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Pedepar:

1. Inceprauiiina po60Ta NPUCBSIYEHA PO3POOJIEHHIO HOBUX TUIIIB (PYHKLIOHAJIbHUX MOJIIMEPHHUX i rOpUIHNX
HeopraHo/opraHiyHux marepiasis metogom YP-iHinitioBaHoi nosliMepusaliii, SIKuil € NepCreKTUBHUM 3aBsIKU
BHICOKill TPOJIYKTUBHOCTI Ta €KOJIOTiYHOCTI. [y 3a6e3nedeHHs1 MaTepiany QyHKLii IPOTOHHOI IPOBiAHOCTI O
CKJIaZly TIOJIIMEPU3aLifHOI CyMillli BBOJSTh MOHOMEPH, IO MIiCTSITh IPOTOHOLOHOPHI Cy/Ib(O- i KAPOOKCUJIIbHI
rpyny. 3UUTY CTPYKTYPY KoIoJiiMepiB 3abesrevye 3uKuBaabHul arenT. MopdosioriuHa opraHizaiiisi MemopaH

BKJIOYA€ KaHaJIM TPAHCIIOPTYBaHHS IPOTOHIB, sIKi POPMYIOThCS Yepe3 a3oBe po3[ieHHs MiX ripopoOHUM

[OJIIMEPHUM JIAHIIIOTOM i TigpodinbHUMu cyabdorpynamu. [1jst CMHTe3y ri6puHIX HEOPraHO / OpraHiYHUX



MeMOpaH 3aCTOCOBAHO MiJXiJl, OBSI3aHM i3 XiMiYHUM 3B'I3yBaHHSIM HEOPraHiYHOTO i OPraHiYHOrO KOMIIOHEHTIB
HaHOKOMIIO3UTA. 3 1[i€l0 METOI0 BUKOPUCTAHO 30J1b-T€JIEBUI IPEKYPCOP 3-
METaKPUJIOKCUIIPOIIITPUMETOKCUCHUIIAH, 10 CKJIAy SIKOTO BXOAUTh aKPUJIATHMI (PPArMEHT, 110 BIIPOBAIKYETbCS Y
[IOJIiMEPHMY JIAHLIOT, KOIOJIIMEPU3YI0YUCh 3 IHIIMMU MOHOMEPaMHU, i METOKCUCUIILJIBHI TPYIIN, SKi Y IPOLIEC] 30J1b-
reJib IEPEeTBOPEHHS (OPMYIOTb KDEMHE3EMHY MEPEXY, SIKa JOAATKOBO 3MMBA€ HAHOKOMIIO3UT. 30JIb-TEJIb
IIPEKYPCOP TETPAETOKCHUCUIIAH, SIKUM TaKOX BUKOPUCTOBYETBLCS Y CUHTE3aX, CIiBKOHAEHCYyeThbCs 3 MAIITMC. 3oi1b-
rejib peakuii KoHIeHcalii rigpoJisoBaHuX IPEKYPCOPIB IPOXOAATH Mifl Yac nosiMepu3allii MOHOMEDIB in situ. Takum
YUHOM, POPMYETHCS HEOPraHO /OpraHiyHa IPOCTOPOBO 3IINATA CTPYKTypa riOpUIHOTO MaTepiany 3 po3rajly>kKeHOI0
Mepexero MPOTOHOIPOBIAHUX KaHAIB. 3 BUKOPUCTAHHSIM OMUCAHOI CTPaTerii CHHTe30BaHO [IEKiJbKa TUIIIB
MeMO6paH Ha OCHOBI aKpWJIOBUX Ta BiHIJIOBOI'O MOHOMeEPA: MOJIi(aKPUJIOHITPUII-KO-2-aKpUIaMifo-2-
METUJIIIPOINAHCYIb(OHOBA KUCIOTA-KO-aKPUJIOBA KUCJIOTa-KO-METUJIEHOICAaKpUIaMin), MOJIi(aKpUIOHITPUII-KO-
CTUPEHCYIbPOHAT HATPil0-KO-aKPUJIOBA KUCIOTA-KO- €TUJIEHIJIKOJIb JUMETAKPUJIAT), [10J1i(aKPUIOHITPUI-KO-3~
cysbdornporninakpuiaT HaTpilo-KO-eTUIIeHIIiKOIbAUMeTaKpUIaT-KO-aKpUJIoBa KUCJIO0Ta),  TAKOX riOpUiHi
KPEMHE3eMHO /TI0JliMEPHI MEMOPaHU 3 IOJIMEPHUMHU MaTPULSIMU, A0 CKIANy SIKUX BXxonuTh e MAIITMC, Ta
HEOPraHiYHOIO CKJIAJIOBOI0 — KPEMHE3EMHOIO CiTKOI0, CPOPMOBAHOIO TPEKYPCOPAMU 30J1b-T€JIb IIPOLECY.
YcninHicTh NpOBENEHUX CUHTE3IB MiATBEPIKeHO [Y-CleKTpOCKONiYHUMU TOCHiIKeHHsIMU, EJIP-anamnizom,
BU3HaYeHHSIM resib-dpaxuii nosimepis. CEM-306paskeHHs 3pa3kiB MeMOpaH J03BOJIUIN BCTAHOBUTHU iXHIO
MopouJiorito. [IpoToOHHA NPOBIAHICT YCixX TUIIB CUHTE30BAHUX MEMOPAH € BUCOKOIO. 3HaY€HHS [IPOTOHHOI
IIPOBIZAHOCTI 3aJ1e3KaTh Bifl CKJIaZy [10JiMEPHOI MAaTPUL i 3pOCTalOTh B PsiAy NOJiMepHUX MeMOpaH: rnosi(AH-ko-
AMIIC-k0-AK-k0-MBA) > noni(AH-ko-CITAK-ko-AK-ko-EI'/IMA) > nomni(AH-ko-CCNa-ko-AK-ko-ETJIMA).
TecTyBaHHS CUHTE30BaHUX MEMOpaH y NIAJIMBHOMY €JIEMEHTI [TOKa3ajy, 110 IPOTOHHA [IPOBiAHICTb MeMOpPaH €
(dyHKIlielo TeMIepaTypu i 4acy ekciutyaranii mem6panu. 3i 361/1bII€HHIM TeMIepaTypy 3HaY€HHSI IPOTOHHOI
IIPOBIIHOCTI 3pOCTae, 10 3yMOBJIEHO TEPMOAKTMBALIIHAM XapaKTePOM IIPOTOHHOTO nepexnocy. Hankpamui
IIOKa3HMK IIPOJIEMOHCTPYyBajla KpeMHe3eMHO /nioyliMepHa memb6pana SiO2 /nosi(AH-ko-AMIIC-ko-AK-ko-MBA) -
4,6x10-2 Cm/cMm, 10 cHiBMipHO i3 3HaY€HHSIM NIPOTOHHOI TpoBifHOCTI MeMOpanu HagioH, sKa € Ha naHuii 4ac
Memb6paHolo the state-of-the-art. BusnaueHo TepMiuHi Ta MeXxaHiuHi MOKa3HUKKA MEeMOPaH, SIKi € NapaMeTpamu, 10
CYTT€BO BU3HAYAIOTh IPOJYKTUBHICTh POOOTU MEMOpaHH Y IaJIMBHOMY eJieMeHTi. TepMmiuHa ferpananis memopaH
IIPOXOJIUTS Y KiJIbKa €TalliB, sIKi BUBHAYal0ThCsl HAsIBHICTIO (PYHKIIOHAJIBHUX I'PYI y KOIOJiMEP], @ TAKOK BMiCTOM
HEOPraHiYHOrO KOMIIOHEHTA: i3 BBEI,EHHSM 30JIb-T€JIb CUCTEM KPEMHEBMICHHUX MIPEKYPCOPIB, 0 (POPMYIOTh
KpEeMHEe3eMHY CiTKy, IPOIOPLiITHO 3pocTae TepMOCTabIIbHICTD LOCTIIKYBaHUX 3Pa3KiB. BaskyIMBO BiI3HAUYUTY, 1O
3HAUEHHSI NIOIJIMHAHHS METAHOJIy IJ1s1 YCiX TUIIB AOCiI)KyBaHMX MEMOPaH € CYyTTEBO HIKYMMHU, HDXK BiZITIOBiHI
3HAYEHHS AJ19 MeMOpaH tuny Hadion, 10 BU3HaYae MOKJIMBICTD iX BUKOPUCTAHHS Y MIPSIMUX METAHOJIbHUX
NaJMBHUX eJleMeHTax. JJoCIiIpKeHo aficopOLiiiHy 31aTHICTb CHHTE30BaHUX MOJIIMEPHUX i MOpUIHUX
HeopraHo/opraHiyHux memopaH tuny nosi(AH-ko-AMIIC-ko-AK-ko-MBA) i SiO2 /nosi(AH-ko-AMIIC-ko-AK-ko-
MBA) 3 BuganeHHs ioHiB Baxkkux meTainis Co(II) i Ni(Il), sika cknanae 87 % pas ioniB Co(Il) i 90 % piis ionis Ni(II).
HaHonopucra CTpyKTypa y KpeMHE3€MHO /TIOJIIMEPHUX MeMOPaHax CIpUsie MiIBUIEHHIO €(PEeKTUBHOCTI afcopOLii.
Kineruka agcop6uii mpoaHasizoBaHa B paMKax KiHETUYHUX Mojesieil JlareprpeHa rnceBgo-nepuioro i mceBmo-
Ipyroro nopsuakis. BctaHoBsieHo, 110 afcopoLis MeTasliB Kpallie OIIUCYeThCs piBHAHHIM Jlareprpena rncesno-
IpYyroro NopsaKy, o CBiIYMTb PO i0HO-OOMiHHUI MexaHi3M npouecy. TakuMm YMHOM, NOJIiIMEpHi i TiopuHi
KPEMHE3eMHO /TIOJTiMEPHI MEMOPaHU 3aIIPOIIOHOBAHOrO CKJIAJy IEPCIEKTUBHI SIK IPOTOHOMPOBiAHI MeMOpaHu

MaJIMBHUX €JIEMEHTIB, a TAKOX SIK aJICOPOEHTHU iOHIB BaXKKUX METaJliB 3 BOJHUX PO3YMHIB.

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. Kunsuosa CsitsiaHa BitasiiBHa

2. Svitlana V. Zhyltsova

KBasigikanis: . x. u., gou., 02.00.06

Imentudikarop ORCHID ID: He zacrocosyerscs

JoparkoBa iHdpopmamist:

ITIoBHe HaﬁMeHyBaHHﬂ IOpI/I,I;I/I‘{HOi 0COOM: JloHebKuUi HAl[iOHATbHUI yHiBepcureT imeHi Bacuna Cryca
Kopg 3a €IPIIOY: 02070803

MicquHaXO,I[)KeHHﬂ: ByJ1. 600-pivyus, 6yz. 21, Binuug, Binaunpkuii p-H., 21021, Yrkpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

Penensentu

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

KBasigikanis: k.x.u., c.z., 05.17.04
ImenTudikarop ORCHID ID: He zactocosyetbcs

JonaTkoBa iHdopmalist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: Bifinenns ¢izuko-ximii ropiounx KonaauH [HCTUTYTY

disuko-opraHiuHoi xiMii i Byrsieximii im. J.M. JIuTBuHenka HauioHanbHoi akagemii Hayk YKpaiHu

Kop 3a €IPIIOY: 03772476

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

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuil

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TrOJIOBH pajgu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

rOJIOBYIOYOTO Ha 3aCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIIOBiZaJIbHUM 3a peECTpallil0o HayKOBOi

OisIIBHOCTI

Oneiina Mocumn OnekciitoBud

Omneitga Mocun OnekciitoBuy

Kuns Aunpii Pomanosuu

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



