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Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYE€HO IOCTIIKEHHIO IPUPOSHUX AJIIOMOCUIIIKATIB (L€0IiTy, GEHTOHITY Ta KaoJiHy)
L7151 CTBOPEHHS QYHKIiOHAJIbHUX MaTepiasliB €eKOJIOTiYHOro IPU3HaYeHHs — aicopOeHTiB, GPOTOKaTai3aTOPIB,
KaTaJli3aTopiB Ta MaTpULlb AJ1 KepaMiuHUX MeMOpaH. Y po6oTi po3po06JIeHO MifX0AU IO aKTUBYBAaHHS Ta
Moaun(iKyBaHHS IPUPOITHUX aJIIOMOCHUJIIKATIB 3 METOI0 NTOKPalleHHs aACcOPOLiNHNX, (POTOKATANTITUYHUX i
KaTaJliTHYHUX BIacTUBOCTeN. KucioTHe akTUBYBaHHS LI€OJIiTY Ta GEHTOHITY peasi3oBaHO LIJISIXOM OOPOOKHU
HITPaTHOIO KUCJI0TOM0 (2 MOsb/1M3) 3a Temniepatypu 40 °C BIpogoBX 4 roAuH. B pe3ysibTaTi OTpUMaHO

azcop6uiiiHi MaTepianu Ta HOCii AJ1s CTBOpeHHs! poToKaTali3aTopiB/KaTanizaropis. PoTokaranisaTopu Ta



KaTaji3aTopy OTPUMAHO MOJanbIUM MOIUQiKyBaHHIM HOCIiB okcupamu metaii (TiO2, CoO, NiO, ZrO2) 3a B1acHO
aJaTOBaHMMU METOJIUKAaMU. MOXKJINBICTD Oflep>KaHHS KEPaMiYHUX MaTPHULb HA OCHOBI TPUPOIHUX
QJIIOMOCUJIIKATIB BUBYEHO TPANULIHAM METOLOM CyXOro npecyBaHHs Ta 3D gpykom 3a DLP TexHoJori€e0.
OtpuMaHi QyHKIiOHANIbHI MaTepiasy oxapakTepu3oBaHo Metogamu POA, TU-cnekTpockomnii, TepMiyHOTro aHamisy,
HU3BKOTEMIIepaTypHOi afcopbuii /mecop6iiii a30Ty Ta eseKTpOHHOI MiKpocKoIii. BcTaHOBIEHO TeMrepaTypHi
3aJ1e>XXKHOCTI (a30BUX [I€PETBOPEHD JOCIIPKyBaHUX aJllOMOCUJIIKATiB, IOBepxHeBi QYHKIIOHaIbHI TPy,
CTPYKTYPHO-a/1COPOLiliHI XapaKTepUCTUKU Ta KUCJIOTHO-OCHOBHI BJIaCTUBOCTI Towo0. [ToKkazaHo, 10 afcopoLiiiHa
aKTUBHICTb [0 BiJHOIIEHHIO 10 iOHIB (PTOPY CYTTEBO 3a/IEXKUTH Bifi pH BOJHOro po3unHy, TUIy COPOEHTY, HOTO 103U
Ta BUXiZHOI KOHLeHTpalLjil ioHiB pTOpYy y pOo3uMHi. 3a3Ha4eHO, 10 3HMKEHHS pH BOJHOTO po3YnHy [0 3HaY€HHS 3,7
y IPUCYTHOCTI IPUPOJIHOTO 11eoJliTy (Zeo-0) migsuinye cTyniHb BuganeHHs F- 1o 67 %, a ancopoOLiliHy eMHICTb
copb6eHTy - 110 0,77 Mr /T 3a BUXifHOI KOHLIeHTpaLii 15 Mr/nm3. KucioTHO-aKTUBOBAaHUH LI€OJIT (Zeo-1) BUSIBIISB
CYTTEBO Kpalli afcopOLiliHi XapakTepucTuku: 3a 7o3u 10 r/am3 nocsaranocs roBHe BujaneHHs: GTOpua-ioHiB
BIIpOOBXK 120 XBUJIMH, a 32 3MEHIIEeHHs 103U 10 1 r/am3 Ta BUXifgHOi KoHLeHTpalji ioHiB ¢pTopy 15 mr/mm3
azcopbLiiiHa eMHICTb aicOpOeHTy i cTymiHb BuganeHHs F- cranosuna 7,89 mr/r i 52,6 % BignosigHo. MiHimanbHa
[l03a aiIcOpPOEHTIB, sIKa HEOOXiNHA [IJI TOCITHEHHS IPAaHUYHO JONYCTUMOI KOHLIEHTpallii 3a pTopu-ioHamuy,
cxiagpana 0,4 r/om3 nis Zeo-111,18 r/am3 nyis Bent-1 (BuxinHa koHuentpauisg F- CO = 3 mr/nm3). BctaHoByieHo,
110 azcopOLis ioHIB PTOPY 32 BUKOPUCTAHHS YCiX aicOPOEHTIB HaliKpallie OIMCY€EThCSI MOJeJIo Barenapa-
Jleurmiopa (R2 = 0,999). loBeneHo, 1110 KOMITO3UTHI (POTOKATaIi3aTOPX Ha OCHOBI TPUPOJHUX aJTIOMOCHUJIIKATIB Ta
TiO2 (10 mac.%) € BUCOKO aKTUBHUMHU Y BUJIAJIEHH] OpraHiuHuX 6apBHUKIB Pi3HOI Nprpoax (Ha MPUKJIaAi
METUJIEHOBOTI'O CUHbOTO Ta KOHI'O YePBOHOr0). BuHaliseHo, 10 BUaseHHs] METUIIEHOBOTO CUHBOTO 3 BOJJHOTO
pozunnHy komnosutom TiO2 /Zeo-1 BinOyBaeTbCs IOBHOIO MipOI0 332 PaXyHOK aicopOliii, @ BUTy4EHHS KOHIO
YepPBOHOTO (710 74 %) — y pe3ysbTati GOTOKATaNITUYHOTrO npolecy. IlIopiBHAIbHUIT aHai3 BAPTOCTi Ta
dorokaraniTuyHoi akTuBHOCTI TiO2 /Zeo-1 3 komepuitHuM TiO2 P25 nokasas, 1[0 OTPUMaHUM KOMIIO3UT € 3HAYHO
nemeBmyM (~y 70 pasiB), HixX P25 npu cniBpo3mipHii GoTOKaTaIITUYHINA aKTUBHOCTI. JI0C/IiIpKEHHS KaTaJiTUMHOTO
KPEKiHTYy N0JIiCTUPOJIy 3 BAKOPUCTAHHSM IIPUPOLHOTO YKPaiHCBKOTO 1eoJiTy, MogudikosaHoro okcugamu Co, Ni ta
Zr, cBiiYaTh PO NEPCHEKTUBHICTb 10T0 3aCTOCYBaHHS SIK HOCISl KaTasli3aTopiB B Mpoliecax epepooKy MJIaCTUKOBUX
BiZIXOZiB. 32 JONIOMOTrOI0 OOHOCTALIIMHOI CXEMHU KATaJITUMHOTO KPEKIHTY MOJICTUPOJIY i BUKOPUCTAHHS CyMilli
Karasizaropis Zeo-1Tta NiO /Zeo-1 oTpumMyBanu BUxif pifkoi ¢pasu Ha piBHi 65,3 %. HailBuia ceseKkTUBHICTD 32
ctuposiom (81,9 %) nocsaruyra gys karanizatopis Zeo-0 i CoO /Zeo-1 npu 3aCTOCYBaHHI ABOCTANiHOI CXEMU.
JloBEIEHO NOLINBbHICTh BUKOPUCTAHHS YKPAiHCHKUX IPUPOJHUX AJTIOMOCUIIIKATIB [1711 CTBOPEHHS K€PaMiyHUX
MaTpULb METOJIOM CYXOr'O IIPECYBaHHS, SKi XapaKTepPU3yBAJIUCh IIOPUCTICTIO 10 43,6 %. [IpoieMOHCTPOBAaHO
MOXJIMBICTb 3D npyKy 3a DLP TexHOJIOTi€ 3 METOI0 OJep>KaHHs KepaMiYHMX MaTpHULb KOHTPOJIbOBAHOTO NU3alHY

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/1. 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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VIII. 3ak1104Hi BiZOMOCTI
BaacHe IlpizBuie Im's ITo-6aTbKOBI Cokosnbckuii leopriit Bomogumuposud

TOJIOBH pajgu

BiiacHe IIpizBuine Im'sa Ilo-6aTbKOBI Cokonbckuit [eopriit Bosogumuposny
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OisIIBHOCTI




