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2. CuFe204 /reduced graphene oxide nanocomposites: synthesis, structural, morphological and electrochemical
properties.

Pedepar:

1. O6’eKT mOCiIKEeHHS!: BIJIMB YMOB TiIpOTepMajlbHOrO CUHTE3Y Ha CTPYK~TyPHi, MOP(OJIOriyHi BJIaCTUBOCTI
KOM~-TI0O3UTHUX HAHOCUCTEM Ha OCHOBI CuFe204 Ta BiIHOBJIEHOTO OKCUAY 1 €JIEKTPOXIMidHi BIaCTUBOCTI LIUX
KOMIIO3UTIB MPY iX BUKOPUCTaHHi K €JIeKTPOIiB riOpHUIHNX CYyIIePKOHAEHCATOPiB. MeTa i 3aBIaHHS POOOTH:
BUSIBJICHHS] 3aKOHOMIPHOCTE BIIJIMBY YMOB CHUHTe3Y (BesindrHa pH peakuiiiHOro cepeoBuina) Ha CTPYKTYPHI
(po3mipu KpUCTaJIiTiB, NapaMeTpy KPUCTAIIYHOI CTPYKTypHu), MOpQoJIOoriyHi (BesnurHa NMTOMO] NJIOLIi TOBEPXHI,
posmnogin nop 3a poamipamu) napamerpu CuFe204 / BigHOBIEeHUI OKcu rpadeHy Ha MUTOMY 3aps10By EMHICTb
€JIEKTPOiB Ha OCHOBI LIMX MaTepiajliB B IPOTOHHOMY JIY’)KHOMY €JIEKTPOJIiTi. ONKC MEeTOL0JI0Tii / METOOMKN

IocimKeHHs. [yt TOCATHEHHS METH [1I0CTaBJIEHUX 337ja4 BUKOPHCTOBYBAJIACS B3a€MOJIOIIOBHIOBAJIbHI Ta



B3a€MOKOHTPOJIIOBAJIbHI METOAM, a came: X-TIPOMEHEBUI aHali3, HU3bKOTEMIIEpAaTypHa a[IcOPOLiiiHa IOPOMETPis,
paMaHiBCbKa CIIEKTPOCKOIIisl, MecbayepiBcbKa CIIEKTPOCIIONIs, MOTeHliofnHaMiyHuit MeTog,. CrerjabHi
iHcTpyMeHTHU Ta anaparypa: gudppaxkromerpa Shimadzu XRD-7000, X-nipomeHeBuil (pyopecLlieHTHUI CIIEKTPOMETP
Expert 3L, pamaniscbkuii cnekrpometp Horiba Jobin-Yvon T64000,Cop6omerp NOVA Quantachrome 2200e,
mecbhayepiBChbKUi CIIEKTPOMETP 3 a30THUM KpiocTtaToM MS-1104Em, noteHuiocraT-raapBaHocTaT Autolab PGSTAT
12 /FRA - 2.IlporpamHe 3a6e3I1eyeHHs], IKe BUKOPUCTOBYBAJIOCH I1if] Yac ONpallloBaHHs OTPUMAaHUX JaHUX abo JJ1si
IIpoBeieHHs JociimxkeHHs: Match!3, Quantachrome NovaWin 11.0., FRA2, ZView-2, OriginPro 2018, MS Excel 2016.
TeopeTnyHi i IpakKTUYHI pe3yJbTaTU: OCHOBA 1711 CTBOPEHHS TEXHOJIOTIYHMX PEKOMEHAALIN IIPOEKTYBAaHHS Ta
OTPUMAaHHS €JIEKTPOIHUX MaTepiajliB HOBOTO KJIACy [1714 IPUCTPOIB HAKOMMYEHHS i reHepallii €JIeKTPUYHOI
eHeprii. HoBn3Ha: 3a1pONIOHOBAHO Ta BiflIPallbOBAHO METOJIUKY CYMiCHOTO CMHTE3y HAHOKOMIIO3UTIB

CuFe204 /BinHOBNEHMI OKcu rpadeHy rigporepMansbHUM METOAOM 3 BUKopucTaHHsIM NaOH, BogHOYac sIK
perynsatopa pH Ta iniuiaTopa Hykseauii mmniHespHOI a3y, Tak i BiTHOBHOTO areHTa /s OKCuay rpadeny.
JocminKeHo BIJIMB YMOB CYyMIiCHOTO TilpOTE€PMaIbHOTO CUHTE3y Ha CTPYKTYPHO-MOP(QOJIOTiyHi BJIaCTUBOCTI, a
TaKOX Ha B3a€MO3B’130K MopdoIorii Ta MarHiTHOI MiKpoCcTpyKTypu Komno3utiB CuFe204 / BiHOBIEHNI OKCHU],
rpadeny. [TobynosaHo mogesns Hykieauii ¢pasu CuFe204 3 po3dnHy, SIKMI MiCTUTD FipPOKOMIIEKCH Mifi Ta 3aji3a
3a yMOBH Bapianii pH peakuiiHOro ce-pe-n0-Bullja IPU AOJaBaHHI PO3YMHY TiIpOKCUY HaTpito. [IpocTeskeHo
nepe6ir npouecy BifHOBJIEHHS OKcUny rpadeHy BogHuM po3urnHoMm NaOH Ta nocsinKeHo BIJIMB HasiIBHOCTI B
PeaKklitHOMYy CEpefoBUILi He-Ta~TUB—~HO 3apsI’)KEHUX YaCTUHOK OKCUy TpadpeHy Ha (GOPMYBaHHS YaCTMHOK (a3
CuFe204. BcTaHOBJIEHO B3a€MO3B'SI3K MOPOJIOTii MaTepiany Ta #Oro MMTOMUX EMHICHMX TapaMeTpiB 32 YMOBU
PO3JiseHHs BKJIaJiB €JIeKTPOCTAaTUYHOro Ta PpapaieiBCbKOro MexaHi3MiB HaKOIIMUEHHS 3apsily B 3arajlbHy €MHICTb.
EdexTHBHICTb BIPOBA/I>)KEHHS: OTPUMaHi MaTepiajyu MaloTh IEPCIEKTUBY BUKOPUCTAHHS Y IPUCTPOSIX FreHepallii Ta

HAKOIMWYEHHS €JIEKTPUYHOI eHeprii. ['ay3b BUKOPUCTaHHS: €eHEPTreTUKa, €JIEKTPOHIKa, MaTePiallo3HABCTBO.

2. The main objective of the research is based on the influence of hydrothermal synthesis conditions on the
structural and morphological properties of composite nanosystems based on CuFe204, reduced oxide, along with
the electrochemical properties of these composites when they are used as the electrodes of hybrid
supercapacitors. A main reason for conducting for conducting this task is to identify any patterns of influence on
the synthetical conditions (the pH value of the reaction medium) on the structural (size of crystallites, parameters
of the crystal structure), morphological (size of the specific surface area, distribution of pores by size) parameters
of CuFe204 / reduced graphene oxide on the specific charge capacity of the electrodes comprised of these
materials in a protonic alkaline electrolyte. The research methodology and manner this was conducted was
through complementary and mutually controlling methods. Namely, to facilitate this, the following methods of
analysis were used: X-ray analysis, low-temperature adsorption porometry, Raman spectroscopy, Mossbauer
spectroscopy, and the potentiodynamic method. Special tools and equipment used to gather data were as follows:
diffractometer Shimadzu XRD-7000, X-ray fluorescence spectrometer Expert 3L, Raman spectrometer Horiba
Jobin-Yvon T64000, sorbometer NOVA Quantachrome 2200e, Mossbauer spectrometer with nitrogen cryostat
MS-1104Em, potentiostat-galvanostat Autolab PGSTAT 12 /FRA - 2. Software that was used to process the data
received during this research is as listed: Match!3, Quantachrome NovaWin 11.0., FRA2, ZView-2, OriginPro 2018,
MS Excel 2016.Theoretical and practical results: the basis for the creation of technological recommendations for
designing and obtaining electrode materials of a new class for electrical energy storage and generation devices.
Novelty: a technique for the joint synthesis of CuFe204 /reduced graphene oxide nanocomposites by hydrothermal
method using NaOH, simultaneously as a pH regulator and spinel phase nucleation initiator, as well as a reducing
agent for graphene oxide, was proposed and worked out. The influence of conditions of combined hydrothermal
synthesis on structural and morphological properties, as well as on the relationship between morphology and
magnetic microstructure of CuFe204 / reduced graphene oxide composites was studied. A model of the
nucleation of the CuFe204 phase from a solution containing hydrocomplexes of copper and iron was constructed
under the condition of variation in the pH of the reaction medium upon addition of sodium hydroxide solution.
The progress of the reduction process of graphene oxide with an aqueous NaOH solution was monitored and the
influence of the presence of negatively charged graphene oxide particles in the reaction medium on the formation



of CuFe204 phase particles was investigated. The relationship between the morphology of the material and its
specific capacitance parameters is established, provided that the contributions of the electrostatic and Faraday
charge accumulation mechanisms to the total capacitance are separated. Effectiveness of implementation: the
obtained materials have the prospect of use in devices for generating and storing electrical energy. Field of use:
energy, electronics, materials science.
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