LOW TEMPERATURE Li/ FeS2 BATTERY BACKGROUND This invention relates to a
primary nonaqueous el ectrolyte electrochem cal battery cell, such as a
lithiumiron disulfide, with good | ow tenperature performance 5
characteristics. Batteries are used to provide power to nany portable

el ectroni c devices. Common advantages of lithiumbatteries (those that
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One type of lithium battery, referred to below as a Li/FeS; battery, has iron

(

disulfide as the electrochemically active material of the positive electrode. Li/FeS;
20  batteries have used electrolyte systems with a wide variety of solutes and organic solvents.
The salt/solvent combination is selecte& to provide sufficient electrolytic and electrical
* conductivity to meet the cell discharge requirements over the desired temperature range.
_ While the electrical conductivity is relatively low compared to some other common
solvents, ethers are ofien desirable because of their generally low viscosity, good wetting
25  capability, good low temperature discharge performance and good high rate discharge
performance. This is particularly true in Li/FeS; cells because the ethers are more stable
than with MnO, cathodes, so higher ether levels can be used. Among the ethers that have
been used are 1,2-dimethoxyethane (DME) and 1,3-dioxolane (DYOX), which have been
used together and in blends with other cosolvenis. However, because of interactions
30 among solvents, as well as with the electrolyte solutes, cell performance has been difficult

to predict based on the properties of individual solvent and solute components.




30 anong solvents, as well as with the electrolyte solutes, cel
performance has been difficult to predict based on the properties of
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20  the electrolyte solvent comprises at least 97 volume percent ether {e.g., 20:80 to 30:70 by
volume DIOX:DME, with 0.2 volume percent DMI as a cosolvent).

However, it has been discovered that when Lil is used as the solute in an
electrolyte containing DME in the solvent, especially more than 40 volume percent,
discharge capacity at low temperatures, such as -20°C and below, can be very low. This is

25  believed to be due to formation of a DME solvate that can precipitate from the electrolyte
solution at low temperatures or otherwise degrade low temperature cell performance.
Simply reducing the DME content in the solvent can prevent this problem, but some of the
improvement in high rate and high power discharge performance realized with Lil as the
solute is sacrificed.

30 In view of the above, an object of the present invention is to provide a primary

nonaqueous electrolyte battery with good discharge characteristics at low temperatures.




I nprovenent in high rate and hi gh power discharge performance realized with
Lil as the solute is sacrificed. 30 In view of the above, an object of the
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15 Accordingly, one aspect of the present invention is directed to a primary
electrochemical battery cell having a nominal open circuit voltage of 1.5 volts (i.e.,
suitable as a substitute for other 1.5 volt cell types, such as Li/FeS, and Zn/MnQ; cells)
and comprising a housing, a negative electrode comprising an alkali metal, a positive
electrode, a separator disposed between the negative and positive electrodes, and an

20 elecirolyte. The clectrolyte comprises a solute and an organic solvent, the solute
comprises lithium iodide, the solvent comprises one or more ethers, the one or more ethers
comprise a 1,2-dimethoxypropane based solvent component, and, when the ethers
comprise 1,2-dimethoxyethane, the ethers comprise less than 30 percent by volume 1,2-
dimethoxyethane.

25 A second aspect of the present invention is directed fo a primary electrochemical
battery cell comprising a housing, a negative electrode comprising metallic lithium, a
positive electrode comprising an iron sulfide, a separator disposed between the negative
and positive electrodes, and an electrolyte. The elecirolyte comprises a solute including
lithium iodide and an organic solvent including one or more ethers, at least one of which is

30  al,2-dimethoxypropane based solvent component. When the ethers also include 1,2-
dimethoxyethane, the ethers contain less than 30 volume percent of the 1,2-

dimethoxyethane.




25 A second aspect of the present invention is directed to a primary
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g Unless otherwise specified herein, all disclosed characteristics and ranges are as

determined at room temperature (20-25°C).

BRIEF DESCRIPTION OF THE DRAWINGS
20 In the drawings:
Fig. 1 is an embodiment of a cylindrical cell with a lithium negative electrode, an

iron disulfide positive electrode and a nonaqueous organic electrolyte.

DESCRIPTION

25 The invention will be better understood with reference to Fig. 1, which shows an
FR6 type cylindrical baitery cell having a housing sealed by two thermoplastic seal
members (a gasket and a vent bushing). Cell 10 has a housing that includes a can 12 with
a closed bottom and an open top end that is closed with a cell cover 14 and a gasket 16.
The can 12 has a bead or reduced diameter step near the top end to support the gasket 16

30  and cover 14. The gasket 16 is compressed between the can 12 and the cover 14 to seal a
negative electrode (anode) 18, a positive electrode (cathode) 20 and electrolyte within the
cell 10. The anode 18, cathode 20 and a separator 26 are spirally wound together into an

electrode assembly. The cathode 20 has a metal current collector 22, which extends from




iron disulfide positive el ectrode and a nonaqueous organic el ectrol yte.
DESCRI PTION 25 The invention will be better understood wth reference to
Fig. 1, which shows an FR6 type cylindrical battery cell having a housing
seal ed by two thernoplastic seal nenbers (a gasket and a vent bushing).
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20 Electrolytes for cells according to the invention are nonaqueous electrolytes. In

other words, they contain water only in very small quantities (preferably no more than
about 500 parts per million by weight) as a contaminant. The electrolyte comprises a Lil
solute dissolved in an organic solvent. The solute can comprise one or more additional
soluble salts. An example is LiCF3SOs. Other examples include LiClO,, Li(CF3;SO;);N,
25  Li(CF3CF;S0,):N, Li(CF350;)sC and lithium bis(oxalato)borate. Preferably the total
amount of solute in the electrolyte is 0.5 to 2 moles per liter of solvent, When the solute
includes other components, the Lil preferably comprises at least 25 weight percent of the
total solute.
The solvent comprises one or more ethers, preferably with a total of greater than 50
30  volume percent, and more preferably with a total of at least 90 volume percent, ether in the
solvent. However, the solvent contains little (less than 30 volume percent) or no DME.,

Instead, a 1,2-dimethoxypropane (DMP) based solvent component (1,2-dimethoxypropane




both the ball 32 and bushing 34, are forced out of the aperture to rel ease
pressuri zed gases fromthe cell 10. 20 Electrolytes for cells according to
the invention are nonaqueous el ectrolytes. In other words, they contain
water only in very small quantities (preferably no nore than about 500
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component is no more than 75 percent of the total volume of solvent.

The solvent can also inchude additional components, examples of which include

20  ethylene carbonate, propylene carbonate, 1,2-butylene carbonate, 2,3-butylene carbonate,
vinylene carbonate, methyl formate, y-butyrolactone, sulfolane, acetoniirile, 3.5-
dimethylisoxazole, N,N-dimethyl formamide, N,N -dimethylacetamide, N,N -
dimethylpropyleneurea, 1,1,3,3-tetramethylurea, 3-methyl-2-oxazolidinone and ethers
such as 1,2-dimethoxyethane, 1,2-diethoxyethane, diglyme, triglyme, tetraglyme,

25 methyltetrahydrofurfuryl-ether, diethyl ether, tetrahydrofuran, 2-methyl tetrahydrofuran,
2-methoxytetrahydrofuran and 2,5-dimethoxytetrahydrofuran. 3,5-Dimethylisoxazoleis a
preferred additional solvent component. Preferably the solvent contains less than 50, more
preferably less than 10, volume percent of non-ether solvent components. Preferably the
solvent contains no dialkyl or cyclic carbonates.

30 The anode contains an alkali metal, such as a lithinm, sodium or potassivm metal,
often in the form of a sheet or foil. The composition of the alkali metal can vary, though
the purity is always high. The alkali metal can be alloyed with other metals, such as




of a DI OX based conponent. Exanples of substituted DI OX include al kyl- and
al koxy 15 substituted DI OX, such as 2-nethyl -1, 3-di oxol ane and

4- et hyl -1, 3-di oxol ane. When the sol vent includes a DI OX based conponent,
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active cathode materitals inclu Iron sulfi S2), nore
pr ef er abdlectaroior eixapulé,i aeafifie 82) he szt ity a ithin maeteli foillskie fdr aserin £xanpl es of
ot her agﬁu"a\ﬁ%r v{f]&}n _reilez:icltr%dia ggslerlrjn%?y, as shown in Fig. 1. Aluminum is a commonly used
20  material for the cathode current collector.
Any suitable separator material may be used. Suitable separator materials are ion-
permeable and electrically nonconductive. They are generally capable of holding at least
some electrolyte within the pores of the separator. Suitable separator materials are also
strong enough to withstand cell manufacturing and pressure that may be exerted on them
25  during cell discharge without tears, splits, holes or other gaps developing. Examples of
suitable separators include microporous membranes made from materials such as
polypropylene, polyethylene and ultrahigh molecular weight polyethylene. Preferred
separator materials for Li/FeS; cells include CELGARD® 2400 and 2500 microporous
polypropylene membranes (from Celgard Inc., Charlotte, NC, USA) and Tonen Chemical
30  Corp.’s Setella F20DHI microporous polyethylene membrane (available from
ExxonMobile Chemical Co, Macedonia, N'Y, USA). A layer of a solid electrolyte, a

polymer electrolyte or a gel-polymer electrolyte can also be used as a separator.
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20 The complexity of the cover shape will also be a factor in material selection. The cell
cover may have a simple shape, such as a thick, flat disk, or it may have a more complex
shape, such as the cover shown in Fig. 1. When the cover has a complex shape like that in
Fig. 1, a type 304 soft annealed stainless steel with ASTM 8-9 grain size may be used, to
provide the desired corrosion resistance and ease of metal forming. Formed covers may

25  also be plated, with nickel for example.

The terminal cover should have good resistance to corrosion by water in the
ambient environment, good electrical conductivity and, when visible on consumer
batteries, an attractive appearance. Terminal covers are often made from nickel plated
cold rolled steel or steel that is nickel plated after the covers are formed. Where terminals

30  are located over pressure relief vents, the terminal covers generally have one or more holes

to facilitate cell venting.




present invention can be used advantageously in such a cell. The cell
container is often a netal can with an integral closed bottom though a
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chemically stable (resistant to degradation, e.g., by
wall of the gasket is 0.0205 inch (0.521 mm) thick as manufactured. The diameters of the

cell cover, gasket and crimped can are such that the gasket is compressed by about 30

20  percent of its original thickness to provide a good seal. The gasket is preferably coated
with a sealant such as EPDM, but other suitable sealant materials can be used. The initial
vent bushing wall thickness is 0.0115 inch (0.292 mm). It is compressed by about 30 to
35 percent of its original thickness in the sealed cell. A sealant could be used between the
vent bushing and the cell cover or between the vent bushing and the vent ball, or a sealant

25  could be applied over the cover, bushing and ball to improve the seal, but preferably no
sealant is used.

The vent bushing is a thermoplastic material that is resistant to cold flow at high
temperatures (e.g., 75°C and above). The resin can be formulated to provide the desired
sealing, venting and processing characteristics. For example, the base resin can be

30 modified by adding a thermal-stabilizing filler to provide a vent bushing with the desired
sealing and venting characteristics at high temperatures, Suitable polymeric base resins
include ethylene-tetrafluoroethylene, polyphenylene sulfide, polyphthalamide, ethylene-




di ssol ving or cracking) when exposed to the internal environment of the

cell and resistant to the transm ssion of air gases into and el ectrol yte
vapors fromthe cell. Gaskets can be 5 nade fromthernoplastic resins. For
a cell with an electrolyte having a high ether content, preferred resins
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conpr esgf@rby about 30 to 35 percent of its original thickness |n t he

sealed cell. A sealant could be used between the vent bushing and the cell
cover or betWhewemmllmntbem@mfmnamdsmwblwntenbhthat1s<stabbeme:anantha coul d

b I I

or of or ality i Shichitanf PPl Sibe st Rl R AL Wb IO RT et
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and above). The resin can be formulated to provi de the desired seallng,
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30 d '

bushi ng Tk O Qe Denb 06 0o AR debfod it ind DR ERER ity

t enper apant en theSoilt éibhmtqooFymml@aﬁ ene embn@:ment of'a Li/FeS; cell, for balls

about 0.090 inch (2.286 mum) in diameter the preferred maximum sphericity is 0.0001 inch
20 (0.00254 mm) and the preferred surface finish is 3 microinches (0.0762 pm) RMS

maximum. For balls about 0.063 inch (1.600 mm) in diameter, the preferred maximum
sphericity 1s 0.000025 inch (0.000635 mm); and the preferred maximum surface finish is 2
microinches (0.0508 pwm) RMS.
The cell can be closed and sealed using any suitable process. Such processes may
25  include, but are not limited to, crimping, redrawing, colleting, gluing and combinations
thereof. For example, for the cell in Fig. 1, a bead is formed in the can after the electrodes
and insulator cone are inserted, and the gasket and cover assembly (including the cell
cover, contact spring and vent bushing) are placed in the open end of the can. The cell is
supported at the bead while the gasket and cover assembly are pushed downward against
30 thebead. The diameter of the top of the can above the bead is reduced with a segmented
collet to hold the gasket and cover assembly in place in the cell. After electrolyte is
dispensed into the cell through the apertures in the vent bushing and cover, a vent ball is

10
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conbi nati ons

Formed i n t nERLAPa L EFxGiUS SPEREO0EL10 e hSTFERBHe cBri R ol AQSH ed.
and t he ;gagkes > ARgh QPYRT ndIRER R & 1RGIMIHREI HRS ub&d 4s the anode. For some
lots, indicated below, the lithium metél was a lithium alloy containing 0.5 weight percent
20  aluminum. The cathode contained a mixture of 92.75 weight percent FeS;, 2.5 weight
percent acetylene black, 2.25 weight percent graphite, 2.0 weight percent ethylene/
propylene copolymer and 0.05 weight percent polyethylene oxide; a total of 3.97 g of the
mixture was coated onto both sides of a 0.0254 mun (0.001 in.) thick strip of aluminum
foil. The cells were assembled as described above, using an average of about 1.5to 2
25  milliliters of electrolyte per cell. A different electrolyte was used in each lot of cells, as
described in Table 1. After assembly the cells were predischarged (removiﬁg about 180
mAh of the cell capacity). Lots A through G are comparative cells. Lot H is an

embodiment of the invention.
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“Table 2

Solute 398 Cont. t0 0.75V 398 1hr./dayto 0.9V

Lot éﬁﬁ;/ Room Room
Type liter of | Temp. -20°C Temp. -200(::
solvent)

A | LiCF380; 1.0 2377 mAh 2379 mAh | 1888 mAh
B | LiCFsSO; 1.0 2058 mAh 1543 mAh
C | LiCFsS0s; | 0.75 | 2400 mAh 1526 mAh
D L 0.75 84 mAh
E | LiCF;S0s 1.0 2452 mAh | 1782 mAh | 2408 mAh | 1892 mAh
F | LiCFs803 | 0.75 | 2448 mAh | 1651 mAh
G Lil 0.75 13 mAh
H Lil 0.75 {2374mAh | 1940 mAh
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foil. The cells were assenbl ed as descri bed above, using an average of
about 1.5 to 2 25 mlliliters of electrolyte per cell. A different

el ectrolyte was used in each ot of cells, as described in Table 1. After
assenbly the cells were predi scharged (renovi ng about 180 mAh of the cel

capacity). Lphediffetehtesghong latseat TR ArapdrirRre@biesmallotCdpatiticd Wereedlosedi ment
of the invention. 11 Table 1 Sal ute Solvent Conponent (volune rati o) Lot

Cone. Lip2AP0 mpphwithl)ofdne sleetrolyieormporitions opREDQLEg tesEpt Koy ent ) A

Li CF3S 0.2 no CLIiCF3S@ 0.75 25
75 0. 2?%159’%“%1%@.%Aﬁﬁﬁ‘s}?%ﬁogc%@égéﬁ %@8%%5&? 0 25 75 yes F Li CF3S8

0. 75 25 75 nWheblil wadsubStitRfedAor hﬂ:ﬂﬁdymt}ﬁa cl&t@bytd Bsodoia LdbXafepd Bot?DTel | s
from Exanpl e isch ed at a.3.9 0 onst ant resj st ce. The tests
5 and raélémw?eef% 5 dlgcharss opapritiesat -%ﬁaﬁf‘ém? e O¥BHE: Tt o 0. 75
V3.9 9 g hre d ARIND v Bubbrinkd £RARE DT B TRASH ;taapm@@qgea 304, 200C
liter of Tenp. Tenp. solvent) A LiCF3SC8 1.0 2377 mhh 2379 mAh 1888 mAh

continuous discharge capacity at -20°C was substantially improved, to a level at least as

good as with the corresponding LiCF3SO; electrolyte in Lot F.

10 It will be understood by those who practice the invention and those skilled in the
art that varions modifications and improvements may be made to the invention without
departing from the spirit of the disclosed concept. The scope of protection afforded is to
be determined by the claims and by the breadth of interpretation allowed by law.
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B Li CF3SG3 1.0 2058 mAh 1543 mAh C Li CF3SG3 0. 75 2400 mAh 1526 mAh D Lii
0.75 84 mdh E Li CF3SG3 1.0 2452 mAh 1782 mAh 2408 mAh 1892 mAh F Li CF3SO3
0.75 2448 mAh 1651 mAh G Lii 0.75 13 mAh H Lii 0.75 2374 mAh 1940 mAh 12
The differences anong lots at roomtenperature were snmall. Capacities were
close to 2400 mAh with all of the electrolyte conpositions on both of the
tests at room tenperature. The capacities at -20C are | ower on both tests.
When Li| Thgsinegmioniclamned ifor Li CF3SC8 in the el ectrolyte used in Lot C (see
Lot D 5 and Lot F (see Lot G, the discharge capacities at -20C were
extrenely |l ow. However, in Lot H where DMP was substituted for the D VE
in the eled pyiyeciédirochémical bderBcdl, ohsreircthBickMkoisridhScdeir ge capacity at
-20C was substantially inproved, to a level _at least as good as with the
cor r esporfdHEISIEETem e Begatiye glestrode qamprisingimetatliofithiun, & pesiéiae st ood by

thase WhapRak! £&pbforl AL RiwaRint HOSAVE LA hadildeiblifdealhabial vari ous

nodi fi catlions an nproverents nay be mate to the |1nvent|on w t hout
depart i ngléatmiyte landsytierdin: of t he di scl osed concept. The scope of protection

afforded is to, be .determ ncg\c)iv b .t%?%erﬁlzai and t he breadth, of
interpretati orih& PPYIEG RS rqds gompsis ; rﬂpPBW_‘l b QP%HmP’éetmimb?{Spri mary
el ectroc Q%I&%'fr&&iﬂe%&uﬁ@édsisﬁﬁ@%f Etg Biﬁ'(ggé@“,%U, Cuz02CHS hﬁ@CﬁSﬁa '

conprising a housing, a negative electro cofpri si ng rnet al I.|’c lithium a
positive el eche eldeirolatesespaisitestentlaldypoisa deaseonssohite ied sregrganiesolyn; positi ve

el ectrodes, and, an_.electrol yte .wherejn: the positive el ectrode
conpri ses FeS.Z‘%?ﬁ{ﬁlflt epﬁq'éﬁfffff) rﬂ;%ﬂgﬂ%ﬁm Wg}dg nenbers selected fromthe
group consi st iwgereih theSsgalic20Ben(@basissléddontislSo (ig a@&ﬁiméﬂﬁ&y?lr@ﬁﬁé ol yte
consists essentially of at | east one solute and an organic solvent;

based solvent, (ii) 1,2-dimethoxyethane, (iii) an optional ether based cosolvent, and

(v} an optional non-ether based cosolvent that, when present, is less than 10 vol. % of

the organic solvent and contains no dialkyl carbonates or cyclic carbonates; and

wherein the volume ratio of the 1,2-dimethoxypropane based solvent to the

1,2-dimethoxyethane is at least 2 to 1.

2. The cell defined in claim 1, wherein the volume ratio of the 1,2-dimethoxypropane

based component to the 1,2-dimethoxyethane is at least 5 to 1.

3. The cell defined in claim 1, wherein the 1,2-dimethoxypropane based component is

1,2-dimethoxypropane.

4, The cell defined in claim 1, wherein, when present, the optional ether based solvent

is a 1,3-dioxolane based component.

5. The cell defined in ¢laim 4, wherein the 1,3-dioxolane based component is no

greater than 75 percent of the total volume of the solvent.

6. The cell defined in claim 4, wherein the 1,3-dioxolane based component is at least

20 percent of the total volume of the solvent.
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wherein the solute conprises lithiumiodide; wherein the organic sol vent
consists essentially of. (i) a 1, 2-di net hoxypropane based solvent, (ii)

1, 2-di met hoxyet hane, (iii) an optional ether based cosolvent, and (iv) an
optional non-ether based cosolvent that, when present, is |l ess than 10 vol.
% of the organic solvent and contains no dial kyl carbonates or cyclic
carbonates; and wherein the volune ratio of the 1, 2-di net hoxypropane based
sol vent tb Thseell definad inte:ﬂ&im@e‘thﬁmthesl Htdidxehst basetl@ohpogent Th20 61l  def i ned
inclaiml, whe 0, of the 1,2-dinmethoxypropane based
conponent? efr%r'fﬂ]é&‘ft‘f QYq]rJéIPﬁ(? tﬂvﬁgt is at least 5to 1. 3. The cell
defined in claim1, wherein the 1,2-dinethoxypropane based conponent is

1, 2-di met hoxypropane. 4. The cell defined in claim1, wherein, when
present, % -Hdicsph defingd iatchuim 4 adwetris Bleehtioxplang based camprntninie] Based
corrponentdl xQlan The cell defined in claim4, wherein the 1, 3-di oxol ane based
conponent IS RO greater than 75 percent of the total volune of the solvent.
6. The cell defined in claim4, wherein the 1, 3-dioxol ane based conmponent
is at least_ 20 percent of the total volunme of the solvent. 7. The cell
defi ned i 1despiidatinegip.claim & w@e&eleilmqyiae%lrvenwgseéaa%éﬁﬁb'ﬁeh&s 3»55 20 to 75
per cent 1m%ﬁﬁrh§ 3hjevol une of the solvent. 8. The cell defined in claim4,
wherein the 1,3-di oxol ane based conponent is 1,3- dioxolane. 9. The cell
defined in claim1l1, wherein the optional non-ether based solvent is 3, 5-

di met hyl i 50 zoI 4 J0...Th definped.in aiml, rei.n the electrolyte
conpri ses %}?éeﬁ&ﬂdég i I pireen ﬁb@ﬁlq%r?@?e CSPRisey Do 2aoleTRe. cel |

defi ned Iﬁlﬁéﬁém@roﬁly@gfeﬁtn the solute further conprises at |east one

addi ti onal t selected fromthe group consisting of: LiCl O4,

Li (CF3SQ2) 2N,  Li (CF3CF2S2) 2N, Li (CF3SA2) 3C and lithium
bi s (oxal A)rR0%A! §sfined in claim 1,wherein the solute further comprises at least one
additional salt selected from the group consisting of: LiCIO,, Li(CF3SO,);N,

Li(CF3;CF2507):N, Li(CF3S07);C and lithium bis(oxalate)borate.

12. The cell defined in claim 11, wherein the solute comprises at least 5 weight

percent lithium icdide.

13. The cell defined in claim 1, wherein the metallic lithium comprises an alloy of

lithium.
14. The cell defined in claim 13, wherein the alloy comprises aluminum.

15. The cell defined in claim 1, wherein the positive electrode further comprises a

mixture of FeS; and carbon.

16. The cell defined in claim 15, wherein the mixture further comprises a binder and

said mixture is coated onto a metal current collector.

17. A primary electrochemical battery cell comprising:
a housing;
a negative electrode consisting essentially of lithium or a lithium alloy;
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12. The cell defined in claim1l, wherein the solute conprises at |least 5
wei ght percent lithiumiodide. 13. The cell defined in claim1l, wherein
the netallic lithiumconprises an alloy of Ilithium 14. The cell defined
in claim13, wherein the alloy conprises alum num 15. The cell defined in
claim 1, wher e posithe gasiotie heviag e chthodecdatht ARpos&aAid BegllR cuffext ure of
FeS2 and carbon. 16. The cell defined_in claim15, wherein the m xture
further &8 ﬁ"tP%é§1 Sathog epating sompaisae fesz yide oplonadlat e asreere anthess cur rent
col l ector I n

nousi ng: “Sneadtnd Lok SYBRNRBERRAGR » BLLTHYS IO, R ity 3
l'ithium ainId(@qu, 15 a positive electrode having a cat hode coati ng di sposed
on a netallic current .collector, said cathode coatjing conprising FeS2 and,
optional ly, orf‘eseB?raFPSrdégpﬁé‘??ﬁg’F‘é‘ f Begatiye pleglipdarnddhe nesidvirleaiadag of :
carbon, a bindgr, QSISQH QHZQ rat or

di sposed bet vved%nelﬁcﬁgggggba%?%g el ecttlr dde aa%%%e%gg%??dv%mg?ggtﬁr ode; an

el ect r ol yrganiosdvenis, sgideobembding htleot ont sdlextest framehs gloup eomsidding ofl end of
organic

o AL ) b B et 2.0

Li (CF3SOZﬁﬁa(aame)Uotatt@mm.aldpbreﬁ%abfgtaﬁa;ta@rveﬁ@ caﬁgstﬁ@e@sé%mpopf@ qrzg)an' c

sol vents consisting essentially of. (i) - |nethoxygropane
1, 2-di rret%ﬁt}a@maﬁ@ane( (iDil)2-dimashsivethane, éma@n optierad cthes dtssténosolveaand (iv) an

opt| onal t resent than 10 vol .
% of the a('f)l? ém{ﬂﬁ? ?n gpié%sﬁ{fg?gﬁg‘% 5th\§?a%?5lpr%§§?tb§nlgﬁség cyclic

car bonat e®]. % aﬁdlem@mc Boliéiet auéd bormeing ab dialef caﬂbendtes?oxchy@ﬂ& baxyRfapane to
the 1, 2- dldrret hoxyet hane is at least 2 to 1.

wherein the volume ratio of the 1,2-dimethoxypropane to the 1,2-

dimethoxyethane is at least 2 to 1.
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