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1. Baemopis riileprHy 3 KApOOHIIBHUMU CIIOJIyKaMU Y IIPUCYTHOCTI TeTepOreHHMX KUCJIOTHUX KaTasizaTopisB Ha

OCHOBi IPUPOJIHUX AJTIOMOCHUJIIKATIiB

2. Interaction of glycerol with carbonyl compounds in the presence of heterogeneous acid catalysts based on
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Pedepar:

1. Incepraliist npucBsiyeHa pPo3poo1i JOCTYMHUX KaTaJiTUMHUX CUCTEM, SIKi 3a0€31e4yI0Th BUCOKY e()EeKTHUBHICTh
[IepeTBOPEHHS IJIiLlepPUHY, SIK T0O6IYHOTrO IPOAYKTY BUPOOHUIITBA 6i0M3€eI0 y IMKIIIYHI aneTati, KeTali i aleTUHU.
BusBieHi onTuMasnbHi yMOBY MogUQiKallil HITPaTHOIO KACJIOTOO IPUPOLHUX OEHTOHITY, KJIIHONTWIOJITY i Tpeney,
10 BIUIMBAIOTh HA IX KaTaTiTUYHY aKTUBHICTh y peakuii riainepuny 3 6eH3anpaerinom. 3pa3ku 6EHTOHITY BUSIBIISIIOThH
6inbIly aKTHMBHICTb IIOPIBHSHO 3 cyJsbdokaTioHiTom KY-2. PiBHOBara focsiraeTbcst uepes 5 xXB, a y IPUCYTHOCTI
OCTaHHBOTO Yepe3 10 XB, BHACJIiOK YOro [1049aTKOBA MIBUKICTh BUTPATH IVILIEPUHY Y IPUCYTHOCTI OEHTOHITY,
MOAM(IKOBAHOTO HITPATHOIO KUCJIOTOIO (3 MOJIb/J1) IpoTsirom 1 a6o 3 rog, B 1,5-2 pasu 6inbma, Hix y KY-2. B

peaxuii rinepuHy 3 alleTOHOM CepeJ, aTlIOMOCUIIIKaTiB, MOIU(IKOBaHMX HITPATHOIO Ta apeHCYIb(HOHOBOIO



KUCJIOTaMU, OiJbIlly aKTUBHICTb BUSIBJISIE OEHTOHIT. Ha BinMiHy Bifi 6€HTOHITY, MOIM(IKOBAaHOTO apEHCYIb(POHOBOIO
KUCJIOTOIO, Y IPUCYTHOCTI KJIIHONITUJIOJITY Ta Tperley, 3i 30i/bIIeHHIM iX MacoBOi YaCTKU, BEJIMYMHU KOHBEPCIi
IJlilepyHy Ta M04aTKOBA MIBUAKICTh MOr0 BUTPATU 3POCTAIOTH JIiHINMHO, ajle TPUBAJIICTb peaklii Aewo 6iibma i
ckazae 30-60 xB; HATOMICTb Y BUNAJIKy OEHTOHITY BOHA CTAaHOBUTH 5-15 xB. HesaseskHo Bif MacoBOi 4aCTKHY,
KJIIHOIITUJIOJIT 32 BEJIMYMHAMU WIBUAKOCTI peaKlil BUsIBIsSlE€ aKTUBHICTD CIIBCTaBHY 3 KY-2, ajsie mocrynaerscs
aKTUBHICTIO 6EHTOHITY. BEHTOHIT Ta KJIiIHONTUNOJIIT, MOAU(IKOBaHI HITPAaTHOIO i apeHCYIbPOHOBOIO KUCJIOTaMU,
BUTPUMYIOTh CiM KaTaJiTUYHUX LIUKJIiB, Tpemnesl, Mogr(piKoBaHUI HITPaTHOIO KMCJIOTOIO, BTpaya€ akKTUBHICTb Ha
IPYyromy LMK, a MOIU(DIKOBaHNM apeHCyIb(POHOBOIO KUCJIOTOIO — Ha YeTBEPTOMY. [Ipy nocmimpKeHHi peakiiii
IJIieprHY 3 [UKJIOTeKCAaHOHOM BUSIBJIEHO, 1110 OEHTOHIT, MOIM(IKOBAHUI HITPATHOIO KUCJIOTOIO IIPAKTUYHO He
BTpaya€e akKTUBHOCTI ITPOTITOM IT'SITU LIUKJIiB, HATOMICTb TperneJi Ta KJIiHONTUIIOJNIT BTPavyaloTh aKTUBHICTh HA
Ipyromy. BeHTOHIT BUSIBUBCS OifbIll CTIMKMM 10 BTPATU KaTaJliTUYHOI aKTUBHOCTI IIOPiBHSIHO 3i 3pa3KOM,
MoAU(IKOBAaHUM apeHCYIb(OHOBOIO KUCJIOTO0, OCKIJIbKY OCTaHHI Ha JPYyroMy LMKJIi He aKTUBHUI. BCcTaHOBIIEHO,
10 cepeJ, 3paskiB, MoaU(IiKOBaHUX apeHCYIb(POHOBOIO KUCIIOTOIO, OiJIbIlly aKTMBHICTb BUSIBJISE TPEIeJl, TOL K
OEHTOHIT 6ibLI aKTUBHUI cepe], 3pa3kiB MoM(piKoBaHUX HITPaTHOIO. B peakiii riilepruHy 3 OLTOBOIO KUCJIOTOIO, Y
MIPUCYTHOCTI 3pa3KiB, MOAN(PIKOBAHUX apEHCYIb(POHOBOIO KUCJIOTOI0, CEJIEKTUBHICTb IIPOIYKTIB 3MiHIOETHCS
3aJIeXKHO Bifl yMOB peakuii (Temneparypa peaklii, MacoBa 4acTka Katayizatopa). HaTomicTs, y IprCyTHOCTI 3pasKiB,
MoIM(}iKOBaHUX HITPAaTHOIO KMCJIOTOIO, IEPEBAXHO OCHOBHUM IIPOIYKTOM € MOHoaleTHH. Kito4oBi ciosa:
[JILLEPYH, AJIIOMOCUIIIKATH, KaTali3aTop, KaTasui3, aueranisalis, KeTaaisalis, aljuIioBaHHs, aleTasli, KeTaJli,

aLeTUHY, IWBUIKICTb PEaKLii, aKTUBHICTb, CEJIEKTUBHICTb, KUCJIOTHI LIEHTPY, [TIOPU.

2. Thesis is devoted to the development of accessible catalytic systems that ensure high efficiency in the
conversion of glycerol, a by-product of biodiesel production, into cyclic acetals, ketals, and acetins. Optimal
conditions for the modification of natural bentonite, clinoptilolite, and trepel with nitric acid were identified,
which influence their catalytic activity in the reaction of glycerol with benzaldehyde. Bentonite samples exhibited
higher activity compared to the sulfonic cation exchanger KU-2. Equilibrium was reached within 5 minutes for
bentonite, while it took 10 minutes in the presence of KU-2, resulting in an initial glycerol consumption rate 1.5 to 2
times higher with bentonite modified with nitric acid (3 mol /L, treatment for 1 or 3 hours) compared to KU-2. In
the reaction of glycerol with acetone, among aluminosilicates modified with nitric and arenesulfonic acids,
bentonite demonstrated the highest activity. Unlike bentonite modified with arenesulfonic acid, the conversion of
glycerol and the initial rate of its consumption increased linearly with increasing mass fractions of clinoptilolite
and trepel; however, the reaction duration was somewhat longer (30 60 minutes), compared to bentonite (5-15
minutes). Regardless of mass fraction, clinoptilolite showed comparable activity to KU-2 in terms of reaction rate,
but was less active than bentonite. Bentonite and clinoptilolite modified with nitric and arenesulfonic acids
withstand seven cycles, while trepel modified with nitric acid loses its activity by the second cycle, and the one
modified with arenesulfonic acid by the fourth cycle. In the reaction of glycerol with cyclohexanone, it was found
that bentonite modified with nitric acid retained its activity over five cycles, whereas trepel and clinoptilolite lost
their activity by the second cycle. Bentonite was more resistant to loss of catalytic activity compared to the sample
modified with arenesulfonic acid, which was inactive by the second cycle. Among the samples modified with
arenesulfonic acid, trepel showed higher activity while bentonite was the most active among the nitric acid-
modified samples. In the reaction of glycerol with acetic acid, in the presence of samples modified with
arenesulfonic acid, product selectivity varied depending on reaction conditions (reaction temperature, catalyst
mass fraction), whereas in the presence of nitric acid-modified samples monoacetin was the main product.
Keywords: glycerol, aluminosilicates, catalyst, catalysis, acetalization, ketalization, acylation, acetals, ketals,
acetins, reaction rate, activity, selectivity, acid sites, pores.
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CyCIIiJIbCTBA i Aep>kaBu
CrpareriyHui NpiopUTETHUI HANIPSIM iHHOBaLiMHOI AiSIIBHOCTI: He 3acTOCOBYETHCS
I'[i,qcyMKH IOCJIiI>KEHHS: TeopeTuyHe y3araJbHEHHs i BUPIlIEHHs BOXJIMBOI HAyKOBOI TpOGIeMu

Iy6srikamii:

e TaBtaH A. C,, Jlesyenko O. O., Yixivin [I. I'., SIpemos II. C., Kamasnos I'. JI. Aueranizauis riinepuny B
IIPUCYTHOCTI KUCJIOTHO-MOIM(DIKOBAHUX KIIHOIITUJIOJNITY, GEHTOHITY Ta Tpenesy 3 BITYN3HSIHUX POIOBULL
Po3gin B MoHorpadii. Hosi ¢pyHKI[iOHa/NIbHI PEYOBUHMU i MaTepiay XxiMiYyHOro BUpOOHULITBA. B]
«Axkagemnepiogykay. 2021. Kuis. C. 296-310. DOI:10.15407 /akademperiodyka.444.296

o JlaBTaH A. C., Yixiuin [I. I'., JleBuenko O. O., Kamanos I'. JI. B3aemopid riineprHy 3 alleTOHOM y IPUCYTHOCTI
KUCJI0THO-MOAM(IKOBaHOro KiiHonTunomairy. BicH. Opecbkoro Hau. yH-Ty. Cepist Ximist. 2023. T. 28, But. 3(86).
C. 28-34. DOI:10.18524 /2304-0947.2023.3(86).297809

e Davtian A. S., Chikhichin D. G., Levchenko O. O., Kamalov G. L. Effect of the acidic treatment on the catalitic
properties of natural aluminosilicates in glycerol acetylation. Theor. Exp. Chem. 2024. Vol. 59(6). P. 412-417.
DOI:10.1007 /s11237-024-09800-0

e JlaBTaH A. C., JleByenko O. O., Kamasnos I'. JI., fdpemos I1. C., Kypmau M. M. [IpupogHi anomMocutikati
mopudixkoBani pparmeHTamu apeH-CcyabOHOBOI KUCJIOTH SIK KaTaji3aTopu aueTaniisalii riinepruny
yukiorekcaHoHoM. J. Chem. Technol. 2024. Vol. 32(3). P. 509-517. DOI:10.15421 /jchemtech.v32i3.304786

o Davtian A. S., Levchenko O. O., Kamalov G. L. Ketalization of glycerol with acetone in the presence of natural
aluminosilicates modified with arenesulfonic acid. Theor. Exp. Chem. 2024. Vol. 60(5). P. 315-320.

DOI:0.1007 /s11237-025-09833-z

e JlaBT4H A. C., JleByenko O. O., Kamasos I'. JI. KiHeTrKa auuiyBaHHS IJIiLEPUHY 3 OLTOBOIO KACJIOTOIO Y
IIPUCYTHOCTI IPUPOJHUX aJIOMOCUIIKATIB MOM(DiKOBaHMX (PparMEHTAMU apEeHCYIbPOHOBOI KUCIIOTH. J.
Chem. Technol. 2025. Vol. 33(2). P. 278-284. DOI:10.15421 /jchemtech.v33i2.322096

HaykoBa (HayKOBO-TeXHiYHa) MPOAYKILis: MeToxy, Teopii, rinoresn

COI.liaJIbHO-eKOHOMi‘{Ha CIIpﬂMOBaHiCTb: pPO3pobKa METOiB IEPETBOPEHHSI IJIiILIEPUHY HA MAJIOTOHHAXKHI
IIPOJYKTH, IIO CTAHOBJIATH iHTEpec AJ1s1 ¢papMallii, KOCMETOJIOTii, Xapu0oBOi IPOMUCIIOBOCTI, a TAKOX 7151
KOMOIHATOPHOI XiMii, 3 BAKOPUCTAHHSIM CTabiIbHUX KaTaji3aTOPiB HA OCHOBI KUCJIOTHO-MOAU(IKOBAHUX

QIIOMOCUJIIKATIB IPUPOSHOIO MOXOIKEHHS 3 YKPAIHCHKMX POLOBUII,

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaakeHHS pe3yJIbTaTiB AHCEPTalLii: BipoBakeHHs He IIaHyEThCS

3B's130K 3 HAYKOBUMH TeMaMH: 0114U002198 0119U002378 0119U002377 0119U002032

VI. BizomocCTi Ipo HayKOBOr0 KEPiBHHKA /KEPiBHHUKIB (KOHCYJIbTAaHTA)

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. Kamanos I'epbept JleoHOBUY

2. Herbert L. Kamalov
KBasigikamis: n.x.u., unen-xkop., 02.00.03
InenTudikarop ORCID ID: He 3acrocosyetscs

JoparkoBa indpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0c00u: dizuko-ximiunmii incTuTyT iM. O. B. BoraTchkoro

HanjjonasnpHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 03534535

Micue3HaxoaKeHHS: Jioctoopdcerka gopora, Oneca, 65080, YkpaiHa
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu

InenTudikarop ROR:

VII. BizomocTi npo odiiiHUX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I10-6aThKOBI:

1. TTarpunsik Jlro60oB KasumupiBHa

2. Liubov K. Patryliak

KBasigikanis: n.x.u., npodecop, 02.00.13
I,quTI/I(I)iKaTop ORCID ID: 0000-0002-8049-9811
JopaTrkoBa indpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: [HCTUTYT GioopraHiuHOi ximii Ta HadTOXiMil iM. B. TT. Kyxaps

HaujonasnbHoi akagemii Hayk YKpainu

Kopg 3a €IPIIOY: 03563790

Micnesnaxo,zm(emm: ByJI. AKazemika Kyxaps, Kuis, 02094, YkpaiHa
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist HayK Ykpainu

InenTudikarop ROR:

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. Kopotkix Mukosa IBaHOBUY

2. Korotkikh Mykola I.

KBasigikanis: 1. x. u., npodecop, 02.00.03

InenTudikarop ORCID ID: He 3acrocosyerscs

JoparkoBa indpopmamnist:

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: [HCTUTYT OpranivHOi ximii HanjoHanbHoi akanemii Hayk
Ykpainu

Kopg 3a €IPIIOY: 05417325

Micnesﬂaxo,szeﬂna: ByJI. AKagemika Kyxaps, Kuis, 02094, YkpaiHa

dopma ByacHOCTI: [lepxkasna



Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

Penensentu

VIII. 3aKkJII04Hi BiZOMOCTi

BnacHe IlpizBuie Im's [10-6aTbKOBI Bosk Muxaiino Bosiopumnposnd
TOJIOBH pajgu

Biacue IpizBume Im's [1o-6aThKOBI Bosk Muxatino Bonosumuposnd
rOJIOBYIOYOTO Ha 3acCifiaHHi

BiagmoBizasbHUM 32 MiATOTOBKY Kypaiokosa Ipuna BonogumupisHa
00JIiKOBUX JOKYMEHTIB

Peec'rpa'rop Opuenko TersiHa AHaTOJIiBHA

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallil0o HAayKOBOIi IOpuenko TeTsHa AHaTtosiiBHA

OisIIbHOCTI




