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ELECTROLYTE SUITABLE FOR USE IN A
LITHIUM ION CELL OR BATTERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims the benefit under 35 U.S.C.
119(e) of U.S. Provisional Patent Application Ser. No.
60/849,340, filed Oct. 4, 2006, the disclosure of which is
incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The U.S. Government has a paid-up license in this inven-
tion and the right in limited circumstances to require the
patent owner to license others on reasonable terms as pro-
vided for by the terms of Contract No. NNCO4CAS8C
awarded by NASA.

BACKGROUND OF THE INVENTION

The present invention relates generally to electrolytes suit-
able for use in a lithium ion cell or battery and relates more
particularly to a novel electrolyte suitable for use in a lithium
ion cell or battery.

Growing demands for lightweight, portable, rechargeable
batteries have generated a need for rechargeable lithium ion
batteries with higher performance, longer life, improved
safety and a wide operating temperature range of —40° C. to
+70° C. Current lithium ion battery technology is limited by
the deterioration of the battery electrolyte and the electrolyte-
electrode interface as a result of elevated operating and stor-
age temperatures. Traces of water, alcohols or other protic
solvents can elevated to pressure build-up from hydrogen
generation (see McDonald, “Sources of Pressure in Lithium
Thionyl Chloride Batteries,” J. Electrochem. Soc., 129(11):
2453-7 (1982), which is incorporated herein by reference).
Most of the more common electrolytes use flammable sol-
vents with low flash-points. Operation at low temperatures is
limited by diminishing conductivity and phase separation,
which can lead to electrode and electrolyte deterioration dur-
ing extended cycling.
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Unfortunately, the higher conductivities for common non-
aqueous, polar co-solvents used in electrolytes for lithium ion
batteries tend to be derived from solvent systems which
include straight chain or cyclic ethers, which have very low
flash points and which can severely limit the upper tempera-
ture for storage and operation of the battery. The use of cyclic
carbonates like propylene carbonate (PC) and ethylene car-
bonate (EC) improves the situation with higher dielectric
constants and flashpoints, but the low-temperature conduc-
tivity for most of the aprotic, organic solvents studied so far
severely limits power density. In addition, low flash point
solvents can contribute to fire hazards associated with equip-
ment failure in manned flights. One of the best low-tempera-
ture electrolytes examined so far consists of a 3:1 mix of
methyl formate and ethylene carbonate with LiAsF,, with a
conductivity of 0.0084 S/cm reported at —40° C. (see Ein-Eli
et al., “Li-lon Battery Electrolyte Formulated for Low-Tem-
perature Applications,” J. Electrochem. Soc., 144(3):823-9
(1997), which is incorporated herein by reference). This con-
ductivity approaches that measured for some very conductive
inorganic electrolytes, like 1.0M LiAlCl, in thionyl chloride
(SOCL,), which is 0.013 S/cm at —40° C. (see McDonald et
al., “Low Temperature Characteristics of Lithium/Thionyl
Chloride Cells, Progress in Batteries & Solar Cells, 5:294-8
(1984), which is incorporated herein by reference).

Considerable effort has been expended over the last 40
years to develop electrolytes for lithium ion batteries using
lithium salts in various aprotic solvents. Conductivities as
high as 20 mS/cm® have been measured for inorganic elec-
trolytes like LiAlCl, in thionyl chloride, but these are not
suitable for rechargeable batteries. Organic solvents are pre-
ferred for rechargeable batteries; however, most of the sol-
vents with good lithium ion mobility have low flash points or
have too narrow an electrochemical window of stability. This
stability is essential to avoid oxidative or reductive decompo-
sition of the material on the electrode surfaces during the
battery charging and deep discharging. Higher electrolyte
conductivities decrease battery internal resistance, increasing
available power, while higher flashpoints decrease the risk of
fire in a battery if exposed to excessive heat. Table I lists some
of the properties for certain liquid electrolyte systems.

TABLE 1
Dipole Freezing Boiling
moment Point Point  Flashpoint Acceptor
Compound Formula (Debye) (°C) (°C) (°C) No.
Butylene Carbonate 5.28 -45 251 135 0.23
O
OK
6}
Propylene Carbonate 498 -48.8 242 131 0.32
O
o%
6}
Ethylene Carbonate r\ 4.8 ca 20 248 160 0.32
O

"~

6}
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Unfortunately, most liquid electrolyte systems can be con-
sidered flammable, with the open chain ether types somewhat
more flammable that the organic carbonates. In addition,
electrolytes using lithium perchlorate, LiClO,, are rarely
used because of the potential for rapid exothermic decompo-
sition under certain conditions. The use of lithium hexafluo-
roarsente, LiAsF, is also avoided because of concerns about
arsenic toxicity in consumer products. Most commercial
lithium batteries now use lithium hexafluorophosphate,
LiPF,, which has reasonable stability and environmental
compatibility.

In “LiBOB and Its Derivatives: Weakly Coordinating
Anions, and the Exceptional Conductivity of Their Nonaque-
ous Solutions,” Electrochemical and Solid State Letters, 4(1):
E1-E4 (2001), which is incorporated by reference, Xu et al.
reviewed a number of electrolyte salts which showed good
conductivity down to —40° C., but had to choose the highly
flammable solvent dimethoxyethane (DME). In practical bat-
tery electrolytes, combinations of solvents are often used to
provide a wide operating temperature range, maximum ionic
conductivity and the desired cathodic stability. In addition,
electrolytes must provide a protective passivation film on the
anode during early charge cycles, in order to limit continued
anodic decomposition of the solvent. Their conductivities
tend to be somewhat lower than the pure solvents, used alone.

Other documents of interest include Xu et al., “Sulfone-
Based Electrolytes for Lithium-Ion Batteries,” Journal of The
Electrochemical Society, 149(7): A920-6 (2002), and Smart et
al., “Electrolytes for Low-Temperature Lithium Batteries
Based on Ternary Mixtures of Aliphatic Carbonates,” Journal
of The Electrochemical Society, 146(2):486-92 (1999), both
of which are incorporated herein by reference.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a novel
electrolyte suitable for use in a lithium ion cell or battery.

It is another object of the present invention to provide an
electrolyte as described above that overcomes at least some of
the disadvantages described above in connection with exist-
ing electrolytes used in lithium ion cells or batteries.

Therefore, according to one aspect of the invention, there is
provided an electrolyte suitable for use in a lithium ion cell or
battery, said electrolyte comprising: (a) a lithium salt; and (b)
a solvent system, the solvent system comprising (i) first apro-
tic solvent, said first aprotic solvent being a lithium ion sol-
vating solvent and (ii) a second aprotic solvent, said second
aprotic solvent being a fluorinated solvent.

The present invention is also directed at an electrochemical
cell, such as a lithium ion cell or battery, including the above-
described electrolyte.

Various other objects, features and advantages of the
present invention will be set forth in part in the description
which follows, and in part will be obvious from the descrip-
tion or may be learned by practice of the invention. In the
description, reference is made to the accompanying drawings
which form a part thereof and in which is shown by way of
illustration one or more embodiments for practicing the
invention. The embodiments will be described in sufficient
detail to enable those skilled in the art to practice the inven-
tion, and it is to be understood that other embodiments may be
utilized and that structural changes may be made without
departing from the scope of the invention. The following
detailed description is, therefore, not to be taken in a limiting
sense, and the scope of the present invention is best defined by
the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are hereby incorpo-
rated into and constitute a part of this specification, illustrate
various embodiments of the invention and, together with the
description, serve to explain the principles of the invention. In
the drawings wherein like reference numerals represent like
parts:

FIGS. 1 and 2 are NMR spectra of 3-fluorosulfolane;

FIG. 3 is a schematic diagram of a battery that includes the
electrolyte of the present invention; and

FIGS. 4-6 are ternary conductivity plots as discussed in
Example 2.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention is directed at a new electrolyte suit-
able for use in lithium ion cells or batteries. As will be dis-
cussed further below, the electrolyte of the present invention
comprises (a) a lithium salt; and (b) a solvent system, the
solvent system including (i) a first aprotic solvent, said first
aprotic solvent being a lithium ion solvating solvent; and (ii)
a second aprotic solvent, said second aprotic solvent being a
fluorinated solvent.

The aforementioned lithium salt may be a lithium salt of
the type conventionally used in an electrolyte for alithium ion
cell or battery. Examples of suitable lithium salts include, but
are not limited to, fluorinated lithium salts, such as LiBF,,,
LiAsF; and LiPF.

The solvent system of the present invention includes at
least a first aprotic solvent and a second aprotic solvent. The
first aprotic solvent has a sufficiently high dipole moment to
solvate the lithium salt and may be an aprotic solvent of the
type conventionally used as a lithium ion solvating solvent in
an electrolyte for a lithium ion cell or battery. Examples of
suitable solvents include, but are not limited to, ethylene
carbonate, propylene carbonate, and butylene carbonate.

The second aprotic solvent is a fluorinated solvent that
serves to raise the flashpoint of the electrolyte, as well as
having a high dipole moment and low viscosity. Preferably,
the second aprotic solvent is at least a partially fluorinated
ring structure containing and opposite to a sulfoxide group.
More preferably, the second aprotic solvent is a compound of
the general formula

Ry

R; R,

s
AN

Ry Oy

wherein n=1 or 2; R, —HorF; R,—H or F; R,—H or F; and
R,—Hor F, with at least one of R, R, R; and R,,, preferably
atleast one of R, and R, being F. Examples of compounds of
the above general formula include, but are not limited to,
3-fluorosulfolane, 3-fluorosulfolene, ¢ is 3,4-difluorosul-
folene, and 3,4-difluorosulfolane. Solvents of the above for-
mula may have a molecular dipole moment in excess of 4
Debye.

3-Fluorosulfolane may be prepared in the manner
described in U.S. Pat. No. 3,044,865, which is incorporated
by reference, or may be prepared by the pathway described
below.
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When a hydroxyl group is placed in the desired location, it
can be replaced with fluorine using dialkylaminosulfur trif-
Iuoride (DAST) or HF or other fluorine donors. The hydroxyl
compound was obtained from Sigma-Aldrich Library of Rare
Chemicals. Using methyl sulfone, sulfolene and the Aldrich
material, a Thin Lay Chromatography (TLC) method was
discovered which showed the Aldrich material to be at least 2
components. ARf between sulfolane and the hydroxyl com-
pound was about 0.2, suggesting that the TLC method could
be converted into a flash chromatography method. High-Per-
formance Liquid Chromatography (HPLC) was also applied
to analyze the hydroxyl material with the following results:

DAST
or HF:Py

RT, 3.553 min
Area % 92.4
RT, 3.868
Area % 7.6

RT 3.905 min

sulfolane

Thus the second constituent in the hydroxyl compound
appears to be unreacted sulfolane. Flash Chromatography
was also applied to the separation of the Aldrich material
giving:

RT,

Area % 92.4
RT, 3.701 min
Area % 7.6
RT 3.905 min

sulfolane

The fluorination was carried out by taking up 1.08 g of the
Aldrich hydroxyl material in anhydrous methylene chloride
and adding drop wise the DAST agent (~4 equivalents while
stirring at —47° C. Work up gave a dark liquid. HPLC analysis
showed no residual 3-hydroxysulfolane present, but rather a
mixture of two new compounds.

The resulting straw colored liquid was shown to run at a
different time on the HPL.C column from the hydroxyl pre-
cursor, indicating the formation of a new compound 3-fluo-
rosulfolane (3-fluorotetramethylene sulfone). Fluorine NMR
showed a single strong fluorine peak. The splitting patterns
shown in FIGS. 1 and 2 below are consistent with fluorine
bonded at the 3 position in sulfolane.

An alternative synthetic route for a solvent of the general
formula above involves addition of hydrofluoric acid (HF)
across the double bond in 3,4 Sulfolene. In this approach, the
HEF is typically provided to the reaction in the form of a weak
donor-acceptor complex to active the molecule and prevent
H,F, dimer formation which can slow down the reaction rate.

F

@ Py:HF <j/
_—
S S

J J
o 0

10

15

20

25

35

40

45

50

55

60

65

6

Another suggested pathway starts with tetrahy-
drothiophene-3-one and uses a 3-step process to make the 3-F
sulfolane or sulfoxide or a mixture of these. In addition,
sulfolene was purchased with the belief that we may be able
to add water across the double bond with acid and add fluorine
at the hydroxyl position using HF:Pyridine complex.

Oy

By careful control of synthetic conditions, either the mono- or
the dioxide forms can be produced, with the mono-oxide
having the highest dipole moment.

Preferably, the second aprotic solvent is present in the
solvent system at a percentage of about 20-60%, more pref-
erably about 30-50%.

The solvent system may further include one or more addi-
tional aprotic solvents, such as largely or completely fluori-
nated hydrocarbon liquids. Examples of such liquids include,
but are not limited to, 2,3-dihydrodecafluoropentane; 1,1,1-
trifluoropentanedione; trifluoroethyl acetate; and 1,2-
hexafluoropentane-3,4-dione. The fluorinated sulfolanes and
sulfolenes and certain others of the above fluorocarbon cosol-
vent group form donor-acceptor complexes with fluorinated
salts like LiPF,, which, in turn, are soluble in fluorinated
cosolvents, resulting in enhanced dissociation of the lithium
salt in solution, better conductivity, enhanced miscibility,
lower freezing point, lower viscosity, higher dielectric con-
stant and reduced flammability.

The electrolyte of the present invention may be used as a
low-flammable, lithium ion-conducting electrolyte. This
electrolyte exhibits conductivities down to -40° C. and low
viscosities down to =71° C. The electrolyte does not freeze or
salt out down to —=71° C. These results strongly suggest that
the present electrolyte is capable of providing the necessary
ionic conductivity down to —40° C. for tactical military power
supply and certain industrial needs.

In addition, the present electrolyte shows compatibility
with metallic lithium, with no major breakdown in contact
with metallic lithium at +100° C. during 1 hour storage. High
anodic voltage limits are shown for the electrolyte, a require-
ment for chemical stability of the electrolyte in contact with
charged cathode materials, like Li, sCoO,. The electrolyte
has low vapor pressures with flashpoints above +60° C. Thus,
the electrolyte shows promise for safe operation at both low
and high temperatures.

The disclosed invention is not limited to liquid lithium ion
electrolytes and the high dipole moments solvents can also be
combined in a gel or polymer electrolyte where this provides
ease-of-manufacturing or dimensional stability. Examples of
polymers that may be used to form a gel or solid electrolyte
include polyethylene oxide and polyvinylidene fluoride.

The present invention is also directed at a lithium ion cell or
battery that includes the above-described electrolyte. An
example of such a battery is schematically shown in FIG. 3
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and is represented generally by reference numeral 11. Battery
11 includes an anode 13, a cathode 15, a separator 17, and an
electrolyte 19. Anode 13 may be a conventional carbon
anode. Cathode 15 may be a conventional lithium cobalt

8
EXAMPLE 3

The ionic conductivity of a ternary solvent mix of25:25:50
EC/PC/TFEA using IM LiPF; was measured as above and is

oxide cathgde. Separator 17 may be COHV?IIUOII?I], and elec- 3 shown below in Table III to show the conductivity of the
trolyte 19 is the electrolyte of the present invention. . . .
The followine examples are provided for illustrative pur- invented electrolyte combination as compared with a com-
2 p p p . . . .
poses only and are in no way intended to limit the scope of the mercia] binary solvent mix with ethylene carbonate and pro-
present invention: pylene carbonate.
10
EXAMPLE 1 TABLE III
Representative members of the claimed electrolyte mix- Low-temperature conductivity of ternary solvent
tures were examined as they cooled to the temperature of mix including trifluoroethyl acetate
-71° C. obtained by placing a tube with the electrolyte into a 15 o ]
dry ice/acetone mix. The observed freezing point and appear- Conductivity of LM LiPF¢ (S/em)
ance of the electrolyte at this low temperature are given in 5 e )
Table I1. As can be seen from the table, most of the mixtures Temperature (* C.) 23:25:50 ECPCTEEA — 50:50 EC/PC
are liquid or in gel form at low temperature. The abbreviations 22 0.00388 0.00656
for the solvents used in this work are: EC-Ethylene carbonate; 20 10 0.00428
PC-Propylene carbonate; BC-Butylene carbonate; PFOS- 0 0.00326 0.00345
Perfluoro octane sulfonyl fluoride; PBSF-Perfluoro butane _10 0.00235
sulfonyl fluoride; Asahiklin 255 azeotrope of CF,CF,CHCl,/ -20 0.00158 0.00136
CCIF,CF,CHCIF; Vertrel XF—2,3 Dihrydrodecafluoropen- -30 0.000994
tane; TFP—1,1,1-Trifluoropentanedione; LiPF,—Lithium »;5 -40 0.000569 0.00023
hexafluorophosphate; TFEA—Trifluoroethyl acetate; and
HFP—1,2-Hexafluoropenatane-3,4-dione.
TABLE 1II
Observations made a representative binary and ternary solvent electrolytes
compositions from cooling curves using dry ice/acetone as a cooling media
Composition Transition T (° C.)  Appearance at -71° C.
neat PC -64.0to -67.2 (FP) Clear, single viscous liquid
phase
0.50M LiPF4 EC-PC-TFEA 2.5-2.5-5.0 -69.1t0 -69.5 (FP) Clear, single viscous phase
0.25M LiPF4 EC-PC-TFEA 2.5-2.5-5.0 <71 Clear, single low viscosity
liquid phase
0.75M LiPF4 EC-PC-TFEA 2.5-2.5-5.0 <71 Clear, single medium
viscosity liquid phase
1.00M LiPF4 EC-PC-TFEA 2.5-2.5-5.0 <71 Clear, single high viscosity
liquid phase
0.50M LiPF6 BC-PC-TFEA 3-3-4 -64.9 to —-66.8 (FP) Clear, single low viscosity
liquid phase
0.5M LiPF6 EC-PC 5-5 -63.6 (FP) Clear, single viscous phase
0.5M LiPF6 TFEA-AK255 5-5 <71 Clear, single very low
viscosity liquid phase
0.5M LiPF6 TFEA-FX 5-5 <-69 Clear, single very low
viscosity liquid phase
0.5M LiPF6 PC-DME 5-5 <71 Clear, single medium
viscosity liquid phase
0.5M LiPF6 EC-PC-HFP 2-2-6 <-69 Clear, single high viscosity
liquid phase
55
EXAMPLE 2 EXAMPLE 4
Cathodic limitations of electrolytes were evaluated by
placing the liquids in sealed glass vials with lithium metal at
60 22° and 100° C. Table IV lists the candidate electrolytes

Representative electrolyte mixtures, as claimed, were mea-
sured for their ionic conductivity at —40° C. The measure-
ments were made with a 2-point probe at a frequency of 100
kHz. The conductivities are plotted in the form of a ternary
plot as shown in FIGS. 3-5. The ternary diagrams show
regions of composition where ionic conductivities of 0.004
and 0.006 S/cm can be reached with proper optimization.

65

which underwent this qualitative test. Lithium metal quickly
passivates in contact with the disclosed anhydrous organic
electrolytes. The thin passive film can consist of a complex
mixture of carbonates, oxides and LiF from reaction with the
LiPF salt. The passive film is typically transparent and pre-
vents further reaction with the metal. In the lithium ion cell,
similar passive films are formed on the carbon anode during
initial cell cycling.
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Electrolytes place in contact with lithium metal

Change after
1 hrat 100° C.

Bottle Initial Change after
No. Composition appearance 7 days at 22° C.
1 0.5M EC-PC-TFP 3-4-4 very lt. brown  none
2 0.5M EC-PC 5-5 yellow brown  lithium darkened
3 EC-PC-PFOS 4.5-4.5-1 reddish brown None
4 EC-PC-TFEA 1-1-8 clear None
5 0.5M LFP TFEA AK-225 5-5  It. yellow lithium darkened
6 0.5M LFP TFEA-FX 5-5 clear none
7 0.75M LFP EC-PC-HFP 1t. yellow none
8 0.5M LFP PC/DME clear none

none
none

Li darkened solution
clear

Li darkened solution
clear

none

Li darkened
colloidal precipitate
Li darkened solution

None of the electrolytes showed any significant change in
the initial color after one week. Two of the solutions showed
some darkening of the lithium at room temperature (22° C.),
suggesting that traces of water entered the solution during
handling. A brief heating of the electrolytes to 100° C. pro-
duced additional darkening of the lithium metal in four cases
and some colloidal precipitate in the TFEA-FX mixture. Oth-
erwise the solutions were clear. All solutions tended to loose
their brownish or yellowish tint, suggesting the initial salt
hydrolysis products reacted on the lithium surface.

EXAMPLE 5

Flash points of 5 candidate electrolytes were determined
by the Flash Point method ASTM D3828 (“Standard Test
Methods for Flash Point by Small Scale Closed Cup Tester”).
Inthis method, relative flammability is determined by placing
a flame adjacent to the vapors of a liquid or solution and
looking for a flash. The sample is warmed in 1° C. intervals
until the flame results in a flash. Although the practical hazard
represented by a given liquid is very sensitive to the manner in
which it is exposed to heat or open flame, the EPA defines an
ignitable substance as one whose flash point is below 60° C.
(Characteristics & Lists of Hazardous Waste 40 CFR 261.1).
Table V lists flash points of solvents used or proposed for
lithium ion battery electrolytes together with the results of
Task 5. All of the candidate binary and ternary electrolytes
exhibit flash points above 60° C. While some of the candidate
fluorocarbons like TFP and HFP have flash points below the
EPA ignition definition temperature, the ternary and binary
solvent mixes disclosed here are all above 60° C.

TABLEV

Reported flash points for typical lithium ion electrolyte solvents
and those measured for electrolytes under development

Flash Point

Solvent/Mix (°C)
Dimethoxyethane (DME) -17
methyl acetate (MA) -9
Ethyl acetate (EA) -3
Dimethylcarbonate (DMC) 16
1,1,1-Trifluoropentane-3 4-dione (TFP) 21
Diethylcarbonate (DEC) 31
1,1,1,5,5,5-Hexafluoropentane-2,4-dione 32
(HFP)

N,N-Dimethylformide (DMF) 58
0.5M LiPF4 TFEA/FX 5/5 61
0.5M LiPF4 TFEA/AK225 5/5 65
0.5M LiPF4 EC/PC/TFEA 3/3/4 67

clear
none
TABLE V-continued
20
Reported flash points for typical lithium ion electrolyte solvents
and those measured for electrolytes under development
Flash Point
Solvent/Mix (°C)
23 0.5M LiPF4 EC/PC/HEP 3.5/3.5/3 68
0.5M LiPF4 EC/PC/TFP 3.5/3.5/3 86
Butylene carbonate (BC) 119
Ethylene carbonate (EC) 160
Propylene carbonate (PC) 275
Perfluorooctanesulfonyl fluoride (PFOS) ND
30 AK-225 None
Vertrel-XF None
EXAMPLE 6
35
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45

50

60
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Anode limits were evaluated with Linear Sweep Voltam-
etry (LSV) up to 5.0V or 6.0 V. The electrolytes were tested
in Swagelock® Teflon® “T” fittings. The central Swagelock
feedthrough was provided with a lithium reference electrode,
the other two with a copper counter electrode and a graphite
(99.67% C) carbon working electrode (WE). Using a PAR
Model 363 Potentiostat, voltages were swept up to 5V anodic
to lithium at 20-50 mV/sec. Table VI Lists the electrolytes
examined and the onset voltage at which current began to
increase over background charging of the electrode, which is
interpreted as the point where the electrolyte is decomposing.

TABLE VI
Electrolytes examined in LSV up to 5V at 22° C.
Anodic
Limiting
Electrolyte Voltage = Comments
0.5M LiPF4 PC-DME 5-5 2.7 Erosion of graphite WE*
0.5M LiPF4 EC-PC-HFP 4.1 Clear solution. No effect
2-6-2 on WE
0.5M LiPF4 EC-PC 5-5 34 Some loose graphite in
electrode
0.5M LiPF¢ EC-PC-TFEA >6.0 Clear solution. No effect
2-6-2 on WE
0.5M LiPF4 EC-PC-TFP 4.3 Clear solution. No effect
3.5-3.5-3 on WE
0.5M LiPF¢ TFEA-FX 7.2-2.5 4.5 Clear solution. No effect
on WE
0.5M LiPF4 TFEA-AK225 3.2 Clear solution. No effect
7.2-2.5 on WE

*WE—Working Electrode, CE—Counter Electrode
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The relatively low anodic limit of 2.7 V for PC-DME
appears to be linked to an interaction with the graphite elec-
trode. The graphite had been eroded away beginning at this
voltage. The EC-PC-TFEA electrolyte was surprisingly resis-
tant. With no upswing in current inthe LSV up to 5.0 Vvs. Li,
the scan was repeated with a limit of 6 V vs. Li. No radical
current excursion was seen. Thus the 1,1,1 trifluoroethyl
acetate enhances the oxidation stability of the EC-PC solvent
pair with LiPF, salt. TFP and FX-containing compositions
also showed high anodic stability for use in lithium ion cells
and batteries.

The embodiments of the present invention described above
are intended to be merely exemplary and those skilled in the
art shall be able to make numerous variations and modifica-
tions to it without departing from the spirit of the present
invention. All such variations and modifications are intended
to be within the scope of the present invention as defined in
the appended claims.

What is claimed is:

1. A liquid electrolyte suitable for use in a lithium ion cell
or battery, said liquid electrolyte comprising:

(a) a lithium salt; and

(b) a solvent system, said solvent system comprising

(1) a first aprotic solvent, said first aprotic solvent being
a lithium ion solvating solvent; and

(ii) a second aprotic solvent, said second aprotic solvent
being a fluorinated solvent, wherein said second apro-
tic solvent is at least a partially fluorinated ring struc-
ture containing and opposite to an —S(O),, group,
wherein n=1 and wherein the S atom of said —S(0),,
group is a member of said partially fluorinated ring
structure.

2. The liquid electrolyte as claimed in claim 1 wherein said
lithium salt is a fluorinated lithium salt.

3. The liquid electrolyte as claimed in claim 2 wherein said
fluorinated lithium salt is selected from the group consisting
of LiBF,, LiAsF¢ and LiPF.

4. The liquid electrolyte as claimed in claim 1 wherein said
first aprotic solvent is selected from the group consisting of
ethylene carbonate, propylene carbonate, and butylene car-
bonate.
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5. The liquid electrolyte as claimed in claim 1 wherein said
second aprotic solvent is a fluorinated solvent having a
molecular dipole moment in excess of 4 Debye.

6. The liquid electrolyte as claimed in claim 1 wherein the
second aprotic solvent constitutes about 20-60% of said sol-
vent system.

7. The liquid electrolyte as claimed in claim 1 wherein said
solvent system further comprises at least one fluorinated
hydrocarbon liquid.

8. The liquid electrolyte as claimed in claim 7 wherein said
fluorinated hydrocarbon liquid is selected from the group
consisting of 2,3-dihydrodecafiuoropentane; 1,1,1-trifluoro-
pentanedione; trifluoroethyl acetate; and 1,2-hexafluoropen-
tane-3,4-dione.

9. An electrochemical cell comprising the liquid electro-
lyte of claim 1, an anode, a cathode and a separator, the anode,
the cathode and the separator being operatively associated
with the liquid electrolyte, wherein the electrochemical cell is
a lithium ion cell or battery.

10. A liquid electrolyte suitable for use in a lithium ion cell
or battery, said liquid electrolyte comprising:

(a) a lithium salt; and

(b) a solvent system, said solvent system comprising

(1) first aprotic solvent, said first aprotic solvent being a
lithium ion solvating solvent; and

(ii) a second aprotic solvent, said second aprotic solvent
being a fluorinated solvent, wherein said second apro-
tic solvent is a compound of the general formula

R,

Ry
R;

A

Ry (O

wherein n=1; R,—H or F; R,—H or F; R,—H or F; and
R,—HorF, with atleast one of R , R,,, R; and R, being
F.
11. The liquid electrolyte as claimed in claim 10 wherein at
least one of R, and R; is F.

#* #* #* #* #*
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