ITPOCOYEHHS
rpaHysiboBaHoro o Al203. 3pasku SnO2 /Al203 3 pi3HUM BMiCTOM AiOKCUAY 0JI0Ba JOAATKOBO 0YyJIO NOMOBAHO
TaKMMHU OKCUIAMU MeTalliB 4K, ZnO, MgO, CoO, NiO, MoO3. HaBeieHO CTPYKTYPHIi Ta TEKCTYPHi XapaKT€pUCTUKU
3pasKiB, sIKi ofiep>KaHi MeTogaMy peHTreHo-(a30Boro aHaji3y Ta HU3bKOTEMIIEPATyPHOI afcopoLii-gecopouii
aszory. 3a gonomoroi Y@ cnekrpockorii fudys3Horo Bii6UTTs 6yJI0 BUSIBJIEHO, 1110 Ha [I0BEPXHi 3pa3KiB 3 BMiCTOM
Sn0O2 10 20 mac.% Ta 3pasKiB, JOJATKOBO NOMOBaHUX 5 Mac.% ZnO, 3HaXOAsAThCS 1307IbOBaHI TETPAEIPUIHO
KoopauHoBaHi ionu IVSn4+. BctaHoBJIeHO, o gogaBaHHs 5 Mac.% ZnO no SnO2 /Al203 okcupiB 103BOJISIE

OTPUMYBATH 3Pa3Ku i3 OJHOUYACHO HAsSIBHUMU SIK c1abkumu KucaotHuMHU (HO = +3.3) Tak i c1abkrMu OCHOBHUMU



(H- = +7.2) uentpamu. B nuceprauiiiHiii po60Ti fOCiI)KeHO BUKOPUCTAaHHS CUHTE30BaHUX SNO2-BMiCHMX OKCUTIIB
SIK KaTaJli3aTOpiB OflepsKaHHS aJIKiJIaKTaTiB 3 KOHLIEHTPOBAaHUX CIIMPTOBUX PO34YMHIB PpykTo3u. [TokazaHo, 10
pospobieni 20Sn0O2 /AI203 ta 5Zn0O 10Sn0O2 /AI203 karanizaTopu 30aTHI IPOAYKYBAaTU €TUIIJIAKTAT 3 BUCOKAM 50%
BMXOJIOM 3 KOHIIEHTPOBaHUX 13% po34nHiB ppyKkTo3u y 98% eranosi npu temneparypi 160 °C 3a 3 roguHu B
CTallioHaPHOMY PEXXMMi, 10 MOXKE CTAHOBUTU ITPAKTUYHUI iHTepec. B po6oTi AeTanbHO OOCIiIKEHO 1epEeTBOPEHHS
METaHOJIBHOTO PO3YMHY (PPYKTO3M O METUIIJIAKTATY B IIPOTOYHOMY PEXKUMI, SIKMH € Oi/IblI IPUAATHUM [1JIs
IIPOMMCJIOBOCTI. SIK peakuiiiHy cymil BUKOpUCTOByBau 1.6-9.5 mac.% posunHu Gppykrosu B 80% BOJHOMY PO34MHI
METaHOJIy. BCTaHOBJIEHO, 10 OAABAHHS [0 [TOYAaTKOBOIO po3unHy GppykTosu B meTaHoi 0.03 mac.% xapboHaTy
KaJlilo IIPUBOJUTD J0 36i/IbLIEHHS CeIeKTUBHOCTI 32 MeTU IakTaToM Ha 15% npu 100% kouepcii ppykrosu. [Tpu
LIbOMY IIPOJYKTUBHICTb KaTasizaropa ctaHoBUTbh 2.0 mmosb C4H803 /mikat /ron. Crip BigMiTUTH, 10 B pe3y/bTari
KoHBepcii D-¢ppykTo3u Ha SnO2 /Al203 kaTanizaTopi MO>KHA OAEP>KATU paleMidyHy cyMim L- Ta D-MeTu/I1aKTaTiB.
BcranosneHo, mo SnO2 /AI203 kaTtanisaTop cTabibHO Mpalloe IPOTAroM 6 rof] npu 36epeskeHHi KOHBepCis
dpykTo3u Ha piBHI 100% Ta ceseKTUBHOCTI 3a MeTusIakTaToM y 60%. ITicsist pereHepalii kaTanizaTop MOBHICTIO
BiZJHOBJIIOBAB CBOIO aKTMBHICTb. 3 METOI0 YHUKHEHHS I0JJaBaHHSI COJIEl JIY)KHUX METAJIiB, SIK KaTaizaTop
3aMpONOHOBAaHO BUKOpUCTOBYBaTH SnO2 /Al203 okcup, 1onoBaHUi ioHaMU LIUHKY. 3HANeHO ONTUMAaJbHi YMOBU
IIpOBeJieHHs peakliii, a came BUKopucTaHHs 4.8% pozunny ¢ppykro3u y 80% meraHosi, Temreparypa peakuii 180 °C,
trck 3.0 MIla npu HaBaHTaxXeHHi Ha 5Zn0-10Sn02 /Al203 xartanizaTop y 1.5 Mmoab C6H1206 /mikaTt /rof, pu yaci
KOHTaKTy 11 XB, 5Ki JJ03BOJISIOTh OflepKaTU METUJUIAKTAT 3 BUCOKUM BuxonoM y 70% npu 100% koHBepcii ppyKTO3M.
75 minTBepIKeHHs IPUITyLIeHHs, o caMme ioHU IVSn4+, gk L-1ieHTpy, 3a6e31e4yoTh IepeTBOPEHHS
IUTiTpOKCHALIETOHY 10 aJIKisIIaKTaTiB 6yJI0 LOCIIIPKEHO peakllilo IepeTBOPEHHS METaHOJIbHOI'O PO3YUHY
IWTiTpOKCHALIETOHY 1O METUJJIAKTATy B IPOTOYHOMY pekuMi. 3HaiineHo, mo 5Sn02 /Al203 kaTanizaTop
3abesrevye OBHY KOHBEPCIIO IUTiIPOKCUALIETOHY 3 BUXOJOM MeTuinakTary y 80% npu temnepatypi 150 °C ta
tucky 1 MIla. I[lokasaHo, mo cynepkucaoTHuy notpinHuil ZrO2 SiO2-SnO2 okcup, (ATOMHE CHiBBiIHOIMIEHHS
Zr:Si:Sn = 20:60:20) 37aTeH NPOTOHYBATU MOJIEKYJIM OLTOBOTO aHTiIPUIY 3 YTBOPEHHSIM KaTiOHIB allulilo B peakiiii
allMJIIOBAHHS TOJIYOJIy B IPUCYTHOCTI OLITOBOTO aHrinpuny. [IpoBeieHi ekcriepruMeHTabHi JOCiIKEeHHS
[IOKa3yI0Th, IO L€} CUHTE30BaHMUM OKCH[L ePeKTUBHO KaTajlidye peakiiiio aliilioBaHHS TOJIYOJy OLTOBUM
aHTiIpUIOM B IIPOTOYHOMY peakTopi mpu remnepatrypi 150 °C 3 45% KoHBepcio aHrigpuny npu npaktuyHo 100%
CEeJIEKTUBHOCTI 3a 4 MeTuianeTopeHoHOoM. [IpunyckaeTbcsl, o Buila akTUBHICTh ZrO2 SiO2-SnO2 okcupy,
MIOPIBHSIHO 3 LI€OJIiTaMU B Lill peakuii 10B'sI3aHa 3 HAsIBHICTIO CYNE€PKUCIOTHUX LIEHTPIB, @ TAKOX OibLI PO3BUHEHOIO
IIMTOMOIO [TIOBEPXHEI0 Ta 6isbmuM po3mipom nop. Cynepkucaotaui ZrO2-Si02-SnO2 okcug, (aTomHe
cHiBBigHOLEHH] Zr:Si:Sn = 29:60:11) npoTecToBaHO K KaTaji3aTop KOHBEPCii KOHIIEHTPOBAHOT'O BOJHOTO PO3YNHY
(PYKTO3M [0 JIEBYJIIHOBOI Ta MypaLIMHOI KACJIOT B CTallioHapHOMY pexkumi 3a Temnepatypu 160-190 oC ta
aTMOC(HEpPHOTO TUCKY IIPOTATroM 1-5 roguH. BctaHOBIEHO, 1O L€l CyNepPKUCIOTHUI KaTalizaTtop 3abesnedye 100%
KOoHBepcio 20% BOJHOTO pO3urHY PPYKTO3U 3 BUXOJIOM JIEBYJIIHOBOI Ta MypalnHoi KUc1oT 1o 80% ta 90% Bix,

TEOPETUYHOTO BiJIMOBiIHO, 32 ONITUMaJIbHUX YMOB: Temnepartypa 180 oC, 3.5 rogunu.

2. The thesis is devoted to the development of efficient catalysts for the transformation of fructose into alkyl
lactates and levulinic acid. A method for obtaining SnO2-containing oxides as catalysts for the synthesis of alkyl
lactates from fructose - a renewable feedstock, was proposed using a simple method of impregnating granulated o-
AlI203. Sn02 /Al203 samples with varying tin dioxide content were additionally doped with metal oxides such as
Zn0O, MgO, CoO, NiO, Mo03. Structural and textural characteristics of the samples obtained by X-ray phase
analysis and low-temperature nitrogen adsorption-desorption methods are provided. UV-Vis diffuse reflectance
spectra revealed that on the surfaces of samples with 10-20 wt.% SnO2 and samples additionally doped with 5
wt.% ZnO, isolated tetrahedrally coordinated IVSn4+ ions are present. It was established that the addition of 5
wt.% ZnO to SnO2/AlI203 oxides allows obtaining samples with both weak acidic (HO = +3.3) and weak basic (H- =
+7.2) sites simultaneously. The use of synthesized SnO2-containing oxides as catalysts for obtaining alkyl lactates
from concentrated alcoholic solutions of fructose was investigated. It was demonstrated that the developed
20Sn02 /A1203 and 5Zn0-10Sn02 /AI203 catalysts are capable of producing ethyl lactate with a high 50% yield
from concentrated 13% fructose solutions in 98% ethanol at a temperature of 160 °C for 3 hours under stationary



conditions, which may be of practical interest. The work extensively investigates the transformation of a methanol
solution of fructose into methyl lactate in a flow regime, which is more suitable for industrial applications.
Reaction mixtures consisting of 1.6-9.5 wt.% fructose solutions in an 80% aqueous methanol solution were used. It
was established that the addition of 0.03 wt.% potassium carbonate to the initial fructose solution in methanol
leads to a 15% increase in selectivity towards methyl lactate with 100% fructose conversion. The catalyst
productivity under these conditions is 2.0 mmol C4H803 /mlcat/h. It should be noted that the conversion of D-
fructose on the SnO2 /Al203 catalyst can result in a racemic mixture of L- and D-methyl lactates. The
SnO2/Al203 catalyst was found to operate stably for 6 hours while keeping fructose conversion at 100% and
methyl lactate selectivity at 60%. After regeneration, the catalyst completely restored its activity. To avoid the
addition of alkali metal salts, the catalyst proposed for use is SnO2 /AI203 oxide doped with zinc ions. Optimal
reaction conditions were identified, including the use of a 4.8% fructose solution in 80% methanol, a reaction
temperature of 180 °C, a pressure of 3.0 MPa, and a loading of 5Zn0O-10Sn02 /AI203 catalyst at 1.5 mmol

C6H1206 /mlcat /h with a contact time of 11 minutes. These conditions allow obtaining methyl lactate with a high
yield of 70% at 100% fructose conversion. It is demonstrated that the superacid ternary ZrO2 SiO2 SnO2 oxide
(atomic ratio Zr:Si:Sn = 20:60:20) is capable of protonating acetic anhydride molecules, forming acylium cations in
the toluene acylation reaction in the presence of acetic anhydride. Experimental investigations indicate that the
synthesized oxide efficiently catalyzes the toluene acylation reaction with acetic anhydride in a continuous-flow
reactor at 150 °C, achieving a 45% conversion of the anhydride with practically 100% selectivity towards 4-
methylacetophenone. It is suggested that the higher activity of the ZrO2 SiO2 SnO2 oxide, compared to zeolites in
this reaction, is associated with the presence of superacidic sites, as well as a more developed specific surface area
and larger pore size. The superacid ZrO2-SiO2-SnO2 oxide (atomic ratio Zr:Si:Sn = 29:60:11) has been tested as a
catalyst for the conversion of concentrated aqueous fructose solution into levulinic and formic acids under
stationary conditions at temperatures ranging from 160 to 190 °C and atmospheric pressure for 1-5 hours. It was
found that this superacid catalyst provides 100% conversion of a 20% aqueous fructose solution with the yield of
levulinic and formic acids reaching 80% and 90% of the theoretical, respectively, under optimal conditions:
temperature of 180 °C for 3.5 hours.
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