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Abstract

Liquid electrolytes with electrochemical stability and low flammability have been developed for the next genera-
tion of lithium secondary batteries. Electrochemical stability of a liquid electrolyte composed of carbonic esters is
improved by dissolving an additive such as tri-isopropoxy boroxine which is expected to use in high voltage-type
batteries. Fluorinated carbonates, organic sulfones, and organic dinitriles have been reported as solvents for lig-
uid electrolytes with high oxidation potentials. Novel solvents with the high oxidation potential up to 5.5 V, high
ionic conductivity, and low flammability were obtained by blending three boric esters containing alkyl, nitrile, and

trifluoroalkyl groups.
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Fig. 1 Approach to high energy density of battery.
Table 1 Characteristics of electrolytes.
Electrolyte lonic conductivity Electrochemical Safety Interface with Cost
stability electrode
Organic liquid @) @) A © ©
lonic liquid A (Low temp.) ~O L~0 O O~0 VAN
Polymer A (Low temp.) ~O  &~0O O A~O A~0O
Inorganic solid A~0O ©) O A A~
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Fig. 2 Organic carbonate solvents in liquid
electrolytes.
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Fig. 3 Schematic models of surfaces on positives
at a high potential in liquid electrolytes without addi-
tives (A) and with additives (B).
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Fig. 4 Cyclic voltammograms of LiMn,O, positive in LiTrif (1 mol kg™') / EC-EMC (1/1) electrolyte. (a) With-

out boroxine, (b) TNnPBx, (c) TEBX, (d) TMBX, (e) TiPBx
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Fig. 5 Variations of interfacial resistances of
LiMn,O, at 5 V in LiTrif (1 mol kg™") / EC-EMC (1
: 1 vol.) electrolyte. l Without TiPBx, @ TiPBx (1
mol kg™'), @ TiPBx (0.01 mol kg™')
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Fig. 6 Fluorinated carbonic esters as electrolyte
solvents with high oxidation potentials.
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Fig. 7 Sulfones ([ 71, [ 8 1, [ 9 1) and dinitriles
([ 10 1) as electrolyte solvents with high oxidation
potentials.
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Fig. 8 Spontaneous transesterification reaction of mixed three-type boric esters.
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Fig. 9 Linear sweep voltammogram of LiPF4 (1 mol
kg™') solution in the mixed boric esters (BME + BCN
+ BTFE) (5: 3 : 2 mol).
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Fig. 10 Flaming tests of liquid electrolytes on a
glass filter paper.
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