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Pedepar:

1. Incepraniiiny po60Ty IPUCBSIYEHO AOCIiIPKEHHIO IPUPOJHUX aJIIOMOCHUJIIKATIB (LIE0JIiTy, 0EHTOHITY Ta KAOJIiHY)
17151 CTBOPEHHS! (PYHKLIOHAJIbHMX MaTepiajiB eKOJIOriYHOro NprU3HaY€eHHs — ailcOPOEHTIB, (POTOKATaI3aTOPIB,
KaTasli3aTopiB Ta MaTpuULlb JI1 KepaMiuHUX MeMOpaH. Y po6oTi po3po6JieHo MifIX0AU 0 aKTUBYBAHHSI Ta
MoIM}iKyBaHHS IPUPOAHUX ATIOMOCUIIIKATIB 3 METOIO TIOKPAllleHHS afilcOPOLifHNX, (POTOKATANITUYHUX i
KaTJIITUYHUX BJIACTUBOCTEN. KMCIOTHE aKTMBYBAaHHS LIEOJIITY Ta OEHTOHITY Peasli3oBaHO LJISIXOM OOpOOKU
HITPaTHOIO KMCJI0TOMO (2 MOJib/1M3) 3a Temnepatypu 40 °C BIponoBX 4 roauH. B pesysibTaTi oTpuMaHo
ancopOLiliHi MmaTepianu Ta Hocii AJ1s1 cTBOpeHHs ¢poToKaTani3aTopis/Kartanizaropis. PoTrokarasnizaTopu Ta
KaTaJlizaTopy OTPUMAaHO NojanbmuM MoandikyBaHHsIM HociiB okcnpgamu Metaiis (TiO2, CoO, NiO, ZrO2) 3a Bn1acHO
aJarTOBaHMMU METOIMKAMU. MO>KJIMBICTb OJlepKaHHS KePaMiYHMX MaTpHULb HAa OCHOBI IPUPOIHNUX

JIIOMOCHJIIKATIB BUBYEHO TPAIULINHAM METOLOM CyXOro npecyBaHHs Ta 3D gpykom 3a DLP TexHosori€0.



OtpuMaHi QyHKIiOHANIbHI MaTepianu oxapakTepu3oBaHo Metogamu POA, TU-cnekTpockonii, TepMiyHOTro aHamisy,
HU3BbKOTEMIIepaTypHOi aficopbuii/mecop6iiii a30Ty Ta eseKTPOHHOI MiKpocKoIii. BcTaHOBIEHO TeMIiepaTypHi
3aJIeXKHOCTI (a30BUX [IEPETBOPEHD JOCiIPKyBaHUX aJllOMOCUJIIKaTiB, IOBEpxXHeBi QYHKIiOHaIBHI IPyIHy,
CTPYKTYPHO-a/1COPOLiliHI XapaKTepUCTUKU Ta KUCJIOTHO-OCHOBHI BIaCTUBOCTI Tow0. [TokaszaHo, 1o afcopoLiitHa
aKTUBHICTb 110 BilHOIIEHHIO TO i0OHIB TOPY CYTTEBO 3aJI€>KUTh Bi pH BOZHOTO pO34MHY, TUITy COPOEHTY, 1OTO 103U
Ta BUXiAHOI KOHLeHTpalLjil ioHiB pTOpYy y pOo3uMHi. 3a3Ha4eHO, 110 3HMKEHHS pH BOJHOT0 po3ynHy [0 3HaYeHHs 3,7
y IPUCYTHOCTI IPUPOJIHOTrO Le0JliTy (Zeo-0) migsuinye cTyniHb BUuganeHHs F- 1o 67 %, a ancopoOLiliHy eMHICTb
copbenty - no 0,77 Mr/r 3a BuxifHoOi KoHLeHTpauii 15 Mr/nm3. KucI0THO-aKTHBOBaHUM LeOJiT (Zeo-1) BUsBIAB
CYTTEBO Kpalli afcopOLiliHi XapakTepucTuku: 3a 7o3u 10 r/am3 nocsranocs roBHe BujaneHHs: GTOpua-ioHIB
BIIpOAOBXK 120 XBUJIMH, a 32 3BMEHILIEHHs 103U A0 1 r/1M3 Ta BUXifgHOi KOHLeHTpalji ioHiB ¢pTopy 15 mr/mm3
azcopbLiiiHa eMHICTb aicOPOEHTy i cTymiHb BuganeHHs F- ctanosuna 7,89 mr/r i 52,6 % BignosigHo. MiHimasnbHa
II03a afiICOPOEHTIB, sIKa HEeoOXiHA 1715 JOCITHEHHS TPAaHUYHO JOIyCTUMOI KOHLIeHTpanii 3a dropun-ionamu,
cxiapana 0,4 r/om3 ns Zeo-111,18 r/nm3 pyis Bent-1 (BuxinHa koHuentpauisg F- CO = 3 mr/nm3). BctaHoBsieHo,
110 a/copOLis ioHIB PTOPY 32 BUKOPUCTAHHS YCiX aicCOPOEHTIB HalKpallie OIMCY€EThCSI MOJeJII0 Barenapa-
Jleurmiopa (R2 = 0,999). loBeneHo, 1110 KOMIIO3UTHI (POTOKATAIi3aTOPY Ha OCHOBI IPUPOJHUX QJIIOMOCHUJIIKATIB Ta
TiO2 (10 mac.%) € BUCOKO aKTUBHUMM y BUJIAJIEHHi OpraHiyHKUX GapBHUKIB pi3HOI IpUpOY (Ha NPUKIAAi
METUJIEHOBOT'O CUHBOI'O Ta KOHI'O YEPBOHOr0). BuHalieHo, 1110 BUAATIE€HHS METUJIEHOBOI'O CHHBOI'O 3 BOJHOTO
pozunny komnosutom TiO2 /Zeo-1 BinOyBaeTbCs IOBHOIO MipOIO 332 PaXyHOK aicOpOliii, @ BUTTy4E€HHS KOHTO
4epBOHOTO (0o 74 %) — y pe3ynbrati GOoTOoKATANTITUIHOTO IIpoecy. [1opiBHIIbHUI aHai3 BAPTOCTI Ta
dorokaraniTuyHoi akTuBHOCTI TiO2 /Zeo-1 3 komepuitHuM TiO2 P25 nokasas, 1[0 OTPUMaHU KOMIIO3UT € 3HAYHO
IemeBmyM (~y 70 pasiB), HixX P25 npu cniBpo3mipHii (pOTOKATaIITUYHIN aKTUBHOCTI. JI0C/IiIpKEHHS KaTaJiTUYHOTO
KPEKIHTy MOJIiICTUPOJIy 3 BAKOPUCTAHHSM IIPUPOLHOTO YKPaiHCBKOTO LeosiTy, mogudikoaHoro okcugamu Co, Ni ta
Zr, cBiI4aTh Mpo MepCHeKTUBHICTb HOTO 3aCTOCYBAHHS SIK HOCIsI KaTasli3aTopiB B Mpoliecax rnepepooky IJ1IaCTUKOBUX
BiZIX0ZiB. 3a JOIIOMOIOI0 OGHOCTAIMHOI CXEMHU KATaJiITUMHOTO KPEKIHTY IIOJIICTUPOJLY i BUKOPUCTAHHS CyMilli
KaranisaTtopis Zeo-1Tta NiO/Zeo-1 orpumyBanu Buxif pinkoi ¢pasu Ha piBHi 65,3 %. HaiiBuia ceseKTUBHICTb 3a
cruponom (81,9 %) nocsirnyra 11 Katanizatopis Zeo-0 i CoO/Zeo-1 npu 3aCTOCYBaHHI ABOCTAiMHOI CXEMU.
JloBEeIEHO NOLINBHICTh BUKOPUCTAHHS YKPAiHCHKUX IIPUPOIHUX AJTIOMOCUIIIKATIB [1711 CTBOPEHHS K€PaMiYHUX
MaTpULb METOJIOM CYXOr'O IIPECYBaHHS, SKi XapaKTepU3yBaJINUCh IIOPUCTICTIO 10 43,6 %. [IpoieMOHCTPOBAHO
MOXJIUBICTb 3D gpyKy 3a DLP TexHOJIOri€10 3 METOI0 OZepKaHHS KepaMidyHMX MaTpUIlb KOHTPOJIbOBAHOTO AU3aNHY

3 BUKOPUCTAHHSIM IIOTIEPEIHbO TEPMOOOPOOIIEHOTO KAOJIiHY.

2. The dissertation is devoted to the study of natural aluminosilicates (zeolite, bentonite, and kaolin) for the
development of functional materials for environmental applications, namely adsorbents, photocatalysts, catalysts,
and matrices for ceramic membranes. Approaches to the activation and modification of natural aluminosilicates
were developed to enhance their adsorption, photocatalytic, and catalytic properties. Acid activation of zeolite and
bentonite was carried out by treatment with nitric acid (2 mol /1) at 40 °C for 4 hours. As a result, adsorption
materials and carriers for the synthesis of photocatalysts and catalysts were obtained. The photocatalysts and
catalysts were produced through further modification of these carriers with metal oxides (TiO2, CoO, NiO, ZrOz2)
using proprietary adapted methods. The potential for obtaining ceramic matrices based on natural aluminosilicates
was studied using both conventional dry pressing and 3D printing by DLP technology. The obtained functional
materials were characterized by X-ray diffraction (XRD), infrared (IR) spectroscopy, thermal analysis, low-
temperature nitrogen adsorption/desorption, and scanning electron microscopy (SEM). Temperature
dependencies of phase transformations of the studied aluminosilicates, surface functional groups, structural and
adsorption characteristics, acid-base properties, and other properties were determined. It was shown that the
adsorption activity towards fluoride ions significantly depends on the pH of the aqueous solution, the type of
sorbent, its dosage, and the initial concentration of fluoride ions. It was established that lowering the pH of the
aqueous solution to 3.7 in the presence of natural zeolite (Zeo-0) increased the fluoride removal efficiency to 67%
and the adsorption capacity to 0.77 mg/g at an initial concentration of 15 mg/l1. Acid-activated zeolite (Zeo-1)
exhibited significantly improved adsorption characteristics: at a dosage of 10 g/1, complete removal of fluoride ions



was achieved within 120 minutes; when the dosage was reduced to 1 g/1 with an initial fluoride ion concentration
of 15 mg/], the adsorption capacity and fluoride removal degree were 7.89 mg /g and 52.6%, respectively. The
minimum dosage of sorbents required to achieve the maximum permissible concentration of fluoride ions was
determined to be 0.4 g/1 for Zeo-1and 1.18 g /1 for Bent-1 (initial fluoride ion concentration CO = 3 mg/I1). It was
found that the adsorption of fluoride ions by all sorbents is best described by the Vagelar-Langmuir model (R2 =
0.999). It was proven that composite photocatalysts based on natural aluminosilicates and TiO2 (10 wt.%) are
highly active in the removal of organic dyes of different nature (exemplified by methylene blue and Congo red). It
was found that the removal of methylene blue from aqueous solution by the TiO2 /Zeo-1 composite occurs entirely
due to adsorption, whereas the removal of Congo red (up to 74%) is the result of a photocatalytic process.
Comparative analysis of the cost and photocatalytic activity of TiO2 /Zeo-1 and commercial TiO2 P25
demonstrated that the synthesized composite is approximately 70 times cheaper than P25, with comparable
photocatalytic activity. Studies on the catalytic cracking of polystyrene using natural Ukrainian zeolite modified
with Co, Ni, and Zr oxides confirmed the prospects of its application as a catalyst carrier for plastic waste recycling
processes. Using a one-stage catalytic cracking scheme of polystyrene with a mixture of Zeo-1and NiO/Zeo-1
catalysts, a liquid phase yield of 65.3% was obtained. The highest selectivity for styrene (81.9%) was achieved when
using Zeo-0 and CoO /Zeo-1 catalysts in a two-stage cracking scheme. The feasibility of using Ukrainian natural
aluminosilicates for the production of ceramic matrices by the method of dry pressing was proven, with the
resulting materials exhibiting porosity up to 43.6%. The possibility of fabricating ceramic matrices with controlled
design by 3D printing using DLP technology and pre-heat-treated kaolin was demonstrated.
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Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicekui, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBiTH i HAayKu YKpaiHu

InenTudikarop ROR: He zacrocosyerscs
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Biacue IIpizBume Im's [10-6aTbKOBI Coxkosbckuii 'eopriit Bosiogumnposudy
TOJIOBH pagu

BnacHe IlpizBume Im's I10-6aTbKOBI Coxkonbckuii I'eopriit BosioguMuposuy
rOJIOBYIOYOrO Ha 3acCimaHHi

BiamoBigasibHUE 32 MiZTOTOBKY Kypunenxo Bikrop CepriiioBiy

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




