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1. lucepTanis Ha 3MO0YTTS HAYKOBOTO CTYIIEHS KaHAUATa XiMiYHUX Hayk 3a crneuianbHicTio 02.00.04 - ¢iznyHa
Ximig. — [HcTuTyT disnyHOi ximii im. JI.B. [TucapykeBcbkoro, HarjionanbHa akagemist Hayk Ykpainu, Kuis, 2021.
Jucepranis IpUCBIY€HA SOCIIKEHHIO BIUIMBY CTPYKTYPU TEMILJIATY TA CKJIAAY PEaKLii-HUX CEPENOBUIL HA
HanpsIMOK KpucTanizanii iepapxiuynux Al-, Ga- Ta B-cusnikaTHuxX 11€051iTiB, iX MopdoJioriio, ancopo1LiiiiHi Ta KUCTOTHI
BJIACTUBOCTI, a TAKOXX BUBYEHHIO iX KaTAJITUYHUX BJIaC-TUBOCTEN B PEAKLiSX Aeriaparanii 3aMillleHUX iHIeHOJIIB,
rigpoisomMepusallii H-rekcaHy, BiJHOB-JIEHHSI OKCUiB a30Ty IIPOIIEHOM ab0 MOHOOKCUIOM BYIJIEL0, a TAKOX
aHeJI0BaHHHS HaTOJy. Y po6OTi CMHTE30BaHO iepapxiuHi Al-, Ga- Ta B-cusikaTHi 1le0JiTU CTPYKTYPHUX TUIIIB
MOR, BEA, MFI Ta MTW i3 Mmopdosi0orieto HaHOCTepsKHIB, HAHOJIMCTIB 260 6JIM3bKUX 40 che-pUIHINX HAHOYACTOK
pi3HOro ximMiyHOro CKjIaZy, METOJOM HU3bKOTEMIIEPAaTyPHOi afcop6iLiii a30-Ty oxapakTepu30BaHO OCOOGIUBOCTI iX
IIOPUCTOI CTPYKTYPH, CYKYITHICTIO HE3AIEXKHUX Pi3NKO-XiMIYHUX METO/IB AEeTaIbHO JOCIIKEHO THUII,
KOHLIEHTPALIiI0 Ta CUJIy KUCJIOTHUX LeHTPiB. CPOopMyIbOBAaHO KpUTepii Binoopy opraniuynux I[TAP 3 rigpodinbHuMn
IinsHKamMy pi3HOi Oy[0BY, SIK IOTEHLIMHUX CTPYKTYPO- cIpsiMOBYounx areHTiB (CCA), 3aTHUX TPOMOTYBATU
KpHUCTasli3allilo iepapxiuHux LieoJiiTiB. 3anexxHo Bin Oynosu rigpodinbHoi yactuayu CCA Ta ajKi-JIbHOrO MiCTKa
HaIpsIMOK KpUCTasizaliii cum6aTHoO i3 BMicTOM mkepesa anmoMiniio B PC 3MmiHI0-€Tbcs B nocaizoBHocTi MFI o MOR
a6o MTW o BEA o MOR (g5 teoaitiB Tuny MTW yTBOpIOI0ThCS HaHOTOKY, AJ1s1 MFI - HaHonucTy, gis BEA Ta MOR
MOXKJIMBE YTBOPEHHS ABOX TUIIiB KPUCTAJIiB: HAHOJMCTIB 260 HAHOYACTOK i HAHOJIUCTIB 260 HAHOCTEPKHIB
BiITIOBifIHO). 3aITPOIIOHOBAHO CXEMY, 1[0 IPYHTYETHCS HA IPUHLMII 6aslaHCy 3apsiiB MK LJ€0JIITHOIO I'PaTKOIO Ta
CCA, sika nosiCHIOEe BIIMB cliBBigHOmeHH Si/E B peakuiiiHiil cymimi Ta 6yposu rigpodinbHoi yactunu CCA (uepes
YTBOPEHHSI Ta 0OMEKEeHHS POCTY 3apOjiKa L[€0JITHOI CTPYK-TYPU 3 IIEBHOIO TOIIOJIOTi€0) Ha MOPGOJIOTiio
HAHOKPUCTAJIITIB iepapxiyHUX LEeOiTiB. BCTaHOBIEHO, IO CUJla KUCJIOTHUX LIEHTPiB BpeHcrena € HauBULIOKO 115
neosity mopze-HiT (no pKa = 3,6), nnis pemwru - 3pocrtae B psiny BEA < MFI < MTW i kopestioe i3 cepefHim
3HaYeHHSIM crniBBinHomeHHs Si/Al. [TokazaHO 3MEHIIEHHS CEPEIHbOTO 3HAaYE€HHS CUJIM KUCJIOT-HUX LIEHTPIB
Bpencrena (3poctanns pKa Ha 0,4 - 0,9) 1711 11eoJ1iTiB i3 MOpoJIorielo HaHOIUCTIB, IOPIBHSHO 3 i30CTPYKTYPHUMU
aHasioramu 3 mop@ouiorieto HaHOocTepXHiB (MOR) abo Hanouyac-Tok (BEA). Al-, Ga- Ta B-cunikaTHi iepapxiusi
yeositu cTpykrypHux tunis MOR, BEA, MFI Ta MTW 3 Mopdos0riero HAaHOCTEP>KHIB, HAHOJIMCTIB 00 HAHOYACTOK €
aKTUBHUMHU Ta BUCOKOCEJIe-KTHBHUMU KaTali3aToOpaMH JieTinpaTanii 3amMileHnx iHgeHOoIiB B M'IKUX YMOBaX (BUXiz
11i71bO-BOTO NPOAYKTY 97-99%), Al-cunikaTHi 11€0JIiTh POSsBISIOTh HAbaraTo BUILY KaTaliTU4YHY aKTU-BHICTb B
peaxlii aHemoBaHHS 2-HaQTOy METUIOYT-3-€H-2-0JI0M, IIOPiBHSIHO i3 KOMEPLiMHUMU KaTajli3aTOpaMu Ha OCHOBI
IIPOMUCJIOBUX LI€OJIiTiB, @ 3 HAHECEHUMU HAaHOYAaCTUHKAaMU HiKeJIlo — BUCOKY CEJIEKTHUBHICTb B IIPOLIEC]
rigpoisoMmepu3auii yiHiliHOTrO rekcany (~ 70% npu temnepatypi 275 °C, Ta 20% 3a HANOIIbII LIHHUM IIPOIYKTOM 2,2~
nyumMeTunbyraHom). Kimouosi cioBa: lepapxiuni Al-, Ga Ta B-cusnikartsi yeositu, MOR, BEA, MFI, MTW, cTpyKTypo-
CIIPSIMOBYIOUi ar€HTH, MOP(OJIOrisi HAHOKPUCTAJIiB, HAHOYACTKY, HAHOJIMCTY, HAHOC-TEPIKHi, IOPUCTICTb,

KUCJIOTHICTB, leTigpaTallis iHIeHOoJIiB, rigpoisoMepu3saliisi H-rekcaHy, aHe-JII0BaHHS Ha(pToJy.

2. Thesis for the degree of a Candidate of Chemical Sciences in specialty 02.00.04 "Physical chemistry". - L.V.
Pisarzhevsky Institute of Physical Chemistry of the National Academy of Sciences of Ukraine, Kyiv, 2021. The thesis
is devoted to the study of influence of template structure and composition of reaction mixture, in particular ratio
of framework-forming elements (Si4+, Al3+, Ga3+ and B3+) on crystallization direction of hierarchical Al-, Ga- and
B-silicate zeolites, their morphology, adsorption and acidic properties, as well as catalytic activity in the reactions
of dehydration of substituted indenols, hydroisomerization of n-hexane, reduction of nitrogen oxides by propene
or carbon monoxide, and the annealing of naphthol. Hierarchical Al-, Ga- and B-silicate zeolites of structural types
MOR, BEA, MFI and MTW with morphology of nanorods, nanosheets or approximate to spherical nanoparticles and
different chemical composition are obtained. Peculiarities of their porous structure are characterized with number
of independent physicochemical methods. The criteria for selection of organic surfactants with hydrophilic part of
different structure as potential structural-directing agents (SDA) admissible of promoting the crystallization of
hierarchical zeolites of different topology from Al-, Ga- and B-silicate reaction mixture (RM) of different
composition are formulated. Depending on the structure of the hydrophilic part of the SDA and the alkyl chanes,
the crystallization direction of zeolites symbatically with the content of the aluminum source in the RM varies in
the range MF1 0 MOR or MTW o BEA o MOR. The formation of two types of crystals for zeolites BEA and MOR is



possible: nanolayers or nanoparticles and nanolayers or nanorods, respectively. Studies by SEM and HRTEM
methods have shown that the morphology of zeolite crystals is determined by the type of using template, in
particular for SDAs with 4 or more quaternary nitrogen atoms leads to formation of crystals with nanorods
morphology (D ~ 10 nm) with channels in axial direction. In turn, MOR samples of zeolites obtained using templates
containing 2 - 3 quaternary nitrogen atoms have a morphology of nanosheets with a thickness of about 1.5 - 2 nm.
The using of polycationic organic compounds with alkylpiperidine chains as SDA leads to formation of lamellar
zeolites with the BEA topology. A scheme based on charge matching between the zeolite framework and the SDA
molecules is proposed, which explains the influence of the Si/E ratio in the reaction mixture and the structure of
the hydrophilic part of SDA (due to the formation of zeolite structure with a certain topology) on the morphology
of hierarchical nanocrystallites. In case of the balance achieving the hydrophilic part of the SDA located inside the
seed of nanocrystals, hydrophobic tails restricts the crystals growth in the axial direction, and leads to growth in
the planar direction and forms nanosheets morphology. In charge disbalance, SDA molecules are localized outside
the crystals on planes with a high density of T-atoms, resulting in the growth of crystals in the axial direction and
forms nanorods morphology. The decrease in the average value of the strength of Brgnsted acid centers (increase
in pKa by 0.4 - 0.9) for zeolites with nanosheets morphology compared to isostructural analogues with nanorods
(MOR) or nanoparticles (BEA) morphology, which may be due to changes in local environment of acid centers,
primarily a decrease in the valence angles of bridging nAl-O(H)-Sio groups due to decrease in the flexibility of the
zeolite framework in the near-surface zone of nanosheets. The obtained zeolite materials were tested as catalysts
for the processes of dehydration of substituted indenols, hydroisomerization of n-hexane, and annulation of
naphthol. Al-, Ga- and B-silicate hierarchical zeolites of structural types MOR, BEA, MFI and MTW with
morphology of nanorods, nanolayers or nanoparticles, due to the presence of optimal strength of Brgnsted acid
centers are active and highly selective catalysts for dehydration in the mild conditions (yield of the target product
97 - 99%). Hierarchical zeolites of structural types MOR, BEA, MFI of different morphology with supported nickel
nanoparticles show high selectivity in the process of hydroisomerization of linear hexane (~ 70% at 275 °C, and
20% for the most valuable product 2,2-dimethylbutane), which allows us to consider them as promising catalysts
for this reaction. The priority and novelty of the proposed method of obtaining catalysts based on hierarchical
zeolites for substituted indenols dehydration are protected by the patent of Ukraine. Keywords: Hierarchical Al-,
Ga and B-silicate zeolites, MOR, BEA, MFT and MTW, structure-directing agents, morphology of nanocrystals,
nanoparticles, nanosheets, nanorods, porosity, acidity, indenols dehydration, n-hexane hydroisomerization, 2-
naphthol annulation.
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