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1. Inceprauifina po60Ta IPUCBIYEHA: CUHTE3Y rpadeHONONi6HMX CTPYKTYP 3 BOAHOIO Ta HEBOJHOTO (PiKU a30T)
cepeJoBUIIA METO/IOM IJIa3MO-IyrOBOrO PO3psly Ta BUBYEHHIO BIUIMBY CepelOBUIA CUHTE3Y Ha 3MiHY (i3UKO-
XiMiYHUX BlacTUBOCTeN rpadeHOnoAiOHUX MaTepiaiB; po3po6bili eKCliepUMEHTaTbHUX 3Pa3KiB KaTOMiB [JIs JIiTili-
iOHHUX aKyMyJISITOPIB, 110 MiCTATh rpadeH-rpadiT- METAIOKCUIHI cUCTeMU. Y HAJaHill nucepTauiiiHiil po6oTi
IeTaJIbHO IOCJII)KEHO BILJIMB YMOB CMHTE3Y Ha CTPYKTYPHI Ta MOP(OJIOriyHi 0CO6IMBOCTI rpadeHONnoAioHmX
marepiais, 3MiHM y MOP(OJIOTii T0BEPXHI, XiMiYHMI Ta €JIEKTPOHHUU CTaH aTOMIB Ha I10BepxHi rpadeHonomioHIX
marepiasis, ix ¢a3oBUll, KOMIIOHEHTHUH CKJIaJl Ta TEPMiUHY CTabinbHICTb. [ JOCTiIKEHHS XapaKTePUCTUK
rpapeHOnoAiOHUX CTPYKTYP, @ TAKOX iX BIIJIMBY HA EMHICHI Ta €JIEKTPONPOBiAHI XapaKTE€PUCTUKHU €JIEKTPOLIB 1Sl
JITiN- I0HHUX JXKEepeJl CTPyMy OyJIO 3aCTOCOBAHO (Pi3MKO-XiMi4Hi METOIM Ta €JIeKTPOXiMiuHi BUITPOOYBaHHS, SIKi

00'€THYIOTh MOSKJIMBICTh OJJHOUYACHOT'O BUMIipy €JIEKTPUYHUX Ta KIHETMYHUX [1apaMeTpiB BCix cucrem. [Ipu



IOOCJiIKEHHI CTPYKTYPHO-MOPQOJIOTiYHMX Ta TEPMiYHUX BJIACTMBOCTEN rpadeHiB Ta rpaden-rpadir-
METAJIOKCUIHVX CUCTEM BCTAHOBJIEHO, 1110 3MiHA CEpEAOBUINA CUHTE3y IPU3BOIUTH [0 3MiHUA CTPYKTYPHO-
MOP(OJIOTiYHUX BJIACTUBOCTEN rpadeHONoNiOHNX CTPYKTYP. HU3Ko10 Pi3nKo-XiMiYHUX NOCIiIKEHb
rpaeHOnoAiOHMX MaTepiailiB, 0 OTPUMAHi i3 BOGHOIO Ta CEPelOBUIIA PiIKOrO a30Ty, NOBEIEHO, 10 PO3MipH
azoroBMmicHoro rpadeny (G- N) cknagaiots 6113bK0 50-100 HM 3 TUTOMOIO TOBEpxXHEI0 23 M 2 /T Ta KibKICTIO
mapiB 6;13bKo 20, 1pu oMy rpades 3 BogHoro cepegosuina (G-H 2 O) mae Brpuyi 6isbii po3mipu 61u3pko 200-
300 HM Ta IUTOMY I1OBEPxHIO 27,7 M 2 /T Ta KiJbKiCTIO apiB 6113bK0 40. MeTOLOM PEHTI€HiBCbKOI
(pOTOEIEKTPOHHOI CIIEKTPOCKOIIii 0XapaKTeprU30BaHO HOBi LIEHTPU JIETYBAHHS a30TOM [IOBEPXHi rpadeHonoioHUX
HaHOCTPYKTYP, TaKi sIK: TUIIOBY CTPYKTypy rpadeny (sp 2 C-sp 2 C), nBi HeTunosi cTpykrypu (sp 3 C-N i 38’130k
C-0) i Tunosi mopudikoBaHi a30TOM KOMIIOHEHTU rpadeny (nipuguH-N, nipoa-N, rpadir-N i okucnenunit N-0).
CTyninb CTPYKTYpHOI JOCKOHAIOCTI rpadeHa 3a CIiBBiIHOIMIEHHSIM iHTEHCUBHOCTI D-M0a1 110 iHTeHCUBHOCTI G-
mopu ckinaznae 0,126 ta 0,06 B 3a71€5KHOCTI Bifj CepeOBUILA CUHTE3Y. 3MEHUIEHHS BEJIMYMHY LbOTO BiJHOIEHHS
CBiZJYUTb IIPO 361/IbLIEHHS CTYIIEeHS JOCKOHAIOCTi HAHOCTPYKTYP. AHaJi3 eKClIepUMEeHTaJIbHUX 3Hau€Hb TUTOMO]
€JIEKTPOCTAaTUYHOI EMHOCTI Ta aKTUBHOT'O OIIOPY 3pa3KiB I10Ka3as, 110 HasIBHICTb BOAM B rpapeHONOAI0HMX
CTPYKTYpax BILJIMBA€E HA C€PENIHi 3HAYEHHSI €MHOCTI BiTHOCHO rpad)€HONOAi6HNX CTPYKTYP 6€3 BOIY B 3aJI€KHOCTI
Bil, MacOBOTrO CIIiBBiHOLIEHHS Ta TEPMO0OpoOKH. TepmiuHa o6poodka npu 250 o C rpadeHy, CHHTEe30BaHOTO 3
BOJHOTO CepefoBuIIa, TPU3BOAUTH 0 30iblIeHHS 3Ha4YeHb EMHOCTI Ta MPOBiHOCTI. B YnCTUX 3pa3Kkax
rpapeHOnoAIOHUX CTPYKTYP Ta IrpaiTy eMHICTb HMKYA, HiX y NO€JHAHHI IUX MaTepiaiB B cyMilli. 36ibIIeHHS
BMiCTy rpadeHy npu3BOIUTb A0 30iIbIIEHHS €J1eKTPOCTaTUYHOI eMHOCTI. [IprucyTHICTh BOAM B rpadeHi € OCHOBHAM
(daxTOpOM, 110 BIJIMBA€E HA NUTOMUI orip cuctem rpadit Gr/rpaden G-H 2 O, Ta 3Hau€HHSI EMHOCTI 3aJI€XXUTb Bif|
KisibKOCTi rpadity B cymiui. JlociiipkeHHs eJ1eKTPONpoBifHOCTI cymimeit rpadit Gr-rpaden G-N y pi3HMX MacOBUX
CHiBBIJHOLIEHHSX Ta IIPU BILJIMBI TEMIIEPAaTypPHOI 06POOKM 103BOJIMIM BCTAHOBUTY 3arajibHe 30€peskKeHHs 6iIbI
BHCOKUX 3Ha4eHb IUTOMOI €JIeKTPOIIPOBITHOCTI IIpY MifBULIeHH] YacTKU rpadeny. EnexkTpoximiuHe gocmimkeHHs
MaKeTHUX 3pa3KiB XiMiYHUX JpKepesl CTPYMY Ha OCHOBI rpadiT- rpadeH — miHeJbHUX KOMIIO3ULill BCTAHOBUJIO
HACTYIIHI YNHHWKMY, IO PETYIIOIOTh €JIEKTPOXIMIYHI IOKA3HMKY KaTOJHMX MaTepiasiB Ha iX OCHOBI: HOMILIKN
rpadeny G-H 2 O 36i/1b1IyI0Tbh 4aCTKy €JIEKTPOHHOI MPOBigHOCTI, a fomimku rpadpeny G-N Ta mmniHesi - ioHHOi
IIPOBiHOCTI BilHOCHO rpadiTy; Tyl rpadeHy peryyoe eMHICHI I0Ka3HUKY JPKepesl CTPYMY 32 PaxyHOK 3HUKEHHSI
eHeprii akTuBalil OKMCHO-BiJHOBJIOBAJILHOI peakiii 3a y4acTIo ioHiB JjiTiio. [lokazaHo, 1o 3i mmiHesno XJIM
OTPMMAaHi €MHIiCHI XapaKTepUCTUKY NIE€PEBUILYIOTh XapaKTEPUCTUKM iHIINX MaTepiasiB Ha 20%. A i3 KapOOHATHOIO
IITiHEeJITI0 eMHICHI xapakTepuctruku Ha 30% BuILi y Marepiasax 3 rpag@HOM, 10 CUHTE30BaHUI 3 a30THOTO
cepenosuiia. [IpoBefeHo MOPiBHIbHUIN aHaMli3 rpadeH- MIMiHeJIbHUX CUCTEM 3 TpadiT ~LINiHeJIbHUMU, 1€

IIOKa3aHO IIOBHY BTPATY €MHOCTI CICTEM 3 I’paCbiTOM I1PY BUCOKUX CTPYMOBUX HABAHTA’)KCHHAX ITOHA]], 6C.

2. The dissertation is devoted to: the synthesis of graphene-containing structures from aqueous and non-aqueous
(liquid nitrogen) media by the plasma- arc discharge method and the study of the influence of the synthesis
medium on the change in the physical and chemical properties of graphene-containing materials; development of
experimental samples of cathodes for lithium-ion batteries using graphene-graphite-metal oxide systems. In this
dissertation, the influence of synthesis conditions on the structural and morphological features of graphene-
containing materials, changes in surface morphology, the chemical and electronic state of atoms on the surface of
graphene- containing materials, their phase, component composition, and thermal stability. To study the
characteristics of graphene-like structures, as well as their influence on the capacitive and conductive
characteristics of electrodes for lithium- ion current sources, physicochemical methods and electrochemical
testing were applied, which combine the possibility of simultaneous measurement of electrical and kinetic
parameters of all systems. When studying the structural-morphological and thermal properties of graphene and
graphene-graphite-metal oxide systems, it was established that a change in the synthesis environment leads to a
change in the structural- morphological properties of graphene. A number of physical and chemical studies of
graphene-containing materials obtained from aqueous and liquid nitrogen mediums have proven that the
dimensions of nitrogen-containing graphene (G-N) are about 50-100 nm with a specific surface area of 23 m 2 /g
with a number of layers of about 20, while graphene from an aqueous medium (G-H 2 O) has twice the size of



about 200-300 nm and a specific surface area of 27.7 m 2 /g with a number of layers of about 40. The X-ray
photoelectron spectroscopy method characterized new nitrogen doping centers on the surface of graphene
nanostructures, such as: a typical graphene structure (sp 2 C-sp 2 C), two atypical structures (sp 3 C-N and a C-O
bond) and typical nitrogen-modified graphene components (pyridine-N, pyrrole-N, graphite-N and oxidized
N-0). The degree of structural perfection of graphene based on the ratio of D-mode intensity to G-mode intensity
is 0,126 and 0,06, depending on the synthesis environment. A decrease in the value of this ratio indicates an
increase in the degree of perfection of nanostructures. The analysis of the experimental values of the specific
electrostatic capacity and active resistance of the samples showed that the presence of water in graphene affects
the average values of the capacity relative to graphene without water, depending on the mass ratio and heat
treatment. Heat treatment at 250 o C of graphene synthesized from an aqueous medium lead to an increase in
capacitance and conductivity values. In pure samples of graphene and graphite, the capacity is lower than in the
combination of these materials in a mixture. An increase in the content of graphene leads to an increase in
electrostatic capacity. The presence of water in graphene is the main factor affecting the resistivity of graphite
Gr/graphene G-H 2 O systems, and the capacitance value depends on the amount of graphite in the mixture.
Measurements of the electrical conductivity of graphite Gr - graphene G-N mixtures in different mass ratios and
under the influence of temperature treatment established the general preservation of higher values of specific
conductivity with an increase in the proportion of graphene. An electrochemical study of prototype samples of
chemical current sources based on graphite-graphene - spinel compositions established the following factors that
regulate the electrochemical performance of cathode materials based on them: graphene G-H 2 O impurities
increase the share of electronic conductivity, and graphene G-N and spinel impurities increase the ionic
conductivity relative to graphite ; the type of graphene regulates the capacitive indicators of current sources by
reducing the activation energy of the redox reaction involving lithium ion. It is shown that the capacitive
characteristics obtained with spinel XDM exceed other characteristics of materials by 20%. And with carbonate
spinel, the capacitive characteristics are 30% higher than in materials with graphene synthesized from a nitrogen
environment. A comparative analysis of graphene- spinel systems with graphite-spinel systems was carried out,
which showed a complete loss of capacity of systems with graphite at high current loads over 6C.
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