BIuIuB €JIEKTPOHHOI CTPYKTYPH HAaHOKOMIO3UTHHX KaToaiB SiQ,/TiO,/Fe,O5/Al,03,
OTPUMAHHUX YIAPHO-BiOpauiiiHOI0 00p00KOI0 HA 3aPSAA0BI EMHOCTI JIITIEBUX JKepes1 CTPyMy

BinsiHue 3JIEKTPOHHOI CTPYKTYPbl HAHOKOMITIO3UTHBIX KaToa0B Si0,/TiO,/Fe,O3/Al,03,
MOJIy4eHHBIX YIapHO-BHOPAIIMOHHOI 00padoTKOi Ha 3apsI0Bble eMKOCTH JIMTHEBBIX
HCTOYHUKOB TOKA

Influence of the electronic structure of SiO,/TiO./Fe,O3/Al,O3 nanocomposite cathodes
obtained by shock-vibration treatment on the charge capacities of lithium current sources
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Jlnisi i1HTEHCUBHOTO PO3BUTKY HAyKOBO-TEXHIYHOTO MPOTpecy HEOOXiAHO BHUKOPHCTAHHS
HOBUX MaTepiaiiB 3 YHIKaJbHUMHU Hamepel 3aJaHMMH BIACTHBOCTSMH, TaKHMMH SIK BHCOKa
copOmiitHa 34aTHICTh, HAANPOBIJHI BIIACTUBOCTI, BHCOKA 3JaTHICTh IO HAKOIMMYCHHS
EJIEKTPUYHOTO 3apsAay Ta iH. 3Ba)KalOYM Ha IHTEHCUBHUN PO3BUTOK €IEKTPOMAITMHOOYTyBaHHS
Ta 301IBIICHHS KIJIBKOCTI MOPTAaTHBHOI €JIEKTPOHIKM BUHHMKA€ HEOOXIJHICTh Y BUKOPUCTAaHHI
MOPTAaTUBHUX JKEPEN eHeprii 3 BUCOKHUMH MOKAa3HUKAMH 3aps0BOi €MHOCTI Ta IUKILOBAHOCTI.
B nanwmii yac ogHWME 3 HAWOLIBII MEPCHEKTUBHUX € JiTieBi mkepena crpymy (JIJIC). Tomy 3
VIIEBHEHICTIO MOKHA CKa3aTH, 10 MOIIYK HOBUX ENEKTPOJHUX MarepiaiiB, siki 0 3a0e3neunnu
BHUIIIETICpEPAXOBaHi 0COOIMBOCTI, € OE3MepedHO aKTyalIbHOIO 33aa4eto. BigoMo, 1o BIacTUBOCTI
MaTepiaiiB, B TOMY 4HCIi 1 enekTpoximiyHi BiactuBocTi JIJIC, 3amexarb Bif eNeKTPOHHOT
CTPYKTYpU MaTepiaiiB Ta THILy MIKaTOMHOI B3a€MOJii aTOMiB B KPHUCTAJIYHUX, aMOP(HHUX YU
MOJIEKYJISIPHUX CTPYKTypax. Ta uM iHIIa CTpYKTypa YTBOPIOETHCS B MPOLIEC] BUKOPUCTAHHS TUX
YW IHIIUX METOJIB CHHTe3y abo oOpoOku. ToMy [uisl cripollieHHs! BHILEBKa3aHOI 3a/adl Jyke
Ba)XXJIUBO PO3YMITH, SIK 3MIHIOETCS PO3MO/ALT BaJ€HTHUX €JIEKTPOHIB, MOP(OJIOTis Ta CTPYKTypa
€JIEKTPOJIHUX MaTepiajiB B Tpoleci IX MPUTOTYBaHHS Ta fKa 3aJIEKHICTD MK IUMHU
napameTrpamu Ta enexkrpoxiMiyHuMHu BiaactuBocTsaMH JIZIC. Tomy B maHilt poOOTI BCTaHOBIEHO
BIUTMB YAapHO-BiOparlliitHoi 06poOku cymimeii HaHomopomkiB okcuaie Al,Oz, SiO,, TiO; ta
Fe,O; Ha iX eNeKTpOHHY CTPYKTYpY, CTPYKTYpHO-MOP(OJIOTidHI OCOOJMBOCTI Ta 3apsioBi
emaocti JIJIC 3 xaromamMm Ha iX OCHOBI Ta BCTaHOBJIEHA 3aJCKHICTh MK ITUMH
XapaKTePUCTHKAMHU.

BinMiHHICTD XIMIYHMX TOTEHI[iaiB KOMIIOHEHTIB CIpHS€ BUHUKHEHHIO MIDKAaTOMHOI
B3a€MOJII MID)K IOBEPXHEBUMHM aTOMaMM CYCIIHIX HAHOYaCTMHOK HPHU BHUCOKUX JIOKAJIBHUX
TUCKaxX Ta Temmeparypax B pe3yiabTari YBO. Lle mpuBoauTh 10 3pOCTaHHS 3apsiIOBOrO CTaHY
KHACHIO. SIKIIO 3apsooBHi CTaH 3pOCTa€ 3a pPaxyHOK 3aceeHHS BUCOKOCHPTETHYHUX HE
3B’sI3aHUX CTaHIB 1€ MPU3BOAWTH 10 MiJABHILIEHHS 3aTHOCTI 10HIB JITiI0 A0 pexomOiHamii i3
NPUTTOBEPXHEBUMH aTOMaMH KHCHIO 1 YTBOpPEHHsS OKCHAHUX rpym. Lli okcmani rpymm Ha
noBepxHi karoaHoro wmarepiany JIZIC mnepemko/pkaioTh BIPOBAPKEHHS 10HIB JITIIO B
CTPYKTYpHI KaHaJli Ta MyCTOTH, IO MPHU3BOAUTH 0 BiACYTHOCTI LukioBaHHs Takoro JIJIC. B
TOW >K€ 4Yac 3acelIeHHS eJIEKTPOBI B HM3bKOEHEpreTW4Hii obmacti Ha Op,-3B’A3yl04i piBHI
MPUBOAUTH 0 3MEHIICHHS PEKOMOIHAIIIHOT 3aTHOCTI 1 BIATOBIAHO TakuWii maTepian Oyne
BOJIOJIITH LIMKJIIYHUMH BJIACTHUBOCTSIMH.

BusBnenuit MexaHi3M 1HTEp-, ICIHTEPKANSALINHUX TMpOILECiB 1 iX 3aleXHICTh BiJ
€JIEKTPOHHOI CTPYKTYpU JI03BOJISIE LIJIECIIPSIMOBAHO BUOMpAaTH HAHOPO3MIpHI Marepiajau Ta
METOJHM OTPUMaHHS KOMITO3UTIB Jutsi BUTOTOBIEHHS KatoaiB JIJIC 3 cTabimbHUMH Ta BUCOKUMHU
EIeKTPOXIMIYHUMHU BJIACTUBOCTSIMH. 3 TMPOBENECHUX TOCIHIIKEHb BCTAaHOBIICHO, IO HAWOLIBII
NEPCIeKTUBHUMH HAHOKOMO3UTAMM 11 BUKOPHCTAHHA, SK OCHOBM KAaTOAHOIO Marepialy €
0,2Ti0,+0,8Si0, Ta 0,2 Al,03+0,8Si0; sAKi BOJIOAIIOTH JOCUTH BACOKUMH ITUTOMUMH €MHOCTSIMH
Ta MOTY>KHOCTSIMH.

(poc.)



Jlns  WHTEHCHMBHOTO  Pa3BUTUS  HAYYHO-TEXHMUYECKOTO  IIporpecca  HEOOXOIUMO
WCIIOJIb30BAHUE HOBBIX MATE€pPUATIOB C YHUKAJIbHBIMU 33JaHHBIMU CBOWCTBAMH, TaKMMH Kak
BBICOKasi COpOIMOHHAS CIIOCOOHOCTH, CBEPXMPOBOASAIINE CBOMCTBA, BBICOKAS CIOCOOHOCTHh K
HAKOIUICHUIO 3JIEKTPUYECKOro 3apsga . Jp. HecmoTps Ha HMHTEHCHUBHOE pa3BUTHE
3JIEKTPOMAIIIMHOCTPOCHUSI U YBEJIIMUYECHUE KOJWYECTBA MOPTATUBHOW 3JIEKTPOHUKH BO3HHKAET
HEOOXOAMMOCTh B HCHOJB30BAaHUU IMOPTATUBHBIX MCTOYHUKOB DHEPrUUM C BBICOKUMU
MOKa3aTelisIMU  3apsiIOBOM €MKOCTH M IUMKJIUMPYEMOCTH. B HacTosimiee BpeMsi OJHUMHU U3
HauOosee MEpPCHEKTUBHBIX SBisieTcd JuTUeBble HcTOYHMKM Toka (JIUT). Iloaromy ¢
YBEPEHHOCTBHIO MOXHO CKa3aTh, YTO TOMCK HOBBIX JJIEKTPOJHBIX MaTepUaJIOB, KOTOpHIE ObI
00ecTIeunIn BBIIICTICPEYUCIICHHBIE OCOOCHHOCTH, SIBJISIETCS OCCCIOPHO aKTyaJIbHOM 3a/Jadei.
N3BecTHO, YTO CBOKCTBAa MarepualioB, B TOM YHUCIE U 3JEKTpoxuMuueckue cpoiictBa JINUT,
3aBUCIT OT JJIEKTPOHHOW CTPYKTYypbl MaTEpHajoB M THUIIAa MEXKATOMHOI'O B3aUMOJCHCTBUSA
ATOMOB B KPUCTAJUTHYECKUX, aMOP(HBIX MU MOJIEKYIIIPHBIX CTpYKTypax. Ho apyras crpykrypa
oOpasyercss B MPOIECCE HCIOJIb30BAHMS TEX WM HHBIX METOJOB CHHTE3a WM OOpabOTKH.
[ToaTOMy ISt yHpOIEHHS BBINICYKa3aHHOW 3a/ladyd OYE€Hb BAXXKHO IOHUMATh, KaK MEHSETCS
pacnpeziefieHue BaJeHTHBIX 3JIEKTPOHOB, MOP(OJIOTUS U CTPYKTYpa dJEKTPOIHBIX MaTEpPHAaiOB B
Mpolecce X IMPUTOTOBJICHUS U Kakas 3aBUCUMOCTh MEXIYy OJTHUMH IapamMeTpamu U
anekTpoxumuueckuMu cBoiictBamu JIMT. TlosTomy B maHHON paboTe yCTaHOBJIEHO BIUSHUE
yIapHO-BHOPAIIMOHHOM 00paboTKK cMecei HaHomopoiikoB okcuaoB Al,O3, SiO,, TiO, u Fe O3
HAa HX DJJEKTPOHHYIO CTPYKTYpPY, CTPYKTYpHO-MOP(OIOTHYECKHE OCOOEHHOCTH W 3apsiay
emkoctn JIMT ¢ karomamMu Ha HMX OCHOBE M YCTAaHOBJICHA 3aBUCHMOCTb MEXKIY STUMH
XapaKTEePUCTUKAMU.

OTnuyre XMMHYECKUX TOTECHIIMAIIOB KOMIIOHEHTOB CIIOCOOCTBYET BO3HHUKHOBEHUIO
MEXaTOMHOI'0 B3aUMOJEHUCTBHS MEXIY MOBEPXHOCTHBIMU aTOMAMM COCEIHHMX HAaHOYACTHIL IPU
BBICOKMX JIOKAJIBHBIX JIaBJICHUAX M TemImeparypax B pesyibrate YBO. D10 nmpuBoauT K pocty
3apsIIOBOIO COCTOSIHUSI KHcliopoja. Eciam 3apsiioBoe COCTOSIHHME pacTeT 3a CUeT 3aceeHus
BHCOKOCHPTETUYHUX HE CBSI3aHHBIX COCTOSIHMI 3TO MPUBOJIUT K TOBBIIMICHUIO CIIOCOOHOCTH
MOHOB JTUTHS B PEKOMOMHAIIMU C MPHUIOBEPXHOCTHBIMH aTOMAaMU KHUCIOpOAa M OOpa30BaHUS
OKCUJHBIX TpyMI. OTH OKCUIHBbIE TPYIIBl Ha IMOBEPXHOCTH KaroaHoro Marepuana JIUT
MPENSATCTBYIOT BHEAPEHUIO MOHOB JIUTHS B CTPYKTYPHBIE€ KaHAJbl U MMYCTOTHI, YTO MPHUBOJIUT K
orcyTcTBUIO lukiaupoBanus Ttakoro JIZIC. B To ke BpeMs 3acelieHHs D3JIEKTPOHOB B
HU3KOSHEpreTuueckon obnactu Ha Op,-CBA3BIBAIONINE YPOBHE NPUBOAUT K YMEHBIICHHUIO
PEeKOMOMHAIIMOHHON CIIOCOOHOCTH W COOTBETCTBEHHO TaKoW warepuan Oyaer o0JanaTh
IUKIMYECKUMH CBOMCTBAMHU.

OOHapyXeHHBIN MEXaHWU3M UHTEP, JCHHTEPKATSIIUHHUX MTPOLIECCOB U UX 3aBUCHMOCTH OT
AIIEKTPOHHON CTPYKTYpHI MO3BOJISET II€JICHAMPABICHHO BBHIOMPATh HaHOpPA3MEpPHBIE MaTepHUAabI
U METOJbl TOJIYYCHHS KOMIIO3UTOB Il u3roToBieHHs katonoB JIJIC c crabuiapbHBIMH U
BBICOKMMHU 3JIEKTPOXUMHUYECKMMHU CBOMCTBaMU. M3 MpOBEAEHHBIX MCCIEIOBAaHUN YCTaHOBJIEHO,
YTO HambOoJee MEePCHEKTUBHBIMU HAHOKOTO3WTAMU JJIsi HUCIIOJIB30BAHHS B KAa4eCTBE OCHOBBI
katogHoro Mmarepuaia sBisercs  0,2Ti0,+0,8Si0, u  0,2Al,03+0,8Si0, o6manarommx
JIOCTAaTOYHO BBICOKMMH yJIETbHBIMU €MKOCTSMH U MOIITHOCTSIMH.

(anrJ.)

For the intensive development of scientific and technological progress, it is necessary to
use new materials with unique desired properties, such as high sorption ability, superconducting
properties, high ability to accumulate electric charge, etc. Despite the intensive development of
electrical engineering and an increase in the number of portable electronics, it is necessary to use
portable sources energy with high rates of charge capacity and cyclability. Currently, one of the
most promising is lithium current sources (LCS). Therefore, we can say with confidence that the
search for new electrode materials that would provide the above features is undoubtedly an
urgent task. It is known that the properties of materials, including the electrochemical properties
of LCS, depend on the electronic structure of materials and the type of interatomic interaction of
atoms in crystalline, amorphous, or molecular structures. But another structure is formed in the
process of using certain methods of synthesis or processing. Therefore, to simplify the above
task, it is very important to understand how the distribution of valence electrons, the morphology



and structure of electrode materials change during their preparation. And the another one task the
looking for the answer for the question - what is the relationship between these parameters and
the electrochemical properties of LCS. Therefore, in this work, the influence of shock-vibration
processing of mixtures of nanopowders of Al,O3, SiO,, TiO, and Fe,O3 oxides on their
electronic structure, structural and morphological features, and the charge of the LCS
capacitance with cathodes based on them was established and the relationship between these
characteristics was established.

The difference in the chemical potentials of the components contributes to the appearance
of an interatomic interaction between the surface atoms of neighboring nanoparticles at high
local pressures and temperatures as a result of treatment. This leads to an increase in the charge
state of oxygen. If the charge state grows due to the population of highly energetic unbound
states, this leads to an increase in the ability of lithium ions in recombination with surface
oxygen atoms and the formation of oxide groups. These oxide groups on the surface of the
cathode LCS material prevent the incorporation of lithium ions into structural channels and
voids, which leads to the absence of cycling of such LCS. At the same time, the population of
electrons in the low-energy region at the Opm-binding level leads to a decrease in the
recombination ability and, accordingly, such a material will have cyclic properties.

The discovered mechanism of inter and deintercalation processes and their dependence
on the electronic structure allows one to selectively select nanoscale materials and methods for
producing composites for the fabrication of LCS cathodes with stable and high electrochemical
properties. From the conducted studies, it was found that the most promising nanocoposites for
use as the basis for the cathode material are 0,2TiO,+0,8Si0, and 0,2Al,03+0,8Si0, with
sufficiently high specific capacities and capacities.
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