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Yepeonuuenko C.B. CuHre3 Ta o0COONMBOCTI (PI3UUHUX BJIACTHUBOCTEHU
BYIICLIEBUX HAHOCTPYKTYp 1 komno3uTiB — Kgamidikamiiina HaykoBa mpais Ha
MpaBax pyKOIIHCY.

Hucepramisi Ha 3700yTTS HAyKOBOTO CTyMeHs JOKTopa ¢ijmocodii 3a
cnenianpHicTio 104 — @iszuka ta actponomis (10 — IlpupomHudi Hayku). —
DI3UKO-TEXHIYHUN IHCTUTYT HU3bKuX Temmneparyp iM. b.l. Bepkina HarmionanbHoi
akazeMii Hayk Ykpainu, Xapkis, 2024.

Huceprariitny poOOTy MPHUCBAYECHO JOCIIKEHHIO OCOOJMBOCTEH HOBUX
BYINIELIEBUX  HAHOCTPYKTYp Ta  KOMIIO3UTIB,  30Kpema,  MOAM(PIKOBAHOIO
BUCOKOYACTOTHUM PO3pSAIOM B aTrMoc(epi BOJHIO TEPMIYHO BIJHOBJIEHOTO
nekinpkaniapoporo okcuny rpadpeny (MTBOI'), 3acHoBaHux Ha Moau(iKOBaHOMY
rpadpeHi TMONMIMEPHHUX KOMIIO3UTIB Ta OTPUMAHOTO METOJOM TEPMOBAKYYMHOI
KpIOT€HHOI cyOiiMalii rigparoBanoro ¢ymnepeny Ceo.

30kpemMa, BUsBIICHO, 10 |) 00poOka BUCOKOUACTOTHUM PO3PsIOM B aTMocdepi
BOJIHIO TEPMIYHO BIJHOBJIECHOIO JACKUIHKAIIAPOBOTO OKCHUIY TrpadeHy CyTTEBO 3MIHIOE
Woro ancopOuiiHi xapakTepuctuku; |l) KOMIIO3UTHI CTPYKTYpH Ha OCHOBI
€MOKCUAHOTO KOMIIAyHJy Ta MoJiieipHOi CMOJU MPU NMEBHUX METOAMKAX J0AaBaHHS
OKCUJY TpadeHy, TepMiuyHO BijHOBIeHOro okcuay rpadeny (TBOI) ta MTBOI
HaOyBalOTh PsI 3HAYHO TIJBHINCHUX MeXaHidHUX xapakrtepuctuk; Ill) sxicHo
MIATBEPIKEHO MOKJIUBICTh OTpUMaHHS cTallIbHOrO po3unHy (ynepena Ceo y BOAIL
BaKyyMHO-KPIOT€HHO-CYOJIIMAIliIfHUM ~ METOJOM ©0€3 BHUKOPUCTAHHS OpTraHIYHHUX
PO3UYMHHHUKIB.

ExcniepumeHTanbHi JOCHIKEHHSI COpPOLIMHUX BIACTUBOCTEN BHUKOHYBAJIUCh
METOJaMU  TepMmoIporpaMoBaHoi  jaecopOuii. CroekTpanbHl  XapaKTepUCTUKHU
rigparoBanoro Qynepena Ceo gochiKyBaucs MeTogoM YD-BUIUMOI CIIEKTPOCKOMIT

MOMNIMHAHHS, OyJIO TPOBEACHO MACCIEKTPOCKOMIYHUI  aHalli3 TiApaToBaHOTO

dynepeny Ceo.



Y Berymi HaBeeHO OOIPYHTYBaHHS AakKTyaJIbHOCTI TEMH JIMCEpTalliHOi
podotu. HaBeneno iHdopmamiio 0po HAYKOBI NOpOrpaM, B paMKax SKHUX
BUKOHYBajiacs aucepraiis. OnucaHo MeTy, 3aBJaHHs, 00'€KT, MpeaMeT Ta METOAU
JOCIIJDKEHHSI, O3HAYeHO HAayKOBY HOBHU3HY Ta MpPaKTUYHY LIHHICTh OTPUMAHUX
pe3yaprariB. 3a3HauyeHO OCOOMCTHI BHECOK 3700yBaya, HalaHo 1HGOpPMALil0 MpPo
anpoOariito pe3ynbrariB. Takok HaBEAEHO JaHI NpPO CTIPYKTypy Ta oOcsr
JUCePTaliitHOT pOOOTH.

VY nepmomy po3ainai «Byrenesl HAHOCTPYKTYpH, IX OCHOBHI XapaKTEPUCTUKU
(o JiTepaTypu)» HAaBEJICHO JTepaTypHU OIS BIUIUBY
€HEPTreTUYHOTO-TEOMETPUYHOTO CTaHy KOHJEHCOBAHOIO BYIVIEI0O Ha MOP(OJIOrito 1
copO1iiiHI BIacTUBOCTI TpadeHy Ta po3MIAHYTI BIAMIHHOCTI €HEPreTHUHOI CTPYKTYpHU
rpadeny ta ¢ynepeny. Okpemy yBary npuiiieHo (Qi3uyHid 1 xiMiuHIA Moaudikarii
Ta METOJIaM CHUHTE3y 03HaUYE€HUX HAHOCTPYKTYD.

Y apyromy po3aini «Meroawka €KCIIEpUMEHTY, COPOIiifHI BJIAaCTUBOCTI
BIJTHOBJICHOTO OKCUIY rpadeHa» HaBEJAEHO OMHC METOAMKU OTPUMAHHS Ta HACTYMHOL
Xapakrepusallii TepMiuyHO BifgHOBIEHOro okcuay rpadeny (TBOI). Takox y mpomy
PO311JII HaJJaHO OMKC PO3pPOOJIEHOr0 B IUCEPTALiiiHIM pOOOTI OPUTIHATBHOTO METOAY
momudikaiii TBOI' muisixom 0OpoOKM BHCOKOYACTOTHUM IMITYJTBCHUM PO3PSJIOM B
armocdepi BomHio. Kpim Toro, B po3aiial HaBEeIEHO OIMUC EKCHEPUMEHTAJIbLHOTO
YCTaTKyBaHHS 1 METOAMK JOCHIIKEHHS COPOLIIITHMX BIaCTUBOCTEN HAHOCTPYKTYpP IpHU
HU3bKUX TEMIEpaTypax.

Y Tperbomy po3aini «BmiuB 00poOKHM IMMOYJIBCHUM BHCOKOYACTOTHUM
pO3psiIOM Ha COpPOLiiiHI BIACTUBOCTI TEPMIYHO BIJHOBIEHOIO OKCUAY TrpadeHa»
METOJIOM  CKaHYIOUOi  €JIEKTPOHHOI  MIKPOCKOMIi  JOCHIJKEHO  MOpP(OIOrito
moaudikoBaHo 3pazka TBOI, mokaszaHo, mo 06poOka BUCOKOYACTOTHHM PO3PSIOM B
CEpelOBUILI BOJIHIO MPUBOJUTH A0 PO3MIApyBaHHs, TOOTO aedopmallii ByIIEHEBUX

IJIOMIMH, 30UTbIeHHs «mop» MTBOT.



HaliBa>xnuBimuMu pe3yiabTaTaMu JTOCHIIKEeHb, KOTP1 JTEMOHCTPYIOTh BILUIUB
00poOku Ha cop6buiiiHi BiractuBocti MTBOI' nmpu HU3BKUX TeMIieparypax, MOKHA
BBaYKaTH:

- BusBneHo 3CcyB MakCUMyMy TEeMIEpaTypHOi 3aJ€XKHOCTI KUIbKOCTI
copOoBaHOTO BONIHIO /10 00nacti Hu3bkux Temmeparyp (3 30 K qis TBOT™ mo 20 K
st MTBOI). O3HaueHe siBUIE MOXe OYyTH CHPUYMHEHO 30UIBIICHHSM MIXKIIIAPOBHX
BIJICTAHEW, YAaCTKOBUM pPYWHYBaHHSIM BYIJICLIEBUX IIAPIB Ta HASBHICTIO XIMIYHOI
Monu@ikarii mIomuH rpadeHy BOJHEM B Mpolieci 00pOOKH BOAHEBOO MJIa3MOIO.

- AHani3 TeMIeparypHHUX 3aJIeXKHOCTEHN yaciB copOuii BoaHo 3pazkom MTBOI
MOKa3aB yMOBUIbHEHHs mporecy copOuii B 1HTepBami 30 - 40 K. 3pobneno
MNPUIYIIEHHS, 10 1€ SBUILIE CIPUYMHEHO (I3UYHOI0 B3aEMOMAIEI0 MOJIEKYISIPHOTO
BOJIHIO 3 XIMIYHO COpOOBaHUMH rpaeHOM aToMaMHu BOJIHIO, BHACIIIOK YOTO ITU(Y3is
MOJICKYJIIPHOTO BOJHIO (copOary) y mpoliapkax MiX ByDJICHIEBUMH IUIONIMHAMU CTAE
YTPYIHEHOIO.

- Bu3HaueHHA KUIBKOCTI XIMIYHO copOoBaHoro 3pazkoM MTBOI' BonHio B
iHTepBail Temneparyp 293-1223 K BusiBuIo BUXiJ BOIHIO BKIOYHO 10 1223 K, mio
MIATBEPKYE XIMIUHY MOAM(IKALi0 rpad)€HOBUX JIyCOK BOAHEM B IMpOIECI 00OpOOKHU
miazMoro. Takoxx mpu Harpisi 3pa3zky MTBOI' kpiM BOIHIO COCTEPIrajguch BUXOAH
METaHy, BYIJIEKHCIIOTO Tra3y Ta MOHOOKCHIY BYIVIEL}O, IO CBIIYUTH HPO XIMIYHY
Monupikamiio rpadeHy. 3arajbHa KOHLIEHTpalis XIMIYHO COpPOOBaHOIO 3pa3KkoM
MTBOTI aromaphoro BogHto craHoBwia 15,4 at. % (a6o 1,3% macu). Busisieno, o
00poOka TBOI' iMnynbCHUM ra30BUM pO3psiioM 30ubHInAa Pi3udHy COpOIi0 BOIHIO
B 1,5 pa3mu.

Pe3ynbrar BCiX MpOBENEHUX AOCIIKEHb MIATBEPIKYIOTh HASBHICTh XIMIYHOI
monu@ikanii aromamu BogHIO 3pa3ka TBOI' B mporeci 00poOKH M1a3MOI0 BOJHIO.

YerBepTuii po3ain «BriwB AOMINIKM TEPMIYHO BITHOBJICHOTO OKCHUIY
rpaeHy Ha MeXaHIYHI BJIACTUBOCTI IOJIMEPHUX KOMIIO3UTIB» MPUCBIYEHO

CTBOPEHHIO Ta MEXaHIYHUM BUIIPOOYBAHHIM MOJIIMEPHUX KOMITO3UTIB:



- KJICHOBUI KOMITO3UT €MOKCHIHA CMOJIa — OKCHJI Tpadeny;

- KOHCTPYKIIWHUN KOMIO3UT TMomiedipHa cMoja — CKJIOBOJOKHO — OKCH]
rpadeHy (TepMiuHO BiAHOBICHHI Ta 0OPOOICHHI I1J1a3MOI0 BOJHIO).

JUiss  CTBOpPEHHSI enoKCUOHO20 KIel08020 KOMNO3Um)y BUKOPHUCTOBYBABCS
tepMiuHo BigHoBIeHu# mpu Temmepatypi 300 °C okcup rpadeny (TBOI), skuii Oyino
OTPUMAHO XIMIYHOIO IHTEpKaJiAli€lo rpadiTy 3 MOAAIBIIOK ekcdodiamiero. Takuii
3pa3oK MICTUB He Oinpie 15 ar. % XiMIYHO 3B’SI3aHOTO KHCHIO I 3a0e3MeyYeHHS
kpamoi axare3ii TBOI' go momimepom. st noniegipnoco konHcmpyKyitino2o
KomMno3umy y SIKOCTI AoMimok BuxopuctoByBaiuca TBOI' 1 MTBOI' 3 wmetoro
MOPIBHSIHHA  BIUIMBY Moau(ikamii rpadeHy BOJHEM Ha MEXaHIYHl BIIACTHUBOCTI
KOMITO3UTY.

3a pe3ynbTaraMy CTaHAAPTHUX MEXaHIYHUX BUIPOOYBaHb OylM OTpUMAaHI Taki
pE3yNbTaTH:

- Yy BUIAJKy KJIEHOBOr0 €MNOKCHUAHOIO KOMIIO3UTAa MILHICTh KIEHOBOTO
3‘emHaHHs BUpocia Oubine Hik y 3 pasu (koHmenTpanis TBOI™ 1%/enokcuana cmoiia
0e3 3arBep/KyBaya) TOPIBHSIHO 3 KJICHOBUM 3‘€HAHHSIM 3 YHUCTOI CMOKCHHOO
MaTpHUIIeIO;

- y BUINAJKY KOHCTPYKIIHHOTO KOMIO3UTa NojiedipHa cMoJia — CKIIOBOJIOKHO —
TBOI' (xonuenrpamiss TBOI' 1mac %/momiedipHa cmona 0Oe3 3aTBepIKyBada)
MikpoTBepaicTh BUpocia g0 80%, ymapHa B s3kicTh g0 37%, MIIHICTE TIpHU
CTaTHYHOMY BUTHHI 301IbIIIUIacS Ha 52 % BIAHOCHO KOHTPOJILHOTO 3pa3ka 6e3 TBOLI.
VY pa3i gomaBanna MTBOI' no nomiedipHoi MaTpuili B Til camiii KOHUEHTparii
MikpoTBepaicTh 3pocia 1o 100%, ymapra B s3kicte g0 43 %, MIOHICTH TpHU
CTaTUYHOMY BUTHHI 710 94% BiIHOCHO KOHTPOJIBHOTO 3pa3Ka.

Y m’aromy pos3aiji «OTpuMaHHS Ta BIACTUBOCTI T1PaTOBAaHOTO (yJaepeHy»
PO3IVISIHYTO  3aCTOCYBAaHHS OPUTIHAJIBHOTO METOLY BaKyyMHO-CyOIIMAaIiiiHOTO
kpiorenHoro ocamkeHus (Vacuum-sublimation cryogenic deposition (VS-CD)) nus

oJiep KaHHs BOJHO-KOJIOTTHOTO po3uuny ¢ynepeny (FWCS).



[Tokazano, mo TBepma (asza, sSKa OTpMMaHa KOHJCHCAIEK CYyMIMIl Tapy
¢ynepeny Ceo 1 Mapy BOJM Ha METAJEBIN MOBEPXHI, OXOJOMXKEHIM PIIKUM a30TOM,
TICIIS TIIABJICHHS SBJISIE CO00I0 CTAOUTBHUI BOJHUM KOJIOiMHUM po3unH ¢ynepeHy Ceo
0e3 3acToCyBaHHSI OyIb-sKOI AUCHEPryrdoi OOpOOKH, HANMPHUKIAL ONPOMIHCHHS
yinbpTpa3BykoM. Pesynbratu  xapaktepusanii FWCS 3a  momomororo, UV-Vis
CHEKTPOCKOIIT MOMIMHAHHS Ta iX MOPIBHSIHHS 3 BIAJOMHUMHM JIITEpATypHUMHU JaHUMU
IOZI0 TiAparoBaHUX (YIEepeHiB Aadd 3MOTY 3pOOMTH BHUCHOBOK IPO HASBHICTH Y
FWCS xomrutekciB Ceo@{H20}n rinparoBanoro dynepeny Ceo.

3a JOMOMOTOK TPAHCMICIHHOT €JIEKTPOHHOI MIKPOCKOMIi ITOKa3aHo, II0
orpuManuii VS-CD meronom marepiall MICTUTh NEPEBAXKHO MOOAMHOKI MOJIEKYIIH Ta
HeBenuki armomepatd Cesp po3MipoM MNpHOIU3HO 2-5 HM. Mac-crekrpomeTpis 3
JIA3EPHOI0 JAeCOPOIIier0/I0HI3AIIEI0 TPOJEMOHCTPYBaa HaAsBHICTh YUCTOTO (yliepenHy
Ce0 1 MPAaKTUUHY BIJCYTHICTb OyIb-sIKUX MPOIYKTIB KOO AECTPYKILi.

OtpumaHi B AucepTaliiiHii poOOTI pe3ylbTaTH HE TUIbKU MOMIHUOIIOI0TH
dbyHaaMeHTaJdbHE 3HAHHS 100 BIACTUBOCTEH BYIVICLEBUX CTPYKTYp, ajie i MaroTh
CYyTO TMpaKTU4YHE 3HAuYeHHsI. MoaudikoBaHUN BHUCOKOYACTOTHUM  IMITYJIbCHUM
pPO3pSIIOM TEPMIYHO BiJHOBIEHUM OKcuA TrpadeHy siBisie co000 HOBUW Marepiadi,
SAKUN Ma€ MiJIBUILEH] XapaKTepUCTUKU MIOAO0 copOLii BOAHIO Ta MOro 30epiraHHs, 110
MOXe OyTH BHUKOPHCTAaHO NPH CTBOPEHHI BOJHEBUX MAJUBHUX KOMIPOK. 3 IHIIOT
CTOpPOHH, IIel Marepiall Moke OyTH 3aCTOCOBAHUH JIsl CTBOPEHHSI HAHOKOMITO3HTIB Ha
MOJIIMEPHIA OCHOB1, SIKI MOXYTb OyTH BHUKOPUCTAHUM Yy SKOCTI KJI€iB abo
KOHCTPYKLIMHUX MarepiajiB, Kl MaTUMYTh MIJBUILIECHI MEXaHIYHI XapaKTePUCTUKH.
Taki marepianu € BeIbMU MEPCIEKTUBHUMH J/Jii BUKOPUCTAHHS MpPU CTBOPEHHI
€JIEMEHTIB KOHCTPYKIINA O€3MUIOTHHUX JIITAJIbHUX amapariB, y JITakoOydyBaHHI Ta
ACPOKOCMIYHINA TEXHIIll, OCKUIbKM MalOTh Mally Bary Ta MIJBUINCHI €KCIUTyaTaIlliH1
BJIACTUBOCTI.

3anponoHoBaHUM B POOOTI KPIOT€HHUN BaKyyMHO-CYOJIMALIIHHUN METO.

OTpUMAaHHS KOJOIIHUX PO3YMHIB (yJlepeHiB y BoAl Moxke OyTH 3aCTOCOBAHO st



CTBOPEHHSI CTA01IbHUX BOJHUX KOMILUIEKCIB OPTaHIYHUX 1 HEOPraHIYHUX cHodykK. [lpu
bOMY, OTPUMAHHI TiIpaTOBaHUM (yJIepeH € MEepCHEeKTUBHUM ISl 3aCTOCYBaHb Yy

010 1I3UYHUX OCHIIKEHHSX, Y AKOCTI MOJIEKYISIPHUX MAapKepIiB Ta Karaii3aTopiB.

KirouoBi cj1oBa: KOHJIEHCOBAHUN BYTJICIlb, BYIJICIIEBl HAHOCTPYKTYpH, rpadeH,
okcu/J rpadeny, iHTepKajiboBaHui rpadit, BOMHEBA 1ia3ma, OararomnrapoBi Marepiaiy,
Oap’ep xemocopOIlii, Bymienesa ridpuanzaiiisi, KpuBu3Ha CTPYKTypH, ¢ynepeH Ceo,
ripatoBaHuii  QyiaepeH, BOAHMU  Kiarpar, HHU3bKI Temmeparypu, UV-Vis
cnektpockorisi, [Y abcopOmiiiHa creKTpocKomis, Jia3epHa JaecopOliiitHa/ioHI3aliitHa

mac-criekrpomerpist (LDI), TepmorniporpamoBana gecopOiris.
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ABSTRACT
Cherednychenko S. Synthesis and features off carbon nanostructures and composites-
Qualifying scientific work on manuscript rights - Dissertation for obtaining the
scientific degree of Doctor of Philosophy in specialty 104 - "Physics and Astronomy"
(10-Natural sciences). B. \erkin Institute for Low Temperature Physics and
Engineering of the National Academy of Sciences of Ukraine, Kharkiv, 2024.

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 Ceo fullerene.

In particular, it was found that i) treatment with a high-frequency discharge in a
hydrogen atmosphere of thermally reduced multi-layer graphene oxide (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 Cgo fullerene in water by the vacuum-cryogenic-sublimation method
without the use of organic solvents was qualitatively confirmed.

Experimental studies of sorption properties were performed using
thermos-programmed desorption methods. Spectral characteristics of hydrated Cego
fullerene were studied by UV-visible absorption spectroscopy, mass spectroscopic
analysis of hydrated Cgo fullerene was carried out.

The introduction provides a rationale for the relevance of the topic of the
dissertation. Information is given about the scientific programs within which the
dissertation was carried out. The purpose, task, object, subject and research methods
are described, the scientific novelty and practical value of the obtained results are

defined. The personal contribution of the acquirer is indicated, information is



provided about the approval of the results. Data on the structure and scope of the
dissertation work are also provided.

In the first chapter " Carbon nanostructures, their main characteristics
(literature review)" 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 second chapter "Experimental methodology, sorption properties of
reduced graphene oxide" describes the method of obtaining and subsequent
characterization of thermally reduced graphene oxide (TRGO). Also, this section
provides a description of the original method of modification of TRGO by
high-frequency pulsed discharge treatment in a hydrogen atmosphere, developed in
the dissertation work. In addition, the chapter describes the experimental equipment
and methods of studying the sorption properties of nanostructures at low
temperatures.

In the third chapter, "The effect of treatment with a pulsed high-frequency
discharge on the sorption properties of thermally reduced graphene oxide", 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.

The most important results of studies that demonstrate the effect of processing
on the sorption properties of MTRGO at low temperatures can be considered:

- A shift of the maximum temperature dependence of the amount of sorbed
hydrogen to the region of low temperatures was revealed (from 30 K for TRGO to 20
K for MTRGO). This phenomenon can be caused by 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.

- Analysis of the temperature dependence of hydrogen sorption times by the
MTRGO sample showed a slowdown of the sorption process in the range of 30-40 K.
It is assumed that this phenomenon is caused by the physical interaction of molecular
hydrogen with hydrogen atoms chemically sorbed by graphene, as a result of which
diffusion of molecular hydrogen (sorbate) in the interlayers between carbon planes
becomes difficult.

- Determination of the amount of hydrogen chemically sorbed by the MTRGO
sample in the temperature range of 293-1223 K revealed the release of hydrogen up
to and including 1223 K, which confirms the chemical modification of graphene
scales with hydrogen during plasma treatment. Also, during heating of the MTRGO
sample, in addition to hydrogen, methane, carbon dioxide, and carbon monoxide were
released, which also indicates chemical modification of graphene. 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 results of all conducted studies confirm the presence of chemical
modification of the TRGO sample with hydrogen atoms in the process of hydrogen
plasma treatment.

The fourth chapter "The influence of the admixture of thermally reduced
graphene oxide on the mechanical properties of polymer composites™ is devoted to the
creation and mechanical testing of polymer composites:

- adhesive composite epoxy resin - graphene oxide;
- structural composite polyester resin - glass fiber - graphene oxide (thermally
restored and treated with hydrogen plasma).

To create an epoxy adhesive composite, thermally reduced at a temperature of

300 °C, graphene oxide (TRGO), which was obtained by chemical intercalation of



graphite with subsequent exfoliation, was used. Such a sample contained no more
than 15 at. % of chemically bound oxygen to ensure better adhesion of TRGO to the
polymer. For the polyester construction composite, TRGO and MTRGO were used as
impurities in order to compare the effect of graphene modification with hydrogen on
the mechanical properties of the composite.

According to the results of standard mechanical tests, the following results
were obtained:

- in the case of an adhesive epoxy composite, 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 fifth chapter, "Preparation and properties of hydrated fullerene", 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 Cgo
fullerene vapor and water vapor on a metal surface cooled by liquid nitrogen, after
melting, is a stable aqueous colloidal solution of Ceo 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
Ceo@{H20}n hydrated fullerene Cgo complexes are present in the FWCS.



With the help of transmission electron microscopy, it is shown that the material
obtained by the VS-CD method contains mostly single molecules and small
agglomerates of Cgo With a size of approximately 2-5 nm. Laser desorption/ionization
mass spectrometry demonstrated the presence of pure fullerene Cg and the virtual
absence of any degradation products.

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 in terms of hydrogen
sorption and storage, which can be used in the creation of hydrogen fuel cells. On the
other hand, this material can be used to create polymer-based nanocomposites that can
be used as adhesives or structural materials that will have increased mechanical
characteristics. Such materials are very promising for use in the creation of 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. At the same time, the obtained hydrated fullerene
Is promising for applications in biophysical research, as molecular markers and

catalysts.

Keywords: condensed carbon, carbon nanostructures, graphene, graphene
oxide, intercalated graphite, hydrogen plasma, multilayer materials, chemical sorption
barrier, carbon hybridization, curvature of the structure, fullerene Ceo, hydrated
fullerene, water clathrate, low temperatures, UV-Vis spectroscopy, IR absorption
spectroscopy, laser  desorption/ionization mass  spectrometry  (LDI),

thermos-programmed desorption.
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