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V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemMaTHYHHX PyOPHK: 29.19.01

Tema gucepranii:
1. OrpumanHs Ta Pi3UKO-XiMi4Hi BJIACTUBOCTI HAHOIIOPUCTOTO BYTJIELIO /1J1s1 €J1IEKTPOXiMiYHUX CUCTEM

HAKOIINYE€HHA 3apany

2. Obtaining and physico-chemical properties of nanoporous carbon for electrochemical charge accumulation
systems

Pedepar:

1. PoboTta npucesueHa BIOCKOHAJIEHHIO METOIiB OTPMMaHHSI HAHOIIOPUCTHUX BYIJIELIEBUX MaTepiasliB i3 CUPOBUHU
POCJIMHHOTO TIOXOKEHHS 3 Hanepey, 3aJaHuMU (Pi3nKo-XiMiYHUMU BIACTUBOCTSIMU, PO3BUHYTOIO IJIOLEI0
[IOBEPXHI Ta KOHTPOJIbOBAHOIO TIOPUCTOI0 CTPYKTYpoIo. [IpoBenieHo anpobarliiio JaHux MaTepiasiB B SKOCTi OCHOBU
€JIEKTPOJHOI KOMIIOHEHTH €JIEKTPOXIMIYHMX CUCTEM HAKONMYEHHS 3apsapy. [lokasaHo, o TepMOXiMi4Ha aKTHBaLlis
KaJil rifpoKCcuoM rifpoTepmanbHO KapOOHiI30BaHOI BUXiTHOI CHUPOBUHU /I03BOJISIE OTPUMATH HAHOIIOPUCTUN
ByIJIELI€BUI MaTepia i3 cepenHim po3mipom 1,7 - 2,2 HM Ta cymapHuUM 06'emom nop 0,8 cM3 /T i NUTOMOIO TIJIOLIEI0

noBepxHi 10 1600 M2 /T 3 Me30TI0paMy, 1[0 CTAHOBJIATH 10 15 % Bix 3arasbHOI KisbkocTi nop. OnTumizoBaHa



MeTO/IMKa OTPUMAaHHS ME30IIOPUCTOrO BYIJIEL,€BOrO MaTepialy 3 MUTOMOIO IIoMIelo oBepxHi 1500 M2 /T,
cyMmapHuM 06'eMoM niop 1,3 cMm3 /T Ta Me3oropamMu po3mipoM 5 - 50 HM, 10 CTAHOBJIATE 75 % 3arajbHOrO 00'eMy
nop. IlpomonenboBaHO MEXaHi3MU HAKOIIMYEHHS €HEePrii B €JIEKTPOXiMIiYHUX CUCTEMAX HAaHOIIOPUCTUMN

ByIJIEIlb /€JIEKTPOJIIT, BCTAHOBJIEHO XapaKTep AaHUX IPOLECiB, a TAKOXK BU3HAYEHO BKJIaZ, [10p IEBHOTO PO3Mipy B
IIMTOMY €JIEKTPOEMHICTb CUCTEMU. 3aJI€5KHO Bifl BUKOPUCTOBYBAHOTO €JIEKTPOJIITY Ta CTPYKTYPHO-MOP(OIOTiYHUX
XapaKTEePUCTUK HAaHOIIOPUCTOrO BYIJIELI0O OTPUMAHO MAaKCUMAaJIbHi 3HAaYEHHS IMTOMOI €MHOCTI €JIEKTPOXiMIiYHUX
cucrem y BogHux (180 - 260 @ /1) ta opraniunux (60 - 100 @ /r) enekrpositax. BUKOpUCTOBYIOUYM OTPUMaHi
HAHOIIOPUCTI ByTJIeli B IKOCTi COp6EHTa, BU3HAYEHO BEJIMUMHY COPOLIiMHOI aKTUBHOCTI 32 METUIIEHOBUM
6smakutHUM (330 - 350 Mr/T), MmeTus opadxkeBuM (340 - 360 mr/r) Ta riozom (900 - 920 Mr/T). 3aIIPOIIOHOBAHO Ta
arpo60BaHO B SKOCTI €JIEKTPOIHOTO MaTepiany eeKTPOXiMiYHUX KOHIEHCATOPiB KOMIIO3UT, COOPMOBAHUI1 Ha
OCHOBI BYIJIELI€BOTO MaTepialy Ta TEPMOPO3IMPEHOro rpadity. BUroTossneHo 1abopaTopHi 3pa3ku
€JIEKTPOXIMIYHMX KOHJIEHCATOPIB i3 €JIEKTPOZaMU Ha OCHOBI JOCIIIIKYBaHMX HAHOTIOPUCTHUX BYIJIELIEBUX

MaTepiasliB Ta BUBUYEHO iX €eHEPrOEMHICHI XapaKTE€PUCTUKHU.

2. The work is devoted to improve methods for obtaining nanoporous carbon material from natural raw materials
with their predetermined physicochemical properties, developed surface area and controlled pore structure. The
testing of these materials as the base component for electrode of electrochemical charge accumulation systems
was realised. It is shown, that thermochemical activation of hydrothermal carbonized feedstock by potassium
hydroxide provides a nanoporous carbon material with an average size of pores 1,7 - 2,2 nm, total volume of 0,8
cm3 /g and high surface area of 1600 m2 /g, where mesopores are 15% of the total pores. Optimized method of
obtaining mesoporous carbon material shows that the surface area is 1500 m2 /g, total pore volume is 1,3 cm3 /g
and mesopore size is 5 - 50 nm, which make up 75% of the total pores. The mechanisms of energy storage in
electrochemical systems "nanoporous carbon/electrolyte” were modelled, where it was established the properties
of these processes and defined the contribution of pore size in capacitance of electrochemical system. Depending
on the used electrolyte and structural mor-phological characteristics of nanoporous carbon, it was obtained that
the maximum values of electro-chemical system capacitance is 180 - 260 F /g in aqueous electrolytes and 60 - 100
F/g in organic ones. The adsorption activity was defined by the use of nanoporous carbon as sorbent in methylene
blue 330 - 350 mg/g, methyl orange 340 - 360 mg/¢g and iodine 900 - 920 mg/g. The composite of carbon
material and exfoliated graphite was proposed and approved as the elec-trode material for electrochemical
capacitors. The laboratory standards of electrochemical capacitors were manufactured with electrodes which are
based on obtained nanoporous carbon materials and studied their electrochemical properties.
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