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marepianamMu

2. Salt-solvate electrolytes for high-capacity lithium batteries with sulfur-containing cathode materials

Pedepar:

1. Incepraniiiny po60Ty IIPUCBSIYEHO AOCTIIKEHHIO (i3MKO-XIMiYHUX i €IeKTPOXiMiYHMX BJIACTUBOCTEN Cijlb-
COJIBBATHUX PO34YMHIB Ta IX 3aCTOCYBaHHS SIK IEPCIIEKTUBHUX €JIEKTPOJIITIB 1714 JIITIEBUX [IKEPEJ CTPYMY 3
KOHBEPCITHUMU CIpKOBMiICHUMU KaTOJAHUMU MaTepiasamu. BcTaHOBJIEHO, 10 BeJIMYMHA MTUTOMOI
€JIEKTPOIIPOBIAHOCTI Cislb-CONBBATHUX PO3UYMHIB 32 HU3bKUX TEMIIEPATYP MalKe He 3aJIEXUTh Bifl IpUpoau aHioHa
stitieBoi cozi. 3 MiABUILEHHSIM TEMIIepaTypH 1isl 3aJIe>KHICTh 3HAYHO OcuioeThes B psany: LiTf < LiBF4 < LiClO4 <
LiTFSI, mo ananoriyHo 1o 36iblIeHHS CTyIIeHs Aucolialii cosei jiTiio. Pe3ynbTaTi BUCOKOI TepMIiYHOI
CTabiJIbHOCTI TAaKUX PO34YMHIB Iepef06a4aloTb MOXJIMBICTb 3HAUHOTO PO3IMPEHHS TEMIIEPATYPHOTO [ialla30Hy
eKcILTyaTalii JliTieBux 6arapeit. 3po6sieHo cripoby il CUCTEMHOTO MiIXOAY 10 BUOOPY COJIi JITit0 115t

€JIEKTPOJITHUX CUCTEM, LIIO MOXYTb OyTH €(PEeKTUBHO 3aCTOCOBAHI y JITiEBUX aKyMyJIITOPaX 3 KOHBEPCIHUM



CIpKOBMICHUM KaTOAOM. BU3Ha4€HO €JIEKTPOXiMiIYHI XapaKTEPUCTUKN CiPYaHOIO €JIEKTPOAY B ClJIb-COJIbBATHUX
PO34YMHAaX Ha OCHOBI TETParjimMy B yMOBaxX KIMHATHOI Ta MigBUIIEHUX TeMIlepaTyp. BcTaHoBieHO Haib6ibIn
ONTVMMAaJIbHY KOHLIEHTPALIil0 COJIbOBOI KOMIIOHEHTH B CiJIb-COJIbBATHUX €JIEKTPOJIITAX, SIKA 3HAXOIUTLCS Ha PiBHi 0,4
M.4., 32 SIKOi rajibBaHiuHa napa JliTiii-cipka 1eMOHCTpy€e HalBullli pe3yJbTaTu. PO3po6eHO HOBUI KOMIIO3UTHUMN
Karoz aJ4 Li||S cuctemu Ha 0CHOBI (GTOpOBaHOrO ByrieLo. [lokazaHo, 10 BBEEHHS B CKJIaJ, I03UTUBHOTO
esieKTpony 6;:1m3bko 20% mac. nobasku CFX 103B0JIsie 3HAYHO MiIBUIIATY MUTOMI XapakKTE€PUCTHKU 32 paxyHOK
MOXJIMBOTO [TOKPAIlEeHHs IIPOBiNHOCTI B CTPYKTYpi KaToMy Ta afcopOuii noJicynbdinis Ha NoBepxHi aMop@pHOro
ByryeLo. Kyo4yoBi c10Ba: Cifib-COJbBAT, €J1eKTPOIPOBiAHICTh, KOHBEPCIMHUI KaToJ, JliTieBa 6aTapes, GTOpoBaHUN
ByIJIEllb, aACOPOLIis, oTicynbdinu.

2. The dissertation is devoted to the study of physico-chemical and electrochemical properties of salt-solvate
solutions and their application as promising electrolytes for lithium power sources with conversion sulfur-
containing cathode materials. The subject of research was to determine the specific characteristics of iron
disulfide and elemental sulfur and their stability during cycling in cells with a lithium anode using electrolyte
solutions of different composition and concentration, as well as the effect of experimental temperature. A
relatively new class of electrolytes based on salt-solvates, which has an acceptable level of specific conductivity,
wide range potentials of electrochemical stability, high thermal stability and chemical resistance, was chosen as
the electrolyte system. The choice of salt-solvate solutions is due to their low solvating ability in relation to redox-
active particles of the positive electrode and at the same time the ability to ensure high mobility of lithium ions
(Li+). The use of such electrolytes for electrochemical systems such as lithium-iron disulfide (Li||FeS2) and lithium-
sulfur (Li||S) contributes to a significant reduction in the solubility of lithium polysulfides (Li2Sn), which are
intermediate products of reduction-oxidation of the active cathode material, due to lack of free solvent in their
composition, and variation in the anionic and concentration composition of the lithium salt in salt-solvate
solutions has a significant effect on the mechanism of electrochemical reactions of Li2Sn. It was established that
the magnitude of the specific electrical conductivity of salt-solvate solutions at low temperatures is almost
independent of the nature of the anion of lithium salt. As the temperature rises, this dependence is significantly
increased in the LiTf < LiBF4 < LiClO4 < LiTFSI series, which is similar to increasing the degree of dissociation of
lithium salts. The results of the high thermal stability of such solutions provide for the possibility of significant
expansion of the temperature range of operation of lithium batteries. An attempt has been made to systematically
approach the choice of lithium salt for electrolyte systems, which can be effectively applied in lithium batteries
with a conversion sulfur-containing cathode. The electrochemical characteristics of the sulfur electrode in salt-
solvate solutions based on tetraglyme in the conditions of room temperature and elevated temperatures have been
determined. The optimal concentration of the salt component in salt-solvate electrolytes is established, which is at
0.4 m.f., in which the lithium-sulfur galvanic pair shows the highest results. A new composite cathode for Li||S
system based on carbon monofluoride has been developed. It is shown that the introduction into the composition
of the positive electrode is about 20% by weight CFx additive can significantly increase the specific characteristics
due to the possible improvement of the conductivity in the structure of the cathode and the adsorption of
polysulfides on the surface of amorphous carbon. The investigated salt-solvate solutions can be used for practical
application in rechargeable lithium batteries with a conversion cathode based on the iron disulfide or elemental
sulfur, operating at relatively low current densities. Keywords: salt-solvate, electrical conductivity, conversion
cathode, lithium battery, carbon monofluoride, adsorption, polysulfides.
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