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Pedepar:

1. Incepraujiiina po60oTa npucBsYeHa po3pooblii MeToiB MoaAU(iKyBaHHS ByrjeLeBuX HaHOTPyoOokK (BHT)
OxcureHoM (O-BHT) anonHuM okucHeHHsM, Hitporenom (N-BHT) y npoueci CCVD-cuntesy BHT g1 ogepxaHHs
e(eKTUBHIX apMYI04YMX HAlTOBHIOBAYiB €[IOKCHUIHOTO B'SDKYYOro CKJIOINIACTUKIB 3 aMiHHMM OTBEPAXKYBadeM, ix
ONTMMi3allii 3a CKJIaIOM i BMiCTOM, Ta KaTaji3y OKMCHO-BiTHOBHUX peakiiil. ONTnmizoBaHa MeTOIMKa
aepo30JIbHOTO CUHTE3Y CKIaHOro OKcuHOro Karanizaropa (1...3)Al : Fe : (0,04...0,21)Mo-0, 1m0 BKIIOYaE
BHMKOPHCTaHHSI BOJHOTO PO3UMHY CIIOJIYKY aJIIOMiHIIO 3 MypaIIMHOIO KMCJIOTOIO Ta CIIONYyK (pepymy (III) uutpar i
LUTPATHUI KOMILIEKC MOJTibaeRny (IV), mopavy y eseKkTpornid abo 1nosym’s MpornaH-6yTaHOBOTO MaJIbHUKA

BHKOHYIOTb YJIbTPa3ByKOBUM 3MilllyBaueM-pO3IIKJIoBayeM i 30MpatoTh IOPOIIOK KaTajli3aTopy Ha e1eKTpodinbTpi.



Po3pob6ieno cnoci6 cuntesy N-BHT CCVD-meTomoM Ha ckagHOMYy KaTanizaTopi Al-Fe-Mo-O 3 BUKOpUCTaHHSIM
SIK IPEKYPCOPY alleTOHITPUILY, eTUIeHAiaMiHy Ta ix cyMmilleil 3 IIporlijieHOM — OCHOBHUM [kepesioM Kap6ony, 3a
temnepatyp 750—780 °C, skuil nae MOXJIMBICTb peryaoBaTu BMicT Hitporeny B mexxax 0,6-4,6 aT.% ta
CIIiBBiIHOLIEHHS MOT0 Pi3HUX CTaHiB. BcTaHOBIEHO, 0 ntMToMa noBepxHa BHT i BMicT Okcureny 3a ix aHogHOToO
OKHMCHEHHS1 € HEMOHOTOHHOIO (PYHKIIi€10 Bifi KiZIbKOCTi IIPOMNYLIEHOi €JIeKTPUKU I KOPEJIII0Th MK co60t0. CVD-
METOJ, IPSIMOTO CUHTE3Y 103BoJisie oTpuMmaTy N-BHT i3 6inbimim BMicToM HiTporeHy, nepeBakHo IipoJIbHOTO Ta
YETBEPTMHHOIO TUILY, i BUCOKOIO KaTaJliTUYHOK aKTUBHICTIO B OKUCHO-BiJHOBHUX peaklisax. HesasexxHo Big meTony
cuHre3y N-BHT, ekcrieprMeHTaIbHO BCTAHOBJIEHO, IO MAaKCUMaJlbHa KaTaliTUYHA aKTUBHICTb [IPY PO3KJIAJAHHI
TiiporeH nepokcuy crocrepiraetbcs npu pH 7. Bnepiue BUSBI€HO CUHEPTeTUYHUM €(PEKT 30ibLIIeHHS MaiiKe
BIBiui MiLIHOCTi MOZI€/IbHUX 3Pa3KiB CKJIOIJIACTUKY 32 YMOBU BBEJ€HHS HaTUBHUX (TizpodooHux) BHT y
OTBepKyBay, a okucHeHux BHT (O-BHT) B enokcuHe B'sKyde IPOTH 3pasKiB i3 TakuM ke BMicTom BHT B
OJIHAaKOBOMY CTaHi (HaTMBHi a00 OKUCHEHI). [3 BUKOPHCTaHHSIM KBaHTOBO-XiMIYHUX PO3PAXYHKIB, 3aIIPOIIOHOBAHO
CXeMy XiMiUYHUX MIPOIIECiB, 110 NOSICHIOITh e(eKT BIUIMBY XiMiyHOro cTaHy rnosepxHi BHT Ha nponecu
nosrimepu3alii eroKCMIHOI CMOJIN: B OJHAKOBO 3apsmkeHux O-BHT BifgcyTHS TeHIEHLiS 40 3BOPOTHO]
aryJioMepaltlii, BOHM KaTaji3yloTh OJIiMEepU3allilo €[OKCUIHOI CMOJIY, 3 aMiHHUN OTBEPIKYyBad BUKOHYE (PYHKLIIO
[TAP mopo rimpodoburx BHT, 1m0 TakoK nepemkokae 3B0OpoTHii arnmomepanii BHT, a pazom 11i ssBuiia npuBogsATh
IO CUHEPTreTUYHOro e(eKTy 30ibIIeHHs MilIHOCTi KOMII03UTY. KJII04OBi Cj10Ba: a€pO30JIbHUI CUHTE3, KaTaliTUYHe
OCaJPKEHHS 3 Ta30B0i a3y, ByIJleleBi HAHOTPYOKH, aHogHe okucHeHHs1, N-BHT, O-BHT, cknonnactuky,

CHUHEPreTUYHU eeKT, KaTaliTUYHA aKTUBHICTb, KBAHTOBO-XiMiYHE MOJEJIIOBaHHSL.

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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InenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi



BaacHe IlpizBumie Im's ITo-6aTbKOBI
TOJIOBH pajgu

BiiacHe IIpisBuie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acCimaHHi
BignoBigasbHuUI 3a MiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpaTtop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peeCTpallilo HayKOBOIi

OisIIBHOCTI

I'yapko Bonopumup MycifioBry

I'yupko Bonopnmup MycitoBry

Hamok AHnpin Muxaninosud

VKpIHTEI

Opuenko TersiHa AHaToJIiBHA



