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-1- 5 NONFLAMVABLE/ SELF- EXTI NGUI SHI NG

ELECTROLYTES FOR BATTERI ES Ref erence to CGovernnent G ant

This invention was nade with Governnment 10 support. The Governnent has
certain rights i nwbbmessgsz i nvention. Technical Field pcrusyeses:
The present invention relates generally to 15 batteries. Mre
particularly, the invention relates to a fire-retardant electrolyte
conposition and batteries fabricated tejsontain the conposition. Also
within the scope of the present invention are conductive filns
conprising the fire-retardant el ectrolyte conposition. 20 Backgr ound
of the Invention Recently, solid-state, high energy-density
batteri es have been devel oped that use nmetallic lithium as the anode.
Lithiumnetal is a preferred anode 25 material for batteries because its
t her rodynam ¢ and kinetic qualities are superior to those of other
materials. Lithiumis a good conductor of electricity

5 NONFLAMMABLE/SELF=EXTINGUISHING
ELECTROLYTES_FOR_BATTERIES

Reference to Government Grant

This invention was made with Government
10 support. The Government has certain rights in the
invention.

Technical Field
The present invention relates generally to
15 batteries. More particularly, the invention relates to a
fire-retardant electrolyte composition and batteries
fabricated to contain the composition. Also within the
scope of the present invention are conductive films
comprising the fire-retardant electrolyte composition.
20 ‘
Background of the Invention
Recently, solid-state, high energy-density
batteries have been developed that use metallic lithium
as the anode. Lithium metal is a preferred anode
25 material for batteries because its thermodynamic and
kinetic qualities are superior to those of other
materials. Lithium is a good conductor of electricity
and heat and has an electrochemical egquivalence of 3.86
ah g”! and a standard electrode potential of -3.5 V. 1In
30 addition, lithium is soft and malleable, can be readily
extruded into thin sheets. However, it is well known
that lithium is reactive with water and other reagents
(see, e.g., Linden, D., Ed., Handbook of Batteries and
Fuel Cells, McGraw-Hill, NY, 1984).
35
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and heat and has an el ectrochem cal equival ence of 3.86 Ah g[err] and

a standard el ectrode potential of -3.5 V. In 30 addition, lithiumis soft
and mal | eabl e, can be readily extruded into thin sheets. However, it
is well known that lithiumis reactive with water and ot her reagents
(see, e.g., Li , Ed., Handbook of Batteries and [
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Typically, the liquid electrolyte sol vent used in lithiumbatteries is

a di pol ar aprotic sol ventTypicallpprbhecl sohikralecirolytedsalieent used
absence of |abi g 14 tni i 5423185005 4 hd Mcaprram BbLieAt L hi um to

evolve 5 hydrogen sol vent s avin s r.ol

di pol e nonent g PrREd ‘fm’f‘g]c nts ars Heed %‘é"ca‘i%e%t Sﬁaﬁg {%*UE% anti al
sol vati on ener ghnértbmn tdtons dbetowpuddsneact witkhildbhiusute sevailvset t er
salt dissolgti Oﬁy@foéé}? SQﬂﬂpol%stolveP@§aU§eet h%ogévﬁaalﬁb ohedednRy ectric
constant for th so verLC ﬁ t%’ﬂ:{ oni c ciation,

Sol vents such a érr‘o& §tE°§ §. are o h PSRARSE Y BBhdaye
("EC"), diethyl suhsbanm!aieel (sDEGtion enerdiés dimetthexpdehtnelybtedsalt

net hyl folrmat;e f{aueche@&.w Imbef_terl gsmuméwsmrmﬁsoel thersd it Py form
or in solven

m xt ur.es ven r ovi conductivities in
the presence of g%ﬁ?‘t‘%%l%hﬂ tl}ﬂvt?m SQF? erl—é\'fx%{?ee‘ftr "tchémngta“gh A e
stability &8d s&Pdvenbi iimse besiternionhasdissociaddent-ly been questi oned

(see, e.g., Bowden et al.sdikdk such akeg h ;gpért&e:abbbhhum Bepderies, A
Survey of t he 20 ubl i sh

d Li,terg Qurth I n;, echar geabl e
Battery Seninar§ oY MEPOVERF cf'hal}e ( %g ﬁrc oﬁa té’é‘ate th' i gher
conductivities fhandimethoxysthames and nepuguformate have been used in
lithium batteries either in pure form or in solvent

15 mixtures. These solvents provide high conductivities in
the presence of suitable lithium salts. However, the
chemical stability and safety of these solvents has
recently been guestioned (see, e.g., Bowden et al. (1992)
"Rechargeable Lithium Batteries, A Survey of the

20 Published Literature, in Proc. Fourth Int’l Rechargeable
Battery Seminar). Improved liquid organic electrolytes
with higher conductivities than these solvents are needed
to meet the power requirements for many consumer
applications, especially at low temperatures.

25 In addition, commercially available lithium
cells, with a pure lithium anode, are presently available
only as primary cells and are not recommended for use as
secondary cells. This limitation is due to the
reactivity of the electrolyte system with the lithium

30 metal.

There are at least two disadvantageous effects
that arise from the reaction of lithium with the
electrolyte in a lithium cell: the exothermic liberation
of heat, and the formation of a passivating f£ilm on the

35 anode surface. Liberation of heat is a problem because
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to meet the power requirenments for many consuner appl i cations,

especially at |low tenperatures. 25 In addition, commercially
available |ithium cells, with a pure lithium anode, are presently
avai l abl e only as primary cells and are not reconmended for use as
secondary cel | s.wgbiusd2i mtation is due to the reacti vit yp@inydohonss
electrolyte systemwith the [ithium 30 ret-al . There are at
| east two di sadvant ageous effects that arise fromthe reaction of
lithiumw th the electrolyte in a lithiumcell: the exothermc

li beration yrdeR fome, gl ncp@stapRasi bh eld 382di WRtIMPMIRYR the 35
anode surface. tréebedsd i dfedagabnidSréadtinld eigthedalise thereby WO
95/44842 creating a hazard for. both ?Qf %?%gé%§@7é&§) device

- 3- under somne clrcunstances it cou | éad to an expl osive

rel ease of energfhahdis heing Pavaredi by sthe iraldpy Highly exgthsfmdchazard
for both thesopereadticel Hdie RénCRnown td Mdidcurs whehngr owsr ad thduimhe

cel 1V ohly, exglbecnl g 4 Ga8hRansaney S AESH HIGND L0oAE L, when Primary

l'ithium batterres are subje ratures above
reconmended | eveFecommeRian davielseeRavhenabiane glechaggeable callg @deed to
unusual or seversgubpachdd A Wust@GhaFJsédere condi€one. §f . rddiiging al .

1982) in P . P S 3 ) ' i thi
((:el I s) u!sir]ng,rogor%%gl' ée);,(li{fpljée;’,neg fQ‘H %?Em%#dnyﬁgfck%g%fdsegé@s%%ﬂ Ihavleulroneen
known to und@r goSPREFEEXHARrmiPe 1484 ct | BREMYIL A ihApRCcERHLS using for

t;arrperatgres abfwza:ﬁ;sleb,elaJvmitﬁlﬁuineeaEl]Bnplﬂ&dloride E98Peh AthEwS . bdenh t he case
of secondary ce | | 15 . R [ v,
Jcéow:? ut?é gfrHerlQ}o dg‘ﬁgéi %SEAJ:.%[;[& rlémﬁEQJm g"fﬁ%{ge hﬁb%ected

rechargi ng conditions an on o I thrumn por ous
filmon the tantRmPeRARUYas] aPEVEi AF | Belel e reaemPeRdfd s.

temperatures. In the case of secondary cells, subjecting

15 the cells to unusual or severe recharging conditions and
deposition of lithium in a highly porous film on the
anode have led to similar disastrous results.
Pasquariello et al. (1993) Proc. Symp. Lithium Batteries
93~-24:106.

20 ' In addition to the intrinsic reactivity of
lithium toward the electrolyte, the lithium in
rechargeable cells will deposit to form a dendritic

layer, which enhances the reactivity of lithium
(Pasquariello et al., supra).

25 The formation of passive films on lithium has
been shown to be one reason for the loss of capacity of
lithium cells on repeated cycling (Shen et al. (1984)
Capacity Decline Studies of Rechargeable Lithium
Batteries, McGraw-Hill, NY). The film can isolate the

30 anode from the electrolyte, thereby providing a high
impedance path and a degradation in cell performance. 1In
addition, lithium metal tends to "deposit out" on the
surface of the film rather than on the lithium anode; the
deposited lithium is electrically isoclated from the anode

3s and is unavailable for later discharges.
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Pasquariello et al. (1993) Proc. Synp. LithiumBatteries - 93-24:106. 20

I'n addition to the intrinsic reactivity of lithiumtoward the

el ectrolyte, the lithiumin rechargeable cells will deposit to forma

dendritic | ayer, which enhances the reactivity of lithium

(Pasquari el | o aypaduqgqasupra). 25 The formation ofpmi”xﬁs{i | ms
on |ithium has been shown to be one rgason for the |oss of capacity of
lithiumcells on repeated cycling (Shen et al. (1984) Capacity Decline
St udi es of Rechargeabl e Lithium Batteries, McGawHill, NY). The film

can isolate the 30 anodehd romilen offeditbiyn ereackavaby pewardiithe a hi gh

i npedance path émdcﬁrélfﬁf_é‘%é Heen! aQ@EEsQ@&fﬂ{ %Qﬁ%us' Ways. @&ilition,
lithiummetal tends t%bd?eepom t out ace of the filmrather

r
than on the |itRPERY Xhaise’a caaRpe| CREPTTAREIAT CoBPRRTY AN y
i sol ated fromthe BhGgeor8Lic gnwitly emthexi laalliquidrot graymdirichar ges. -

WO 97/ 448425 electrolyte. One dlsadvantaqe of thx@CIbH§82é999§3the

-4- 1 g g ra? hi um react_jvi txx toward the

el ectrol yte has B&Bn°hdd? %%’etcy ’\?a‘l"'Vo&g %Jg" e®° ar%f’prfr%é’cﬁs ah 5 yse
a carbon’int er cal htfam ddidom)dasdciioltage o3 .l4i @6conparm2tcw|:t.r5 & ther a
liquid or polymeitgium. €lectrolyte. One disadvantage of this approach is

th | f ty density (0.37 Ah d_ to 3.86 Ah
e ) rol s s T SRR BTSSR

Nevert hel ed®, cthatrhave addpteditbisyapbabaeh 10 EarlyaverRaiensdaptsawi hi s
approach. Earl ¥ ¥eisi Ra@ QfLﬁy,ghanoae aaquodgaeaahéd&[ Qird vaeade, a

Li Cogferr] catngleneNf S55% .1 minkGrBTC bl iniul KEMLELotd N 11tHT um
phosphate (LiPFg) salt as the electrolyte. This cell has
demonstrated 1200 cycles to 100% depth of discharge,

15 while retaining 77% of its capacity. Megahead (1994) J.
Power Sources 51:79. Energy densities of about 90-110 Wh
kg™l (210-260 Wh dm™3), depending on the cell
configuration, have been achieved by this cell.

Megahead, supra. More recently, versions of this cell

20 manufactured with LiCg instead of LiC;, as the anode have
achieved comparable cycling performance with improved
energy density. Although the performance of this cell is
adequate, the improvement in energy density that could be
obtained by using Li as the anode is significant provided

25 the rechargeability of the Li is improved.

Replacement of lithium with LiCg increases the
onset temperature of exothermic behavior to 120° C from
100° C for a Li|Mno, cell after 25 cycles as measured by
accelerated rate calorimetry. Von Slacken et al. (1994)

30 Proc. Seventh Int’l Meeting on Lithium Batteries, p. 12.
In addition, the heat capacity of the reaction was lower
(1.7-2.0 cal °K™! versus 2.8 cal °K™! for Li|Mno,).
However, the lithium anode becomes more strongly
exothermic as it is cycled (Von Slacken et al., supra),

35
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phosphate (LiPF[err]) salt as the electrolyte. This cell has

denonstrated 1200 cycles to 100% depth of discharge, 15 whi | e retaining
77% of its capacity. Megahead (1994) J. Power Sources 51:79. Energy
densities of about 90-110 Wh kg[err] (210-260 Wh dnferr]), depending
on the cell woonddsgrir at i on, have been achi eved by this cel pcrusorooss
Megahead, supra. More recently, versions of-&his cell 20 manuf act ur ed
with LiC[err] instead of LiCl2 as t he anode have achi eved conpar abl e

cycling perfornmance V\AHL mg3 ener densi tg Al t hough t he
performance of thPESEEMRPLY; eca”sﬁd%ﬁu%ﬁee,f M@t APr 80 cPeMiT S rﬁl’éﬁéﬁsgy
density that coul dléetrode siyuztned amydudiengeli gasatbe snofhce sarsiagni fi cant

provided 25 the reCharge%b's'eE%}{doé ;Sﬂ?‘aéﬂ t‘os reﬁHEQ\/@}qe problem of
Repl acenent of ihl umw th Li | ncrease et t%r ature of

exot hermi ¢ behavi OF R RFAGHLVIEY  FRRrd thel@éeetrg}y%e L}$ NFRORERLRCE | |
after 25 cycl &s atheeslnotacdlyte with asogsdlgmedrdd matertal or i Theis yapp‘!‘oach

Slacken et al. (198da %du%%ﬁa PERYEN S zjﬂctllol}{eS? f'ﬂp?é]u{['det !t sport

Batteries, p. 12. I on, the heat capac n was

| oner (1. 7- 22 Britation onctber Feackiqns ZP@WGHFrEeF‘PT K‘f%‘?‘}‘]c‘?ld’rlty of
Li| M err]). polovey exlectirelitédi isnandeasitcaonesdanref siagmidiude

th t t WO
8>7<;)44ng2“ C as it jSw&yWrfh (¥R Skatklif el%lct’rg_l_?%%gé /16%%?313}—'1“‘3 in

- 5- pt8sunBRHYP RS Rfe 10MeF nEPSI T iS81PTaY AnAoP¥¢or ous
el ectrode struct uFmr'amtmdnmcehlgreppmacsurrfemﬁraseahe use of alternatéd

second approach tg,¢ cgr&g@{,eggbq{ iques. 1 thium react|V|ty toward the
el ectrolyte is to replac the.,electro e With ag XITEI‘IC mat eri al .

Thi s approach woul d ré\flﬁ’@é’dtlﬂ‘él’f 'atté‘?ﬁe FEXICEPEN LIS F TR iRRP VA de
transport | | pdfatpmimagy tand seeendary Hdhdwer patherl;mduo‘mqh ty of

15 batteries require an electrolyte that is chemically
stable with respect to lithium, is substantially
nonflammable, and is compatible with existing electrode
and battery fabrication technology. The present
invention provides such batteries. The novel batteries

20 do not exhibit the drawbacks exhibited by prior batteries
such as combustion under conditions of overcharging,
accidental rupture, accidental short-circuiting, and the
like.

25 Summary of the Invention
' Accordingly, it is a primary object of the

invention to address the aforementioned need in the art
by providing a lithium battery containing a fire-
retardant electrolyte compositioen.

30 It is another object of the invention to
provide such a battery comprising an anode, a cathode and
a fire-retardant electrolyte composition.

It is still another object of the invention to

provide such a battery in which the electrolyte

35 composition comprises a lithium salt dissolved in a
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pol.ymer electrolytes is at |east an order of nagnitude | ower than that
of liquid electrolytes, resulting in 10 batteries of |ower specific

energy and power. Furthernore, this approach requires the use of
alternate battery fabrication techniques. Accordi ngly,
t here remai ns a weanhsigaz provi de safe primary and secondary lithium
batteries. Such 15 batteries require an electrolyte that is c EFFE%W?W”
stable with respect to lithium is subst atti al | y nonfl ammabl e, and is
conpatible with existing el ectode and battery fabrication technol ogy.
The present 59 Ff?Bht g%?‘neﬁ"%@i?@? §E?8h958?l’e?‘?'?55y %v@l batteries 20

do not exhibit mhssdhahbacksphnﬁpﬂﬁnaué by pyébmpﬁnﬂphazeee, a sikbamd, a6

combusti on undere;¢epdhhE08ScAfn LAl ¢hQ ted HAVIERER| AHBLUTE,

accidental short-circuitin off %Y Y ?rkna N gﬁﬁﬂSummry of the

| nventi on mixtures thy E%?ﬁ1 ngl y, it is a primry object of the

i nvention t® address the atoiensrililoasdtheedobjetcthefarthe invebyigm cho ding a

i thium battGWp(i:%QEabnhnga@té)‘B)‘ ecomprf;slhstﬁréﬁf'é fétea%aaltyasereﬁ@%seo dion.
Vi

30 'S anot her o%% € Invention to g e such a
battery conpri sﬁ‘l’d‘pﬁﬁ"ﬁiﬁ%easaa Nerodberfin the compgsition,further
el ectrol yte conpasiliides. a CO,-generating témpeurst. || anot her object of the

i nvention to provi deIEUEQ FetDArcthkr! Bbﬁ\@éﬂbé hé,efli fohel ¥h eesd
conpositio onprises a I'Lthiumsalt (ii:lsio ved a
SUBSTI TUTE EEfrPﬂﬁég 26 1re-retardan ectrolyte composition

comprlslng a lithium salt dissolved in a solvent selected
from the group consisting of a phosphate, a phospholane,
a cyclophosphazene, a silane, a fluorinated carbonate, a
fluorinated polyether, or mixtures thereof, as described

15 above, and wherein the fire-retardant electrolyte
composition optionally includes a film~forming polymeric
material.

It is a further object of the invention to
provide a fire-retardant electrolyte composition as

20 described above and, optionally, containing a
CO,-generating compound.

It is still a further object of the invention
to provide a fire-retardant conductive film generally
formed from a combination of a lithium salt or a single-

25 ion conducting polymer electrolyte dissolved in a fire-~
retardant electrolyte solvent as described above, an
amount of a film-forming polymeric material such as
poly(vinylidene fluoride) effective to enhance the
mechanical strength of the resulting electrolyte

3o composition, and, optionally, a CO,-generating compound.
In this manner, thin but nevertheless highly conducting
films may be formulated having fire-retardant physical
properties.

Additional objects, advantages and novel

35 features of the invention will be set forth in part in
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- PCT/ US97/ 09053 - 6- sol vent sel ected
fromthe group consisting of a phosphat e, a phosphol ane, a

cycl ophosphazene, a silane, a fluorinated carbonate, a fluorinated
pol yet her, andwo onasd2xt ures thereof. 5 It is stipdrasyonbdasy
object of the invention to provide a battery conprising a
fire-retardant electrolyte conposition as above, vvherei n the

conposi tion further i ncludes a C02-generating co

It is yet anot hg'F‘eoﬂFﬁ‘EF1BF1?'hé“1aer§Ht1r18H5t 0?1Y 1 PGYi d@lélf’i’?‘émi‘eet ar dant

el ectrol yte conppparenh to thaxenskiidiled anlthdiarb spion déxssdhakion mfa

sol vent sel ecte rQuUP, CORSI RRRSPARL Epe @

phosphol ane, the fOﬂf’Q%‘%sgﬁgz‘%& bgaag%'?}éﬁggbf fr%co:il nat gd c%r bonate, a
fluorinated pol ;?‘é'f"ﬁéFmBr m xtures thereof, as described 15 above, and
wherein the §ire-retardaninea gotimaryt aspect eHnosiinventaphi ohatteriex| udes
a filmformng QQEYF?E%Eded thd B b ése ap. anode, a atBBdESaﬁdf rther

obj ect of the inven pr ovi ire-retar h §I ectro
conposi ti on as $3¥e-geterdiaRy %Jlﬁﬁ‘r'é%ﬁfﬂe S‘B’E‘P%?\’a*f’i%f’ BRI NY a
C02- generati ng addipaumdsalt dissolved in htsodvent,| Iwharkeunt bhe sblwe=mit of t he

i nvent i on 48 B HbOBNALL TG Si%gggprsmus@hmmggeﬁﬁ&iay

formed froma conbinati o t or a sin

conducti ng :'15’0I yrfér) el ectrolyte dissolved in a fire- r et ar dant

el ectrolyte sol vent as described above, an anmount of a filmformng
pol ymeric material such as 0R1po| y(vinylidene fluoride) effective to
enhance the nmechani cal st ength of the resulting electrolyte 30
conposition, andI’optl onal I 2- generating conpound. In this
manner, thin but neverthel ess c?lfghl y conducting films may be

fornul ated Jtpving fire-retardant physical properties.

Addi ti onal objects, advantages and novel 35 features of the invention
wi Il be set forthergipar!, ik? and R? are independently selected from the

group consisting of (a) C,;-Cg alkyl terminally
substituted with 0 to 3 halogen atoms and containing 0 to
3 ether linkages, (b) Si(R%),; and (c) B(OR*),, wherein

20 the R%s are independently C,-C4 alkyl containing 0 to 3
ether linkages or C;-C, alkoxy, and optionally wherein
two or more compounds of structure (I) are linked
together by an ether linkage, a phospholane having the
structure as shown in Formula (II),

25

R5
(II) :p/
\ORE
wherein R3 is selected from the group consisting of oxy

3% ora pair of electrons and, when R® is a pair of
electrons, R® is C;-Cg alkyl terminally substituted with
0 to 3 halogen atoms and containing 0 to 3 ether

35
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-7- the description that follows, and in part will becone

apparent to those skilled in the art upon exam nation of t he
following, or nmay be | earned by practice of the invention. 5

In a primary as the invention, batteries are provi

conpri se an ano e,&gﬁ%%thode and a f iage- ret ar dant electrgggﬂgbn%&ﬂ
conposition including a lithiumsalt dissolved in a solvent, wherein

t he sol vent i s a phosphate having the structure as shown in Fornula 10
(1) linkages, [aecyFlophosplid3ene h@ving theistmigtuRecas], Rl err]
and R err] are iggiaRenderornuisl ¢gied, fromthe group consisting of (a)
Cerr]-Cerr] alkyl termnally substituted with 0 to 3 hal ogen atons
and containing O to 3 ekher | i nkages, (b) Si(Rerr])[err] and (O
B(OR[err])[err], wherein 20 the Rlerr]s are independently (Jerr]-Cerr]
al kyl cont ai @i ng(Przyo 3 [N=P]ether | i nkages or CJerr]-(ferr] al koxy, and
optionally wherein two of "nore conpounds of structure (1) are |inked

t oget her by an ether |inkagerBa phosphol ane having the structure as
shown in Fornmula (I11), 25 (rn) [err]

wherein n is an integer from 3 to 6 and R’ and R® are
independently selected from the group consisting of

10 hydrogen, halogen and -OR®? wherein R? is C,-Cg alkyl
terminally substituted with 0 to 3 halogen atoms and
containing 0 to 3 ether linkages, with the proviso that
when one of R? or R® is -OR%, the other is halogen, a
silane having the structure as shown in Formula (1V},

15

RlO
l
(IV) R11-5j-R2
11
20

wherein R!?, R!!, R12 and R!? are independently selected
from the group consisting of (a) C;-Cg alkyl terminally
substituted with 0 to 2 halogen atoms and containing 0 to
3 ether linkages and (b) -OR!% wherein R4 is c;-C¢ alkyl

25 terminally substituted with 0 to 3 halogen atoms and
containing 0 to 3 ether linkages, and optionally wherein
two or more compounds of structure (IV) are linked
together by a siloxane linkage, a fluorinated carbonate
having the structure as shown in Formula (V),

30 o

i
) R15-0-C-0-R16

wherein R!5 and R!® are independently selected from the
15 group consisting of (a) perfluorinated or partially
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wherein R err] is selected fromthe group consisting of oxy or a pair

of- el ectrons and, when R err] is a pair of electrons, Rerr] is

Cerr]-Cerr] alkyl termnally substituted with 0 to 3 hal ogen atons

and containing O to 3 ether 35 WO 97/ 44842

PCT/ US97/ 09053 WO 97/44842 - 8- - link

cycl ophosphazene having the structure as =9=shown in Fornula (I :iirjs’sﬂogoss_
[err] 5 (rer) wherein n is an integer from

consi sting of 10 5 nang - { err] i
Cerr]-Cerr] al kpnd (b) -eRY nwhgrein sRibstist pesfluprinared oF parbiaklwnt ons

and cont ai ni FuBriRaBedtdlelc bi AKAgE contalihihgeo pE®V3 sexidiall inkageshen
one of R err] or '

er IS - err].é he other is,_hal n, a si | ane
havi ng the struct ewégrgﬁ'bm% i APEoR I3 e | ?‘@LS}ZWE%@T to form a [err]
5 perfluorinated or partially fluorinated C,~C;, alkyl
bridge, a fluorinated polyether having the structure

shown in Formula (VI)

e e 0k rh i

RZO

|
10  (VI) R8o- (C-CF,0) .~ (CF,0) y“ng
' r2!

wherein R!® and R!? are independently perfluorinated or
partially fluorinated C,~C;, alkyl, R?° and R?! are
independently selected from the group consisting of -F
and perfluorinated or partially fluorinated C;-C;, alkyl,
and x and y are independently selected such that the
polymer has a number average molecular weight in the
range of about 400 to about 10,000, or mixtures of such
phosphates, phospholanes, cyclophosphazenes, silanes,
fluorinated carbonates, and fluorinated polyethers, and
wherein the fire-retardant electrolyte composition

15

20

optionally includes a film-forming polymeric material.
In further aspects of the invention, fire-

25 retardant electrolyte compositions and fire-retardant
conductive films comprising the solvents as described
above are provided. The fire-retardant electrolyte
compositions and conductive films disclosed and claimed
herein may be used in batteries, for example, a solid
state Li,C./electrolyte/LiCo0,, Li/electrolyte/TiS,, or
Li/electrolyte/V,0,, battery, or in electrochemical

30

devices such as fuel cells, supercapacitors,
electrochromic devices and sensors, or the like.

35
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/(‘T\’/)v 20 wherein R err], Rerr], Rerr] and R err] are independently
. selected. fromthe group consisting of (a) Clerr]-Cerr] alkyl

2 terninalf ~ ..substituted with O to 3 hal ogen atons and containing O to
3 et her I_mkages and (b) -OR[err] wherein Rerr] is CJerr]- C[err] al kyl 25
termnal ly subsidlsissd Wth O to 3 hal ogen atonms and ,@?ﬂo to 3
et her linkages, and optionally wherein -i1p0- two or nore corrpoungs
structure (1V) are |inked together by a siloxane |inkage, a
fluorinated carbonate . having the structure as shown in Fornmula (V),

30 De ion o Figures wherein Rlerr] and Rlerr] are
i ndependent |y sel ected fFzem theh&is thy Wenama%rmkﬂ f(ca') tper f | uori nat ed

or partially 9

PCT/ US97/ 09053battery dﬁsfﬁé‘ggﬁag’é %Aﬂé Bon CYTJklrfg cont aining 0O to 3
et her |inkages and FERy 2@{‘@??]"—%«9"@ eﬂ“éﬁ’r‘]’e as"ﬁ%% fi%or i nat ed or
partially s s{xfipu igradthCharhéed] einieradlelty incoime anmetgxyapmsahetaer

| i nkages rh g“(g,? ther to forma 5 .
per fl uori nat ed par‘ff‘gl FL%H’ %g&%f[‘ﬁ (S%" E % @E’e =¥ bridge, a
fl uori nated poY&‘@t’ri%‘r‘WP&’\ﬁ' tyhedigankonate (5 v/v) mixture (solid

line) and for the electrolyte used in a commercial

primary lithium battery (dashed line) as described in
10 Example 8.

iled Descripti of the vention
The practice of the present invention will
employ, unless otherwise indicated, conventional
15 techniques of synthetic chemistfy, electrochenistry, and
polymer chemistry that are within the skill of the art.
Such technigues are explained fully in the literature.
See, e.g., Kirk-othmer’s Encyclopedia of Chemical

Technoloay, in House’s Modern Synthetic Reactions, in
20 C.S. Marvel and G. 5. Hiers'’ text ORGANIC SYNTHESIS,

Cellective Volume 1, or the like.

All patents, patent applications and
publications cited hereih, whether supra or infra, are
hereby incorporated by reference in their entirety.

25 Definitions:

Before describing the present invention in
detail, it is to be understood that this invention is not
limited to particular salts, methods of synthesis,
solvents, or the like, as such may vary. It is also to

30 be understood that the terminology used herein is for the
purpose of describing particular embodiments ogly, and is
not intended to be limiting.

It must be noted that, as used in this
specification and the appended claims, the singular forms

35 “a," van¥ and "the" include plural referents unless the
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shown in Fornula (VI) [err] 10 (V1) wherein
Rlerr] and R err] are independently perfluorinated or partially
fluorinated Clerr]-Clerr] alkyl, Rerr] and Rlerr] are 15 i ndependent |y
sel ected fromthe group consisting of -F and perfluorinated or

partially fluori wevhaserr]-Cerr] alkyl, and x and y ar ectuse09053
I ndependently sel ected such that the pdkyner has a nunber average
nol ecul ar weight in the range of about 400 to about 10, 000, or

m xtures of such 20 . nphosphates, .pphosphol anes,.. cycl gphosphazenes, .sil anes,
fluorinated car bo%%'t‘tees& é%(fairﬁh’o?f‘ﬁg?é p%"rq‘yee‘t"ﬁéFs', g}gu SREY WREPBLR” t he
fire-retardant elexefexanace teoffpofirevrnetardandpeilestirelyiactarresision”

filmformng pol yiRéiwadPindkt8res of such composithiBnf UFdfefered@e! 8201 the
i nventjon, fire- tar %ﬁ”t el ectrol yte conpos atnd fire-retardant
ﬂ@ Hde n

25  rIe tions
conductive fil s TSRS SOPOERSHAR: i GRFDCT0L Vet o FRASTARES
provi ded. The5fi reor'tda i0jageneratordl inaludes mizhposs taHBOagenevatercti ve
films disclosed aggh G MBGte. herein may be used in batteries, for

i 7ol eotrol yte/ TiSforr], o this tpefLblceh (R AOPLES) BEIalmR bBIFD o in
el ectrocheni cal follavirederenck will ued megld &0 supenkepael tteryms which
el ectrochrom c deyh£ES v GHeT8R2A" 8o Rivd Nehd ifR10wIRg meanings:

10 The terms "fire-retardant" and “nonflammable"
are used interchangeably herein to indicate a reduction
or elimination of the tendency of a combustible material
to burn, i.e., a "fire-retardant" material is one having
a lower ignition susceptibility or, once ignited, lower

15 flammability. Thus, a fire-retardant electrolyte
composition is one in which the basic flammability has
been reduced as measured by accelerated rate calorimetry
(see, e.g., Von Slacken et al., supra), or by one of the
art-accepted standard flame or heat impingement tests, or

20 other standard test of reduced flammability, for example,
ASTM D2863 (limiting oxygen index) (see, e.g., Tests for
Flammability of Plastic Materials for Parts in Devices
and Appliances, Underwriters Laboratories, Northbrook,
IL, 1991; National Fire Codes, National Fire Protection

25 Assoc., Quincy, MA, 1992; Standard Test Method for Heat
and Visible Smoke Release Rates for Materials and
Products, American Society for Testing and Material,
Philadelphia, Pa., 1991; see, also, "Fire Retardants" in
Encyclopedia of Polymer Science and Engineering, Vol. 10,

30 page 930-1022, 2nd ed., John Wiley and Sons, NY, 1988).

The terms "CO,-generating compound" and "CO,
generator" are used interchangeably to refer to a
chemical source of carbon dioxide. A CO, generator
typically yields CO, upon decomposition. CO, generators

35 that are preferred for use in the claimed electrolyte
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. -10- ... ~-Brief Description of the Figures FIG 1 shows the
’ pot e rofile for the . battery described in Exanple 6 upon cycling.
FI G iZ"shows t he exothermic behavior for 5 strips of |ithiumnetal
i mrersed in t&@ drjaikgas hyl phosphat e (47.5% v/ v): met hoxyetpdhstidebddy !
phosphate (47.5% viv):di-tert-butyl gi carbonate (5% v/v) mxture
(solid | ine) and for the electrol yt"é Used in a comerci al primary

l'ithium batter ggs | i . ' in.1 i se s

Det ai | ed Descr%(%'{l onmgg’r‘tshg%%ngé%%%gﬂué% ndt de@?%%rn%&silgéogf t he
present i nventP¥RFaAuqts thategpe oincoppaisiPlsrheithee Fhpicady, or
conventional Ilélectirdneniead1of wiymttied il cdtepilgte yor ebtaodr aareeirgt ry, and
pol ynmer chem hat_ ar .t hi h jd 1. of t. h,

t echni ques ar ékge%p %alnséd ?ﬁ%yg?#% h%mﬁ%lerlrlé‘;&ursgeﬁ &52 gb%‘é,rag%.g, n

Kirk- 0t hmeP' s ¥fiapd@ £1arecrerredant electzepbedflAve nMFeYeds Moder n

Synt heti ¢ ReacdifdHarded* ré@harfe Scydbing | prispér&ies. ikl £nandeaxt ORGANI C
SYNTHESI S, ective | Al

| | ol yme_1 r.th |
pat ents, paten?mé%lpﬁtlec"é:t i"’dﬁg %ﬁﬁ repmqi‘ou ?é'g?) Fglﬁse%i?le'ol %legrgé‘i)n,‘r'v\het her

supra or i nfrafleglgochen.hSpepyliht®Phorated by reference in their
entirety. 25 Definiti ahe term "alkyl" as usekoherdescrefiry tdha present

i nventi ongjhn etail, It i b I S Jd Vv lbon i s not
limted t%bpar?’f%rhcﬂ'é%das%i tugfbrhé h%%sg%%ﬁgglggwﬂbéﬁs%ﬁi‘%n? si%t 1or t he

li ke, as such BRy24 F3rban atemg, ssueh ap methylyngEh¥l oo RFRRY Ihe

trertr)m'd_nol ogy useﬂoﬂmpé}m ins-Bu@k 1} hésobuty PUrtpaatyal detel ) bewyigarticul ar
enbodi ments on S not.inte t | .

It nust be not{é%tlf%é;?dlds ht?é‘(?gelgglt h?;sggs'eyl' gﬁle%gf“#g%%i%ﬁda%hf tlﬁéceéppended
clai ms, the siPgRferredhatkydsgrougs hepgin gaptedifel tacleddiM al -

ref erent sienl easoidle The term "lower alkyl" intends an alkyl group of

one to six carbon atoms.

The term "alkenyl" refers to a branched or
unbranched hydrocarbon chain containing from 2 to 24
carbon atoms and at least one double bond. "Lower

20 alkenyl" refers to an alkenyl group of 2 to 6, more
breferably 2 to 5, carbon atoms. The term "fluorinated
lower alkenyl" intends an alkenyl group of one to six
carbon atoms in which at least one hydrogen atom, and
optionally all hydrogen atoms, are replaced with fluorine

25 atoms.

The term "alkoxy" as used herein intends an
alkyl group bound through a single, terminal ether
linkage; that is, an "alkoxy" group may be defined as -OR
wherein R is alkyl as defined above. A "lower alkoxy"

30 group intends an alkoxy group containing one to six, more
preferably one to four, carbon atoms.

The term "aryl" as used herein refers to a
monocyclic aromatic species of 5 to 7 carbon atoms, and
is typically phenyl. Optionally, these groups are

35 substituted with one to four, more preferably one to two,
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- k1- content clearly dictates otherw se. Thus, for exanple,
reference to "a fire-retardant el ectrol yte conposition” i ncl udes

m xtures of such conposition, reference to "a solvent" includes nore
t_han one such sol waydyasgsef erence 5 to "a CJerr]- generator™ |ﬁh}¢§lﬁ®os3
m xtures of CJ err] generators, and t hel3ike. “In thrs
specification and in the clains which follow, reference will be nade

to a nunber of tergg,upi gil)qél 1&”&' %lggxgefﬁn%d&xg ha g%ghg f’PJ’l oW ng

meani ngs: 10 Ire- nont Iarmabl e”
are used int erchan@éHBF&t‘l‘n%'l‘%?ﬂ to I ndi cate a reduction or elimnation
of the tendency of a conbustThd earat €aralkylene? ihused toerefér to

"fire-retardant” ”ﬁkgéffés'ébﬁg?ﬁﬂyaéeﬂgfg al¥fﬁéﬁ%“§hp Rghbﬁgﬁllc aryl

susceptibility or once |
fire-retardant el eEPFSF??e typicald¥p6Sntrning Ipss tﬁa%hPEﬁ“Phbz Uééﬁh?"

flammability has atom$ebn tiosllaylanenpasvied, Bhaehekeint €her &yl
calorinetry Vi | ep e I ) . £OF of the
art-accepted standargsﬁt@em P%:éog’t"%% !Eo th ?t’f‘ﬁ—’%ﬁ% bf éﬁéé’ré’%ﬁ
standard test of réBﬁEBﬁhﬁ'arﬁPdmllei“Fthﬂ"@xWFe ExempAsmm@Esylene

(limting oxygen i gdeui:s(lssee ttheg strhegugef§ O(CH,) .~AF| WhePdin i§ YisdfanPl astic

Materials for Part \Y; c s, Underwiters

Labor atori es, Nort B %%? ige@h&? fan?%Q%fA%anl onal Fire Codes, National Fire
Protection 25 Assoc., Qi n@iﬁlq\M“lQQEh@F'a'hdé&ﬁFrFeé}P FRYAEe. fehlqRmt

and Visible Snoke Rebmaser Rmdzs faid N&henhgl febdks to hEnedyﬁbstnt\mrdrcan

Society for Testi ngogng ,atoa‘l g)?%rrg;fu %mm Buna 199 lnso,

"Fire Retardants" In C 95’ nce and |ne ri ng,
Vol . 10, 30 pagergﬁﬁriofz‘? d. m°&GFM iR 1 WA PNSoRE, PRI ‘i
The terns " CJérr ]| hgdnegen i agpreonzo snbstandtéLOpera halo atgenerat otrrhe are

g\sgg[ | nt 3 changeabhy16e, '#{8rd A generailfprateri¥d.COMRE CAEROMAAX de.
g haloalkyl" intends an alkyl group of one to six carbon

atoms in which at least one hydrogen atom, and
optionally, all hydrogen atoms, are replaced with halogen

20 atoms. The term "perhalogenated" refers to a compound in

‘ which all of the hydrogen atoms have been replaced by
fluorine atoms, while the phrase "partially halogenated"
refers to a compound in which less than all of the
hydrogen atoms have been replaced by fluorine. Thus, a

25 perfluorinated alkyl is a branched or unbranched
saturated hydrocarbon group as defined above in which all
of the hydrogen atoms have been replaced by fluorine
atons. .

"Optional® or "optionally" means that the

30 subsequently described circumstance may or may not occur,
and that the description includes instances in which saiad
circumstance occurs and instances in which it does not.
For example, the phrase "“optionally including a film-
forming polymeric material® means that a film-forming

35 polymeric material may or may not be present and that the
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typi éally yields COerr] upon deconposition. CJerr] generators 35 t hat

are preferred for use in the clainmed electrolyte WO 97/ 44842
PCT/ US97/ 09053 -12- conpositions are
t hose that do not produce deconposition byproducts that are

I nconpati bl e, fem cal ly or el ectrochemcally with

el ectrolyte or ot %er A@at tery ° material s-1%est cells contai nﬁ’ﬁf{"%@ﬁ‘m

CJ err] generators in 5 addi ti on to flame-retardant el ectrol ytes have

i mpr oved di sc e; rephar cyclin 0 in a manner

consistent with t Esg’é’pﬁ)ﬁ" ﬁ}t“‘ﬂﬁéh gf'le TJE) ’ﬂ?&?f‘cﬁ when #he fil%chem

Soc. 141:603. forming polyniﬁmct épnptaskyt "angk theednhbaneq whefrerthet 0 a 10

branched or unbr apghgdsS@hik tﬁiy&!@&@%&@@ﬁlm qtmnei; ﬁresenéo 24 carbon
atonms, such as nethyl, buty | sqQbut yl ,

th
t-butyl, octyl, decyl. © y#&mdsw%diﬂ%&sa%fi&% é%{‘EnggF feredF  and
the Iike. 5pPr epepvé@ecala(wa@eo‘upsomrusm@@n @nede,t d QQtMEbmdlﬁ

atoms. The term j hgwe@éukafant 'eﬁ%eémg’aﬂea&&v@oﬁr@ua Ebmprisime O SiXx
car bon at ons. to a. branched or

r ef
unbranched hydr ocdtEBiR a1t W&ﬁﬁ?ﬂg“f‘r%ng@‘f ihat Inglugdesh Lsns and
at | east one doubEzabwaslilitywsrelZoextiahgeishing efises,t mae-mﬁszamplntgroup

of 2 t0 6, nore go1vehEd St 35:% Eﬁeﬁm&@w%m@mo Ihehmﬁm dddor i nat ed
| ower al kenyl I ntends kenyl g g cﬁ%ﬁ car atoms in
which at | eadf onE*F§aFe 'E)%Hi 3T e Phe ‘b‘F"r SP??"&FF %&éﬂ

are replaced wit hCYPLlwhm@ene&t,oﬁélanes and mixturesThé smhnécawe@vtys" as

used herein intends an uam%wuar-gaeabaaﬁd $URHER Bnatngte, udeFul NA

et her lInkag%ﬁet?g$eétio§”alsclggé agécuﬁglm d %rggglggg as - R

commercially available or can be readily synthesized
15 using conventional technigues well known to those skilled
in the art of synthetic organic chemistry or which may be
found in relevant texts.
Fire-retardant phosphate solvents that are
useful in the invention include those having the
20 structure as shown in Formula (I)

oRr!

. | R

(1) 0=P-OR
clm3
25

wherein R!, R? and R® are as defined above and optionally
wherein two or more compounds of structure (I) are linked
together by an ether linkage. Commercially available
phosphate solvents include, for example, trimethyl-
phosphate (Aldrich) and triethylphosphate (Aldrich).
Alternatively, triethylphosphate, a well-known flame
retardant and plasticizer (see, e.g., U.S. Patent No.
3,909,484 to Beavon; Nametz (1967) Ind. Eng. Chem. 59:99;
and Larsen et al. (1979) J. Fire Retardant Chem. 6:182)

30

a5
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wherein Ris alkyl as defined above. A "lower al koxy" 30 group intends an

al’koxy group containing one to six, nore preferably one to four,
carbon atons. The term"aryl" as used herein refers to a
nmonocyclic aromatic species of 5 to 7 carbon atons, and is typically
phenyl . Optional | WO%'H4#832 groups are 35 substituted with one

nore preferably one to two, - WO 9%44842 tP%’ranWmoss
PCT/ US97/ 09053 | ower al kyl,

| ower al koxy, hydr&wbeagééaw',t\mfactur@ubm&wbsm ether and The
term "aral kyl ene"” I s used to refer tlescntal

al kyl ene and ernocR}‘(ﬂsPE‘°5P§l PeB“%’b’é’(ﬁ yda f‘yBFE%?*I‘?F’ allﬁl 5 g’s%t? ifith
about 12 carbon descxtidbed in vhe. dHdbendnBopor 2 0309, 569 ander e A7 1 1L oy |
substituent is bopdfqd te Lhe S§ f.H&t %u%hoﬁhbgbﬁéﬁﬁé can bet Bgﬁﬂﬁésﬁi'e@ kyl ene

(G or e ) Lo 19 - AEARa: EPRVERT Lona FyntheRigo ERCRR RS 1 aRgBoor LHLTT
-(CHerr])[err]-A r ra of 0 6.
"Hal 0" 'or "hal ogenfnetibayethpljphesphatehl mlt’dls (methdryerro®y—i odo, and

usual l'y reI at es t%&{ﬁ@'ﬁ?pﬁ%@?h?{:&téﬁ‘ tris- (floFL' alhyggﬁg%ragqnyw_an organi c

conpound. ers to an a i ef one. or nore
of the 15 hydrogéﬁ’%ﬂ?ﬁé’-el §a§uB§tE%Ra€Gdb§’YarﬁaFB“§[&ﬁ phﬁsf’f’ﬁﬁyl_

hal os, fluoro is gimerddeywithf erethoxpetrhband, " 2o(emethoxyhakbakkyl "

i ntends an aljyl YRRl aBRC1! - S KA roetnafd O debetilch1 Liast
one hydrogen atom_ and opfiohal | hydr ogen atons, are replaced
with hal ogen 20 theopresenge pf pyri Iogenat ed" refers to a conpound in
which all of the hydrogen aFdre~-hetveerdegen phegphotand\solvents| gbatnarat ons,

while the phrase “pargiialily chal RGERSH incluakClfbse hvangorReUNd in whi ch
€ss t an a ° tsé;ucture as shown in Formula (II),

)
(LI [Z‘p K
“ S oré

15

wherein R® and R® are as defined above. Commercially

20 available phospholanes include Antiblaze® 19 and
Antiblaze® 1045 (Albright and Wilson). Such phospholanes
can be synthesized by one of skill in the art using
conventional synthetic techniques (see, e.g., U.S. Patent
Nos. 3,789,091 and 3,849,368 to Anderson et al.). For

25 example, the phospholanes

30

35
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e

hydr ogen atons have been replaced by fluorine. Thus, a 25 perfluorinated

al kyl is.a.branched or unbranched saturated hydrocarbon group as
def i ned&BBve-in which all of the hydrogen atons have been repl aced by
fluorine at ons. "Optional™ or "optionally" neans that

t he 30 subseauendsky described circunstance may or nmay not pefHsy7090s3 and
that the description includes instances-jg-which said ci rcunst ance
occurs and instances in which it does not. For exanpl e, the phrase
"optionally including a film form ng polynmeric material” neans that a

WO 97/ 44842 -14- PCT/ US97/ 09053

filmformng 3 0,90Iyner|c mat eri al nayi:o Lomay not be present and that the
description |nc°UBE§kboth the instance Wh@nOCH&ROCHE M form ng polyneric

is present and the instance when the filmformng polyneric material is
not present. I n one enbodi mrent of the invention, there is 5
provi ded a5battq£¥)conprising an anode, a,.cathode and a fire-retardant
el ectrolyte co qsltion conprising a Brthiumsalt dissolved in a
solvent that i f | ammabi tbcz %bbcﬁ&tIHQUIShlng, i.e.
fire-retardant, so vents that are chenlca.ﬂy stable to lithium Such
10 fire-retardant sol vents include phosphates, phosphol anes,

cycl ophosphazenes, siLanes and m xtures of such sol vents.

Many fire- retat solvents that are useful in t he invention discl osed
and cl ai md® her, noare commercially available or can be readily

synt hesi zed 15 dﬁlng conventional techniques well known to those skilled
in the art of ot beHocH@an.c chenistry or which may be found in

rel evant texts. Fire-retardant phosphate solvents that are

useful in the invention include those having the
can be synthesized from the correspondent 2-chloro-i,3,2~

15 dioxaphospholane-2-oxide by reaction with ethanol, 2-
methoxyethanol, 2,2,2-trifluoroethancl, 2-acetylethanol
and 2-methoxyethoxyethanol, respectively. Alternative
methods of preparing the phospholane

00
L ¥
20
0 'OCzHs

have been reported by Kluger et al. (196%) J. Am. Chem.
Soc. 91:6066 and Taira et al. (1984) J. Org. Chen.
49:4531. The phospholane

0
[ ’P—OCsz
0

' can be prepared by reaction of 2-chloro-1i,3,2-
30 dioxaphospholane with ethanol.

25

Fire-retardant cyclophosphazene solvents that
are useful in the invention include those having the
structure as shown in Formula (IIXII),

35
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20 structure as shown in Fornmula (1) ' [err] (1)
25 wherein R err], Rerr] and R err] are as defined above and
optionally wherein two or nore conpounds of structure (I) are |inked
toget her by an ether |inkage. Conmmercially avail abl e phosphat e sol vents
i nclude, for exan@lgoyigsy et hyl- 30 phosphate (Al drich) and PCT/US97/09053
triethyl phosphate (Al drich). Al ternativeliyg- tri et hyl phosphate, a
wel | - known fl ame retardant and plasticizer (see, e.g., U S. Patent No.
3,909,484 to Beavon; Nanetz (1967) Ind. Eng. Chem 59:99; and Larsen et
al. (1979) J. Fire Retardant Chgm 6:182) 35 WO 97/ 44842
PCT/ US97/ 09053 T - 15- can be readily
manuf actured from qlﬂ 51y| et Q@_[P]and phosphorus pentoxide via a
nmet aphosphate internedi ate a | " described in U S. Patent Nos. 2,430,569
and 2.407,279 to Hul | et alr® Ot her such phosphates can be synthesized 5
usi ng conventi &nal synthetic techni ques. Thus, tris-
(et hoxyet hyl ) phosphate, trjs-(yethoxyet hoxy-, et hyl ) phosphat e and
tris-(1,1',1"-trif Wbﬁre’é}{'h&?r) R and phasprigeinath aseapP¥Bar By reacti on
of phosphoryl - . Fy&h\bpﬁbdﬁhﬂéﬁbiﬁiﬁt Bexpeepared, for( dxamphaxypet hoxy- 10
ethanol and 1 1%, 1rehbkthy OF REGHYsprageREs! LY BN Yanddky a1chiB:B! SSRGS, O
the cyclotriphosphazenes

E P

S //N\P/
CH30C;H,0 }IJ;OCzHcOCH 3

10

gl
N%

F \OCﬁhOCHJ

~

15

20 . N

can be prepared by reacting hexafluorotricyclophosphazene
with 2-methoxyethanol under conditions adequate to
25 achieve tri- and mono-substitution, respectively.
Fire~-retardant silane solvents that are useful
in the invention include those having the structure as

shown in Formula (IV)
30 R10

|
(IV) RM_gi-Rr12

|

Rr13

35 Wherein R!?, R!}, R!2 and R!3 are as defined above.
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Fire-retardant phosphol ane solvents that are useful in the invention

I ncl ude those having the structure as shown in Formula (Il1), 15 [err]
wherein R err] and R err] are as defined above. Commercially 20 avail able
phosphol anes i ncl ude Anti bl aze[err] 19 and Anti bl aze[err] 1045

(Al bright and W uch phosphol anes can be synthesi ze f
skill in the art‘lvég?’%f‘gsns conventional synthetic techniques ( 52&893&595?
U. S. Patent Nos. 3,789,091 and 3, 849, 368glL.o Anderson et al.). For 25
exanpl e, the phosphol anes 30 35 WO 97/ 44842

PCT/ US97/ 09053 Among the preferrdlb-silane solvents are such

commercially available (e.g., Aldrich) silane compounds
as tetramethyl orthosilicate, tetraethyl orthosilicate,
tetrabutyl orthosilicate, and the like.

5 In addition, siloxane-based and phosphazene-
based solvents for electrolyte compositions can by
synthesized by functionalization of hydromethylsiloxanes
and cyclotriphosphazene with ether derivatives.
Hydrosiloxanes can be functionalized by reaction with

10 alcohols in the presence of a base, or by hydrosilylation
with allyl ethers.
Fire~retardant fluorinated carbonate solvents
that are useful in the invention include those having the
structure as shown in Formula (V),

15
o

(V) R15-0-c~0-R16

wherein R!® and R!® are as defined above. Such

20 fluorinated carbonates can be synthesized by one of skill
in the art using conventional synthetic techniques as
described in, for example, U.S. Patent No. 3,455,354 to
Prager, European Patent Publication No. 0557167, Johnson
et al. (1973/74) J. Fluorine Chem. 3:1-6, Moore et al.

25 975) J. Fluorine Chem. 5:77-81, Walker et al. (1975) J.
Fluorine Chem. 5:135-139, and Hudlicky (1982) J. Fluorine
Chem. 20:649-658, the disclosures of which are
incorporated herein by reference.

Fire-retardant fluorinated polyether solvents

30 that are useful in the invention include those having the
structure shown in Formula (VI)

35
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[err] 5 and [err] can be synthesized fromthe

. correspondent 2-chloro-1,3,2- 15 di oxaphosphol ane-2-oxi de by reaction with
et hanol , 2- nmet hoxyet hanol, 2,2,2-trifluoroethanol, 2-acetylethanol

and 2- net hoxyet hoxyet hanol, respectively. Alternative met hods of

preparing the phosplgiane 20 [err] have been report egctnysottbssger et
al. (1969) J. Am Chem ~ Soc. 91:6066 &% Taira et al. (1984) J. Og.

Chem 49: 4531. The phosphol ane 25 [err] can be prepared
by reaction of 2-chloro-1,3,2-_3§¢ dioxaphosphol ane with ethanol.
Fire-retardant cycl ophosphazeng sol vents that are useful in the

i nvention incluggrhhose hﬁmdmtcLEi-”ZO)x-(%tFrzB“};“ﬁ]@ as shown in Formula (I11),
r21

wherein R!®, R19, R?® and R?! are as defined above.
Fluorinated polyethers having Formula (VI) are
commercially available as, for example, FOMBLIN®
(Aldrich) or Galden® (PCR Inc., Gaineville, FL).

10 Alternatively, such fluorinated polyethers can be
prepared using the method described by Sianesi et al.
(1994) in Organofluorine Chemistry: Principle and
Applications, Banks et al., eds., Plenum Press, NY, 431-
467 (and references cited therein). One of skill in the

15 art can also prepare such fluorinated polyethers using
well-known methods of fluorination of commercially
available polyethers such as described in, for example,
Persico et al. (1985) J. Am. Chem. Soc. 107:1197-1201,
Gerhardt et al. (1981) J. Chem. Soc., Perkin Trans.

20 1:1321, Gerhardt et al. (1979) J. Polym. Sci., Polynm.
Chem. Ed. 18:157, Gerhardt et al. (1978) J. Org. Chen.
43:4505, and Gerhardt et al. (1977) J. Chem. Soc., Chen.
Commun. B:259.

optionally, at least one of R!, R? and R?, or

25 R®, or R?, or at least one of R3O, R11, R12 ana rR13 is
modified to contain on the terminal carbon a substituent
group having the structure -R22-0-c(0) ~0-R23, wherein R%?
and R?? are independently C,-C¢ alkyl or wherein R?? and
R?? are linked together to form a C,-C¢ alkylene bridge,

30 thereby forming a homo- (e.g., phosphate-phosphate
dimers) or heterodimeric (e.g., phosphate-silane dimers)
solvent.

In one embodiment of the invention, a fire~
retardant electrolyte composition is prepared by

35 dissolving a lithium salt in a fire-retardant solvent.
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‘PCT/ US97/ 09053 -17- [err]

5 wherein R err], Rerr] and n are defined as above. Such

cycl ophosphazenes can be prepared, for exanple, by reacting

fl uor ophosphazewpsigds h al koxy al cohol s. Thus, the cycl otyd zenes
10 [err] 15 and -z0- [err] 20 POTRISHRN

Preferred lithium salts include compounds of the formula
Li-A, wherein A is an anion which may be Cl, CF;S0;,
Cl0,4, BF,, Br, I, SCN, AsFg, N(CF350,),, PFg, SbFg,
0(co)R?, wherein R is H, alkyl, aryl, alkenyl, halo,

5 haloalkyl, or the like. Preferred salts include, for
example, LiPFg, LiAsF,, LiN(S0,CF3),, and mixtures
thereof. Solutions of lithium salts in fire-retardant
solvents are prepared to achieve approximately 0.2 M to
2.0 M lithium, preferably 0.5 M to 1.5 M lithium.

10 The term "lithium salt" is also intended to
include single-ion conducting polymer electrolytes as
described in commonly assigned U.S. Patent No. 5,061,581
to Narang et al., as well as in U.S. Patent Application
Serial No. 08/372,216, entitled "Single-Ion Conducting

15 Solid Polymer Electrolytes,” inventors Narang et al.,
filed on January 13, 1995. The disclosures of both of
the aforementioned documents are incorporated herein by
reference. Thus, a flame-retardant electrolyte
composition may be prepared by dissolving a single-ion

20 conducting polymer electrolyte in one of the solvents
described above to achieve approximately 0.2 M to 2.0 M
lithium, preferably 0.5 M to 1.5 M lithium.

Single-ion conducting polymer electrolytes that
are specifically contemplated for use herein include

25 those having the structure as shown in Formula (VII)

R25
I
(V1I) Si — 0O
e |
30
wherein:
R%24 and R?5 are individually selected from the
group consisting of moieties having the structure
6
135 ---(cuz)xl(ocuzcxiz)yl(ocx-'zcrz)zlsozn2
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can be prepared by reacting hexafluorotricycl ophosphazene W th
2: met hoxyet hanol under conditions adequate to 25 achieve tri- and

nono- substitution, respectively. Fire-retardant sil ane
solvents that are useful in the invention include those having the
structure as woebawassi n Fornmula (IV) 30 [ er ptTrUS97/09053
wherein R err], Rerr], Rerr] and R err] ara-as defined above.

WO 97/ 44842 PCT/ US97/ 09053

- 18- Anong 6he preferred silane solvents are such
commerci al |y avai fApVai¢h %; ig oP¥c i B11ShEFe onPHURELC) CF3a8T t et r anet hyl
orthosilicate, tel‘—cmi (Eﬁzc:rrt) O&hd i als an alkhefir adetdly p&fetfh&&bb.ycat e, and

the like. 5 1it | 44e8% o Ilg;_(aﬁlﬁr ggéegza@,qsplg Epgez.g

based sol vents for 6l 6¢ ? te co 03| ti Ohs esl ze
functionalization of hydrorre(‘ﬁ&o_l)s %)yl(oc&h& Eyﬂlsebgl phosphazene with
et her derivatisvesand thdlysiiast |iexgeeecean beom Wit igebapi gefls Dy irwactsi on
wi th hydrogen, lower alkyl, lower halo alkyl, lower alkenyl,
fluorinated lower alkenyl, aryl and aralkylene;
x1 and z1l may be the same or different and are
integers in the range of 1 to 100 inclusive;
10 Yyl is an integer in the range of 0 to 100
inclusive; and
n is an integer indicating the number of mer
units in the polymer.
Additional single-ion conducting polymer
15 electrolytes contemplated for use in the invention
disclosed and claimed herein include co-polymers which
contain first mer units having the structure as shown in
Formula (VIII)
20 - T27
(VIII) (O)yz — (CHy)yy; — C — (CHy),,
Rr28

and second mer units having the structure as shown in

25 Formula (IX)
R29
30 Rr30

wherein:
R?7 and R?? are independently selected from the
group consisting of hydrogen, lower alkyl, lower alkoxy,
35 —COOR! and —(CH,),;—0—R3! in which R3! is lower alkyl or
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10. al cohol s in the presence of a base, or by hydrosilylation wth

.allyl- ethers. Fire-retardant fluorinated carbonate sol vents
that are useful in the invention include those having the structure as
shown in Fornmula (V), 15 [err] wherein R err]
and Rl err] arequ@gngdgfi ned above. Such 20  fluorinated car boggi®areRss Pe
synt hesi zed by one of skill I n the g3~ usi ng conventional synthetic
t echni ques as described in, for exanple, U S. Patent No. 3,455,954 to
Prager, European Patent Publication No. 0557167, Johnson et al.
(1973/74) J. FITdSPFABaERE mowen . kwosne Bi aF ampointegesy in the FgaR9Re Chem
5:77-81, Wl kerofet &b. 6( 1A¢busilve; Fl uorine Chem 5:135-139, and

Hudli cky (1982) J. Fluorgme ghz%(noc%gfzgﬂgyﬁfzgm,g&%)dzi4§5Iﬁx&urigs of which

are i ncor por.at ed, her ei nls?'/—(Fe? Ffre-retardant
f1uorinated pol¥fdfReR"sot% At fefdned; ABPVR; e useful in the invention
i ncl ude thase having ther?® is st(cugy Wy @csany) jochorotil-scdod’f in 35

Yfg?7/44842 which R3? is lower alkyl or fluorinated EQJA%E§2%§¥¥H§%d
x2, x3, x4, x5, y2, y3, v4, ¥5, 22, z3 and z4
may be the same or different and are integers in the
range of 1 to 100 inclusive.

10 Accordingly, the fire-retardant electrolyte
composition may be formulated with a lithium salt of the
formula Li-A or a single-ion conducting polymer
electrolyte as described above.

In addition, a high dielectric constant solvent

15 such as ethylene carbonate, propylene carbonate, dimethyl
carbonate, diethoxyethane, diethyl carbonate,
dimethoxyethane, dipropyl carbonate, methoxyethoxy ethyl
ether, or mixtures thereof, may be added to the fire-
retardant electrolyte composition. Such formulations

20 have been shown to have conductivities at ambient
temperature higher than 1 x 1073 s/cm.

The fire-retardant electrolyte compositions may
also be formulated with a coz-geherating compound.
Incorporation of a CO,~generating compound provides

25 enhanced battery cycling properties. For example, a
battery containing a CO,-generating compound is capable
of beihg charged, discharged and recharged over a greater
number of such cycles. Such CO,-generating additiﬁes may
be selected so that any decomposition by-products are

30 compatible both chemicaily and electrochemically with the
electrolyte and other battery materials. Examples of
such compounds include dicarbonates, esters, peresters,
dioxalates, acyl peroxides, peroxodicarbonates, Diels-
Alder adducts of carbon diqxide, and nixtures thereof.

35
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[err] 5 wherein R err], Rerr], Rerr] and Rerr] are as defined
above. Fl uori nated pol yethers having Fornula (VI) are

comercially avail able as, for exanple, FOVBLIN err] (Al drich) or

Gal den[err] (PCR Inc., Gaineville, FL). 10 Al ternatively, such
fluorinated pol yewosradszan be prepared using the nethod deSegirhiPthobs
Si anesi et al. (1994) in O ganofluorine2€hem stry: Principle and
Applications, Banks et al., eds., Plenum Press, NY, 431- 467 (and

references cited therein). One of skill in the ar e
such fluorinated St 88 g2 9epexphor. pRodh~ ?‘r%’f%é’d’gt FﬁB %f? on

of comercially ("DEBRI).abl e pol yet hers such as described in, for

exanpl e, Persi co et al Me(:%g?&&afl% z @1e§eﬁol flih%'éf hd%lng
Cerhardt et al. (198%}%”\] Chem SO er k Rans. _y b ngl Ger har dt
et al. (1979) J. tGyL 1e|§o¥‘§rﬁ?e thaft:r?é’ EfLm 18’“3)57 e

(1978) J. O g.5CheancombinaA3iof505%; amdsdrrdrer dieetralytd ]a&???:ylsd:loebénand

Soc., Chem e%%%n r mixtures of suPR'l f@éﬁe/ eRlcthBiFteghe oOf
Rlerr], Rerr] and errﬂ g ﬁe rrl, or err at Ieast one of
Rlerr], Rerr], R%rr} ‘%rﬁ?qﬂi@f!r poigmeric materiad sy c?ﬁlt%ﬁlﬁ’ Hﬁ“ﬁ’ﬁéde“e
termnal car bon a Slmmq)er(t"wd?")grmmmmhelst reppajiymers of

-Rlerr]-0- (O - 0 Rifﬁjiméﬁwl%elﬁéesﬁa hexan%@ogz Plénd ndgpendentky

g
T o a ] oH0) et R PR o bR, sorerbEcbbe SR Febnes

(e.g., phosphate prspiat & is asddefingd abdve,epudaneingl €-clan Conductlng

phosphat e-si | ane dbdBhRdr elect%ghyegtas dlsclosed in seridn Qi enmbodi ment of
the invention, a fj dant el ectroc%g%acorrposmlon IS raﬂar ed

by 35 di s90 vi g8 113 A%in SAEPTPATATS (B FEALEFAARE. SHPVROPLLo

a high dielectric constant solvent such as propylene

1s carbonate ("PC"}, ethylene carbonate (“EC")},

- dimethoxyethane (“"DME"), and methoxyethoxy ethyl ether
("MEE"}; and, optionally, a CO,-generating compound. It
may be necessary to add a glyme (e.g., dimethoxyethane
(CqH;005) , diglyme (CgH;,03), triglyme (CgH;g04),

20 tetraglyme (C,gH,,05) or so on} to form a homogeneous
blend of the polymer electrolyte with PVAF; such
compounds will typically serve not only as solvents but
as additional plasticizing agents as well.

It will be appreciated that conductive

25 compositions formulated with the present electrolyte
materials are also useful in the fabrication of fuel
cells, sensors, supercapacitors, electrochromic devices,
and the like, using manufacturing technigues well known
to those skilled in the art, or readily available in the

30 relevant literature.

Manufacturing Methods:
A preferred method of manufacturing conductive
compositions containing the novel electrolytes is a hot-
35 press technique for forming films. Such a method
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- 20- Preferred lithiumsalts include conpounds of the formula

Li-A wherein Ais an anion which may be d, CFerr]Sderr], cddgerr],
BF[err], Br, I, SCN, AsF6, N(CF[err]SOerr])[err], PFerr], SbFferr],

A CORerr], wherg rr] is H alkyl, aryl, alkenyl, halo,

hal oal kyl, or the ﬁé“e?.&& Preferred salts include, for exar’ﬁgqré‘fs’7m”53

Li PF[err], LiAsF[err], LiN(SOerr]CF[err])[epad, and m xtures t her eof .
Solutions of lithiumsalts in fire-retardant solvents are prepared to
achi eve approxi mat¥pPcaldy Minvplves: fa) FPrPing \Angedr efeFsbPiye5 Mto 1.5

M I : tgi um 1})  compositiod ey tﬁﬂﬂiﬂi'h'ihbhi(ﬂmisaiiﬁ'hiitﬁ\ ahse gﬂt . d-tifbn
i ncl ude single-io i ng_pol yner. el ec yies. as cribed jn
commonl y assi gnedgﬂgg{]ggg’%%n‘?o &0“194‘5?655!‘%3&{’99 If’teo’ ‘Nar Bﬁéy?egf%’fér,‘e & wel |
as in US. Patent FRgpriaafIbrer a copedymer Neontmirgizg mes upitst (EE) and
" Si nlgl e-lon c]ccsn;juqtcimg) J-Emittsogflé.iq ggémﬁagstamw&&f‘ f?ﬁ&eﬁ%’éﬁx?ié\‘ﬂf angh
et al., ile nuary, 13, , ures of .both o t he
af or enent i oned dogﬁgr{e)ﬁﬂg %’?ée'f”nlcfc}r %& gf“‘e’anﬁe?feis%}‘%f/ or an ?%P%’F%‘?n%’e‘.’e Thus, a
flame-retardant ePagerdpdteffectiveoiposnhanrentlie mechesiaaddstyenyysaifvi ng
S si n_glbeai OB 20 thendofpbsDc LM y Ry albae%ﬁgluﬁ@ ﬁe%‘t%&%ln@f cbﬁ?iﬁﬁii/cﬁ{lta%
escri bed above t eve, approxj mately, Q. 0 2. ithju
preferably 0.5 NI§OQ§Q§QRET${$L%H% @%x a’tine Q%EeCtﬁﬁenéPeg?ﬁﬂ %o ucting
pol yner el ecth®l yeedutpgr; (c) pressdpgcthechlvid csruddphat é9) fepoling her ei n
include 25  thosenkagbbgtite; dridiqleyr ¢edsasbmyend) fiammdbaptdided.

R25 (Vi) Alternative methods of k§£ﬁ¥acturing such conductive
compositions will be readily apparent to those skilled in
the art, or may be deduced from the relevant literature.

15

Industrial Applicability:

Fire-retardant electrolyte compositions are
useful in a variety of contexts. An important utility is
in the fabrication of batteries. Batteries formulated

20 with the novel electrolyte compositions comprise a
pdsitive electrode, or anode, a negative electrode, or
cathode, and electrolyte composition. Anodes and
cathodes may be fabricated from materials that are
commonly used in primary and/or secondary batteries. The

25 anode is typically lithium metal. Alternatively, a
carbon-based material such as petroleum coke or graphite,
intercalating metal oxides such as tungsten or iron
oxides, or other intercalating materials such as Tis,,
may be used as the anode. The cathode is generally of a

30 lithium-containing material such as LiCoO,, LiMn,0, or
LiNiO,; however, alternative materials could be used as
well, e.g., V¢0;5, MnO,, FeS,, or the like.

It will be appreciated that conductive
compositions formulated with the novel electrolyte

35 compositions of the invention are also useful in the
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wher ei n: Rlerr] and Rlerr] are individually selected from

t he group consisting of noieties having the structure 35

-(CHerr])[err](OCH err]CH err])[err] (OCF[err]CF[err])[err]SOerr] R err]
SUBSTI TUTE SHEET ( RULE 26) WO 97/ 44842

PCT/ US97/ 0905 : -21- in | rrj
is -OM -N(MSterr & err], -N(M QO CFEzs+] or Pl ShoRlss
-C(M(SOerr]CF[err])[err] and Mis an al kali netal, preferably

lithium or wherein one of err% and Rl err] has t he structure

- (CH err]) [ er r ] {3 IPoHPEr £1§ eﬁ?}%iﬁ]ﬁﬁ@FPfﬁF[%H?ﬁﬁﬁ?ﬁ%ﬁl§€F§rr]R[err] 5
and t he ot her |sladimchedricodetbeesy aml chesilske ngusing manmfdebyeing | ower

al kyl, lower halgedigles b@%rkﬁ&mr% ‘those Eg&'?ié&‘ai@q:ﬂé)‘é&% abkenyl, aryl

and aralkylene he sane or different and

are |ntegeF%?q%iﬂIi?aﬁéﬁﬁéeo¥"1F9%)?ﬂi?VPHEIﬁ%?%%? U - yl is
an integer $n the range of 0 to 100 I ncl usi ve; and nis
an i.nteger indicating the nunber of ner units in the polymer.
Addi ti onal single-ion conducting polyner 15 elecirolytes contenplated for
use in the invention di scl osed and cl aimed herein include co-polyners
whi ch The following examples are intended to provide

those of ordinary skill in the art with a complete

10 disclosure and description of how to make and use the
novel electrolyte compositions of the invention, and are
not intended to limit the scope of what the inventors
regard as their invention in any way. Efforts have been
made to ensure accuracy with respect to numbers used

15 (e.g., amounts, temperatures, etc), but some experimental
error and deviation should, of course, be allowed for.
Unless indicated otherwise, parts are parts by weight,
temperatures are in degrees centigrade, and pressure is
at or near atmospheric. All chemicals, reagents, and the

20 like, are commercially available or are otherwise readily
synthesized using conventional technigues well known in
the art.

Experimental

25 Equipment and Measurement Technique:
A. Physicochemical Characterization of Solvents and
Electrolytes

Dielectric Constant: The dielectric constant,

€, of fire-retardant solvents was determined in an

30 electrochemical cell containing two platinum electrodes.
The electrodes had a diameter of 0.8 cm, area aof 0.50

cm?

. and an interelectrode spacing of 0.1 cm, giving a
sample volume of 0.05 cm®. A Hewlett-Packard HP 4192A LF
impedance analyzer was used to measure the capacitance C,

35 of the cell when filled with the candidate. ¢ was
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contain first mer units having the structure as shown in Formula (VII11I)

- 20 (Vi) [err] and second ner units having the
structure as shown in 25 Formula (IX) (1'X) [err] 30
wher ei n: Rlerr] and Rlerr] are independently sel ected from
t he grou ting of hydrogen, |ower alkyl, |ower QX
-COoR err] ﬁggga%ﬂﬁerr])[err] ORerr]_jp_which Rerr] is T%Mé?wgp or
WO 97/ 44842 PCT/ US97/ 09053
-22- fluorinated | ower alkyl and nl is an integer in the range

of 1 to 6 inclemsleawlated using e=C\b, Rwherpinsb, is the cell constant.

-(CHerr])[er rﬁmﬂnﬁﬁ@sﬂdﬁeﬁr kb 1d { X Jdeerilc] EBhetdnnd envaledel ghal Rlerr] in
which Rerr] igs ﬁgg%e IQ%S abov

~(CH err])[errt¥ &Han FEFF]Yf%ﬁr?%ﬁﬂ]%FbFPﬂlBngﬁxiﬂﬁeﬁﬁ%ﬂ ppd whi ch

Rlerr] is | onecakduddteod |l uori nated | ower al kyl; and
5 Viscosjty: A Cannon-Ubbelohde viscometer was
used to measure the viscosities of fire-retardant
solvents. The kinematic viscosity, », was calculated
using »=b,r, wherein b, is the calibration constant of
the viscometer and 7 is time measured for a fixed volume
10 of solvent to flow through the capillary of the .
viscometer. Water and l-propanol were used as standards
to determine b,. The dynamic viscosity was calculated
via f=vp wherein p is the density of the sample.
Electrical cConductivity: Conductivity cells
15 were fabricated from high-~density polyethylene; two
nickel plates were used as electrodes. The exposed area

of the Ni plates was 0.2 cm?;

the interelectrode spacing
was 1 cm. The conductivities of solutions prepared from
fire-retardant solvents and lithium hexafluorophosphate

20 (LiPF¢) were measured using the AC impedance method.
Typically, saturated solutions were prepared; generally,
these were about 0.5 M. The conductivity, x, is given by
x=b, /R, wherein b, is the cell constant and R, is the
real component of the AC impedance at high frequency (10

25 KHz). Cell constants were obtained by measuring the
conductivities of agueous KCl standard solutions of two
concentrations. In cases wherein x>5 mS cm™?, the
conductivities of solutions prepared using other salts,
e.g., lithium bis(trifluoromethanesulfonate)imide

30 (LiN(CF4S0,),), and the concentration dependence of the
conductivities of LiPFg; solutions were also measured.

Conductivities were measured in 1 mol dm™3

LiPFg solutions, or in cases wherein LiPF, was poorly
soluble in the solvent, saturated LiPF; solutions were

35 used.
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X2, x3, x4, x5, y2, y3, y4, y5, z2, z3 and z4 - may be the same or
dlfferent and are integers in the range of 1 to 100 inclusive. 10
‘Accordingly, the fire-retardant el ectrol yte conposition nmay be
formulated with a lithiumsalt of the formula Li-A or a single-ion
conducti ng pol ynmesyg o7/44s4€! €Cctrol yte as descri bed above. PCT/US97/09»§3
addition, a high dielectric constant sol vent215 such as et hyl ene
carbonat e, propyl ene carbonate, dinethyl car bonat e, di et hoxyet hane,

di et hyl carbonate, dlnethoxyethane di pr gpyl, .carbonat e, met hoxyet hoxy
et hyl ether, B rﬁ%ﬂﬁﬁ§8§hﬁﬁéFébfc IRAFYRF 1284487 0 the fire-

r et ar dant electrolyte conpo | atOyoidc2dol tdremagdagen of§hown
to have CondUCt'V'éﬂ@%%fe?{é?&:egﬁectrodésemeato%%J.né@hﬁ‘i 4 hafrebx 10[err]

S/cm retardant el ectrol yte conpositions nmay

al so be fornul at ec®¥FRFodeceedds ]‘"@j%‘r'\eﬁ"htat’?ﬂfrb@ﬁﬂ‘@ﬁﬁﬂere° Th%\%@ﬁ&'?’&f‘ﬁﬁn

of a CJerr]- gEnerw&nmggmrsgonadbpnoa/s desxrKing edebanoge, hatdteimuncyesl i ng

properties.  For ?ectrod@atéﬁcf N Cﬁgﬂﬂl 3isng ei‘e%&eﬂﬂé
0 d - dischar

conmpound i s capable bei'n har ge ged and rec argeg over a
gr eat er nunbel? FORG R SEFe| ES. t%‘él"ch"(‘,q%"l‘ﬂllg ¥ePhtthR) stdyiatves may
be sel ected so thaigaimstdedonudswas omsedy - it sro2kéngland cargraderbl e bot h

chem cally and el gg iEX&qJH%rg Lally with the el ectrol yte and ot her
battery mat erl al s. es of such conpounds i ncl ude di car bonat es

esters, perest®rs di ofeld. Bestingy JOXSTALATARRT o3 RA AW RS that

D el s- Al der lmtﬂmic&pu:fabaar bonveh‘om:rhpexamésrmntarmmémeme@fesc%&ibed

WO 97/ 44842 b tested + éﬁ% A3 1

- 23- One preterred G err gjé?lear ety ot -fert but carhonat e
1. Li|Ni cells. DC charge/disc arge cycling

experiments were conducted in a high-density polyethylene
15 cell with a nickel working, lithium foil counter, and
lithium reference electrodes to determine the stability
of lithium metal in the solvent. Lithium was plated onto
the nickel electrode at a constant current density of 1
mA cm~?2 for one hour; the total charge passed was 3.6 C
20 cm™2. The cell was then cycled by alternately stripping
(discharge) and plating (charge) 1.2 C cm™?
the nickel electrode at a constant current density of 1

of Li from

mA cm~? for twenty minutes or, during the stripping
process, until the nickel electrode potential reached

25 +1.0 V versus Li|Li*. The cell was deemed to have failed
when the charge passed during the stripping step, Qetrips
was less than 50% of the charge passed during the plating
step, Qpate- The parameters of interest are the number
of cycles before failure, Noy, and the cycling

30 efficiency, Qg¢¢, Which is calculated as Qg¢, =
Qstrip/Qprater Ney @and Qq¢e provide a measure of the
reactivity and an indication of the cyclability of the
solvent with Li.

ii. Li|Li cells. Solvents were tested in
35 cells containing lithjum anodes and cathodes and a
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(" bTBD'). Mechanically strong el ectrolyte filns having
.conductivities higher than 10[err] S cnferr] nmay be formed from 5 a

conbination of: a solvent electrolyte as disclosed and cl ai med herein
or m xtures of such solvent el ectrolytes; a filmformng polyneric
material such_as (vinylidene fluoride) ("PVdF"),

pol yacryl oni t‘P’PPZ!R‘%%pm ymers of vi-pg+i denef | uori de an§CTUS97/09053

hexaf | uoropropyl ene, or the |like, 10 preferably PVdF, a lithiumsalt of
the fornula Li: wherein A is as defined above a si ngl e-ion

conduct i ng hw‘w@@fareepﬁofemt%%dem sdf GUEEeR, dERTIY QS

08/ 372, 216, i ncmrzpanat hdlbycyelertctines alfove; mipitenaldrne, used ta hi gh
dielectric con t s r I 5 t ¥
et hyl ene car bo <11, Higﬁ%r%}?htg%eet%ﬁgﬁ% g &%’E ) an an % oxyet hoxy
ethyl ether and (ﬂ-*ms digrharget bl {ir e a Ry ot ‘1‘?@ ¥8kBound.

| t mag bealmqmn;etre@saddtedgl VAYE dvaergotedt i@l hmmxmahet

(C[e”]H[e”]%g{ﬁ%’L isilebEE ot ééléﬂ rdeqe%rE.L) t{ﬁ {Bion of

(err]Herr] err| err or so on) to
forma honpgen 'IE‘IeeHEP]GF %Yn% éPéEFrB §/t‘é vﬁqar?"li‘\?dﬁhesuch
conpounds wi | | 1igppiwal®Rigurer o€ M@hﬂnt'wmﬂ')sahvehESSJsMent of as addi ti onal

pl asti ¢i zi g ageRlsedts Ml ko juage therptrom thie Yiktabey ARPIACiLEd that

conductive 25 conp05|t|ons the present olyte
mat eri al s18re PR SHAN USk dReSEEPRIAT iSHISF f uel cells, sensors,
supercapaci tors, el ectrddiiromicrPeinaryCells. &hd high|ddmsitysi ng

manufacturi ng_peRf e e 16N0ber ipeq [dbdva0RRrakLLL b hddie art, Of
readily available in rel evang Manuf act yri ng

Met hods: solvent eleﬁtﬁP&ﬁ’EF?eﬁgﬂb’?"’n"oocaﬁ’fh"ﬁﬁﬁu?ﬁ%‘? ub® g USRI ve
conposi tions cpnimamy nppitlss ndhel catkeode clattegsials uskdtweBS irqu ess

techni quejkor 5§§Jﬂf§héidﬁg%}) #HE MnéndBidd dioxide (MnO,) . Cathodes
were prepared by mixing 85 wt.% FeS, or MnO, and 5 wt.%
carbon black with 10 wt.% PVdF binder then pressing the
mixture onto nickel foil substrates (0.5 cm? to 2 cm?).
The cathodes were dried at 90°C overnight. Cells were
20 assembled from these cathodes, lithium foil anodes and a
lithium reference electrode inside an argon-filled dry-
box. The assembled cells were removed from the dry-box
and discharged at various current densities using a
Maccor battery tester. The objective of these tests was
25 to compare the electrochemical performance of the
solvents with that of commercial primary cells. An
Energizer® lithium cell (Li]Fes,) (Eveready Battery Co.)
was used as a baseline.
iv. Lithium Secondary Cells. The purpose of
30 these tests was to determine whether the nonflammable
electrolytes could be used in lithium secondary, i.e.,
rechargeable, batteries. The experiments were performed
using a cell with a lithium anode or a carbon anode, a
LiCoO, or LiMn,0, intercalation cathode, and a lithium
35 reference electrode. CO, or a CO, generator was used to
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- -24- typically involves: (a) formng a gel electrolyte
conposition by conbi ni ng (i) alithiumsalt or single-ion conducti ng
pol ymer electrolyte (i.e., a polysiloxane of Formula (I) or a
copol ynmer cont r units (I1) and 5 (rrr)), with (ii ctive
anount of fi re%ﬂ?ggg‘gﬁt sol vent and” |||) an anount of m&’%ﬁ"
alternative material effective to enhance the nmechani cal strength of
the conposi ti Onunfpti‘):vge@&bﬂgbifﬁtf &St thle nqleﬁmnatrw calthodes &nd
tenperature and f time effectjve to form uid solution; (c)

pressing the flf ?oVEFFoﬁre??lﬁ'e%cﬂﬁ idggcribe tﬁ%o‘é%l u%e&r]ls gﬁﬁe(e)
rel easi ng the fidynled padvadestaticallM tbér matives neidrsdd dengahi€Sict uri ng

such. conduct | ve petyechOBRIS! Lo 0%y linihe 4eady! Yomipneahal 8. shose kil Ted

in t he deduced fromthe relevant literature. 15

| ndustri al A%pllﬁ:dd‘ﬁl‘ﬁga% ? Fire-retardant el ectrolyte
conposi tions are useful in a vari ety of contexts. An inportant utility
S in the fabr |qu;nhggl§ggtpa§é§gg es Batteries fornulated 20 wth the
novel electrolyte conpositions conpri ositive ectrode, or

anode, a negative el ectrod8° bgsts werc?at“ﬁ&&et°a BTN e conposi tion.
Anodes and Tarimadé d ity obef i nbridarddntr splventsr.i alThet fidrshreas

commonl y usggl i rhﬁrfe'ﬁh}fJ.Q@déESnﬁfr?é)mro\hRéi:E?rk@§sc"'5hQn25h1cﬁn0de i's
typically lithium rial such

ta b ed
as petrol eum cok%a"g{ieér QﬁhA%’g s"flventr%%(“&r@apﬁf'f:ﬁé ‘ﬁbﬁhl 5gag€ch as
tungsten or irontithiumpkpdespose potrt iait @heamallwmﬁﬁéwléﬁeﬁ as

ITI SLerr] Wrb%huse@wan&h@lamd% -Eli‘éefi@tbﬁd& | foraRer ahtu of a 30
LN GorrTe howed TN ENLMER Cap Wt G
e.g., Verrigy ertE]ChﬂW@FeNp]B afeslerafingprathecpiqeimetry ("ARC"), Tfl'? will
be appreciated tawad ﬁr,oaelusawsamc cecmﬁamltrewna {RLdlidagd ewblite he novel
el ectrolyte 35 £50MROS Si stampi helsl rhvsee |t%nr§ geatl_hseo Slé%%fllg in the
temperature. ARC is conducted by placing a sample in a.
sample bomb inside an insulating jacket. 1In an ARC
20 analysis, the sample is heated to a preselected initial
témperature and held a period of time to achieve thermal
equilibrium. A search is then conducted to measure the
rate of heat gain ("self-heating") of the sample. If the
rate of self-heating is less than a preset rate after the
25 programmed time interval (typically 0.02°C min~!), the
sample temperature is stepped to a new value, and the
heat-wait—-search sequence is repeated. Once a self-
heating rate greater than the present value is measured,
the heat-wait-search sequence is abandoned; the only
30 heating supplied to the calorimeter thereafter is that
required to maintain the adiabatic condition between the
sample and the jacket. Heat generated from the reaction
inside the sample increases its temperature and pressure,
thereby increasing the rate of the reaction. See, e.q.,
35 - Townsend et al. (1980) Thermochim. Acta 37:1. This
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- 25- fabrication of fuel cells, sensors, supercapacitors,

el ectrochrom c devicés, and the |ike, using manufacturing t echni ques
wel | known to those skilled in the art, or readily available in the
relevant lite 5 The foll ow ng exa r

I ntended to p?"g{#@g&n " those of ordinarzpo-skill in the art ?ﬁ’@’@sarrpl ete
10 di scl osure and description of how to make and use the novel

el ectrol yte conpositions of the.invention, and are not intended to
limt the scopg'peﬁlh"\kﬁ&ﬁ PREV{SR etifgrrdation fagther@l Rdizardnvention in any

way. Efforts hawalbaedon, nat@tial hatidiing peededes)y tahdr eapegioimaiunbers
used 15 (e-g-add%‘t’{%ﬁéaiaﬁﬁo Al S tﬁ%c?ap%%%e%ﬂr”fe a@é@%%@ég'

error and deviation shou course, be a } s
i ndi cat ed ot herskosagephilityr canghratheyy fuafgRental thegaehdpati®es are in

degrees cerdi gipadame@dsPtRSE Uixe ifot avaidhblé W€y aﬂm&pheehﬁi?ﬂé.

chemi cal s, reagents, and the 20 | i ke, are commercially available or are A
ot herw se readily synt hesi zed usi ng conventional techniques well known

I n the art. Experi ment al ZExampigyuipnent and Measur enent

Techni que: A. Physicochem cal Chghaed£id zat i on of Sol vents and

El ectrol ytes Dielectric @pst ant The dielectric constant,
[err], of fire-retardant solvents was @det€rmned in an 30 el ectrochem cal

cell contathing two platinum el ectrode 0 OC;H;s

Ethanol (2.3 gm) and pyridine (3.95 gm) were
dissolved in 5 ml benzene and the solution was cooled to
0°C on an ice bath. 2-Chloro-i1,3,2-dioxaphospholane-2-

15 oxide (5.985 gm) (Aldrich) in benzene (2 ml) was then

' added drop-wise to the solution to form a reaction
mixture. The reaction mixture was then stirred at
ambient temperature for 1 hour and heated at reflux for
another hour.

20 The product was distilled and redistilled. The
properties of the product corresponded to those
previously reported (Kluger et al., supra; Taira et al.,
supra). The final distillate was used to prepére fire-
retardant electrolyte compositions or fire-retardant gel

25 polymer electrolyte films employed in batteries.

Ex 2
Synthesis of Tris-(methoxyethoxyethyl)phosphate
A solution containing 7.44 gnm
30 2~-methoxyethoxyethanol (Aldrich) and 7.7 gm of 4-di-
methylaminopyridine ("DMAP") (Sigma) was prepared in 25
ml benzene and cooled to 0°C on an ice bath under an Ar
atmosphere. Phosphorylchloride (3.06 gm) (Aldrich) in §
ml benzene was added drop-wise to the solution which was
3s then stirred at ambient temperature for 3 hrs and
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The el ectrodes had a di ameter of 0.8 cm area of 0.50 cnferr], and an

I nterel ectrode spacing of 0.1 cm giving a sanpl e vol une of 0.05 cn8B.
A Hew ett-Packard HP 4192A LF i npedance anal yzer was used to neasure
't he capacitance C, 35 of the cell when filled with the candidate. [err]
‘was )V ddsdf 842 '

PCH USo7/ 00053 WOoMdsts ' _31- -26- cal calatea ™ -
using [err]=C\b[err], wherein b[err] is the cell constant. Two sanpl es
wi th known dielectric constants, water and trichl oromet hane, were used

to calibrate the &@fluxed overnightul §ihe Bparkjon Wixture was thewj scosity:
A Cannon- Ubbel ohde juitegedst 8hd \eElorofordS§dobomiPasdl &ddea ¥haceneties of

fire-retardant ..solvents. The kinematic_vi sity, rr

cal cul at ed usmll'r’n‘guvgb["?ﬁ]"?‘SV\?ftr“’eﬁ'e’\crl{l %’féPF] ?lg{s? '{‘ >e/' ca reblr"gﬂqgﬁ' const ant
of t he vi scomxg@nignihpeeryas fAniade oyexsanbydrays FapFe @RI XAKATID

gf sol venlt todl owvtalpbeugtaat Bs gaﬂédsa,r m@fm‘{ihg 7.68 ofi wogsebﬁnctV\@a er and
- propanol were u S.S ar o _determ ne LI m c

Vi gcogi ty was cal }Eﬁqast%eale?g?'vi?'[b'm ftgv‘p'gﬁh’é? }ér]fleptiig‘glfshiéege%%;@%? t he
sanpl e. reaction| betrgens Combmplieion: CNRrhToratpgraphy in
were fabricated frsamyli geed@Bsi sNod URINKELBRE, &MO of whiBhCkekrphpbRgeder e

used as el ectrodes. expQqs area of th i, plate s 0.2 cnerr];
the interel ectrodzzos-ég[gfnagg te"qev\c'/a'fee,j’ ccrcr’\rrfﬁg%gﬁgutc it\?llet 5‘4‘0’38 géol uti ons
prepared fromo0 fire-ret Theanes kbie siniss chngmatesranhede oaf Eddi6phgehhat e

20  (LiPF[err]) wifgmeasyledcatiry dhantCellGRAEANCATRIRAACt was
Typi cal |y, saturated sol utions, were Y hese were

about 0.5 M The &STQUCErYi £, t?ff 7% °gr5\ 2%%;%‘39%’% %=°|n%etrhr fPI—’Q["rérr] wher ein
b[err] is the cel Ifrectionst wvhihdh Rfere [pdodedhe The poadfid edwpbmenasofiried AC
i npedance at hi gh dnegUaNGHcGdR to yield 4.5 gm (56% yield) of tris-
15 (methoxyethoxyethyl)phosphate which was used as is to
prepare fire-retardant electrolyte compositions or fire-
retardant gel polymer electrolyte films employed in

batteries.

20 Example 3
Synthesis of

Tris-{2-methoxyethoxy)trifluorophosphazene ‘
2~Methoxyethanol (2.28 gm) (Aldrich) was added

drop-wise to 20 ml of a suspension of 1.32 gm NaH (from a

25 60% w/v suspension in mineral oil} (Aldrich) in
tetrahydrofuran ("THF"), thereby forming the sodium salt.
The resultant solution was stirred at ambient temperature
for 1 hour and then added drop-wise to a solution of
hexafluorophosphazene (2.49 gm) (Aldrich) in 20 ml of dry

3o THF. The reaction mix was stirred at ambient temperature
overnight and then refluxed for six hours. The solvents
and other volatile materials were removed by rotary
evaporation. The residue was dissolved in chloroform and
filtered to removed salts. The chloroform was then

35 removed by rotary evaporation and the residue was passed
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25 KHz). Cell constants were obtained by measuring t
: conductivities of agqueous KCl standard solutions of two
concentrations. In cases wherein K>5 nS cnferr], the

he

conductivities of

sol utions prepared using other salts, e.g., lithium
bls(trlfluorogﬁ;p’ quonate)irn'de 30 (Li N(CF[err]SCIerr] 'H’f' and

t he concentration pendence of the -3eenductivities of L

solutions were al so neasured. Conductivities mere nmeasur ed
in 1 nol dniery Li PF[err] sol utions, in cases wherein Li PF6 was
poor |y sotubPesh tﬁri'ésé’o AmatograpRy éﬁPJIH"PF8°§BFHH%sﬂﬁ§Pe 35
used. chromatitfgr&aphil&42ica gel using ethyl acetate as the

PCT/U897/09053? nt. One fractlon was collected Za the
El ectrocheni ca aracterizatl g clic

\Rﬁ°&%°t was

tamTetry Cyclic

vol t ammogr ans bfolated thip ’?ﬂ“Pf"éF‘EthBI EE‘t‘Yboﬁé%et\EéPebeF‘aﬁfé)d in a three-

el ectrode 6&el | evayslerataiorar gaheatfinaphpreédudihaval @aekdode

carbon as wor ki g, ee‘,c%ect gq'e@maep}ésco%osft%ngesrekf&% 1%(1':%

[ithium as referenc cases

Sis Er.dveyr@pgk-as sy
b|||ty

of the sol vent9el P°]a)g%ﬁ'h§th9tr°ﬂh’tﬁ/a§1&%%03%“5@%1%\9?@?@"% count er

el ectrodes. 10 Cell Testing: Fire-retardan

had acceptabl e solvent properties det Lo £s describ
tested in a variety of electrochem CaE_C#S—‘

cel | s. DCYhar ge/ di scharge cycling Mﬁéﬁ-ﬂﬁents wer
hi gh-density pol yet hyl egeid5S(et olyek

counter, and Iltfn1qg %?ayg§9ggpﬁhﬁg&é&g&gﬁg&%aggter

of I|th|umrretal in the sol ated ont

t electrolytes that
ed above were
. Li|Ni
e conducted in a
tel i t hi um f oi
mne the stability
0 t he ni ckel

el ectrode at a ’é%?ﬁaaﬁf'cdeﬂ r8nfHz(di t"&i'sof’ripare‘l as follows.

Chloroethylformate (10.8 gm; 0.1 mol) was added to a

15 mixture of ethylene glycol (31 gm; 0.5 mol)

and pyridine

(7.9 gm; 0.1 mol) in THF (80 ml) dropwise at 0°C under an
inert atmosphere. The mixture thus formed was stirred

overnight at ambient temperature. The THF was evaporated

off and the residue was dissolved in methyl
20 and washed several times with an aqueous sa
chloride solution to remove ethylene glycol
The organic layer was dried overnight over
Na,S50,. The solvent was distilled off, and

ene chloride
turated sodium
and salt.
anhydrous

the pure

product was distilled at about 50°C under reduced

25 pressure.
A solution containing 4.02 gm of

(2-

hydroxyethyl)ethylcarbonate and 7.7 gm of DMAP was
prepared in 25 ml benzene and cooled to 0°C on an ice
bath under an argon atmosphere. Phosphorylchloride (3.06

30 gm) in 5 ml benzene was added drop-wise to

the solution

which was then stirred at ambient temperature faor 3 hrs
and refluxed overnight. The reaction mixture was then
filtered, chloroform (100 ml) was added and the mixture

was washed with brine (50 ml). The washed,

organic phase

35 was dried over anhydrous Na,SO, and rotary evaporated to
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mA cnferr] for one hour; the total charge passed was 3.6 C 20 cnerr].

- The cell was then cycled by alternately stripping (di scharge) and
plating (charge) 1.2 Ccnferr] of Li from the nickel electrode at a
constant current density of 1 mA cnferr] for twenty mi nutes or, during

the stripping weonddgacess, until the nickel electrode potentj ed 25
+1.0 V versus Li| Lll[é'rr]. The cell was deeypd to have fail ed Mms;ﬁﬁg% t he

charge passed during the stripping step, Qerr] was | ess than 50% of
t he charge passed during the plating step %err]. The paraneters of
¢

interest are thedNAss, yielddng cycdigmefoPsoaart ute,9aqed ¥iedd-t he

cycling 30 ef fiminmcys @herfésioMd Ghdizatalicthat athedseQctibh Fad

/ . | _ .
and an i cat i 1P he BPRFEbIT Lt i rhghacostdat, i Sy poBtateY T
ii. Li|Li cells.sepiadetwe woptst emnedf whdsh cesrespasiacitel fgel it hi um

anodes and cat hogkesaund a SUBSTI TUTE SHEET ( RULE
26) - WO 97/44ﬁﬁ2 . h -%8- ed lie

PCT/ US97/ 09053 i t APEnFPRIMISARS SPEOPREAT-2 Tt 1d8RsPRY of 3
mA cm 2 ancRhagsarjided ihnBxandgle3@ -ni fbeeslvpte Wsedinigd underyale the
cell, although tymowwinf @&t yaki1ausi I£dm AW ferd) oftngkihar ge/ di scharge tinme

(i.e., depth of fuéﬁg%yé%;kdwgigxyethyl)phosphate which was used as is to -
10 prepare fire-retardant electrolyte compositions or fire-
retardant gel polymer electrolyte films employed in
batteries.

Example 5
15 Synthesis of

4-Dimethylethoxysilyl-i,2-butylene carbonate
A solution prepared from dimethylethoxysilane

(3 gm) (Aldrich), l-ethenyl-ethylene carbonate (2.28 gm)
(Aldrich) and 200 mg Pt/C in 15 ml THF was refluxed for
20 18 hours under atgon and cooled. Completion of the
reaction was confirmed by !H-NMR. After filtering the
reaction mixture, the solvent was removed by rotary
evaporation and the residual liqﬁid was vacuum distilled.
Fractions were collected during the distillation process
25 {1: 35°Cc, 2 drops; 2: 90°C-100°C, 0.8 ml; 3: 125°C, 3
ml). The product (2.7 gm) was recovered in the third
fraction and used as is to prepare fire-retardant
electrolyte compositions or fire-retardant gel polymer

electrolyte films employed in batteries.
30

35
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5 also paranmeters noted. An overpotential of 2.0 V at ei ther Li

. el ectrode was considered as an indication of failure. The objective of
these tests was to neasure the. lithiumFigure of Merit ("FOM') in the
sol vent of interest and to judge therefromthe suitability of the 10
sol vent for | 0 condary cells. iii. Li L IRl I'ls.
The hi gh deng? ﬁb*”if pol yet hyl ene cel | s_gdgscri bed above meF%hﬁgﬂé b test
sol vent el ectrol ytes agai nst cat hodes used in comerci al pri mary

cells. The cathode materials used were iron 15 di sul fide (FeS2) and
manganese di oxide (Mh(Jerr]). Cathodgxample 8ere prepared by m xing 85
w.%FeS[err] or Mah(Jerr] % 9 &r? b#%ﬁg%g'th 10 wt. % PVdF
bi nder then pressing the Hifdod .iég 5 ? Ay bstrates (0.5
cnerr] to 2 cnferr]). eat SR LAy 1phpgebake g0 err ] C over ni ght .
Cells were 20  assenbl edhisosdmiase sestheBas, thd igreparbeibnagodes and a
lithiumrefere C . L. nsi de op-fi!l ry- s ox. The
assenbl ed C52| I s%%%grgéﬁr Ee:%ggbéﬁ%% tl‘ﬁghg;lg- ﬂ%&éi aﬁ‘q’d%ddadll'égﬂ%lrbed at .
vari ous currentcaibadet ppd asfixpretardapicedechtervd®y tester. The objective
of these tests was 25 tReCpiRRtat@anteet eoersritealvapeptapapedecdf the

solvents with C lal primary.cells. . efgi zerferr]
l'ithiumcell (bgﬁ’l%egkgr ?W%ﬁ/@? e‘%&‘ °I§a1%étlgf" 1%%[15 (1'°vv§£.[fgie la"gh(a)a

basel i ne. in triethylphosphatg ﬁﬂ@@@éndéi?r{ihﬂ:§°“Fﬁé"ﬁ09pb%% of 30
these testw wagwe)dainethpepyd®iditioralte Mandkichimlsea co, gewatataryt es
coul d be used iyl 'etlf*l.hld%g%g”éjc?{%idn Sas bedétﬁfrﬁ\r gegqblgy PRELEries. The
experiments were perforne using a cef™W a lithium anodé or a
carbon anode, #epParatprCéCpigard® r2iG0n ehECFOPRYS ittt SALRPAEI BS cat hode,
and a |ithium Prepatreticresness!| ppivode. Lilitle[r |5 parasCek esedtyamer at or was

used to 974 ) 5.
PCT/ US97/ 0195053 black \.di ﬂ) é§r425 PVAF dispersed .uggpropylene

carbonate:ethylene carbonate (1:1 v/v). The composite
cathode paste formed upon heating to 170°C was then
applied on an aluminum current collector and hot pressed
(approximately 10,000 lbs of pressure for 1 min at 120°C-
130°C to form a film. After drying, the cathode was
20 back-filled with the liguid electrolyte. The anode, the
separator and the cathode were layered to form a battery
having a total thickness of about 15 mil.
FIG. 1 shows the potential profile for the
battery and each individual electrode upon cycling.
25
Example 7

Full Cel)l Testing
A. Primary Batteries. Li|FeS, and Li{mno,

primary cells with lithium reference electrodes vere
30 built to evaluate the performance of nonflammable
electrolytes. The cell body was made of polypropylene.
The solvents tested include triethylphosphate ("TEP"),
TEP dimer, methoxyethyl diethyl phosphate ("MTEP") and
mixtures thereof as indicated in Table 1.
35
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i nprove cycl
prepared as
various curr
and 3.5 V5

ability of the lithium The cathodes and cells were

descri bed above. Cells were cycl ed gal vanostatically at

ent densities bet ween cel |
(di scharge). C. Flammability Tests

voltage |imts 4.2 V (charge)
T

tests were usedyw@oiiaier M ne the flammability of fire-retg
The first was 10 differential scanning calorinetry P?’g%@’?nsﬁn

sol vent s.
whi ch

lithiumto expose potenti al
solvent either by itself or in contact with

sanmpl es of the solvents were heated with and without

t hermal hazar dgs.associ at ed with the

materials likely to be

present in a cell. Ttge;sgcqnd,]é -t gchnifgue,was ac;:el gratjng rate
H n 1 o~ . . .
calorinmetryf("ARC"). AR S 8n Madi Bbat'i ¢ tal 3ri feter™i nwhith |heat
evol ved fromthe test sanple is used to raise the sanple
tenperature; ARC is,_ ducted by pl aci ng a sanple in a sanpl e bonb
inside an ipsul ati n§3g c;&et’ Arg afh ARG 20 Zang@l ysis, Zthe gu‘:a lezis qedted
to a -presel bct ed i nERizql ~ tenperature and held a perl o) tFme T o
achi eve thef equilibrium A search is then conducted to neasurg the
rate of heat galn ("self- heatlng") of the sanmple. If the rate of
sel f-heating is Iesg-atz presed &abe -after khe.25 o PrROGy asmed tidre
i nterval (typl cal | y3 §& ZTeF’rI"C“Tn"l’l[fér?])"' t"h_e » sa‘f‘rplé’t"’enT)eratur‘E ils
stepped to F\ new val He and the heat -wai t - search sequence i s repedted.
Once a selft heating rate greater than the present value is neasurfed,
the heat-wajt- searoﬁ" quepce is abandoned; thg only 30 _ heating suppljied
to the cal orlrreter YL @fnelb |e~s;ﬂ‘@1t,,_ 5 gqulred te rm;lra,ta{n ghe s
adi abatic cp t| ore ween t he ~ sanple and.the jacket. Heat generelt ed
fromthe reacti’ﬂon inside the sanple increases its tenperature and
pressure, Zthergbylincreasing the rate of the reaction. See, e.g., |35
Townsend et| alé (1988%| TheEnficlli @ AcBa237:A. 2Thils 2 222 =2 =
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-- 30- techni que provide information for thermal hazard

eval uation, material handling procedures, and can provide addi ti onal

i nformati on on the energies of activation, storageability, and other
fundanmental th rm}')ki netic 5 paraneters that are not avail abl e usi ng ot her
t echni ques. 97/44842 _Exanpl e 1 PCT/US97/09053

Synt hesi s of 10 =36 [err] Et hanol
(2.3 gm and pyridine (3.95 grr) wer e di ssolved in 5 ml benzene and the

sol ution was CQR' §&’di@1on, t‘i‘n@ Q.'EEféEt' &€ Qf’ééli dl-tert-bu
ZChIor0132 oxa ﬁiNd”Ch) in

h
benzene (2 m )9 §r’P‘R’é*?OF£ ("DT§Hdéd(ﬁ?‘6’p31W)sé’atsoat1ﬁ8 g’g;' Fprtediorm a

reaction i Mt ULRF, Tax= thacsadbh used uire thaset hests! i rfhed at
anb' ent temera&a&&éﬂé el We gaqdneé&gdaﬁt 63l B:Hi‘xtfeischarl%@nm her hour.

. redistil
pr operti es >of FH’érT)‘PBoQRRS‘&ﬁerSe§H5nHEBP?’Ba‘E‘%R?§e previously reported
(Kluger et al., supra; Tehe restlak. from sekagiresl typihalf systens sidel | ate was

used to prepar ehaa,,ﬁem Tab][e[ gt ar gapt tﬁéeﬁi Lfdf.e/t SyS0ER0 Stﬁé Ui fifar

fire-retardant nmer el ectrol I N battgrles

Aot ko P LAY i e
A sol ution consatisfigctiory) mpaudds weraetbadreichatyethaent dévslitiycl)f and 7.7

gmof 4-dipp 3, FERAVELRTE RQRYAbYLRE (7 r@/@yl)l (r§h.9£@és“@§r QJo%Qaro%dthE 25

m benzene and oled to Olerr]C.on an i cge nder
Lg?Fesz cells tested were guite stab%e and close to 1.5 V

during the entire discharging process until the
theoretical capacity of the Li anode was reached, as
indicated by a rapidly increasing anode potential. At

15 40°C, the cell shows better performance, presumably due
to higher conductivity and lower viscosity of the
electrolyte. Similar results were obtained for the
Li|Mno, system.

B. Cyclability Tests (Li[Li Cells}. The

20 feasibility of using the fire-retardant electrolytes in a
lithium metal rechargeable battery was evaluated by
studying the cyclability of lithium between two lithium
electrodes. The DC cycling tests of Li|Li cells with
lithium reference electrodes were conducted in TEP, TEP

25 dimer, MTEP, tri(methoxyethyl)phosphate ("TMEP"), and
mixtures thereof with salts including LiPFg,
LiN(CF3580,),, LiCF;80;, and LiAsFg. A current density of
3 mA cm™? and half-cycle time of 30 min. were the
conditions used in these experiments. An overpotential

30 of 2.0 V or higher for either Li electrode was considered
an indication of failure. The results of these tests are
presented in Table 2.

35
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- added dr op-
tenperature for 3 hrs and
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Phosphoryl chloride (3.06 gnm) (Aldrich) in5 m benzene
wi se to the solution which was 35 then stirred at anbi ent
WD 97/ 44842

-31-

ref | uxed
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was

over ni ght . The“;(g@,?,an m xture was then filtered, and % 9 (100
"m) was added an he m xture was washed with brine (50 ?j '
washed, organi ¢ phase was dried over anhydrous Na[err]SOerr] and
rotary 5 evaporated to dryness, yieldimrg-7.68 gm of product (a
96.6% vyield). [err]H-NVR of the residue indicated that the reaction
had gone to conpletion. TLC chromatography in ethyl acetate showed two
spots, one of which corresponded to DVAP and the ot her corresponded to
t he product. 10 G The resi due was chromat ographed on silica pgel
using ethyf acetat E@sgt e Elahty Jh@ RrQdRCR Fag I TecoBere® i the
second, th{rd, and3¥Burth 40-m fractions which were pool ed. The
pool ed el ugte was dried under a vacuumto yield 4.5 gm (56% vyield) of
tris- 15 (et hoxyejfhoxyet hyl ) phosphat e which was used as is to
prepare fifre-retarde el ectrolyte conpositions or fire- retardant gel
pol yrer el actrolyteg(%igrri‘} S Yl Tt 8 @ Bakt&ivesa 20 ©° = T
Exanpl e 3 Zs Synt hesi s of
Tris-(2-nmef hoxvet hoxw)trifl uorophosphazene 2- Met hoxyet hjanol
(2.28 gm [Aldrich) was added drop-wse to 20 ml of a suspension |of
1.32 gm NaH (from %_5 60% W v suspension in mneral oil) (Adrich) In
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tetrahydrofuran ("THF"), thereby form ng the sodiumsalt. The

resul tant solu
t hen added dro
(Aldrich) in 2

tion was stirred at anbient tenperature for 1 hour

and

p-wi se to a solution of hexaf | uor ophosphazene (2.49 gm

Om of dry 30 THF. The reaction mx was stirred at

anbi ent tenper overnight and then refluxed for six hours. The
e, o

sol vent s

renoved salts.
and the residu
PCT/ US97/ 09053
chr omat ogr aphy
et hyl acetate
product was
evaporatiog
fire-retardant
el ectrolyte fi
Example 4 10
Tri s- (et hoxyca
et hyl car bonat e
as foll ows.

m xture oftoeth
nmol) in THF (8
m xture thus f
THF was evapor

15

20

25

30

35

volatile materialg were renoved by rB¢HF§p7/09053
evaporation. The residue was dissol ved in chloroform and

filtered to

The chl orof ormwas t hen 35 removed by rotary evaporation

e was passefder the test condl{:PoiA4E&h2 cell made with

cp s - - . t ou
ths) shectratyse, comeaition of 1 LifFg in tep (P EILG
a8 thmes. Thig snstemdst pgivateitadoconpetutl avrle f
totaiol it eledbrsRapagitiie ehhylaqittiaheobyss by 5

efectrol ns or fite-réetard

a fl ash

usi ng

Igﬁrgbggl§$%Q%%%%%§$$F§S%g 58 é cfé% p%%pghgee cyciﬁﬁ ?ﬁalyner

the éiphéyed iThisatimpriogement may be attributed to the
in situ dec?ngsitionhof eMat 8esdHdiate to produce
[ oxvet osphate_ . 2+ F
SR ———
surgprefoet hyl formate (10.8 gm 0.1 nol) was added to a
yl ene glycol (31 gm 0.5 nol) and pyridine (7.9 gm

?;8 %%?I‘g)ar ed

15
0.1

O mM) dropwise at Oferr Ca ggr an I nert atnosphere. The

ormed was stirred ~at _anbi ent tenperature.
at ed Makerials Safety: Accelerating Rate Calorimetr

In order to assess the potential explosive
hazard of the fire~retardant electrolyte compositions,
the thermal characteristics of the solvent mixture TEP
(47.5% v/v), MTEP (47.5% v/v) and DTBD (5% v/v) were
evaluated in an aerobic environment in an accelerating
rate calorimeter (ARC) as described above.

FIG. 2 depicts the self-heating rate as a
function of temperature for strips of lithium metal
immersed in the TEP:MTEP:DTBD mixture and for the
electrolyte used in a commercial primary lithium battery.
In both cases, the electrolyte contains 1 M salt (LiPFg
for the flame-retardant electrolyte and LiCF;S05 for the
commercial battery electrolyte) and a strip of lithium
metal (10 mg). The total weight of the solution was
about 2.1 gm for both mixtures.

The results depicted in Figure 2 show that both
electrolytes exhibit exothermic behavior beginning at
about 160°C. The flame-retardant electrolyte system
exhibits a maximum self-heating rate of 0.38°C min~! at
178°C. By contrast, the commercial electrolyte exhibits
a larger exotherm with a maximum self-heating rate of
1.76°C min~! at 191°C. The flame-retardant electrolyte
exhibits a second small exotherm between 200°C-230°C, but
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of f and the residue was di ssol ved in met hyl ene chl oride 20 and washed

.several tines with an aqueous saturated sodi um chloride solution to
renove et hyl ene glycol and salt. The organic | ayer was dried overni ght
over anhydrous Na[err] SO err]. The solvent was distilled off, and the
pure produgl MRsesli stilled at about 50[err] C under reducgg.[,g,gg-,,o,os_,,
pressure. A sol ution contai_niyng 4. 02 gm of (2-

hydr oxyet hyl ) et hyl carbonate and 7.7 gm of P was prepared in 25 mi
benzene and cooled to O[err]C on an ice bat h under an argon

gt nosphere. Pﬂoszﬁaowtsillméﬂa;&r%ea%uﬂm@ tiHese Iﬁhobeﬁéﬂﬂ&‘w&sadded
rop-w se to the u | S en rr
t enper ature for éggg Eﬁgp that F?UXG (d)'\S/lélrrr‘l %%'ﬂ S?.ﬂg% g.g?l on m Xt ure was

t hen filteré&he éﬁﬂ%ﬁ%ﬁkﬁkﬂh?f@@rﬁi?1ﬂE§r%hﬂ§ﬁ and the mxture was
washed with brine (50 m). The washed, organic phase 35 was dried over
anhydrous Najeerr] SO err] and rotary eva o] WO 97/ 44842
nen U597 00055 E&&ﬁé_’_ 33- dryness,

5:1.-

yielding 7.68 gm of prot® QB_6 EPANERT t he resi due
I ndi cated that the reaction hadpgp angyxﬁhgman@oggtﬁbmaub TLC chr omat ogr aphy

In ethyl acetate showfd fM{ %ROE§ lgﬁgl&g g!g ng LEESRE {EE%Lt‘D the 5

product . onat’ o on Si
as described in E}é&ﬁﬁl‘ét?) 1mﬂ=,e e(ll1}§t(€l"mﬁ%3)ctr)| @esma%ﬁ'a%ﬁd in av&é‘&UPrN'—o
yield 3.9 gmo(57%ygptend¢ompoddd Df ethylefithexysaidrenyEpxyet byl ) pmsphat e

whi ch vas used ago, §m§ Taafﬁeeo%egdtlfggyggww‘m el BILEPbX £ £HTRRE {1 0N

or fire- ar

batteries. to be X 10 cm ! by AC impendance analysxs

A battery comprising a lithium metal anode, a
LiMn204 cathode and a fire-retardant electrolyte may be
15 made according to the procedure of Example 6 substituting
the ethylene carbonate:TEP solvent system for the TEP.
It is anticipated that the potential profile for the
battery and each individual electrode upon cycling will
be similar to that depicted in FIG. 1.

20
Example 10
Preparation of a Lithium Battery Containing
00
[ IP\
O OC,Hs
25

A battery comprising a lithium metal anode, a
LiMn,0, cathode and a fire-retardant electrolyte may be
made according to the procedure of Example 9 substituting

09
30 IP\
O OCyHjs

prepared as described in Example 1 for the TEP in the
ethylene carbonate:TEP solvent system. It is anticipated
that the potential profile for the battery and each

35
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Example 5 15 Synt hesi s of

4- Di met hyl et hoxysi |l yl -1, 2- butyl ene car bonate A sol ution
prepared from di net hyl et hoxysi | ane (3 gm (A drich),

1- et henyl - et hyl ene carbonate (2.28 gm (Aldrich) and 200 ng Pt/Cin 15
m THF was reflu 20 18 hours under argon and cool ed. _Conpletion
of the reac?ﬁgﬁk&gé confirmed by [err] B NVR After filterﬁﬁﬁﬂgﬁ@”m”
reaction m xture, the solvent was renoved by rotary evaporati on and
the residual liquid was vacuumdistill ed. Fractions were collected

during the distil iagiebdpiDcersctipde Gpon3Eyelind widldbepsinPlar to that
90[err] C-100[ err] gﬁgg?ﬁegddin 35"161.2":1[.9”] C 3 m ). The product (2.7 gm
T

was recovered in t fraction and used as is to prepare
fire-retardant el ectrolyte conpositions or fire-retardant gel polyner

electrolyte filnms enployed in batteries.exgdfple 11 35
SUBSTI TUTE SHEET (RULE 26) Preparation of a Lithium Battery

Containing Tris-(methoxyethoxvet osphate
A battery comprising a lithium metal anode, a

LiMn,0, cathode and a fire-retardant electrolyte may be

made according to the procedure of Example 9 substituting
10 tris-(methoxyethoxyethyl)phosphate prepared as described

in Example 2 for the TEP in the ethylene carbonate:TEP

solvent system. It is anticipated that the potential

profile for the battery and each individual electrode

upon cycling will be similar to that depicted in FIG. 1.
15

Example 12

Preparation of a Lithium Battery Containing
Tris-(2-Methoxyvethoxy)trifluorophosphazene

A battery comprising a lithium metal anode, a

20 LiMn,0, cathode and a fire-retardant electrolyte may be
made according to the procedure of Example 9 substituting
tris- (2-methoxyethoxy) trifluorophosphazene prepared as
described in Example 3 for the TEP in the ethylene
carbonate:TEP solvent system. It is anticipated that the

25 potential profile for the battery and each individual
electrode upon cycling will be similar to that depicted
in FIG. 1.

Example 13
30 Preparation of a Lithium Battery

Containing Tris-(ethoxycarbonyloxyethyl)phosphate
A battery comprising a lithium metal anode, a
LiMn,0, cathode and a fire-retardant electrolyte may be
made according to the procedure of Example 9 substituting
35 tris- (ethoxycarbonyloxyethyl)phosphate prepared as

SUBSTITUTE SHEET (RULE 26)
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. - 34- Exanpl e 6

Preparation of a LithiumBattery Cont ai ni ng

Tri et hyl phosphat e Thi s exanpl e descri bes the preparation of

ab battery @B”ﬂ?/ﬁlﬁi ng a lithiumnetal anode, a Li I\/h[err]dl,?{.,;‘,l;9 09053

cathode and a tire-retardant electrol yte—-41~ I re-retardant

el ectrolyte was prepared to have the foll owi ng conmposition: LiPF[err]

(1.0 M (Aldrich) in triethylphosphate ("TEP") (Al drich) containing
10% 10  (v/v) deseribedyimEuanpiat 4 € dehe HERdnatle] eERY Lefther at or .

The el ectrol yt ecaebohaed: ¥85 fJRRAEedyster. 1 18 list Bhekcipates apaiaithe

(Cel gard[err] 250 S|te cat ho e Wwas LEP 85 parts
of Li Mq[err]quP}Q'z’—"Elﬁgr Ko eacf@f"yl%bﬁ tter}blaé’gkeg f %&\g‘éﬁ‘mpvw

di spersed in preppFtredd Suporanisdiagewél hybersingdagokat Engh: derdigbed The
conposite s gatpede paste formed upon heating to 170[err]C was then
appl-ied on an alum num current collector and hot pressed

(approximately 10,000 | bs of pressure for 1 mn at 120[err] C

130[err]Cto forma film After dryingxampdecithode was 20  back-filled
with the liquid elect rg{.gﬁ&atl‘@}p oqngdglt DSm Batte¥9PabALSEN t he cat hode
were |ayered to form attery a a to t LCKNESS of . about 15

mil.
battery andt@®ach i ndi vi duil battany MPuéshn@ytlhwgliUESmetal anode,

Exanpl e 7 LiMn,0, cathode and a Fulé-k&ldrahest éméctrolyte may be

Prlrrary Batterles o
it hi um ref er en®89§) 88%?5%& v@lé? Zthf()prlg g‘ t%)f evaamﬁ’atee %Mbg %‘&m ce of
nonf | anmabl e 1,leddvetbyyt é‘é-etﬂYdeéiéah’llebedyamat@de%floﬁbﬁyb?%yI ene.
The sol vents tegr@gakaal He€ad<dainnd amoseaaab@e (5 R khe TEP IRPuih mer,

et hoxyet hy), di eLiyl, phosphale, (T MERb1308e. sysedh Xt HEeTs! DRE O pASea

that the potential profile for the battery and each
individual electrode upon cycling will be similar to that
depicted in FIG. 1.

20 ; Example 15
Preparation of a Lithium Battery Containing

Perfluoropropylene Carbonate
A battery comprising a lithium metal anode, a

LiMn,0, cathode and a fire-retardant electrolyte may be

25 made according to the procedure of Example 9 substituting
perfluoropropylene carbonate that can be prepared from
propylene carbonate using the method described in
European Patent Publication No. 0557167 for the TEP in
the ethylene carbonate:TEP solvent system. It is

30 anticipated that the potential profile for the battery
and each individual electrode upon cycling will be
similar to that depicted in FIG. 1.

35
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PCT/ US97/ 09053 -35- [err] WO

97/ 44842 PCT/ US97/ 09053

- 36- In addition, the effect of added di-tert-butyl di car bonat e
" DTBD" Al dr. s al so investi gat ed. 1 MLiPF[err] was the salt
l(Jsed in)tgese ‘*ég%’%"x\ﬁThe measur enents were conduct ed atPERYPZPWAR

di scharge 5 current densities and tenpeﬁ&fures. The results

fromsel ected typical systens are shown in Table 1. For the

Li| FeS[err] system the discharge Exampik€RE densities applied range from
0.24 to 2.0 mM cnferr]. Satlsfac er results mere obtajned at current

density of 10 1.0 & HS or nost  of
t he Li| FeS[err] and close to 1.5 V

of the Li gnode vas ?22?%9%{&%"98@*9“‘4 : E‘%ﬁhwm AR el P
anode poteﬁtlapi N0, cathode and a flre-retardant electrolyte may be

made according to the procedure of Example 9 substituting

perfluoropolyether Galden® HT90 (formula weight = 460)

(Harris Speciality Chemicals, PCR Division) for the TEP

in the ethylene carbonate:TEP solvent system. It is

10 anticipated that the potential profile for the battery
and each individual electrode upon cycling will be

similar to that depicted in FIG. 1.

Example 17
15 Preparation of a Lithium Batte Havi a
Carbon Anode and Contajning a Nonflammable Electrolyte
This example describes the preparation of a
battery comprising a carbon anode, a LiMn,0, cathode and
a fire-retardant electrolyte.

20 An electrolyte solution of 1.0 M LiPF¢ in
ethylene carbonate:TEP (1:4 v/v) is embadded in a 1 mil
thick separator (Celgard® 2500). The carbon anode is
prepared from a composite of 90 parts coke carbon (Ucar
Carbon) and 10 parts PV4AF in propylene carbonate:ethylene

25 carbonate (1:1 v/v). The composite is compounded at
about 170°C for about 5 min and then hot pressed (10,000
psi, 120°C-130°C for 1 min) onto a copper current
collector. After drying, the anode is back-filled with
the electrolyte solution. The cathode is prepared from

30 82 parts LiMn,0,, 12 parts acetylene black and 6 parts
PVAF dispersed in propylene carbonate:ethylene carbonate
(1:1 v/v). The cathode mixture is compounded at 170°C
for about 5 min and then applied onto an aluminum current
collector by hot pressing as above. After drying, the

s cathode is back-filled with the liquid electrolyte. The
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15 '40[err]C, the cell shows better performance, presumably due to

hi gher conductivity and | ower viscosity of the electrolyte. Simlar
results were obtained for the Li| MiJ err] system B.
Cyclability Tests (Li|Li Cells). The 20 feasibility of using the
fire-retardant electrolytes in a l'ithiummetal rechargeable battery
was eval uat ed byWO9744842 udyi ng the cyclability of [ithium bet wRETUSHKH053
| ithium el ectrodes. The DC cycling t#sts of Li|Li cells mﬁth
lithiumreference el ecirodes were conduct ed in TEP, TER 25 MTEP,
tri (methoxyet hyla)"ﬁﬁﬁsp he cSepamaior) angd,ghe cathodg ars *H@Fﬁﬂf %dPPEaI ts

I ncl udi ng Li PF[ ar battery havivid G-[teta)lSChéckheserof ,auguCFpérm}Bq err], and
Li AsF[err]. A current density of 3 mMA cnferr] and half-cycle tine of
30 min. were the conditions used in these experinents. An
overpotential 30 of 2.0 V or hi gher 3—’-@&&2—#& Li el ectrode was
considered 5 an indi cat| (Palof i ' e<RH dafntt hese tests are

presented in Table 2. g]eg trol:zte F;Jm cOntaln;ﬁl_f gl TUTE SHEET (RULE

26) WO 97/ 44842
PCT/ US97/ 09053 In a dry box, LiPF¢ (1 gm), PVAF (2 gm) and TEP

(6 gm) were mixed and heated to 120°C until a clear melt
was obtained. The hot melt was poured into a mold and
10 pressed. After cooling to ambient temperature, a free-
~ standing film was formed. The conductivity of the film
was determined by AC impedance. The ambient temperature
conductivity was found to be 1.76 x 1073 8§ cm™i.

15 Example 19
Preparation of a Fire-Retardant Electrolvte
Film Containing TEP and Ethylene Carbonate

A conductive film comprising LiPFg,, PVAF and a
fire-retardant electrolyte may be made according to the
20 procedure of Example 18 substituting a solvent system
cdmposed of ethylehe carbonate:TEP (1:1) for the TEP. It
is anticipated that the AC impedance for the film will be
similar to that measured in Example 18.

25 Example 20
Fabrication of a Fire-Retardant
Electrolyte Film Containing

09
IP\
0 0C,Hs

30
A conductive film comprising LiPFg, PVAF and a
fire-retardant electrolyte may be made according to the
procedure of Example 19 substituting
35
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-37- [err] WO 97/ 44842

PCT/ US97/ 09053 - 38- Under
the test conditions, the cell nade with the el ectrolyte conposition of
1 MLiPF[err] i n TEP can cycl e 15 tinmes.. This systemis equivalent to
one full cycl e\H 974 total Li electrode capaC| ty. The addition of 5% DTBD
5 inproved the “%¥%bility to 48 cycl es,,0r three cycles ofcTUSST0gY
lithium This inprovenment nay be attri buted to the in situ
deconposition of the dicarbonate to produce car bon di oxi de, thereby
passivating the |ithium el ectrode upf aces. 10

Exanpl e 8 Materials Safety: cg?ferating Rate Calorinetry

In order to assess the potential explosi®®CHs hazard of the
fire-retardant el ectrolyte conmpositions, 15 the thermal characteristics
of the sol vent preganed 3EPdescrilfetV. ﬁ%m/amplel\/ﬂ'EEb:( Aheb%EP/ iph el DIBD (5%
viv) were s e@&?l‘éﬂree@ai-goﬂgtéaf%b ac%l%'&\é‘tr QPREM £d} Q:'i';ea‘i@?' erptifg

rate cal ori net describ 2 depicts

F
the sel f-heati rﬁj‘tr‘ﬁié’ fed that the G jigwegpreenher Sy &8y "’%Hl’ﬁ% of
lithiumnetal similiammtosebat méedsparEdP:iMIERaBPB® I3 xture and for the

electrolyte used in a commercial primary lithiumbattery. In both
cases, the electrolyte contains 1 Msalt (LiPF6 f or the
flame-retardant el ectrolyte and Li CF[@#—’]!%H—&%] for the 25 comer ci al
battery el®etrolyte) and a idn tdfi anFire~-Retardant

Electrolvte Film Containin

Tris-(methoxyethoxyethyl}phosphate
A conductive film comprising LiPFgz, PVAF and a

fire-retardant electrolyte may be made according to the
15 procedure of Example 19 substituting tris-(methoxy-

ethoxyethyl) phosphate prepared as described in Example 2

for the TEP in the ethylene carbonate:TEP solvent system

for the TEP. It is anticipated that the AC impedance for

the film will be similar to that measured in Example 19.
20

Example 22
Fabrication of a Fire-Retardant
Electrolyte Film Containing
2-Methoxyethoxytrifluorophosphazene
25 A conductive film comprising LiPFg, PVAF and a
fire-retardant electrolyte may be made according to the
procedure of Example 19 substituting 2-methoxyethoxytri-
fluorophosphazene prepared as described in Example 3 for
the TEP in the ethylene carbonate:TEP solvent system for
30 the TEP. It is anticipated that the AC impedance for the
film will be similar to that measured in Example 19.

35
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metal (10 ng). The total weight of the solution was about 2.1 gmfor

bot h m xt ures. The results depicted in Figure 2 show that
bot h el ectrol ytes exhibit exotherm c behavi or begi nning at 30 about
160[err]C. The flame-retardant electrolyte system exhi bits a maxi num
sel f-heating rat eywgfo; [err]C mn[err] at 178[err] C. By

the comercial electrolyte exhibits a -lag-ger exotherm w t hge%ggﬁ%%?n
sel f-heating rate of 1.76[err]C min[err] at 191[err]C The

flame-retardant el ectrolyte 35 exhibits a second smal |l exot herm between

200[err] G 230[err] C, but

PCT/ US97/ 09053 Fabrication of a Fird@-Retardantthe total heat

| i berated during these two exot % . at |iberated

dur| ng the single exotherm of rﬁ—rﬁgig:fm%}'lﬁ 2 ttg% ih el ectrol yte. 5
Exanpl e 9 Pr epdizasroats YL@ BE B APNDERTELE ng

TEP and Ethyl ene Carbonate a conductlve fllﬁtééﬁpﬁléyhgotle higwarF and a

bls(trlfluoromathgne- N quo fg%ﬁyg 'g gcs‘{agrrlis%err %[erréy

prepared in a sol veRE-IBEAr Nk e(? X5 WY A%yPESe2E5Ph3A e(1 1)

The room t enpyeaedure cofiBxampliet §9ofubst stwlwing tyhswisthoxyrd

be 2.82 x 10[ef 1] cBrb8helélydihylphiBBRAEsCE: QAIASIaS. descr ibed in

battery conpri si ngr’f?mélllec ro?r té’alng,% ggglgﬁe ethdflene BLCLErr,i_%‘g:at hode

and a fire-retard e ACcorarn
procedur e of 1IB<an'§PéVB"'§u%E$HIUtﬂ°Wg the TEPhe % hif éﬁ’élé’ap%ﬁét‘é"ﬁﬁ%l vent
system for the TERC impeddhcé Starithel patmdwihtnd hamiokentbatnpgofile for

t he battery %QQSSQQQ in )yalmdplial Sl ectrode upon cycling will
Example 24
15 Fabricati of a Fire-Retardant

Electrolyte Film Containing
1.1-Dimethyl-(l-ethylethylene carbonate)~ethoxysilane

A conductive film comprising LiPFg;, PVAF and a

fire-retardant electrolyte may be made according to the
20 procedure of Example 19 substituting 1,1-dimethyl-(1-

ethylethylene carbonate)-ethoxysilane prepared as

described in Example 5 for the TEP in the ethylene

carbonate:TEP solvent system for the TEP. It is

anticipated that the AC impedance for the film will be
25 similar to that measured in Example 19.

Example 25
Fabrication of a Fire-Retardant
Electrolyte Film Containing

30 Pe o o ene Carbonate
A conductive film comprising LiPFg, PVAF and a
fire-retardant electrolyte may be made according to the
procedure of Example 19 substituting perfluoropropylene
carbonate that can be prepared from propylene carbonate
35 using the method described in European Patent Publication
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be simlar to that depicted in FIG 1. 20

Exanpl e 10 Preparation of a Lithium Battery Contai ning

[err] 25 A battery conprising a lithiumnetal anode, a

Li Mi[err]Jerr] cathode and a fire-retardant el ectrolyte may be made
according to the grocedure of Exanple 9 substituting 30 _
[err] pr eB2PEY % described in Exarrpébe_l for the TEP i nP¢THSS7/09053
et hyl ene carbonate: TEP sol vent system It 15 antici pated that the
potential profile for the battery and each 35 WO 97/ 44842

PCT/ US97/ 09053 No. 0557167 for the TEP in the etHfiene carbonadeyirgpal

el ectrode upon cycling wll be sipilar tq.that eni.ct i,n FILG 1
Exanple 11 5 solvent SYStﬁP‘epafnﬁt*%r?r&lcngFFﬂiW%&ﬁee%% impedance
Cont ai ni ng Tri s- (et ey dtilaxyéel bybe phiosiplzat &o that measured iA Basmply

conprising a |ithgim nmetal anode, a LiM[err](Jerr] cathode and a
fire-retardan% el ectrolyte may be '

Example 26
Fabrication of a Fire-Retardant

Electrolyte Film Containin

Perfluoropolvether
10 A conductive film comprising LiPFg, PVAF and a

fire-retardant electrolyte may be made according to the
procedure of Example 19 substituting perfluoropolyether
Galden® HT90 (formula weight = 460) (Harris Speciality
Chemicals, PCR Division) for the TEP in the ethylene

15 carbonate:TEP solvent system. It is anticipated that the
AC impedance for the film will be similar to that
measured in Example 17.

Example 27
20 Fabrication of a Fire~Retardant

Electrolyte Film Containing a Polymethyl
Siloxane with C;HgOC,F,SO,Li Pendant Groups

Lithium triflate polysiloxane (polymethyl
siloxane with C3H¢OC,F,SO;Li pendant groups) was
25 synthesized as according to the following scheme and
procedures:

CH,=CHCH,Br + CF3-0 —-—-c—-—=s > CHy=OHCH,0C,F,SO,F

(1) (2) (3)

35
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made according to the procedure of Exanple 9 substituting 10

.tris-(met hoxyet hoxyet hyl ) phosphate prepared as descri bed in Exanmple 2
for the TEP in the ethyl ene carbonate: TEP solvent system It is
anticipated that the potenti al profile for the battery and each

i ndi vi dual electr upon cycling will be simlar to th | din
FIG 1. 15 Wbl ' Exanpl e 12 %T’g%ﬁ’g&rsgti on

of a Lithium Battery Contai ni ng -47-

Tris-(2-Met hoxyet hoxv)trifl uorophosphazene A battery
conprising a lithiumnetal anode, a 20 LiMn[err]J err] cathode and a
fire-retardant el ectrol yte‘l-"l’f’ay be ﬁ@{*mde accor df § to the procedure of
Exanpl e 9 substitutin tris-(2- hoxyet ho iL£{ uor ophosphazene
prepared as ”Heschi bed*sllr?lzxarﬁ)'l"é'?"f‘b%/-eﬁ he@PE ii%it he et hyl ene
carbonat e: TEP sol vent system It is anticipated th tﬂéd@zﬁgozppot enti al
profile for gsthe battery and each i ndi vidual el &ctrddé upon cycling
will. be simlar to that degjcted in FIG 1. (5)

Exanpl e 13 30 Preparation of a LithiumBattery

Cont ai ni ng Tri s- (et hoxycarbonyl oxyet hyl ) phosphat e A battery
conprising a lithiumnetal anode, a LiMi[err]dJ err] cathode and a

fire-retardant el ectrolyte may be nmade] according to the procedure of
Exanpl e 9 substituting l§50 tris-( tfifgiycar onyl oxyet hyl ) phosphat e prepared
as 10 (s) 2 SUBSTI T I[:_S§H§,I‘ET RULE 26)

(s)

15
' CH,

(6) + (CH,);5i0Si(CH;)3 =-=-=> (CH;3);5i0~(510),-8i(CH;);
| C4HgOC,F,SO,F
20 (7)
CH4
(7) + 2 LiOH ==~--ce==—- > CH;)35i0-(85i0),-Si(CH3)3; + LiF
25 CyHgOC,F4SO,F

(8)

(a.) Preparation of Fluorosultone (2):

30 In a 500-ml Parr pressure reactor equipped with
a magnetic stirrer, 50 ml of fresh sulfur trioxide was
prepared by distillation of fuming sulfuric acid. Under
stirring, tetrafluoroethylene was introduced continuously
at the pressure of 30 psi. Exothermic reaction took

35 place. The volume of the liguid content increased
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“41- described in Exanple 4 for the TEP in the ethyl ene

carbonat e: TEP sol vent system It is anticipated that the potenti al
profile ' for the battery and each i ndivi dual el ectrode upon cycling
will be simlggobhpitat depicted 5 in FIG 1.

Exanpl e 14 Preparation of a |8t hi um Battery Contl‘ﬁw&?ywns-’o
1,1-Di et hyl - (1- et hyl et hyl ene car bonat e)- et hoxysi | ane 10 A
battery conprising a lithiumnetal anode, a LiMn[err]J err] cathode

and a fire-ret qn.—éaaslﬂ:e&érﬂlé/tz%amohepmceedaﬂe a@ceadi 884 t&F e

procedure of spbstitu l-eth t.hyl ene
car bonat e) - et hox Si ?3‘%& < cru e re 55 ‘(%aesscl?qﬂgertde béx%ll T‘gi% Yt he TEP
inthe 15 et I’in@ﬂrér?eaﬁF%ohHi\bldrlﬂlmééFt‘eH@SS%U@fﬁmdl atj §hant i ci pat ed

that the potentembepathiéecof or2-tsnechat tepys ade RAHBsultoné NP2V ikl

el ectrode lboonogggkhgg Wil be simlar to that depicted in FIG 1.

20 Exanpl e 15 Preparation of a -
Lithium Battery Contai ni flg-) Preparation of (3):Perf| uoropropyl ene Carbonate

A battery comprising a | ih M uBgumah-Aeedes1dex equlbbya[mﬂqerrl cat hode
and a fire- retardang eIe troI

procedure of EXA4 'b’éﬁ dng%veregp‘éﬁrf LJ%T“(%PBBy? c%:’r'b"o‘nz?t e that
can be prepar ed°f~58mn°1) ohraiyMeand luarbdeaznd udinglt hé mmtcbascrl bed in

Eur opean Bat endiBuphe cvéiocdibinday7 1ehef ﬁIaé)h&vaEEBobmed to lmc@tamﬂ! ene
carbonate: TEP ggl ggné wsggrg\olﬁd eaé’ﬁ““ # a(tz(?dW ?gta%é%% potenti al

profile for thé bat't Phar on cycling
will be sFiﬁPPHFS?o t hatlemdpiselagipn wapqoduced after 1 hr at

room temperature. The flask was again cooled to -78°C
and 60.49 g (0.50 mol) of allyl bromide (1) was added

15 dropwise. The reaction was heated at 45~50°C for 16
hours. The mixture was then filtered to remove AgBr.
The filtrate was poured into 100 ml water and the oily
layer which formed was washed three times with water and
dried over MgSo,. Distillation gave 79.16 g (3), 76.1%,

20 bp 120-121°C. The identity of the product was confirmed
using !H NMR spectroscopy (!H NMR (CDCl/6): 4.60 (d, 2H,
CH,=CHCH,0-); 5.34~5.47 (m, 2H, CH,=CH-); 5.89-5.98 (m,
1H, CH,=CHCH,0-)).

{c.) Preparation of (S5):

25 In a high pressure reactor, 72.69 g (0.35 mol)
of (3), 80.53 g (0.70 mol) dichloromethylsilane (4) and
0.46 g (1.1 mol) catalyst chloroplatinic acid were
combined. The reactor was sealed and filled with argon
to a pressure of 50 psi and then heated at 70-90°C for 22

30 hrs. After cooling to room temperature, the product was
then transferred under inert atmosphere to a flask using
a double~tip needle. Un~reacted dichloromethylsilane was
removed under reduced pressure. Distillation gave 85.89
g (5), 76%, bp 68-71°C/0.80 mm Hg. The identity of the

35 product was confirmed using !H NMR spectroscopy (H NMR
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PCT/ US97/ 09053 : -42-
Exanpl e 16 Preparation of a Lithium Battery Contai ning
a Perfl uoropol yet her A battery conprising a lithium netal

anode, a 5 LiM[gpll4lsgsr] cathode and a fire-retardant electrglyle- ARy, be
made according to the procedure of Exanple Qagubstituting

per fl uoropol yether Galden[err] HT90 (fornula wei ght = 460) (Harris
Speciality Chemcals, PCR Division) for the TEP in the ethyl ene

car bonat e: TEP sol vERPCEykctlemO-B2 i(§, 13H, SGHuSici patetP1ha® t(fe pHrenti al
prlo]‘i Ibe for the b351gwﬂzcuz~amd1Md N,V iy ak i el gut, cage) upnn-ayel i(ag

Wi e sim t Qs Lot i |G 1.

Exanpl e 17 15 2, ng?%{é’%g‘g?ghﬁgng) Lithium Battery Having a

Car bon Anode and Cont ai ni ng &-NonPrarandFEomE e t®lyt e Thi s
exanpl e describes the prepargdy osseb g, 0.27 i)elrsceapen sigigira car bon

anode, -a Li Mh[err] t ire-re I 0l . 20
An el ectrol yte sol %ﬁ%‘#%‘?éli%{j% &ggFr\Ie"? F] ‘%?Jn the re%ﬁ%ﬁ?ﬁ%f%lﬁx%@%a%égﬂzp
(1:4 v/v) is enbedbaemizdded ta |a mixturpjek watpy d68r mLARfhrelihary 1(50500) .
The carbon anode ifL) dropsinnadel 88iar CAPPOIAY enef eAE PRrie GAaataanhon

Uc Carb PV ' .ef hyl
Car bonat e (11 v ST rerebR Bl AableR 00 A3 4681 BOCRL S Y Wy
for about 5 nmtf andPY®Enwadtsqraraded fromothe aqueous layer. The aqueous

layer was then extracted with ether {40 mL x 3), and the
ether extract was combined with the oily layer product,
washed with water until the water phase became neutral to
PH paper, dried over anhydrous MgSo,, filtered, and the

15 solvent was removed from the filtrate by rotary
evaporator. The resulting colorless liguid residue was
further dried at room temperature under 0.1 torr vacuum
for 4 hours to yield 70.6B g. cyclosiloxane (6) ({99%).
The identity of the intermediate (6) was confirmed using

20 4 NMR spectroscopy (!H NMR (cDCl,/6): 0.05-0.08 (m, 3H,
CH3Si-); 0.25-0.35 (m, 2H, SiCH,CH,CH,-); 1.85-1.90
(broad, 2H, SiCH,CH,0-); 4.0-4.5 (broad, 2H,
SiCH,CH,CH,0)) .

(e.) Preparation of (7):

25 The cyclosiloxane (6) (350 g, 1.305 mol)l and
hexamethyldisiloxane (42.4 g, 0.261 mol) were added to a
round bottom flask with 10 drops of concentrated sulfuric
acid and allowed to sit overnight. An additional 10
drops of concentrated sulfuric acid were then added and

30 the mixture was stirred for 24 hours. The mixture was
then taken in methylene chloride and washed with water (2
X 500 mL) and then a saturated solution of NacCl
containing a small amount of NaHCO;. The solution was
dried over MgSO, before removing the solvent by

35 evaporation.
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psi, 120[err] G 130[err]C for 1 mn) onto a copper current col l ector.

‘After drying, the anode is back-filled with the el ectrol yte sol ution.
The cat hode is prepared from 30 82 parts LiMjferr]Jerr], 12 parts

acetyl ene black and 6 parts PVdF di spersed in propyl ene

carbonat e: et Baggft bonat e (1:1 v/v). The cathode m xture is
conpounded at [err]C for about Sgun and then appli EGVRE%0A

al um num current col l ector by hot pressing as above. After drying, the
35 cathode is back-filled with the liquid electrolyte. The

WO 97/ 44842 (£.) Preparation of (8): PCT/ US97/09053

- 43- anode, the S@ﬂérﬂﬁor@ﬁd th8rsat lﬂrl%xlaﬂ)éer(?}j [ fgy m a

battery having a tot | ckness "of about _1
Exanpl e 18 5% °H] was "c 8Pi 4R 5?°a“‘rl’—'|w Ret'qr §Bft THE
El ectrol yt e Fislodn€danai hitgiukERydroxide aqueous Isplatdop WoR,61idPRE (1 g,

PVdF (2 g a%@lh}_ggous Llé!@ eriiﬂwﬁl'bq %Keﬂsé% hfa%te‘%c)i Was128d&fr1C until a

clear nelt obt ai ned. The % anto a npld and 10
pr essed. Afté’rmE'UbF?nb“t% ’H??‘B-"sent TP@H}SEF%\?% é:“i“r Beles of Lithiwmg fi|m
was forned. Thydrorddet ave tyeqfirtdde thi bomvert essh deflépnyhetllloride

i mpedance. Th@r%upl 88t 1 { NG ahHfRnate. CABIEGLL Vilitnias fagamd& be 1.76 X
10[err] S cnierr

Preparation of €& l’fH’e g@?ﬁ?%ld?ﬂlslﬁ“&& PgFprge it is Il:i>3("3rrgsﬁf’¥’h‘f'Oorﬁ ai ni ng TEP
and Et hyldhe Gddbbhaercess of LiOH was Addeddumtily dhiei spilubipn ilsiaeme i PFG,

PVdF and a  neutkh®- G8iAY d2n Gletet AkyhemdRidie Madle @peendd g to the
15F NMR absorption at 123.5 ppm due to -SO,F confirmead
that all of the sulfonyl fluoride'qroups were converted
to lithium sulfonate. THF and water were then rotary

15 evaporated off. The residual white solid was dried at
50°C under 0.1 torr vacuum overnight.
The resulting crude product was dissolved in
200 mL acetone. The mixture was filtered in order to
remove LiF, and the filtrate was then concentrated. The
20 concentrated acetone solution was added dropwise to 600
mL of dry ether under stirring. The polymer product was
precipitated out. The polymer product (8) was then dried
at 70-80°C under 0.05 torr vacuum for 2 days, and the '
pure product (8) was obtained in 93% yield. The identity
25 of the product (8) was confirmed using !H NMR
spectroscopy (1H NMR (D,0/6): 0.21 (broad, 3H, CH38i-};
0.70 (broad, 2H, SiCH,CH,CH,-); 1.80 (broad, 2H,
SiCH,CH,CH,-); 4.10 (broad, 2H, SiCH,CH,CH,0C,F,SO;Li);
19 NMR (D,0/ppm): -5.61 (s, -CF,CF,SO;Li); =-39.03 (s,
30  ~CF,CF,50;Li)).
(g.) Preparation of the fire-retardant film:
Lithium triflate polysiloxane (1 gm), PVAF (2
gm) and a mixture of 1 part propylene carbonate, 1 part
ethylene carbonate and 2 parts triethylphosphate (6 gm)
35 were mixed and heated to 120°C until a clear melt was

SUBSTITUTE SHEET (RULE 26)



20 procedure of Exanple 18 substituting a solvent system conposed of
et'‘hyl ene carbonate; TEP (1:1) for the TEP. It Is anticipated that the
AC i npedance for the filmwll be simlar to that nmeasured in Exanple
18. 25 Exanpl e 20 Fabri cati on

of a Fire-Retar dgj 97144842 El ectrol yte Fil m Cont algﬂr)@s 0905
[err] 30 A conductive film cggprising Li PF6, PVdF an 7a 3

fire-retardant el ectrolyte may be nade according to the procedure of

Exanpl e 19 substituting 35 WO 97/ 44842
PCT/ US97/ 09053 obtained. The melt was hot-pressed, then cooled to

[err] pr epanfgiaft desmpd tiren tEXPIRl € &l di1ar, herdERstahdiy f31m.
et hyl ene car bonat 2 TEP_sol vent syystf\ing}lt or t{le TEP. _It |$ anti ci pat ed
that the AC i npeddRGeCPBIUTTAVIEY REnERESHELIM vassmeasured PY G neasured in
Exanpl e 19. impedance. The ambient temperature conductivity was

5 found to be 7.85 x 1074 s em™l.

Example 28
abrication of a Fire-Retardant

Electrolyvte Film cContaining a Polymethyl
10 Siloxane with C;H,OC,F,SO,N(Li}C(Q)CF, Pendant Groups
A lithium triflate polysiloxane single-~ion
conducting polymer having the general structure

. CH,
15 +l~. 0¥, o
(CH,) 30CF,CF,50,-N-C~-CF,
Li
20 was synthesized according to the following scheme and
procedures.

CH,
NH, |
(6) =--~> [S5i—0],
[
2 C3HOC,F,S0,NH,
(9)
30
35
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Example 21 10 Fabricati on of a Fire-Retardant

El ectrolyte Fil mcontaining Tris-

met hoxyet hoxvet hyl ) phosphat e A conductive film conprising
LiPF[err], PVdF and a fire-retardant el ectrolyte may be nmade according
to the 15 e of Exanple 19 substituting tris-(meth

et hoxyet hyl ) p (gg"gﬂg‘{ze prepared as descrihed in Exanple 2 PC#"F%?’“%“FR% TEP
in the ethyl ene carbonate: TEP sol vent system for the TEP. It is

antici pated that the AC i npedance for the filmwll be simlar to that
measured in Exanple 19. 20 Exampl e 22
Fabrication of a Fire-Retardant : CH, Electrolyte Film

Cont ai ni ng 2- thhoxyethoxytrlfHuorophosphazene 25

A conductive film conpr(%] mytiPE6> PVdF and a[Sloln fire-retardant

el ectrolyte may be nmade according to the ce of Exanple 19
substitutighg 2- met hoxyet hoxytri - fIuorophé@%ﬁ%géhgoépébh}qg:

described 1n Exanple 3 for the TEP in the et/h 5ene car bonat e: TEP

sol vent system for 30 the TEP. It is anticipated that the AC i npedance
for the filmwll Pe simlar t thatfn}:assuredin Exanpl e 19. 35

WO 97/ 44842 Breparation o PCT/ US97/ 09053
-45- The cyclosiloxane (6) prepared according to the

procedure described in Example 27 (35.5 gm, 117 mmol) was
dissolved in THF (40 mL) and added at ~78°C under
stirring to a mixture of ammonia (17.2 gm, 0.9 mol) in
THF (220 mL). The mixture was stirred at -78°C for about
one-half hour, then warmed to 0°C over about two hours.

10

Stirring was continued at 0°C for about one hour. The

15 mixture was allowed to warm to ambient temperature and
then stirred overnight. The mixture was concentrated in
vacuo and taken up in methanol (150 mL). Lithium
hydroxide (9.9 gm, 236 mmol in 75 mL water) was added.
The mixture was concentrated, then methanol (150 mlL) was
added, followed by 10 mL (120 mmol) of 12 N hydrochloric
acid in 20 mL methanol. The product was purified by
flash chroniatography on silica gel (methylene
choride:ethyl acetate 1:1).

(b.) Preparation of (10):

Sodium hydride (14.5 gm, 363 mmol, 60% in oil),
washed with 3 x 60 ml of pentane, was added in eight

20

25

portions to a mixture of (9) (38.5 gm, 129,6 mmol) in 550
mL of dimethoxyethane. The mixture was warmed to 50°C
and stirring was continued for over 2.5 hours. The

30 suspension thus formed was cooled to -70°C and
trifluoroacetic anhydride (29.3 mL, 207.5 mmol) was added
over 30 minutes. The slurry thus formed was stirred with
a mechanical stirrer at about -25°C for 2.5 hours until

all of the so0lid had dissolved. The mixture was allowed
35 :
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Exampl e 23 Fabricati on of a Fire-Retardant

"El ectrol yte Fil m Containing

Tris- (et hoxvcar bonyl oxyet hyl ) phosphate 5 A conductive film
conprising LiPF[err], PVAF and a fire-retardant electrolyte may be
made accor di NGwhH97idep procedure of Exanple 19 substitut}jog,

tris-(ethoxy- car bonyl oxyet hyl ) phospghat e prepared as descrl%e@mﬁn '
Exanple 4 for the TEP in the ethyl ene carbonate: TEP 10 sol vent system for
the TEP. It is anticipated that the AC inpedance for the filmwll be
simlar to thate wvarmebeuramh itempryapiee 1ond stirred overnight. The

Exanpl e 24 15 crude product ml&%bibcﬁkboéo@éeﬁtﬁﬁ’e@- ﬁt aa8@dtand the

El I Fi h I
o et oyt PR Sa AL Y up 1b do AIBAREL BN SRS,

Li PF[err], PVdF(SaMI and puriffiied- bt 1dsht celwwn mﬂrymetﬁayamy myde accordi ng

to the 20 s pregaddacgel ML cetysuhadddud llﬁﬁ)lt& fieRd e phre
et hyl et hyl ene %aabonat e% etohox Slo| ne p epﬁe?} lat 8?%' bed i n Exanpl e
5 for the TEP iR the r‘Fer p"&ﬂ?b%a P 51 Ven Tmfor the

TEP. It is coar«rtar'eetfba‘@cectrtehdtlthhempéaltrpébmndw fcmeaménhq:rmmeu be 25
simlar to thaticReaseh&igé rdeinaRe209+) prev1ously treated with

Exanpl e 25 Fabri cation, of a Ret
El ectrol yte Fi i Eﬁhtthen ok f@ueous soRdtion of géerI ugﬁgg& H%he
Carbonate 10  yield was gmmdﬂéﬁhvéohl m conpri sing Li PF[ er r] PVdF and a

fire-retardant el ectrolyte, )may:rlagaaradgoacsprmé\q1&@-&-beardant pfﬂc;‘adur e of
Exanpl e 19 substituting i)er d{lcrtqgr ogﬂgngan % o b%ggggdiﬁl t‘_bo ? be

prepared from propyl ene carponate 3 desc
Eur opean Pat enPrpgpinreat ¢HrExample 27 substltutlng (10) for (8). It is

anticipated that the AC impedance for the film will be
15 similar to that measured in Example 27.

20

25

30

a5
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- -46- No. 0557167 for the TEP in the ethyl ene carbonate: TEP

solvent system It is anticipated that the AC i npedance for the film
will be simlar to that neasured in Exanple 19. 5

Exampl e 26 Fabri catlon of a Fire-Retardant

El ectrol yte AT 348 ai ni ng Per f | uolFCoTp,)% 9;’/%2[0 3er

A conductive filmconprising Li PF6, PYi# and a fire-retardant

el ectrolyte nmay be nade according-—to—the _procedure of Exanple 19
substituting perfl uoropol yet her Gal den| err] HT90 (fornula wei ght = 460)

(1EIar Lgfbggtegm'?g?ysol vent gtuﬂwrumﬂm' "lmun'?gl) p]:';u(:)redt Pﬁa;rE'lchien t heAeCt niene

i npedance for the filmwill be sinilar fo that measured in Exanple 17.
Exampl e 27 20 Fabrication of a Fire-Retardant

El ectrol ytle Fi hbatisht camprisye an F’B‘FSPM‘E Wich includes a compoundsyhigh gensrajgsian
Cerr]H er rr]F[err] SO err] Li Pendant G oups Li t hi um
triflate ;ﬁ!?‘\%i"ﬁ@%&ﬁ%“l{"ﬁ ipo. sil oxane with
CerrJHerr]OJerr]Flerr] SO err]Li pendant groups) was 25 synthesized as
according to the foll ow ng schene and procedures: [err] 30

2. The battery of claim | wherein the fire-retardant gas producing electrolyte
comprises a dicarbonate, ester, perester, dioxalate, acyl peroxide, peroxodicarbonates, or

Diels-Alder adducts of carbon dioxide, or mixtures thereof.

3. The battery of claim 1 wherein the fire-retardant gas producing electrolyte

comprises di-fert-butyl dicarbonate.

4, The battery of claim 1 wherein the gas comprises CO,.

5. The battery of claim 1 further characterized by at least one of the following:
(A) the electrolyte includes a silane;
(B) the electrolyte includes a phosphate;
(C) the electrolyte includes a halogenated 65rbonate;
(D) the electrolyte includes a cyclophosphazene;
(E) the electrolyte includes a phospholane;

(F) the electrolyte includes a fluorinated polyether.

6. The battery of claim 5 wherein the fire-retardant gas producing electrolyte
comprises a dicarbonate, ester, perester, dioxalate, acyl peroxide, peroxodicarbonates, or

Diels-Alder adducts of carbon dioxide, or mixtures thereof. —_

This Sheet Has Been Re ﬂ
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7. The battery of claim 5 wherein the fire-retardant gas producing electrolytc

comprises di-fert-butyl dicarbonate.

- This Sheet Has Been Rep
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9, The battery of claim 5 wherein the silane comprises:

10

R
1) 12
R—Si—R
113
R

wherein R'’, R", R'? and R" are independently selected from the group consisting of (a) C,-
C, alkyl terminally substituted with 0 to 3 halogen atoms and containing 0 to 3 ether
linkages and (b) -OR" wherein R"is C,-C, alkyl tenﬁinally substituted with 0 to 3 halogen
atows and containing O to 3 ether linkages, and optionally wherein two or more compounds

of structure (IV) are linked together by a siloxane linkage.

10.  The battery of claim 5 wherein the phosphate having the following structure:

oR
O=P—0R?

|
OR’
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(a.) Pr a0 i rosultone (2): 30 In a 500-m Parr
‘pressuriﬂmﬂmgnmmjﬂ)ﬂ d wth a magnetic stirrer, 50 m of fresh

sul fur triokide wass * prepared by distillation of funming sulfuric acid.
Under stirring, tetrafluoroethyl ene was introduced continuously at

t he pressure I . Exotherm c reaction took 35 place. me of
the liquid coﬁ{oey‘:’{)“?%creased WD 97/ 44842 pcmﬁmyo%sg

PCT/ US97/ 09053 -56- - 48- gradual ly as
the reaction proceeded. At the end of the reaction, the crude product
was puri fi adesip Rf Bt and|Rimrejndependently/seleoted fiopsthe proyp censiskiegiofie) GG col | ect ed

at he . alkyPreRiihdlly substitfted Witk 8 k&3 hiibgen hfvtndhng coithilin@ Bub BRARr likhgeddS 5
oot al ned.

. b.) PRr ation of : i in a
250°m 3. SR 4 G RO hehhgre 5B X sre Sdebnatadl GGy coptiningAoed i ¢
al um num f ether likages4r §,-C, alkoxy, and optionally wherein two or more compounds of structure

(1) are linked together by an ether linkage.

11.  The battery of claim 5 wherein the halogenated carbonate has the following
structure:

This Sheet Has Been

colow MW

wherein R' and R' are independently selected from the group consisting of (a)
perfluorinated or partially fluorinated C,-C,,, alkyl containing O to 3 ether linkages and (b)
-OR" wherein R!" is perfluorinated or partially fluorinated C,-C,, alkyl containing 0 to 3
ether linkages or wherein R'® and R are linked together to form a perfluorinated or
partially fluorinated C,-C,, alkyt bridge, and wherein the halogenated carbonate may have
multiple carbonate groups.

12.  The battery of claim 5 wherein the cyclophosphazene has the following structure:

wherein n is an integer from 3 to 6 and R’ and R® are independently selected from the group
consisting of hydrogen, halogen and -OR® wherein R’ is C,-C alkyl terminally substituted
with O to 3 halogen atoms and containing 0 to 3 ether linkages, with the proviso that when
one of R7 or R® is <OR’, the other is halogen.

13.  The battery of claim 5 wherein the phospholane has the following structure:

SUBSTITUTE SHEET (RULE 26)



(0 50 nol) of silver fluoride and 100 m of anhydrous 10 di glyme were

“conbined. The flask was coo and 90.04 g (0.50 nol) of
fluorosul tone (2) was added 1m1mmlu)mﬂm mlcl ear solution was produced

after 1 hr at room t enperat firet The %1 dsk was agai n cool ed to

-78[err]C 49 g (0.50 nol) of allyl bromde(l) V\@éﬁ

dropw se. Thgv(?'g%é 4?on was heated at 45-50[err] C for ours.

m xture was then filtered to renove AgBr37- The f||trate was poured |nto
100 M water and the oily | ayer which fornmed was washed three tines

w th water and dried over MgSO err]. Distillation gave 79.16 g (3),

76. 1% 20 bp 120-121[err]C.  The |@13.Qt|t,,yRof t he product was confl r med

using [err]H NVR spectroscopy ([err][ ﬁNI{ECDp/[err]) 4.60 (d, 2H,

CHerr]=CHCH err]O); 5,34-5.47 (m , CH'er]=CH); 5.89-5.98 (m

1H, CH err]=CHCH err]0O)). (c.) Preparation of (5): 25

In a high pressure reactor, 72.69 g (0.35 nol) of (3), 80.53 g (0.70
mol ) dichl oronethyl sil ane 4) and 0,46 g (1.1 nol) catal yst .

chl oropl at | rﬁ"&f’%‘bi{ ‘swelps‘éed o the SO USISBA PR EE LR RLS st e | od

with argon isa pait of elecp'bﬁs%isEC(ﬁ alkl eaninsllyGubstienedwit @ to BihalégnIJosy saliC f or

22 30 hrs. f 0, oom tenperature, the product was t hen
0 (630 np P .

transferred OSP] erpgl ntert t%ét?%%%%ﬁgere to a flask using a double-tip

needl e. Un-reacted di chl oronet hyl sil ane was removed under reduced

pressure. Dilgti | [Thebawergaf elaiibs ®Berein the nofibited JFdigethedd hasithie TollovingsfzufluRd® nM
Hg. The identity of the 35 produci0 was confirmed using [err]H NMWR
spectroscopy ([err]H NWR WO 97/ 44842

PCT/ US97/ 09053
(cDO [err]/[err]): 0.82 (s qaoc;k(f};e.u pé‘@F&;_,S (s 35 (m 2H,

SiCHerr]CHerr]CH err] - 1. 20|Qm ]CH[err]CH[err] );
4.1-4.2 (t,

-wherein R and R'® are independently perfluorinated or partially flourinated C,-C,, alkyl, R
¥ and R are independently selected from the group consisting of -F and perfluorinated or
partially flourinated C,-C,, alkyl, and x and y are independently selected with values
ranging from 5 to 150.

15.  The battery of claim 5 wherein the fluorinated polyether has an average molecular
weight between about 400 and 10,000.
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2H, Si.CH err OC[err]F[err]SC"er CEMENT SHEETS \ )

Pr epar atigm J E! l I“I! (5) (8p. ,scniptﬂﬂx rﬁkéd.‘!!’f% Eee in

anhydr ous A nd the resultant ] ded to

a m xture of water (50 rrL) and ether (50 DDzré,v)»mg SPIQ?(? un ef’as rrl ng.
€o

nnnnn

At the end of the addition, the reactfi @hAbggac

overni ght. W@eclairh}’ 10 | ayer was separatjed fromthe SUS ™ "yt oo T1e
aqueous | ayer was then extracted WtLM d X Sboﬁg t he

et her extract was corrblned with the oily lreyer~pEdurt =y ... d with
water until_ the hase became neut

r H pa dri ed oV
anhydrous MySQ t EFBHTISHR "’Erheelf?shotl%t&_\llﬁ?ﬂl?&a%ﬁwm%
&; 'Strate Pﬁr[ﬁte ?r_hég 110_3%’%E’Hﬁaépémﬂigﬁtr@_ﬁ&ﬂé&ﬁa@ﬂrﬁobﬂﬁl %ﬁcﬁ'i‘ﬂi&ﬂﬂdéé’a due4

hours to yield %@rifogndcwiiichi igenaratets)CONMY .a_fire-rataedadengas,y ugort he

I ntermedi ate (6),was conf)rned using 20 [err]H NMR spectroscopy ([err]H
NVR (CDC [ er r] / [dGSOMPORILIoR. 0 08 (m 3H, CHerr]Si-); 0.25-0.35 (m
2H, SiCH err]CHerr]CH err]-); 1.85-1.90 (broad, 2H,
SiCHerr]CHerr]O); 4.0-4.5 (broad, 2H, SiCHerr]CHerr]CHerr]O).
(e.) Prepar2ati oThd Wattery26f claim 1 whereiiﬁhehcyfuteemtbodan'e ga6) pf8dacing
1.305 nol )1 and aneth | di sil e 42. 4 g, re added to
a round botetl?ﬁ'n"r?g'gg IFOWP S$9 adﬁl B?‘g%rﬁség’f'rﬁ? %%rul‘#lﬁ?‘? te, acyhci d

and al lowed to re of eﬁngeﬁsxocﬁe attben%r iels-Aldél %ﬁtscepfv‘@abd&} ed

sul furic acid dded 30 the mixture was stirred for

hours. The m xtdiogidea®r mixturbethewoén i n net hyl ene chl ori de and vvashed
with water (2 x 500 nmL) and then a saturated sol ution of NaC
containing a small amount of NaHCJ err]. The sol ution was dried over

MySO err] kefor oHeBtdly bhRlsigh VERVhEYeidOthe TURPRItAFIARE gas producing

electrolyte comprises di-tert-butyl dicarbonate.

4. The battery of claim 1 further characterized by at least one of the

following:

(A) the electrolyte includes a silane;

(B) the electrolyte includes a phosphate;

(C) the electrolyte includes a halogenated carbonate;
(D)  the electrolyte includes a cyclophosphazene;

(E) the electrolyte includes a phospholane;

(F}  the electrolyte includes a fluorinated polyether.

5. The battery of claim 4 wherein the fire-retardant gas producing
electrolyte comprises a dicarbonate, ester, perester, dioxalate, acyl
peroxide, peroxodicarbonates or Diels-Alder adducts of carbon

dioxide, or mixtures thereof.
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42
-50- U II mm)ulluwllu Preparation of (8): The
sul fonyl fl PR sO8 ne (7) (59.80 g, 0.22 nol) was taken up in

270 mL THF. To the THF solution, |ithium hydroxi de aqueous sol ution
(10.67 g of 5 anhydrous LiOH, 0.44 nol, in 150 nL water) was added

dr opui 5@ ¢ 6 U154t IRPQFEULER! Y wetBi BheSHALrbidBRUD gas Uik de are
require convert each sulfonyl Firtoride group to #1Y H'Gm-sul Fonat e.
However, |it hig¢lectrptirterxdodrprises didedi-bytyldicabbonatest ure because it is
hygroscopic. A 10 slight excess of LiOH was added until the solution
becane neutral using a pH neter as a nonitor. The absence of

[err]F NMR ab j t : 2 r Jrmed that all
of the sul\ﬁ‘. onwﬂd&gﬁ@&f;‘?gﬁ‘g?%eg%‘oﬁ%??élag Cro}lll:p{igg%'i t hi um sul f onat e.
THF and water were then rotary 15 evaporated off. The residual white
solid was dried at 50[err] C under 0.1 torr vacuum overni ght.

The resulting crude product was dissolved in 200 nmL acetone. The

m xture was filtered in order to 10 renove LiF, and the filtrate was then
concentrated. The 20 concentrat el acetone solution was added dropw se to

600 m. of dry ether under $iitrind2 The pol yner product was

preci pitated out. The pol yner grodbtt—KR8) was then dried at
70-80[err] C under 0.05 torr vacuumlfor 2 days, and the pure product
(8) was obtained in 93%yield. Thek; dentity 25 of the product (8) was
confirmed using [err]H NWR spectroscopy ([err]HNWMR (Derr]Qferr]):
0.21 (broad, 3H, CHerr]Si-); 0.70 (broad, 2H,

Si CH . -); 1 b d, 2H, Si CH CH CH -);
2 10 (br Sahero R Bl % ad 21 B Snstebehdenttysalried B thy oS )
F N n@g : C5 i o | 3 hodSe ,
ggr "l - CF[Iwgr r Ctl?;? g]rﬁ %&raehr ﬁﬁLla)ﬁ%'.l (&rmlgﬂlﬁréd ﬁt%gs)gtg g]pgdr ?t }Fon oéf}gt E]Z
fire-ret atdams ahd containing 0 to 3 ether linkagemand {blat ORY whiereivaRé* (8 gm) ,

PVdF (2 g nd a mxture of . rt _.propylen ar.bonate, 1 part
et hyl ene C&‘épﬁo%hﬁa gﬁff“ﬁ“ t§u]$§tilé‘l'%al pﬁattg ?6 gs8 atRase Aided and
heat ed t @olQifink] 6 93 letRef |18AagRY, tad@Soptionally wherein two or more

compounds of structure (IV) are linked together by a siloxane linkage.

8. The battery of claim 4 wherein the phosphate having the following

—

structure:

O==II)—OR2
OR

wherein R!, R2 and R3 are independently selected from the group
consisting of (a) C1-Cs alkyl terminally substituted with O to 3 halogen
" atoms and containing O to 3 ether linkages, (b) Si(R%)s and (c) B(OR%)21
wherein the R4S are independently C;-Ce alkyl containing O to 3 ether
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-51- umﬂ‘ ||L]“| Mﬁ |t was hot-pressed, then cooled to anbi ent
t enper at ur m r, free-standing film The conductivity of

this filmwas hedsurfedby* AC i npedance. The anbi ent tenperature
conductivity was 5 found to be 7.85 x 10[err] S cnferr].

Exanpl e 28. Fabrication of.a Firg-Retardant

ot r ol yHPERESS 85 1 AP RN ORI OWhercing g 05 1R0gs Fpmpounds
Clerr] H ergf %@fﬁn}é:ﬁréf& fElkerrdbetnarGbhar @ierli Nt Groups _
Alithiumtriflate polysiloxane Single-Ton conducti ng pol yner havi ng
the general structure 15 [err] 20 was

[Sgﬂ ]hes' 26g aco dded G 5 8hR 4 WhORiA R Ralltnated BIBIEHL Fis the

following structure:

(5 I 16
R—0—C—0—R

wherein R15 and R!6 are independently selected from the group
consisting of (a) perfluorinated or partially fluorinated C;-Cio alkyl
containing O to 3 ether linkages and (b) —OR!7 wherein. R!7 is
| perfluorinated or partially fluorinated Ci-Cio alkyl containing O to 3 ether
linkages or wherein R!5 and R16 are linked together to form a
perfluorinated or partially fluorinated Ci-Cio alkyl bridge, and wherein

the halogenated carbonate may have multiple carbonate groups.

10. The battery of claim 4 wherein the cyclophosphazene has the

——

following structure:

,
PLACEMENT SH. © |
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wherein n is an integer from 3 to 6 and R7 and R8 are independently

selected from the group consisting of hydrogen, halogen and -OR9
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(8)2 “"I"“"I"mmmuﬂﬂl (r)]si | oxane (6) prepared aggba dﬁlgp?(r)az ihgn °

procedure descrfbéd i'n Exahple 27 (35.5 gm 117 mml) was 10 dissol ved in
THF (40 nL) and added at -78[err] C under stirring to a m xture of
ammoni a (17 . o . . X4 U I d at
-78[err]C f‘gﬁea ou%gglm%r?eéjﬁé 1 ﬁ%ﬁrﬁu{%ﬁgﬁ%}lﬁgﬁ (r)u'%%e(r)r o\é\%(s)\lllétrlb%{)rgut
two hours. atoms @ird congaindsg €O iNetteralinkpges ] Wiftothamevissehdbwhenhe
15 mxture was_allowed o warmto anbient tenperature and t hen
stirred ovefi GhR7 anR3yis@RY, Hhe other imbalagsa. i n vacuo and taken up
in nmethanol (150 nmL). Lithium hydroxide (9.9 gm 236 Mol in 75 nL

wat er) was added. The m xture was concentrated, then nethanol (150 nlL)
was 20  addked, Tiod Ibewesaybof dldiml 4 (WREreirothe phosphbyldyye heshtios if@llowin%]aci d
in 20 nL mettranol . The product was purified by fl ash chromat ography on
silica gel (neti§FagaLre: choride:ethyl acetate 1:1). (b.)
Preparation of (10): 25 Sodi um hydride (14.5 gm 363 nmol, 60%
inoil), washed with 3 x 60 m of pentane, was added in eight

portions to a mxture of (9) (38.5 gm 129,6 mmol) in 550 mL of

di met hoxyet hane. The m xture was med toR%O[err] C and stirring was
continued for over 2.5 hours. The 3 \spsToensi on thus formed was cooled to

-70[err]C and — 6
[err] ') \OR

wherein RS is selected from the group consisting of oxy or a pair of
electrons and, when RS is a pair of electrons, R6 is C1-C6 alkyl
terminally substituted with O to 3 halogen atoms and containing O to 3

ether linkages.

12. The battery of claim 4 wherein the fluorinated polyether has the

—

following structure:

20
R
18 l 19

R O—(C—CRO)}—(CE O)—R
(. CROL—(CE O REPLACEMENT SHEET

20 OCT 1998

wherein R18 and R19 are ihdependently perfluorinated or partially
fluorinated C1-C10 alkyl, R20 and R21 are independently selected from

the group consisting of —-F and perfluorinated or partially fluorinated C1-
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tiifl uoroacetl c anhydride (29.3 nL, 207.5 mmol) was added over 30

m nut es. i“mm‘mn“n“ﬁ!&“ med was stirred with a mechanical stirrer
at about urs until all of the solid had dissol ved.
The mi xture vas “al Fowed 35 WO 97/ 44842

PCT/ US97/ 09053 -53- : to warmto room
t enper at irred ov rni ght. .The xture was
conbent 4000 FSTn BRS. aanG <46 indagepdstys SEREHE ST vl
CHerr]Of8m b ® 50, acetate (5:1) and purified by flash coI um
chromat ography on 5 silica gel (CHerr]dJ[err]:ethyl acetate 1:1) to
yield the pure sodiumsalt corresponding to (10). The latter was
converted It hi um s t.(1Q) tre : xCchange
Foain | Rakbya THr bAGES P bR whertin the ihaRRalef polxetldinBaBIEr: o
of LiOH The pé%ilafgb rhBleculaf ebigls befweedre abblid i (#P%md 10,000. (c.)
Preparation of the fire-retardant film A conductive film
can be nmade according to the procedure of Exanple 27 substituting (10)
for (8). It is anticipated that the AC i npedance for the filmwll be
15 simlar to that neasured in Exanple 27. 20

REPLACEMENT SHEET
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than
cormpound whi ¢

deconp05|t|on
gas produci ng

5 i REPLACEN, HERTS Mé-claim
At nmgu;mmmm Z%?Lﬁfﬂé%é&?ﬁi@%@% .chv'f.geé%z;:ﬁ_...

genbrates, Co[err] as afjrereip; vhto paged 98
2. The battery of 1@\%3{)% (s?hBa re ﬁoep&gedamt
el ectrolyte conprises ajdicar t e: Pagsder., , toppagedt.er

di oxal at éNeaglaim: per oxi de, peroxodi car )OB%.'[ es, or Diels- A%F?r adduct
of carbon

1.

di oxi de, or m xtures thereo OF RECEIPT

)

A battery comprising an electrolyte having conductivity greater
than 103 S cm at ambient temperature, and which includes a
compound which generates, Coz as a fire-retardant gas, upon

decomposition.

The battery of claim 1 wherein the fire-retardant gas producing
electrolyte comprises a dicarbonate, ester, perester, dioxalate, acyl
peroxide, peroxodicarbonates, or Diels-Alder adducts of carbon

dioxide, or mixtures thereof.

The battefy of claim 1 wherein the fire-retardant gas producing

electrolyte comprises di-tert-butyl dicarbonate.

The battery of claim 1 further characterized by at least one of the

following:

| (A) the electrolyte includes a silane ,
(B) the electrolyte includes a phosphate;
(C) the electrolyte includes a halogenated carbonate;
(D) the electrolyte includes a cyclophosphazene;
(E) the electrolyte includes a phospholane;
(F) the electrolyte inciudes a fluorinated polyether.

The battery of claim 4 wherein the fire-retardant gas producing
electrolyte comprises a dicarbonate, ester, perester, dioxalate, acyl
peroxide, peroxodicarbonates or Diels-Alder adducts of carbon

dioxide, or mixtures thereof.
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3. - THe battery of craim 1 Wwherein the fire-retardant gas producing

el ectrol yte | lwrat -butyl dicarbonate. 4. The battery of
claim1l furtlﬂ“ﬂﬁ"ﬂlrﬂ”ﬂ“ﬂl@ by at |east one of the fol | owi ng:

(A) the elecirad ytte mnckudes a sil ane; (B) the electrolyte
i ncl udes a phosphat e; , (O i .electrolyte includes a

hal ogenat ed car bonat e; (D) the electrolyte includes a

cycl ophosghazefe battery of cldil 4 txbﬁcfﬁiﬁ%lﬁ@'fﬁ%erdtafdaﬁlega% phedabingne;
(F) the electrolyte includes a fluorinated polyether. . The battery
of clai m4 wheelsichralyte comprisasaditient-batyl slieaxhonage. electrol yte

conpri ses a dicarbonate, ester, perester, dioxal ate, acyl per oxi de,
peroxodi carbonates or Diels-Al der adducts of carbon di oxi de, or
m xtures #her e¢he battery of claim 4 wherein the silane comprises: 55 6.  The
battery of claim4 wherein the fire-retardant gas producing
el ectrolyte conprises di-tert-butyl dicarbonate. 7. The battery of
claim4 wherein the silane conprises:
[err]
10
R
1| 12
R—Si—R
13
R

wherein R10;R11;R12 and R!3 are independently selected from the group
consisting of (a) C1-Ce alkyl terminally substituted with O to 3 halogen
atoms and containing O to 3 ether linkages and (b) — OR14 wherein R4 is
C1-Cs alkyl terminally substituted with 0 to 3 halogen atoms and
containing O to 3 ether linkages, and optionally wherein two or more
compounds of structure (IV) are linked together by a siloxane linkage.

8. The battery of claim 4 wherein the phosphate having the following
structure:

O=P—OR?
OR

wherein R!, R2 and R3 are independently selected from the group
consisting of (a) C1-Ce alkyl terminally substituted with O to 3 halogen
atoms and containing O to 3 ether linkages, (b) Si(R*)s and (c) B(OR%2:
wherein the R4S are independently Ci-Ce alkyl containing O to 3 ether

REPLACEMENT SHEET |
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group cons r] Cerr] alkyl termnally substituted with O
to 3 hal ogenr atcons am a ning O to 3 ether linkages and (b) - OR[err]
wherein Rerr] is C[err] C[err] aI kyl terminally substituted with O to 3
hal ogen atonms and containing O to 3 ett®® |inkages, and optionally wherein
two or nore conpounds of structure (1V) are |inked together by a siloxane

l'inkage. linBages th:lb@gték&x?f aRHadpeidnAtie w&ehbmhﬁsﬁ{a{eecdaﬁjébﬁﬁdshe

fol |l ow ng structure: err wherein Rerr], Rerr] and R err]
ar e i ndepefstenciyre ) are dimkedotngetherybyan ether inkageof (a) Cerr]-derr]
alkyl termnally substituted with O to 3 hal ogen atons and containing O to
3 ether linkages, (b) Si(Rerr])[err] and (c) B(ORerr])[err] wherein the
Rlerr]S age i npppanstesty yf eldind i Gifrein %lémalsgeﬁatea Barborniate3has le

56 linkages or Cferr]-(err] alkoxy, and optionally wherein two or nore
conpounds of siqllmmngesttug:ttmee | i nked toget her by an ether |inkage. ~ 9.
The battery of claim4 wherein the hal ogenated carbonate has the

foll owi ng structure:

wherei'n R[ qumi[ nd Rlerr] are independently selected fromthe
c

15 n
R™0—C—0—R"

wherein R!5 and R!6 are independently selected from the group
consisting of (a) perfluorinated or partially fluorinated Ci-Cio alkyl
containing O to 3 ether linkages and (b) -OR!7 wherein R!7 is
perfluorinated or partially fluorinated C;-Cio alkyl containing O to 3 ether
linkages or wherein R15 and R!6 are linked together to form a
perfluorinated or partially fluorinated Ci-Cio élkyl bridge, and wherein

the halogenated carbonate may have multiple carbonate groups.

10. The battery of claim 4 wherein the cyclophosphazene has the
following structure:

Pa

wherein n is an integer from 3 to 6 and R7 and R8 are independently

selected from the group consisting of hydrogen, halogen and —-OR9
REPLACEMZHT 514
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[err]" * wherein R err] and R err] are independently selected from the
group consi 41§ Mm mm mm]uori nated or partially fluorinated
C[err]-C[erjmuH II Ill g 0 to 3 ether linkages and (b) -OR[err]
wherein R err] is perfludbrihated or partially fluorinated (Jerr]-Cerr]

al kyl containing 0 to 3 ether |inkages3dr wherein Rerr] and Rlerr] are
| i nked together to forma perfluorinated or partially fluorinated

Clerr] - Awheteinl RY i9'C U6 1 eeinghAlly heubstivgedaiiith CAtboBdhglogen have

mul tipl e carbonate groups. 10. The battery of claim4 wherein the

cycl ophosatems and gontaining 0 tpo3 |eghendinkages: owith theeprqviso that whgBrei n n
IS an integer m 0 6 7 3 R8,anre | ndependently selected fromthe
group con Pfkfﬂ ﬁ%’cﬁ 083;?? tﬁgm&%@s 135@18%%

57 ' '

11. The battery of claim 4 wherein the phospholane has the following
structure:

wherein R5 is selected from the group consisting of oxy or a pair of
electrons and, when R5 is a pair of electrons, R6 is C1-C6 alkyl
terminally substituted with O to 3 halogen atoms and containing O to 3

ether linkages.

12. The battery of claim 4 wherein the fluorinated polyether has the
following structure:

20
R

18 | 19
R O—(C—CEO}—(CE O)—R
|21 2 7y

wherein R18 and R19 are independently perfluorinated or partially
fluorinated C1-C10 alkyl, R20 and R21 are independently selected from
the group consisting of —F and perfluorinated or partially fluorinated C1-
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wherein RO is Cl-C6 alkyl termnally substituted with O to 3 hal ogen atons
and cont ai ni i nkages, with the proviso that when one of R7
or R8is O:lmm“mnllﬂﬂmmnal ogen. 11. The battery of claim4 wherein

t he phosphol ane ‘has the foltow ng structure: [err] wher ei n
R5 is selected fromthe group consi stkl.sﬁ_of oxy or a pair of electrons and,
when R5 is a pair of electrons, R6 is C 1-C6 alkyl termnally substituted
with 0 toc3ohahQacand @MEndny drenfritidperdlehtl séleetéd withnialies. rangding The
battery of claim4 wherein the fluorinated polyether has the ol I owi ng
st ruct ur efrom S to 150. [err] wherein R18 and R19 are

i ndependently perfluorinated or partially fluorinated Cl-Cl10 al kyl, R20 and
R21 are independently selected fromthe group consisting of -F and
perfluori gt edTRe Bafteiy!dfycldinPs Hadictdif-khe fluorinated polyether has an

average molecular weight between about 400 and 10,000.
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~and x and y are independently selected with val ues fapx na,rﬁ;{,om
13. The battery of claim5 wherein the fluorinated pol yet

aver age nol ecul ar wei ght between about 400 and 10, 000.

¢ L PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
Intcmational Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

HO1M 6/16, 6/18, 10/40 Al

(11) International Publication Number:

(43) International Publication Date: 27 November 1997 (27.11.97)

WO 97/44842

(21) International Application Number: PCT/US97/09053

(22) International Filing Date: 22 May 1997 (22.05.97)

(30} Priority Data:

08/653,464 24 May 1996 (24.05.96) Us

INTERNATIONAL [US/US); 333

(71) Applicant: SR1
Menlo Park, CA 94025-3493

Ravenswood Avenue,
(US).

(72) Inventors: NARANG, Subhash, C.; 728 Garland Drive, Palo
Alto, CA 94303 (US). VENTURA, Susanna, C.; 424 Becker
Lane, Los Altos, CA 94022 (US). ZHAO, Ming; 1010
Noel Drive #32, Menlo Park, CA 94025 (US). SMEDLEY,
Stuart; 298 E. O’Keefe Street, Menlo Park, CA 94025 (US).
KOOLPE, Gary; 2350 Laura Lane, Mountain View, CA
94043 (US). DOUGHERTY, Brian, J.; 1309 Mills Street
#C, Menlo Park, CA 94025 (US).

(74) Agent: FISH, Robert, D.; Suite 706, 1440 N. Harbor Boulevard,
Fullerton, CA 92835 (US).

{81) Designated States: CA, CN, JP, KR, MX, SG, European patent
(AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the. event of the receipt of
amendments.

(54) Title: NONFLAMMABLE/SELF-EXTINGUISHING ELECTROLYTES FOR BATTERIES

(57) Abstract

Novel fire-retardant electrolyte compositions are provided. These compositions comprise a lithium salt dissolved in a fire-retardant
solvent selected from the group consisting of phosphates, phospholanes, cyclophosphazenes, silanes, fluorinated carbonates, fluorinated
polyethers and mixtures thereof. The clectrolyte composition optionally contains a CO2-generating compound. Also provided are fire-
retardant batteries and fire-retardant conductive films formulated with such compositions, as well as methods of manufacturing such films.

REPLACED SHEETS
[J Descrigtion : paged ....... to pagad

D/Cl’aim(s) ! Pl 5‘!‘ o pased S'+

(N Drawing(z) : Figed ....... o paged
0 Abstract

SG




