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Pedepar:

1. Jlana HayKoBa IIpalls CIIpsIMOBAaHa Ha BUPIlIEHHS aKTyaJIbHMX 3aBJaHb Cy4YaCHOI HAYKM Ta TEXHIKY, OJHUM 3 SIKUX €
CTBOPEHHS XiMIYHMX [IK€peJl CTPYMYy HOBOTO ITOKOJIiHHS. [IepCIIeKTUBHUM MiJIX0J0M € CTBOPEHHS reTepodasHux
(PTOPUIIPOBIIHNUX CUCTEM, B IKMX aHIOH (PTOPY 3a0e3Iedye [epeHoC 3apsiy MK eJIeKTpOJaMH, 8 YTBOPEHHS
dTopuziB MeTamiB pi3HOTrO CTyIIeHsI OKUCHEHHS 3a6e31edye BUHMKHEHHS eJIeKTPOPYIIiiiHOI cunu. TeopeTudHo Taki
CHCTEMMU JI03BOJISIIOTh CTBOPIOBATH [IKEPEJIA €JIEKTPUYHOTO CTPYMY 3 IUTOMOIO €MHICTIO Ta IYCTUHOO €HEPTii,
CIIiBCTaBHUMM 3 JIiTi-IOHHUMU 6aTapesiMy, SIKi Hapasi € Hal6i1bll pO3MOBCIOKEHUMY, ajle 3 KPallluMU
XapaKTePUCTUKAMU €KCIUTyaTaliliHOi 6e3MeKu, HMKY00 CO0iBapTiCTIO BUTOTOBJIEHHS. [IpuiiMatoun 10 yBaru

0OMeKeHiCTh MPUPOIHUX MOKJIATIIB JiTiEBOI CUPDOBUHU Ta 3pOCTAIOUNI MOMUT Ha JIPKepeJsia eIeKTPUIHOi eHeprii



pi3HOro MpU3Ha4YE€HHS PO3POOJIEHHSI Ta CTBOPEHHSI a/IbTEPHATUBHUX JKEPEJI CTPYMY € aKTyaJbHUM He JIMLIe
HAyKOBUM, ajie ! IPUKJIaJHUM 3aBIaHHSIM. BUKOHaHA po60Ta IPUCBSIYEHA MOIIYKY Ta CUHTE3Y GTOPUATIPOBITHUX
(a3 3 noKkpaleHUMU NIPOBIJHUMH BJIACTUBOCTSIMU, IPUAATHUMHU /1J151 CTBOPEHHSI HOBUX JPKEPEJI CTPYyMY,
IOCJIiIKEHHIO €JIEKTPOXiMIYHUX BJIACTUBOCTEN reTepodasHuxX KOMIIO3ULiH [ BUKOPUCTAHHS K €JIEKTPOJIHI Ta
€JIEKTPOJIITHI MaTepianu. B po6oTi npencraBieHo pe3yibTaTy AOCIiIXKEHb i3 CUHTE3Y (PTOPUANPOBIIHUX (a3,
OTPMMAaHMX IJIIXOM 3aMillleHHsI YaCTUHU KaTioHiB BaZ+ Ha karioHamu La3+, Y3+, Bi3+ y ctpykrypax BaSnF4 Ta Bal-
ySnl+yF4, ix eseKTpOoxiMiyHi BIaCTUBOCTI Ta BJIACTUBOCTI AESIKUX reTepodasHuX KOMIIO3ULIIM, sIKi MOJKHA
BMKOPHUCTOBYBATU y PTOPUI-IOHHUX [KEPEJIaX CTPYMY SIK €JIEKTPOJ,/€JIeKTPOJITHI MaTepiaan. MeToro JaHoi
kBastidikanifiHoi poboTH € po3podKa MeToxiB CUHTe3y Ta Moaudikauii GTOPUANPOBITHNKX MaTepiasiB Ha OCHOBI
BaSnF4 Ta 3’sicyBaHHS BIJIMBY KaTIOHHOTO JIETYBaHHS Ha iX CTPYKTYPHI Ta €J1eKTPOIIPOBiiHI BJIACTMBOCTI, @ TAKOX
OOCJIiIKEHHS €JIEKTPOXiMIYHUX ITPOLIECIB B reTepo(dasHUX KOMIIO3ULIIX PTOPUL-iOHHUX JKepeJl CTpyMy. [Ipu
BUKOHAaHHI JaHOi po60TH BIEPILE OJEP>KaHi Taki HAyKoBi pe3ysbTaty: 0 CHHTE30BaHO HOBI TBEPAi GTOPUITPOBIHI
a3y 3 BUCOKOIO IIPOBiJHICTIO 32 CIeLiabHO PO3PO0JIEHOI0 2-X CTaAiHOI METOAMKOI0 cuHTe3y: Bal-xLaxSnF4+x
(0<x<0,12), Bal-xYxSnF4+x (0<x<0,10), Ba0,90-xLaxSn1,10F4+x (0<x<0,12), Ba0,86-xLaxSn1,14F4+x (0<x<0,12),
Ba0,80-xLaxSn1,20F4+x (0<x<0,12). 0 BusiBneHo, 110 YaCTKOBe 3aMillleHHS KaTioHiB Ba2+ katioHamu La3d+, Y3+y
ckiagHoMy dropuni BaSnF4, cripusie 36ibl1eHHIO €J1eKTPOIPOBiTHOCTI. HaliBuIy IpoBinHiCTh MaloTh Gasu CKIamy
Ba0,90Y0,10SnF4,10 i Ba0,93La0,07SnF4,07 (0353K =1,53-10-3 Cm/cm 1 0353K = 9,02-10-4 CMm/cM BifIOBiAHO), SKa
[IpY JAaHiN TeMIleparypi Marke Ha 2 IIOPALKYA BEJIMYMHU [IePEBULILYE MTPOBigHICTL BUXigHOro BaSnF4. o BctaHoBieHO,
1I0 reTepoBaJIeHTHE JIeTyBaHHS KaTioHamu La3+, Y3+ cnionyku BaSnF4 3a6e3neuye 3MeHII€HHS eHeprii akTuBallii
iOHHOI IPOBIAHOCTI B TUM 6i/bIIIN Mipi, YM BUIIA KOHIIEHTpPAIlis 3aMiCHUKA. BusiBJieHa 3aKOHOMIpHICTh
IIpUTaMaHHa JJ1s1 BCiX CUHTE30BaHUX 3pa3KiB (pToOpUIpoBinHUX ¢a3; o BussieHo, o 3aMillleHHsI YaCTUHU KaTiOHIiB
6apiio kaTioHamu La3+y HecTexiomeTpuyHux ¢aszax Ba0,905Sn1,10F4,00, Ba0,86Sn1,14F4,00, Ba0,80Sn1,20F4,00
cripysie 30i7bIIeHHIO eJIeKTPOIpOoBinHOCTI. Halikpally mpoBifHiCTh IPY KiIMHATHIN TeMmrepaTypi y IOpiBHSIHHI 3
BUXiTHMMU (Pazamu MaloTh (pasu Takoro ckiaay: o Ba0,78La0,125n1,12F4,12 (o = 4,26:10-3 Cm/cM, NOPIBHSIHO 3
Ba0,90Sn1,10F4,00 o = 2,94-10-5 Cm/cMm); 0 Ba0,74La0,12Sn1,14F4,12 o = 2,91-10-3 Cm/cM), TIOPiBHSHO 3
Ba0,865n1,14F4,00 (o = 3,52-10-4 Cm/cM; 0 Ba0,70La0,10Sn1,20F4,10 (o = 4,13:10-3 CM/cMm), NOPIBHSIHO 3
Ba0,80Sn1,20F4,00 (o = 1,79-10-3 CM/cm); 0 Po3pobiieHo eHeproedeKTUBHY ABOCTAliHY METOIUKY CUHTE3y
(TOpPUIIPOBIIHUX MaTepiasiB Ha OCHOBI BaSnF4, sika 3abe3nedye ofiepKaHHS KiCHUX 3pa3KiB IIpY HIKUNAX
TeMIIepaTypax i 3a6e3nedye 3MEeHIIEHHS TPUBAJIOCTI CUHTE3y. 0 BU3HaUY€HO, ONTMMAJILHUN THUCK [IPECYBAaHHS 3Pa3KiB
s cuctemu BaF2-LaF3-SnF2, mo cknagae 9,8 MPa ny1s uuningpruyHuX 3paskiB giameTpom 8 Mmm. 0 JloBeneHo, 110
3pa3KU BCiX CUHTE30BaHUX (pa3 MAIOTh YHINOJISPHY i0HHY IPOBITHICTD, 5IKy 3a0€311e4yloTh aHioHU pTopy. BusHaueHi
4ucsa IEPeHOCy 3a aHioHamMu GTopy 6J1M3bKi 40 oAUHML. 0 EKCIepMMeHTaNlbHO BUKOHAHO OLIiHKY PeayIbHOrO BikKHA
€JIEKTPOXiMi4HOI CTiliKoCTi propuanposigHux (a3 cknany Pbl-xMxSnF4+x (M=K, Nd, Ba), ke 17151 CUHT€30BaHUX
dropunnposinHux ¢as ckiuangae: —1,85+0,05 : +2,00+0,05 B i npakTU4HO He 3aJIe>KUTh Bill BMICTy 3aMiCHUKaA.

2. This scientific work is aimed at solving the urgent tasks of modern science and technology, including the
development of next-generation electrochemical power sources. A promising approach is the creation of
heterophase fluoride-conducting systems in which the fluorine anion ensures charge transfer between the
electrodes, and the formation of metal fluorides of varying degrees of oxidation, which generates an electromotive
force. Theoretically, such systems can provide electric current sources with high specific capacity and energy
density comparable to lithium-ion batteries, but with improved operational safety and lower production cost.
Given the limited natural reserves of lithium and the growing demand for sources of electrical energy for various
purposes, the development and creation of alternative current sources is an urgent not only scientific, but also
applied task. The work carried out is devoted to the search and synthesis of fluoride-conducting phases with
improved conductive properties suitable for the creation of new current sources, to the study of electrochemical
properties of heterophase compositions for use as electrode and electrolyte materials. The paper presents the
results of research on the synthesis of fluoride-conducting phases by partial substitution of Ba2+ with La3+, Y3+,
and Bi3+ cations in BaSnF4 and Bal-ySnl+yF4 structures, their electrochemical properties, and the properties of
some heterophase compositions that can be used in fluoride-ion power sources as electrode /electrolyte



materials. The purpose of this qualification work is to develop methods for the synthesis and modification of
fluoride conductive materials based on BaSnF4 and to elucidate the effect of cationic doping on their structural
and electrically conductive properties, as well as to study electrochemical processes in heterophase compositions
of fluoride-ion power sources. When performing this work, the following scientific results were obtained for the
first time: o New highly conductive solid fluoride conductive phases have been synthesized according to a specially
developed 2-stage synthesis technique: Bal-xLaxSnF4+x (0<x<0.12), Bal-xYxSnF4+x (0<x<0.10), Ba0.90-
xLaxSn1.10F4.00+x (0<x<0.12), Ba0.86-xLaxSn1.14F4.00+x (0<x<0.12), Ba0.80-xLaxSn1.20F4.00+x (0<x<0.12). o It was
found that the partial substitution of Ba2+ cations with La3+, Y3+ cations in the complex fluoride BaSnF4
contributes to an increase in electrical conductivity. The composition phases Ba0.90Y0.10SnF4.10 and
Ba0.93La0.07SnF4.07 (0353K = 1.53-10-3 S/cm and 0353K = 9.02:10-4 S /cm respectively), have the highest
conductivity, which at a given temperature is almost 2 orders of magnitude higher than the conductivity of the
original BaSnF4. o It was established that heterovalent doping with La3+, Y3+ cations of the BaSnF4 compound
provides a decrease in the activation energy of ionic conductivity to a greater extent, the higher the concentration
of the substituent. The revealed regularity is inherent in all synthesized samples of fluoride-conducting phases; o It
is found that the substitution of a portion of barium cations with La3+ cations in the non-stoichiometric phases
Ba0.90Sn1.10F4.00, Ba0.86Sn1.14F4.00, Ba0.80Sn1.20F4.00 contributes to increase the electrical conductivity. The
phases of the following composition have the best conductivity at room temperature compared to the initial
phases: 0 Ba0.78La0.12Sn1.12F4.12 (o = 4.26:10-3 S /cm), compared to Ba0.90Sn1.10F4.00 o = 2.94-10-5 S/cm); o
Ba0.74La0.12Sn1.14F4.12 o = 2.91-10-3 S /cm), compared to Ba0.86Sn1.14F4.00 (o = 3.52:10-4 S/cm; 0
Ba0.70La0.10Sn1.20F4.10 (o = 4.13:10-3 S /cm), compared to Ba0.80Sn1.20F4.00 (o = 1.79:10-3 S /cm); 0 An energy-
efficient two-stage method of synthesis of fluoride-conducting materials based on BaSnF4 has been developed,
which ensures the production of high-quality samples at lower temperatures and ensures a reduction in the
duration of synthesis. o Determined, the optimal sample pressing pressure for the BaF2-LaF3-SnF2 system which is
9.8 MPa for cylindrical samples with a diameter of 8 mm. o Samples of all synthesized phases have been shown to
have unipolar ionic conductivity provided by fluoride anions. The determined transfer numbers by fluoride anions
are close to unity. o An evaluation of the real electrochemical stability window of the fluoride-conducting phases of
the composition Pbl-xMxSnF4+x (M=K, Nd, Ba), was experimentally performed, which for the synthesized fluoride-
conducting phases is: -1.85+0.05 : +2.00+0.05 V and is practically independent of the content of the substituent.
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