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Pedepar:

1. O6’exT mocmimKeHHs! — MOJi6AAT HikeJlo, MOIU(IKOBaHUI JIa3epPHUM OIIPOMIHEHHSIM Ta YJIbTPa3ByKOM SIK
€JIEKTPOJHMI MaTepian B riOpuiHUX CyIepKOHAEeHcaTopax. MeTa JOoCliIpKeHHs — 3'SICyBaTh YMOBU
riIpOTEPMAaIbHOTO Ta MiKPOXBUJILOBOTO CUHTE3y MOJIIOATY HiKEJII0; BUBYMTH BILJIUB JIa3€PHOTO ONIPOMiHEHHS Ta
yJIbTPa3BYKOBOTO IMCIIEPTyBaHHS Ha (Pi3NKO-XiMiUHI BJIaCTUBOCTI MaTepiasy; LOCHIAUTY IePCIeKTUBU
3acrocyBaHHs NiMoO4 5K e1eKTpOJHOT0o MaTepiany B riOpUIHUX €J1eKTPOXiMiYHMX cucTeMmax. Onuc
METOJI0JI0Tii/MEeTOOUKY NOCTiIKEHHS. [71 OCSATHEHHS] METU [TOCTABJIEHUX 3314 BUKOPHCTOBYBAJIUCS
B3a€MO/OTIOBHIOBAJIbHI Ta B3a€EMOKOHTPOJIIOBAJIbHI METOY, a came: X-TIpOMeHeBa AU(PPaKTOMETPi,

HU3bKOTEMIIepaTypHa afcopoliiliHa IOpOMETpisl, CKaHylo4a eJIeKTPOHHA MiKpockorlis, Paman Ta [Y cnekrpockortis,



LIMKJIiYHA BOJIbTAMIIEPOMETPIs, FaJIbBAHOCTATUYHE 3apsHe / pO3PsIHE TECTyBaHHS, iMIIeJaHCHA CIIEKTPOCKOTIiS,
3aco0u 1J1sI MaTeMaTUYHOI OOPOOKH eKCllepUMeHTaNbHUX JaHux. ClieliasbHi iIHCTpyMEHTH Ta araparypa:
copbomeTtp Quantachrome Autosorb Nova 2200e, ckanyounii esekTpoHHUI Mikpockon Quanta 250 FEG, X-
npMmeHeBuil guppakromerp Shimadzu XRD-7000, imnegancHuii ciekrpomeTp Autolab PGSTAT, ynbTpasBykoBuit
nucrniepratop Y3[IH-A, tBeprotinsaui Nd:YAG-nasep, cnekrpomeTp Nicolet iS10. [Tporpamue 3a6e3neyeHHs, sSKe
BHMKOPHCTOBYBaJIOCh IIiJl 4ac OIpalloBaHHS OTPUMAaHUX JaHUX abo [1J1s IpoBeJeHHs fociimkeHHs: Quantachrome
NovaWin 11.0., FRA2, ZView-2, MS Excel 2016, OriginPro 2018. TeopeTuuHi i IpakTU4Hi pe3yJbTaTU: 3alIpOIIOHOBAHO
HOBi Marepianu, MOIUQiKOBaHi 1a3€pPHUM OIPOMiHEHHSIM Ta YJIbTPA3BYKOM, 711 BAKOPUCTAHHS SIK €JIEKTPOIIB Yy
MIPUCTPOSIX HAKOMIMYEHHS i 36epiraHHs esieKTpuyHoi eHeprii. ChopMoBaHi MaKeTH TiOpUAHUX KOHIEHCATOPiB Ha
OCHOBi OTPMMAaHUX MaTepialiB, sIKi 32 CBOIMU IMTOMUMU €EMHICHUMU i €HEPreTUYHNMU [TapaMeTpaMu Ta
(YHKLiOHAJIBHMMU XapaKTEPUCTUKAMU He IIOCTYIIAI0ThCs CBITOBUM aHasioram. HoBU3HA: 3aIIPOIIOHOBAHO MOJIIOAAT
HiKes0, MOAM(piKOBaHUH yJIbTPA3BYKOM Ta JIA3€PHUM OIIPOMIHEHHSM SIK KAaTOJHUI MaTepiaj B riOpuaHUX
€JIEKTPOXIMIYHUX CUCTEMAX; AOCIiIKeHO e(PeKTUBHICTb TPHUBAJIOrO yIbTPa3BYKOBOTO NUCIEPryBaHHs (IPOTAroM 15,
60 i 90 XB) HAHOKPUCTAJIIYHOTrO TiApaTy MOi6AAaTy HiKe0, OTPMMAHOTrO TipoTepMalbHUM METOMOM, [1JIs
MOKPALIEHHS €JIEKTPOXiMIYHUX BJIACTUBOCTEN MaTepiay; MNPOaHali30BaHO MOSIBY ABOX KATOLHUX IIiKiB Ha
LIMKJIIYHUX BOJIbTaMIleporpamax Ta IIpeJCTaBJIeHo 3apsy / PO3PSLHUNM MeXaHi3M eJIeKTPojia Ha OCHOBI Tifgpary
NiMoO4; BusiBJI€HO B3a€MO3B'SI30K MK €eMHICHMMU XapakTtepucTukamu NiMoO4 ta ymoBaMH i pexXumamu
JIa3epHOTr0 ONPOMiHEHHS; 3iliICHEHO MOPiBHAMBHUN aHAaJli3 MUTOMUX EHEPTETUYHUX XapaKTePUCTUK TiOPUIHUX
CHCTEM Ta 3'SICOBAHO, 1[0 HAUBUIIMMY 3HAYEHHSIMU [IUTOMUX EMHOCTI Ta eHeprii BoJIofie riopuiHui KOHIEHCATOp,
y SIKOMY OJIVH 3 eJIeKTPOZiB chOpMOBaHUI HAa OCHOBI MOAM(IKOBAHOIO JIa3€pHUM OIIPOMiHEHHSIM MOJIiOIATY
Hikesto. KysioHiBcbKa e(PeKTHUBHICTD [1J11 TaKOi ri6puaHoi cuctemu pocsrae 95 % npu JOBroTpUBAJIOMY LIUKJIIOBaHHI,
1110 € IEPCIEKTUBHUM [1J11 IOJIaJIbIIOTO MPAKTUYHOTO 3aCTOCYBaHHS TaKUX MOJU(iKOBaHUX MaTepiaiB.
EdexTrBHICTb BIPOBaI>)KEHHS: OTPUMaHi MaTepiasy MaloTh IIEPCIIEKTUBY BUKOPUCTAHHS Y IIPUCTPOSIX reHepalii Ta

HaKOIIMYEHHS €JIEKTPUYHOI eHeprii. ['any3b BUKOPUCTaHHS: €HEPreTUKa, €JIEKTPOHIKA, MaTePial03HaBCTBO.

2. The research object is nickel molybdate modified by laser irradiation and ultrasound as an electrode material in
hybrid supercapacitors. The purpose of the research is to find out the conditions of hydrothermal and microwave
synthesis of nickel molybdate; to study the effect of laser irradiation and ultrasonic dispersion on the physical and
chemical properties of the material; to investigate the prospects for the use of NiMoO4 as an electrode material in
hybrid electrochemical systems. Description of the research methodology /methods. To achieve the goal of the
tasks, we used complementary and mutually controlling methods, namely: X-ray diffractometry, low-temperature
adsorption porometry, scanning electron microscopy, Raman and IR spectroscopy, cyclic voltammetry,
galvanostatic charge /discharge testing, impedance spectroscopy, and tools for mathematical processing of
experimental data. Special instruments and equipment: Quantachrome Autosorb Nova 2200e sorbometer, Quanta
250 FEG scanning electron microscope, Shimadzu XRD-7000 X-ray diffractometer, Autolab PGSTAT impedance
spectrometer, ultrasonic disperser UZDN-A, solid-state Nd:YAG laser, Nicolet iS10 spectrometer. Software that
was used during the processing of the obtained data or for conducting research: Quantachrome NovaWin 11.0.,
FRA2, ZView-2, MS Excel 2016, OriginPro 2018. Theoretical and practical results: new materials modified by laser
irradiation and ultrasound are proposed for use as electrodes in devices for the accumulation and storage of
electrical energy. The models of hybrid capacitors based on the obtained materials, which are not inferior to world
analogues in terms of their specific capacitive and energy parameters and functional characteristics, have been
formed. Novelty: ultrasound- and laser-irradiated nickel molybdate is proposed as a cathode material in hybrid
electrochemical systems; the effectiveness of long-term ultrasonic dispersion (for 15, 60 and 90 min) of
nanocrystalline nickel molybdate hydrate obtained by the hydrothermal method to improve the electrochemical
properties of the material is investigated; the appearance of two cathodic peaks on cyclic voltammetry was
analyzed and the charge /discharge mechanism of the electrode based on NiMoO4 hydrate was presented; The
relationship between the capacitive characteristics of NiMoO4 and the conditions and modes of laser irradiation
was revealed; a comparative analysis of the specific energy characteristics of hybrid systems was carried out and it
was found that the highest values of specific capacitance and energy are possessed by a hybrid capacitor in which



one of the electrodes is formed on the basis of nickel molybdate modified by laser irradiation. The Coulombic
efficiency for such a hybrid system reaches 95 % under long-term cycling, which is promising for further practical
application of such modified materials. Effectiveness of implementation: the obtained materials have the prospect
of use in devices for generating and storage electrical energy. Field of application: energy, electronics, materials
science.
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