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1. CuHTe3 Ta 0COOINBOCTI (I)iBI/ILIHI/IX BJIACTUBOCTEN ByIJi€e€BUX HAHOCTPYKTYD 1 KOMITIO3UTIB

2. Synthesis and features of carbon nanostructures and composites

Pedepar:

1. Inceprauiiiny po60Ty IPUCBSIYEHO AOCIIIPKEHHIO 0COOINBOCTEN HOBUX BYIJIEL€BUX HAHOCTPYKTYP Ta
KOMIIO3UTIB, 30KpeMa, MOAU(iKOBAHOTO BUCOKOUYACTOTHMM PO3PSIOM B aTMOocdepi BOJHIO TEPMIYHO BiIHOBJIEHOTO
IeKinbKamaposoro okcuay rpadeny (MTBOT'), 3acHoBaHuX Ha Moau(ikoBaHOMY rpadeHi MoliMepHIX KOMIIO3UTIB
Ta OTPMMAHOTr'0 METOJOM TEPMOBAaKYyMHOI KpioreHHoi cybimariii rinparosanoro ¢pynepeny C60. BussieHo, 110 i)
00p0o6Ka BUCOKOYACTOTHUM PO3PSIOM B aTMOC(epi BOJHIO TEPMIYHO BiJHOBJIEHOTO JEKiJIbKaIapOBOTr0 OKCUAY

rpadeny (TBOI') cyTTeBO 3MiHIOE MOTO aiCOPOLiIHI XapaKTEePUCTUKY; ii) KOMIIO3UTHI CTPYKTYPU Ha OCHOBI



€MOKCUJIHOTO KOMIIayH Ay Ta noJjiedipHoi cmonu 3 gogasadHsaMm TBOTI Ta MTBOI' nHabyBatoTh HiABUIIEHUX
MeXaHIYHUX XapaKTePUCTHK,; iii) SIKICHO MigTBepI)KEHO MOKJIMBICTb OTPUMAaHHS CTabiIbHOTO po3unHy (ysepeHa
C60 y BoAii BaKyyMHO-KpiOoreHHO-Cy0siiMaliiHUM MeTOJ0M 6€3 BUKOPHUCTAHHS OpraHiYHMUX PO3YMHHUKIB. ¥
[epHIoMy po37isi «Byryenesi HAHOCTPYKTYPH, iX OCHOBHI XapaKT€PUCTUKU (OIJISIA, JIITEPATypPH)» HaBELEHO
JliTepaTypHUI OIJISAT, BIUVIMBY €HEPIeTUYHOTO-T€OMETPUYHOTO CTaHy KOHIIEHCOBAHOTO BYTJIELI0 HA MOP(OJIOTIIO i
CcOpOLiliHi B1acTUBOCTI rpadpeHy Ta po3IJIsIHYTI BilMIHHOCTI €HEpreTUYHOI CTPYKTypU rpadeHy Ta Qpysiepeny.
Oxpemy yBary npuineHo ¢isuyHii i XiMmiunil Mogu@ikalii Ta METOaM CUHTE3y 03HAaY€HUX HAHOCTPYKTYp. Y
Ipyromy po3zini «MeToanka eKCIepUMeHTY, COPOLIliHI BIACTUBOCTI BiJHOBJIEHOTO OKCUy rpadeHa» HaBe[eHO
OIIMC METOAMKY OTPUMAaHHS Ta HaCTYIIHOI XapakTepusalii TepMidHO BifHOBIeHOro okcuny rpadeny (TBOT). Takox
y LIbOMY PO37iJli HalaHO ONMC PO3POOJIEHOTO B AucepTalliliHiil po6oTi opuriHasbHOro Mmetony mopudikanii TBOT'
LIJIIXOM 0O6POOKM BUCOKOYACTOTHUM iMITyJIbCHUM PO3PSIAOM B aTMOC(EPi ra30BOro BOAHIO. Y TPETbOMY PO3Lii
«BrinuB 06po6KY iMITyJIbCHUM BUCOKOYACTOTHUM PO3PSIIOM Ha COPOLiliHI BIaCTUBOCTI TEPMIYHO BiJHOBJIEHOTO
okcuny rpadpeHay MeToJ oM CKaHy04oi eJIeKTPOHHOI MiKpOCKOIIii ocifkeno mopdosoriio mogrdikoBaHo 3paska
TBOT, nokazaHo, 1m0 06po6Ka BUCOKOYACTOTHUM PO3PSLIOM B CEPELOBUIL BOJHIO IPMBOAUTD O PO3LIAPyBaHHS, Ta
nedopmarii Byraenesux miomud MTBOT ta ximiuHoi Mogudikanii BogHeM. Byio BugBa€HO 36i1bIeHHS
MIXIIAPOBUX BiflcTaHel, YaCTKOBE PyHHYBaHHS ByIJlel€BUX LIapiB Ta HAsIBHICTh xiMiuHOI Mogudikanii niaomux
rpadeHy BoHEM B IIpolieci 06pobku. BusiBsieHo QizuyHy B3a€eMO/i10 MOJIEKYJISIPHOIO BOAHIO (cop6aty) 3 XiMi4HO
copboBaHuM BogHeM mapamu MTBOTI'. 3aranpHa KOHLIEHTpPaLis XiMiyHO cop6oBaHoro 3paskom MTBOT aTomapHoro
BOJIHIO CTaHOBUA 15,4 aT. % (a6o 1,3% macn). BussneHo, mo 06pooka TBOI' iMIy/IbCHUM Tra30BUM PO3PSIOM
30inbuMa QisnyHy copb1iio BogHIo B 1,5 pazu. UeTBepTuil po3ain «BnjauB NOMIIIKY TEPMIYHO BiZJHOBIEHOTO
oKcUly rpapeHy Ha MeXaHiyHi BJIaCTUBOCTI 10JIIMEPHUX KOMIIO3UTiB» IPUCBSYEHO CTBOPEHHIO Ta MEXaHIYHUM
BUIIPOOYBAHHIM MOJIMEPHUX KOMIIO3UTIB: 1 KJIeMIOBUI KOMIIO3UT €MOKCHUIHA CMOJIa — OKcu, rpadeHy; MillHiCTh
KJIEHOBOTrO 3'eJHaHHS BHUpocJa 6isbine HiX y 3 pas3u (koHueHTpauis TBOT' 1% /enokcuaHa cMoJia) IOPiBHSIHO 3
KJIEHIOBUM 3‘€[IHAHHSIM 3 UACTOIO €MTOKCHUIHOK MAaTPULEI0 2 KOHCTPYKLIHMI KOMIIO3UT noJsliedipHa cMoiIa -
CKJIOBOJIOKHO — OKCHJ, rpadeHy (TepMidHO BiJHOBJIEHUI Ta 06pOOJI€HNH [171a3MO10 BOAHIO 1% /niosiedpipHa cMora);
MiKpOTBepzicTs Bupoca go 80%, ynapHa B'a3KicThb 10 37%, MiLlHICTh IIPU CTaTUYHOMY BUTHHI 36ispImniacs Ha 52 %
BiZJTHOCHO KOHTpOoJIbHOTO 3pa3ka 6e3 TBOT. V pasi nomaBanus MTBOI" no noniedipHoi matputii (1%) MiKpoTBepicTh
3pociia no 100%, ynapHa B'S3KicTb [0 43 %, MIiJHICTb IIpY CTATUYHOMY BUTHHI 10 54% BiJHOCHO KOHTPOJIbHOTO
3paska. Y msTomy po3aini «OTprMaHHs Ta BJIACTUBOCTI TiIpaTOBAHOTO PyaepeHy» PO3IJISHYTO 3aCTOCYBAHHS
OpUTiHAJIBHOTO METOJy BAaKyyMHO-CybJiMaLiiiHOTo KpioreHHOro ocamkeHHs (Vacuum-sublimation cryogenic
deposition (VS-CD)) o151 onepskaHHS BOgHO-KoJ0igHOTrO po3unny ¢ynepeny (FWCS). [TokasaHo, 1o TBepaa Ppasa,
OTpUMaHa KOHJEHcaliel cyMili napis pynepeny C60 i Bogy Ha MeTasneBill migkaaaLi (Temneparypa nigkaanku 90
K), siBn1sie co6o10 cTabinpHUi BOLHUM KOJoinHuM po3unH ¢ynepeny C60. XapakTepu3salisi KOMIIayHAy 32
noromoro, UV-Vis cnekTpockortii nornuHaHH4, [Y criekTpocKonii NoryInHaHHS, TPAHCMICIIIHOI eJIEKTPOHHOI
MIKPOCKOIIii Ta JIa3epHO iHOLiI0BaHOI MAaCCIIEKTPOMETPIi MiATBEPAMIIA HASIBHICTb Y KOMIIAYHIi KOMILJIEKCIB
rigpatoBanoro QysnepeHy C60. OTpuMaHi B IUCEPTALiliHill poOOTi pe3yIbTaTU MOrINOMOITE PYHAAMEHTAJIbHE
3HAHHS HIOZ0 BIACTUBOCTEN BYIJIELLEBUX CTPYKTYP, Ta MAIOTh [IPAKTUYHE 3HaYeHHs. MonndikoBaHui
BHCOKOYAaCTOTHUM iMITyJIbCHUM PO3PSIIOM TEPMIYHO BiJHOBJIEHUI OKCHU], rpadeHy siBjsie CoO00 HOBUI MaTepiadl,
SKUI Mae MifBUIIEeHi COPOLiHI XapaKTepUCTUKY BiIHOCHO BOAHIO. Lleil MaTepiasn MoKe 6yTH 3aCTOCOBAaHUH [1JIs1
CTBOPEHHSI HAHOKOMIIO3UTIB Ha MOJIIMEPHill OCHOBI, SKi MOXYTb OyTU BUKOPUCTAHMUIA Y SIKOCTi Kj1eiB a0
KOHCTPYKLIMHUX MaTepiasiB, 3 BACOKUMHU MEXaHIYHMMU XapaKTepUCTUKaMU. Lle mepcrneKkTuBHi maTepiany s
BuKopucTaHHd y BIJIA, y siTako6ylyBaHHi Ta a6POKOCMIYHIl TexHili. OTpMMaHuil KPiOr€éHHO-BaKyyMHO-
cyO6liMaLliiHUM METOOM BOJHMI KOJIOIHUI PO3UUH (PYJIEPEHY MOXKE OYTH 3aCTOCOBAHO [IJIs1 CTBOPEHHS
CTabisIbHUX BOAHUX KOMILJIEKCIB OPraHiyHMX i HEOPraHiYHUX CIIOJIYK JJIs1 3ACTOCYBaHb Y SIKOCTi MOJIEKYJISIPHUX
MapKepiB Ta KaTasi3aTopis, iHri6iTopis Ta y 6iogiznii.

2. The dissertation is devoted to the study of the features of new carbon nanostructures and composites, in
particular, thermally reduced multi-layer graphene oxide (MTGO) modified by a high-frequency discharge in a
hydrogen atmosphere, polymer composites based on modified graphene and obtained by the method of thermos-



vacuum cryogenic sublimation of hydrated C60 fullerene. It was found that i) treatment with a high-frequency
discharge in a hydrogen atmosphere of MTRGO significantly changes its adsorption characteristics; ii) composite
structures based on epoxy compound and polyester resin with certain methods of adding graphene oxide,
thermally reduced graphene oxide (TRGO) and MTRGO acquire a number of significantly increased mechanical
characteristics; iii) the possibility of obtaining a stable solution of C60 fullerene in water by the vacuum-cryogenic-
sublimation method without the use of organic solvents was qualitatively confirmed. In the 1th chapter a literature
review of the influence of the energy-geometric state of condensed carbon on the morphology and sorption
properties of graphene and the differences in the energy structure of graphene and fullerene are considered.
Particular attention is paid to the physical and chemical modification and methods of synthesis of the specified
nanostructures. The 2nd chapter describes the method of obtaining and subsequent characterization of TRGO.
Also, a description of the original method of modification of TRGO by high-frequency pulsed discharge treatment
in a hydrogen atmosphere, than was developed in the work, is described. In the 3rd chapter the morphology of a
modified TRGO sample was investigated by scanning electron microscopy, it was shown that treatment with a
high-frequency discharge in a hydrogen environment leads to delamination, i.e., deformation of carbon planes, an
increase in the "pores" of MTRGO. It was revealed: an increase in interlayer distances, partial destruction of carbon
layers, and the presence of chemical modification of graphene planes with hydrogen in the process of hydrogen
plasma treatment and the physical interaction of molecular hydrogen with hydrogen atoms chemically sorbed by
MTRGO layers. The total concentration of atomic hydrogen chemically sorbed by the MTRGO sample was 15.4
atoms. % (or 1.3% by mass). It was found that the treatment of TRGO with a pulsed gas discharge increased the
physical sorption of hydrogen by 1.5 times. The 4th chapter is devoted to the creation and mechanical testing of
polymer composites: - adhesive composite epoxy resin - graphene oxide: the strength of the adhesive joint
increased more than 3 times (TRGO concentration 1% /epoxy resin without hardener) compared to an adhesive
joint with a pure epoxy matrix; - in the case of the polyester resin - glass fiber - TRGO structural composite
(TRGO concentration 1 wt. % /polyester resin without hardener), microhardness increased to 80%, impact
strength to 37%, static bending strength increased by 52% compared to the control sample without TRGO. When
MTRGO was added to the polyester matrix in the same concentration, the microhardness increased to 100%, the
impact toughness to 43%, and the static bending strength to 54% compared to the control sample. In the 5th
chapter, the application of the original method of vacuum-sublimation cryogenic deposition (VS-CD) for the
preparation of water-colloidal solution of fullerene (FWCS) is considered. It is shown that the solid phase obtained
by condensation of a mixture of C60 fullerene vapor and water vapor on a metal surface cooled by liquid nitrogen,
after melting, is a stable aqueous colloidal solution of C60 fullerene without the use of any dispersing treatment,
such as ultrasound irradiation. The results of the FWCS characterization using UV-Vis absorption spectroscopy
and their comparison with known literature data on hydrated fullerenes made it possible to conclude that the
C60@{H20}n hydrated fullerene C60 complexes are present in the FWCS. The results obtained in the dissertation
work not only deepen fundamental knowledge about the properties of carbon structures, but also have purely
practical significance. Thermally reduced graphene oxide modified by a high-frequency pulsed discharge is a new
material that has improved characteristics of hydrogen sorption and storage and it can be used for polymer-based
nanocomposites with improved mechanical properties. Such materials are very promising as structural elements of
unmanned aerial vehicles, in aircraft construction and aerospace engineering, as they have low weight and
enhanced operational properties. The proposed cryogenic vacuum-sublimation method of obtaining colloidal
solutions of fullerenes in water can be used to create stable aqueous complexes of organic and inorganic
compounds as for as in biophysical research.
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