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NCNAQUECUS ELECTROLYTES The present invention relates to an organic
electrolyte solution for use in a high energy el ectrochem cal cel
conprisi-ng a solute dissolved in a mxture of a dioxol ane-based sol vent and
an acyclic ether. solvent. The devel opment of, high energy battery systens
requires -the conpatibility of an el ectrol yté possessing desirabl e
el ectrochem cal properties with highly reactive anode materials, such as
l'ithium and sod d:h%,%Fgggd%nt use of high energy dg@ik%%Efat@ode
mat eri al s, such as faﬁi hé“use of aqueous el ectrol yt ‘e 0P8y
In these systens, as the anode materials are sufficiently active to react

with water chemcally. It has, thene SRS in order to
reali se the high energy den5|ty oD

The present invention relates to an organic
electrolyte solution for use in a high energy
electrochemical cell comprising a solute dissolved in a
mixture of a dioxolane-based solvent and an acyclic
ether solvent.

The development of high energy battery systems
requires the compatibility of an electrolyte possessing
desirable electrochemical properties with highly
reactive anode materials, such as lithium and sodium,
and the efficient use of high energy_density.cathode
materials, such as Fesz. The use of aqueous _
electrolytes is precluded in these systems, as the anode
materials are sufficiently active to react with water
chemically. '

It has, therefore, been necessary, in order to
realise the high energy'density obtainable through use
of these highly reactive anodes and high energy dénsity
cathodes, to turn to the investigation of nonaqueous
electrolyte systems and, more particularly, to
nonaqueous organic electrolyte systems.

The term "nonaqueous organic electrolyte", in the
prior art, refers‘to an electrolyte which is composed of
a solute, for example, a salt of a complex salt of Group
I-A, Group II-A or Group III-A elements of the Periodic

' Table, dissolved in an appropriate nonagueous organic
solvent. Conventional nonaqueous solvents include
propylene carbonate, 1,2-dimethoxyethane, tetrahydro-

- furan, ethylene carbonate, 3-methyl-2- oxazolldone and
3,5-dimethylisoxazole.
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of-fhese hi ghly reactive anodes and hi gh energy density cathodes, to turn
to the investigation of nonaqueous el ectrolyte systens and, nore
particul arly, to-nonaqueous organic electrolyte systens. The term

"nonaqueous organic electrolyte”, in the pror art, refers to an
el ectrolyte which is conposed of a solute, for exanple, a salt of a conpl ex
salt of Goup I-A Goup II-Aor Goup IlI-A elenents of the Periodic

Tabl e, di-ssolved i naamuaritode .@tfle SRQNRGHE S mw@n'?ﬁgs%;e%ﬂheg?@a\égmﬂ onal
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3, 5-di net hyl i soB@iylent hasPbeen particularly troublesome, since many- of
those solvents which are used in the preparation of
electrolytes sufficiently conductive to permit effective
ion migration through the solution are reactive with the
highly reactive anodes described above.

Most investigators in this area, in search of
suitable solvents, have concentrated on aliphatic and
aromatic nitrogen- and oxygen-containing compounds. The
results of this search have not been entirely
satisfactory, as many of the solvents inveétigated still
could not be used effectively with extremely high energy
density cathode materials, and were'sufficiently
corrosive to lithium anodes to prevent efficient
performance over any length of time.

US-A-4,071,665 discloses high energy density
galvanic batteries having high utilisation of active
electrode materials such as lithium anodes, cathode
depolarisers reducible by the anodes, such as cupric
sulphide, and electrolytes comprising a dioxolane as
solvent and up to about 20 weight percent of a
conductive non-reactive electrolyte salt, such as
lithium perchlorate, dissolved therein. Optionally, up
to 50 weight percent of the solvent can be a second
solvent which is an aliphatic or cycloaliphatic
carbohydric ether to reduce battery gassing. Additional
small amounts of a tertiary nitrogen base can be added
to suppress the tendency of the electrolyte sjstem to

- polymerise. |

US-A-4,952,330 discloses a nonaqueous electrolyte -
for cells, such as Li/FeSz-cells, comprising a solute,
such as LiCF3SO3, dissolved in a mixture of a major
amount of dioxolane (e.g. 40-53 volume percent), a minor
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A multitude of solutes is known and recommended for use in such systens,
but the selection of a suitable solvent has been particularly troubl esone,
-since many of those solvents which are used in the preparation of

el ectrolytes sufficiently conductive to permgt effective ion mgration
through the solution are reactive with the highly reactive anodes descri bed
above. Most investigators in this area, in search of .suitable solvents,

have concent | at eghcit2ld D ity 1R YedBRiatbe! (o ALY 13 befbiNe ni ng

conpounds. The results of 'thi's _search have not béen entirely sa?’sfactory,

as many of the S8 &imes qﬂ?@’ﬁ‘lb&é{eedesﬁ 1 B4 yosme, parsentds-f e@ievel y
Wth extrenely ldigxomieyolaiseshondumeniciit sasie s exsd i cient |y

Cangtn of 1ime, R Prled e B oulle i T ey 26T

JP-A-59/173961 discloses organic electrolytes for
secondary cells in which the mole ratio of the dioxolane
to dimethoxyethane is 2 : 1, corresponding to a weight
ratio of 62 : 38.

US-A-3,996,069 discloses a nonagueous cell utilising
a highly active metal anode, such as lithium, a solid
cathode selected from the group consisting of FeS
Co304, V205, Pb304, Inzs3 and CoS
and a liquid organic electrolyte consisting essentially
of 3-methyl-2-oxazolidone in combination with a low
viscosity co-solvent, such as dioxolane, and a metal
salt selected, for example, from MSCN, MCFssOB,
MBF4, M:Clo4 and MM'F6 wherein M’ is lithium,
sodium or potassium and M is phosphorus, arsenic or

antimony.

27

While the theoretical energy, i.e. the electrical
energy potentially available from a selected anode-
cathode couple, is relatively easy to calculate, there
is a need to choose a nonaqueous electrolyte for such a
couple that permits the actual energy produced for an
~assembled battery to approach the theoretical energy.
The problem usually encountered is that it is
practically impossible to predict in advance how well,
if at all, a nonaqueous electrolyte will function with a
selected couple. '

Thus, a cell must be considered as a unit having
three parts - a cathode, an anode and an electrolyte -
and it is to be understood that the parts of one cell -

- are not predictably interchangeable with.parts'of
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gal vanic batteries having high utilisation of active electrode materials
Such as |ithium anodes, cathode depol ari sers reduci bl e by the anodes, such
as cupric sul phi'de, and electrolytes conprising a dioxol ane as sol vent and-
~up to about 20 weight percent of a conductiwye non-reactive electrolyte.
salt, such as lithiumperchlorate, dissolved.therein. Optionally, up to 50
melght percent of the solvent can be a second sol vent which is an aliphatic

or cycl oal i -phat ishotMeoedni &L igiadce 90 ere iRAldR! % éﬁa%r‘i%.bl'%d(yet]hlonal

smal | anounts of a tertiary nitrogen base can be added to suppress t
tendency of the electrolyte systemto polynerise. US-A-4,952, 330 discloses

a nonagueous el ect r dlaytye delil @yidtemssten @ddtfilﬁ@ﬁ[ﬁf Rr]arfi@dss conprising a

sol ute, such as Lf%’%%ln%gwgﬂ N essolrve m Xt Lcj'lruce% aﬂeveranount
[ VO 3%53 ’

of di oxol ane (e une perc
en cell systems are stored for long periods of time at

hlgh temperatures, their impedance characteristics can
deteriorate, thereby rendering the cell systems
unsuitable for consumer applications. Exposing many
cell systems to elevated temperatures of 60°C for
prolonged periods of time can result in venting of the
cell, thereby causing the cell to be unsuitable for many
consumer applications.

We have now surprisingly found that, by reducing the
amount of the dioxolane-based constituent of the solvent
and increasing the amount of the ether-based
constituent, electrochemical cells having enhanced
qualities can be prbducéd.

Thus, in a first aspect, the present invention
provides an organic electrolyte solution for use in a
high energy electrochemical cell comprising a solute
dissolved in a mixture of a dioxolane-based solvent and
an acyclic ether solvent, characterised in that the
weight ratio of the dioxolane-based solvent to the
acyclic ether solvent is from 1 : 99 to 45 : 55,
preferably from 10 : 90 to 40 : 60, and the volume ratlo
of the dioxolane-based solvent to the acyclic ether
solvent is preferably less than 40 : 60.

Alternatively, the present invention provides an
organid electrolyte solution for use in an
electrochemical cell comprising a solute dissolved in a
mixture of a dioxolane-based solvent and an acyclic
ether solvent in ﬁhich the weight ratio of the
dioxolane-based solvent to the acyclic. ether solvent is
from 1 : 99 to 45 : 55 and wherein the volume ratio of
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anount of propyl ene carbonate (e.g. 8-18 vol ume percent) and

gi net hoxyet hane (e.g. 32-45 vol une percent). The di oxol ane to

di met hoxyet hane wei ght ratio for these solutions covers the range of 67 :
33 to 52 : 48. JP-A-59/173961 di'scloses orgapic electrolytes for secondary
cells iin which the nole ratio of the dioxolane to dinethoxyethane is 2 : 1,
corresponding to a weight ratio of 62 : 38. US-A-3,996, 069 discloses a
nonagueous cel | hid 48R dduitfilon AV AR GG e b dited 14T R
solid cathode .selecte Fron1t group consi sti1ng of ég[err :
Co[err]Qerr], Viterk9s§ dhgn ‘ﬁb[-er‘ﬂ]({err] In[err]S[err] and CoS[err],

aliquid organic electrolyte consisting essentially of

a |l ow
3-met hyl - 2- OvaO|IdQB§ Ié&oxo éﬂgi aseaMsglvent is advantageously

dioxolane.

The acyclic ether is preferably dimethoxyethane,
ethyl glyme, diglyme and triglyme, particularly
1,2-dimethoxyethane.

The organic electrolyte solutions according to the
present invention usefully further comprise at least one
co-soivent, preferably in an amount less than 25 wt %
based on the weight of the solvent of the electrolyte
solution. The co-solvent is advantageously selected
from 3,5-dimethylisoxazole, 3-methyl-2-oxazolidone,
propylene carbonate, ethylene carbonate, butylene
carbonate and sulpholane, but is preferably
3,5-dimethylisoxazole.

In a preferred embodiment, there is provided an
organic electrolyte solution as defined, and wherein the
dioxolane-based solvent is dioxolane, the acyclic ether
solvent is 1,2-dimethoxyethane and wherein the weight
ratio of the dioxolane to the 1,2-dimethoxyethane is
from 10 : 90 to 40 : 60, aﬁd further comprising a
co-gsolvent as defined, preferably in an amount less than
25 wt % based on the weight of the solvent of the
electrolyte solution, and selected_from 3,5-dimethyl-
isoxazole, 3-methyl-2-oxézolidone, propylene carbonate,
ethylene carbonate, butylene carbonate and sulpholane,
but is preferably 3,5- dimethylisoxazole. More
preferably, the co-solvent is 3,5- dlmethyllsoxazole or
3-methyl-2-oxazolidone.

The solute is advantageously selected from lithium |
trifluoromethane sulphonate, lithium bistrifluoromethyl -
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viscosity co-solvent, such as dioxolane, and a netal salt selected, for
exanple, from MSCN, MCF[err]SOerr], MBF[err], Ma O err] and MM F[err]
wherein M is lithium sodium or pota55|un1and Mis phosphorus, arsenic or
antinony. GB-A-2087132 discloses a rechargeable lithium el ectrochem cal
cell including an electrolyte solution conprising a solute such as

Li AsF[err] dissolved in a solvent mxture of diethyl ether and a co-sol vent

such as di oxol amlﬁmﬁﬁhyﬂﬁ%@reﬂh@{lﬁ r@ma{wg lcjilg}g\“‘g‘{mty gﬂt V\g:‘ hi ng
co-sol vent is select t o produce an ipcrease in conducti

-any decrease |nqb fiﬂf 4) Sy, ﬁ%d&ﬂhﬁt unfishdthep8R: h SfPesialdy

di ssol ved i n coriittuiimtmi fluakanetmae StRphotidtab58 di scl oses

el ectrolytes-for Li/V[err](err] galvanic batteries conprising a solute

such as LiCd O dissolved. in a solvent m xture. Solvent m xtures of
The present invention further provides an

electrochemical cell comprising an anode, a cathode and
an organic electrolyte solution of the invention. Such
cells, especially high energy cells; are well known in

the art, and may be constructed in any suitable manner.

In such cells, the anode is preferably lithium and
the cathode is seiected from fluorinated carbon, a metal
sulphide, a metal oxide, a metal chloride and mixtures
thereof, but especially FesS,

The electrolyte solutions of the present invention
can be used in an electrochemical cell and stored at
high temperatures for extended periods of time without
allowing cell impedance to increase to levels which
substantially reduce cell performance.

Anofher advantage of the present invention is that
the electrolyte solutions can be employed with an
electrochemical cell employing a lithium anode and a
cathode such as Fesz.

The electrolyte solutions of the present invention
are particularly suited to cells employing a lithium
anode and an iron.sulphide-containing cathode. .

Typically, the dioxolane-based solvent will be
dioxolane, alkyl-substituted dioxolanes or mixtures
thereof. Examples of alkyl-substituted dioxolanes are
4-methyl-1,3-dioxolane and 2,2-dimethyl-1,3-dioxolane.
The preferred dioxolane-based solvent for use in the
present invention is dioxolane. Typical acyclic ethers
Suitable for use in the present invention are
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di oxol ane, tetrahydrofuran and bis-(2-nethoxy)-ethoxy- ethyl ether are

*di scl osed. The electrolyte.is said to provide good conductivity at noderate
tenperatures and. 4 resistance to gassing at el evated tenperatures.

US- A- 4284692 discloses a Li/TiS cell having an electrolyte containing a
lithiumsalt solute dissolved in a cyclic ether solvent such as dioxol ane,
optionally with di met hoxyethane, in which the cyclic ether solvent is

stabilized agalagthgh¥g§%h§ggloggﬁ%ﬁaﬁgyﬁgdlgh%FYﬁE aﬂdlﬁghgi B, ‘rheis

stated that the so oxyethane 1n a
wei ght ratio raﬁgéfGFrﬁﬁoﬁFYGélG gshey: for Vﬁ?léntﬁﬁetEESPGP c&PV§ﬁ§P89
i.e. the electrigah,2-dimethoxyethane.

For some applications, at least one optional
co-solvent may be used, such as one or more of
3;5-dimethylisoxazole, 3-methyl-2-oxazolidone, propylene
carbonate, ethylene carbonate, butylene carbonate,
sulpholane, tetrahydrofuran, diethyl carbonate, ethylene
glycol sulphite, dioxane and dimethyl sulphate. The
preferred co-solvents for use in the present invention
are 3,5-dimethylisoxazole, 3-methyl-2-oxazolidone and
propylene carbonate. '

For most applications, addition of the optional
co-solvent should be limited to 25 weight percent, or
less, based on the total weight of the solvent for the
electrolyte, preferably less than 20 weight percent.

It is believed that the low weight ratio of
dioxolane-based solvent to the acyclic ether solvent
results in a better impedance maintenance of the cells
and better performance on high-rate photoflash tests.
The present invention is not bound by this theory,
however.

It has been observed that the low weight ratio of
dioxolane-based solvent to the acyclic ether solvent in
the electrolyte solution of the present invention
provides good cell impedance, particularly at low
frequencies (e.g. 10 Hz) after the cell is stored at
60°C. This is believed to be due to a much better .
charge transfer resistance than equivalent cells using a
higher weight ratio. It is also believed that a low
weight ratio of dioxolane-based solvent to the acyclic
ether renders the electrolyte solution less sensitive to
the effects of polymerisation, which may explain the
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energy potentially available froma sel ected anode- cathode couple, is
felatively easy to calculate, there is a need to choose a nonaqueous

el ectrolyte for such a couple that permts the actual energy produced for
an assenbl ed battery to approach-the theoret8cal energy. The problem
usually encountered is that it is practically inpossible to predict in
advance how well, if at all, a nonaqueous electrolyte will function with a
sel ected coupl e betiiar impaddnca et ausiaambned imithdsy icglIdy ee
parts - a cathode, an anode and an 5 electrolyte and it is to be

under stood that the parts of one cell are not predi ctably interchangeabl e
with parts e preferred weight ratio of the dioxolane-based

solvent to the acyclic ether solvent is from 10 : 90 to
40 : 60 and the most pfeférred is 29 : 71. The most
preferred electrolyte solution is 29;0 weight percent
dioxolane, 70.8 weight perceht 1,2-diméthoxyethane and
0.2 weight percent 3,5-dimethylisoxazole, along with 1.0
" mole LiCF,S0, per litre of solvent.

Highly active metal anodes suitable for the present
invention include lithium, sodium, potassium, calcium,
magnesium and their alloys, and metal-intercalated
carbon or graphite material, such as lithiated carbon.
Of these active metals, lithium is preferred because, in
addition to being a ductile, soft metal that can easily
be assembled in a cell, it possesses the highest energy-
to-weight ratio of the group of suitable anode metals.

Suitable solid cathodes for use in the present
invention include: fluorinated carbon, which can be
represen;ed by the formula_(CFx)n wherein x varies
between about 0.5 and about 1.2'and-(C2E)n wherein,
in both cathodes, n refers to the number of monomer -
units (which number, it will be appreciated, can vary
widely); éopper.sulphide (Cus); copper oxide (Cu0O); lead
dioxide (Pboz); iron sulphides_(FeS, Fesz); copper
chloride (CuCl ); silver chloride (AgCl); sulphur;
bismuth trloxlde (B1,0,); copper bismuth oxide
(CuB1 ), ‘cobalt oxldes, vanadium pentoxide
(V2 5), tungsten trioxide (WOB)’ molybdenum
trioxide (Moo ) ; molybdenum disulphide (Mbs );
titanium dlsulphlde (TlS ); and transition metal
polysulphides.

The preferred cathodes for use in the present
invention are the iron sulphides alone and in
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of another cell to produce an efficient and workable cell. Many cel |l
Systems can function in various environments when they are freshly
produced. However, when cell systenms are stored for |ong periods of tine at
high tenperatures, their inpedance charactergstics can deteriorate, thereby
rendering the cell systens unsuitable for consumer applications. Exposing
many cell systemto elevated tenperatures of 60[err]C fgr proIongFF Ferhods
of time can-res | L ngks e r e ce o be
unsui tabl e for ;Eaélﬂ%gngjgn%%%lé%%?oéés?h%hn%eﬁ%\#és%é}&?%gl y found
that, by reduci %@e*dﬁ#%ht of the dioxol ane-based constituent of the

sol vent and incrmgs%rm)ﬁbeoapnunt of the e;hngbased constituent,

el ectrochem cal l.(;eeé S r?b\ﬁ@ c?nhanced gqualities can be produced.

2 ¥ R0
FeS2 + Pb304;
FeS2 + Cul0 + Bi203;
FeS2 + CuO +.Pb304;,
ngz + CulQ + CoSz;
FeS2 + Mnoz; and
FeS2 + CoS

9
The ionisable solute for use in the present
_invention may be a simple salt, such as LiCF3SO3 or

lithium bistrifluoromethylsulphonyl imide
(Li(CF3soz)2N), for example, or a double salt or
mixtures thereof which will produce an ionically
conductive solution when dissolved in the solvent.

Suitable solutes are complexes of inorganic or organic
Lewis acids and inorganic ionisable salts.

| One of the requirements for utility is that the
salts, whether simple or complex, be compatible with the
solvent (s) being employed and that they yield a solution
“which is sufficiently ionically conductive, generally at
least about 10 *ohm tem™ 1. Generally, a
concentration of at least about 0.5 M would be

sufficient for most cell applications.

Typical suitable Lewis acids include aluminium
fluoride, aluminium bromide, aluminium chloride,
antimony pentachloride, zirconium tetrachloride,
phosphorus péntachloride, phosphorus pentafluoride, -
boron fluoride, boron chloride, boron bromide and
arsenic pentafluoride.

Ionisable salts useful in combination with the Lewis
acids inglude lithium fluoride, lithium chloride,
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Thus: ina first aspect, the present invention provides an organic
electrolyte solution for use in a high. energy el ectrochem cal cel
conprising a solute dissolved in a mxture of a dioxol ane-based sol vent and
an acyclic ether solvent, characterised in tfijat the weight ratio of the

di oxol ane- based solvent to the acyclic ether solvent is from1 : 99 to |ess
than 40 : 60, preferably from10 : 90 to less than 40 : 60, and the vol une

[ he d I hif t ic e her ol ven
0 ohy P oot UG RGA nd IR AL SRS AR
di met hoxyet hane,8QdHim @md% g,sqdmnmrhrqmdy,ymmaSMrﬂuommepnm ly

at |east one co-pssdaitumh SCHIKH UL G g8t tmnlﬁ dan 20 wt % based on
t he wei ght of the solvent of the electrolyte SO utlon Alternatlvely, t he

present invention provides an
The ionisable solute for use in conjunction with an

iron sulphide-containing cathode would suitably be
lithium trifluoromethane sulphonate (LiCF SO3),

lithium bistrifluoromethylsulphonyl imide
(Li(CFBSOZ)zN), lithium perchlorate (Lic104),

lithium hexafluoroarsenate (LiAst) or mixtures
thereof, lithium trifluoromethane sulphonate being the
most preferred. Suitable double salts for various celi
applications include lithium tetrafluoroborate

(LiBF,), lithium hexafluorophosphate (LiPF.) and
potassium hexafluoroarsenate (KAst).

3

EXAMPLE

Several cells were produced, each containing an
anode. of 0.95 g of lithium; a cathode of 4.1 g of a mix
- containing 91 wt % FeS,, 2.25 wt % acetylene black,
~4.75 wt % graphite and 2 wt % metallic zinc; and 2 g of
an electrolyte as shown in Table 1.

N



6 organic electrolyte solution for use in an el ectrochenical cel
conprising -a solute dissolved in a mxture of a dioxol ane-based sol vent and
an acyclic ether solvent in which the weight ratio of the di oxol ane-based
sol vent to the acyclic ether solvent is from4 : 99 to less than 40 : 60
and wherein the volunme ratio of the di oxol ane-based solvent to the acyclic
ether solvent is less than 40 : 60, and the acyclic etge&his ;electgd f{Fm
di met hoxyet hane, ethyl glynme, diglynme an iglynme, an erein optionally
at Ieastyone co-solvgntgig inclugeé in aﬁu%%%%ﬁ¥ less than 20 wt % based on
the weight of the solvent of the electrolyte solution.. The dioxol ane-based

sol vent i s advant ageously ELECTROLYTE SOLUTION

LOT NO. ' DIOX DME 3Me20x DMI LiCF3303
(Wt/%) (wt/%) (wt/%) (wt/%) (Moles/
litre of
solvent)

A 29.0 70.8 0 0.2 1.5

B* 55.0 44.8 0 0.2 1.5

C* ©78.5 21.3 0 0.2 1.5

D 25.4 61.9 12.5 = 0.2 1.0

E* 69.6 18.9 11.4 0.2 1.0

In the above Table, DIOX is dioxolane, DME is
1,2-dimethoxyethane, DMI is 3,5-dimethylisoxazole,
3Me20x is 3-methyl-2-oxazolidone, and * indicates a
comparative Lot. |

Samples of the cells (5 cells per lot) were stored
for 12 weeks at 60°C. After storage the cells were
checked for 1 kHz impedance, open circuit voltage (OCV),
closed circuit voltage (CCV; 0.5 second on 3.9-ohm load)
and flash amperage. The flash amperage test consisted
of a 200-millisecond closed circuit voltage on a
0.01-ohm load. Furthermore, two simulated photoflash
tests per lot were carried out. Each test involved
measuring the recycle time of a pair of cells in a .
Peritax PC303 35 mm camera with a built-in flash unit.
The recycle time is the time for the "ready light" to
come back on after the first flash. This time should be
as short as possible.

The data obtained are shown in Table 2.
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di oxol ane. The acyclic ether is preferably 1, 2-di net hoxyethane. The organic
el ectrolyte solutions according to the present invention may usefully
further conprise at |east one co-solvent, in an anmount |less than 20 wt %
based on the weight of the solvent of t he el¥etrol yte solution. The

co-sol vent is advantageously selected from 3, 5-di net hyl i soxazol e,

3-net hyl - 2- oxazol i done, propyl ene carbonate, ethylene carbonate, butylene
car bonat e. and sul phol ane, but is preferabIB3BBERdi net hyli soxazole. In a
preferred enbodi nent, there is provided an organic el ectrolyte solution as
defined, and wherein the dioxol ane-based sol vent is dioxolane, the acyclic
ether solvent is 1, 2-di met hoxyet hane and wherein the melghtAY%fﬁﬁﬁof t he
di oxol ane to the 1, 2-di net hbxigiee hane is from 10 'FPAsh O Iesﬁeéy@pe40 . 60,

and further Conpﬂéélﬁ@ a fﬁbéﬁgﬂggt 8@Vdefé8@d rbgghggnunflless

a v (V) @) (s)

A | 0.48  1.84 1.60 - 4.26 6.6
B 0.59  1.84 1.54 2.79 - 8.6
c. 0.77 1.83 1.45  2.45 8.6
D ©0.59  1.83 1.37  3.92 ' 7.8
E 0.57 1.84 1.41  3.89 10.1

The data show an unexpected advantage for low
dioxolane : 1,2-dimethoxyethane weight ratio _
electrolytes (Samples A and D). Specifically, Lot A
gave much better cell impedance, closed circuit voltage,
flash amperage and recycle times than Lot B or Lot C
after 60°C storage. Lot D also gave much better recycle
times than Lot E after 60°C storage.

Cells containing no dioxolane (i.e., only
1,2-dimethoxyethane and 0.2% 3,5-dimethylisoxazole) vent
_during 60°C storage, thereby demonstrating the need for
the dioxolane-based constituent.
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solution, and selected from 3, 5-di net hyl - isoxazol e, !'Iiﬂﬂl‘u/luuulll " I"l
3- et hyl - 2- oxazol i done, propyl ene carbonate, ethylene carbonate, s *

carbonat e and sul phol ane, REPLACEMENT SHER 7 but is preferably

3, 5-di net hyl i soxazole. More preferably, the co-solvent is

3, 5-di net hyl i soxazol e or 3-nethyl - 2-oxazol i done. The solute is o
advant ageousl y gg%ggggp fromlithiumtrifluoromethane sul phonate, |ithium
bi strifluoromethyl- sul phonyl inide, |ithiumperchlorate, Iithium

hexaf | uor oarsenate, and m xtures thereof, especially lithium

trlfluoronethaneLSLHAﬁKnmgénlc electrolyte solution for use in a high
energy electrochemical cell comprising a solute
dissolved in a mixture of a dioxolane-based solvent and
an acyclic ether solvent, characterised in that the
weight ratio of the dioxolane-based solvent to the
acyclic ether solvent is from 1 : 99 to 45 : 55 and the
volume ratio of the dioxolane-based solvent to the
acyclic ether solvent is preferably less than 40 : 60.

than 20 wt % based on the wei ght of the solvent of the electrj

2. A solution according to claim 1, wherein the weight
ratio of the dioxolane-based solvent to acyclic ether
golvent is from 10 : 90 to 40 : 60, preferably 29 : 71.

3. A solution according to claim 1 or 2, wherein the
dioxolane-based solvent is dioxolane.

4. A solution according to any preceding claim, wherein
the acyclic ether is selected from dimethoxyethane,
ethyl glyme, diglyme and triglyme, preferably
1,2-dimethoxyethaﬁe.

5. A solution according to any preceding claim, wherein

at least one co-solvent is included in the electrolyte
solution. '

6. A solution according to claim 5, wherein the
co-solvent is present in an amount less than 25 wt %
based on the weight of the solvent of the electrolyte
solution.

7. A solution according-to c1a1m 5 or 6, wherein the
co-solvent is selected from 3,5-dimethylisoxazole,
3-methyl-2-oxazolidone, propylene carbonate, ethylene
carbonate, butylene carbonate and/or sulpholane,
preferably 3,5-dimethylisoxazole.

This Sheet Has Been Reﬂla




The present invention further provides an el ectrochem cal
‘an anode, a cathode and an organic electrolyte solution of tt{ellmumnuﬂllluml
Such cells, especially high energy cells, are well known in the art

may be constructed in any suitable manner. hLg such cells, the anode is

preferably lithiumand the cathode is selecied fromfluorinated carbon, a
net al sul phide, a netal oxide a metal chloride and m xtures thereof, but

especi al l'y FeS[%rr] L@idﬂ (ﬁﬁé %I%g %§ %Eekgﬁl ée%ﬁgﬁ nvention can

be used in an eIectrochentca store erat ures for
ext ended perrod§0®Prﬂﬁ#@9wﬁﬁh@uMe&HHﬁM9%§Q§ﬂU di anca ﬂ@ Bnwedabs t

llevel s which subghaintall, g At thﬂﬁéf%hﬂﬁ@cg wiighite peadeait! age Of
the present invéntion is_that the ectrol yte sol ution$S _can be egployed

with an el ect r oSnemodgethy sors aa.qqgt AER dnQddodfy L

per litre of solvent.

9. A solution according to any preceding claim, wherein
the solute is selected from lithium trifluoromethane
sulphonate, lithium bistrifluoromethylsulphonyl imide,
lithium perchlorate, lithium hexafluoroarsenate, and
mixtures thereof, preferably lithium trifluoromethane
sulphonate. .

10. An, preferably high energy, electrochemical cell
comprising an anode, a cathode and an organic
electrolyte solution according to any preceding claim.

11. An electrochemical cell according to claim 10,
- wherein the anode is lithium and the cathode is selected
from fluorinated carbon, a metal sulphide, a metal

oxide, a metal chloride and mixtures thereof, preferably

FeSz.

This Sheet Has Been Re
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cat hode such as FeS[err]. The electrolyte solutions of the present
“invention are particularly suited to cells enploying a |ithium anode and an
i ron sul phi de-contai ni ng cat hode. Typically, the dioxol ane-based sol vent

wi || be dioxolane, alkyl-substituted di oxol ages or mi xtures thereof.
Exanpl es of al kyl -substituted di oxol anes are 8 4-nethyl -1, 3 di oxol ane
and 2, 2-dinethyl-1,3-di oxol ane. The preferred di oxol ane-based sol vent for

use in the present invention is dloxolangB%TR£¢§ preferred acyclic ether

for use in the present inventionis 1,2 - oxyet hane. For sone -
applications, at |east one optional

NONAQUEQUS ELECTROLYTES

The present invention provides a nonaqueous
electrolyte for use in electrochemical cells in which
the electrolyte comprises a solute, such as
L10F3803, dissolved in a mixture of a dioxolane, and
an acyclic ether solvent, and wherein the weight ratio
of the dioxolane-based solvent to the acyclic ether
gsolvent is less than 45 : 55 and the volume ratio of the
dioxolane-based solvent of the acyeclic ether solvent is
less than 40 : 60, such electrolytes being useful to
prevent impedance after storage of a cell at high
temperatures. '
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,zra)'
co-sol vent may_be used, such as one or more of 3,5- dlnethyllsoxazofe

=met hyl 42- OREPDACHMENT en% nat e, “et hyl ene carbonat e, butylene
car bona eE{Bbdcﬁbﬁb,@nﬁa ege;r &reg !yr n, diethyl carbonate, ethylene glycol

sul phi t ¢, gdg ngja an’gt jhate. The preferred co-sol vents for use

in the rgsgﬂﬁnﬁ § t hyl i saxazol e, 3 -nethyl -2-oxazolidone
and propylens; d% gag 'of jt he optional co-solvent should be
limtedjto 20 melght rCé %& esd, based on the total weight of the

sol vent {for .the electrolyte is bglieved that the | ow weight ratio of

di oxol ahetbased” sdbé%ﬂ?rtdqﬂﬁé .acyclilc ether solvent results in a better

| npedance mai nt enance of the cells and better perfornance on high-rate
phot of | ash tests. The present ind& EQUS EMEQUROIATES t hi s t heory,

however.

‘The present invention relates to an organic
electrolyte solution for use in a high energy
electrochemical cell comprising a solute dissolved in a
mixture of a dioxolane-based solvent and :an acyclic
ether solvent.

The development of high energy battery systems
requires the compatibility of an electrolyte possessing
desirable electrochemical properties with highly
reactive anode materials, such as lithium and sodium,
and the efficient use of high energy density cathode
materials, such as FeS,. The use gf aqueous
electrolytes is precluded in these systems, as the anode
materials are sufficiently active to react with water
chemically.

It has, therefore, been necessary, in order to
realise the high energy dehsity obtainable through use
of these highly resctive anodes and high energy density
cathodes, to turn to the investigation of nonaqueous
electrolyte systems and, more particularly, to
nonaqueous organic electrolyte systems.

The term "nonaqueous organic electrolyte", in the
prior art, refers to an electrolyte which is composed of
a solute, for example, a salt of a complex salt of Group
I-A, Group II-A or Group III-A elements of the Periodic
Table, dissolved in an appropriate nonaqueous organic
solvent. Conventional nonaqueous solvents include
propylene carbonate, 1,2-dimethoxyethane, tetrahydro-
furan, ethylene carbonate, 3-methyl-2-oxazolidone and
3,5-dimethylisoxazole. '
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It has been observed that the | ow wei ght ratio of diox | BERLAGEMEWT SHIEEE

ito the acyclic ether solvent in the electrolyte soluti¢n
invention provides good cell inpedance, particularly a
10 Hz) after the cell is stored at 60[err] C. Thi
due to a much better charge transfer resisRance than equf

(e.g.

of the presen

W%elleve to

a higher weight ratio. It is also believed that a | ow feight ratio of
di oxol ane-based solvent to the acyclic ether renders the electrolyte

sol ution | ess sensiat macieudes oFf Geauteal iBOnMRM S3id Gfecoiietiadd e p! ain

t he

b
s| ng

9 better impedance nmai ntenance ob rve i n .these cells. e
preferred wei ghtS a0 & FW@t&FEXo% abl?

ectlon of a sui

solvent has been partlcularly troublesome, since many of
those solvents which are used in the preparation of
electrolytes sufficiently conductive to permit effective
ion migration through the solution are reactive with the
highly reactive anodes described above.

Most investigators in this area, in search of
suitable solvents, have concentrated on aliphatic and
aromatic nitrogen- and oxygen-containing compounds. The
results of this search have not been entirely
satisfactory, as many of the solvents investigated still
could not be used effectively with extremely high energy
density cathode materials, and were sufficiently
cqrrosive to lithium anodes to prevent efficient

<
performance over any length of time.

US-A-4,071,665 discloses high energy density
galvanic batteries ha#ing high utilisation of active
electrode materials such as lithium anodes, cathode
depolarisers reduciple by the anodes, such as cupric
sulphide, and electrolytes comprising a dioxolane as
solvent and up to about 20 weight percent of a
conductive non-reactive electrolyte salt, such as
lithium perchlorate, dissolved therein. Optionally, up
to 50 weight percent of the solvent can be a second
solvent which is an aliphatic or cycloaliphatic
carbohydric ether to reduce battery gassing. Additional
small amounts of a tertiary nitrogen base can be added
to suppress the.tendency.of the electrolyte system to
polymerise. '

US-A-4,952,330 discloses a nonaqueous electrolyte
for cells, such as Li/Beszzcells, comprising a solute,
such as LiCF3803, dissolved in a mixture of a major
amount of dioxolane (e.g. 40-53 volume percent), a minor



sol.vent to the acyclic ether solvent is from10 : 90 toT IP@@MGWEN&@HEE%C
and the nost preferred is 29 : 71. The nost preferred e|eftrolyte solut}o

is 29.0 wei ght percent dioxolane, 70.8 weight percent 1f2 dqquﬁgxxggh ne
and 0.2 wei ght percent 3,5-dinethylisoxa3ole, along with [L..0 nole

‘LiCFl[err]SOerr] per litre of solvent. Highly active nefa bl
for the present invention include lithium sodium po

tagsi um cal ci um ,
magnesi um and ®meuntabf oysopyimhensarzbonater (hight @dl@am&mw
material, such g% Wih8ERS e&r&one.g ipepe mtunréeg&&:a | 44 umis
preferred be_caﬁé1° LN add é* erggga dup sof t gﬁl t hat can
easi |y be assefPFILRAER *methxggg e * 5 £9%n  to-weight
rati o of the gremimtdbnsuctedrts theoderget of s67 Sur13ab16e 530l:i dseat hodes for
use in the present invention include: fluorinated carbon, which can be

JP-A-59/173961 discloses organic electrolytes for
secondary cells in which the mole ratic of the dioxolane
tc dimethoxyethane is 2 : 1, correspondxng to a weight
ratio of 62 : 38.

US-A-3,996,069 discloses a ncnaquecus cell utilising
a highly active metal anode, such as lithium, a solid
cathode selected from the group consisting of ?esz,
'C0304, Vzos, Pb3o4. In253 and CoS,,
and a liquid organic electrolyte consisting essentially
of 3-methyl-2-oxazolidone in combination with a low
viscosity co-solvent, such as dioxolane, and a metal
salt selected, for example, from MSCN, MCF,S0,,
MBF,, MClo4 and MM'F. wherein M’ is lithium,
sodium or potassium and M is phosphorus, arsenic or

ancimony.

GB-A-2087132 discloses a rechargeable lithium

electrochemical cell including an electrolyte solution
' comprising a solute such as LiAsF. dissolved in a
golvent mixture of diethyl ether and a co-solvent such
as _dioxolane, tetrahydrofuran or dimethoxyethane. The
amount of co-solvent is selected to produce an increase
in conductivity outweighing any decrease in cycling
efficiency. However, dimethoxyethane is not dissolved
'in combination with dioxolane.

FR-A-2252658 discloses electfoiytes for Li/V,0.
_gg;venic battgries comprising a solute such as Licyg& _
dissolved in a solvent mixture. Solvent mixtures of
dioxolane, tetrahydrofuran and bis- (2-methoxy) -ethoxy-
ethyl ether are disclosed. The electrolyte is said to

provide good conductivity at moderate temperatures and




represented by the formula (CF[err])[err] wherein x varies X
0v5 and about 1.2 and (C[err]F)[err] wherein, in both cath o‘tEﬂAGEMENTeSﬁEEp '
t he nunber of nonomer units (which nunber, it will be apprcjared—camveany
wi del y); copper sul phide (CuS); copper oxide (CuO; |ead owgécrj _
(Pbgerr]); iron sul phides (FeS, Fed err]); copper chlorijdg ( PE ﬁ?@'
silver chloride (Agd); sul phur; bisnmuth trioxide (Bi[err]jJtescd——copper

E)lv[srenrj';]hqoélr(rj]e) (jjq%:#grr quS ngcobal teF ?%’de%al vanadi um e(r;'z)éiede

(Mg err]); mi ybdenum di sul phi de (NbSZ) titani um di sul phide (Ti S['err])
and transition netalgspgl x584 9 Qﬁ,%clyggspgetgyfgg C@&jp(iﬁsnfngr affse in the

present invention d tmig}ge égﬁka?;”:i;*ﬂ& IS 35'1‘%: solute dissolved

in a cyclic ethaer solvent such as dioxolane, optioma lly
with dimethoxyethane, in which the cyclic ether sclvent
is stabilized against polymerisation by the addition of
an inhibitor. It ig gtated that the solvent can be
dioxolane mixed with dimethoxyethane in a weight ratio
range of from 100:0 to 40:60.

While the thecretical energy, i.e. the electrical
energy potentially available from a selected anode-
cathode couple, is relatively easy to calculate, there
is a need to choose a nonaquecus electrolyte for such a
couple that pexmits the actual energy produced for an
assenmbled battery to approach the theoratical energy.
The problem usually encountered ias that it is
practically impossible to predict in advance how well,

if at all, a nonaqueous electrolyte will function with a
selectead couple.

—

Thus, a2 cell must be considered as a unit having
three parts - a cathode, an anode and an
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cathode materials such as: FeSerr] '+ CuQ FeS[err] + Bi[ rifgerry;
%ﬂew]+PmeHﬁMH]qaﬂ;.RSMH]+F%MH]qHH ??l@) D
+ Bi[err]derr]; FeS[err] + CuO + Pb[err](Jerr]; FeS[err] {+|Cu ﬁ%w;
FeS[err] + M err]; and FeS[err] + BSlerr]. The |on|sable Sottt-e t+

ULU I\J] -l

in the present invention may be a sinple salt, such as Li@F[err]Sqerr] or

N

lithi um bistri BJ %%EQGE%F?'&H Rionyl :b”hgeué&éééﬂé’d "that) Ehé Igd e B®) - 1 OF
exanpl e, or
cne cell are not predictably interchangeable with parts
T of another cell to produce an efficient and workable
cell,

Many cell systems can function in various
environments when they are freshly produced. EHowever,
when cell systems are stored for long periods of time at
high temperatures, their impedance characteristics can
detaricrate, thereby rendering the cell systems
unsuitable for consumer applications. BExposing many
cell syh:ema to elevated temperatures of 60°C for
prolonged periods of time can result in venting of the
cell, thereby causing the cell to be unsuitable for many
consumer applications.

We have now surpriéingly found that, by reducing the
amount of the dioxolane-based constituent of the solvent
and increasing the amount of the ethar-based
constituent, electrochemical cells having enhanced
gualities can be produced.

Thus, i; a first aspect, che present invention
provides an organic electrolyte solution for use in a
high energy electrochemical cell comprising a solute
dissolved in a mixture of a dioxolane-based solvent and

‘an acyclic ether salvent,: characterised in that the
weight ratio of the dioxolane-based solvent to the
acyclic ether solvent is from 1l : 99 to less than
40 : 60, preferably fram 10 : 90 to__ggg_;han_40 60,
and the volume ratio of the dioxolane-based solvent to-
the acyclic ether solvent is preferably less than
40 : 60 and the acyclic ether is selected from
dimethoxyethane, ethyl glyme, diglyme and triglyme and
wherein optionally at least one co-solvent is included
in an amount less than 20 wt ¥ based on the weight of
the gsolvent of the electrolyte solution.

Alternatively, the present invention provides an



m xt.ures thereof which will produce an ionically conductivy

"dissolved in the solvent. Suitable solutes are conpl exes RERLAGEAMENT SHEET
organic Lewis acids and inorganic ionisable salts. One of e require |

for utility is that the salts, whether. sinple or conplex, C
with the sol vent(s) being enployed an& that they yield a s Iut?gﬁaghbkﬁs'

sufficiently ionically conductive, generally at | east abo

10[ er r] ohnf err]egﬁt fdo eﬁ%z%agkx e@m@m@wzahbeniafaat lleast about 0.5 M

woul d be suffici r mopst .c a | cations | cal apl e Lew S
aci ds incl ude af ﬁFFﬁQﬁhqq¥iﬁl &E 5#9 QiﬁngoﬂP¥§t°aFﬁﬁ? Y8R R & i de,
anti nony pent achiztuore ofia mmnranethauﬂ @dlyentpaadpanr asygkrid achl ori de,

phosphor us pentgghggréé¥;e4g) gnukkggréﬁgn'é§§3y1:ggkgrbgethporon brom de and

arseni c pentaflyorid
d-oxolane bdsed solvent to the acyclic ether solvent is

from 1 : 99 to less than 40 : 60 and wherein the volume
ratic of the dioxclane-based solvent to the acyclic
ether solvent is less than 40 : 60, and the acyclic
ether is selected from dimethoxyethane, ethyl glyme,
diglyme and triglyme, and wherein optionally at least
cne co-golvent is included in an amount less tham 20

wt ¥ based on the weight of the solvent of the
electrolyte solution..

The dioxolane-based sclvent is advantagecusly
dicoxolane.

The acyclic ether is preferably 1,2-dimethoxyethane.

The organic electrolyte solutions according to the
present inven:zon___x_usetully further comprise at least
one co-solvent, in an amount less than 20 wt ¥ based on
the veight ‘of the solvent of the elec:rolyte galution.
The co-solvent is advantageously selected from
3,5-dimethylisoxazole, 3-methyl-2-axazolidone, propylene
carbonate, ethylene carbonate, butylene carhonate and
sulpholana, but is preferably 3,5-dimethylisoxazole.

In a preferred embodiment, there is provided an
organic electrolyte solution as defined, and wherein the
dioxolane-based solvent i3 dioxolane, the acyclic ether
solvent is 1,2-dimethoxyethane and wherein the weighc
ratio of the dioxolane to the 1,2-dimethoxyethane is
.from 10 : 90 to less than 40 : €0, and further
compris:ng a co-solvent as defxned, in an amount less
than 20 wt % based on the weight of the solvent of the
electrolyte solution, and selected from 3,5-dimethyl-
isoxazole, 3-methyl-2-oxazolidone, propylene carbonate,
ethylene carbonate, butylene carbonate and sulpholane,



_lonisable salts useful in conbination with the Lewis acids in "ﬁ’ﬁébé'@w

LT

ftuoride, lithiumchloride, 11 lithiumbromde, lithiumsu

fluoride, sodium chloride, sodium brom de, potassiumfluoride] potassium
chl ori de and potassium bronide. The ibnisable solute for use c2@ yutLtioon
with an iron sul phi de-contai ni ng cathode woul d suitably be i}t Hi um
trifluoronethane sul phonate (LiCFlerr]SOerr]), lithium

bi strifl uoronettwgl del ph‘oﬂ;babhycba.ii.d:@@lﬁpsi.&?@qmlé ) [ ¢orpN) LLithium
perchlorate (Lifldfa2abl), thehislBdivedl 49" 90& S@A ihyiliiebshE8 &I dr OF -

m xtures ther.eq n1tr|fiu romet hane sul phonat € bei ng the nost

preferred. Suit 'meéhag gl ~@XazP+CM vari ous cell

The solute is advantageously selected from lithium
trifluorcmethane sulphonate, lithium bistrifluorcmethyl-
sulphonyl imide, lithium perchlorate, lithium

. hexafluorcarsenate, and mixtures thereof, especially
lithium trifluoromethane sulphonate.

The present invention further provides an
electrochemical cell comprising an anode, a cathode and
an organic electrolyte solution of the invention. Such
cells, especially high enexrgy cells, are well known in
the art, and may be constructed in any suitable mannar.

In such cellg, the anode is preferably lithium and
the cathode is selected from fluorinated carbon, a metal
sulphide, a metal oxide, a metal chloride and mixtures
thereof, but especially Fes,.

The electrolyte solutions of the present invention
can be used in an electrochemical cell and stored at
high temperatures for extended periods of time without
allowing cell impedance to increase to levels which
substantially reduce cell performance.

~ Another advantage of the preeént invention is that
the electrolyte solutions can be employed with an

~electrochemical cell employing a lithium anode and a
cathode such as FeS,.

- The electrolyte solutions of the present invention
are particularly suited to cells employing a lithium
ancde and an irom sulphide-containing cathode.

Typically, the dioxolane-based solvent will be
dioxolane, alkyl-substituted dioxolanes or mixtures
thereof. Examples of alkyl-substituted dioxolapnes are



appli.cations include lithiumtetrafluoroborate (LiBFferr]),
hexaf | uor ophosphate (Li PF[err]) and potassi um hexafl uor oar Jerfate
(KAsF[err]). Several cells were produceg, each containing gn agg?e ﬁf 5
g of lithium a cathode of 4.1 g of a mXx containing 91 w {%|F eﬂ &, 2!
wt % acetyl ene black, 4.75 wt % graphite and 2 w % net al | ijc Lzihes
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of an electrolyte as shown in Table 1. REPLACEMENT SHEET 12 TABLE 1
ELECTROLYTE SOLULbidinb®OTy Nl 4y oaldiGHe anBVE 2. @1he(Ry1 -1,8Ma1 cxolane.
Li CF[err] SO[err] tfamﬂ/ &é i\'/vt/%/yﬁvvt/af;"a) Cui ] oxoiane

) prefe i e- ed

Th rad 1 (y%olvergtlvbé oez's /use in the
present invention is dioxolane. The preferred acyclic
ether for use in the present invention is
1,2-dimethoxyethane.

For some applications, at least ome optional
co-solvent may be used, such as one or more of
3,5-dimethylisoxazole, 3 -meth'yl -2-oxazolidone, propylene
carbonate, ethylenme carbonate, butylene carbcnate,
sulpholane, tetrahydrofuran, diethyl carbonate, esthylene
glycol sulphite, dioxane and dimethyl sulphate. The
preferred co-sclvents for use in the present invention
are 3,5-dimethylisoxazole, 3-methyl-2-oxazolidone and
propylene Carbonate.

Addition of the oécional co-solvent should be
limited to 20 weight percent, or less, based on the
total weight of the solvent for the electrolyte.

It is believed that the low weight ratio of
dioxclane-based solvent to the acyclic ether solvent
results in a better impedance maintenance of the cells
and better performance on high-rate photoflash tests.

The present invention is not bound by this theory,
however.

It has been cbserved that the low weight ratioc of
dioxolane-based solvent to the acyclic ether solvent in
the electrolyte solution of the present invention
provides good cell impedance.'particularly at low
fraquencies (e.g. 10 Hz) after the cell is stored at
60°C. This is believed to be due to a much better
charge trangter resistance than equivalent cells using a
higher weight ratio. It is also believed that a low.
weight ratio of dioxolane-based solvent to the acyclic
ether renders the electrolyte solution less sensitive to
the effects of polymerisation, which may explain the



.Iitr‘e of solvent) A 29.0 70.8 0 0.2 REPLAGEMENT SHEET

55.0 44.8 0 0.2 1.5 ¢ 78.5  21. 0

0.2 1.5 D 25.4 61.9 12.5 0.2 1. *

69. 6 18.9 11. 4 0.2 1.0 Ign the above Table,| O O?(ngUL e
di oxol ane, DME is 1, 2-di net hoxyet hane, DMwis 3,5-dinethylipo

I's 3-nethyl-2- oxazolidone and * indicates a conparative Lof. Sanplés of

the cell's (5 GfdeirShobfincd FalntenifdeMaddet aks chbs f&TTqC ATTET

storage the ce | npedance, open circuit voltage
(OCV), closed circuit voltage (CCV; 0.5 second on 3.9-ohmload) and flash
anperage. The fl agmeappeategeed oatighansasiedohitie Aldxolane seazedi cl osed

circuit voltage, QR to the acyclic ether solvent is from 10 : 90 to
less than 40 { 60 and the most preferred is 29 : 71.
The most preferred electrolyte solution is 29.0 weight
percent dioxolane, 70.8 weight percent
1,2-dimethoxyethane and 0.2 weight percent
3,5-dimethyliscxazole, along with 1.0 mole LiCF, S0,
per litre of solvent.

Highly active metal anodes suitable for the present
invention include lithium, sodium, potassium, calcium,
magnesium and their alloys, and metal-intercalated
carbon or graphite material, such as lithiated carbon.
Of these active metals, lithium is preferred because, in
addition to being a ductile, soft metal that can easily
be assembled in a cell, it possesses the highest energy-
to-weight ratio of the group of suitable anode metals.

Suitable solid cathodes for use in the present
invention include- fluorinated carbon, which can be
represented by the formula (CF,) wherein x varies
between about 0.5 and about 1.2 and (C,F), wherein,
in both cathodes, n refers to the number of monomexr
units (which number, it will be appreciated, can vary
widely) ; copper sulphide (CuS); copper oxide (CuO); lead
dioxide (PbO,); iron sulphides (FeS, Peszl} copper

| chloride (Cuc;z); silver chloride (AgCl); sulphur;
bismuth trioxide (81293); copper bismuth oxide
(CuBi O.); cobalt oxides; vanadium pentoxide
(V20g); tungsten ctrioxide (WO,); molybdenum
trioxide (Mboa): molybdenum disulphide (Mosz);
titanium disulphide (Tisz); and transition metal
polysulphides.

The prefaerred cathodes for use in the present
invention are the iron sulphides alone and in



0. 01-ohm |l oad. Furthernore, two sinulated photoflash tesﬂ
‘garried out. Each test involved neasuring the recycle tin
cells in a Pentax PC303 35 nmcanera with a built-in flas
recycle tine is the tine for the "readyglight" to come bgc
first flash. This tinme should be as short™ as possible. TH

are shown in Table 2.
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Recycl e Lot No.

13 TABLE 2 Average 1 kHz Fl ash

| npedance OCV ccv Anper age Time [erT Y
m&%%atlon with other catﬂgae égterlals éuchTés T

FES'Z + Cu0;

Fe82 + 31203,

-Fe52 + szszzos;.

FeS2 + Pb304;

Fe52 + Cul + 31203;

FeS2 + Cul0 + Pb304;

FeS2 + Cul0 + Coszz

FeS2 + Mnoz; and

Fe82 + Cosz.

The ionisable solute for use in the present
invention may be a simple salt, such as LiCF3803 or
lithium bistrifluoromethylsulphonyl imide
(Li(CFssoz)zN), for example, or a double salt or
mixtures thereof which will produce an ionically
conductive solution when dissolved'in the solvent.
Suitable solutes are complexes of inorganic or organic
Lewis acids and inorganic ‘ionisable salts.

One of the regquirements for utility is that the
salts, whether simple or complex, be compatible with the
solvent (s) being eﬁployed'and_that they yield a solution
which is sufficiently ionically cdnductive, generally at
least about 10 %chm *cm™!. Generally, a
concentration of at least about 0.5 M would be
sufficient for most cell applicationms.

Typical suitable Lewis acids include aluminium
fluoride, aluminium bromide, aluminium chloride,
antimony pentachloride, zirconium tetrachloride,
phosphorus pentachldride, phosphorus pentafluoride,
boron fluoride, boron chloride, boron bromide and
arsenic pentafluoride.

Ionisable salts useful in combination with the Lewis
acids include lithium fluoride, lithium chloride,
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A 0. 48 1.84 1.60 4.26 6.6 B REFBACEMENT SHEET |54
*2.79 8.6 C 0.77 1.83 1.45 2.45 8—6—D
0.59 1.83 1.37 3.92 7.8 E 0. 57 118 1,41 3] 8P
10.1 The data show an unexpected advantage for | ow-di oxo aﬁ%Z:JUt.ﬁﬁa

1, 2-di met hoxyet hane wei ght ratio electrojytes (Sanples}Aland. D)
Specifically, Lot A gave nuch better cett—tnpedance, cljosed circuit
vol tage, flash anperage and recycle tinmes than Lot B on-tet—c—after

60[ err] C storageithiwh &@hﬁd)egam:mmh m;uemé,ecy@dmmfrm::i-m Lot E

ot e hovy e TpRRA en A" R Bk B8 PR a e S SEld o, )

st or age, theremcmﬂ)xmnrehlcrgldéleaméwbﬁusim brambdene- based
constituent.

The ionisable solute for use in conjunction with an
iron sulphide-containing cathode would suitably be
lithium trifluoromethane sulphonate (LiCF S0,),
lithium bistrifluoromethylsulphonyl imide
(Li(CFBSOZ)zN), lithium perchlorate (LiClO4).
lithium hexafluoroarsenate (LiAst) or mixtures
thereof, lithium trifluoromethane sulphonate being the
most preferred. Suitable double salts for various cell
applications include lithium tetrafluorcborate
(LiBF4), lithium hexafluorophosphate (LiPFS) and
potassium hexafluorocarsenate (KAsFG).

3

-2
EXPMPLE
Several cells were produced, each containing an
anode of 0.95 g of lithium; a cathode of 4.1 g of a mix
containing 91 wt % FeS,, 2.25 wt % acetylene black,

4.75 wt ¥ graphite and 2 wt % metallic zinc; and 2 g of
an electrolyte as shown in Table 1.



14 CLAIMB: 1. An organic electrolyte solution for use in aHﬁ?EﬁPQ!gng§ﬁEEr

*electrochemical cell conprising a solute dissolved in a rfifture of a

di oxol ane- based sol vent and an acyclic ether solvent, cherectﬁﬂiéHU‘BﬂBtha?

the weight rati-o of the di oxol ane-based solvent to the adyqdlic ether

solvent is from1l : 99 to less than 40 : 69, and the acydlic ether 1Is

sel ected from di net hoxyet hane, ethyl glymes=diglynme and ticiglyoe,  and
wherein optionally at |east one co-solvent is included in an anmnount |ess
than 20 wt % based on the weight of the TaABMRM of the electrolyte
solution. 2. A solution according to claim1, wherein the volune ratio of
t he di oxol ane-based solvent to the acyclic

E YTE SOL N
LOT NO. DIOX DME 3Me20x DMI LiCF,SO,
(wt/%) (wt/%) (wt/%) (wt/%) (Moles/
litre of
solvent)
A 29.0 70.8 0 0.2 1.5
B* 55.0 44.8 0 0.2 1.5
Cx 78.5 21.3 - 0 0.2 .
D 25.4 61.9 12.5 0.2 1.0
E¥ 69.6 18.9 11.4 0.2 1.0

In the above Table, DIOX is digrolane, DME is
1,2-dimethoxyethane, DMI is 3,5-dimethylisoxazole,
3Me20x is 3-methyl-2-oxazolidone, and * indicates a
comparative Lot.

Samples of the cells (5 cells per lot) were stored
for 12 weeks at 60°C. After storage the cells were
checked;for 1 kHz impedance, open circuit voltage (OCV),
closed circuit voltage (CCV; 0.5 second on 3.9-ohm load)
and flash amperage. The flash amperage test consisted
of a 200-millisecond closed circuit voltage on a
0.01-ohm load. Furthermore, two simulated photoflash
tests per lot were carried out. Each test involved
measuring the recycle time of a pair of cells in a
Pentax PC303 35 mm camera with a built-in f£lash unit.
The recycle time is the time for the "ready light" to
‘come back on after the first flash. This time should be
as short as possible.

The data obtained are shown in Table 2.



et her sol vent

claim2, wherein the weight ratio of the dioxol ane-based Is -6*ﬂe7t+i(
et her sol vent

to claim3, wherein the weight ratio of dioxol ane-based sp

ether solvent is 29:71. 5. A solution accddding to any precpding clalm
wherei n the di oxol ane-based sol vent is dioxolane. 6. A sojution according

to any preceding claim wherein the acyclic ether is 1, 2-hLmELbox¥ePhauc.

is less than 40 : 60. 3. A solution accordifn Epgu%M@MngHmﬂ

is from10 : 90 to less than 40 : 60. 4. A koj ution acc itngd

edi2 JYla c‘

7. A solution according to any precedi gapgEagm wherein at |east one

co- sol vent

Is included in the electrolyte solution. REPLACEMENT SHEET

Average

1 kHz Flash Recycle
Lot No. Impedance OCV CCV Amperage Time

) (v) (V) (A) (s)

A 0.48  1.84 1.60  4.26 6.6
B 0.59 1.84 1.54 2.79 B.6
C 0.77 1.83 1.45 2.45 8.6
D 0.59 1.83 1.37 ~3.92 7.8
E 0.57 1.84.- 1.41 3.89 10.1

The data show an unexpected advantage for low
dioxolane : 1,2-dimethoxyethane weight ratio
electrolytes (Samples A and D). Specifically, Lot A
gave much better cell impedance, ciosed circuit voltage,
flash amperage and recycle times than Lot B or Lot C
after 60°C storage. Lot D also gave much better recyéle
times than Lot E after 60°C storage.

-~

Cells containing no dioxolane (i.e., only
1,2-dimethoxyethane and 0.2% 3,5-dimethylisoxazole) vent

. during 60°C storage, thereby demonstrating the need for

the dioxolane-based constituent.



15 8 A solution according to claim?7, wherein the co-solvent

from 3, 5- di net hyl i soxazol e, 3-nethyl - 2-oxazol i done, propyl ene”nmmmum”ml" llll
et hyl ene carbonate, butyl ene carbonate and/or sul pholane. 9. A sélutioh s
according to claim8, wherein the co-solvent is 3, 5- dlnethyllsoxazole. 10.

A sol ution according to any preceding clB# m conprising 29.0 wei ght percent

di oxol ane, 70.8 meight percent 1,2-di net hoxyet hane and 0.2 wei ght percent

3, 5-di nmet hylji ggé%é% along with 1.0 nole LiCF[err]SOerr] per litre of
solvent. 11. tion according to any preceding claim wherein the

solute is sgl-ected fromlithiumtrifluoronethane sul phonate, 1ithium

bi strifluorqgmet hyAs Wdifeil elBte€olyte solution for use in a high
energy electrochemical cell compriging a solute
dissolved in a mixture of a dioxolane-based solvent and
an acyclic ether solvent, characterised in that the
weight ratio of the dioxolane-based solvent to the
acyclic ether solvent is from 1 : 59 to less than

40 : 60, and the acyclic ether is selected frcm
dimethoxyethane, ethyl glyme, diglyme and triglyme, and
wherein optionally at least one co-solvent is included
in an amount less than 20 wt % based on the weight of
the solvent of the electrolyte solution.

2. A solution according to claim 1, wherein the volume
ratio of the dioxolane-based solvent to the acyclic
ether solvent is less than 40 : 60.

3. A solution according to claim 1 or claim 2, wherein
the weight ratio of the dioxolane-based solvent to
acyclic ether solvent is from 10 : 80 to less than

40 ¢ 6&0.

4. A solutien according to claim 3, wherein the weight
ratio of dioxolane-based solvent to acyclic ether
solvent is 29:71.

5. A solution according to any preceding claim, wherein
the dioxolane-based solvent is dioxolane.

6. A solution according to any preceding claim, wherein
the acyclic ether is 1,2-dimethoxyethane.

7. A solution according to any preceding claim, wherein

at least one co-solvent is 1ncluded in the electrolyte
solution.
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i th| um perchlorate, |ithium hexafl uoroarsenate, and m xture Im"m"““ﬂmu |“|
*A sol ution according to claim1ll wherein the solute is I|th|ﬁul
trifluoromet hane sul phonate. 13. An el ectrochemical cell conpti sfng-ar

anode, a cathode and an organic electrolyte solution according to any
preceding claim 14. An el ectrocheni cd? _cel | according to claim 13 wherein
the cell is a high energy cell. 15. An electrochem cal cell according to

claim 13 orjclaimil4 mgereln th anode is Iltlnqgg and the cathode is
sel ected frbh 1 dofPhY d%?%ﬁﬂ? ng RR: gtaim HhivReretanth8| oxide, a netal
chl ori de an{§l coradlwens isecseldctellcfrom Blswdxmnﬂhmhlcakazelé according to

claim 15, whej gldiniRe2Cakide dohe’ e pk8hlane carbonate, ethylene
carbonate, butylene carbonate and/or sulpholane,

9. A solution according tc claim 8, wherein the
co-solvent is 3,5-dimethylisoxazole.

'10. A solution according to any preceding claim,
comprising 29.0 weight percent dioxolane, 70.8 weight
percent 1,2-dimethoxyethane and 0.2 weight percent
3,5-dimethylisoxazole, along with 1.0 mole LiCP3SO3
per litre of sclvent.

11. A solution according to any preceding claim, wherein
the solute is selected from lithium trifluoromethane
sulphonate, lithium bistrifluoromethylsulphonyl imide,
lithium perchlorate, lithium hexafluorcarsenate, and
mixtures thereof,

12. A solution according to claim 11 wherein the soclute
is lithium trif}uorcmethane sulphonate.

13. An electrochemical cell comprising an ancde, a
cathode and an organic electrolyte solution according to
any preceding claim. |

14. An electrochemical cell according to claim 13-
wherein the cell is a high energy cell.

15. An electrochemical cell accofding to -claim 13 or
claim 14, wherein the anode is litbium and the cathode
ig sgelected from fluorinated carbon, a metal sulphide, a
metal oxide, a'petal chloride and mixtures thereof.

16. An electrochemical cell according. to claim 15,

wherein the cathode is Fesz.
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ABSTRACT

NONAQUE E YT

The present invention provides a nonaqueous
electrolyte for use in electrochemical cells in which
the electrolyte comprises a solute, such as
LiCF3SO3, dissolved in a mixture of a dioxolane, and
an acyclic ether solvent, and wherein the weight ratio
of the dioxoclane-based solvent to the acyclic ether
solvent is less than 45 : 55 and the volume ratio of the
dioxolane-based solvent 'of the acyclic ether solvent is
less than 40 : 60, such electrolytes being useful to
prevent impedance after storage of a cell at high
temperatures. '
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