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Pedepar/anoTanis:

1. Incepraliiiny po60Ty IIPUCBSIYEHO PO3POOILi Ta EKCIIEPUMEHTAILHOMY OOI'PYHTYBAHHIO €JIEKTPOXiMiuHO1
CHCTEMMU pereHepallii eJIeKTPOJIiTIB 3a71i30-3a/1i3HOTO IPOTOYHOTrO aKyMYJISITOpPa Ha OCHOBI pEr€HEPATUBHOI

koMipku Fe /Ho. AkTyasnbHICTh pO60TH 3yMOBJIEHA HEOOXIAHICTIO MifBUILIEHHS LIUKJIIYHOI CTabiIbHOCTI Ta
€HEepPreTU4YHOi e(PEKTUBHOCTI 3aJ1i30-3aJi3HUX IPOTOYHUX aKyMYJISITOPIB, IPAaKTUYHE 3aCTOCYBAHHS SIKAX
00ME>Xy€eTbCSI IOOIYHUM BUTiTIEHHSIM BOIOHIO HA HETaTUBHOMY €JIEKTPOZ|, IOPYLUIEHHSM KUCJIOTHO-OCHOBHOTO
OajslaHCy €JIEKTPOJIITiB, YTBOPEHHSIM MaJIOPO3YMHHUX CIIOJIYK 3ajli3a Ta 3POCTaHHSIM MOJISIPU3ALIIMHUX i OMIYHUX
BTpaT. O6’€KTOM JOCIII)KEHHS € eJIEKTPOXiMivHi ITpoLecy gerpajatii Ta crabinisalii ckiany el1eKTpOoJITIB y
[IPOTOYHUX aKyMyJisITopax. [IpegmeT mocimpKeHHs — pereHepatriBHa KoMipka Fe /Ho, mpouecy macomnepeHocy Kpisb

IIPOTOHIIPOBiIHI MeMOpaHU Ta [MHaMiKa KUCJIOTHO-OCHOBHOTO CTaHY €JIEKTPOJIITiB 3a/1i30-3a71i3HOTO IPOTOYHOTO



aKyMyJ1ITopa. MeTo1o po60oTH € MifBUILEHHS CTA01IbHOCTI Ta €HepreTUYHOi €(PEeKTUBHOCTI aKyMyJIITOPA LIISIXOM
po3pobieHHs, onTuMisalii Ta iHTerpauii perenepatrsHoi komipku Fe /Hno. Y po60Ti 3aCTOCOBaHO 3apsiHO-PO3pPsiIHE
LMKJIIOBAHHS, €JIEKTPOXIMIYHY iMIIEJAHCHY CIIEKTPOCKOIIiIO, IMKJIIYHY BOJIbTAMIIEPOMETPIIO, Fa30METPUYHE
BU3HA4YE€HHS BOJHIO, CKaHYBaJIbHY €JIEKTPOHHY MIKPOCKOIIiIO Ta €HEPTroAUCIepCiiHUI pEHTTeHIBCbKII MiKpOaHaJli3.
JocigKeHOo BILJIMB [1049aTKOBOIO pH HEraTMBHOIO €JIEKTPOJIITY Ha KYJIOHIBCBKY, BOJIbTAIYHY 11 EHEPTETUYHY
eeKTUBHICTb aKyMYyJISITOPA, iIHTEHCHBHICTb BUiJIEHHS BOJHIO Ta PO3BUTOK JlerpafalifHUX IIPOLECiB.
YcranossieHo, mo nigsuieHHs craprosoro pH Bif 1,0 1o 4,0 3HMKye 06’eM [106IYHO YTBOPEHOTO BOJHIO 3 238,5 110
54,5 M1 3a MK i ifgBULIye KyJIOHIBCbKY €(eKTUBHICTb. BogHOYAC 3a BiflCyTHOCTI aKTUBHOTO KEPYBAHHSI
KUCJIOTHICTIO nofaneimunii gperid pH y mykHy 0671aCTbh CIIPUYMHSE TifIpoJIi3 i0HIB 3a71i3a, 0CaJOyTBOPEHHS,
0JI0KyBaHHSI I10p €JIEKTPOiB i KpUTUUHE 3HIKEHHS BOJIbTAiYHOI epeKTUBHOCTI. HayKoBO OOIPyHTOBAHO
3aCTOCYBaHHs pereHepaTuBHOi komipku Fe /Ho sk akTUBHOI mizicuctemu cra6inisarii. Ii fiis monsrae y Bukopucrausi
1106iYHO YTBOPEHOTO BOJHIO [1JIs €JIeKTPOXiMIYHOTO BiZTHOBJIEHHS HAIJIMIIKOBUX ioHiB Fe®n mo Fe?n 3 omHOYacHUM
YTBOPEHHSIM IIPOTOHIB, 1110 KOMIIEHCY€E 3aIy>KHEHHS Ta BiJIHOBJIIOE€ OKMCHO-BiIHOBHUI 6alaHC €JIeKTPOJIITIB.
BrsHavyeHo, 0 OCHOBHUM MEXaHi3MOM Jerpanalii pereHepaTuBHOI KOMIPKU € KPOCOBEP KOMIIOHEHTIB €JIEKTPOJIITY
Kpi3b MeMOpaHy [0 BOGHEBOIO €JIEKTPOA, SIKAM CIIPUYMHSIE OTPYEHHS MIJIATUHOBOTO KaTajli3aTopa Ta BTpaTy 67-71
% MOTO eJIeKTPOXiMiYHO aKTUBHOI 1J101i MoBepxHi. Po3pobeHo meTtoxm 30/1b-resib Moaudikaiii Mem6panu Nafion
TETPAETOKCUCUIIAHOM i3 POPMYBAaHHSIM KPEMHE3E€MHOT0 6ap’epHOro mapy. MonudikoBaHa MembpaHa CeJIeKTUBHO
00Me3Xye NepeHeceHHs1 6araTo3apsAHUX i0HIB 3a1i3a, 306epiraloun HeoOXigHy IPOTOHHY IIPOBIIHICTB, 10
3abesrneuye 30epeKeHHs1 akTUBHOCTI Pt-kaTasizaTtopa Ta 6inbll HDK yTpudi 36ibllye TPUBAiCTh CTabiIbHOI PO6OTH
pereHepaTuBHOI KOMIpKU — NOHaf, 144 ronuHu. PereHepaTuBHY KOMipKY iHTETPOBAHO B TiJIpaBjliYHAN KOHTYP
3aJ1i30-3aJ1i3HOTO IPOTOYHOT0 aKyMYJIITOPa Ta pO3p00JIeHO aiallTUBHUI aJITOPUTM KEPYBaHH4 ii po60ToI0 3a
(dakTryHOIO ArHAMIKOIO pH i KysOHIBCbKUM fediunTom nonepeaHboro uukiy. Ilig yac 50 nocaigoBHUX LUKIIB, 0
Bignosinanu 600 roguHam 6e3nepepBHOi po6oTy, pH HeraTUBHOIO €JIeKTPOJITY MiATPUMYBaBCs Ha PiBHI He Bulle
4,11, kynoHiBcbka e(EeKTUBHICTb CTaHOBUJIA 6J113bKO 93 %, a BHMKEHHS CepeHbOoi p060Y0i HANpyru
pereHepaTUBHOI KOMIPKU He nepeBuiyBao 8 %. Y cucremi 6e3 pereHepallii BosabTaiuHa €(PEKTUBHICTD
3HMKYBazacs 3 77,2 1o 53,1 %. IIpakTuuHe 3Ha4eHHS pe3yJbTaTiB [0JISIra€ y CTBOPEHHI HAYKOBO-TEXHIUYHUX 3acaf,
IIPOEKTYBaHHSI, ONTUMI3aLlil Ta MaclITabyBaHHS CUCTEM eJIeKTPOXiMIUHOI pereHepallii 15 3a/1i30-3a71i3HUX
IIPOTOYHMX aKyMyJISITOPiB. 3alIpOIIOHOBaHI PillleHHs JAl0Th 3MOTY BU3HAYaTH O6€3M1e4YHi MeXi KUCIOTHOCTI
€JIEKTPOJITy, GOPMYyBaTU KpUTEPIi 3aMlyCKy pereHepatii, 3SMeHIIyBaTH Jerpajalilo MeMOpaHHO-€JIEKTPOSHUX
6JIOKIB i iIBUIIYBaTH PECypC CUCTEM TPUBAJIOTO CTAL[iOHAPHOrO HAKOIIMYEHHS eHeprii.

2. The dissertation is devoted to the development and experimental substantiation of an electrochemical
electrolyte regeneration system for an all-iron flow battery based on an Fe /Ho regeneration cell. The relevance of
the study is determined by the need to improve the cycling stability and energy efficiency of all-iron flow batteries,
whose practical application is limited by parasitic hydrogen evolution at the negative electrode, disruption of the
acid-base balance of the electrolytes, formation of poorly soluble iron compounds, and increasing polarization and
ohmic losses. The object of the study is the electrochemical processes governing the degradation and stabilization
of electrolyte composition in flow batteries. The subject of the study is the Fe /Hno regeneration cell, mass-transfer
processes through proton-conducting membranes, and the dynamics of the acid-base state of all-iron flow battery
electrolytes. The aim of the study is to improve the stability and energy efficiency of the battery through the
development, optimization, and integration of an Fe /Ho regeneration cell. The methods employed in the study
included charge-discharge cycling, electrochemical impedance spectroscopy, cyclic voltammetry, gasometric
determination of hydrogen, scanning electron microscopy, and energy-dispersive X-ray microanalysis. The
influence of the initial pH of the negative electrolyte on the coulombic, voltage, and energy efficiencies of the
battery, the intensity of hydrogen evolution, and the development of degradation processes was investigated. It
was established that increasing the initial pH from 1.0 to 4.0 reduces the volume of parasitically generated
hydrogen from 238.5 to 54.5 mL per cycle and increases the coulombic efficiency. At the same time, in the absence
of active acidity control, further pH drift toward the alkaline region causes hydrolysis of iron ions, precipitate
formation, blockage of electrode pores, and a critical decrease in voltage efficiency. The application of the Fe /Ho



regeneration cell as an active stabilization subsystem was scientifically substantiated. Its operating principle
involves the use of parasitically generated hydrogen for the electrochemical reduction of excess Fe®n ions to Fe?n,
accompanied by proton generation, thereby compensating for alkalization and restoring the redox balance of the
electrolytes. It was determined that the principal degradation mechanism of the regeneration cell is the crossover
of electrolyte components through the membrane to the hydrogen electrode, resulting in platinum catalyst
poisoning and a 67-71% loss of its electrochemically active surface area. A method for the sol-gel modification of a
Nafion membrane with tetraethoxysilane, resulting in the formation of a silica barrier layer, was developed. The
modified membrane selectively restricts the transport of multivalent iron ions while maintaining the required
proton conductivity. This preserves the activity of the Pt catalyst and increases the duration of stable regeneration
cell operation by more than threefold, to over 144 hours. The regeneration cell was integrated into the hydraulic
circuit of an all-iron flow battery, and an adaptive algorithm was developed to control its operation based on the
actual pH dynamics and the coulombic deficit of the preceding cycle. During 50 consecutive cycles, corresponding
to 600 hours of continuous operation, the pH of the negative electrolyte was maintained at a level not exceeding
4.11, the coulombic efficiency remained at approximately 93%, and the decrease in the average operating voltage of
the regeneration cell did not exceed 8%. In the system without regeneration, the voltage efficiency decreased from
71.2% to 53.1%. The practical significance of the obtained results lies in establishing the scientific and technological
foundations for the design, optimization, and scaling of electrochemical regeneration systems for all-iron flow
batteries. The proposed solutions make it possible to determine safe electrolyte acidity limits, establish criteria for
initiating regeneration, reduce the degradation of membrane-electrode assemblies, and extend the service life of
long-duration stationary energy storage systems.
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