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solvent for formation lithium—ion conductive interface

Solid-state lithium batteries is expected to be one of the most attractive
next—generation energy storage devices due to its high safety and energy density.
Solid-state batteries do not contain liquid electrolyte, therefore, it is difficult to
form a good interface between solid electrolyte and active material in an electrode mixture
layer. In this paper, we developed a gel electrolyte using an ionic liquid monomer (7. e,
ionogel) and its 7m—situ interface forming technique.

Firstly, In—situ  radical  polymerization of  diallyldimethyl  ammonium
bis (trifluoromethanesulfonyl) imide (DADMA-NTT,) in the presence of
1-ethyl-1-methylpyrrolidinium bis (trifluoromethanesulfonyl) imide (P12NTf,) and 1ithium
salt (LiNTf,) in an electrode with an active material is proposed as a practical and an
environmentally friendly process. After permeating the ternary mixed solution
(DADMA-NT£,/LiNTf,/P12NTf,) into the electrode, it is solidified by radical polymerization
to form homogeneous ionogel directly in the electrodes without any detectable pores or
defects. The ionic conductivity of such ionogel, obtained at a feed ratio of

DADMA-NTT,: LiNTf,:P12NTf,= 56:14:30 wt—% during radical polymerization under air, exceeds
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1.0X10° S/ecm at 50 ° C. The battery fabricated by simply stacking LisTis0
anode/glass—fiber membrane/LiNi;Mn;Coy50, cathode, all of which involved 7n—situ formed
ionogels, was successfully operated.

Secbpdly, with an aim of applying deep eutectic solvents (DESs) as an additive of
ionogel, we tried to establish a design guideline of DESs suitable for lithium batteries.
DESs have recently attracted attention as inexpensive materials with similar
characteristics to ionic liquids. In this study, a family of Li-salt/amide-based
electrolytes (DEEs) comprised of various amide derivatives and two representative
Li—salts (LiCl and LiNTf,) were investigated in terms of thermal and electrochemical
properties. To verify the effect of the coordination state on the melting point, the
coordination state between 1ithium salt and amide was calculated by a molecular dynamics
simulation. Regarding electrochemical stability, the HOMO and LUMO were calculated by
density functional theory and the correlation with the experimental result of cyclic
voltammetry was verified. Hydrogen bond donor (HBD)—free DEEs comprised of amides without
any N- Hbonds (e g, tetramethylurea) were found to be superior to those containing HBDs
derived from amides having N- H bonds (e g, urea), in terms of reduction stability,
melting point and ionic conductivity. The results of this study provide important
guidelines for designing DESs as additives of ionogel.

Tt is considered that these findings contribute to solve the problem of an interface

formation for the practical application of solid-state lithium batteries.
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