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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TeMaTHYHHUX PYyOPHK: 31.25.15

Tema gucepranii:
1. HayKOBi OCHOBM TEXHOJIOTiM CTBOPEHHS MTOJIIMEPHMX HAHOCTPYKTYPOBAHNX KOMITO3ULIMHNX MaTEpialiB 3

PEKOPIHMMU €JIEKTPOAKTUBHUMU Ta 6ap’€pHUMU BIACTUBOCTSIMU

2. Scientific fundamentals of technologies for creation of polymer nanostructured composite materials with record
electroactive and barrier properties

Pedepar:

1. CTBOpEHI HayKOBi OCHOBY OZEP>KaHHA Ta 3aCTOCYBAHHS HOBMX HAHOPO3MiPHUX KOMITO3UTHUX MaTepiaiB 1Jis
XiMIUHUX JIKEpeJ CTPYMY, a TAKOXK 3aXMCHUX ITOKPUTTIB BiJ] BUCOKOYACTOTHOTO BUIIPOMIHIOBaHHS. B po6oTi
norsin6JeHHi Ta KOHKPeTU30BaHi MPOIeCH, 0 MaI0Th MiCIje ITPU PO3POOITi KOMIIO3UTHUX MaTepiaiB 3
ypaxyBaHHSIM (i3UKO-XiMiYHMX OCOOGIMBOCTEN HAHO-PO3MiIpPHOTrO MaTepiay, 3allpOIIOHOBAaHi MOJeJli IPOLEeCiB ix
OJIEP>KaHHS Ta (PYHKLIOHYBaHHS. JOCIiI)KEeH] 3aKOHOMIPHOCTI CTPYKTYPOYTBOPEHHSI OJJHOIIAPOBUX i
GaraTouapoBUx HAHOKOMITIO3UTHUX MaTepiaiB Ha OCHOBI ByIJIelleBUX MaTepiaJiB, oiMepiB i HeopraHiyHux
PEUYOBNH, OIE€PKAHUX 3 BUKOPUCTAHHSIM Pi3HUX METOJIiB HAHECEHHS. BCTaHOBJIEHHI 3aKOHOMIPHOCTI BILJIUBY
CTPYKTYpPOYTBOPEHHS, (ha30BOro CKJIaly, CTPYKTYPHUX CKJIQZJOBUX I10JliMep-BYIJIeleBUX HaHOMaTepianiB. OfepkaHi
NEPCIEKTUBHI KOMIIO3UTHI MaTepiajv Ha OCHOBI CIIOJIYK KPEMHIIO, CIJIaBiB MeTaliB, core-shell maTepianis, 10

IO3BOJISIIOTH B 2-3 pa3u IOKPaLIUTH €HEPrOEMHICTb XIMIUHUX IKepesi CTpyMy. TakoK B poOOTH OTpuUMaHi HOBI



3HaHHA Ta KOMITO3UTH 1040 Panio-IMOrJINHAYUX MaTepianis. Oxep>kaHi KOMIIO3UTH MalOTh PiBEHb €EKPAHYBaHHS B
-30...-50 nb B 3ayeKHOCTI Bij HEOOXiZHOTO Jianla30Hy 4acTOT IPU NIPUMHSITHIN CO6iBapTOCTI, 1110 O3BOJISIE YCIIIIIHO

iX BUKOPMCTOBYBATH /1J151 BUPOOHUIITBA 3aXMCHUX MaTepialib.

2. Nanotechnologies such as nanoparticles, nanocomposites, or nanostructured materials have a great potential to
make a significant impact on the performance of electrochemical power sources. This thesis solves an important
scientific and practical problem of creating the composite materials based on polyfluorocarbon material for
primary lithium battery. Scientific ideas about the mechanism of electroreduction of oxygen on the surface of non-
platinum catalysts are developed. Methods for obtaining catalysts based on nanostructured carbon materials and
various types of inorganic compounds, namely spinels of the AB204 type, have been developed. The process of
oxidation and reduction of oxygen in the aprotic electrolyte was investigated in this work. The obtained data
indicate the formation in the gas diffusion electrode of insoluble products that block the surface of the substrate
and the catalyst. As a result, the efficiency of the catalyst in the aprotic electrolyte is much lower than in the
aqueous one. The decisive factor in the efficiency of the electrode of the lithium-air battery is its specific surface
area, which should ensure maximum accumulation of insoluble oxygen reduction products. It was founded that the
electrochemical activity of bimetallic composite catalysts in acid solutions was almost similar to the pure Pt. The
obtained composite catalysts based on Pt-Cu on carbon materials show high activity in the oxidation of methanol,
and therefore can be successfully used in fuel cells. Obtaining catalysts based on nanostructured carbon materials
and various types of inorganic compounds were tested in models of metal-air power sources. It is established that
the characteristics of the element mainly depend on the composition of the electrolyte. In particular, the
characteristics of air-zinc elements are limited by the behavior of the zinc electrode. Using the results of the
dissertation, technologies for manufacturing the composite electrodes of lithium-ion batteries have been
developed and improved. The technology of obtaining the electrodes on the basis of a mixture of an aqueous
emulsion of polymers is developed. Such electrodes are not inferior in electrochemical characteristics to
electrodes made using PVDF solutions (and in some cases surpass them), and also make production more
environmentally friendly and can significantly reduce the cost of production of lithium-ion batteries (LIB).
Coatings capable of recycling lithium with a specific capacity of up to 3600 mAh /g are obtained in this work. High
stability of graphite-based composite materials during their cycling with a capacity of 700 mAh /g is shown, which
is twice the capacity of traditional graphite anodes. Various carbon materials for lithium-ion battery anodes were
investigated. The technology of purification of Ukrainian graphite for the creation of active material is offered. The
obtained results indicate the influence of the nature of graphite materials. The thesis proposes and experimentally
implements the idea that the characteristics of the cathode material LIB can be significantly improved by forming a
barrier coating on the particles of the active material with the NASICON structure compound, which is a solid
electrolyte. Various electrochemical systems of lithium-ion capacitors have been developed and studied. Hybrid
electrochemical capacitors have a higher (3-10 times) specific energy than classical symmetrical capacitors of the
double electric layer based on activated carbon. This work deal with investigates and compares the
electromagnetic properties of several carbon and graphite materials and evaluates the effectiveness of usage the
nanomaterials in order to create some composites for protection against electromagnetic radiation. For the first
time, the positive influence of dispersed nanomaterial on the formation of the structure of the protective coating
and the improvement of its electrophysical properties is shown. The shielding coefficients of the manufactured
composite samples were established at the level of -30... -50 dB in the frequency range of 0.3-18 GHz, the
thickness of which did not exceed 300 um. This result allows them to be successfully used for the production of
protective materials.
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