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1. MexaHi3MU HaKOMMYEHHs 3apsily aCUMETPUYHUMU CUCTEMaMU Ha OCHOBI BYTJIel[€BOT0O Martepiany pi3Hoi
MopoJIorii i CTPYKTYpH.

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

Pedepar:

1. O6’eKT mOCiI)XEHHS: CTPYKTypa i MOp(QOJIOris MOPUCTUX BYIJIELIEBUX MaTepiasiB Ta IPOLeCH HaKOIN4YEHHS
3apsy B €JIEKTPOXiMIYHUX KOHAEHCATOPaX, CGOPMOBAHUX Ha iX OCHOBI. MeTa [IOCIiI)KeHHS: BCTAHOBJIEHHS
B32€MO3B'3KiB MK YMOBaMU aKkTUBallii, CTPYKTypPHO-MOP(OJIOTIYHUMU XapaKTepPUCTUKAMU [IOPUCTUX BYTJIEL€BUX
MarepiasiB Ta IMTOMUMU €EMHICHUMU i EHEPTETUYHUMU [TApAMETPAMU €JIEKTPOXIMIYHMX KOHJIEHCATOPIB

CHUMETPHUYHOI i acuMeTpru4HOi KoHPirypauii, copmoBaHUX Ha iX OCHOBI; 3'1CyBaTH OCOOJIMBOCTI IIEPediry



€JIEKTPOXiMIYHMX NPOLECIB B aCHMETPUYHUX KOHIIEHCATOPax, COOPMOBAaHUX HA OCHOBI OTPUMAaHMX MaTrepiasiB.
Omnuc MeTomoJsIorii/MeToAUKY NOCiIPKeHHS. 17151 HOCSITHEHHS! METH IIOCTaBJIeHUX 3a71a4 BUKOPUCTOBYBAJIMUCS
B32€MO/IONIOBHIOBAJIbHI Ta B3AEMOKOHTPOJIIOBAJIbHI METOM, @ CaMe: aficopOLilfiHa TOPOMETPIsl, CKaHyoua
€JIEKTPOHHA MIKPOCKOIIisl, KOMOiHalliiHe pO3CiloBaHHS CBiT/Ia, X-IIPOMEHEBUN (PIyOPOCLIEHTHUI aHai3,
MaJIOKyTOBE X-TIPOMEHEBE PO3CIIOBaHHS, IMIIEJAHCHA CIIEKTPOCKOIIiS, IUKI/IYHA BOJIbTAMIIEPOMETPIS,
XPOHOIOTEHIiOMETPisl, 3aCO0U Bidyasizalii Ta MaTeMaTUYHOI 06POOKY eKCIIepUMEHTAIbHUX NaHux. CrieljianbHi
iHcTpyMeHTHU Ta anaparypa: copbomeTrp Quantachrome Nova 2200e, ckaHyouuii (pacTpOBUii) €J1€KTPOHHUI JSM-
7600F, cnexTpomeTp KOMOiHaliiHOTO po3citoBaHHs cBiTsa Horiba Jobin-Yvon T64000, X-npomeHeBuit
dnyopecueHTHU criekTpomeTp Expert 3L, X-nnpmenesomy gudpaxromerpi Shimadzu XRD-7000, imnenaHcHu
criekTpomeTp Autolab PGSTAT. [TporpamHe 3a6e3neyeHHsl, sKke BUKOPMCTOBYBAJIOCH I1iJ] 4aC ONpalll0oBaHHS
OTPUMAaHUX JaHUX abo /Jis NpoBefeHHs gocuimkeHHs: Quantachrome NovaWin 11.0., Match, FRA2, ZView-2, MS
Excel 2016, OriginPro 2018. TeopeTuyHi i NpakTU4Hi pe3yIbTaTU: MPAKTUYHE 3HAYEHHSI JOCJIiIPKEHHSI [10JISITaE B
TOMY, 110 3alIPOTIOHOBAHO METOIY OTPUMAHHS [TOPUCTUX BYIJIELEBUX MaTepiasliB, SIKi MOKYTb 3aCTOCOBYBATHCS JIJISI
(GOopMyBaHHS €JIEKTPOZiB €JIEKTPOXiMiYHUX KOHAEHCATOPiB CUMETPUYHOrO i acumeTpu4Horo tuny. HosusHa:
OnTuMisoBaHi yMOBHU i peXXMMU OTPMMAaHHS IIOPUCTOrO BYIJIELIEBOrO MaTepiamny. [Ioka3aHo, 0 B 3aJ1€KHOCTI Bif,
TeMIIepaTypH Ta TPUBAJIOCTi aKTHBallii ByrjleleBi MaTepiaiy BOJIOLIIOTh Pi3HOI0 MOPQOJIOrielo Ta pO3NOIiIOoM I10p
3a po3Mipamu. Brniepiiie BCTaHOBJIEHO 3aJ1€5KHICTh CEPEHBOTO po3Mipy rpadiToBux pparMeHTiB Bifl TeMIepaTypu
KapOoHi3aujii i 1okasaHo, 1[0 3MEHLIEHHS CEPEeIHbOTO IIOIIEPEYHOr0 PO3Mipy rpadiToBUX (PparMeHTiB Bif 9,86 HM
1o 8,02 HM BifOyBaeThCs y mpolieci KapooHizauii B fianazoHi remmneparyp 400 - 800 °C, a nixBuieHHS
TeMIlepaTypu KapOoHizallii IpU3BOAUTD [0 3pOCTaHHS po3Mipy rpadiToBUX YaCcTMHOK. BcTaHOBIIEHO, 1110
36inbLeHHs TpuBasocTi aktusalii [IBM npu 400 °C npu3BOgUTh 10 3MEHIIEHHS SIK TOBUIMHMU, TaK i 6iYHMX PO3MipiB
KpucTaility rpagiry. [lokazaHo, o TepMiuHa aKTHABALlis CIPUSIE PO3BUTKY IOTO ME30MOPUCTOI CTPYKTYPH 3
BiJTHOCHUM BMiCTOM Me30I10p 6/1M3bKO 75-78 % i cepeHiM miaMeTpoM Iop ~ 5 HM Ta A03BOJISIE 30iJIbIIUTH ITUTOMY
nosepxHio SBET BuxinHoro [1BM npu6sn3Ho B 2 pasy. 3’1COBaHO, 1110 361/1bLIEHHS TeEMIIEPaTypU KapOoHi3ariii
6iomacy NpU3BOJLUTH A0 3MEHIIEHHS IMTOMOTO OIIOPY OTPUMAHOTO BYIJIELIEBOrO MaTepiasny 6inblie HixX Ha 8
NOPsAKiB. BCTaHOBJIEHO, IO 3MIHIOIYM TEMIIEPATYPY XiMiuHOI akTHBaLii OpTOPOCHOPHOIO KUCIOTOIO BUXIIHOI
CHUpOBUHH (6iomMacu), OTpMMaHO Me30IIOPUCTi ByIJlelleBi MaTepiany 3 TMTOMOIO [1oBepxHelo 734 - 1385 M2 /T, siki
BOJIOJIiIOTh IUTOMUMU €MHICHUMU Xapakrepuctukamu 122 - 140 @/t npu ctpymax pospsay 5 - 100 MA.
CdopMOBaHO MaKeTH aCUMETPUYHUX €JIEKTPOXiMIYHUX KOHMIEHCATOPIB Ta AOCJIIPKEHO iX MUTOMi €MHICHI
xapakrepucTtuku B 33 % BogHomy po3unHi KOH. [TokazaHo, mo 36i7bpIy09n Macy aHOLy AJ1s1 30ajlaHCyBaHHS
3apsy, HAKOIIMYEHOTO Ha €JIEKTPOJAX MOXKHA I[OKPAIIUTY IIMTOMI €MHICHI XapaKT€PUCTUKH €JIEKTPOXIMIYHMX
KOHZeHCaTopiB Ha ~ 15 %. 3arponoHOBaHO METOMKY CUHTE3y Ta Moaudikalii maTepiasis, siKi MOXXYTb
BUKOPUCTOBYBATHUCS 5K €JIEKTPOLHI MaTepiany B IPUCTPOSIX HAKONIMYEHHS Ta FeHepallii eJ1eKTpUYHOI eHeprii.
CdopMOBaHO aCUMETPUYHI CYIIEPKOHAEHCATOPH Ta [TOKa3aHO [ePCIEeKTUBHICTh BUKOPUCTAHHS OTPUMaHUX
BYIJIELIEBUX MaTepiasiB [J1s1 aHuX NIpUCTPOiB. EQEKTUBHICTb BIIPOBAIPKEHHS: OTPMMAaHi MaTepiaau MaloThb
[IEPCIEKTUBY BUKOPUCTAHHS y MPUCTPOSIX TeHepallii Ta HAKONIMYEHHS! €JIEKTPUYHOI eHeprii. ['aly3b BUKOPUCTaHHS:

€HepreTrKa, eJIeKTPOHiKa, MaTepiaJlo3HaBCTBO.

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.
Jep>kaBHHHM peecTpaniiiHuii Homep iP:
IIpiopuTeTHHH HANIpSIM PO3BHTKY HayKH i TEXHIKHU: Hosi peuoByHY | MaTepianu

CrpareriyHui NpioOpUTETHUHN HANIPSIM iHHOBaILLiHHOIL JiSIJIBHOCTI: OCBOEHHS HOBUX TEXHOJIOTIH

BUPOOHULITBA MaTepiasiB, ix 06po6eHHs i 3'elHaHHS, CTBOPEHHS iHIyCTpii HAHOMaTepiaiB Ta HAHOTEXHOJIOT i
I'[i,ucyMKH IOCJIiI>KEHHS: TeopeTuyHe y3arajabHEHHs i BUPilIEHHs BOXJIMBOI HayKOBOI TpoGIeMu

Iy6sikaii:

e 1. Ivanichok, N., Kolkovskyi, P., Ivanichok O., Rachiy, B., Borchuk, D., Poveda, R., IInitsky, N., Boychuk, V. (2023).
Fractal characteristics of porous carbon materials obtained from walnut shells. Fullerenes Nanotubes and
Carbon Nanostructures 31(9), 828-832. DOI: https://doi.org /10.1080 /1536383X.2023.2211696 URL:
https:/ /www.scopus.com /record /display.uri?eid=2-s2.0-85159127601&origin=resultslist

e 2. Ivanichok, N. Ya., Ivanichok, O. M., Kolkovskyi, P. I, Rachiy. B. 1., Sklepova, S.-V. Kulyk, Yu. O., Bachuk, V. V.
(2022). Porous Structure of Carbon Materials Obtained from the Shell of Walnuts. Physics and Chemistry of
Solid State 23(1), 172-178. DOLI: https:/ /doi.org/10.15330 /PCSS.23.1.172-178 URL:
https:/ /www.scopus.com/record /display.uri?eid=2-s2.0-85128462134&origin=resultslist

¢ 3. Ostafiychuk, B. K., Ivanichok, N. Y., Sklepova, S.-V., Ivanichok, O. M., Kotsyubynsky, V. O., Kolkovskyy, P. I,
Budzulyak, I. M., Lisovskiy, R. P. (2022). Influence of plant biomass activation conditions on the structure and
electrochemical properties of nanoporous carbon material. Materials Today: Proceedings, 62, 5712. DOL:



https:/ /doi.org /10.1016 /j.matpr.2022.01.486 URL: https://www.scopus.com /record /display.uri?eid=2-s2.0-
85127575750&origin=resultslist

e 4. Ivanichok, N. Ya., Ivanichok, O. M., Rachiy, B. 1., Kolkovskyi, P. I, Budzulyak, I. M., Kotsyubynsky, V. O.,
Boychuk, V. M., Khrushch, L .Z. (2021). Effect of the carbonization temperature of plant biomass on the
structure, surface condition and electrical conductive properties of carbon nanoporous material. Journal of
physical studies. 25(3), 3801. DOI: https://doi.org/10.30970 /jps.25.3801 URL:
https:/ /www.scopus.com/record /display.uri?eid=2-s2.0-85118931788&origin=resultslist

HaykoBa (HayKOBO-TeXHiYHa) MPOAYKILis: MaTepianu

ConiasibHO-€KOHOMIYHA CIPSIMOBAHICTb: BIOCKOHAJIEHHS €JIEKTPOIHNX MATEPIaIiB /ISl IPUCTPOIB

HAKOIWYEHHY i 30epiraHHs eJIeKTPUYHOI eHeprii

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaaykeHHs pe3yJIbTaTiB AHCePTanii: [nanyeTses 10 BIPOBaIKEHHS

3B'S130K 3 HAYKOBHMH T€EMaMH:

VI. BizoMocCTi mpo HayKOBOr0 K€PiBHUKa /KePiBHHUKIB (KOHCYJIbTAaHTA)
BaacHe IlpizBume Im'st I10-6aThKOBI:

1. Byp3yssak IBan MuxannoBsuy

2. Ivan M. Budzulyak

KBasigikanis: n.¢.-m.u., npodecop, 01.04.18

InenTudikarop ORCHID ID: 0000-0003-4055-0413

JopaTrkoBa iHpopManist: 8263977200; Web of Science ResearcherlD: HJI-7773-2023

IloBHe HaiMEeHYBaHHSI IOPHUAUYHOI 0COOH: [IprKapnaTChKuii HALOHAJILHUIA YHiBepCUTeT iMeHi Bacuis
Credanuka

Kopg 3a €IPIIOY: 02125266

Micue3Haxoo KeHHS: By llleBuenka, 6yn. 57, Isano-Opankisebk, 76018, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETCHKUI

VII. BizomocTi npo odilliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. SIBopcekuit FOpiit BacunboBuy

2. Yurii V. Yavorskyi

KBasidikanis: k. ¢.-m. ., gorr., 01.04.07



I,T.[eHTI/I(l)iKaTop ORCHID ID: 0000-0003-1814-6844
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0CO0OM: HarioHanbHUil TexHiYHMI yHiBepcuTeT YKpainu "KuiBchkuit

MOJIITEXHIYHUM IHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

Inentudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUI

BaacHe IlpizBume Im's I10-6aThKOBI:
1. Isamumun ®enip Onerosud

2. Fedir O. Ivashchyshyn

KBasigikanis: n. 1. n., c.z., 01.04.07

InenTudikarop ORCHID ID: 0000-0002-6919-5841

JoparkoBa iHdopMmanist: 39261591700; Web of Science ResearcherID: R-4104-2017

IloBHe HaiMEeHYBaHHS IOPHUIUYHOI 0COOM: HanjonanbHuii yHiBepcutet "JIbBiBCbKa MOMiTEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micuesnaxo;pKeHHﬂ: ByJ. CrenaHa BaHgepy, 6yz. 12, JIbBiB, 79013, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUIL

PeuenseHTu

BaacHe IlpizBume Im's I10-6aTbKOBI:

1. fIpemiii IBaH IleTpoBuy

2. Ivan P. Yaremiy

KBasigikamis: 1. ¢.-m. ., npodecop, 01.04.18
InenTudikarop ORCHID ID: 0000-0002-8549-1173
JoparkoBa iHpopmanist: 23494435000

TloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: [IpuKapraTChKuii HALOHAJILHMIA YHiBEpCUTeT imMeHi Bacuis
Credanuka

Kopg 3a €IPIIOY: 02125266

Micue3Haxoo KeHHS: By lllepuenka, 6yn. 57, Isano-Ppankisebk, 76018, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu
InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUI

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. S165108b JI1060B CrenaHiBHa

2. Liubov S. Yablon
KBasidikanis: 1. ¢.-m. ., npodecop, 01.04.18
I,ILeHTI/I(l)iKaTop ORCHID ID: 0000-0003-3186-6969

JoparkoBa iHdpopmanisi: 6505860933

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOM: [IpyKaprnaTChbKuil HALiOHAJIBHUI YHIBEpCUTeET iMeHi Bacuiis

Credanuka

Kopg 3a €IPIIOY: 02125266

Micue3Haxoa>KeHHS: By [lleBuenka, 6yx. 57, [Bano-Ppankiscbk, 76018, Ykpaina

dopma BracHOCTI: JlepxaBHa
Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu
InenTudikarop ROR:

CeKTOop HayKH:. YHIBEPCUTETCHKUIL

VIII. 3aKkJIr04Hi BiZoMOCTi

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBi

rOJIOBH pagu

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBI

roJIOBYIOYOroO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

InpHULbKMM PoMaHn BacunboBuY

[npbHMLBKUY PoMaH BacuiboBu4

AnpHikina Haramnis IleTpiBHa

VKpIHTEI

[Opuenko TersHa AHaTosiiBHA



