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Pedepar:

1. lucepTaliito mpuCBsIY€HO CTBOPEHHIO (Hi3MKO-XiMiYHUX OCHOB OJIep>KaHHSI KpeMHEe3eMHUX Mikpocdep,
MarHiTOKepOBaHUX HOCIiB Ta MEMOpPaH 3 MOJIiCUJIOKCAaHOBUMH ITOKPUTTSIMY, 110 MICTATh 3-aMiHOIIPOIiJIBHI, 3-
MEPKaNTONPOIiJIbHI Ta TioKap6aminHi rpynu. [TokazaHo, o aMiHOTpyNy Ha KPEMHE3€MHUX c(pepax IPOTOHOBAHI i,
3a BiICYTHOCTI iHIIKX I'PYI, € TifpOJIiTUYHO HECTIilKi, 4aCTKOBO HEJOCTYIIHI 1715 B3aeMOZil. BBeJeHHS 5K METUIIBHUX
a60 QeHiNbHUX IPYI Pa30M 3 aMiHOTpyIlaMy Ha [TOBEPXHIO ME€PEIIKOKAE HAIXOIPKEHHIO MOJIEKYJI BOJU J10
aMiHOTPYyINY, YTBOPEHHIO BOJHEBUX 3BS13KiB MixK amiHOrpynamu abo 3 CUIaHOJIbHUMU IPyIIaMy, i TOMY BOHU
cTabisibHi y BOOHUX PO3YMHAX i BibHI 1715 B3aeMogili. [IpoBeieHi OCHiIKeHHs BUSBUIIN, [0 3aCTOCYBaHHS 6ic-

CWJIAHIB SIK CTPYKTYPYIOUMX areHTiB, MOXe BIJIMBATH Ha CTPYKTYPHO-COPOLiliHI XapaKTepHUCTUKU MaTepialis, aje



caMi rigpo@o6Hi MiCTKM HE3HAYHO 3MiHIOIOTh rigpodiNbHO-TiHPOPOOHUI 6alaHC TOBEPXHI Yepe3 HasIBHICTb
BEJIMKOI KiJIbKOCTiI HECKOHIECOBAaHUX CUJIAHOJIbHUX TpYyIL. [IpogemoHcTpoBaHa edextruBHa ancopouis Cu(Il), Eu(Ill),
Ag(I), Pb(Il), Pd(1I), Ni(II), opraniuHux 6apBHUKIB, anbOyMiHy i ypeasu Ha KpeMHe3eMHuX Mikpocdepax,
MAarHiTOKEpPOBAaHUX YACTMHKAX Ta KOMIIO3UTaxX MeMOPaH 3 aMiHorpynamu. JJoBeieHo, 110 KpeMHe3eMHi YaCTUHKHY,
sIKi MICTSITb aMiHOKOMILJIEKCH FIOHIB MiJli Ha TIOBEPXHI NPOSIBJISIIOTh BUCOKY AHTUOAKTEPialbHy aKTHUBHICTb.
BcraHoBJ€HO, 1110 Ha BifMiHY Bifi iHIIKMX CHJaHiB, 3-MePKaIllTONPOMiITPU-METOKCUCUIIaH POPMYBE YaCTUHKY 6e3
CTPYKTYPYIOUMX areHTiB 3 BEJIMKOIO KiJIbKIiCTIO MEPKAIITOTPYII IPYI, IPUYOMY TiOJIbHI IPYIIM B TAKOMY BUIIAIKY
HECTIlKI i yTBOPIOIOTh nuCynbgifHi rpyny Ha noBepxHi. [1106 36epertu Ha OBepxHi 3-MePKaNTONPOIiJIbHI rpyny,
3[1aTHi 4O HOHO-OOMiHHMX B3a€MO[Iil, [I0Ka3aHa HEOOXiTHICTh BBeI,EeHHS BYIJIEBOJAHEBUX I'PYIl HA [IOBEPXHIO 260
CWJIAaHU 3 OPTaHIYHUMU MiCTKaMH, sIKi IepeIIKopKaloTh B3aEMOii Pyl MixK co6010. 3pa3Kku KpeMHe3eMHUX cdep,
MarHiTHi HOCii i MeMOpaHu 3 TiOJILHOIO IPYIIOIO0 aJICOPOYIOTh BEJIMKY KiJIbKICTh HOHIB BaXXKUX MeTalliB (Pb2+, Ag+,
Hg2+, Cd2+, Cu2+). MarniTHuUi1 3pa3oK 3 TiOJIbHOIO i IPOMiJIbHOO TPYIOI0 OYMILYE CTiYHY BOAY 3 NipHUYOA00yBHOTO
niAnpuemMcTBa Bifi MOHIB MeTasiB cymapHo 6isblie HX Ha 50% i Taka afcopobliist He € ceseKTUBHOI0. CUHTe30BaHi
6iokarasnizaTopu, ofiepsKaHi 3B’13yBaHHSIM ypeasy 3 IOBEPXHEI0 MarHiTHOTO HOCIs 3 MepKanTorpynamu,
PO3KJIa1al0Th ce4oBUHY B 40 nukiax o IIK cedoBUHU /1711 BOIHUX 00’€KTiB rOCNOapCbKO-MTUTHOTO
BOZIOIIOCTAa4YaHHS, a HA OCHOBI KOMIIO3UTiB MarHeTUT /KPeMHe3€eM 3 3-aMiHOIPOIiIbHOIO IPYIIO0 IIPOSIBIISIOTH
AaKTUBHICTb [IPY HASIBHOCTI MIKPOKIJIBKOCTEN MOHIB Mifi i pTyTi. OJHOCTaAiHI METOOVKY OJl€P>KaHHS
KPEMHEe3eMHHUX HEeMIOPUCTHUX i Me3onopyBaTux cep 3 TiokapbamigHUMU rpynamu 6yiu po3poobIieHi.
[IpoieMOHCTPOBAHO BUCOKi 3HaUE€HHSI COPOLiIIHOI €MHOCTI TAKUX KPEMHE3EMIB I10 BifHOLIEHHIO /10 MOHIB PTYTIi i
cpibJ1a, a TaKO>K MO>KJIMBICTb KOHLIEHTPYBaTH MIKPOKiNIbLKOCTI cpibsia 6e3 pereHepalii ancopbeHTa. byso
BCTaHOBJIEHO, 110 B KUCJIOMY CEPEJIOBUILi TioOKapbaMifiHa rpyma iCHye B TiOJIbHIl TayTOMEpHiil popmi, a B
HENTpaJIbHOMY - B TIOHHI, i Lie BU3HAYa€ TUII B3aeMOZI ii 3 MeTasiamu. Kito4oBi cj10Ba: 3-aMiHOMPOIiJIbHI Ipymy;
3-MepKanToNpOIIibHI rpyny; TiokapbaminHi rpynu; 6yJoBa IOBEPXHEBOTO LI1apy; HEIIOPYBaTi i HOpyBarTi
KpeMHe3eMHi YaCTUHKU; MarHiTOKEPOBaHi KOMIIO3UTU MarHeTUT /KpeMHe3eM; (PYHKLiOHAi30BaHi KepaMiuHi
MeMOpaHu; aficopOLis; BaXXKi MeTany; anb0yMiH; ypeasa; KaTiOHHI i aHiOHHI 6apBHUKMU.

2. The dissertation is devoted to the establishment of physicochemical principles of one-stage production of silica
microspheres, magnetically controlled carriers and membranes with polysiloxane coatings containing 3-
aminopropyl, 3-mercaptopropyl and thiourea groups. It was demonstrated how temperature, stirring time, amount
of solvent, introduction of hydrophobic groups affect the morphology of particles, the location and availability of
the surface groups, and, accordingly, the sorption properties of amino-silica particles. The studies have also
revealed the effect of bissilanes as structuring agents on the structural and sorption characteristics of the
materials, but the hydrophobic bridges themselves hardly varied the hydrophilic-hydrophobic balance of the
surface due to the large number of non-condensed silanol groups. It was shown that the amino groups on the
silica spheres are usually protonated, and in the absence of other residues possess poor hydrolytic stability or may
be unavailable for interactions. Meanwhile, the incorporation of organic residues among amino groups hinders the
access of water molecules and prevents the hydrogen bondings of amino groups with other amino or silanol
functions; therefore, amino groups remain stable in aqueous solutions and free for interactions with adsorbates.
Silica microspheres with amino groups were studied as effective adsorbents of ions of copper(II) (up to 203.2
mg/g) and europium(III) (up to 158.1 mg/g), organic dyes (acid red 88 - 262 mg/g, fluorescein - 132 mg/g,
methylene blue - 146 mg/g), urease (up to 600 mg/g); magnetite-silica materials with amino groups exhibited high
uptake of Cu(Il) (209.6 mg/g), Pd(1I) (16.8 mg/g), Pb(Il) ions (165.7 mg/g), methylene blue (62 mg/g), acid red 88 (118
mg/¢g), albumin (241 mg/g) and urease (1014 mg/g); planar membrane composites were investigated for the
removal of copper(ll) ions (up to 22.9 mg/g) and nickel(Il) ions (up to 4.9 mg/g) on tubular membranes. It was
determined that, unlike other silanes, 3-mercaptopropyltrimethoxysilane can form spherical particles with a high
groups content without applying additional structuring agents, but in this case the thiol groups are unstable and
interact with each other forming disulfide bridges. The necessity of incorporating surface hydrocarbon residues or
structural organic fragments by means of bridged silanes to prevent the interaction of groups, has been
demonstrated in order to keep free 3-mercaptopropyl groups capable of ion-exchange interactions on the surface.



Samples of silica spheres, magnetic particles and membranes functionalized with thiol groups possess high
sorption capacity relative to a large number of heavy metals Pb2+, Ag+, Hg2+, Cd2+, Cu2+. Such adsorption is not
selective, however, the magnetite sample with thiol and propyl groups purified a mining enterprise wastewater
from metal ions by more than 50%. Synthesized biocatalysts based on binding urease to the surface of the
magnetic carriers with mercapto groups were used in 40 cycles and decomposed urea to the maximum
permissible concentration for household and drinking water supply; meanwhile, urease biocatalysts based on
magnetite /silica composites with 3-aminopropyl group were proved to work in the presence of microquantities of
Hg(II) and Cu(Il) ions. It was also displayed that there is an interaction between thiol groups on the surface of
membranes with 3-mercaptopropyl moites weakening the retention of Ag(I) or Pb(Il), which substantiates the
benefits of functionalizing sols dilution to ensure optimal arrangement of particles on the membrane surface. Key
words: 3-aminopropyl groups; 3-mercaptopropyl groups; thiourea groups; surface layer structure; non-porous
and porous silica particles; magnetically controlled magnetite /silica composites; functionalized ceramic
membranes; adsorption; heavy metals, albumin; urease; cationic and anionic dyes.
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