"NON- AQUEQUS CELLS" The invention relates to. a nonaqueous cell utilizing
anactive tal anode, a nonagueous 5 electrolyte solution conprisgnp*a7‘:557
sol ute .ved in at | east one organic solvent and a manganese -

di oxi def cont di ni-ng solid cat hode containing a m nor anount of nmanganese
carbongte No §y nprove pul se voltage capability at | ow tenperatures such as
[err] ~ OvF The devel opnent of-h+gh energy battery systens Q”
requi res the /conpatibility of an el ectrolyte possessing desirable

el ectrochem/tal properties with highly reactive anode nmaterials. such as
l'ithium diumand the like, and the efficient use of high 15 ener gy
density cathode materials, such as manganese di oxi de. The use of aqueous
electrolytes is precluded in these_ﬂﬁsgﬁﬂ§ggidﬂﬁdﬁﬁe_anode materials are
sufficiently active to react with water chemcally. It has, therefore, been
necessary, in 20 - order 'to realize the high energy den5|ty obt ai nabl e
through use of these hi ghly Theadinventdoad ze lane shitgh achengyjvdonsi cell

cat hodes, to turn ; ingvVast 3@t n o] ou I t.r.ol te syst ens
and nore parti ulayﬁ;l?glgg giuégﬁs e gg&?@leggﬁgysée%° %gue fased on
organi ¢ sol vents. aifretrelyte iorcomprising mosgiubs dnssohedpm at kedstradeer s

to an electrol yte yyah Bc's%lGéHHf’Qﬁ@qi msng%nééu u&&mfagéon%ﬁ sofigsédt%of}é a

conpl ex salt of C}oug up, l1-A O ts of -
ta1n1ng S inor amount of manganese carbonate to

improve pulse voltage capability at low temperatures

such as -10°C.

10 _ The development of high energy battery
‘systems requires the compatibility of an electrolyte
possessing desi:ablg electrochemical properties with
highly reactive anode materials, such as lithiumnm,
sodium and the like, and the efficient use of high

15 energy density cathode materials, such as manganese
dioxide. The use of ajueous electrolytes is
precluded in these systems since the anode materials
are sufficiently active to react wWith water _
chenxcally It has,. therefore, been necessary. in

20 order to realize the high energy deasity obtainable
through use of these highly reactive anodes and high
ene:gy.density cathodes, to turn to the '

. investigation of nonaqueous electrolyte systems and
more particularly to nonaqueous electrolyte systens

25 based on organic solvents.

_ The term "nonaqueous alectrolyce" in the
prior art refers to an electrolyte which is composed
of a solute, for example, 2 salt or a conrplex salt
of Group I-A, Group II-A or Group III-A elements of




- ® - the Perivodic Table. dissolved in an appropriate nonagueous organic
sol vent . * Conventional s$olvents include propyl ene carbonate, ethylene
carbonate or"[err] - (gamma)butyrol actone. The term"Periodic 5 Table"
use&d herein refers to the Periodic Table of the Elenents as set forth on
the inside front cover of the Handbook of Chem stry and Physics, 63rd
Edi ti-on;. CRC'Préss Inc., Boca Raton. Florida. 1982-1983. -10-

AIthobgh menganese di oxi de has been menti oned @ .a cathode for cell
appl i cations. manganese di oxide inherently contains an unacceptabl e anount
of water, both of the adsorbed and bound (absorbed) -types, which is

sufficient to 15 Ceuaepw@ai@ u-wm a%rsroqwm i3 Qi afigroprisate

associ at ed hydrogen evol uti on. of e€orrosion that causes gas

evolution is a serloaﬁnﬂRBBP§ﬁ1PﬁgéééFeGQQMQQ§ p&anventional YRR e
type button cells. |gnendae peopylena @a&@onmt@mw LR BAE IOV L

devi ces as conpact as possible,.the el.ectronic i ces arge usu desi gned
with cavities to accgnnozaP@mPHQ ULYFOIAGEORE:) | ﬁﬂﬁﬂr‘;ﬁﬁkﬁﬂg%urce The

cavities are usull | yTable*sast hsledahcelelimmtba:ssrﬂnglghqo@sammm Tible
therein thus meking glegheoBhenedikias Weit AP Ut SHATAW! A i i 0

the device. A mpjor potential problemin e use power e vi ces of
this nature is that FPVPNeOQa;*}thCﬂiMlmkcafs@ﬂi@W Ilitdo Rhygjecs hehB ndhe

cell coul d.becone wegdedsdR, cict Prass"enY 'Boca Hitork oW bt in
danage to
: :-1982.1983.
U 10 - _ Although manganese dioxide has been
' ' mentioned as a cathode for cell appiications,
manganese dioxide inherently contains an
| _';unacceptable améunt of water, both of the adsorbed
- ~and bound (absorbed) types, which is sufficient to
15 cause anode (lithium) co:rosion along with its
associated hydrogen evolution. This type of
' corrosion that causes gas evolution is a serious
‘problem in sealed cells, particularly in miniature
type button cells. In order to maintain -
) 20 battery-powered electronic devices as compact as
g ' - ;"_“possible. the electronic devices are usually
designed with cavities to accommodate the miniature
cells as their power source. The cavities are
usually made so that a cell can be snugly positioned
25 therein thus making electronic contact with
'appropriate terminals within the device. A najor
_ potenﬁial problem'in the use of cell-powered devices
of this nature ig that if the gas evolution causes
the cell to bulge then the cell could become wedged
30 within the cévity. This could result in damage to
the device. Also, if electrolyte leaks from the
cell it could cause damage to the device. 1t is
therefore important that the physicai.&imensions of




the device. Also, if electrolyte |eaks fromthe cell it could cause danagé
to the device. It is therefore inportant that the physical dinehsions of

3- t‘he cell's housing rermin constant during discharge and that the cel

not 4 eak any electrolyte into the device being powered. In order to
ce the water content.in 5 ‘manganese di oxi de, several processes have

ry devel oped. For exanple, U S. PatenB 4, 133,856 discloses a proceg',for

gucing an [err] electrode (cathode) for nonaqueous cel | s whereby. t tie

} is-initially heated within a range of [err] 10 to [err] so as to

bstantial ly tmmulbokhnbheiadscnkmdnaadnheum Wicdngaad gdmrgef t er

being . forned 1 ectr h_a c ctlve ent . qnd blnder it s
further heaieda+ﬂ ghgg §§ o?e?grr$&§ “3%0 P7t8§%F§§§lﬁiﬁﬂ§P§9no a
cell.. Britishth® deﬁ&cenbeinglﬁewbiédalso dlscloses thé-heat treatnment *

of [err] in air at [erri Zggaﬁﬁzkatgeﬁgggteﬂhl@Ekgrr %ﬁxgnbyi wat er

-conponent .. U.'S. Patent 0Ses a process
hompgeneodsnasBanganese; dioxidesmaeNntad pgoceshsﬁuaevnshuuat treated and

then contact edauvéflopdarr 0POkCekRyTR. UNSL PURERANK, 33 gidd | s the pores
of the nangangif%%LOX|de wth a | aye gani C. solvent whi ch

effectively d Rges 2 HFPFﬂF?y¥8F BFBSBH§PHy‘Bf"P9§ manganese di oxi de
" for readsorblnglecttode (cathode) for nonaqueous cells whe:eby the

_ uno is initially heated within a :ange of 350°c
10 to 430°c 80 as to substantially zemove both the
adsorbed and bound. uater and then, after beinq
_ffo:ned into an electrode with a conductive agent and
bindez. it is further heated in a3 range of zoo'c to
_:5,3so'c prior to its assenbly into a cell. ‘British -
;5- ‘Patent. 1, 199,426 also discloses the heat ﬁreatment
: of nno in air at 250°c to 450°C to substantially
renove its water component.
U.S. Patent 4,285,122 discloses a process
" whereby a homogeneous mass of particulate manganese
20 adioxide is heat-treated and-then'contacted'with an
organic solvent that substantially £ills the pores
"~ “of the manganese dioxide with a layer of the organic
solvent which . eftectively decreases ihe affinity or el
. propensity of the manganese dioxide for :eadsorbing
25 moisture. S ' |
_ U.s. Pa;eut-45379.317”dis¢loses a'procéss
whereby the walls of the pores of manganese dioxide
are coated by vapo:'depositiuQ“an'organlc solvent
o thereon to reduce the manganese dioxide's’ affinity
-30 ~ for adsorblng moisture when exposed to a
noisture-containing environment for a fixed :lne
petiod. '
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25 noisture.” U. S Patent 4,379,817 discloses a process whereby the walls
of the pores 'of manganese di oxi de are coated by vapor-depositing an organic
sol vent- ther'eon to reduce the manganese dioxide's affinity 30 for
adsor bi ng noi sture when exposed to a noisture-containing environnent foy
fixed tine period. . - 4 - Al though nanganese di oxide wth reduced wat
content-.is better suited for .nonaqueous cell =4ystens, it was noted that

cells\éﬂploylng this t g3y Chhb%aﬁ@@@’ﬁﬁbxhaé withndedapretio wakew
i ncreased internal 5 I npe ddr i stor This con |&|og %

acconpani ed by poofoEYtSsdd ig bef vél“&zf&@ f%%of‘ MGG FS & sereasljre
shel f life, poor cqkl wad tn@&%dmtwalterwm emplaytiag thiiss typed qfosctivese

rate and di scharge ¢ pablll e M=Tp) I
No. 83111812..0 ( PubM® hﬁ%éfléfﬂ?) cﬁysclill%%g’?w;"r?ona tseeéﬂrsidc?e%%aqn

errpljoy![ ng a so$id W@Mmmghﬂms &hdisogandition dfer, a -
Consi Sting of 15 gqomeeava B faﬁ%@‘“ﬁ%ﬁ*@iﬁﬁ“ﬁ?’?ﬁ“ﬁmﬁnd |
al kal i ne earth net and Ao f@nperatnne %le'{ f'([jﬂm e?.d. &S or
m ni ni ze the increaadriverditd inaradtdripdae aid tpwn;gulammaterm,ndoccur
during storage
discharge capabxlities.
10 European Patent Application No. 83111812 0
. (Publication No. 0110344) discloses a nonagueous cell
_ KJ'. employing a solxd cathode compr131ng manganese
dioxide, a binder, a conductive agent and at least one
: conpound selected from the group consxsting of
. iSl alkaline earth metal hydroxides such as Mg(OH) 2,
Ca(OH)3, Ba(OH)2 and Sr(OH)z and alkaline earth metal
carbonates, such as MgCO3, CaCO3, BaCO3 and SrCO3 to
suppress or minimize the increase in the internal
-impedance of the cell which may occur during storage

20 or discharge. :

' United States Patent sPecxfzcation No.4,465,747
discloses a nonaqueous cell employing a manganese
.dioxide-containing solid cathode haviang a minor amount

| . of an alkali metal or an alkaline earth metal additive

NS 25 such as LipSiO3, LizBqO7, LizMoO4, Li3PO4 or LigWog4 to
suppress the build-up of internal impedance in the
cell during storage and discharge that may occur with
electrolyte degradation. '

.
"‘



~di scharge. United States Patent Specification No.4, 465,747 ‘di scl oses *

, on.-ueous cell enploying a nmanganese di oxi de-contai ning solid ‘cat hode
amount of an alkali netal or an alkaline earth metal - -
i such as [err] or [err] to suppress the build-up of internal *
_ ce in the cell during storage and di scharge that may occur with

|l ectr ol yte degradation - - It has now-been found p055|ble to provide aﬂé'
addi. tifve for a se i_de t for use ind
noRagqueous cel | at r;% %%Foveggﬁé Q%ngf% ?‘g J(’:ﬁ%% dEIlrlgty of the cell
at 5 low’ taqﬁmmégrsecuaaganpeerplom)'ﬂe-pamtamimIgatltpciﬂ ovi de a
nonagueous Clde SFIO¥OR0u3ECRY al HEhabAEBORCELEL ALRBOGRAILSC
di oxi de- contalnln .saolid cathode_having a m nor ampunt an addltlve of
nanganese car%é’c"@ [toer pulge; ¥pLE3eet farpbi bty 0oL Ve Rtk apabil ity at
- [err] Accordireg ttQmprQalQ&Q&QnEubHV&BU-D@ ¢hereor & paovisiechALypopgqueos cel |
whi ch conprlses | gﬁ nonpaqueQus’ e“§ftrolyte sol ution
conprising aPEQY 5 8|§?8F3§8°Pﬁ Eiy eﬁg?leﬁipiwiﬁﬁﬁ?:% ®%ent and a solid
cat hode 15 compnmenng aamgagesesdlaxoﬁidefcdntakningukaixﬂonduct|ve agent,

the cathode ARk Adving A0h: A0 ko0 TBAGANSREs CETROIA . The manganese

carbonate additive used resen nvention S|rably be
i ncor porat edW@fganese carbonate (Mnc03) ‘to: lmprove the pulse

18 voltage capablllty at -10 C.

According to the present 1nventlon there is _
provxded a nonaqueous cell which comprxses an active ;;J
- metal anode, a.nonaqueous electrolyte ‘'solution comprising a solute
dissolved in at least one organic solvent and a solid cathode
" 15 comprising maﬁganese”dfbxide,-a:binder and - a -
' condﬂéﬁivé“agent,fthé'éathede conteining'a'minof
 amount of manganese carbonate.: . '
" The manganese ‘carbonate addltlve used in the -
” present ‘invention should de51rably be 1ncorporated in
-20 the MnOjz-containing cathode by an amount between about
0.1 and about 5 weight percent based on the dry weight
of the'cathode,:p:eferably,"betwéen'about 0.5 and
" about 3 weight percent and more preferably about 1 to
“about 2 weight ‘percent. An amount of the additive
25 below.0.1 weight percent will be ineffective to : ~



-Zb t he NMCbeontaining cat hode by an anmount between about 0.1 and about
wei'ght percent based on’'the dry weight of the cathode, preferably, betwee
abput 0.5 and about 3 weight percent and nmore preferably about | to about
wei ght “percent. An ampunt of the additive 25 below0.1 weight percent W
be |neffect|ve to - -6- substantially inprove the | ow tenperature pul se
vol t age’ capability. An amount of the -addi ti w®-above 5 wei ght percent .wou

generally brovide ResliSRs 19SS el dvle U1 R duerlind gL dde | oW

tenperature 5 pul’se Vo l'e al so decrea3|ng the vol une .
avail abl e for the thQmLWen aﬁn fagougity &f Shee addiitive @hgve e

appreci ated that t %irg?ﬁgppéi‘.‘fcetrﬁe weRdid 'é?@xéﬁ:‘a'l'lyab?‘éﬂ%éeﬂﬁédﬂ%st Rk %

'

of manganese di oxi de .enpl oyed. m.ni m ze .an i ncreas
in the internal i-mAfidft& a@ﬂ’ﬁ?’é’eceﬁqr MQﬁ?VHﬁV gg‘&lﬂ'od’uﬁet’fﬁ’eﬁ@r% st or ag
or discharge, &n a@du.tsevardm:}agw dapabidety whille relsgadesr edistnigdeheat hode

as disclosed in Eu I cat 3
(Publ i cation No. Ol%%?j%é tr?lﬁt‘i%g atdé@ﬁl$1£ 1S‘]aegljc’f%l cgfal oerfll%l for
4,465, 747." ‘Speci f i givien mmﬂ-%t ekt Mddl e |mm1@39ﬁ18=1@t0 thiescl oses

a nonaqueous cel | ERIGYIdH the WIENER Wit s b GHY Ay @
m nor anmount of at | edst one cogﬁfund 20 selected ron1the group

consi sting of al ka@fh@®anganess: ch as, [err] and

106 - To suppress or minxmxze an increase in the
_internal impedance of the cell which may occur during
ij normal storage or dxscharge. an additive may be
included in the manganese dioxide cathode as disclosed
in European Patent Application No. 83111812.0
15 (Publication No.0110344) and United States Patent
épecification No. 4,465,747. Specifically Buropean
Patent Application No.83111812.0 discloses a’
nonaqueous cell employing a manganese dioxide cathode
which contains a minor amount of at least one compound
20 selected from the group consisting of alkaline earth
metal hydroxides such as Mg(OH)z, Ca(OH)3, Ba(OH)2 and
_ _ Sr(OH)z and alkaline earth metal carbonates, such as
—— ' -. MgCO3, CaCO3, BaCO3 and SrCO3 to suppress or minimize
the increase in the internal 1mpedance of the cell
25  which may occur during storage or discharge. United
States Patent Specification No.4,465,747 discloses a
nohagqueous cell employing a manganese dioxide cathode
which contains a minor amount of an additive selected
- from the group conéiseing of the borates, silicates,



- Sr(0H) 2 and al kaline earth netal carbonates, such as [err] and [érr] to
‘'suppress or ‘mnimze the increase in the internal inpedance of the cell 25
‘whigh may occur during storage or discharge. United States. Patent '

) at.ion No. 4, 465, 747 di scl oses a nonagueous cell enploying a

W e di oxi de ‘cat hode whi ch contains a ninor ampunt- of an additive

~kteo fromthe group consisting of the horates, silicates, 7 . o
bdat/es, phosphat es, ~al.um nat'es, 'ni obat es; tant al at es, tltanates; bl

s, zirconates, nanganates (M +4), cobaltates. and tungst at es. of

net-al s ﬁ\&liﬁdﬁ&éé n@h@@‘riaheér;eraahmndnes,elnaoﬁmsal tl@:ltalatﬁa‘sa| is 5

: eted fromithe group- consj stin hlun% ) fubldlun1and

cesi um and whetifanataes oV ¥R ﬁ%s, %éﬁar?a‘ﬁ%? N 5%13 rom t he group
- consi sting of oubaesaueu.cahal tungsitatels WD aamiltiarntmw ogippress or
cceur auring sPorassns SakEf, Bisars Wi R WK G pekafily T Chi o
appl i cati obi |nsemaethdtﬁrQN1mheag:bm@aw@d}iaqind|dﬁnlﬁnhiunaborate [err]
or (hosi | 1 oat o é?ﬁtﬂﬁﬁ" n EppAgL, SRR R e i '
l'i t hi um ni obat @1ka iPeIPFHFBWFP&RﬂaIQthiaquQ|ﬂﬂﬂﬂuﬁh§r92ﬂnne [err]
lithium consisting of magnesium, calc¢ium, strontium, and

) _ batium to eupp:ess ‘or minimize the inc:ease in the

10 internal impedance of the cell Hhich may occur
-duting sto:aqe or discha:ge. Suitable additives- . \J.
disclosed in this application include lithium
_metasilicate (Li sio ). lithium tetrabo:ate :

a0, lithium molybdate (LI, ¥00,), |

15 lithium o:thophosphate (Li PO ). lithium

. __ orthosilicate (Li sio ). lithium metaborate
- (LiBOz). lithium tungstate (tizwo Y. lithium
niobate (LiNbO Y. lithium tantalate (LiTao ).
2lith1um zitconate (L: zro, ). lithium . ' R —
20_' metavanadate (Livo Y. lithium titanate
N K(Li Tio ) and lithium aluminato (LiAlo ). The

_ p:efe:red additives uould be lithium metasilicate.

| lithium tet:abo:ate. lithium o:thophosphate. lithium - ;;/

_ molybdate and lithium tungstate._

25 _ The additive to the manqanese _
dioxide-containing cathode to supp:ess o: minimize
the inczease in the inte:nal impedance of the cell
which may occur during notmal storaqe or discha:ge
can be incorporated in the cathode by an amount

30 between about 0.05 and about 10 weight percent based
" on the dry weight of the cathode, preferably,
between about 0.1 and about 3 weight percent and




20" met avanadat e’ [err] lithiumtitanate [err] and lithium al uni-nate
[err] The preferred additives would be lithiumnetasilicate, |ithium
tetraborate. lithiumorthophosphate. |ithium nolybdate and |ithium

tuhgstate. 25

cat hode to suppress or ninimze the increase in the internal inpedance o
the ¢elT which may occur during nornal stor-agj'@"or di scharge can be "
i ncorporated in t hecans hadeedvarty abpi 1Meight werweniut I 68 lAndebout

The additive to the manganese di oxi de-containin -

10 wei ght percent based%%nﬁée?e\é{%%\@eghrtanofe tolke t%%t Q%’tiW{fﬁr bl . ‘

bet ween about 0.1 RPN

wei ght percen

t.

_ t-"perce and nore preferably gﬁ%ut 1
| tdepdrd hrpaap htexitypal athmandanesenfd fideherplgivddee wil |

al so depend upon tf&it%{@ £a BN P N 18 PRt d dthr ldidi s
ni ted Stat

disclosed in the U

Application reberr&PedtHaakinhArd BukopeathFatany ARR igdd g Tshisfitdd ed

es Patent 5 Speci fication and European Patent -

to be used al ong wigd Hdxeirthbdve/,e Qi )9 dd MY(THEY dvw ailid apstlhe

b1
manganese carbonat e additive.and an ditional. . adqi.tive j.f,used can .be 10
bl ended directly va"?Fd%‘F ﬂff"c%%o eea‘ﬂﬁg"’o'fg M g"hdedd’ idif‘rl{'l%d“s[% ol
aqtjﬁogs pr Iolcetssi ng tie tpresemit dat‘mx:haionx Thee mhnganese sathgmats ded'into .
cat hode pellets usi - £ : r; 4 MK,
%1&? ;g .éare#dedc){%{& ytic anﬂ ch sl 18 $Uad be

contained in both t

di oxi de 10
U
15
'ZD
- \/‘ 25
30

| em cal_types, of’ nmanganese
blended directly with the dry cathode mix or can be

added during the aqueous processing of the wet cathode
mix. The dry mix is then molded into cathode pelléts
using conventional'téchniques. ' L '
The water inherently contained in both the
electrolytic and chemical Eypes of manganese dioxide
can be substantially removed by various treatments.
For example, the manganese d;oxide can be heated in
- air or an inert atmosphere-at a temperature of 350°C
. for about 8 hours or at a lower temperature for a
longer period of time. Care should be taken to avoid
heating the manganese dioxide above its decomposition
temperature which is about 400°C in aix. In oxygen
atmospheres, higher temperatures may be employed.
Preferably, the manganese dioxide should be heat-
treated to remove its water content in the crystal
‘lattice to below about 1 weight percent and then it
can be mixed with a conductive agent such as graphite,
carbon or the like and a binder such as Teflon
(trademark for polytetrafluoroethylene), ethylene
~acrylic acid copolymer or the like to '



' " t-he
N . i tments. For exanpl e, .
L - moved "by various treatt at a, °
gan be Sszng}hgngnrge heated in"air or an inert atnosphere
peESE

No¢ i me. re ich is about’ [err] in air.
it o tion tenperature whic ably, the
i deggnal rospier s, i gher 2t 25 - 1 eated To renova Iis veter contenee
| n} oxyge 7 G ul d' be heat - 25 - treate rcent and th it can be
afese Y oxi de shoul d be 1 wei ght percent and then a
tice to bel ow about 1 weig R ‘the like and a
I e T winge 3
o Cort e SR LR R L L ECE I s e
gcrylgg'aglSngﬁp%ﬁhﬂﬂﬂeiﬂlq*ﬂﬁiﬂﬁﬂﬁiﬂlytﬁ%?ﬁg%f€§éggg%ﬁgaeeﬁaacmﬁ&b such
es , >Hab i o Acki i+ Qn. .ano K . ‘ - . fit -
| - | ene
e b i Gyt Sl L LB
as a poly-cag Og 50 be_ad id-y all the wate 's el ectrolyte then:

. al . Lartl ey § t in the cell” '

Lﬂaihffriﬁng ampunt s Of.“@tga§§g§§§?§a%@%éH%ﬁé%iiyiﬂ;ﬁhaﬁréﬁwﬁaF@%fénfg?m
D STCECTSTY, O MAEPREANI Y, a0 ves: avommutdlabl ot

the vater wiih  BhttelSushall amounts of water are present in the .

10 'idsb#b tﬁe ﬁiiq.poftiph'Q: that ﬁite:.ttom_the

delay the reaction offthe_ﬁatgf.ﬁith th9'ahode such _
| asjlithiuﬁ{ _In;thiS §i§u§tioq. the manganese ’
| dioiide_wiil_aét_ia aﬁ extracting agent for the
15 water impurities in the organic solvents. -
| . '~ Useful bighly active metal anode materials
| inclnde'aluminum.' the alkali metals, alkaline earth
' nétals_gnd,illqya_or alkali metals or alkaline eartn
~ metals ﬁithieach-oﬁher and other metals. The term
20 ralloy* as hééd:héféin and in the ;pbehdgd.claims is
intended to include mixtures, 801id solutions, such
as 1ithium-m§gnesium._and intermetallic compounds, o
such as_lithium_monoaluminide; ‘The preferred anode .-
materials are Iithium._sodium. Potassium, magnesiunm,
25  calcium and_aligys.thg:ept, : :

"

conpounds: _ ) _
30 Aikylene_nittiles: e.g., crotonitrile
(liquig range, -S1.1°¢C to 120°C)



as {ithium In this situation, the manganese dioxide will act as an
extracting agent for the 15 water inpurities in the organic solvents.
Useful ,highly active metal anode materials include aluminum the al kali .
metal s, al kaline earth netals and alloys -of alkali net aI s or alkaline e rt_,aza_
nmetals with each other and other netals The term 20 - "alloy" as used .
hereitn-and in the appended clainms is intended &® incl ude ni xtures, soli

sol Ud‘ons. - such as |ithium-mgnesiu, and internetallic conpounds, such as.
I|th|un1nnnoalun1n|de The preferred anode nmaterials are lithium sodium -
potassi um nagnesi unffrislkydaborakesid &-Goys tri@eddyl bosate .or ganic

sol vents enpl oyed al one: Ole ?l d g th one or nore other solvents for use in
this invention include the éllﬁ cl asses of conpounds 30 Al kyl ene
nitriles: e.g., crotonitrilef@ ngﬁﬁéﬁﬁe R3] T H7ESY) - 10 -

Trial kyl borates: e.g., trinethyl borate [err] (liquid range. -29.3 to

(boi 11 ng poi nt. | err}r?%‘f?ia;xﬁkﬁaaé i7" Hs-amaia ket SiiicHEe,
range.. -17 to [err]) AIKgﬂgDDrBﬁeiboidigg padmmamhzm‘mb [err] :

Nitroalkanes: e.g., nittonethane. CH3N02

(1iquid range, -17 to 100.8°C)"

W, . Alkylnit:ile3° e.g., acetonitrile, CH3CN

“{1iquia tange. -4%5 to 81. 6°C)

B 10 pialkylamides: e-.g., dimethylformamide.
ﬂCON(CH ) : ' '
’ (quuid range, -60. 48 to 149°C)

Lactams: e.g.. N-methylpyrrolidone,

caz-caz-caz-co-&-ca3

15 (1iquid range, -16 to 202°C)

'~ Tetraalkylureas: e.g., tetramethylurea.
N2 ' (CH;)N-CO-N(CH,),
_ . . (liquid range, -1.2 to 166°C)
Honoga:box?lic-acid esters: e.g.., ethyl acetate
20 (1iquid range, -83.6 to 77.06°C)

Orthoesters: e.g., trimethylorthoformate,

HC(0C83)3
(boiling point, 103°C)

e o ey - oy g v P ol R L )




]

_ (liquid range. -45 to [err]) 10 Di al kyl ami des: e.g., dinmethyl'forpman de.
[err] (quuid range. -60.48 to [err]) Lactans: e.g.. N-nethylpyrrolidone.
[err] (liquid range. -16 to [err]) Tetraal kylureas: e.g.
-“nethylurea [err] (liquid range. -1.2 to [err]) Monocarboxylic acid *
€.9.. ethyl acetate 20 (liquid range. -83.6 to [err])
e.g.. trimethylorthoformate, [err] (boiling point. [err]) = ¢
.g.. [err] (gamm)-butyrol aetdbey [err] (liquid range. -4Z {0

R | carbonates: e.g.. dinethyl carbonate. [err] (liquid range.

2 to [err]) A kylene carbonate : e.g.. propylene carbonate. [err] (liquid
range. -48 to [lewci9gndé: é@moethe(gamme)gbutﬂrelb¢t0ﬁhher (l'iquid range.
-116 to [err]) - Polé(ﬁtl@és cHe (9-...0 .1- and 1 2-di net hoxyet hane

(quuxd range. -42 to 206'C)

-pialkfiﬂéa:bonates: e.g.. dimetpyl,ca:bonate;
5 OC(0cg3)z . '
(liquid range, 2 to 90°C)

Alkylene cé:bonates' e.g.. propyYlene carbonate, : _
'CH(CH )cxz-o-coié SR : ,
- (1iquid range, -43 to 242'C)

10  Monoethers: e.g., diethyl ether

(1iquid range, -116 to 34.5°C)

Polyethers: e.g., 1,1- and 1,2-dimethoxyethane
" (ligquid ranges, -113.2 to 64. S*C and -S8 to
83°C, zespectively)

15 cCyclic ethers: e.g., tetrahydrofuran |
- ~ (liquid range, -65 to 67°C): 1,3-dioxolane
(1iquid range. -95 to 78°C)

Nitroaromatics: e.g., nitrobenzene
(liquid range, 5.7 to 210°C)

20  aromatic carboxylic acid halides: e.gi. 5enzoy1
chloride - - : |
(liquid range, O'to_lsfo): benzo?l bromide
(liquid range, -24 to 218°C)

Aromatic sulfonic acid halides: e.g., benzene
25 sulfonyl chloride (liquid range. 14.5 to 251°C)



(liquid ranges, -113.2 to [err] and -58 to [err] respectively) 15 Cyclic
ethers: e.g.. tetrahydrofuran (liquid range. -65 to [err]);. 1.3-dioxol ane
(liuid range, -95 to 78C) Nitroaromatics: e.g., nitrobenzene (liquid
range. 5.7 to’[err]) 20  Aromatic carboxyLic_acid hal i des: e.g.. benzoyl/ &
chloréde (ltqurd range. O to [err]): benzoyl bromde (Iiquid range. -24

[err}\Aromatic sulfonic acid halides: e.g., _bgpzene 25 - sul f onyl
chlorlde (liquid range. 14.5 to 2510 - 12 - Aromatic phosphonic aci dN~—
di halides: e.g.. benzene phosphonyl dichioride (boiling point. [érr]) .

di chiloride (boiling .porlnt sul f dnés )
sul fol ane. [err] (neltiRRospBhany [EFFP}033599KP?Pé@ﬂﬂo?&ﬁét(n@ﬁﬁlﬁ@ poi nt .
[err]) 10 Al kyl sulfonic acid halides: e.g., nethanesul fonyl chloride

(boiling point. [er Al kyl ¢ I.des acetyl chl ori de
(I'iquid.range, -11 4%@15¥¥]}h? éggphon?c aci% dxna113eg
benzene thiophosphonyl dichlo:ide (bo1ling point,
S . 124°C at 5 am) C

Aromati th'Ophosphﬂﬂb&a@fédgﬂbgfhbﬂfé a@%ﬂ d1h§§%ﬁ@% thboghos@h%ﬁﬂne

Cyclic ;ﬁlfones' e. g.., sulfolane,-
csz CH,- cxz -cH, V%o (melting
U point, 22¢C): 3-nethylsu1£olane-(meltinq

point. ~1°C)

10 Alkyl sulfonic acid halides: e.g..'methanesulfonyl :
chloride E o
(boiling point, 161°C)

Alkyl carboxylic acid halides: e.g., acetyl chloride
: (1iquid range, -112 to §0.9°C); acetyl

15 bromide (liguid range, -96 to 76°C):

‘propionyl chloride (liquid range, -94 to
- ~ 80°C) '
-
. saturated.hete:ocyclics: e.g.. tetrahydrothiophene

{liquid range, -96 to 121°C); '

20 3-methyl-2-oxazolidone (melting point,

| 15.9°C) | o

Dialxyl sulfamic acid halides: e.g., dimethyl
sulfamyl chloride (boiling point, 80°C at 16émnm)

Alkyl halosulfonates: e.g., ethyl chlorosulfonate
25 (boiling point, 151°C)



15, bromide (liquid range. -96 to [err]); propionyl: chloride

(li qU|d range. -94 to [err]) Saturated heterocyclics: e.g.. ’

t.et rahydr ot hi ophene (liquid range. -96 to [err]); 20

3- nethyl 2-oxazol idone (nelting point. [err]) Dialkyl sulfamc acid

peli des: e. g.. dinmethyl sulfanyl chloride (boiling point. [err] at 16mm)_
LKW halosulfonates e.g.. ethyl chlarogylfonate 25 (b0|Ilqgr

A. [err]) Unsat ur at ed het er ocycl i c. carboxylic acid halides: e.g.
oyl chloride (liquid range. -2 to [err]) Five-nmenbered unsaturated

ocycl.ics: yhsaturated. hetezocf%f&@'éﬁf &¥§9é339i8 SHEEPEEQ poi nt.

1- et hyl pyrrol e b01I| er di et i azol e
(b0|}?ng poi nt , y[E?r]) ( éh&hgﬁ] i&F{ ¢8$1%$“¥Q fEFEF) t8@  Esters

and/ or "hal i des of diba5|tnctnianﬂl c acids: e.g., ethyl oxalyl chloride.
(boiling point. [err]). Mxed alkyl sulfonic aC|d hal i des and carboxylic
acid halides: 15 . " e.g., chtorosulfonyl acetyl chloride (boiling
pQi nt , [err] afinannemhaﬂquunanﬁunatt¢ heEn;pcydlhethylesthOX|de

3,5- dimethylisoxazole (boxling point,
140°C); 1-methylpyrtole (boiling point,
114°C): 2, 4-diuethy1:hiazole (bozling
point, 144'C)' _

_ £utan (liqu1d range, -85 65 to 31 36°C)

10 Esters and/or'nalides of dibésic catboxylic acids:
e.g., ethyl oxalyl chloride (boiling point.
135‘C)

Mixed alkyl sulfonic acid halides and carboxylic
_ acid halides: . _ L
5 " 84Gas- ehlorosultonyl acetyl chlo:ide
- (boiling point, 98°C at lpmm)

hpiélk?l sulfoxides: e.g., dimethyl sulfoxide
(liquid range. 18.4 to 189°C)

Dialkyl sulf#tes: é.g., dimethylsultate '
20 - (1iquid range. -31.75 to 188.5°C)

Dialkyl sulfites: e. g.. dimethylsuifite
. {boiling point,. 126'C)

Alkylene sulfites: e.g., ethylene glycol sulfite
(1iquid range, -11 to 173°C)



¢liquid range. 18.4 to [err]) Dialkyl sulfates: e.g.. dinethylsulfate 20
(Iiquid range. -31.75 to [err]) Dialkyl sulfites: e.g.. dinmethylsulfit
(boiling point. [err]) A kylene sulfites: e.g.. ethylene glycol sulfit

(liquid range..-11 to [err]) -14- Hal ogenat ed al kanes: e.g., nethyl
chloride (liquid range. -95 to [err]); 1,3-dichloropropane (liquid ra g
-99,.5 to 120.4-C) 5 _ The preferred | vents are sul fol ane:
teV&ahydrofuran met hyl - substi t ut ed tetrahyﬁrgguran 1, 3-di oxol ane;

3-net hyl - 2- oxazol i done propyl ene carbonate; y (gamm)-butyrol actone:

ethyl ene glycol sulfit di met hyl sul fit d h
and 1, 2- drngthoxygﬁﬁghége“%ﬁsé 1%3%?€F$eﬁ égfbﬁﬁngffﬂOXIgSP:igg and 1.4-

sul fol ane: 3-net hyl - 2-- oxazo{1igatd panggLenQScaobooace. 1,1- and

1, 2- di met hoxyet hane. and 1, 3; d5q5§ﬁ§f§59§9§#§3°t exquaeggnggre ggegreglly

inert to battery conponents rgurd range

especi al |y because they pernl20h4%@by efficient utilization of the cat hode .
materials. Low viscosity cosolvents which can be used include

}jleg;glhgggoz ur g%UHF) met hyfngupsetbrted 881vehes abudsaleoaanele- THP).
: tet:ahydrofuran° methyl- substituted tetrahydrofuran:
1,3-dioxolane; 3-methyl- 2-oxazolidone; propylene
carbonate; Y (gamma)-butyrolactone:; ethylene
glycol sulfite; dimethylsulfite; dimethyl sulfoxide:
W, 10 and 1,1- ana l,z-diﬁéthoxyethane, Of the preferred
solvents, the best are sulfolane; 3-methyl-2-
oxazolidone; p:opylene carbonate; 1l,1- and
l,2- dimethoxyethane. and 1, 3-dioxolane because they
_ appear more chemically inert .to battery components
15° and have wide liquid ranges, and especially because
- they permit highly efficient utilizatzon of the
cathode materials.
Low viscosity cosolvents which can be used
: include tetrahydrofuran (THF). methyl- -substituted '
20 tetrahydrofuran (Me-THF), dioxolane (DIOX),
“dimethoxyethane (DME). dimethyl isoxazole (DMI).
diethyl carbonate (DEC). ethylene glycol sulfite
(EGS). dioxane, dimethyl gsulfite (DMS) or the like.
SPecitically. the total amount of the low viscosity
25 cosolvent added could be between about 20% and about
80% based on total solvent volume. i.e., exclusive
of solute, so as to lowe: the v1scos1ty to a level
suitable for use in a high drain cell. '
The ionxzing solute for use in the
30 invention may be a simple or double salt or uixtures
thereof, for example, LiCF_SO LiBF, and

3773° 4

LiCIO‘. which will produce an jonically conductive



l .

: bE' et ween about 20% and about 80% bhased _on to_ta Y / _

d’\a( U t' enof SO][Ute/OSg as to lower the vi scosity to a | evel suitable
Z1 Usi v . )

N X e in the 30

. The i oni zi ng  qte for us ‘of exanpl éud

For .tion may be a sinple or double salt or mixtures thereof, fo mpl €
i nven

e”in a high drain cell

) ;7 i et hy|

0 Ifite (EGS). dioxane. dine .

al{zgoihzutotal gnnunt of the I ow viscosity 25
ry: 7

. i i ' i ethyl carbonate (DEC)
et hane (DME). di nethyl isoxazole (DNI)'-SLIfige'(DNB) are (DEO). o

cosol vent added
sol vent: vol ume.

-~

- 15 -

: ' i oni I ductive
[err]. and [err] '”m°g§°?%&%%§rggyggFggégﬁgéﬁgg.xp?:;ggp¢§stnuk§Zbﬁge
el e mnenigg?ﬁ%ﬁ%%‘%?“bﬁﬁbm#esLempseanbuataaddt”gagﬁabgékaE, whet her

conpl exes -of

salts. The only mmxnntnnntﬁaécuctﬁéfiﬁ

sinple or conpl expp
enpl oyed "and s hat t

b

ibje wth f%éfégfégﬁ °g?°eézobhessheteg
ﬁ??ﬁy%a{# %%#%KMi'&hi'lstﬁuifécigg{l ¥n

onically
i ds and

o oni ¢ t of a
conductive. “Acc8Pditsy m“{}“’ﬂa@ﬂ@&ﬁ aﬂn%ﬂ%f\/ Oﬁnﬁmﬁ;bhg withas
aci a5 o atceptops ol CAVSRE OF ASHHSRLE Deing mmotoysmang T

- acids or accepto

- Vo

éeéﬁégtth i n

rs_of : P itute.: : .
the cheni cal Iitgiﬁiﬂre:PQQHFﬂahthitmeﬁﬁi3&#2?%gﬁ¥¥£}}i°“§$%hﬂbested
Jul y/ Decenber 1988ndﬂcﬁfg¢g93aé;ﬁ;E¥n$.;q_tpe Lewig or electronic
reaction nECha““@gﬁégﬁt'o? a¢iq¢"ah§ babgs, Rany substances which

10 ‘contain no aétive_hydongg_cén_aet-as acids or

acceptors of electron doublets. The basic concept
is set forth in the épemicql;li;o:qtute (Journal of

the Fiinklinftnc;itpte; Vol. 226 - July/December,

1938, pages 293-313 by G.N Lewis).
15 ¥ @.N Lewig

manner in which these complexes function in a

“A';uQQESted réaqtiqn Rechanism for the

solvent isidésctibéd in detai1:in U.S. Patent No.

3.542,602 wherein it ie suggestea that the complex
or doudle salt fo:meﬁ,bg;veen the Lewis acid and the
20  jonizable salt yields an entity which is more stable

than either §f the cpﬁpqngnts.alpne,

. - Tyﬁical'tewiS'acids suitable for use in the _

Present invention inclua

e aluminum fluoride,
aluminum btohidg.'gluminum'thcride, antimony

‘25 'ﬁentachlégide. zirconium tetréchlo:ide._phoSphorus
- Pentachloride. boron fluoride, boron chloride, boron

b:dmide; Phosphotous_antatluoride, arsenic
- pentafluoride and antimony Pentafluoride.

: ~ Tonizable salts useful in combination with
30 the Lewié'acids include iithium'tluoride. lithiunm
chloride, li;hium_brbhide. lithium sulfide, sodium
 fluoride, sodium chlbtidé,;sodium bromide, pota#sium
fluoride, potassium chloride and potassium bromide.



manner i.n whicth these conpl exes function in a solvent is described in
detail in u.S. Patent No. 3.542,602 wherein it is suggested that the
conpl ex or double salt formed between the Lewis acid and the 20 i oni zabl
salt yields an-entity which is nore stable than either of the conponents
al one. Typi.cal Lewis acids suitable for use in_the present invention _
i ncl-0de al umi num fluoride. al um num bromi de: =affintnum chl ori de. ant i nony. . 2%
penfaehl ori de, zirconiumtetrachl oride. -phosphorus pentachl oride, boron
fluoride, boron chloride, boron brom de. Ehos phorous pentafl uori.de, arseni c
pent af | uori de_and antinony pehtaVildrPaeobyipnsabpetiapesskidiad in the

combi nation with 30 affecheyi @nacasﬁbwckuﬂesl Ebbhem S&uert.demsl athigudng
chlioride, lithiumbromgde, Ilit f s?dlun1fLuor|d§ sod IUE
chloride. sodium br o dtRoE38 §|g%?r b PdBalf Pa¥PE PERAAFIBUSH] OF

pot assi um br.om de. thétinﬂi#ibeabbconpenénthhnay B bdaddi vot kheart that

t he doubl e salts for €§¥*§t§f t@n?ogﬂ Eﬂgrggﬁégalggizagketiglt may

be used as such or t e |n IVI onen the 5

sol vent . separ atel y' t&eseltingeionsbin !&Fﬂ-orOOQesueBuﬂouhgelgﬁithnfsmtu.
One such doubl e saltg x%ﬂ?lgxafplghatsfgbﬂgdfg?ngﬂebyohggngquhnaglon of -
al um num chl ori de and h|un1chI0£ de i um. al um num

tetrachl oride. 10 @aluminum chloride an EggkaEcglozide to yield

licthium aluminum tetrachlo:ide

10 | : "~ . EXAMPLE 1
Several miniature cells having a nominal
20 mn diameter and nominal 1.6 mm height were
constructed. Each cell contained 0.022 gram lithium
as tye'anode: 0}36 gram of a particulate cathode mix
15 containing Hno2 in the wgight percent shown in -
Table 1, 3 weight percent acetylene black, 3 weight
pe:cent'bolytetrafluo:oethylene and the weight
percent of the selected additive shown in Table 1,
all percentages based on the dry weight of the
20 cathode: and about 0.092 milliliters of an
© . electrolyte consisting of about SO volume percent
propylene carbonate, 50 volume percent ' '
AN _ - dimethoxyethane (DME) and containing 1 M
. LiCF3803 Additional miniature cells were
- 25 constructed as above except that they did not
 contain any additive. : -
The closed cxtcuit voltages {(Initial Volts,
~ Fresh) of three cells of each type were observed 2
seconds after initiation of a 400-ohm discnézge
30 load. The average of the three cells was calculated
and the results are shown in Table 1I.



.“Several miniature cells having a nominal 20 nmmdi aneter and noninal.1.6 nm.
hei ght wer e constructed. Each cell contained 0.022 gramlithium ds t he

. 0.36 gramof a particulate cathode mx 15  containing MO in the
percent shown.in 2 Table 1. 3 weight percent acetylene bl ack, 3

¢ per ‘cent pol ytetrafl uoroet hyl ene anglatbe wei ght percent of the _

ed additive shown-in Table 1. all percentages.based on the dry wei( t
of /t4ye 20 - cathode: and about 0.092 milliliters of an electrolyte - :

sting of about -50 PELEEN e pégpxlgpqecl\ffpgn?hg SO vol une:

percent di met hoxyet hane ) and -contal nin Addi ti onal
mniature cel | & @md 29588 (At WKahmpload cwi Bt at Aupecimposied not

contain any addjgg-thm %ﬁmcwmtpa@laaﬁe%(wyal perVakek, Fresh) of
three cells of each tg/pe V\erde observed 2 seconds_after initiation. of a

400- ohm di scha 8t ALrQye TRe¥R1EAGRE WEFEs was cal cul at ed
and the regul ts:eamzd!ru)wium ot et .a 2.0 IWelTheerott! Eorobotacitnieype were

oo, (once por byt FUSE and | ORF J{ L "y UGRELLU T8I0 O BV o°
vol tages were 5 recon&ﬂP\ﬂh¢VQ o tteste Were| repeated for beflist he
' stored at SO'C £o: 40 days and the data calculated
_' (Initial volts, s:ored) are snown in Table 1.
10 For the above test. the average milliampere
hour (mAh) outputs to 2.0 volts (background and . - U
pulse loads) for three ftesh'cellseof each type were
aIGO'calculated ahd'are shown in Table 1. The same
. data for cells.that were stored at GO'C for 40 days
15 are shown in Table 1. : :




baEkground.Iodd and the pul se discharge | oad. The above two tests were
repeated for cells stored at [err] for 40 days and the data cal cul ated
(Initial Volts. Stored) are shown in Tggle 1. 10 For the abov
test, the average mllianmpere hour (mAh) outputs to 2.0 volts (backgroung
and- pulse loads) for three fresh cells of each type were also cal cul atgd
and-are shown in Table 1. The sane data for cells that were stored at [e\{r

for 40 days 15 are shown in Table 1. [err] - 19 - EXAMPLE2 Sever aF. /
m niature cells were produced as in Exanple 1 with or without an additive
as shown in Table 2. esh cells were chilled at [err] for 4 5 hours and

t hen di scharged acrosssja 400-ohm pul se l.oad for two seconds. The average.
closed circuit velitag@|(frash at a secends observed for three cold cells

of each type is gjowg'n Tabl & 2. FThe &lIs were then continuously
di scharged acrosgjja 3pK-ohm 10 | oad at [err] for 11 days after which they
were again chilled aef[err]- for four hours. The cold cells were then _
di scharged acrosssla = -.ohm pul se | oad for 2 seconds and the average cl osed
circuit voltage at] alo :
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.2 seconds was calculated for three cells of each 15 type. The Tesults F
obtatwed (11 days) are shown in Table 2. The cells were then continuously -
' ged across a 30K-ohm|load at [err] for an additional 11 days after
ichsRey were again chilled at [err] for four hours. The cold cells 20 %
r ‘éh?,'discharged across a 400-ohm pul se | oad for 2 seconds and the _
{Eﬁe | osed circuit voltage at 2 secondgg was cal cul ated for three cells,
eath fype. The results obtained (227d2ys} are shown in Table 2.  -%8"
TABLE 2/Pul se Voltage (volts) Cell Sanple Addi tive _ Fresh 11

Da 22 Days 5 E “ None s 2.55 2. 24 1.89 F
1% [err] 2.56 2.31 . EXAMPLE 2 1oi(err) - 2.46

2. 14 1.92. H géiréral | mifdpenre cells weRe6producad?4as in 2.00
10 I . 0 r eLL] et 4 .3 onl : The data
observed from &%ﬂégés igg%igzaée‘r%ﬁgto}lgt gnt .gtdittﬁée_agai t'i_hvogs?lt}g‘éd in the -
“present inventiTabkeangi npfoeeht aellser wprpurbaliedt age -8 Cifor 4

MhC2- cont aidni noh&igh & Sand EReo8s2haegdaMaBEbES! 8 4BAL o piddid i ve used in’

the present invention [err] can . . s
P Toad fot “tw ‘seconds. The average closed circuit

voltage (fresh) at 2 seconds observed for three cold-.
cells of each type is shown in Table 2. The cells
were then continuously discharged éc:oss a 30K-ohm
10 load at 21°C for 11 days after ﬁhich_the&’ve:e-again _
chilled at -10°C for four hours. The cold cells | _\J
were then discharged across a 400-ohm pulse load for '
2 seconds and the average closed circui;,yoitéqe at
'2 seconds was calculated for three cells of each
5 type. The results obtained (11 days) are shown in
Table 2. The cells were thén continuously
discharged across a 30K-ohm load at 21°C for an
additional 11 days after which they we:épaqain
chilled at -10°C for four hours. The cold cells
were then discharged across a 400-ohm pulse load for
- 2 secohds and the average closed circuit voltage at
2 seconds was calculated for three cells of each
type. The results obtained (22 days) are shown in -
Table 2.

20



be” used wi th anot-her additive such as [err] such other additive

I ncorporated- to inprove  the pul se voltage and capacity nai ntenance on
storage: Thus, 20 t he conbination of the additive of the present ,

i mvention along with an-additional additive such as [err] can be used to .
si mul+aneously inprove the [err] pulse voltage capability and the pulse¢/ :
voltggg'and capacity mai ntenance on storage. <4@@ordingly, 25  wher
cel | s”are expected to be stored for a.long period of tinme, it would b
preferable to add an additional additive, SEABLEas2[err] to the cathod
t he reasons di scussed above. . -"21 - CLAIM5 1. A nonaqueous cell whi
conprises an active netal ~.anode, a nonaqueous _ ! _
conprising a solute dissolved in at | east one.organic solvent and a solid

cathode 5  conpr.i §8%* nanganese di oxi de, a binder and a conductjve agent,
the cathode cont ai m . REd St  of ma ec . éEidEEL_
nonaqueous cell as clainmed in claiml, in vm;%&é he . ese car te in
t he cat hode s prese in af¥Hbunt bet ween ~ 0.1 ht percent” 10

and about ‘5 wei ght pegcent : the dry [ t.bf cat hod A
g cent hasghay, ! upigt. of 4 r

nonaqueous cell as clained i'h i n whi‘ch t he mangahese carbonate is
present in an anount getweenghouiiogyy Wei ghty ogg cent angy about 3 wg ght

H 1% ca(oH)z/ - -
1% MnCO;3 2,67 2.24 2.00
“ 10 I 1% Ca(OH),/ :
- : 3% MnCO3 2.48  2.20 1.81

The data observed from Examples 1 and 2 '
.demonstrate that.the additives used in the present
invention can improve the -10°C pulse voltage for

15 - MnOz-containing cells. The data also demonstrate that
the additive used in the present invention (MnCO3) can
be used with another additive such as Ca(OH)3, such

- other additive incorporated to improve the pulse
voltage and capacity;maintenance on storage. Thus,

20 ~the combination of the additive of the present -

. “invention along with an additional additive such as
.Ca(Osz can be used to simultaneously improve the
-10°C pulse voltage'capability.and.the pulse voltage
and capacity maintenance on storage. Accordingly,

25 = = where the cells are expected to be stored for a long
period of time, it would be preferéble to add an
additional additive, such as Ca(OH)3, to the cathode
for the reasons discussed above.
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15" percent based on the dry wei ght of ‘the cathode. 4. A nonaqueous cel
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any of claims' 1 to 3, in which't
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ni obay e gnt al ates, titanates, vanadaté@d: zirconates, manganates (M +4)
_ and tungstates of alkali nptakgsor al kal ine earth 25
wher.ei W\t p#€ al kali_netal is selected fromttthium potassium rubidium and
cesi um and wher ei nt4 het apnagupens eell whirh gemprdses:iapcacidve metalregadei um

cal cium strond lridﬁhqu%ﬂﬁb b@écﬂtﬁlﬂﬂﬂsﬂmﬂiuﬁ eomprigingfa sblutd drdzalvkPYA cel l
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- Nonhaqueous cel alned I n an

nmet al
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4 30 h t dd | ected f lithi
1 2ot pot Aramye o voRt R Asbid BB (i om T
orthophosphatecompnisnngtmmmgahaﬁe dfakOie? andifder]and a22- 6. A '

t he cat hode |Sa%9%ﬁﬁﬂﬁf!mangﬁﬁe&ﬁ saBhAPaBet ween about 0.1 wei ght percent
and about 3 wei ghtz.Derzs.ce:&haqﬁaedsoaemeasrala\@hgalt1@fcwﬁnCﬁt hpgle.

nonaqueous cel | clainmed in
q whi éi ey

10

the manganese cgrbongtgsxn the cathode is
present ia an amount between about.Ocl weight percent'
and about 5 weight percent based on the dry weight of
the cathode. | _ | o

3. A'hOﬁaqueoue cell as claimed in claim 2, in
which the manganese carbonate is present in an amoune

“between about 0.5 weight percent and about 3 weight

15

20

percent based on the dry wezght of the cathode.

4, A nonaqueous cell as clalmed in any of claims
1l to 3, in which the: cathode contains 0. 05 to 10
welght per cent, based on the dry we1ght of the
cathode, of an additive selected-from_alkallne.earth
metal hydroxides; alkaline earth metal carbonates;

. the borates, silicates, molybdates, phosphates,

25

30

alunlnates, niobates, tantalates, tltanates,
vanadates, zirconates, manganates (Mn +4), cobaltates,

and tungstates of alkali metals or alkaline earth

metals wherein the alkali metal is selected from

‘lithium, potassium, rubidium and cesium and wherein

the alkaline earth metal is selected from magnesium,
calcium, strontium, and barium and mixtures thereof.

5. A nonaqueous cell as claimed_in-claim.4,.in
which the additive is selected from lithium_'
metasilicate, lithium tetraborate, lithium molybdate,
lithium orthophosphate, lithium tungstate, Ca(OH); and
Mg(OQH) 3. '

S.

A

A

the additive in



1*o0 7, in wiich.-the active nmetal anode is selected 10 fromlithium
9

sodi um potassi um magnesi um cal cium al um ni umﬂlm llwn f. 9.
nonaqueous cell as clained in any of- clainms 1 to '8% '{H" " M“mﬁumrgani
sélvent is selected fromsul fol ane; 1,3-dioxol ane; 3-methyl-2%oxazol i dofle
15. propyl ene carbonate; Y(gamm)-butyrol actone; ethylene glycol sulfiteg;|  ;
dinqggylsulfite; di met hyl sul.foxide; and 1, 1-22ad 1, 2--di-net hoxyet hane. 1

A nomaqueous cell as clai ngd,i f. clLai I . e hch_agy ter

i nherently present in kﬁengo“bgﬁgﬁégﬁés%?g?ggfdSigéggﬁbngg?ggfl§'r§%nved.
11. A nonaqueous wbiikhag¢hel adddgive dsyCalOHlains 1 to 10, in which the
manganese dioxide is hqat Rrgahggquk8usCERIE hbSc1BifedC9Al 8RY b® Eh8ims -
crystal lattice to bel ow about .1 MEIghI gercentu 25 15. .A nonaqueous
cel | according to & &PnP1insyBichnth® rgdisiRe, dpnbBroFatRede: LBeBTRPER
particular refgrenda e Bmdapkebét@ker. about 0.1 weight percent and

about 3 weight percent based on the dry weight of the

cathode.
8. A nonaqueous cell dis claimed in any of claims
1 to 7, in which the active metal anode is selected.
10 from lithium, sodium: potassium, magnesium, calcium,
aluminium and alloys thereof. | _
9. A nonaqueous cell as claimed in any of claims
1 to 8, in which the organic solvent is selected from
. sulfolane; 1,3-dioxolane; 3~methyl-2—oxa£01idone: _
15 . propylene carbonate; Y (gamma)-butyrolactone; ethylene
glycol sulfite; dimethylsulfite; dimethyl sulfoxide;
and 1,1- and 1;2—dimethoxyethahe.
10. A nonaqueous cell as claimed in any of claims
1 to 9, in which any water inherently present in the
20 manganese dioxide is substantially removed. '
11, A nonaqueous cell as claimed in any of claims
1 to 10, in which the manganese dioxide is heat
treated to remove its water content in the crystal
lattice to below about 1 weight percent. '
A 25 12. A nonaqueous cell according to claim 1,
substantially as hereinbefore described with
particular reference to Example 1 or 2.
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