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Pedepar:

1. lncepraruis NpUCBs4Y€HAa OJEP>KAHHIO MaTepiajliB Ha OCHOBI IPUPOLHOI Ta ITYYHOI CUPOBUHU [JIS1 3aXUCTY BOJ,
Bif 3a0pyJHEHHS Pi3HUMU TOKCUKaHTaMU. JIOLiIbHUM € pO3p0o0OKa TEXHOJIOTi i3 BUKOPUCTAaHHSIM a/IcOPOEHTIB Ha
OCHOBI JOCTYIIHOI i IleleBoi CUpOBUHU. [1epCIEKTUBHUMY € IIPUPOLHI, MITYYHI Ta TEXHOT€HHI CUJIIKATH.
3acTocoBy0uH Pi3Hi crioco6u MoauQiKyBaHHS iX NOBEPXHi, MO)KHA OTPMMATH COPOEHTH 3 IOKpalleHUMU

xapakrepuctukamu. Oneps>kaHHSI Tak 3BaHUX «low-cost» MaTepiajiB Ha OCHOBI aJIlOMOCUJIIKATIB Y rPaHyJIbOBaHIN

(opmi 103BOMUTH MWBUIKO PO3AIIATU (a3u. BaXXJMBUM MUTAHHSIM € TOCHII>KeHHsI 0COOJMBOCTEN Oflep>KaHHs TaKUX

MaTepiasiB Ta BUBYEHHS 3aKOHOMIDHOCTE! BUIAJIEHHS BaKKUX METaJliB Ta 6apBHUKIB i3 BOJ,. Y nmepuiomy po3misi



JUCepTallii BUKJIaIEeHO OIJIA], JiTEpPaTypH 00 aACOPOEHTIB, IKi BAKOPHUCTOBYIOTHCS [171 3aXUCTY BOZ,
[TpoaHasnizoBaHO METOAM OZEP>KaHHS COPOEHTIB HAa OCHOBI CUHTETUYHUX CUJIKATIB i NpUpOIHOI Ta MTY4YHOI
AJIIOMOCHUJIIKATHOI CUPOBUHMU. JIpyruil po3zis MiCTUTh ONUC METOIVK OJIEP>KaHHS aICOPOEHTIB Ta METO/IB
IOCJiIKEeHb: CKaHyl04a Ta TPAHCMICiliHa eJIeKTPOHHA MIKPOCKOIIii, peHTreHorpadiuHuii MeToz, aHamlisy,
peHTreHiBcbKa GOTOEIEKTPOHHA Ta iH(padepBOHA CIEKTPOCKOIIii, MeTO, HU3bKO TEMIIEPATYPHOI afcopoLii-
Iecopbuii a30Ty, audepeHiaTbHO-TePMiYHUI Ta IPaBiMETPUYHUN aHali3u. METO/, BU3HAUEHHS PEOJIOTIYHUX
XapaKTEPUCTUX TJIMHUCTUX CYCIIE€H3il1, MeTOZ, aTOMHO-€EMICiHOI ClIEKTPOMETPIi 3 iHAYKTUBHO 3B’13aHOIO [1J1a3MOI0
Ta CIEKTPO(POTOMETPpUYHUI MeToH,. TpeTiil po31is NPUCBSIYEHO CUHTE3Y NEeHIPUTHUX ME30IIOPYBATUX
HaHO4acTO4YoK KpeMHe3emy (DMSN), MonudikoBaHUX HYJIbBaJIETHUM 3a71i30M i 3-AMiHOIIPOIINTPUETOKCUCUIIAHOM
Ta JOCJIPKEHHIO iX eeKTuBHOCTI wono BunaneHHs Cu(ll) 3 Bog. BcTaHOBIEHO BIJIMB Yacy CMHTE3Y Ha OJlep>KaHHs
MOHogucrnepcHux mikpocdep ITokasaHo, 0 3pa3ku, OTPUMaHi B pe3yJbTaTi CUHTE3Y, IPOBELEHOMY IIPU Pi3HIl
TpuBasocTti nepemimysanHs (1,5 (DMSN-1.5), 3 (DMSN-3) Ta 5 rogus (DMSN-5), SB/IS1I0Tb CO6010 MOHOAMUCIIEPCHI
cdepu piamerpom 200 HM. BcTaHoBIEHO, 110 17151 BCix Mikpocdep XapakTepHi isoTepmu IV Tumy 3 netisamu
ricrepesucy tuny H3. Po3mipu nop ycix mikpocdep KonnpaoTscs Bif 5 10 50 HM, a MUTOMa [TOBEPXHS cKianae 504,
452 ta 308 M2 /T g1 DMSN-1.5; DMSN-3; DMSN-5 BifnoBifHO. BcTaHOBJIEHO, 10 Yac cuHTe3y 1,5 roguHu €
OTITUMAabHUM 11711 MOPdOJI0Tii 6€3 3HaYHOI KoasecneHIlii Top abo MoToBIIeHHS KpaiB. OfepskaHo aficopOeHT
(FeO@DMNSN) muisixom HaHeceHHs yacTo4yok FeO Ha nosepxHio DMSN-1.5. Otpumani isotepmu afcop6uii/necop6uii
a30Ty 3pa3KiB HaJIexXXaThb [0 i3oTepMm IV Tury 3 nersero ricrepesucy tuny H3. 3HaueHHs NUTOMOI 1011} ITOBEPXHi
1711 Mon(iKOBaHOTO 3pa3Ka Malbke BIBidi MeHIle, HDK 1711 cuHTe30BaHoro DMSN. Po3nonin nop 3a po3mipom
noKasye Wupokui gianasoH (3-50 HM). BcranoBneHo, mwo npu pH = 5,7 MakcuMasbHa afcopoLifiHa 3aTHICTh
FeO@DMSN 110 BifHOMLIEHHIO A0 i0HIB Mifii craHOBUTH 39,8 Mrer-1, mo B 57 pasis Buie, HiXX y DMSN-1,5 (0,7 mrer-1).
OTpumaHo aMiHO-(PYHKLIOHAJIBHUI aICOPOEHT LJIIXOM MOoJUdiKalil JeHIPUTHUX ME30IIOPYBAaTUX HAHOYACTOYOK
KpeMmHe3eMy 3-aMiHornpomnintpuerokcucunaHom (DMSN-NH2). [3oTepmu apcopb61ii/mecop6iiii a3oTy 3paskis
BiHOCATBCA 10 IV TuIly 3 netsasamu ricrepesucy H3. Takuii TUI i30TepMU XapaKTePHUN 11 MaTepiaiis 3
ME30IIOPUCTOI0 CTPYKTYPOIO. BcTaHOBIIEHO, o BuxigHU DMSN npakTU4HO He NposBIIsie afACcOPOLiHOI 3aTHOCTI
1o ioniB mini npu pH 6. DMSN-NH2 nemoHnctpye epextuBHe BunaneHHs: Cu(ll) y Bcbomy AOCIiIKyBaHOMY
nianazoHi pH. V yeTBepToMy po3fisi npuBeieHi pe3yibTraty BugageHHss Cu2+ Ta METUIEHOBOTO GJIaKUTHOTO
MaTepiajzaMy Ha OCHOBI CUJIIKareJsio Ta OKCUIY HIKeJIIo 3 PI3HUM MaCOBUM CIIiBBiTHOLIEHHSIM KOMIIOHEHTIB
(Si02@0,5NiO Ta SiO2@NiO). Otpumasi isoTepmu agcopb6uii/gecop6buii a30Ty Haynexxats 10 i3oTepm IV Tuny. Li
Marepiany MalTh By3bKHH Jliana3oH me3omnop (2,5 — 3 HM). [Tokazano, mo B psaay SiO2 > SiO2@0,5NiO > SiO2@NiO
IIMTOMA IJIOIIA NTOBEPXHi 3MeHIumnacs 3 411 M2/t 1o 186 M2 /r. BcranosseHo, mo SiO2 npakTUYHO He copOye ioHu
Migi npu pH 5,5. MakcumasbHi 3Ha4eHHs1 cop6uii gopiBHiooTs 0,9 Mr/T Ta 1,7 Mr/T 17151 3paskiB SiO2@0,5NiO Ta
SiO2@NiO BinnosigHo. [TokazaHo, 10 BUaeHHSI METUIIEHOBOTO GJIaKUTHOTO 3 PO3YMHY CUHTE30BaHNMU
MarepiasiaMu BiiOyBaeTbCsl OCUTD IIBUIKO, a MAaKCUMaJbHY aicOpOLiiiHy 3aaTHICTh (19.3 Mr/T) Mae 3pa3ok 3
MacosuM crisifgHomenHsaM SiO2 go NiO (1:0,5). Y n’sstomy po3aiji npencrasiieHi JaHi 1o BULAJIeHHIO i0HIB Mifi
MarepiasaMy Ha OCHOBI CMJIIKATiB IPUPOJLHOTO Ta TEXHOTE€HHOTO NOXOIpKEeHHs. Ofep>KaHo rPpaHyIy 3
BUKOPHCTaHHIM MOAU(IKOBAHOIO CAIlOHITY Ta ajlbriHATy HATPIIO i aACOPOEHT Ha OCHOBI 30J1M-BUHOCY. [17151
OTPUMAaHHS CTiKUX Y BOAHOMY CEpeIoBUILi IPaHy 0yJsI0 AOCiIyKEHO PEOJIOTIUHY [TOBEiHKY IJIMHUCTUX
cycnensii. I1inibpaHo HeoOxinHi yMOBU 17151 rpaHyJidLii. JocaiIKeHo XxapaKTePUCTUKU Ta TEPMIUHI BJIaCTUBOCTI
OTPMMAaHUX a/IcOpOeHTiB. BuBueHO Mopdoorito, (pa3oBuil Ta XiMiUHUI CKJIaZ, COPOEHTIB HAa OCHOBI 307IM-BUHOCY 3
HaHeCEHUM IIapoM 11e0JliTy. BCTaHOB/IEHO, 110 OCAIPKEHHS LIe0ITHOI a3y Ha MOBEPXHIO 30JIM-BUHOCY 361i/1blIye
cop6LifiHy 37aTHICTD Mifi 3 4,94 Mr/T 1o 6,53 Mr/T. [IpakTMYHA 3HAYUMiCTh pOOOTHU IOJIIra€e B TOMY, 110 OTPUMaHi
Marepiany MOXyTb 6yTH BUKOPUCTaHI IIpY po3po61ii COPOEHTIB IJ1s1 3aXUCTY BOJAHOTO CEPEIOBUILA BiJj TOKCUKAHTIB
Pi3HOI IpUpoOIU.

2. This dissertation is devoted to the development of materials based on natural and artificial raw materials for
protecting water from pollution by various toxic substances. The development of water purification technologies
using adsorption materials based on accessible and low-cost raw materials is justified. Promising materials include
natural, artificial and technogenic silicates. By applying various surface modification methods to such materials, it



is possible to obtain sorbents with improved characteristics. The production of so-called “low-cost” materials
based on aluminosilicates in granulated form enables quick separation of phases. A key issue is the study of specific
features of obtaining such materials, as well as the investigation of patterns involved in the removal of heavy
metals and dyes from water. The first chapter of the dissertation presents a review of literature on adsorbents
used for the protection of aquatic environments and methods for obtaining sorbents based on synthetic silicates
and natural or artificial aluminosilicate materials. The second chapter describes the methodologies for obtaining
adsorbents and research methods: scanning and transmission electron microscopy, X-ray diffraction, X-ray
photoelectron and infrared spectroscopy, low-temperature nitrogen adsorption-desorption methods, differential
thermal and thermogravimetric analysis, inductively coupled plasma atomic emission spectrometry and the
spectrophotometric method. The third chapter is devoted to the synthesis of dendritic mesoporous silica
nanoparticles (DMSNs) modified with FeO and 3-aminopropyltriethoxysilane. The influence of synthesis time on
the formation of monodisperse silica were determined. Revealed that the silica synthesized under different stirring
durations (1,5 (DMSN-1.5), 3 (DMSN-3) and 5 hours (DMSN-5)) are monodisperse spheres with a diameter of
200onm. It was concluded that the all microsphere exhibit type IV isotherms. The pore sizes ranged from 5 to 50onm.
The specific surface areas were 504o0m? /g, 4520m? /g, and 308om? /g for DMSN-1.5, DMSN-3, and DMSN-5,
respectively. It was concluded that a synthesis time of 1.5 hours is optimal for morphology without significant pore
coalescence or excessive rim thickening. A adsorbent (Feob@DMSN) was obtained by depositing Fe0 particles onto
the surface of DMSN-1.5. The nitrogen adsorption-desorption isotherms of the samples correspond to type IV
isotherms. The specific surface area of the modified sample was found to be nearly half that of the DMSN. Pore

size distribution revealed a broad range (3-50onm). It was established that under pHo=05.7n0, the maximum adsorption
capacity of Feob@DMNSN toward Cu2+ reached 39.8omgegn!, which is 57 times higher than that of the DMSN-1.5
(0.70mgegn'). An amino-functionalized adsorbent (DMSN-NH2) was obtained by modifying dendritic mesoporous
silica nanoparticles with 3-aminopropyltriethoxysilane. The nitrogen adsorption-desorption isotherms of samples
correspond to type IV isotherms. It was found that the DMSN exhibits almost no adsorption capacity toward Cu2+
at pHo6 but DMSN-NHno demonstrates efficient Cu(Il) removal across the entire tested pH range. The forth chapter
presents the results of removal of Cu2+ and methylene blue using materials based on silica gel modified with nickel
oxide at different mass ratios (SiOn@0.5NiO and SiOo@NiO). The obtained nitrogen adsorption-desorption isotherms
correspond to type IV. These materials also exhibit a narrow mesopore size distribution (2.5-3onm). It was shown
that in the series SiOn>SiOn@0.5NiO> SiOn@NiO, the specific surface area decreased from 411om? /g to 186om?/g. The
SiOo exhibited practically no copper ion adsorption. The maximum adsorption capacities at pH 5.5 were 0.9omg/g
for SiOn@0.5NiO and 1.7omg /g for SiOn@NiO. The study also showed that methylene blue removal from solution by
the synthesized materials occurred rapidly. The highest adsorption capacity (19.3omg/g) was observed for the
sample with a SiOno to NiO mass ratio of 1:0.5. The fifth chapter presents data on the removal of Cu2+ using sorbent
materials based on natural and technogenic silicates. Granules were obtained using saponite and sodium alginate,
as well as a adsorbent derived from fly ash. To obtain granules that are stable in aqueous media, the rheological
behavior of clay suspensions. The appropriate conditions for granulation were selected. The characteristics and
thermal properties of the resulting adsorbents were studied. The morphology, phase composition, and chemical
structure of sorbents based on fly ash were examined. The deposition of a zeolite phase on the surface of fly ash
increased the sorption capacity for copper ions from 4.94o0mg /g to 6.53omg/g. From a practical standpoint, the
materials obtained in this work may be applied in the development of sorbents for protecting aquatic

environments from inorganic and organic toxicants.
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MOJIITEXHIYHMI IHCTUTYT iMeHi Irops CikopcpKoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHH: npocnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs



CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3ak1104YHi BiZOMOCTI
BaacHe IlpizBuiie Im's ITo-6aTbKOBI
TOJIOBH pagu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBi
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUI 3a HiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisSIIBHOCTI

Muponmok Osekcii Bosogumuposuy

Muposntok Onekciii BononuMuposud

1011 11310Hb1I3€E

VKpIHTEI

Opuenko TersiHa AHaTosIiBHA



