O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0824U003075

Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peectpaunii: 09-09-2024

Craryc: 3amaHoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. YepHiok OkcaHa AHaToJliiBHA

2. Oksana A. Cherniuk

KBasmigikaris: 102

InenTudikarop ORCHID ID: He sactocosyerbcs

Bupg, pucepranii: nokrop dinocodii

IIIudp HayKoOBOi CIENiaILHOCTI: 102

HasBa HayKOBOi creniaJbHOCTI: Ximis

T'any3b / rasysi 3HaHb: npupoiHUYi HAYKU

OcBiTHBO-HayKOBa Mporpama 3i creniaJabHOCTi: Oiznyna ximis, Ximis oBepxHi
Jarta 3axXHCTy: 24-10-2024

CreniaJbHICTh 32 OCBITOIO: Biosoris

Micue po6oTH 3400yBayva: Incruryt ximii mosepxHi im. O. O. Uyiika HarjionasnsHoi akaziemii Hayk Ykpainu
Kopg 3a €IPIIOY: 03291669

Micue3HaxoaKeHHS: By ['enepana Haymosa, 6yx. 17, Kuis, 03164, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujoHanbHa akaziemist HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuil



I11. BizomMocTi mIpo aucepraiiiro
Iudp cnenianizoBaHoi BYU€HOI pagH (pa30Boi cleniaai30BaHOI BYEHOI pazu). 1O 26.210.6871

IloBHe HaiMeHYBaHHSI IOPHUAUYHOI 0COOH: [HCTUTYT XiMii moBepxHi im. O. O. Uyiika HarjioHanbHoi

aKkageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 03291669

Micue3HaxoO KeHHS: By [enepana Haymosa, 6yx. 17, Kuis, 03164, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu
InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

IV. BizomocTi n1po nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: IHCTUTYT XiMmii moBepxHi im. O. O. Uyiika HanjoHanbHoi

aKkageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 03291669

Micue3HaxoO KeHHS: By [enepana Haymosa, 6yx. 17, Kuis, 03164, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist HayK Ykpainu
InenTudikarop ROR:

CeKTop HayKH: AkagemivyHui1

V. BimoMocTi npo gucepraniio
MoBga guceprTaliii: Vkpaincbka
Koau TeMaTHYHHX PyOPHK: 31.15.

Tema gucepranii:
1. Cuntes, monudikyBaHHS Ta 3aCTOCYBaHHS 6araTollapoBUX BYIJIEL€BUX HAHOTPYOOK 151 MOJIEKYJISIPHOTO
dPMYBaHHAI CKJIOTIJIACTUKIB Ha OCHOBI E€IIOKCUIHNX CMOJI

2. Synthesis, modification and application of multiwall carbon nanotubes for molecular reinforcement of fiberglass
based on epoxy resins

Pedepar:

1. Incepraniiina po60Ta IpUcBIYeHa po3pooblii MeTOiB MOAU(IKyBaHHS BYIJleLleBUX HAaHOTPYyOoK (BHT)
OxkcureHom (O-BHT) anonaum okucHeHHsM, Hitporenom (N-BHT) y npoueci CCVD-cuntesy BHT nys ogepkaHHs
e(PeKTMBHUX apMYI0YMX HAlTOBHIOBAYiB €[IOKCHUIHOTO B'SDKYYOro CKJIOIJIACTUKIB 3 aMiHHMM OTBEPAKYBadeM, ix
ONTMMi3alii 3a CKJIaZIOM i BMiCTOM, Ta KaTajli3y OKMCHO-BiTHOBHUX peakuiil. ONTumizoBaHa METOLMKA

aepo30JIbHOTO CUHTE3Y CKJIaJIHOTO OKCUIHOTro Karanizaropa (1...3)Al : Fe : (0,04...0,21)Mo-0, 110 BKII04a€e



BMKOPHMCTAHHS BOJHOTO PO3UMHY CIIOJIYKY aJIIOMiHIIO 3 MypaIlMHOIO KMCJIOTOIO Ta CIIOJNYK (pepymy (III) nutpar i
LMTPaTHUI KOMILTIEKC MoJtibaeny (IV), mopady y esekTporiid abo moyym’st IporaH-6yTaHOBOr o MaJabHUKA
BUKOHYIOTb YJIbTPa3ByKOBUM 3MilllyBaueM-pO3NKII0BaYeM i 30MpatoTh IIOPOIIOK KaTajli3aTopy Ha e1eKTpodinbTpi.
Po3pob6seno cnoci6 cuntedy N-BHT CCVD-meTooM Ha ckiagHoMYy KaTanizaTopi Al-Fe-Mo-O 3 BUKOpUCTaHHSIM
SIK IPEKYPCOPY alleTOHITPUILy, €TUIeH iaMiHy Ta iX cymilleil 3 IpomnijieHOM — OCHOBHUM Jxepesiom Kap6ony, 3a
temnepatyp 750—780 °C, sxkuil nae MOXJIMUBICTb peryaioBaTu BMicT Hitporeny B mexxax 0,6-4,6 aT.% ta
CITiBBiIHOLIEHHS MOT0 Pi3HUX CTaHiB. BcTaHOBIIEHO, 0 ntMToMa roBepxHsa BHT i BMicT Okcureny 3a ix aHOZHOTO
OKMCHEHHS] € HEMOHOTOHHOIO (DYHKIUI€IO Bifl KiJIbKOCTi MPONYILEHOI €JIEKTPUKY 1 KOPEIOITbh MiX co60t0. CVD-
METOJI, TIPSIMOTO CUHTe3y [103BoJiste oTpumaTty N-BHT i3 6inbmum BMicTom HiTporeHy, nepeBaskHO MipOJIbHOTO Ta
YETBEPTUHHOIO THUILY, i BUCOKOIO KaTaJiTUYHOIO aKTUBHICTIO B OKMCHO-BiITHOBHUX peakuisax. HesanexxHo Big meTony
cuHre3y N-BHT, ekcriepruMeHTaIbHO BCTAHOBJIEHO, IO MAaKCUMaJbHa KaTaliTUYHA aKTUBHICTb [1PY PO3KJIAJAHHI
TiIporeH nepokcuy crocrepiraetocst npu pH 7. Briepiue BUSIBIEHO CUHEPreTUYHUI €(PEKT 30iIbLIeHHS MaiiKe
BIBiui MiLIHOCTi MOZI€/IbHUX 3Pa3KiB CKJIOIIJIACTUKY 32 YMOBU BBEJ€HHSI HaTUBHUX (TrinpodobHux) BHT y
OTBEPAXyBay, a okucHenux BHT (O-BHT) B ernokcupHe B'spKy4e IPOTHU 3pasKiB i3 TakuM ke BMicToM BHT B
OJIHAKOBOMY CTaHi (HaTMBHi ab0 OKKMCHEHI). [3 BUKOPUCTaHHSIM KBAaHTOBO-XiMiUHMX PO3PaxyHKiB, 3aIIDONIOHOBAHO
cxeMy XiMIUYHUX MIPOIeciB, 10 MOSICHIOITh e(deKT BIUIMBY XiMiYHOro cTaHy rnosepxHi BHT Ha nponecu
nosrimepu3allii eoKCUIHOI CMOJIN: B OJHAKOBO 3apsamkeHux O-BHT BifcyTHS TEHIEHLiS 4O 3BOPOTHO]
aryJioMepallii, BOHY KaTasi3yloTh 10JiMepU3allilo €lOKCUIHOI CMOJIY, @ aMiHHUN OTBEPIKYBad BUKOHYE (PYHKIIiIO
[TAP mopo rinpodobuux BHT, mo TakoxX nepenkoaxkae 3BOpOTHiN arnomepanii BHT, a pa3zom wi siBUIIa NPHUBOIAT
IO CUHEPreTUYHOro edeKTy 30ibIIeHHs MilIHOCTi KOMII03UTY. KJII04oBi cj10Ba: a€pO30JIbHUI CUHTE3, KaTaliTUYHe
0CaJPKEHHS 3 Ta30B0i a3y, ByIJeleBi HAHOTPYOKH, aHogHe okucHeHHs, N-BHT, O-BHT, cknonnactuky,

CUHEPreTUYHUil e(eKT, KaTaJiTUYHa aKTUBHICTh, KBAHTOBO-XiMiUYHE MOJ€JIIOBaHHS.

2. The dissertation is devoted to the development of methods for modifying carbon nanotubes (CNTs) with oxygen
by anodic oxidation, nitrogen in the process of CCVD synthesis of CNTs, to obtain effective reinforcing fillers of
epoxy binder fiberglass with an amine hardener, their optimization in terms of composition and content, and the
catalysis of redox reactions. It was optimized method of aerosol synthesis of the complex oxide catalyst (1...3)Al : Fe
:(0,04...0,21), which includes the use of an aqueous solution of the compound of aluminum with formic acid and
the compound of ferrum (III) citrate and the citrate complex of molybdenum (IV), feeding into an electric furnace
or propane-butane burner's flame using an ultrasonic mixer-sprayer, and the catalyst powder is collected on an
electrostatic precipitator. A method for the synthesis of N-CNTs by the CCVD method on a complex catalyst
Al-Fe-Mo-0O was developed using as a precursor acetonitrile, ethylenediamine and their mixtures with propylene
— the main source of carbon, at temperatures of 750—780 °C, which makes it possible to regulate nitrogen content
in the range of 0.6—4.6 at.% and the ratio of its various states. It was established that the specific surface area of
CNTs and the oxygen content during their anodic oxidation are a non-monotonic function of the amount of
electricity passed and are correlated with each other. The CVD method of direct synthesis allows to obtain
N-CNTs with a higher nitrogen content, mainly of pyrrole and quaternary type, and high catalytic activity in redox
reactions. Regardless of the method of synthesis of N-CNTs, the maximum catalytic activity in the decomposition
of hydrogen peroxide is observed at pH 7. It was established that the specific surface area of CNTs and the oxygen
content during their anodic oxidation are a non-monotonic function of the amount of electricity passed through.
For the first time, the synergistic effect of increasing the strength of fiberglass model samples by almost two times
under the condition of introducing the initial (hydrophobic) CNTs into the hardener, and oxidized CNTs (O-CNTSs)
into the epoxy binder, compared to samples with the same content of CNTs in the same state (initial or oxidized).
Using quantum chemical calculations, a scheme of chemical processes is proposed that explains the effect of the
chemical state of the surface of CNTs on the polymerization of epoxy resin: equally charged O-CNTs have no
tendency to reverse agglomeration, they catalyze the polymerization of epoxy resin, and the amine hardener
performs the function of a surfactant in relation to initial hydrophobic CNTs, which also prevents the reverse
agglomeration of CNTs, and together these phenomena lead to a synergistic effect of increasing the strength of
the composite. Keywords: aerosol synthesis, catalytic vapors deposition, carbon nanotubes,anodic oxidation,



N-CNT, O-CNT, fiberglass, synergistic effect, catalytic activity, quantum chemical modeling.
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Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: AkaneMiqHuit

VIII. 3aKkJIl04Hi BiZOMOCTi
BiacHe IIpizBuie Im's I1o-6aTbKOBI T'ynbko Bomopumup Mycitiosiy

TOJIOBH pajgu

Biacue IpizBume Im's Ilo-6aThKOBI T'ynbko Bonopumup Myciiiosuy

rOJIOBYIOYOTO Ha 3aciJaHHi

BiamoBigaibHHUE 32 MiZITOTOBKY Haiox AHpiit MuxaiinoBuy

00JIIKOBHX JOKYMEHTIB

PeecTtparop VYkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZIOBiZasIbHUM 32 peecTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




