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Pedepar:

1. Y puceprauiiiHiii po60Ti npecTaBeHi fOCiI)KeHHS CyMiCHOTO BILJIMBY TEPMIUYHOTO Bifillajly, Ja3€pHOTO
OIIPOMiHEHHSI Ta NONYBaHHS Ha (Pi3MKO-XiMiuHi BJaCTMBOCTI HAHOKOMIIO3UTiB, COOPMOBAHUX HA OCHOBI
HaHogucnepcHoro TiO2, nonosanoro Zr, Nb, Fe Ta C. BcTaHOB/IEHO B3a€MO3B 13K MIXK yMOBaMU Ta PeXUMaMU
OTpUMaHHS i MogU-Pikalii CKIaJOBMX KOMIIO3ATY Ta 3aKOHOMIPHOCTSIMU IIepediry e1eKTPOXiMiuHMX MIPOLECIB Y
IIPUCTPOSIX HAKONIMYEHHS | reHepyBaHHS eJIeKTPUYHO] eHeprii. 3HalneHi onTuMasnbpHi yMOBU s1a3epHOi Mogudikariii,
3a SKUX JaHui MaTepias 3abe3nevyye BUCOKi IMTOMI EMHICHI XapaKTepUCTUKU JIiTIEBUX JpKepes cTpyMy. [TokasaHo,
110 IUTOMA €MHICTb €JIEKTPOXiMiYHOi cucTemu, cpOpPMOBaHOi Ha OCHOBI MoaudikoBaHoro komnosury TiO2 /C, npu
ctpyMmax 1-5 MA B 15-50 pasiB 6inblia 32 aHANOTIYHY EMHICTD 11711 BUXiTTHOTO KOMIIO3UTY, 11O CBiZYNTh IIPO

dhopmyBaHHS MaTpulli 3i 3HAYHOIO KiJIbKICTIO TOCTbOBUX ITO3ULIIM, 3TATHUX ICTOTHO iHTEeHCU(DIKyBaTH



3apsp,/po3psagHi npouecu. Ha 0CHOBI KOMIIJIEKCHUX OCIITKEHb [1I0Ka3aHO BIJIMB BIIPOBAIKEHUX €JIEMEHTIB Zr i
Nb Ta TepmidHOro BifjlIany Ha KpUCTaIIYHY CTPYKTYpY, Mopdosoriio nosepxHi TiO2. BussneHo, mo seryBaHHs TiO2
HiobieM 3abe3neyye TepMidHy CTabinbHICTb (pa3u aHaTazy fo Temnepatyp 1123 K. 3rinHo 3 pesynbratamu X-
npomeHeBoro aHanizy TiO2, 1eroBaHoro UPKOHIEM, BMICT PYTUY MiCJId Bifgnany cTaHOBUB ~ 30 %. JaHuii
Marepias XapaKTepUu3yeTbCs IOPUCTOI0 CTPYKTYPOIO 3i 3HAYEHHSIM NUTOMOI towi 260 M2 /T, mo € Ha 40 %
6i7bIIOI0 y TOPIBHSIHHI i3 OTPMMaHUMU JJaHUMMU [1J1s1 HEeJIErOBaHOTO Ta JIeroBaHOTo Hiobiem TiO2. MeTogom
TEPMOTpaBiMeTPil BUSABJIEHO, 110 BMIiCT BOJIY B HbOMY CTaHOBUTL 10 20 % Big nnoyatkosoi Macu. lllnpuna
32060pOHEHOi 30HU OiOKCUAY TUTaHY, 3riffHO 3 JaHumu YP-crekTpockornii, 3MeHmyeTbes Bif 3,5 eB 1o 2,5 eB npu
neryBaHHi TiO2 nypKoHieM Ta Bifnaaom npu reMmneparypi o 1123 K BifnosifgHO, IPUYMHOIO YOTO € N0sIBa
€HepreTMYHUX PiBHIB Y 3a00poHeHii 30Hi TiO2 BHAC/IiNOK YTBOPEHHS BaKaHCiil OKCUTeHY ITics Binnasny, 1o
IiATBEPKEHO PEHTIEHIBCHKOIO (POTOEJIEKTPOHHOIO CIIEKTPOCKOIIi€lo. Briepiie 3acTtocoBaHo yieroanuii TiO2
LMPKOHieM Ta HiobieM i Bignanenunii npu 673 K i 1123 K y gKocTi KaTogHUX MaTtepialiB JliTieBUX IpKepeJl CTPyMy
(J1OC). TTokazaHo ePeKTUBHICTb [10€HAHHS JAHUX METOiB MonudiKalil 00 TOKpalleHHs iHTepKasLii IoHiB
JITIIO y CTPYKTYPY HLiOKCUY TUTaHY. 3Ha4eHHS IUTOMUX €HePreTHYHUX XapakTepucTuk JIJIC 36inmbimmnocs Ha 50 %
i 20% npu nerysanHi TiO2 nupkoniem i HiobGieM BiMOBiAHO i3 HACTYNMHUM ix Binnasom npu 1123 K.
ExcriepuMeHTasbHO IOBEIEHO, L0 eJIeKTPOXiMidHa iIHTepKassILisl MOHIB JIiTiI0 y pyTUJIbHY CTPYKTYPYy dTOpUIY
MAarHilo € IBOCTaJilHUM IIPOLIECOM, 11O MOJISATa€ y IEPBUHHOMY 3alIOBHEHHI [IOPOKHUH CTPYKTYPHUX KaHAJIB
[IOBEPXHEBUX 11aPiB, HAKONMYEHH] Ha IIOBEPXHI METAJIIYHOrO JIITiIO Ta [I0JALIIOMY 3alIOBHEHHI BIILHUX
"rOCTbOBHUX" MO3UILiH B 06'€Mi CTPYKTYPU KaTOAHOI MaTpULli 32 paxyHOK Audys3ii siiTito. JJoCIiIKeHO KiHeTUKY
nudysii sitito y cTpyktypy MgF2 Ta MgF2 /C. BcTaHOB/IEHO, 110 B ITPOLeci HAKONMYEeHHS iHTepKaIbOBaHOTO JITi0
MaTpULEIO CEJIEITy PyTUIIBHOI CTPYKTYpU KoedillieHT nruy3ii 3MiHIOETbCSI HEMOHOTOHHO 3aJ1€5KHO Bif]

BCTAHOBJIEHOI KATO-aHONHOI Pi3HULi [IOTEHIiaJliB, [IPY LbOMY CIIOCTEPIraeThCsl 3arajbHe VOro 3MEHIIEHHSL.

2. This dissertation deals with the investigation of the joint effect of thermal annealing, laser irradiation and doping
on physicochemical properties of nanocomposites formed on the basis of nanodispersed TiO2, doped with Zr, Nb,
Fe and nanoporous carbon. The interrelations have been determined between the conditions and modes of
obtaining and modifying constituents of the composite and electrochemical process regularities in electrical
energy storage and generation devices. The optimal conditions of laser modification when this material provides
high specific capacity properties of lithium power sources have been found. It has been demonstrated that the
specific capacity of the electrochemical system formed on the basis of the modified composite TiO2 /C when the
current is 1-5 mA is 15-50 times higher than the similar capacity for the primary composite, which shows the
formation of the matrix with a considerable number of guest positions capable of substantially intensifying
charging /discharging processes. Based on the overall tests, the influence of the intercalated Zr and Nb and the
thermal annealing on the crystalline structure, surface morphology of TiO2 has been shown. It has been
discovered that doping TiO2 with niobium provides anatase phase stability toward the temperatures of 1123 K.
According to the results of X-ray analysis of TiO2 doped with zirconium, the content of rutile after annealing is ~
30 %. This material is characterized by the porous structure with the specific area of 260 m2 /g, which is by 40%
bigger in comparison with the results obtained for TiO2 undoped and doped with niobium. With the help of the
thermogravimetric method, it has been found that its content of water is up to 20% of its initial mass. According to
the results of the ultraviolet spectroscopy, the width of the titanium dioxide bandgap decreases from 3.5 eV to 2.5
eV when TiO2 is doped with zirconium and annealed at the temperature of up to 1123 K respectively, the cause of
which is appearance of energy levels in the TiO2 bandgap because of the formation of oxygen vacancies after
annealing, which has been confirmed by the X-ray photoelectron spectroscopy. For the first time, the TiO2 doped
with zirconium and niobium and annealed at 673 and 1123 K has been used as a cathode material in lithium power
sources. The efficiency of combining these methods of modification in order to improve the intercalation of
lithium ioniums into the titanium dioxide structure has been demonstrated. The value of specific energy
characteristics of the lithium power sources has increased by 50% and 20% when TiO2 is doped with zirconium
and niobium respectively with their subsequent annealing at 1123 K. It has been experimentally proved that the
electrochemical intercalation of lithium ioniums into the rutile structure of magnesium fluoride is a two-stage



process. The first one involves filling the hollowness of structural channels in surface layers, accumulation of
lithium metal on the surface; the second - filling free "guest" positions in the cathode matrix structure at the
expense of lithium diffusion. The kinetics of lithium diffusion in the structure of MgF2 and MgF2 /C has been
studied. It has been determined that in the process of accumulating lithium intercalated by seleit matrix with the
rutile structure, the diffusion coefficient changes in a non-monotone way depending on the established cathode-
anode difference in potentials while its total reduction is observed.
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