LOW TEMPERATURE Li/ FeS2 BATTERY BACKGROUND This invention relates to a
primary nonaqueous el ectrolyte electrochem cal battery cell, such as a
lithiumiron disulfide cell, with good | ow tenperature performance 5
characteristics. Batteries are used to provide power to nany portable
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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 selected to provide sufficient electrolytic and electrical
conductivity to meet the cell discharge requirements over the desired temperature range.
While the elecirical conductivity is relatively low compared to some other common
solvents, ethers are often 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 (DIOX), which have been
used together and in blends with other cosolvents. However, because of interactions

30  among solvents, as well as with electrolyte solutes and electrodes, cell performance has
been diificult to predict based on the properties of individual solvent and solute

components,




been difficult to predict based on the properties of individual solvent and
solute conponents. 1 A wide variety of solutes has been used in Li/FeS2
cell electrolytes; lithium trifluoronmethanesul fonate (al so commonly
referred to as lithiumtriflate or LiCF3SO3) is anong them An exanple of
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when Li | RIOXdBIEasMieRexsiot L. iHoveaver, higher DME levels can be advantageous.
While electrolytes containing lithium triflate can provide fair cell electrical and
20  discharge characteristics, such electrolytes have relatively low electrical conductivity,
and lithium triftate is relatively expensive. Lithium iodide (Lil) has been used as an
alternative to lithium triflate to both reduce cost and improve cell electrical performance.
U.S. Patent No. 5,514,491 discloses a cell with improved high rate discharge
performance, even after storage at high temperature. Lil is the sole solute, and the
25 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
30 is 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.




el ectrolyte containing DVE in the solvent, especially nore than 40 vol une
percent, discharge capacity at |ow tenperatures, such as -20C and bel ow,
can be very low. This 30 is believed to be due to formation of a DME
solvate that can precipitate fromthe electrolyte solution at |ow
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and an electrolyte. The electrolyte includes a solute comprising greater than 50 weight
percent lithium iodide and a solvent blend with 45 to 80 volume percent 1,2-
dimethoxyethane and 5 to 25 volume percent 3-methyl-2-oxazolidinone,

20 A second aspect of the present invention is directed to the above
electrochemical battery cell having a negative electrode, a positive electrode, a
separator disposed between the negative and positive electrodes, and an electrolyte.
The cell is a primary cell, the negative electrode contains a lithium metal, the positive
electrode contains at least one of FeS and FeS,, the electrolyte comprises a solute

25  comprising greater than 50 weight percent lithium iodide and a solvent comprising

from more than 50 to 80 volume percent 1,2-dimethoxyethane and 5 to 20 volume
percent 3-methyl-2-oxazolidinone, and the concentration of solute is 0.5 to 2 moles
per liter of solvent.

A third aspect of the invention is directed to an electrolyte for use in a primary

30  lithium battery cell. The electrolyte comprises 0.5 to 2 moles of solute per liter of a
solvent, the solute comprises greater than 50 weight percent lithium iodide, and the
solvent comprises 45 to 80 volume percent 1,2-dimethoxyethane and 5 to 25 volume

percent 3- methyl-2-oxazolidinone .




fromnore than 50 to 80 vol une percent 1, 2-di met hoxyethane and 5 to 20

vol ume percent 3-nethyl -2-oxazolidi none, and the concentration of solute
is 0.5 to 2 noles per liter of solvent. A third aspect of the invention is
directed to an electrolyte for use in a primary 30 lithiumbattery cell.
The el ectrolyte conprises 0.5 to 2 noles of solute per liter of a solvent,
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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.
20 DESCRIPTION

The invention will be better understood with reference to Fig. 1, which shows an
FR6 type cylindrical battery 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.

25  The can 12 has a bead or reduced diameter step near the top end to support the gasket 16
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

30  the top end of the electrode assembly and is connected to the inner surface of the cover 14
with a contact spring 24. The anode 18 is electrically connected to the inner surface of the
can 12 by a metal tab (not shown). An insulating cone 46 is located around the peripheral -
portion of the top of the electrode assembly tb prevent the cathode current collector 22




a closed bottomand an open top end that is closed with a cell cover 14 and
a gasket 16. 25 The can 12 has a bead or reduced dianeter step near the top
end to support the gasket 16 and cover 14. The gasket 16 is conpressed
between the can 12 and the cover 14 to seal a negative el ectrode (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
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el ectrolyte conprises a solute SSsO d 1n an organic solvent. The solute
conpr i sesolud digsoivedl én gy pngamiy selyénit Fhdsriute comprises Lil as the primary solute but

20  can include one or more additional soluble salts, such as LiCF3S0s, LiClO4,
Li(CF380,):N, Li{CF3CF280,):N, Li(CF3805);C and lithium bis(oxalato)borate.

Preferably the total amount of solute in the electrolyte is 0.5 to 2 moles per liter of solvent.

Tn some embodiments Lil is the sole solute.
The solvent comprises 45 to 80 volume percent (preferably at least 50 volume
25  percent) DME and 5 to 25 volume percent (preferably no more than 20 volume percent)
3Me20x. If the solvent contains too little DME, electrical performance at room
temperature can suffer, and if it contains too much DME, electrical performance at low
temperature can suffer. It has been discovered that including about 5 o 25 percent
3Me20x in the solvent can improve low temperature electrical performance in cells with
30  electrolytes containing Lil as the primary solute and 45 to 80 volume percent DME, Tt is
 believed that the 3Me20x prevents the formation of detrimental soluble and insoluble
DME solvates of the Lil. If the solvent contains too little 3Me20x, the desired effects




20 can include one or nore additional soluble salts, such as Li CF3SO3,
Li CLO™4, Li (CF3S2) 2N, Li(CF3CF2SQ2) 2N, Li(CF3S2)3C and |ithium
bi s(oxal ato)borate. Preferably the total anmount of solute in the

electrolyte is 0.5 to 2 noles per liter of solvent. In sonme enbodi nents
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Because they can form precipitates with Lil, the solvent preferably contains a total

20  ofless than 5 volume percent, and more preferably no, dialkyl and cyclic carbonates,

The anode contains an alkali metal, such as a lithium, sodium or potassium 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
aluminum, to provide the desired cell electrical performance. A preferred alkali metal is a

25  lithium metal, more preferably alloyed with aluminum, most preferable with about 0.5
weight percent aluminum. When the anode is a solid piece of lithium, a separate current
collector within the anode is not required, since the lithium metal has a very high electrical
conductivity. However, when a separate current collector is used, the current collector can
be made from a copper or copper alloy metal.

30 The cathode contains one or more active materials. Preferably the active materials,
when coupled with the anode in the cell, result in a nominal cell open circuit voltage of 1.5

volts. Preferred active cathode materials include iron sulfides (e.g., FeS and FeS;), more




DIOX. Preferably the ratio of DVE to DI OX based cosolvent is preferably at
least 1 to 1,, nore preferably at least 2 to 1 and nost preferably about 3
to 1. Because they can formprecipitates with Lil, the solvent preferably
contains a total 20 of less than 5 volunme percent, and nore preferably no,
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20  polypropylene membranes (from Celgard Inc., Charlotte, NC, USA) and Tonen Chemical
Corp.'s Setella F20DHI microporous polyethylene membrane (available from
ExxonMobile Chemical Co, Macedonia, NY, USA). A layer of a solid electrolyte, a
polymer electrolyte or a gel-polymer electrolyte can also be used as a separator.

Specific anode, cathode and electrolyte compositions and amounts can be

25  adjusted and the separator selected to provide the desired cell manufacturing,
performance and storage characteristics. U.S. Patent Publication No. US 2003/0228518
Al, published on December 11, 2003 discloses a Li/FeS, cell with high energy density
and discharge efficiency. Electrolyte according to the present invention can be used
advantageously in such a cell.

30 The cell container is often a metal can with an integral closed bottom, though a
metal tube that is initially open at both ends may also be used instead of a can. The can is

generally steel, plated with nickel on at least the outside to protect the outside of the can




sone electrolyte within the pores of the separator. Suitable separator
materials are also 15 strong enough to withstand cell manufacturing and
pressure that may be exerted on them during cell discharge w thout tears,
splits, holes or other gaps devel opi ng. Exanples of suitable separators

I ncl ude m croporous nenbranes nade fron1naterials such as pol ypropyl ene,
polyethylene and. uIH%ahlg |.ecul ar ht pol,yethyl ene. Preferred

separ at or frong rasions T fypeiof pedns e esvaPﬁ f RIS VIER VX FGE%@GOEHHOIQSOO
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electrolyte c also be used as a separator peci f1 ¢c "anode, cat hode and
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publ i shedisticabeatioewitl the c200de, distabilessaebmby bdaSd fadproved kesistaglbe oner gy

density and .di schar fficienc El ectrol yte according to the present
|nvent|or?°{?8ﬂ°’b§’ %ﬁom éﬁ%l y in such a cell. 30 The cell container

is often a rretmbcaﬁébmfs[ﬁy%wauy%@ar @ilcl&npﬁﬁds&@rﬁ%ea&attﬂi@aamﬂ@&al t ube

that is initially open at both ends may al so be used instead of a can. The

can il§ g@ﬁbﬁsaﬂwd@%@?s especiallydviemithe ¢Averdsin elactepal cantaet wikdhe cathodge t o
protect tfe QhbRLARofhe b SRIY Invzjéusobéa $% ERRHA selcbl6n. ViRGeA! Pl ating

can be varied to provide vary e rees corrosion resistance or to
provi de tch@erdw hasda alp}:céeﬂatn@,@uchrm thycbeﬂatﬂm& erdt may hivechgpemdoinplepart on
t he manne t n el can
o ad 1 Fueomen g the sPler SRR RE L owhil B oyt s £hARE T, [RERR R

equi val erfig. 511; eelpe 304 o1t anrgalad ataﬂﬂesse steél inthA&’lWISB 9 graﬂ:ismamﬂaﬁuuuﬁﬂ,etd to

slightly elq ain sha Q her, ste ucha i nl ess steels,
can’B3 1 SETEngeitd fatedet Rasatce 10 e e A T THRe BRI,

el ectri C&kso%@la@&l mmtnﬁb@hﬁreﬁnmge a stai nI ess steel may be used for

i nproved resistance to corro i.on by ‘i?ﬁ cat hode and el ectrol te. The cel |l

cover is typi daF fspinsi sgver fh nga? sigtapes to saryosien byswater Hike 3 ‘st ai nl ess

ambient environment, good electrical conductivity and, when visible on consumer

d

batteries, an attractive appearance. Terminal covers are ofien made from nickel plated

20  cold rolled steel or steel that is nickel plated after the covers are formed. Where terminals
are located over pressure relief vents, the terminal covers generally have one or more holes
to facilitate cell venting.

. The gasket comprises a thermoplastic material that is resistant to cold flow at high

temperatures (e.g., 75°C and above), chemically stable (resistant to degradation, e.g., by

25  dissolving or cracking) when exposed to the internal environment of the cell and resistant
to the transmission of air gases into and electrolyte vapors from the cell. Gaskets can be
made from thermoplastic resins. For a cell with an electrolyte having a high ether content,
preferred resins comprise polypropylene, polyphthalamide and polyphenylene sulfide.
Examples include PRO-FAX® 6524 grade polypropylene from Basell Polyolefins,

30 Wilmington, DE, USA; RTP 4000 grade polyphthalamide from RTP Company, Winona,
MN, USA; AMODEL® ET 1001 L (polyphthalamide with 5-40 weight percent impact
modifier) from Solvay Advanced Polymers, LLC, Alpharetta, GA, USA; and




10 steel is often desirable, especially when the cover is in electrical
contact with the cathode. The conplexity of the cover shape will also be a
factor in_material selection. The cell cover may have a sinple shape, such
as a thick, flat disk, or it may have a nore conplex shape, such as the
cover shown in Fig. 1. Wen the cover has a conplex shape like that in

Fig.n 1, a type 304 soft anneal eqd stajnless steel wi.th ASTM 8-9 grain size
may be ﬁé&’}ylpl%@@@?ﬁ 897 trobrkendens; suifide pathageitdy WesHIeERBdIRAY ease of

met al fomcﬂ@er)ﬁgﬁmnﬁﬁy&%mmimébgg. be plated, with nickel for exanple.
The term nal cover shoul d have good resistance to corrosion by water in the
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facilitatBbofimen AP ETH g]ﬁ(é 5 Xﬁri ses a thernoplastic material that
if, resi Islt ant trtg? Qéii(t@uiﬁiﬂg\isalth&hﬁaglasﬁﬁﬁmﬁd A et BSreéiﬁa%;to ca'lﬁ@doasm:l hl@hove),
chemcally stable (resistant to radatiop, _e. 25, dj ssol ving or
cracki ng)tewfi"r“’@iﬁo%e’zs. .H‘Q"Y% .WFméﬂ%FﬁﬂWgWedﬁgp’f Cday fesy
resi st antgediRat Nihe é’tﬂﬁ%bée%biﬁg cRiracir{stiR IR8 ekddifle, 3NSbAL 8&sid @hke vapors from
an be made f h

the cell. Gaskets ¢ romthernoplastic resins. For a cell with

| anI ell8ct mendifies hyadiing athermplsebilising &iblat te rPFQVi‘liepﬁ g pushing widh the desiredr i se
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AMODEL T .1001 al.am W - |
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Lo 16t o PR EESHETRES PSR et s Iada dP i and By o esiie PPARE ¢ he corl
cover, the.eask atil&sRiah De GRFERRC Mbfeald steH 452018, 87 Felddpar@thitd mic)

pol ymeri ¢ 5 material such as ethyl ene propyl ene diene terpolynmer (EPDM can
be used istlicacipisand mermiculite.won they neay P preanic razierials pich ag sirbagy An example

of a suitable thermoplastic resin is TEFZEL® HT2004 (ETFE resin with 25 weight
percent chopped glass filler) from E.I. du Pont de Nemours and Company, Wilmington,
20 DE, USA.
It is generally preferred that the wall of the vent bushing between the vent ball and
the vent well in the cover be thin (e.g., 0.006 to 0.015 inch as manufactured) and be
compressed by about 25 to 40 percent when the bushing and ball are inserted into the

DO

O

cover.

25 The vent ball can be made from any suitable material that is stable in contact with
the cell contents and provides the desired cell sealing and venting characteristic. Glasses
or metals, such as stainless steel, can be used. The vent ball should be highly spherical
and have a smooth surface finish with no imperfections, such as gouges, scratches or holes
visible under 10 times magnification. The desired sphericity and surface finish depend in

30  part on the ball diameter. For example, in one embodiment of a Li/FeS; cell, for balls
about 0.090 inch (2.286 mm) in diameter the preferred maximum sphericity is 0.0001 inch
(0.00254 mm) and the preferred surface finish is 3 microinches (0.0762 pm) RMS




The vent bushing is a thernoplastic material that is resistant to cold flow
at high tenperatures (e.g., 75C and above). The resin can be fornulated to
provi de the desired sealing, venting and processing characteristics. For
exanpl e, the base resin can be 10 nodified by addi ng a-thermal -stabilizing
filler to provide a vent bushing with the desired sealing and venting
characteristics at high teg&eratures Sui tabl e polyneric base resins
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seal i ng ventin aracteristrc SEs met a 28 stainl ess
st eel , CahS];bBSedsﬂd theTcIeH tirengh thelabertinestih thebentibughing aag bevartmxl'ent llds have a

snmoot h surf wth n erfecti,ons,. such cratches or

hol es vi’ﬁ‘%ﬁeg g’ﬁ?’u hyng 1.5 8“ ng‘??ﬁ‘fedﬁlﬂfeoct’?u CPFE- &eaéTegl ?‘Héfq city and

surface ftemﬁailcdﬁ@@f&blh&d&ﬁtmétemm&ﬂﬁcbﬂbbve@la&ﬁ&l&@tro el ﬁK@&Eh@, in one
for pballs _about 0090|nc (2.286 mm in

rrglrs P@fLI /. FeS2 cel I

d| a with & grimpingdigiodpiiathegasket; cover a0embly iEHC dgvicermds4 my and

the pref Qéﬂnﬂﬁhl%ﬂﬁé‘r%ﬁ&c&h?!e&"thé SeafingbIRAOLIANET of ik By @ é%!é@t 9 maxi mum  For
erre
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surface nyrH sl SPncfmt (@.é?h@fn@@ﬂ@%. 1tk 3B Tho B of the cell capacity of an FR6

type cell) in one or more pulses.
20 The above description is particularly relevant to FR6 type cylindrical Li/FeS, cells

with nonaqueous electrolytes and to pressure relief vents comprising a thermoplastic

bushing and vent ball. However, the invention may also be adapted to other sizes and
types of cells, such as button cells, non-cylindrical (e.g., prismatic) cells and cells with
other pressure relief vent designs. Cells according to the invention can have spiral wound
25  electrode assemblies, such as that shown in Fig. 1, or another electrode configuration, such
as folded strips, stacked flat plates, bobbins and the like.
The invention and its features and advantages are further illustrated in the

following examples.

30 Example 1
Comparative FR6 type Li/FeS; cells were made similar to cell 10 in Fig. 1 and the
description thereof above. Each cell had an anode made from about 0.97 grams of lithium
metal, alloyed with 0.5 weight percent aluminum. Each cell had a cathode with total of

10




The cell can be closed and seal ed using any suitable process. Such
processes may 5 include, but are not limted to, crinping, redraw ng,
colleting, gluing and conbinations thereof. For exanple, for the cell in
Fig. 1, a bead is forned in the can after the electrodes and insul ator
cone are inserted, and the gasket and cover assenbly (including the cel
cover, contact spring and vent bushing) are placed in the open end of the
can. The abehi5.0 grmaﬁp@xﬁtc@cb a@atﬁdmhv@addmﬂa@trﬁm@”@asiwm faildTbover assenbly

e e B R e PR AR, 1 LA ol 0Bk OF 1De can

above t hé™B segmen gasket and
cover as S@é@tmercantpgrqﬂﬁe; Dweight pbedelnt SEBS binded, 6Stwaiglyttpercest migrampedsed i nto

the cell thro tur i,n.the,v cover, a vent ball
0° §noe R P Trgtborat: G Sish A Pt SR e SRS Wi or A PTC
devi cg anged EdcBicBll @.alg ﬁg@d/ezithab@tplﬁag@ﬂs endlecuionge, 6alith snedinddabo@dl | cover,
and the top edﬁe of the can is 15 bent inward with a crinping die to retaln

the gaskenoleeblKF:8Qsponditey of palventeapd dee soheent way arpolysnt blspd FOHBINE Bnpl et e t he
seal!Ng AhgxPORAL ﬁﬁ%ﬁ&nsuc 6655 35 /01 PRSKAL werd b RGSBED! ¥ the

cell can be pre arge as by charging the cell by a snall
amount ( ebgve alﬁdhtn/pm@mahatgtﬂaﬂh@ﬂeamiﬁﬂlgna@(bLﬁMmfhettﬁdedeW capacity of an
FR6 type cell) in one or nore pul ses. 20 The above description is
particularly relevant to FR6 type (‘g}il nTIer' cal Li/FeS2 cells wth
nonaq@eous el ectrolytes and to pre BFe" 52l ief vents conprising a

t her nopl astic Cdmiﬁi’dtﬁ@ P‘@[Gd:ellﬁﬁ"erebﬁdbmﬂ:lewemanhéras thogein Lad @Bxympleso be

adapted tQ other sjz es of ce utton cell.s,

non- cyl i rﬂgﬁ"‘&i’F for dhegple & th °Be‘f" 3%%%&2%@? pe’bﬂtﬁ%?gljdfessure
relief veplefesFIgOn scﬁﬁlﬁhsseafén@ﬁ%e@gda&dtﬂaﬂﬂ in\eabRbeloa) have spiral wound
25 el ectrode assentﬁ ies, such as that shown in Fig. 1, or another el ectrode

configuration, such as folded stri stacked flat plates, bobbins and the
| i ke.I5The invention and its featureﬁg“iﬁﬁ?fpé‘3 ZAdvant ages are further illustrated

inthe follo S TRAL Li/FeS2 cells
were made sim va'ar § g@{s?‘ ngé h%g %}Pt he rﬂ{éﬂ(taésﬁggjlza%%%eﬁhereof above.
Each cel | (ciatthuaws gulsd of ﬂm;lsut&s atriﬂ&ﬂ)ml&t an@, Somingtes wperoéirquitite il Grvoltsens |

al loyed vt 015 Mol 00! RE £ 69 o] MW B0°EAThe Shts B3RO i th

total of
table below, which shows average discharge capacity as a percentage of the average

20  discharge capacity of Lot A at room temperature.
Substituting Lil for LiCF3SQ; in the electrolyte resulted in a 12 percent increase:in
capacity at room temperature, but at 0°C the capacity of Lot B was only 8 percent of Lot A
at room temperature, substantially lower than the capacity of Lot A at 0°C. At -20°C,
_ cells from Lot B provided almost no useful capacity.
25
Example 4
FR6 cells according to the inveniion were made in the same manner as those in Lot
A (Example 1) except for the electrolyte composition. The electrolyte consisted of 0.75
moles of Lil per liter of solvent, and the solvent consisted of DIOX, DME, DMI and
30 3Me20x in a volume ratio of 25 / 75/ 0.2 / 10 (about 9 volume percent 3Me20x). These
cells are designated Lot C in the table below.

11




about 5.0 grans of a m xture, coated on both sides of a strip of alum num
- foil. The coating contained about 92 wei ght percent FeS2, 1.4 wei ght
percent acetylene black, 4 weight percent graphite, 2 weight percent SEBS
bi nder, 0.3 wei'ght percent mcronized PTFE and 0.3 wei ght percent funed
silica. A 25 gmthick polypropyl ene separator was 5 used. Each cell was
filled wth about 1.6 grans of elec roLﬁﬁg, whi ch contai ned about 1 nole
of Li CF3SOB8 per liter of solvent, aftf't#iB°solvent was a sol vent bl end
containing a @iPfrdm DivE ¢ welMdideRhEEEor AE kndfestARed iniBkamdh 2. THNe cells
wer e assenbl ed as described above and then predi scharged. These are

desi gnat eSilistargsummanzed in fedablebadqlV. 10 Exanpl e 2 Conparative FR6 cells

were nmade in the SAFRnHRA Sed NOBR th &:}?&i : for the
el ectrol yte conpositi gn, %e?gﬁ %stélﬁt axlanne%?g%%g%rm eg%%s?ﬁcgﬁécg/&%i I

i nst eatl of°U ¢coRBSA30 LohBswith ehlys: small refbrstiomint capacitytat Roomtetiperatuad(stillbel ow.
15 Exanpl S A and B were discharged on a intermttent

di schargegf’%g&lb%t?z%fgh%r:ﬂu%%s)' cycles of 2 mnutes at 1000 mA and 5 m nutes

open circuit to 1.0 volt), some at roomtenperature, sone at 0OC and sone
at -20C. The results are sunmari zedExdmgl®e table bel ow, which shows

aver age di scharge capacit s a percentage of the average 20 di scharge
capaci ty of Loégnﬁpaéi"&regﬁl(ﬁ‘ﬁy ‘E‘@ﬁﬂ’@e&? dn ths, sewe megnenag thase it ket A exeemdoB i n t he

el ect 1! yihe ele@FslifecQblveRt RmbSsiBEh SRINh WRAGHE 838 dsthat SRRAG I calls i
tenperature, but at O0C the capacity of Lot B was only 8 percent of Lot A

at room t @theiMelxaddsd skhepr ¢olls pip degigrated et inihe tabfschelaw: of Lot A at OC.

At -20C, cells from Lot B provided al nost no useful capacity. 25 Exanple 4
FR6 cells according to the inventi Oﬁxa‘fﬁﬁg made in the sanme manner as those
in Lot A (Exanple 1) except for the e echoI yte conposition. The

el ectrol yt e cdpgisstomlLots IDwes dischdresd @f tht kdmepiest used & Exainpbod. vEie , and t he

sol ve consi.sted of DI OX and 30 3Me20Ox in a volune ratio of 25/
75 / {5 2 r/asui HEBG 'a@egﬁwggﬁﬁ%%‘h 3Me20x). These cells are designated

~ Lot Cin the tEieladditieh@f3ME2Ox to the electrolyte used for Lot A resulted in essentially no

increase in capacity at room temperature compared to Lot A but a significant reduction in

capacity at both 0°C and -20°C, compared to both Lot A and Lot C.

20 Table -
Discharge Capacity
Lot Solute Solvent (% of Lot A @ Room Temp.)
Moles/Liter | 3Me20X | Room 0°C 20°C
and Type | included | Temp. B
1.0
A LiCF;SO0; ne 100 86 25
0.75
B Ll no 112 8 <]
0.75
C Lil yes 108 36 1
D 1.0 yes 100 | 23 13
LiCF380;

The above examples illustrate advantages of the present invention. With the
addition of a relatively small amount of 3Me20x to an electrolyte solvent containing a
high level of DME, Lil can be used as a replacement for LiCF3S03, reducing the cost of
25  the electrolyte and increasing high rate discharge capacity at room temperature, while

12




Exanple 5 Cells fromLots C were discharged on the sane test used in
Exanple 3. The results are sunmarized in the table below The addition of
3Me20x resulted in nore than a fourfold increase in capacity at 5 0C
conpared to Lot B, with only a small reduction in capacity at room

t enper at mubstélﬁiallbflredl&lrigeﬂle eRdesiable@ffetBaRn chficithhat I RIPctEe SONRE at i ve FR6
cells were made in the sane nanner as those in Lot A except for 10 the

el ect r ol Y& g%@wléh*ﬁe%ﬁﬁb@)g?lmeoﬂwsmp@halmsn@hétr@lamoa@ntmmép@vﬁ@r t he
s i Lot D
tC ﬁe f alblnea!ngg r@aseQﬁ‘)t(ﬁeﬁu?ﬁ%%?i%ﬁiE%éag ESE%%%E térﬁ i sgﬁalrrg&; oﬁmt (r)]te salrrg

t est usecbapamﬁwaﬂfmzlrtenﬁ)eréﬁbms 15 results are sumrarl zed in the table bel ow
The addition of 3Me20x to the electrolyte used for Lot Aresulted in
essentially no increase in capacity at roomtenperature conpared to Lot A
but a significant reduction in capacity at both 0OC and -20C, conpared to
both Lot A and Lot C. 20 Table Solute Solvent D scharge Capacity Lot (4
of Lot A Room Tenp.) Moles/Liter 3Me20X Room OC -20C and Type i ncl uded
Temp. 1.0 SO3 no 100 86 25 A LiCl. BLno 112 8 <1 C .75 yes 108 36 1
13 DLiIiCl.0 yes 100 23 | The above exanples illustrate advantages of the
present invention. Wth the
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addition of a relatively small anount of 3Me20x to an el ectrol yte sol vent
containing a high level of DVE, Lil can be used as a replacenent for

Li CF3SO8, reducing the cost of 25 the electrolyte and increasing high rate
di scharge capacity at roomtenperature, while 12 substantially reducing
the undesiLabiafgffects on capacity at | ow tenperatures. Wien LiCF3S is
used as the solute, the sane change in electrolyte solvent does not provide
an increase in the high rate discharge capacity at roomtenperature but
reduces tihe i [ t (=S . I 1. Aprimry

el ectroc hlémA a'wﬁteg%@a%égﬁ }yalhbg\%ég%ﬁglégtaﬁl\?ég%v%e@?crro&% conprising an

al kal i maip;rismgmmilkdlimlﬁetal, aqigsiddeelegtr@paﬁqia@dtoﬁismsﬁﬁembﬁ\eeﬂ t he
negative and pasitiye el ectrodes, and an electrolyte erein the

el ectrol Jﬁ ne%BWf)?’i‘ pesitive egtiades, apdan pleptelyiss wheisin haslectolyieei ght per cent
l'i thi um icggingiges: and a sol vent conprising 45 to 80 vol une percent

1, 2-di net hoxyethane and 5 to 25 volune percent 3-nethyl-2-oxazolidinone.
2. The cel | desbluteechmprisingguentty thah &0 evaight Ipercsit litkium fodidehatd conpri ses at

| east one additional cosolyent, . 3. The cell defined in claim?2, wherein
t he sol vent F‘ﬁ?tvﬁlé Cogmﬂgsﬁ\égtoagol‘f@mﬂp?ﬁﬂ}tér?ég% YE%B?%‘E{%t%%ﬁ ect ed
from1, Iolindxpdradie 3anethsuPokbioidgdnd, 3-dioxolane. 4. The cell defined in
claim 3, wherein the solvent conprises up to 45 volune percent of the

1, 3-di oxol ane based cosolvent. 5. The cell defined in claim3, wherein the
vol une r & i dhefcel defigfidninrctaimyle tthgrein thesolvisat firBerticoxaisanat Ioas ene cosol vent
is at |eagk:. L. 10 The cell defined in claim5, wherein the vol unme
rati o of %ﬁ%h?g)g%{lco ?}8%;'& hane to the 1, 3-di oxol ane based cosolvent is at
least 2 to 1. 7. The cell defined in claim®6, wherein the volunme ratio of

1, 2- di mretshoxyied KANRFink@irt Q18 2 3nkkr Gk PV G thet 05BbMSRL 15 3 to 1.

dioxolane based cosolvent selected from 1, 3-dioxolane and substituted 1, 3-dioxolane.

4. The cell defined in claim 3, wherein the solvent comprises up to 45 volume

percent of the 1,3-dioxolane based cosolvent.

5. The cell defined in claim 3, wherein the volume ratio of 1,2-dimethoxyethane

to the 1,3-dioxolane based cosolvent is at least 1 to 1.

6. The cell defined in claim 5, wherein the volume ratio of 1,2-dimethoxyethane

to the 1,3-dioxolane based cosolvent is at least 2 to 1.

7. The cell defined in claim 6, wherein the volume ratio of 1,2-dimethoxyethane

to the 1,3-dioxolane based cosolvent is 3 to 1.

8. The cell defined in claim 2, wherein the solvent further comprise 3,5-

dimethylisoxazole.

9. The cell defined in claim 1, wherein the solvent comprises a total of less than 5

weight percent of dialkyl carbonates and cyclic carbonates.

10.  The cell defined in claim 9, wherein the solvent is free of dialkyl carbonates

and cyclic carbonates.

14




8. The cell defined in claim2, wherein the solvent further conprise 3, 5-
di net hyl i soxazole. 9. The cell defined in claim1, wherein the sol vent
conprises a total of less than 5 weight percent of dial kyl carbonates and
cyclic carbonates. 10. The cell defined in claim9, wherein the solvent is
free of dilal kyb caaamfbatlﬁ%mﬁrldwﬁﬁﬁqeceﬁarcﬂ@met&mprﬂsés@%mﬁhﬁd@@bﬁ defi ned
inclaiml wherein the electrolyte conprises 0.5to 2 noles of solute per
liter of sebtepsititerf solypet. cel | defined in claim 1, wherein the solute
further conprises lithium trifluoromethane sul fonate. 13. The cell defined
inclaim enld hium i odide. 14.
The cel | I%ef :Mr[}ggall Eefg#glﬁgifl%\?hg?lgﬁ?%ﬁg&g kal lfl@l]n‘%e(%fnaq? fsiaéshat east one net al
sel ect ed tfifleeromigthage sulfonatensi sting of |ithium sodium and potassium 15.
The cell defined in claim14, wherein the alkali netal conprises a lithium
metal . 16, Th@cél?!iéﬁrﬂ:ﬁflh eraﬂnllnvmkﬁamhééelumg's@ e%é%ﬁhlﬂ'l}@fl&'tm tal
conprises an alloy. 17. The cell "defined in claim16, wherein the al I oy
conpri sesgodifleimi num 18. The cell defined in claim1, wherein the positive
el ectrode conprises at | east one nenber selected fromthe gr oup consi sting
of FeS ang F def ' pe ositive

el ect rodeqco?ﬁgfeé%gefén-gﬁ‘ﬁ?(?%%1 %Ellggg%ggg(g éf%l]@at 1%%5? %}Hlecel I IOdefl ned in
claim1l, selhetedalfmnﬂ&le gpngp donvigtigd eftlithimite sodingy dndewtasiapati ng of a m xture
on a netal current collector, and the m xture conprises a binder. 21. The
el ectrochemi cal battery cell of claiml wherein: the cell is a primary
cell; theqsnegat baﬁd&hﬁetlﬁefaﬁnq@mﬁe@ﬁ%@a& B{e‘tﬁpcﬁﬁz{qﬁgesatlﬂﬂl fHefal V€

el ectrode conpri ses at | east one of FeS an FeS2 e electro yte ‘conpri ses
a solute conprising greater than 50 wei ght percent

16. The cell defined in claim 15, wherein the lithium metal comprises an alloy.

17.  The cell defined in claim 16, wherein the alloy comprises aluminum.

18. The cell defined in claim 1, wherein the positive electrode comprises at least one

member selected from the group consisting of FeS and FeS,.

19. The cell defined in claim 18, wherein the positive electrode comprises a mixture

of FeS; and carbon.

20.  The cell defined in claim 1, wherein the positive electrode comprises a coating

of a mixture on a metal current collector, and the mixture comprises a binder.

21. The electrochemical battery cell of claim 1
wherein:

the cell is a primary cell;

the negative electrode comprises a lithium metal,

the positive electrode comprises at least one of FeS and FeS,;

the electrolyte comprises a solute comprising greater than 50 weight percent
lithium iodide and a solvent comprising from more than 50 to 80 volume percent
1,2-dimethoxyethane and 5 to 20 volume percent 3-methyl-2-oxazolidinone; and

the concentration of solute is 0.5 to 2 moles per liter of solvent.
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lithiumiodide and a solvent conprising fromnore than 50 to 80 vol une
percent 1, 2-di met hoxyethane and 5 to 20 vol une percent

3- et hyl - 2- oxazol i di none; and the concentration of solute is 0.5 to 2
noles per liter of solvent. 15 { 22. An electrolyte used in a primary

lithium B2t eiryelectdlyte W&t @i dprichl 1Bhias Badleit @1ic @ABfeises 0.5 to 2 nol es of
solute per liter solvent; the solute conprises greater than 50 wei ght

f
percent lithid Flgﬁﬁr‘géﬁ;e cqmprisee0- 60 v emtlescfmphuia ey ldg ale ssyensl ume per cent
1, 2- di met hoxys, %ﬁwﬁgﬁpﬁgﬁp&ﬁ%@ﬁ t‘ﬁQxll gg&e%g%gnﬁ{tﬁg&gél @é%%)nﬁazol i di none.

23. The electrolyte arm rern further
conprises at thesdvemnemadsist45an80 vebinvepdrcen?24,2-dinetielxecthisd atdess @ef i ned in

claim 23,,wherein the SO'*XEEIZ further conprises 1,3-- dioxolane. 25. The
el ect r ol Yo' OHURS REGEHt 3 -Bplyldoxas n the sol vent conprises up to 45
vol ume percent 1, 3-di oxol ane. 26. The el ectrolyte defined in claim 24,

wherei n e vol Tiecle@idlpte defidedin HimEld) WhyRINAE8okventlfuhel @xrabeat s at
least 1 to 1. 27, .The electrolyte defined in claim26, wherein the volune

ratio of l9asboncpddirglsdydine to 1, 3-di oxolane is at least 2 to 1. 28. The
el ectrolyte defined in claim27, wherein the volune ratio of 1, 2-

di met hoxyat hgfg .{.e - 8l L ane: | - . lectrol.yte defined in
claim 22, wher eien ?%lﬁs%fgféﬁ{l@@%r I%%’S)Vllci:eg?rl%rﬂll%’goév%l - - GBF%P%%}Fﬁsagxazol e.
30. The elimolamel yte defined in claim?22, wherein the solvent conprises a

total of less than 5 weight percent of dial kyl carbonates and cyclic
carbonates. .16 . .
%3 ’Ehe electrolyte defined in claim 24, wherein the solvent comprises up to 45

volume percent 1,3-dioxolane.

26. The electrolyte defined in claim 24, wherein the volume ratio of 1,2-

dimethoxyethane to 1,3-dioxolane is at least 1 to 1.

27. The electrolyte defined in claim 26, wherein the volume ratio of 1,2-

dimethoxyethane to 1,3-dioxolane is at least 2 to 1.

28. The electrolyte defined in claim 27, wheréin the volume ratio of 1,2-

dimethoxyethane to 1,3-dioxolane is 3 to 1.

29. The electrolyte defined in claim 22, wherein the solvent further comprises 3,5--

dimethylisoxazole.

30. The electrolyte defined in claim 22, wherein the solvent comprises a total of less

than 5 weight percent of dialkyl carbonates and cyclic carbonates.
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