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Pedepar:

1. Incepranifina po60Ta IpUCBIYE€HA PO3POOJIEHHIO HOBUX TUIIB (PYHKLIOHAJIbHUX NOJIMEPHUX i NiOpUIHAX
HeOopraHo/opraHiyHux marepiasiB metogom Y®-iHinjitoBaHoi noslimepu3sariii, IKnii € IepCreKTUBHUM 3aBASKU
BUCOKIil TPOLyKTUBHOCTI Ta eKoJoriyHOCTi. [y 3a6e3nedeHHs MaTepiany QyHKIii IPOTOHHOI IPOBiAHOCTI O
CKJIaNly TI0JIiMEPU3allifiHOI CyMillli BBOJSITh MOHOMEPH, 110 MIiCTSITh IPOTOHOLLOHOPHI CyJ/1bO- i KAPOOKCUIIBHI
rpynu. 3MUTY CTPYKTYPY KOIOJIiMepiB 3a0e3Iedye 31KMBaIbHUN areHT. Mop@oJioriyHa opraHisalis MeMopaH
BKJIIOYA€ KaHaJIM TPAHCIIOPTYBaHHS MPOTOHIB, sIKi GOPMYIOThCS Yepe3 (a3oBe po3ieHHs MiX rifpodobHUM
IIOJIIMEPHUM JIQHIIIOTOM i ripodinbHuMu cyabdorpynamu. [1jst cuHTe3y ri6puiHIX HEOPraHo / OpraHiyHuX
MeMOpaH 3aCTOCOBAHO MifXifl, MOBSI3aHUH i3 XiMiYHMM 3B’I3yBaHHSIM HEOPTaHi4HOIO i OPraHiYHOrO0 KOMITOHEHTIB
HAaHOKOMIIO3UTA. 3 Li€I0 METOI0 BUKOPUCTAHO 30JIb-T€JIEBUI IIPEKYPCOP 3-

MEeTaKPUJIOKCUIIPOIIJITPUMETOKCUCHUIIAH, IO CKJIaZly SIKOTO BXOIUTh aKPUJIATHUM (PParMeHT, 10 BIIPOBATKYETHCS Y



[IOJIiMEPHUH JIAHLIOT, KOIOJIIMEPU3YI0YUCH 3 IHIIMMU MOHOMEPaMH, i METOKCUCUIILJIbHI TPYIIH, SKi Y NPOLECi 3071b-
reJib IepeTBOPEHHS POPMYIOTh KDEMHE3EMHY MEPEXY, SIKa JOJATKOBO 3LUINBAE HAHOKOMIIO3UT. 30J1b-TeJIb
IIPEKYPCOP TETPAETOKCUCUJIIAH, SIKUIM TaKOXK BUKOPUCTOBYETBLCS Y CUHTE3aX, CIiBKOHAEHCYyeTbCs 3 MAIITMC. 30i1b-
rejib peaxuii KoHIeHcalii rigpoJisoBaHuX IPEKYPCOPIB IPOXOAATH Mifl Yac nojimMepusallii MOHOMEDIB in situ. Takum
YUHOM, (POPMYEThHCSI HEOPraHO /OpraHiyHa IPOCTOPOBO 3LIUTA CTPYKTYpa Fi6PUAHOro Marepiany 3 po3raay>KeHOI0
MEPEXEIO MPOTOHOMPOBIIHUX KaHaJiB. 3 BUKOPUCTAHHSM OIIMCAHOI CTPATerii CHHTE30BaHO [I€KiJIbKa TUIIiB
MeMOpaH Ha OCHOBIi aKPUJIOBUX Ta BiHIJIOBOTO MOHOMEPA: M0JIi(aKPUIIOHITPUII-KO-2-aKpuiaamifo-2-
METUJINPOINAHCYIb(OHOBA KUCIOTA-KO-aKPUJIOBA KUCJIOTa-KO-METUJIEHOICAaKpUIaMin), MOJIi(aKpUJIOHITPUII-KO-
CcTHpeHCYIbPOHAT HATPil0-KO-aKPUJIOBA KUCIOTa-KO- €TUJIEHTJIIKOJIb TUMETaKPHUIaT), II0J1i(aKpUIOHITPUII-KO-3~
cysbonporninakpuiaT HaTpilo-KO-€TUJIEHTJIIKOIbAUMEeTaKpUIaT-KO-aKpUJI0Ba KUCJI0Ta),  TAKOX riOpUIHi
KPEMHE3€MHO /TI0JiIMEPHI MeMOPaHU 3 OJIMEPHUMHU MaTPULSIMU, A0 CKIIALy SIKUX BXxonuTh e MAIITMC, Ta
HEOPTraHiYHOIO CKJIaI0BOI0 — KDEMHE3EMHOIO CiTKOI0, CPOPMOBAHOIO ITPEKYPCOPAMHU 30J1b-T€JIb IIPOLECY.
YcnimHicTh NPOBENEHUX CUHTE3IB MiATBEPIKEHO [Y-ClIeKTPOCKONIYHNMU TOCTiIKeHHsIMU, EJIP-anamnizom,
BU3HAUYEHHSIM resib-Qpaxiuii nonaimepis. CEM-306paxkeHHs 3pa3KiB MeMOpaH [03BOJIMIIM BCTAHOBUTH IXHIO
mopdosiorito. [IpoTOHHA MPOBIAHICT YCiX TUIIB CUHTE30BaHUX MEMOPAH € BUCOKOIO. 3HaYeHHS IPOTOHHOI
IIPOBiHOCTI 3a71€XaTh Bif] CKJIaAy [10JIiMepHOI MaTpulli i 3pOCTaloTh B pALy MOJiMepHUX MeM6paH: noJti(AH-ko-
AMIIC-ko0-AK-ko-MBA) > nosni(AH-xo-CITAK-ko-AK-ko-ETIMA) > nosni(AH-ko-CCNa-ko-AK-ko-EI'IMA).
TecTyBaHHSI CUHTE30BaHUX MEMOPAH y NIAJIMBHOMY €JIEMEHTI ITOKa3ajy, 10 IPOTOHHA [IPOBiAHICTb MeMOpPaH €
(dyHKIlielo TeMIepaTypH i 4acy eKcIutyaranii memopaHu. 3i 36i/IbII€HHIM TeMIIEPATypU 3HAY€HHSI IPOTOHHOI
MIPOBIIHOCTI 3pOCTagE, 110 3yMOBJIEHO TEPMOAKTUBALiIHAM XapaKT€POM IIPOTOHHOTO NepeHocy. Halkpamui
IIOKa3HMK NIPOJIEMOHCTPYyBajla KpeMHE3EMHO /TIoJliMepHa Memb6paHa SiO2 /nosi(AH-ko-AMIIC-ko-AK-ko-MBA) -
4,6x10-2 Cm/cM, 0 CHiBMIpHO i3 3HaY€HHSIM IPOTOHHOI MpOoBifHOCTI MeMOpanu Ha@ioH, sKa € Ha naHuii 4ac
MmeMb6paHoio the state-of-the-art. Busnaueno tTepmivHi Ta MexaHiYHi MOKa3HUKU MEMOPaH, sIKi € mapaMeTpamMu, 10
CYTT€BO BU3HAYAIOTh IPOJYKTUBHICTb POOOTU MEMOPAHH Y IaJIMBHOMY eJleMeHTi. TepMmiuHa gerpananis mem6paH
IIPOXOJHXTS Y KiJIbKa €TarliB, sIKi BABHAYal0ThCs HAsIBHICTIO (PYHKIIOHAJIBHUX IPYI y KOIMOJIIMEP], @ TAKOK BMiCTOM
HEOPraHiYHOro KOMIIOHEHTA: i3 BBEJ,E€HHSM 30JIb-TeJIb CUCTEM KPEMHEBMICHUX IIPEKYPCOPIB, 110 GOPMYIOThH
KpeMHe3eMHY CiTKy, IPOINOPLiIIHO 3pocTae TepMOCTabIIbHICTD LOCTI)KYBaHUX 3pa3KiB. BaskyIMBO Bi3HAUUTY, 1O
3HAUEHHSI NIOIJIMHAHHS METAHOJIY J1s1 YCiX TUIIB AOCiI)KyBaHUX MEMOPaH € CYyTTEBO HIKYMMHU, HDXK BiZTIOBiIHI
3HAYEHHS AJ11 MeMOpaH tuny HadioH, 1m0 BU3HaYae MOKJIMBICTD iX BUKOPHUCTAHHS Y MIPSIMUX METAHOJIbHUX
[IAJIMBHUX eJleMeHTax. JJocinkeHo ancopOLiiiHy 30aTHICTh CUHTE30BaHUX [10JIiIMEPHUX i ri6puaHuX
HeopraHo/opraHiyHux Mmemo6pad tuny nosi(AH-ko-AMIIC-ko-AK-ko-MBA) i SiO2 /nosni(AH-ko-AMIIC-ko-AK-ko-
MEBA) 3 BunaneHHs ioHiB Baxxkux meTainis Co(Il) i Ni(Il), sika cknapae 87 % pas ioniB Co(Il) i 90 % piis ionis Ni(II).
HaHonopucra CTpyKTypa y KpeMHE3€MHO /TIOJliIMEPHUX MEMOPaHax CIpUsie MiIBUILEHHIO €(EeKTUBHOCTI afcopOLii.
Kineruka agcop6uii mpoaHasizoBaHa B paMKax KiHeTUYHUX MojeJsieil JlareprpeHa rnceBgo-nepuioro i IceBmo-
Ipyroro nopsakis. BctanossieHo, 1o afcopoLis MeTasiB Kpallie OIMCYeThCS PiBHAHHM JlareprpeHa rnceBno-
IPyroro Nopsaxy, o CBiAUUTD PO i0OHO-0OMiHHUI MexaHi3M npouecy. TakuM YMHOM, NOJIIMEPHI i riopuaHi
KpeMHEe3eMHO /TI0JTiMePHI MeMOpaHu 3aIpOIIOHOBAHOTO CKJIa/ly [IePCIEKTHBHI SIK IPOTOHOIIPOBiIHI MeMOpaHu

MajIMBHUX €JIEMEHTIB, a TAKOX SIK aTICOPOEHTHU iOHIB BaXKKHUX METaJsliB 3 BOJHUX PO3UYMHIB.

2. The dissertation is devoted to the development of the new types of functional polymer and hybrid
inorganic/organic materials by UV-initiated polymerization method, which is promising due to high productivity
and environmental friendliness. To ensure the proton conductivity function of the material, monomers containing
proton-donor sulfo and carboxyl groups are introduced into the polymerization mixture. The cross-linked
structure of the copolymers is provided by a cross-linking agent. The morphological organization of the
membranes includes proton transport channels, formed through phase separation between hydrophobic polymer
chain and hydrophilic sulfo groups. For the synthesis of hybrid inorganic/organic membranes an approach
involving the chemical bonding of inorganic and organic components in nanocomposite has been realized. For this
purpose, a sol-gel precursor 3-methacryloxypropyl trimethoxysilane was used. This precursor includes an acrylate
fragment embedded into the polymer chain at copolymerization with other monomers, and methoxysilyl groups,



which form a silica network in the process of sol-gel transformation, additionally “sewing” nanocomposite. A sol-
gel precursor tetraethoxysilane, which is also used in the synthesis, co-condenses with MAPTMS. Sol-gel
condensation reactions of hydrolyzed precursors take place during in situ polymerization of monomers. Thus, an
inorganic/organic spatially cross-linked structure of the hybrid material with an extensive network of proton-
conducting channels is formed. Using the described strategy, several types of membranes based on acrylic and
vinyl monomers were synthesized: poly(acrylonitrile-co-2-acrylamido-2-methylpropanesulfonic acid-co-acrylic
acid-co-methylenebisacrylamide), poly(acrylonitrile-co-sodium styrene sulfonate-co-acrylic acid-co-ethylene
glycol dimethacrylate), poly(acrylonitrile-co-3-sulfopropyl acrylate potassium salt-co-ethylene glycol
dimethacrylate-co-acrylic acid), as well as hybrid silica/polymer membranes with polymer matrices with
additional component - MAPTMS, and inorganic component - silica network formed by precursors of the sol-gel
process. The success of the performed syntheses was confirmed by IR spectroscopic studies, EDR analysis,
determination of the gel fraction of polymers. SEM images of membrane samples allowed to establish their
morphology. The proton conductivities of all types of synthesized membranes are high. The values of proton
conductivity depend on the composition of the polymer matrix and increase in a row: poly(AN-co-AMPS-co-AA-
co-MBA) > poly(AN-co-SPAK-co-AA-co-EGDMA) > poly(AN-co-SSS-co-AK-co-EGDMA). Tests of the synthesized
membranes in fuel cell have shown that the membrane proton conductivity is a function of the temperature and
the operating time. With increasing the temperature the value of proton conductivity enhances evidenting the
thermoactive nature of proton transfer. The best characteristic was demonstrated by silica/polymer membrane
SiO2 /poly(AN-co-AMPS-co-AA-co-MBA) - 4.6 x 10-2 S /cm, which is commensurate with the value of the proton
conductivity of Nafion, which is considered currently as the state-of-the-art membrane. Thermal and mechanical
parameters of the obtained membranes were investigated. These parameters are essential ones as they determine
the performance of the membrane in fuel cells. Thermal degradation of membranes takes place in several stages,
determined by the presence of functional groups in the copolymer, as well as the inorganic component content:
the introduction of sol-gel systems of silicon-containing precursors forming silica network causes proportional
increasing of thermal stability of the material. It is important to note that the methanol adsorption values for all
types of membranes under study are significantly lower than the corresponding values for Nafion type
membranes, which determines the possibility of their use in direct methanol fuel cells (DMFC). The adsorption
capacity of synthesized polymeric and hybrid inorganic/organic membranes such as poly(AN-co-AMPS-co-AA-
co-MBA) and SiO2 /poly(AN-co-AMPS-co-AA-co-MBA) for removal of ions of heavy metals Co(II) and Ni(II) was
studied. The adsorption achieved 87% for Co(II) ions and 90% for Ni(II) ions. Nanoporous structure in
silica/polymer membranes increases the efficiency of adsorption. Adsorption kinetics was analyzed in the
framework of the Lagergren kinetic models of pseudo-first and pseudo-second orders. It was found that the
adsorption of metals is better described by the Lagergren pseudo-second order equation, which indicates the ion-
exchange mechanism of the process. Thus, polymer and hybrid silica/polymer membranes of the proposed
composition are promising as the proton-conducting membranes of fuel cells, as well as the adsorbents of heavy

metal ions from aqueous solutions.
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1. XKunsuosa CsitsiaHa BitasiiBHa

2. Svitlana V. Zhyltsova

KBasigikamis: . x. u., gou., 02.00.06

ImenTudikarop ORCID ID: He zacrocoyerbcs

JoparkoBa iHdpopmamist:

IIoBHe HafIMeHyBaHHﬂ IOpI/I,I[H‘IHO'l' 0COOM: JloHeNbKuUi HAl[iOHATbHUI yHiBepcurteT imeHi Bacuna Cryca
Kopg 3a €IPIIOY: 02070803

Micue3HaxoaKeHHS: ByJ1. 600-pivus, 6yz. 21, Binuuug, Binaunupkuii p-H., 21021, Yrkpaina

dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Ilokyua Onekcangp IletpoBuy
2. Olexandr P. Pokutsa

KBasmigikanis: kx.x., c.a., 05.17.04
InenTudikarop ORCID ID: He 3acrocosyetscs
JoparkoBa indopmamnist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0CO0H: Bininenns ¢pizuko-ximii ropiounx konanaux [HCTUTYTY

disuko-opraHiuHoi xiMii i Byrzieximii im. J.M. JIuTBuHenka HauionanbHoi akafgemii Hayk YKpainu
Kopg 3a €IPIIOY: 03772476

Micue3HaxoaKeHHS: ByJ1. HaykoBa, 6yz. 3-a, JIbBiB, 79053, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi

BiiacHe IIpi3Buie Im'sa I1o-6aTbKOBI Oneiizia Mocun Onexciiiosuy
TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI Oneiizia Mocun Onexciiosuy
rOJIOBYIOYOTO Ha 3acCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY Kuns Anppiit PomaHoBUY

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




