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Pedepar:

1. PoboTta npucesueHa po3pooLi HAyKOBUX IIPUHIMUIIIB CTBOPEHHSI BUCOKOEMHUX KOHBEPCINHUX €/1eKTPOoLiB | Tuly i
BUCOKOOOOPOTHUX KOHBEPCIMHUX eJIeEKTPOLiB I TuIy 3 BEJIMKOI HABAHTAXXYBaJIbHOIO €MHICTIO Ta CKJIaIaHHS
HOBITHIX "GopMys" PiIKUX OpraHiyHUX €JIeKTPOJITiB, Ki 3a0e31e4yloTh POPMYBaHHS MEXaHIUHO MillHOTO 1
€JIACTUYHOTO, XiMiYHO Ta €JIeKTPOXiMiYHO CTabiNIbHOTO, HEPO3YMHHOTO, 1[iTLHOTO Ta TOHKOTO 130J1101090T0
nos1ipyHKLIOHAIBHOTO LIAPY 3 YHIMOJISIPHOIO Li+-MIpOBifHICTIO i1 BUCOKOIO afresi€io 1o enekrpona. OCHOBHUMN
niAxin mossirae B CUCTEMHOMY KEPYBaHHI IIPOLIECAMU Ha MeXKi «eJIEKTPO]L | eJIEKTPOJIiT» i3 BpaxyBaHHIM
B33a€MO3B'SI3KiB MiXK CKJIaJOBUMU KOMIIOHEHTAMMU 1 B3a€MO3aJIEXKHOCTI €JIeKTPOXiMIYHUX [TAPaMETPIB €JIEKTPOIB.
J7s1 mpoTupii BeJMKUM 3MiHaM 06'eMy KOHBEPCITHUX MaTepiaJliB pu (1e)J1iTiioBaHHi, yCYHEHHS! HEraTUBHOIO
BIUIMBY MIKPOCTPYKTYPHUX I1€PETBOPEHD Ta 3B€J€HHSI HEOKAHUX MTOOIYHMX PeaKlliil 3 eJIEKTPOJITOM 10

MiHIMaJIbHOTO PiBHS MIPOIIOHYETHCSI MOAMDIKYBaHHS IIOBEPXHI, iXHE HAHOCTPYKTYPYBaHHS Ta PO3MIIIEHHS Y



€JIEKTPOXiMiYHO aKTUBHIl KepaMiyHiil MaTpuLli 3i 36aradeHoro ByrjieneM OKCUKapO6iLy KpeMHilo, 3aCTOCYyBaHHS
HOBITHIX [TOJIIMEPHUX 3B’I3yI04YMX, YBEIEHHS L00ABOK [10 eJeKTpoliTy. Ofep>kaHo Ta OXapaKTepHU30BaHO OOGOPOTHUI
Li-enektpoy i3 MogudikoBaHOO HaICTEXiOMETPUYHUM cIIaBoM Lil+xAl moBepxHelo, CUHTe30BaHi e(peKTUBHI
€JIEKTPOIPOBiIHI KepaMiyHi 3D-KOMIO3UTH 3 BUCOKMM BMiCTOM HaHOKPEMHIIO, 110 OOYIOBaHI Ha ifiei KOHTPOJIO
3a iX 0CO6IMBOCTSIMU HAa aTOMAapPHOMY, HAHO- Ta MAaKPOPIBHSIX, 00’€IHaHI y «BYIjlelb—BYIJI€L,€BOMY» KOMIIO3UTi
IepeBaru BUCOKOKPUCTAIIYHUX T4 BUCOKOPO3YIOPSAKOBAHUX BYIJIELIB, 33CTOCOBAaHi €KOJIOTiYHO IPUNHATHI
NoJliIMEPHI 3B’13y104i Ha BOZIHII OCHOBI, SIKi CIIPUsII0Th POPMYBAHHIO MiLIHUX 3B'S13KiB aKTUBHUX MaTepialiB 3i
CTPYMOBiIBOIOM, 3aIIPONIOHOBAHA 3aMiHa aHO[Ia i3 HAHECEHOTO Ha MifgHY (onbry rpadity camoio Al-¢osbroio, 1o
IIO3BOJISIE HE JINIIE MiABUIIUTY TMTOMY €HEPTIIO JITIN-I0HHUX aKyMYJISITOPIB, ajie i iCTOTHO 3[eLUIEBUTU Ta
CIIPOCTUTH iXHE BUTOTOBJIEHHS, PO3PO6eHi e(peKTUBHI CKJIaiu allPOTOHHUX €JIEKTPOJIITIB 1Jisl TEPBUHHUX Ta
BTOPMHHUX JITI€BUX IKepeJ CTPyMy. BCTaHOBJIEH]I MeXKi 3aCTOCYBaHHS METAJIEBOTO JITiI0O OZHOYACHO $SIK €JIEKTPOLA
MIOPIBHSIHHSA Ta JONOMDKHOIO €JIEKTPOZa y HalliBesieMmeHTax. [lokazaHo, mo GpopMyBaHHS AEHOPITHOTO JIITiiO [1pU
€JIEKTPOOCAII)KEHH] € NIPOLIECOM HEMUHYYMM, HE3BKAIOUX HA [IPUPOJY €JIEKTPOJITY Ta WiIbHICTI CTPyMYy.
3arporio-HOBaHi HOBi KpUTEPIi, SIKi He 3aJ1€KaTh Bifl CTPYMY OCa[I’)KEHHA—DPO34YMHEHHS JIITiIO, IS aleKBaTHOTO
ONMCY €KCIIEPUMEHTAIbHYX JAHUX i BiOOpaKeHHs Pi3nYHOi MPUpOaY MPOLECiB IIPU MOr0 UUKJIiIOBaHHI. Bussiena
MIPUHIIMIIOBA POJIb CUJIAHOJILHUX IPYII HA TOBEPXHI KPEMHIIO Ta 3aIIPONIOHOBaHI MEXaHi3MU MIPOLIECIB 3a iXHbOI
y4yacTi y popMyBaHHI IacKMBY04Oro mapy. BusisyieHo ictotHuil BruB HF B aipoTOHHOMY €J1eKTPOJIiTi Ha
€JIEKTPOXiMiyHi MapaMeTpu ribpruIHUX eJ1eKTPOiB 3 HaHO-Si. [TokazaHa HeOOXiTHICTb BUKOPUCTAHHSI HAKOIIMYEHOI
HEOOOPOTHOI EMHOCTI (SIKa € iHTerpaJlbHUM MIOKa3HMKOM HEOOOPOTHOTO "3B'SI3yBaHHS" JIiTiI0) JOCTIIKYBaHUX Y
HaliBeJeMEeHTaX eJIEKTPO/IB SIK KII0YOBOTO KPUTEPIs OL[iHKM iX MPaKTUYHOI NpuaaTHOCTI. KitovyoBi cioBa:
iHTepKaslLlisg, KOHBEPCiliHIi MeXaHi3MH, piiKi OpraHiuyHi eJeKTPOJIiTH, JOOABKY 0 €JIEKTPOJIITy, MeTaJIeBU JIiTii,
anmoMiHieBa ¢osbra, CUHTETUYHi rpadity, nosliMepHi 3B'43y1oui, 36araueHunil ByriaeneM OKCUkap6ig kpemHilo, 0D- Ta
2D-HaHOKpeMHil, cryaHOJIbHI PYHKLiOHAJBHI IPyIH, KepaMiyHi 3D-KOMITO3UTU KpEeMHII0, 1301101091
NOJIiIYHKIiIOHAJIbHUI 1Iap, MO6iYHI peakliii, 06OPOTHICTb eJIeKTPO/AiB, HAKOIIMYeHa HEOOOPOTHA EMHOCTD,
JITiIN-10HHI aKyMYJIATOPH, IEPBUHHI JIiTiEBi €IEMEHTH

2. The work is devoted to the development of scientific principles for the creation of high-capacity conversion
electrodes of the I type and highly reversible conversion electrodes of the II type with a large loading capacity and
the construction of new "formulas" of liquid organic electrolytes (LOE), which provide the formation of
mechanically strong and elastic, chemically and electrochemically stable, insoluble, dense and thin solid electrolyte
interphase with unipolar Li+-conductivity and high adhesion to the electrode surface. It is shown that the use of
trinity is the basis of a systematic approach in the selection of effective materials and optimization of
physicochemical processes with their participation, taking into account the relationship of components and
interdependence of electrochemical parameters of electrodes, and is the key to creating high energy and powerful
lithium power sources (LPS). The principles of management of such processes are formulated and ways of practical
use of the executed developments are offered. A reversible Li-electrode with a modified superstoichiometric alloy
Lil+xAl surface is obtained and characterized, effective electrically conductive ceramic 3D-composites with high
nano-silicon content are synthesized, which are based on the idea of controlling their features at atomic, nano-
and macro-levels, combined in a "carbon-carbon" composite advantages of highly crystalline and highly dispersed
carbons, environmentally friendly polymeric binders based on water are used, which promote the formation of
strong bonds of active materials with current collector, proposed replacement of the anode from graphite
deposited on copper foil by Al-foil not only to increase the specific energy of lithium-ion batteries (LIBs), but also
to significantly reduce the cost and simplify their manufacture, developed effective compositions of aprotic
electrolytes for primary and secondary LPS. The limits of application of lithium metal simultaneously as a
reference electrode and an auxiliary electrode in half-cells are established. It is shown that the formation of
dendritic lithium during electrodeposition is an inevitable process, despite the nature of the electrolyte and
current density. New criteria that do not depend on the plating-stripping current of lithium are proposed to
adequately describe the experimental data and reflect the physical nature of the processes during its cycling. The
proposed new criteria for cycling the lithium electrode are convenient for rapid analysis of the effects of



impurities in the electrolyte that cause lithium corrosion. The limitation of the use of lithium metal simultaneously
as a reference electrode and an auxiliary electrode in half-cells is established. It is proposed to place Al-foil on
lithium so that its surface is enriched in situ with a superstoichiometric alloy Lil+xAl. Such an electrode has a low
polarization resistance and a homogeneous plating-stripping of lithium is observed on it. For the first time it is
proposed to form a free volume of LOE in the cathode space of 1.5 V-cells of the system Li || CuO, which allows: to
increase the volume of lithium in the anode and the mass of the cathode (reducing its porosity); avoid increasing
the internal resistance of the elements until the end of the discharge; to reduce the time of output voltage of the
cells to an acceptable operating level; reduce the swelling of the cells to acceptable limits. For the first time, a new
design of 1.5 V-cells of the Li || CuO system was proposed for direct replacement of cells of the Zn || HgO system. A
reliable express-method of quantitative assessment of the influence of active materials and binders of electrode
layer, as well as electrolyte components on the service life of LIBs has been developed. For this purpose, it is
proposed to perform coulometric measurements on laboratory half-cells with high accuracy and to calculate the
value of the accumulated irreversible capacity Qairr (n) as a key characteristic parameter. With this approach,
there is no need to conduct research using the equipment needed to manufacture commercial LIBs. The
"carbon-carbon" composite combines the advantages of highly crystalline and highly disordered carbons, high-
performance non-porous ceramic 3D-composites of 0D- and 2D-silicon with carbon-enriched silicon oxycarbide
were synthesized for the first time. Key words: intercalation, conversion mechanisms, liquid organic electrolytes,
electrolyte additives, metallic lithium, aluminum foil, synthetic graphites, polymer binders, carbon-rich silicon
oxycarbide, OD- and 2D-nanosilicon, silanol functional groups, ceramic 3D silicon composites, solid electrolyte
interphase, side reactions, electrode reversibility, accumulated irreversible capacity, lithium-ion batteries, primary
lithium cells.
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