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Pedepar:

1. Incepraliito prUCBsIYEHO PO3BUTKY HAyKOBUX 3acaj GOpMYyBaHHS HAHOPO3MIpHUX i MOBEpXHEBO-MOIU(PIKOBAaHUX
€JIEKTPOJHMX MaTepiasiiB Ta iXHbOrO 3aCTOCYBaHHS Y JITi-iOHHUX aKyMyJisiTopax (JIIA) BUCOKOI MOTY>KHOCTI Ta
€MHOCTI. V Hii1 Briepiie po3risiHyTO 3B'$130K HAHOPO3MiPHOCTI 3i 3IaTHICTIO eJIeKTPOAHMX MaTepiasiB no Jerpasatii,
BIIJINB HAHOCTPYKTYPYBAaHHS Ha BJIACTUBOCTI €JIEKTPOJAHUX MaTepiaiB i MOXKIIMBICTD MifBULIEHHS TOTY>XKHOCTI
€JIEKTPOJHUX MaTepiasiB 3a paxyHOK MO QiKyBaHHS N1OBepxHi. [y eJIeKTPOgHUX MaTepiasiB ckiamy
LiNiyMnzCol-y-zO2 3 mapyBaToio CTPYKTYpPOIO 3HaiiZieHo, 10 nepeseaeHHs Lil.2Ni0.2Mn0.52C00.0802 y
HaHOPO3MIPHUI CTaH J03BOJISE NOCATTA TEOPETUYHUX 3HAYEHDb TUTOMOI €MHOCTI. JlonyBaHHS

Li1.2Ni0.16C00.08Mn0.5402 BaHajieM NiBUILy€e HOTO IUTOMY €EMHICTb i €(DeKTHUBHICTb LIUKITYBaHHSI.



LiNi0.83C00.12Mn0.0502 y ¢popmi 0AMHNYIHNX, HEarJTOMEPOBAHUX KPUCTAJIB IEMOHCTPYE Kpally 34aTHICTh 10
PO3PSIKEHHSI BeJIMKUMY CTPYMaMHU, HDK KOMepLifHM aHasor. I HaHOMUCTKIB i Mikpocdep TiO2 Ta axkypHUX
kBasicpepuynux arperartis LiMn204 y opiBHSIHHI 3 HAHOKPUCTAJIIYHUMH 3pa3KaMU BUSIBJIEHO, 110
HAaHOCTPYKTYPOBAHHS He € 3aCO00M MiJBUIIEHHS 30aTHOCTi €JIEKTPOJIHAX MaTepiasliB 10 BATPUMYBAHHS 3HAYHUX
CTPYMOBVX HaBaHTaK€Hb. YIIeplle 3HaNEHI BIIMIHU B €JIEKTPOXIMIYHUX BJIACTUBOCTAX 3BUYANHUX i
HAaHOPO3MIpHUX eJIEKTPOIHUX MaTepiajliB B YMOBax Ilepepo3psii>KeHHs! (BTUCHEHHS HalIMIIKY Li+ y CTpyKTypy) Ta
BM3HAUEHO IIJISIXY peaklill HajiTiioBaHHs. 3p06J1€eHO BUCHOBOK IIPO BUPilllajbHy POJIb 3MEHILIEHHS PO3MIipy
YAaCTMHOK y B3a€MOZII €JIEKTPOLHUX MATEPiasliB 3 iOHaMMU JIITiIO Ta y 3MEHILIEHHI iXHbOI CTIMKOCTI 0 merpagatuii. Lie
IIOBOIUTDH HEIPUITYCTUMICTb MIPAKTUYHOTO BUKOPUCTAHHS HAHOPO3MiIpHUX €JIEKTPOAHUX MaTepiasiB B yMOBax
[IepePO3PAIKEHHS. [J0BEIEHO, 0 PETYJIIOBAHHS CTaHy [TIOBEPXHI 3HAYHO MiJBUIIY€E IPOLYKTUBHICTb €JIEKTPOLHUX
marepianis. Tak, mokpurts Lil.2Ni0.13C00.13Mn0.5402 okcuioM anoMiHiio J03BoJIsI€ 30iIbIIUTY TUTOMY €EMHICTb
marepiainy. Briepuie onepskano cTpykrypu LiNi0.5Mn1.504@LiMn204 i PPy@ LiMn204, g1 xux MoaudikyBaHHS
[IOBEPXHI /1a€ 3MOTY JOCSIITY HaZBUCOKUX CTPYMiB po3psimkeHHs (65 C i 300 C, BinnosigHo). Lleit ninxin Binkpusae
[IEPCIIEKTUBH JJ11 CTBOPEHH MaTepianis asis JIIA HagBUCOKOI IIOTY>KHOCTI, IIOPIBHAHHOI 3 ITIOTY>KHICTIO
cynepkonaeHcaropis. Ha npukiazi komnosutry PPy@LiMn204 BUSIBJIEHO BHECOK IICEBJOEMHICHUX €(EKTIB y
MpOIleC iHTEPKAJIIOBAHHSI Ta BIIEPIIE 3aITPOITIOHOBAHO METO/, OLIiHKY IJTMOMHY BTUCHEHHS i0HIB JIiTiI0 B
€JIEKTPOJHUI MaTepias. [loBeieHO [lepeBaru BOJJOPO3YMHHNUX 3B'I3yI0UMX Hal, 3BU4aliHO BUKOPHUCTOBYBaHUM
NOJIiBiHINMiNEeHPTOPUIOM, 30KpeMa, YIepllie Bijl3Ha4€HO MOXKJIUBICTb JOCSITH 301/IbIIEHHS HE TiJIbKA MUTOMO]
€MHOCTI, a 11 TOTYy>XKHOCTI JIIA nipu iX BUKOpUCTaHHI 3aBASAKY Kpallliil afresii eJIEKTPOJHOrO MaTepiany 40 MOBEPXHI
KOJIEKTOpa CTpyMy. KiTr04oBi cy10Ba: JiTiM-iOHHI aKyMyJIITOPY, BUCOKA IIOTY>KHICTb, BUCOKA EMHICTD,

HAaHOPO3MIpHICTb, HAHOCTPYKTYPYyBaHHS, MOIU(]iKyBaHHS TOBEPXHI.

2. The thesis deals with the development of scientific foundations for the for-mation of nanoscale and surface-
modified electrode materials and their use in lithi-um-ion batteries (LIB) of high power and capacity. In it, for the
first time, the rela-tionship between nanoscale and the degradability of electrode materials, the effect of
nanostructuring on the properties of electrode materials, and the possibility of increasing the power of electrode
materials by modifying the surface are considered. For electrode materials of the LiNiyMnzCol-y-zO2 composition
with a layered structure, it is found that the transition of Lil.2Ni0.2Mn0.52C00.0802 to the nanoscale state makes
it possible to achieve theoretical values of the specific capacity. Doping Lil.2Ni0.16C00.08Mn0.5402 with vanadium
increases its specific capacity and cycling efficiency. LiNi0.83C00.12Mn0.0502 in the form of single, non-
agglomerated crystals demonstrates better high current discharge capability than its commercial counter-part.
For nanosheets and microspheres of TiO2 and openwork quasi-spherical ag-gregates of LiMn204, in comparison
with nanocrystalline samples, it is found that nanostructuring is not a means of increasing the ability of electrode
materials to be exposed to significant current loads. For the first time, differences are noticed in the
electrochemical properties of conventional and nanoscale electrode materials under overdischarge conditions (in-
troduction of an excess of Li+ into the structure), and the ways of superlithiation reactions are determined. A
conclusion is made about the decisive role of a decrease in the particle size in the interaction of electrode
materials with lithium ions and in a decrease in their resistance to degradation. This proves the inadmissibility of
the practical use of nanoscale electrode materials under overdischarge conditions. It has been proven that the
regulation of the surface state significantly increas-es the productivity of electrode materials. Thus, coating
Li1.2Ni0.13C00.13Mn0.5402 with aluminum oxide makes it possible to increase the specific capacity of the mate-
rial. The LiNi0.5Mn1.504@LiMn204 and PPy@LiMn204 structures are obtained for the first time, for which surface
modification allows achieving ultrahigh discharge currents (65 C and 300 C, respectively). This approach opens up
prospects for the creation of materials for LIBs of ultrahigh power, comparable to the power of su-percapacitors.
Using the PPy@LiMn204 composite as an example, the contribution of pseu-docapacitance effects to the
intercalation process is discovered and a method is proposed for the first time to estimate the depth of lithium-ion
penetration into the electrode material. The advantages of water-soluble binders over the commonly used
poly(vinylidene fluoride) have been proved, in particular, the possibility of achiev-ing an increase not only in the
specific capacity, but also in the power of LIB when using them, due to the better adhesion of the electrode



material to the surface of the current collector, has been noted for the first time. Key words: lithium-ion batteries,
high power, high capacity, nanodimensional-ity, nanostructuring, surface modification.
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