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3arocTpeHHsl €HEePreTUYHMUX 1 eKOJOTTYHMX MpoOJieM ChOTOACHHS OOYMOBIIOE 3POCTAOUHMA
iHTEepeC 0 PO3pOOKH MEPCHEKTHBHUX aKyMYITIOIOYHX CHCTEM HOBOTO TOKOJIHHS 3 MOKpAIICeHUMH
eKCIUTyaTalliiHUMH ~ XapaKTepUCTHUKaMU. BOHM TMOBMHHI HAaKONWYYBaTU BEJIMKY KIJIBKICTb
eJIeKTpoeHeprii, 3a0de3neuyBaT BUCOKY MIBUIKICTb 3apsiiy Ta 30epiraTd HpU IbOMY BUCOKHUI
piBeHb Oe3mneku. [t bOro HEOOXiTHO PO3POOUTH ENEKTPOJIITHI Ta eNeKTPOIHI Marepiaiu, ski 6
XapaKkTepU3yBaJHcs BUCOKUMH 3HAYCHHSIMH HACTYITHUX MapaMeTPiB: EMHICTh, IIBUAKICTh IEPEHOCY
3apsily, CTaOUIBHICTh XapaKTEPUCTUK Micis ©0araropa3oBOro LMKIY 3apsay/po3psay. Bukonani
JOCIIIJKEHHS CIPSMOBaH1 Ha BUPIIIEHHS aKTyaJlbHOI MpOOIeMH CydyacHOI HayKU 1 TEXHIKH, a caMe,
Ha CTBOPEHHSI €JEKTPOJITHUX Ta €NCKTPOJHMX MarepialiB Juid XIMIYHUX JDKEpesl CTPyMy HOBOTO
MTOKOJIIHHS.

Meta po0OOTH: CHHTE3 HOBUX CHOJYK JJIi CTBOPEHHS EJIEKTPOIHUX Ta ENEKTPOJITHUX
marepiaiaiB GTOPUA-HOHHMUX Ta JITIH-HOHHUX JIKEpET CTPyMY, JOCIIDKEHHS 1X €IeKTPOXIMIYHUX
BIACTUBOCTEH, BHSABICHHS 3aJI©KHOCTI MIDK CKJIaJOM, YMOBAMH CHHTE3Y, CTPYKTYpPHUMH
0COOJIMBOCTSIMH Ta €JIEKTPOXIMIYHUMU BIACTUBOCTSIMHU.

B pesynaprari BUKOHAHUX JOCTIPKEHb CHHTE30BaHI Ta JOCHIIKEHI (TOPUA-TIPOBIIHI
marepiaiu 31 crpykryporo S-PbSnF, (Pb, Ln SnF,.; Pb; . Y.SnF . Pbyss. MSn; /.,

Ba; Sn; . F,, (K,Ba,,);.ySnF 0y 0e M=Li, Na, K, Rb, Ba, Nd, Sm; Ln = La, Nd, Sm, Gd, Ho,
Yb) BusHaueHi obOnacti iX icHyBaHHS. CHHTE30BaHI Ta JOCIHI/PKEHI JITIH-MPOBITHI MaTepianu 3
PI3HOIO KPUCTATIYHOIO CTPYKTYpoto (Li; ;A1 ;Ti, (PO,);, LiysdLa, ssTiO;s, LissLasZr; sNb, sO,,).

BcraHoBieHo, 110 Ipy 4acTKOBOMY a00 TOBHOMY 3aMillieHHi KatioHiB Pb*" a6o Ba*" i30- aGo
reTepOBAJICHTHUMHM KaTlOHAaMU YTBOPIOIOTBCS TBEpHl PO3UMHU 31 CTpyKTyporo f-PbSnF, 3
3arajbHOI0 aHIOHHOIO TPOBiIHICTIO He HUK4oK0 3a 10 Cm/cM npu 100 °C . Buepiue cunrte3oBani
(GTOpPUA-TIPOBIJIHI MaTepiaiu, MPOBIIHICTh SIKUX IPU TemrepaTypax ONM3bKUX JO KIMHATHOI OUIbLI
Hibk y 100 pasiB mnepeBuilye TMPOBIAHICTh KpallUX, BIIOMHX Ha ChOTOJHI TBEPIUX
GTOPUA-TIPOBITHUX EIEKTPONITIB. 32 BETUYHHOIO EICKTPOIPOBITHOCTI Ta BMICTOM MIXKBY3JIOBUX
aHIOHIB (TOpYy JdOCHIIKEHI QTOpUIM MOXHA pO3TAlIyBaTH B HACTYIMHIA MOCIHIJOBHOCTI:
Pbyss. MSn; 14F 1. > PbyLnSnF . > Pb Y.SnF .. > (K,Ba,,) .80 F 0 > BaSn o Fy,

BcraHoBineno ontuManbHI YMOBUM CHUHTE3y JITIH-IPOBIIHUX MarepiajiB 3  PI3HOIO
KPUCTAIIYHOIO CTPYKTYpOIo, a came Li, ;A41,;Ti, ,(PO,); 31 ctpykryporo NASICON, Li, ;La, 56TiO; 31
CTPYKTYpOIO MepoBChKITY Ta Li,sLasZr; sNb,;0;, 31 cTpykTypoto rpaHary. [lokazaHo npuHIMIIOBY
MOXJIUBICTh CTBOPEHHS JITIH-IOHHUX aKyMYyJSTOPIB i3 KOMIIO3UTHHUM €JEKTPOJITOM Ha OCHOBI
MopucToi Kepamiunoi marpuii Li;;Al,;Ti, ,(PO,); mnpocouenoi 1M posuuny LiPF, y cymim
eTuJIeHKapOoHaty Ta JaumerwiakapOonary (1:1). IIpotoTunu miTi-lOHHHUX aKyMyJsTOpIB 13
KOMITO3UTHUM €JIEKTPOJIITOM JEMOHCTPYIOTh BUIIY CTAaOUIbHICTh €MHICHUX XapaKTEPUCTUKH TPU
TPUBAJIOMY LMKIIOBAaHHI Ta J03BOJIAIOTh BUPIMIUTH NPOOIEMHU JITiH-IOHHUX aKyMyJSTOPIB, IO
MOB’SI3aHI 3 BHUTOKOM EJIEKTPOJITY Ta TMOKeXOoHeOe3neuHicTio. BusBieHno, mo wmomudikaris
KOMepIIiitHoro karomHoro watepiany LiNiyMn,,Co,,0, HaHOYaCTUHKAMHU JITiH-IIPOBITHOTO
matepiany Li; ;A41,;Ti; (PO,); mokpaliye eIeKTpoXiMidH1 XapaKTEePUCTUKH KaTOAHOTO MaTepiary mif
4ac TPUBAJIOTO LIUKIIOBAHHS.

Otpumani pe3ynbTaTu mpejacTaBieHi y 51 HaykoBux myoOmikauisx (19 crareit, 29 Te3
JIOTNOBiieH, 3 mareHTH) Ta HEeOoOXiJIHI [UIs ONTHUMI3allii CKJaxy eJEeKTPOAHUX Ta EJIEKTPOJITHUX
MarepiaiiB SIK XIMIYHUX JJKEpesl CTPyMy HOBOTO TOKOJIIHHS, TaK 1 €JEKTPOXIMIYHUX MPHUCTPOIB
PI3HOTO MPU3HAYCHHS.
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SUMMARY
cycle of scientific works '""Materials for chemical current sources of new generation (fluoride-
and lithium-ion batteries)" by team of authors Voloshanovska Yu. V. (Ph.D., senior researcher of
V.1. Vernadskii IGIC of the NAS of Ukraine), Lisovskyi L. V. (researcher of V.I. Vernadskii IGIC of
the NAS of Ukraine), Nahornyi A.A. (lead engineer of V.I. Vernadskii IGIC of the NAS of Ukraine)

Today’s energy and environmental problems cause growing interest in development of new
energy storage systems with better operational characteristics. The following requirements apply to
them: to accumulate a large amount of electricity, to provide a high charging speed and to keep at
the same time high safety level. To fulfill these requirements must be developed electrode and
electrolyte materials with high characteristics of capacity, charge transfer rate and stability of
characteristics after multiple charge/discharge cycles. The conducted research is aimed at solving
the current problem of modern science and technology, namely, the creation of electrolyte and
electrode materials for new chemical current sources.

The purpose of the work was: to synthesize new compounds for creation of electrode and
electrolyte materials of fluoride-ion and lithium-ion current sources, to study their electrochemical
properties, to identify the connection between the composition, synthesis conditions, structural
features and electrochemical properties.

As a result of performed studies, fluoride-conducting phases with structures f-PbSnF,
(Pb,.LnSnF .., Pb. . YSnFy., Pbss.MSn Fp, Ba, Sn . F, (KBa);.ySnikly,i., where
M=Li, Na, K, Rb, Ba, Nd, Sm; Ln = La, Nd, Sm, Gd, Ho, Yb) were synthesized and investigated,
areas of their existence where defined. Lithium-conductive materials with different crystal structure,
namely Li, ;41,;Ti, (PO,);, Liys,La,ss1i0;, LissLasZr; sNb, 50, were synthesized and investigated.

It has been established that solid solutions with the structure of f-PbSnF, were formed by
partial or complete substitution of lead or barium ions by iso- or heterovalent cations, and its ionic
conductivity is higher then 10* S/cm at 100 °C. Fluoride-conductive materials whose conductivity
at temperatures close to room temperature is a hundred times higher than the conductivity of the
best known today solid fluoride-conductive electrolytes were synthesized for the first time.
According to the value of the electrical conductivity and the number of interstitial fluorine anions,
studied fluorides can be arranged in the following sequence: Pb g, M Sn; 1,F . > Pb, LnSnF,. >
Pb, Y. SnFy . > (K\Ba,.) 1.gSn;F ). > BaSn . Fy.

Optimal conditions for the synthesis of lithium-conducting materials with different crystal
structures, namely Li,;Aly;Ti, 7(PO,); with NASICON structure, Lij;4la,5,T10; with perovskite
structure and LigsLa;Zr, sNbysO;, with garnet structure, have been established. The principal
possibility of creating lithium-ion batteries with a composite electrolyte based on a porous ceramic
matrix Li, 3Aly;Ti, 7(PO,); saturated with 1M LiPF4 solution in a mixture of ethylene carbonate and
dimethyl carbonate (1:1) is shown. Prototypes of lithium-ion batteries with composite electrolyte
demonstrate higher stability of capacity characteristics over a long-term cycling and allow solving
the problems of lithium-ion batteries associated with electrolyte leakage and fire hazard. It is
established that modification of commercial cathode material LiNi,Mn,,Co,,0, by nanoparticles
of lithium-conducting material Li, ;Al,5Ti, ,(PO,); improves the electrochemical characteristics of
the cathode material during long-term cycling.

The obtained results are presented in 51 scientific publications (19 papers, 29 conference
abstracts, 3 patents) and are necessary for optimizing the composition of electrode and electrolyte
materials of both chemical current sources of the new generation and electrochemical devices for
various purposes.
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