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1. MexaHi3MU HaKONIMYEHHS 3apsy ACUMETPUYHMMU CUCTEMaMU Ha OCHOBI BYIJIELI€BOTO MaTepiany pi3Hoi
mopdoJiorii i CTPYKTYypH.

2. Mechanisms of charge accumulation by asymmetric systems based on carbon material different morphology and
structure.

Pedepar:

1. O6’exT mocnimKeHHs: CTPYKTypa i MopdoJioris MOPUCTUX BYIJlelleBUX MaTepiajiB Ta Ipoliecy HaKONU4YeHHs
3apsy B €J1IeKTPOXiMiYHMX KOHAEHcaTopax, CpOpPMOBaHMX Ha iX OCHOBi. MeTa JOCIiIKeHHSI: BCTAHOBJIEHHS
B32€EMO3B'A3KiB Mi>)K yYMOBaMU aKTHBAlLlii, CTPYKTYPHO-MOP(OJIOTIYHNME XapaKTePUCTUKAMU TIOPUCTUX BYTJIEL€BUX
maTepiajiB Ta IUTOMUMU €EMHICHUMY i EHEPreTUYHUMU [IapaMeTPaMU €JIeKTPOXiMIiYHUX KOHZIEHCATOPiB
CHMETPUYHOI i acuMeTpUyYHOi KoHPirypariii, copMoBaHUX Ha iX OCHOBI; 3'siICyBaT O0COBGIMBOCTI Iepeodiry
€JIEKTPOXIMIYHUX MIPOLIECIB B ACUMETPUYHUX KOHIEHCATOpaxX, CPOPMOBAHUX Ha OCHOBI OTPUMaHUX MaTepiaiB.
Omnuc MeTonosorii/MeToANKY NOCiIKeHHS. [I71s1 HOCSITHEHHS! METH IIOCTABIEHUX 3a]1a4 BUKOPUCTOBYBAJINCS

B32€MO/IOTIOBHIOBAJIbHI Ta B3AEMOKOHTPOJIIOBAJIbHI METOH, @ caMe: aficopOLifiHa TOPOMETPisl, CKaHy04Ya



€JIEKTPOHHA MIKPOCKOIIisl, KOMOiHalliIHe pO3Cil0BaHHS CBiT/Ia, X-TIPOMEHEBUN (PIyOPOCLIEHTHUI aHaJi3,
MaJIOKyTOBe X-TIPOMEHEBE PO3CiIOBaHHS, IMIIEJaHCHA CIIEKTPOCKOIIiS, IUKIiYHA BOJIbTAMIIEPOMETPId,
XPOHONOTEHIiOMETPIsl, 32aCO0MU Bidyasizaliii Ta MaTeMaTUYHOI 06POOKY eKCIIEpUMEHTAIbHUX JaHux. CrieljianbHi
iHCTpyMeHTH Ta anapatypa: copbomeTrp Quantachrome Nova 2200e, ckaHyounii (paCTpOBUIL) €J1€KTPOHHUI JSM-
7600F, criekTpoMeTp KOMOiHaLiTHOTO po3citoBaHHS cBiTiia Horiba Jobin-Yvon T64000, X-nipomeHeBuit
dayopecueHTHU criekTpomeTp Expert 3L, X-npmenesomy gudpaxromerpi Shimadzu XRD-7000, imnegaHcHui
criektpoMeTp Autolab PGSTAT. [IporpamHe 3a6e3nedyeHHsl, 1K€ BUKOPMCTOBYBAJIOCH I1if] 4aC ONpallloBaHHSs
OTPUMAaHUX JaHUX abo [Jis NpoBefeHHs gocuimkeHHs: Quantachrome NovaWin 11.0., Match, FRA2, ZView-2, MS
Excel 2016, OriginPro 2018. TeopeTuyHi i IpakTUYHi pe3yJbTaTu: IPAaKTUYHE 3HAYEHHS JOCIIiKEHHS MOJIsITa€ B
TOMY, 11O 3alIPOIIOHOBAHO METOM OTPUMAaHHS MIOPUCTUX BYIJIELEBUX MaTePialiB, sKi MOXKYTb 3aCTOCOBYBATHCS 7151
(OpMyBaHHS €JIEKTPOLIB €JIEKTPOXiMiYHUX KOHAEHCATOPiB CUMETPUYHOrO i acuMeTpu4Horo tuny. HosusHa:
OnTyMi30BaHi YMOBHU i PEKMMU OTPUMAHHS IIOPUCTOrO BYIJIELIEBOrO MaTepiainy. [IokazaHo, 110 B 3aJI€3KHOCTI Bif,
TeMIIepaTypy Ta TPUBAJIOCTI aKTHBallii ByrjleleBi MaTepiay BOJIOLiI0Th Pi3HOI MOPQOJIOrielo Ta pO3NOIiIoM I10P
3a po3Mipamu. Briepiiie BCTaHOBJIEHO 3aJI€KHICTh CEPEIHBOrO po3Mipy rpadiToBUx parMeHTiB Bif, TeMIepaTypu
KapOoHi3aii i moka3aHo, 10 3MEHILIEHHS CEPEIHbOTO MOIIEPEYHOro po3Mipy rpaditoBux GpparmeHTiB Big 9,86 HM
1o 8,02 HM BifOyBaeThCs y Npolieci KapooHizauii B fianazoni remmnepatyp 400 - 800 °C, a nigBuieHHs
TeMIlepaTypu KapOoHi3allii IpU3BOAUTD [0 3pOCTaHHS po3Mipy rpadiToBUX YaCTMHOK. BcTaHOBIIEHO, 1110
36inbeHHs TpuBasocTi aktusalii [IBM npu 400 °C npu3BOgUTh 1O 3MEHIIEHHS SIK TOBUIMHMU, TaK i 6iYHMX PO3MipiB
Kpucranity rpadiry. [TokasaHo, 0 TepMidHa aKTUBALlisl CIIpUsie PO3BUTKY 10r0 ME30IIOPUCTOI CTPYKTYpH 3
BiJTHOCHUM BMiCTOM Me30I10p 6JIM3bKO 75-78 % i cepeHiM miaMeTpoM IOp ~ 5 HM Ta I03BOJISIE 30iJIbIIUTH ITUTOMY
nosepxHio SBET BuxinHoro [1BM npu6sn3Ho B 2 pasu. 3’1COBaHO, 110 301/1bLIEHHS TEMIIEPATypU KapOoHi3arii
6ioMacy NpU3BOJIUTH 4O 3MEHIIEHHS IMTOMOTO OIIOPY OTPUMAHOTO BYIJIELEBOrO MaTepiasy 6inblie HixX Ha 8
NopsAKiB. BcTaHOBJIEHO, 1110 3MIHIOIOYM TeMIIEpaTypy XiMiuHOI akTuBalii opTodocHOpPHOI0 KUCIOTOIO BUXIAHOI
CHUPOBUHH (6iomacy), OTPMMaHO Me30IIOPUCTi BYIJleLleBi MaTepianu 3 TUTOMOIO [10BepxHelo 734 - 1385 M2 /T, siki
BOJIOJIiIOTh IUTOMUMU €MHICHUMU XapaKkTepuctukamu 122 - 140 @/t npu ctpymax pospsay 5 - 100 MA.
CdopMoOBaHO MaKeTy aCUMETPUYHUX €JIEKTPOXiMiYHUX KOHIEHCATOPIB Ta AOCTIIKEHO iX MTUTOMi eMHiCHI
xapakTrepucTuku B 33 % BogHomy po3unHi KOH. [TokazaHo, 110 36i1bIIy0Yn Macy aHOLy J1s1 30ajlaHCyBaHHS
3apsy, HAKOIIMYEHOT0 Ha €JIEKTPOJIax MOXKHA [TOKPAIIUTY MUTOMI €éMHICHI XapaKTE€PUCTHKU €JIEKTPOXiMIYHUX
KOHZIeHCATOpiB Ha ~ 15 %. 3arpornoHOBaHO METOMKY CUHTE3y Ta Moaudikalii maTepiasis, sIKi MOXYTb
BUKOPHMCTOBYBATHUCS SIK €JIEKTPOAHI MaTepiany B IPUCTPOSIX HAKOIIMYEHHS Ta FeHepallii e1eKTpUYHOI eHeprii.
CdopMOBaHO aCUMETPUYHI CYNIEPKOHIEHCATOPU Ta II0KA3aHO NEPCIEKTUBHICTh BUKOPUCTAHHS OTPUMAHUX
BYIJIELIEBMX MaTepiaJsiB 1151 aHUX NPUCTPOiB. EQEKTUBHICTb BIIPOBAI)KEHHS: OTPMMAaHi MaTepiaau MaloThb
[IEPCIIEKTUBY BUKOPUCTAaHHSA y IIPUCTPOSIX TeHepallii Ta HaKONMYEHHS €JIEKTPUYHOI eHeprii. ['any3b BUKOpUCTaHHS:

€HepreTuka, eJIEKTPOHIKa, MaTePiasloO3HABCTBO.

2. Object of research: the structure and morphology of porous carbon materials and the processes of charge
accumulation in electrochemical capacitors formed on their basis. Purpose of the research: to establish
relationships between activation conditions, structural and morphological characteristics of porous carbon
materials and specific capacity and energy parameters of electrochemical capacitors of symmetrical and
asymmetrical configuration formed on their basis; to find out the peculiarities of the course of electrochemical
processes in asymmetric capacitors formed on the basis of the obtained materials. Description of
methodology /research methods. Complementary and mutually controlling methods were used to achieve the
goals set, namely: adsorption porometry, scanning electron microscopy, Raman light scattering, X-ray
fluorescence analysis, small-angle X-ray scattering, impedance spectroscopy, cyclic voltammetry,
chronopotentiometry, visualization and mathematical processing tools experimental data. Equipment:
Quantachrome Nova 2200e sorbometer, scanning (raster) electronic JSM-7600F, Horiba Jobin-Yvon T64000
Raman spectrometer, Expert 3L X-ray fluorescence spectrometer, Shimadzu XRD-7000 X-ray diffractometer,
Autolab PGSTAT impedance spectrometer. Software that was used during the processing of the obtained data or
for conducting research: Quantachrome NovaWin 11.0., Match, FRA2, ZView-2, MS Excel 2016, OriginPro 2018.



Theoretical and practical results: the practical significance of the research is that the methods proposed obtaining
porous carbon materials that can be used to form electrodes of electrochemical capacitors of symmetrical and
asymmetrical type. Novelty: Optimized conditions and modes of obtaining porous carbon material. It is shown that
depending on the temperature and duration of activation, carbon materials have different morphology and size
distribution of pores. For the first time, the dependence of the average size of graphite fragments on the
carbonization temperature was established, and it was shown that a decrease in the average transverse size of
graphite fragments from 9.86 nm to 8.02 nm occurs during carbonization in the temperature range of 400 - 800
°C, and an increase in the carbonization temperature leads to an increase size of graphite particles. It was
established that increasing the duration of PCM activation at 400 °C leads to a decrease in both the thickness and
the lateral dimensions of the graphite crystallite. It is shown that thermal activation contributes to the
development of its mesoporous structure with a relative content of mesoporous of about 75-78% and an average
pore diameter of ~ 5 nm and allows to increase the specific SBET surface of the original PCM by approximately 2
times. It was found that an increase in the carbonization temperature of biomass leads to a decrease in the specific
resistance of the obtained carbon material by more than 8 orders of magnitude. It was established that by
changing the temperature of the chemical activation of the raw material (biomass) with orthophosphoric acid,
mesoporous carbon materials with a specific surface area of 734 - 1385 m2 /g, which have specific capacitance
characteristics of 122 - 140 F /g at discharge currents of 5 - 100 mA, were obtained. Models of asymmetric
electrochemical capacitors were formed and their specific capacitance characteristics in a 33% aqueous KOH
solution were investigated. It is shown that by increasing the mass of the anode to balance the charge accumulated
on the electrodes, the specific capacitance characteristics of electrochemical capacitors can be improved by ~ 15%.
Methods of synthesis and modification of materials that can be used as electrode materials in devices for storage
and generating electrical energy are proposed. Asymmetric supercapacitors were formed and the prospects of
using the obtained carbon materials for these devices were shown. 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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