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V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemaTuyHHuX PyoOpHK: 31.15.33, 59.29.29

Tema gucepranii:

1. MexaHi3sM1 HaKONIMYEHHS 3apsly €J1eKTPOXiMiYHUMU CUCTEMaMU HAa OCHOBI HAHOKOMITIO3UTIB ByTIJlellb/OKCUU i
cynbdiny MeTasis.

2. Charge storagemechanisms of electrochemical systems based on metal oxides or sulfides and
carbonnanocomposite materials.

Pedepar:

1. Ha ocHOBI I1poBeieHUX KOMIJIEKCHUX €KCIIEPUMEHTAIbHUX AOCiI)KEHD i TEOPETUYHUX PO3Paxy-HKiB
BCTAHOBJIEHO ONTHMAaJIbHI YMOBU OTPUMAaHHS Ta MOgUQiKallii aKTUBOBAaHOTO BYIJIELLEBOTO MaTePialy JIErOBAaHOTO
a30TOBMiCHMMU I'pyIlaMy, 32 SIKUX JAaHWUI MaTtepiaj 3abesrnevyye XOpouli MOKa3HUKY TMTOMOI EMHOCTI, TUTOMO]
IIJIOILi TIOBEPXHi Ta MPOBiGHOCTI IIPX 1OT0 BUKOPUCTAHHI B SIKOCTI BUXiJHOTO MaTepiaiy Mpyu CTBOPEHHI
€JIEKTPOXiMIYHMX CUCTEM HAaKOIIMYEHHS €HePrii.B poboTi onucaHo KpUCTalidYHy CTPYKTYPY, MOP(OJIOTiIo Ta
€JIEKTPUYHI BIACTUBOCTI OKCUJy Ta CyJbDify MOJi6AEeHy Ta KOMIIJIEKCiB Ha OCHOBI OKCHJL,/ Cy b®in MOTi6eHy Ta

ByIJIellb /OKCUJ, rpadeny, siKi OTPUMYyBaJIMCh BUKOPUCTOBYIOUM HU3bKOTEMIIEPAaTypPHUM IilpOTEepMaJIbHUI CHHTE3



[IpY Pi3HOMY MacOBOMY CIIiBBiTHOLIEHHI BUXiIHUX Marepiaiis. [lokaszaHo, 10 NifBUILEHA €JIEKTPONPOBIIHICTD
KOMITO3ULiITHMX MaTepiasiB 103BoJsie epeKTUBHO BUKOPHCTOBYBAaTH OKMCHO-BiJHOBHY CKJIaI0BY TIUTOMOI EMHOCTI
MoO2. 3nauenHs: nuToMoi eMHOCTI Komno3uty MoO2 /rGO (1:2), po3paxoBaHa 3 IaHUX rajlbBaHOCTATUYHOIO LIUKITY
npu ryctuti ctpymy 1 A /r, nocsarae 395 @ /r. [IuToma €éMHICTb 1[bOTO MaTepiasy 3 JaHUX HUKIIYHOI
BOJIbTaMIIeporpamMu cTaHoBUTh 232 @ /T mpu mBUIKOCTI ckaHyBaHHs 0,5 MB /c. AHasoriuHi aHi criocrepiraloTscs
17151 Matepiany MoO2 /Carbon 3 MacoBuM CIHiBBifHOImIEHHSIM KOMIIOHEHTIB 1:1. [Ticsist peTesibHOro JOCiIKeHHs
IAHUX, OTPUMAHUX /17151 €JIEKTPOXIMIYHUX CUCTEM Ha OCHOBI OJIep>KaHUX KOMIIO3UTIB B €JIEKTPOJITUIHOMY
CEpenoBUIIi, 3aIIPOIIOHOBAHO CXEMY MOXKJIMBUX MEXAaHI3MIB OKMCHO-BiJHOBHUX PEAKLill HA MaTepianax eJleKTpPOLiB
MoO2/rGO ta MoO2 /Carbon. Ins maTtepianis cucrem MoS2, MoS2 /rGO ta MoS2 /Carbon npu aHanizi ganux
rajibBaHOCTaTMYHOTO LMKJIIOBAaHHS Ta Pe3ysbTaTiB LIBA-LIIMKIIIOBaHHS CIIOCTEPIraeThCsl MaKCMMasbHa PO3PSIHA
€MHICTb 1J1s1 BUNagxy komnos3utry MoS2 /Carbon (6;113bk0 190 @ /T 11py po3paxyHKy 3 TraJlbBAHOCTATUYHOTO LUK~
soBanHs Ta 6;u3bK0 200 ® /1 nyst IBA-tmkioBanHs). OKpiM TOTO, caMme Liel MaTepias XapaKTepu3yeThCs
MOPiBHSIHO HAMEHIIOK MBUJKICTIO CIa/ly EMHOCTI 3 POCTOM CTPYMY PO3Psly YY1 POCTOM IIBUJKOCTI CKAHYBaHHS
[IOTEHILIiaIy.

2. The conducted experimental investigations and theoretical calculations made it possible to establish the nature
and general patterns of charge accumulation in electrochemical systems that are formed on the basis of Mo20,
MoS2 and MoO2 /rGO, MoOz2 /Carbon, MoS2 /rGO, MoS2 /Carbon nanocomposite materials. Functioning of these
electrochemical systems is associated with the presence of electric double layer and reversible faradaic processes.
Transport processes in these structures have been investigated.Optimal conditions for obtaining and modifying
activated carbon material doped with nitrogen-containing groups have been established. Under these conditions
the material was characterized byhigh values of specific capacitance, specific surface area and electrical
conductivity when used as a material for the creation of electrochemical energy storage systems. It has been found
that the only mechanism of charge accumulation for capacitors based on alkaline-activated materials is the
recharge processes of the electric double layer without the participation of redox reactions.It has been
investigated that pore volume increases and the formation of NO2 nitrogen groups on the surface of carbon
particles is observed due to the double thermochemical activation of the porous carbon material with the
participation of the NaOH activating agent and HNO3doping of the carbon matrix.The crystalline structure,
morphology and electrical properties of molybdenum oxide and sulfide and complexes on the basis of
molybdenum oxide/sulfide and carbon/graphene oxide have been described. The materials weresynthe-sized by
low-temperature hydrothermal method at different mass ratio of precursors. It has been found that the specific
electrical conductivity values of composite materials are an order of magnitude higher than that of pure MoO2.
This allows the efficient use of the redox component of MoO2 specific capacit-ance in the creation of hybrid
electrochemical systems. The specific capacitance value of MoO2 /rGO (1:2) composite materials was calculated
according to the data of the galvanostatic cycle at a current density value of 1 A/g and reached 395 F/g. The
specific capacitance value for this material from cyclic voltam-mogram data is 232 F /g at a scan rate value of 0.5
mV /s. Similar data were observed for MoO2 /Carbon composite material with components’ mass ratio of 1:1. After
careful study of the data obtained for elec-trochemical systems on the basis of the obtained composite materials in
the electrolytic medium the scheme of possible mechanisms of redox reactions on the materials of MoO2 /rGO
and MoOz2 /Carbon electrodes was proposed. Diffusion coefficient values of 1.310-12 and 4.1°10-12 cm2 /s were
calculated for MoO2 /TGO materials with 1:1 and 1:2 ratios, respectively. When analyzing the galvanostatic and
potentiodynamic cycling data for the materials of the MoS2, MoS2 /rGO and MoS2 /Carbon systems, themaximum
discharge capacitance is observed for the case of MoS2 /Carbon composite material (about 190 F /g
forgalvanostatic data and about 200 F /g forpotentiodynamic cycling). Moreover, this material was characterized
by the relatively slowest rate of the capacitance decrease with discharge current increasing or scan rate
increasing.
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