EQUS CELL The invention relates to nonaqueous cells

2130409 1 :
enpl oyi ng an/anQdg; an organic el ectrolyte and a cathode. 5 The -
devel opnent fof by energy cell systens requires the conpatability of an

el ectrol yte 3i ng desirable electrochem cal properties with highly
active anode materfals, such as lithium calcium sodium and ;?3 gg Egnd
the effigie us¢’ of hlgh energy density 10 cat hode materi Jg Q
[err] and the~tke. The use of aqueous electrolytes is precluded in these
systens since the anode materials are sufficiently active to react with,
wat er chenmically. Therefore, in order to realize the high energy densMyF .
obt ai nabl e t hrough I5°- use of these hjghly reacti-ve anodes and hi gh

- energy density cathodes, it is necessart“to use a no.naqueous el ectrolyte
system WMany cell or battery applications, particularly in tranS|stor|zed

devi ces, such as hearing aids, watches, 20 calculators, and the liKke,
require a substantially 2. uni potential discharge source for proper
operation. However, it has been found that in many nonaqueous cells
enploylng positive active materi des conductive additives
such as’ graphite and/or carbon, 5 the cell upon initially being
(rjlezgﬂa{ ?gd exhibits arqy h hnvveonlt':[i?‘ e W teeusoq:no tnrc])gagl.ueelolust erilpsr Oecmepe.l.oyltn
an anode; an organic electrolyte and a cathode.
. 5 - . The development of .high energy cell systems
N\

requires the compatability of an electrolyte possessing
‘desirable electrochemical properties with highly active
anode materials, such as lithium, -calcium, sodium and
the like, and the efficient use oF high energy density
10 cathode materials, such as FeSz, 0030 PbO2 and the
like. The use of aqueous electrolytes is precluded in
these systems since the anode materials are sufficiently
active to react with water chemically. Therefore, in '
order to realize the high energy density obtainable through
15 use of these highly reactive anodes and high energy
density cathodes, it is neéessary to use a nonaqueous

electrolyte system.

Many cell or battery applications; particularly
in transistorized devices, such as. hearing aids, watches,

20  calculators, and the like, require a substantially




| ower *Ooperating discharge voltage |level only after a certain time period-:

has elapsed. The tinme period for the cell to reach its intended operating :
di scharge voltage | evel 10 usual | y depends on thedischarge rate throug@yé%ﬂ
the | oad and thus, depending on the apparatus it is to power, could-result .

in a period extendlng up to several hours or even days. This phenone on
has serious,_drawbacks when a cell is intenged to be used in electronic
devi ces 15 requiring a substantially unipotential discharge source for{
proper-operati onynlipotential ahessea@@@cw@ms eV i e b eriittival. vol t age
peak substantlalb exceedi.ng, t he tepded qﬂgratjn oltﬁgg far %he g Vi ce
could result in §W|83§ rdafrajast Be?%e R o Ondit @G s S8 “fhe
device. One appeeadbytiogpposétiveeattive fra hig ke whdbs fexiniciudersg hi gh
voltages prior taghayeligg Qhﬁlkﬁ)vég%uc#e&g rfxdamea@tamovro'aaq%nl evel is

to add additional electronic circult rotect the main

operati ng cénponéﬁ?scﬁﬂltHéoﬂevﬂéélal%MWR&#ﬂgtqﬁ%Fﬁﬁiged et bty 2dAdobo

the expense of tbeld@\gbcehbwbuabﬁom@%ﬂr A drbY gﬂdlg'etahﬂh dewi ce to-
accommodat e t he Rrotectlve gerU|tr asi.s

minf aturi zati on, -Pt'®ha8PHEE ﬁﬂgngtﬁgg%F%afcﬁfgﬂﬂ? ?W%ﬁ)ﬂﬁ 53?F§ foc8B5RAR
smal | er and snalkemenpﬁrabdrbapoakapéﬁﬁ Thoel 4 gne perﬁbd'ﬁmnntMpensaﬂe for
or to elimnate &R $giBht h@é *ﬂhE% %9&t@&&Mﬂxj‘%fﬁ%&%o‘ﬂa@%n%%‘ius

cells, it has been suggest
10 usually depends on the discharge rate through the load

Lﬂ;' ... and thus, depending on the apparatus it is to power,
could result in a period extendlng up to several hours
or even days. This phenome~on has serious drawbacks
when a cell is intended to be usedlln electronic devices

a5 ' requiring a-substantially unipctential'discharge source
for proper operétion In scwme of these electronic
devices, any 1n1tlal voltage peak’ substantlally exceedlng
the 1ntended operatxng voltage for the device could
result in serious damage to the electronic components

"~ 20 of the device. One épproach to protect devices from
batteries exhibiting high voltages pribr'to'leveling off
to their desired operatihg voltage level is to add '
additional electronic circuit companents to'protect the

et main operating components of the device. However, this

25 not only adds to the exbense of the device but also

would result in enlarging the.devicé to accommodate the
protective circuitry. With the emphasis placed on
miniaturization, it has beéome necessary for the battery
industry to design smaller and smaller:miniature power

30 cells. ' - '



4, 018, 970 that graphite and/ or carbon which is 5 'nornally enployed as a
erial in the cathodes of these cells be elimnated and f
nother el ectronic conductor. It . also disclosed that when -
conductor has, in relation to the postul ated deconposition

, . trolyte, an overvoltage such as the . deconposition takes
pl\acg)*gnly \at potential |lower than the positive active material reduction
' n the electrolyte deconpostt3on does not take place before

't he 'scharge of the positive. 15 active naterlal since the latter -
reducti on maintains the el ectrode at a potenti.al mhlch is too high for :the
deconposition to take pl a®e. coipuasathefbcaohlmgseldmuhuterehésence LY

basical ly reqU|r§n§qult%g %FQ%&E‘|oye§§ h&e F%E§ r@hso?f gﬁgbggsand/or'

20 carbon, which are nor In Cca ate
Patent 4,163, 829cei§eho§§shﬁ&anseoﬁygeepﬁsdwﬁpcﬁ §prayeaﬁ anode, an

.organic electrolx;oleodvo Q&hhogea@manblShago&nceebbhewﬁabhode material, 25
car bon and/ or,

gra unt_  of - ic.r t to reduce
any ratorial S PnABREALIF epALoRed 85,8 GOPALRAnS PRSErSPYOIRCRAR the o
active cat hode nehehbdhswoththespechlﬂ@ bbeeddminatedrhndgrepddeed Thi's

wi | | effectlvelyw&%guggogggf g&grEEbsga Pﬁgpétggtlvet FSFPeS in the

cat hodet hat have a ~“potenti a f he “re i.c reducing
agent. However, diselosed thparnhFMeshsreé@pﬁwensseopeguntos baém daduced .

gglfpe potentla'ze&akhsnﬁebahhbcpb§@u§h@aaaaeebmpsaae1uawaﬁteﬁespeCIes
10 electrolyte, an overvoltage such as the . _ _
decomposition takes place only at a potential lower
than the positive'active macerial reduction
potentiel, then the-electtothe-decomposition does
not take place before the discharge of the positive
15 active material, since the latter reduction _
maintains the.electrode at e'pdtentiallwhich is too
high for the. decomposition to take place. Thus, the -
teachings in this reference basically require that
the normal conductive materials of graphite and/or.-
20 carbon, ﬁhich are nOtmally employed'in cathodes, be
eliminated. | '
U.S. Patent 4,163, 829 discloses nonagueous _
cells which employ an anode, an organic electrolyte \e/
and a cathode comprising an active cathode material,
25 carbon and/or graphite and an amount of a metallic
reducing agent to reduce any. materials in the cell
which are more cathodic (positive) than the active
cathode material with respect to the cell's working
anode. * This will effectively reduce any impurities
30, or active species in the cathnde that have a
potential higher than that of the ‘metallic reducing
" agent.: However, :once.such.impurities or ective
species have been teduced to the potential of the
metallic reducing agent, some unwanted species still

-
b1

w,

[



:‘4;-rena|n that may result in an unacceptably high open circuit voltage.
According to the present invention thesre i s provided a nonaqueous cel
haV|nd’5n anode; an organic 5 electrolyte; and a solid cathode, said
cat hode conprising a major anmount of a solid active cathode material afpd
m nor anount of graphite and/or carbon; and said organic electrolyte \/ . -
contalnlng an isoxazol e derivative in as[ange between greater than 0.2 and
10 2.0 vol une percent based on the volune of the electrolyte solvent.
By. use-of the presaahnlmmentmey thasabt mhy de (mave eeltsone harghnarpe rof the
Nfollowhﬁg - (i) a non;g g%s %ell havi ng -an anode; a cat hode 15

conpri sing an actSiVE Y *Faterial and a conductive material of graphite
and/ or carbon; and an or §aspedénacteotlye epeoseal nimertiamdhentod® of an

i soxazol e derivapirgg ﬂ:leahdanaﬁGE'b‘Gé ”SeﬁDYhWQ@‘é' mbel:yo&u Ohard Wirdgsdlicopen
circuit voltages uch a ose serv

such-as. FeS2.
(ii) a nodhqueoﬁseEéFPEMﬁFehaBHpPoﬁgfédc%?ﬁ%ﬁ%ﬂh ctﬁ%nﬁﬁﬁﬂ?qind/or
carbon-additive tompiisave ahmagondasbuittyf od sd&ndxndtxhaanuindde:h
exhi bits a substan Lpgt I | t agee O 5
di schar ge. (|||)%aknonaqueousgcgpﬁb? %9?39 ggn&%HH%% a cafﬁbé@ conﬁr|5|ng
an active cathodenﬁaﬁe#ﬂaprggnaphelec ro Yte COﬂtalnlng an isoxazole
oz _ derivative in a range between greater than 0.2 and ebewt

10 2.0 volume percent based on the volume of the electrolyte
solvent. .
By use of the present'inVention the;e may be
provided one or more of the following:- |
(i) a nonaqueous ceil'having an anode; a cathode
15 comprising an active cathode material and a conductive '
material of graphite and/or carbon; and an organic
electrolyte containing a minor amount of an isoxazole
derivative to aid in reducing any undesirably high
initial open circuit voltages such as those observed
20 with cathodes such as FeSz.: ' .
(ii) a nonaqueous cell which employs a cathode
having a graphite and/or carbon additive to improve
the conductivity of the cathode and which exhibits a
% substantially unlpotentlal voltage cutput durlng
| 25 discharge. ' L
(iii) a nonaqueous'cell employing an anode;
a cathade combrising an éctiVe cathode material, graphite
and/or carbon, and a metallic reducing agent either
within the cathode or in electrical and ionic contact
30 with the cathode; and an isoxazole derivative additive -
in the cell's organic electrolyte such that during
) _1n1t1al dlscharge af thg cell ’ 8. substantlally unlpotentlal___y
dlscharge voltage w1ll be exhlblted.
: (1v) 'a nunaqueous “Fithium® cell employlng an
35 FeS2 cathode contalnlng a minor amount of graphite



.and/or'far on, and a netallic reducing.agehrfeither mLthin the cat hode or.;

ine al and ionic contact 30 ¥ i th the cathode; and an isoxazole-
deri® e ladditive in the cell's organi'c electrolyte such that during

i ni i/scharge of the cell -a substantially uni potential discharge

vol t | be exhibited. 35 [err] cathode containing a m nor anount of
graphte., 5. and/or carbon along-wth.a netallic reducing agent, and an
or gani | ectrolyte having a m nor anount of an isoxazol e derijvative, said

cel | exhibitingnd/sobsaabenaklgnanipbh eat et atl schoediec irod taagant 5 .and
The. addi tion ofnagrhsR¥XazZRhEcHREI VAL i NEyiSHCh RBnddr Do JrRE hyd 1. s0xazol e iy
(DM ) and/ or S:Retﬁgrisoxazofe _tg-nonaate%us.or%ﬁ%?%ﬂ%ﬁgipﬁtféfes‘is o
~effective in réﬁﬁé?ﬁ@lanﬂegfﬁﬁtfYﬁinﬁ?%%ecﬁhﬁe%¥ﬂkﬂﬂgﬂﬂﬂgﬁiﬁqh%ﬁ%ﬂtkﬂﬁiv*
circuit voltagesipbsenvedlwiibcharedechedgei als 10 . as FeS2. - These
i soxazol g derivatives gt - ered heter clie structures with an oxygen
and a. nftrogen atonjiﬁhgd%ggﬁgagnpggi %oﬁgggﬁz?ﬁg AEREYIREY S hotiC el ow:
[err] 3,5-di neadydi Bogthmetlylisoxazsohet (BN soxdfie Shre thrjdi itsioxes: ceres,
enpl oyed in the,CRRsERLERLs Ofrd@nic ol OGS Bft et Meely A AaLLS sthan 0.2 and
~about 2.0 vol une, percent 8ased on the vol une of_;%e el ectrolyte solvent, -
‘preferably bet WRERCERBUEND, S 3H HHHIA HND YA Ph e drkah did tddear to
" produce a. synepghsticceffecol vdigns usteth tved anj i@ iodé it rwia | c
redqc'nPgnEtalas FeSz.- These isoxazole;dérivatives,are 5-membered
heterocyclic structures with an oxygen and a nitrogen

atom in adjoining poéitions in the ring, as shown below:

3,5-dimethylisoxazole S-methylisoxazole

"

The additives are employed in the conceﬁtration
1S : fange of between greater than 0.2 and about 2.0 volume
percent based on the volume of the electrolyte solvent; o
preferably between about 0.4 and about 1.0 volume )
percent, and appear to produce a synergistic effect | ¢

when used in conjunction with a metallic reducing-metai

s LTS T
DRI ¥ A SR



6. addltlve (e.qg. Z|nc) I n the cathode. These particul ar |soxazole ' -
"détivatives are believed to Function through breaking of the ring at the

| ess stable N-O bond due to reaction with the -highly active species.- on ey
5 . carbonaceous conductive matrix in the cathode, said active specie'-
being presuned to cause the undersirably high initial open circuit volt §g
The i soxazol e derivative structure is bel.i eved to be effective because i%_

can be easrly oxi di zed. 10 The N-O bond energy is qnly 48 kil ocal ories '
conpared to nuch #dghkivaorrl enetigies Forthe: gatreds - klﬂBGSPoPPéé}CUéEN {147 -

kil-ocaheri ee), 0r1£b£§£8555d¥&i¢K¥H¢Hdfﬁﬁe daxaﬂveatw@nrehcthenopaaoaghCU|t
vol t age "behavi our pnaqugous cells a d/o 1

graphite- contalnl%b %%fl%g°€aﬁ %mﬁ%?griﬁﬁi ﬁaftgﬁqglﬂ caéggéo BY%r ved,
the cell's open ctmcmn&chndma@mtmLkm&ﬁhxghimeﬁcénVﬁnﬁms@ﬂﬁénOattBEVOItage

above the ngrmal gggg@ﬁéggﬁﬁgs%gﬁﬁég%l 1081 x ﬂhlgﬁeb%|mﬁ§@g saifjhat, for

cat hodes containing. a reduci ng addi ti ve, 20 ch as zinc, the dr op
in open circuit vafthye %RﬁﬁﬂQ%)Q?ﬁ?grﬁ4%§ﬁﬂgﬂ1q%sQﬁﬁ§et6hFeHU€FF8ﬁrB91Vhe

netal lic reduci nghageli thveidf ddén idirduit aslaragect i ve species responsible
fof the initially high opﬂp ciéé%%ééﬁﬁﬂéégyifé}v%p tru@%UQQdIF B?EE%)QQ

| soxazol e derivative, yllsoxazo
reduce remaini ng Umwbmteﬂfe@tlwe ypravysss idr dafplps tdiagd Lat oxidagedauch

hi gher thapgwoul drRgcyLo ey tdife 5 2 only 48 kilocalories compared
P to much higher bond energies for C-N (72.8 kilocalories),
~ C=N (147 kilocalories), or C-0 (85.5 kilocalories).
Observation of the open-circhit voltage
behaviour of nonaqueous cells employing carbon and/or
15 graphite-containing active cathodes, revealed that
in all cases observed, the cell's open circuit voltage
curves showed an inflection at a voltage above the
normal operating-discha:ge voltage. It is believed
that, for cathodes containing a metal reducing additive
20 such as zinc, the drop in gpen circuit voltage down - .
to the inflection is due to reduction by the metallic
reducing additive of the impurities or active species
responsible for the initially higﬁ open circuit voltage
values. The addition of an isoxazole derivative,

25 preferably 3,5-dimethylisoxazole (DMI), will reduce
remaining unwanted active species or impurities at
N a rate much higher than would occur with the use of
only the metallic reduc1ng additive.
';i The amount of the-;soxazo;e_derivatiﬁe

30 below 0.2 volume percent based an the volume of the



'onIy the nmetal lic reducing- ‘additive. The amount of the isoxazol e derivative

30 _2‘tm|0ml0 2 vol une percent based on the volunme of the el ectrolyte’
sol ve woul d not provide sufficient reducing material to qui ckly and :
ef f fctNvAl y reduce inpurities and/or unwanted active species in the cell

An" anount above 2.0 vol une percent 5 based on the volunme of the
te solvent may provi de excessive reducing material that could
eterious effects on other desiredyaspects of the cell. Al though
the\pegt embodi ment of the invention would include the use in the cathode
of a netallic 10 reducing agent in conjunction with the isoxazol e

derivative addit lel%dﬂ%dl'i&ee|s%<lt\féﬂt\’%ulﬁhﬁolt5@tmki% é@l’f':‘i&ti'e\h& addi ti Vé\
coul d be-used wi thaut .the alllc red |§%gaﬁp f% @i gy When used
‘Wi t hout the netalf8% lg%f eScivedy, Feduce
derivative to beim@dadtshmuh@dﬁbnwunw&hhedhnghdwees@ecﬁeshdnr&hge The
.anpunt of the me t he

cat hode as pc;sr t?l%l ghl % %q%{&dfs‘ tentov%g?ég g%&l%ﬁ %@g@em .
-sufficient t [ cBasedRrChe Falune, of the edactapdyrer §°éé{Fﬁ($dF“éYt han the .
wor ki ng active C%&%ﬁ@%éﬂﬂk86§§f%éMﬂéadEQ%%eﬁht@Q1hheﬁW%&kb%&l@ﬂ%Q%se

General ly betmeen bout bout 20 wel gent, preferably out 2 to
4 wei ght percent 8 Q£$9&§ & fFﬁéamgngHFgﬁF Eﬁé‘é&@hé&@eﬁFi e&bFS@e
cell. Although the best embodiment of the invention .
would include the use in the-cathede_of,a metallic
10 reducing agent in conjunction with the isoxazole o

derivative additive in the electrolyte, the

isoxazole derivative additive could be nsed,without
the metallic reducing agent~in the cell. When used
‘without the metallic reducing agent, the amount of

15 isoxazole derivative to-be'eddedfshould be near the
higher end of the range.

' The amount of the metallxc reduczng
additive or agent to be added to the cathode as per
~ the teachings of U.S. Patent 4,163,829 should be

20 gufficient to reduce materials in the cell that are
more cathodic than the working active cathode
materials with respect to the working anode. -
Generally between about 1 to about 20 weight N
percent, preferably about 2 to 4 weight percent,

25 . based on the weight of the cathode mix (active
cathode material, conductive ayent and binder, if
eny) would be suitable for most applications. Based
on the amount of graphite and/or carbon in the

. —-cathode, the metallic reducing agent could be added
“?7*3°*f71n an amount-of . between. about 10._and. about . 100
'.percent, p:eferably about 20 percent of the weight
" ‘6f the’ graphite and/or carbon... e
' Although not wanting to be bound by theory,
it is believed that when. employ1ng.bettery grade



' cathode naterlal
- suitable' for nDst appllcatlons

: grade

onductlve agent and binder, if. any) woul d be

carb ‘Based.on the amount :
anmounit B? ngmggnhgge the metallic reducing agent Coardgggpghégdagglor
‘percent of the we hout -10. and. about 100 percent, preferabl b
wanting to be boung L of the graphite and/or carbon. - Alt%oa ﬁUt ;0
.€ar bon- and/o¥ B?SBLYteIt s believed that when enployrgg Bg:te
‘no as-an additjv R o
nagueous systens, the carbon and/or gra‘bt#tg ;gnglr!sdt gahgsgez Ts(r)nral Iuse in

. .quant. of
Y sorbed oxygen or oxygen-containi ng conpounds onits 5 surfaee

whi ch supports a hi ope
cell. These Oxngﬁggﬁnfaﬂﬁﬁhéf;LLﬁéggtage A %gF&%rSQﬁ BBeiano0e O e

coul onbi c capaC|t|e S0 appear to_sho
may . be above the ‘fﬁaﬁ oper épimlddﬁq‘ﬁmamem'téﬁ'@ GR* ﬁ@WcZFFE

at|n
_material is reduce;hd/ortw Mat%ﬁ tthe unde3| lq'xw &ifni ng

| evel exhibited d r ap '
| age.
sol i d cat hodes ca%%e et?l m N god o ok ypdTeapnts LR %CJ% 'S e”pﬁt oying

~derivative in the wm%;y\yai%?ts,bg%éo‘&?dﬁ'ﬁiﬁ ﬁed&:imumm

hout the iti

‘teducing agent. togg a netal" -
areode RE : li-
graphite The add|t|§g£§EW#éhsnbetbﬂy SyfRE| BRE FSthe car on and/ or e

- reduce the-oxygen gﬁggeg-gghgakﬁiﬁedégzfﬂcénmﬂﬂﬁﬂﬂ&lsu41$Q|QﬁEeQQ)#?n|y

ghow some coulombic capacities, 8O that the initial

.:lsi ' . discharge voltage of the cell may be above the

10 normal operating plateau until the oxygen-containing
material is reduced. It has been found that the
" undesirably high voltage jevel exhibited during the
- {nitial discharge of nonagueous cells employing:
_ solid cathodes can be eliminated by the additionm of -
15 a: isoxazole derivative in the electrolyte with or '
without the addition of a metallic reducing agent to
_ react with the oxygen species on the carbon and/or
"graphite. The additive should pe added in an amount
- gufficient to fully reduce the oxygen species
20 without reacting excessively with the active cathode
material. With respect to the metallic reducing

- agent, this can be accomplished if the potential of
the metallic :educing agent is within about 0.3 volt
o . of the potential attained by the active cathode
: 25 material or is more positive than the active cathode
S _ : + material and less positive than the: oxygen species

L T
O PR

on the graphite and/or carbon material with respect
to the cell's anode.' For example, in a nonagueous
e ithium/res2 system, ‘the potential at low drain
'T.f30’frates is about 1.7 volts and the’ potential of the
ﬁh;,lithium/oxygen species is about 3 0 volts. Thus, a
Eireducing agent could be added ‘to the' Fes2 ‘cathode “--% T
T mixe containing the’ oxygen species- that would reduce
the oxygen species while reducing very little if any



f20'mnthout reacting excessfvel . ode mate CWth
_ y mnth the . actlve cathode naterlal
;Lgfgﬁct }o }h?hgetﬁéigrlreduchng agent, this can: be acconplished |¥V£Ee
- NiA i c reducing agent is wi thin about 0.3. volt
o]

"than L ag tained by the active cathode 25 material or is nore p03|trvéhe
- ns |¥e cathode material and | ess positive than the oxygen speci es

|Ie and/ or carbon material with respect .to the cell"s anode.
o NGP s abou 1 Tvarts and the potent i ar of hecl ehi dmoygen
drai n\T: e potential of the |ithiunbxygen
Speci e about 3.0 volts.. Thus, a reducing-agent could beaddedt)c/)g he. :}c

Lerr] cathode mi t gagi N
- oXxygen species |I€£€edu% ng %gs;@dYﬂﬁﬂngfzstsiii¢mxeduggqgreduce the

_addi ti on, netallu%9¢%H§cVﬂ§°€gEﬁY§ Rﬂ# %a o thal Of £he FeS2. n
" active cathode rgéeivelcathbdecmpteriad Vhégcg&gg\%{‘kzﬂgbﬁlﬁgw lfaFe Ofwtmhgh

-are anodic wth
< enployed in. accd&gg Ct SPﬁdéhlihg acﬁhiéhcaréodﬁodﬁcewiah respedtbe -

.added % S rnvention, ovi de b e ﬂOt
?aprEfer;B|snnognﬁgzezggfactDHP FetheéﬂcﬁaﬁﬁFégihaﬁ°3g8 ?glﬁ %géggﬁti

Aed WEERCEhisOLnvbataon;vproxifedethatethal 10 o

~Consequently, in accorgance w th thi
ot t he use. of graphﬂ:é nag afded; Bnagggﬂhﬂégg P?gﬁegéggﬁggg?ggbbe he:ealnta|n

" than about 10 percent, preferably not more. ha 5:;; N
percent,. of the active ‘cathode material.,_f;" _”" B “.
10 o Consequently, in accordance with this - "Q;i"'

invention, it. is possible to maintain the use. of
graphite and/or carbon as an electronic- conductor in
the preparation of solid cathode mixes while, at the
same time, eliminating the undesirably high voltage
15 1level usually exhibited during the initial discharge-'
. of nonaqueous cells employing such electronic .
- conductors.. Thus, in accordance with the pteferred
embodiment of the- invention, a reducing agent or a
: sacrificial anode is included in the cathode of the
20 cell and an isoxazole derivative is added to the
~ electrolyte for the purpose of reducing the _
undesirable. cathodic materials that may be present -

" in the cell that are more cathodic than ‘the working SN
active cathode materials with respect to the working '
25 - anode. - This will efrectively provide a cell which - -
will discharge within a narrow voltage output range. '
The metallic reducing ‘agent can either be '*.f;?

employed in a mixture in the fcrming of a cathode or
o it could. be placed in contact with tne cathode.
T;JJSO'CLThus, any discrete aterial such as a layer,_a. '
_' : 'coating, a metallic screen, 'a metallic strip, a
JEF“%“fporous metallic stripy or: a.powder and could be
. employed as long. as it is in electronic and ionic':-
contact with the cathode.. The choxce of a metallic




the preparation of solid cathode nixes while, at the same tine, el i m nat i+,
. ‘the 'undesirably high voltage 15 level usually.exhibited during the / -

initial discharge of nonaqueous cells enpl oying such el ectronic condugtgr s,
Thus; in accordance with the preferred enbodi nent of the invention, ~-f>¢ _
reduci ng agent or a sacrificial anode is included in the cathode of tQe’ 20
cell -and an isoxazole derivative-is added ﬁ the electrolyte for. the _
purpose of reducing the unde5|rable cat hod*t material s that may be - present
in the cell that are nore cathodic than the working active cathode

3;natergals with respect to the morklng 25 _ana ls mthbeebtetheveiy
“provide a cell whigghudink digenitamid lnoepeRds uﬁ§§rom/ P

~The netallic redugﬁggogge% QQFS@dHaab hateuﬁhdyudtpxggt%?ingeePLt?ﬁgge
co

formi ng of a cath e place qptamﬁmuiﬂinch@aaapﬁbde 30
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metallic strip; aeﬁpékcf Igcpz S| mqnmm/ﬁj tﬁﬁa““ﬁ[ﬁ% sgrfegf'oyed as
r-oni ¢

‘l.ong as it isin nd i O t mdﬁ:qdwuaat hode " The :
- 'choi ce: of a nptalitomay Dq.&)ab &Rﬁfb 1g e‘ﬂ‘f Y 2 POA Ié’s’svol t age

ot the cell's. actlygk gﬁﬁpﬂ@ gstem &ﬁﬂﬁererérgﬂ%e the anoqﬁ of the
| .

cell. For exanple emggglgiactedycimm %Bﬁ%hd&ﬁ% g

ll'th'uaneSZ Systeﬁ?°91° iﬂﬁﬁﬁ be SU|ta?LgdforTﬁugp“ﬁﬂﬂeouBe EMF -
| required, such as in

series 1is determined for 2 specific no::q:zzisbe
¥J; 10 electrolyte and anode/cathode system, g
| | | easy to accurately gelect which metallxch lsovaOle
agents can be used in conjunction with the

. derivative additive.

- pable 1 is a X
dditives to be used as metall
ctive cathode mater1als

oue
intended for employment in a 1ithium nonague 111
' These are. only estimates, ‘and- results ¥
electtolyte system

‘gough gulde for select;on of :
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agents for different a

system. .
vary somewhet, dependxng on g e

20 .selected.
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l'ithium Ag20 system since, in the latter, a |ess anodic (negative) netallic,
redugkng agent may be required, such as tin or lead. Thus, once the EM -

: e—det erm ned for a specific nonaqueous. . 10 electrolyte and

fanode/ athogé system it will be easy to accurately sel ect which netallic

- .reduci hg ag&nts can be used in conjunction with the isoxazole derivative
wradditifvedyTable 1 is a rough guide:-for selection of 15 the netal addi ti'ves .
- “to Dbe (use s/ metallic reducing agents for different attive cathode - .
- materiyl s i*nyended for enploynment in. a Ilgﬂrun1nonaqueous system These, are

“only etimyes,: and. results wll vary sonewhat, dependlng on the . \Jw
el ect r ol 'y+€ systen120 selected:. : TABLE *ApprOX|nate - . Conmon thals
Act i've. Cat hode Operating - -~ .. .in . Proper Materials Potentléy (\0
~ -Potential Range [err] - . . : . TABLE-l © '~ 'No, CO Fe, "Cd, 2
~In, Sn, Pb [err] = - "1 bi dodtfon Gestalerr]. _' '
CIbid [err], PbS . .’ L4 1*prtox at?\b COCE rprgf@e:Cd In. sn, Pb.
ferr] ctiva_%gtho S 09§r t o Eok ﬁ%&aIIQammg Sn, Pb -
. | ' Materials én L AU

. .l ) . 1 7 o Wb CO, Fell'.:l.cdl
FeS2 R _ o Zn: In, Sn,;Pb

Bis03 AR B e Ibid__ ‘ o
cuo, CoS, Pb304 1.6 - Inid - SR
| . PbS 1.4 " gr, Nb, Co; 2n,
IngS3, PS  Fe, ca, In, sn, b

- 'y.3 . wmi, zr, Nb, Co,
_00304 - ) o el o o Zn:Fe. cd, In,
Ag20 2.2 ' Fe, Cd, In, Nb,

Co, Sn, Pb

'*With-tespectgto-1ithium.

Sultable metallic reducing agents can be
gselected from the group consisting of: zinc, iron,
cadmium, niobium, cobalt, indium, tin, lead,
zirconium and titanium. In addition, if the amount ‘g:;:
of reducing agent employed is carefully limited,
more active metallic reducing agents such as
lithium, sodium, potassium, magnesium, aluminum, or
calcium may be used. '
In the nonagueous cell systems of th1s
invention. suitable active cathode materials would |
_Q-“include CF ; metal oxxdes,'such as- V205, A . .
- .WO3, Hoo3, lead oxldes (e g., Pb3o4 and.
o o BDQ) o cobalt oxides, Mnoz. In2 3 iron
-:fsulfides (e.g., res, ‘PeS ), uis, metal chromates,
_ such .as AQZCrO4, metal phosphates, such as
- Ag3Po‘. and metal sulfates, such as Cuso‘




'[err] - 2 2 Fe, Cd, In, Nb, Co, Sn, Pb- *VVth
respect to I|th|un1 Sui t abl e netalllc 1 educi ng agents can be selected f
. the - qraup consisting of zinc, iron, cadnmium niobium cobalt, i ndi um "t
lead, zirconiumand titanium In addltlon i f the amount- of reducing &
enployed is carefully limted, nore active netalllcredu0|ng agent s: such\as."
“Lithium - sodlun1 pot assi um magnesi um " al u ngnl or calciummay be used. In . .-
- the nonaqueous cell systens of this invefit?#6n, suitable active cathode
-.materials would include CF , netal

_ oxi des, such as -[err], [err] |ead
oxidég i(e.g., [err] and- Pbo) ‘cobal t OXIde

elh: AQUEeOYE| f i aes
(e g.. FeS, [err]) NS rremlgmmmievg Bk] uskein] non |

20 A Eal phosphat es,
“such’ as [err]. and met al - .sul f at lgawﬁyii(ﬂmjpntion you: dH|ghF-y active
‘anodes for.use in

ﬂﬁﬁﬁﬁﬁﬁuﬁﬁ? ens [ o dﬂﬁnmﬁnﬂhq|&i¥‘®&uld be
consumabl e netal s @&%uﬁﬁﬂlﬂiéﬂ%ﬂ rﬂlﬁm’? "n%k i

ali, lgadd e earth
metal s and al | oys of al 1y oa1{é sdsrth mﬂd# And ri‘tah ot A sdivmth ach
.ot her-and ot her m#BF3+2 The ter allgﬁ gggﬂshmithrﬁ¢QhIQﬁQﬁﬁkﬁpéa
“i'nclude mxtures, getalissorudibpling FRTES Ilihlun}ggggggaLﬁ%:eﬂd ide
ﬁlnternetalllc ~ other ‘metals. “«qhe term "allo

'intended to -include mixtures. solid soliiizns. such.
aS-lithzum-magnesium. and the intermez:e e
'compounds,'such as lithium monoalu:x: s;dium'

10 preferred anode materials are 1ith il, odem,

| potassium, calcium, magnes;um and a. oyum e e
Of the prefe::ed anode materials., lirnxa e
.the best because, in addition to being

bled in a. cell, it
t can be ‘easily assem
e tha ghest energy—to-weignt ratio of the

¢

-15 possesses the hi ,
' of suitable anodes. | o
o In nonagueous cells, useful organic

Lve of. thzs
. golvents: employed alone or mixed in the cell

g P 0

H ' crotonitrile
lene nitriles P

S ‘(1iquid ranges, -51- 1o ¢ to 120°C) or
~ o ' . . e.g., trimethyl borate, (CEj

~ T:ialkyl borates: e

o | o : (1iguid range. -29.3 1 silicate,

Tetraalkyl silicates- e.G.r tetramethy cs.
25 ' (cnso) si (boiling point, 121

L
Y

Nitroalkanes- €.Ger nitromethane, CH3:OE)
- (liquid range, -17°C to 100 -
A Alkylnitriles-: - acetonitrile, C:ac‘ -
R & (tiqudd. zange,'-45°c to 8l. CON(CH
.;‘30 : ides: €. Ger dimethylformamlde, H 3 2 .;.
=H¢=h{;;ﬁs.w?i:}kYIBN(liquid r;nge,"5°'48°c to.. 149'C) i o




conpounds 'such as IrthrunrnnnoalunrnLde ) The 10 preferred anode -
materdals are |ithium sodium pot assi um cal ci um nagnesi um and aIons

thereof .. of the preferred anode rateri al s, Irtnrunrmould be the best
- becausg; Th addition to being a ductile metal that can be easily assenbl ed
in a geld, It 15 possesses the highest energy.-to-weight ratio of the
group ujtabl e anodes. * I n nonaqueous cells, useful organic -
. sol veht | oyed alone or rixed in the gef4 of.this invention include the
followng LI asses of conpounds: 20. Alkylene nitriles e.g., crotonitrile
(liqui anges, [err] Trialkyl borates: e.g., trinmethYl borate, [err] .

(liquid range, [cLagtamss aelgyl Brmethykayrro;ﬁdone;ranethyI srlrcate 25
[err] (boiling point, [err] N troalkanes: e,g. H] E NO2 - -
(l'iquid range, -17C to [err] Alkylnitri- les: eq: -'ac%ton?trrle, %rr]

fg(quurd range, [err] to [eifiuﬁg_rghgéknggtgege gngpc)drnethylfornanrde'
Ferr] (G aula Takiendqarborrilccatle sntacs oagti byl ot “é@g ”e°'g' ,“9”9 .-
.ethyl ‘acet at e55 - (iiqmﬂdd:aﬁ@ge,-83366t5077806?¢) i S
- Orthoesters: e.g., trimethylorthoformate, HC(OCH )
(boiling point. 103°C) ' :
Lactcnes- e.g.,Zf(gamma)butyrolactone, .
_ o cnz-caz-cnz-o-co
0 - (liquid range,_-42 ‘to 206°C) - g
-Dialkyl carbonates- e. g., dimethylcarbonate,
OC(OCH )2 (liquid range, 2 to: 90°C)

Alkylene carbonates- Y- P propylene carbonate

CH(CH )CH -o-co-% (liquid range,
15 -48 td 243°c)

‘Monoethers: e.g., dzethyl ether (lxquid range, -116
~ to 34.5°C) '
- Polyethers: e.g., 1, l-and 1 2-dzmethoxyethane
(1iqu1d ranges, =113.2 to 64. 5°C and -58 to.
83°C. , respectively) | |
_CYclic ‘ethers: e.g., tetrahydrofuran (l1iquid range,
-65 to 67°C); 1,3-dioxolane (1iquid range,:
. =95 to 78°C)
Nitroaromatics: e.g.,. nitrobenzene (lxquzd range,
25 : 5.7 to 210.8°C) '
Aromatic carboxylic acid halides: e.g., benzoyl
' chloride (liquid range, 0 to 197°C); benzoyl
__ bromide (liquid range, =24 to 218°C)
-Aromatic sulfonic acid. halides: e. g., benzene
gt e sulfonyl chloride (lzquid range, 14 5 to
o '7; 251°c) |

20



CXthoestere e.g., tri net hyl ort hof or mat e, [err] (boiling pornt 1030)

Lactones: e.g. ,[err](gamm)butyrol actone,  [err] 10 = - _ ~(liquid
range, -42 to [err] Dialkyl.carbonates: e.g., dinmethylcarbonate, OC( OCHg) 2
(l'iqui-d range, 2 to 900 Alkylene carbonates: e.g., propylene carbonate

[err] (Irqurd range, 15 - . -48 to [err] anoethers e.g.
di ethyl . ether (liquid. range, -116 to [err] PoI ethers e.g.., 1,1-and.
1, 2- di met hoxyet hane (Iliquid ranges, -113.2 rT] and -58 to 20

[err], respectively) Cyclic ethers: e.g., tetrahydrofuran (liquid range
-65 to [err]; 1,3-dioxotane.(liquidrange, -95 to 78C) Nitroaronatics:
e.g.,nitrobenzene (I|ﬁ§?€°?&ﬂg@h0§2h°nic acid dihalidegee49. ahanaene

carhoxylic acid halides: e.g., irfﬂﬂfﬂﬁﬁidé Ol XYY poih g o d5gad)

benzoyl bromde (liqujd ran err% Ar-ojrpt onrc acrd halrdes
e.g., benzene 30 As @ﬁFgﬁnﬂ‘ %ﬁr‘{%é{)ﬁg@ 9.0 RenFEne

Aromat i ¢ phosphoni c acid di hal :mphamonmmmmhmlmgmmm
(borlrng pornts 358C3 _ ©124°C at 5 mm) : |
o Cyclic sulfones: e.g., sulfolane, _
- CH,~CH,~CH,-CH, éo (melting point, 22°C
3-methylsulfolane (melt;ng peint, -1°C)
U ' Alkyl sulfonic acid halides: e.g., methanesulfonyl
1o - chloride {boiling point, 161°C) .
aZkyl ca:boxylic .acid halides- e.g., acetyl chloride
(1iquid range, -112 to 50. 9°C); acetyl
bromide (liquid range, -96 to 76°C):
_ . propionyl chlo:ide (1iquid range,
15 | -94 to 80°C)
' Saturated heterocyclics: e.g., tetrahydroth;ophene
' (liquid range, -96 to 121°C); 3-methyl-2-
- oxazolidone (melting point, 15.9°C)
Dialkyl sulfamic acid halides: e.g., dimethyl

20 . . sulfamyl chloride (boiling point, 80°C at 16
_ : mm) _
A . alkyl halosulfonates..e g., ethyl chlorosulfonate

(boiling point, 151°C)
‘Unsaturated heterocyclic carboxylic acid halides:
25 ' e.g., 2-furoyl chloride (lxqu1d range,
| -2 to 173°C) -
-_Five-membe:ed.unsatu:ated_heterocyclics: e.g.
l-methYIPYrroié'(boiling point,
LT - “114°C)3.2,4-dimethylthiazole (boiling
.30 'ff" s point, ‘144°C) ;. furan (liquid range, -85.65
‘to 31.36°C I .
| :Esters and/o: halides of" dibasic carboxylic acids;
K -~ CeGe s ethyl oxalyl chloride (boiling point,
- 135°C : o



}Aranafic thionnosphonic acid drherides:-e.g.- benzene thlophosphonyl

.di chlori d€ (borllng point, 5 [err] at 5 nm) Cyclic sul f ones:
e.g., qne, [err] (melting point, -[err] 3-nethylsulfolane (neltlng
poi nt, - W kyl sulfonic aci'd halides: e.g., nmethanesul fonyl 10

chl.ori i Jing point, [err] Al kyl carboxylic acid halides: e.g., acetyl
chl ori: id range, -112 to 50.90); acetyl brom de (liquid range, -96
to 76C) onyl . chloride (liquid range .. . -94to [err]

- Sat ur at erocycllcs e.g., tetrahydro?ﬁlophene (l'iquid range, 296 to
[err] 3- hyI -oxazol i done (nmelting pornt Terr] Emalkyl surfanic acid.
"hal i des: chl ori de ng point,

rarTest oo ﬂnsy? K3k8d. prananse. agil haT¥neR aRELIRchRR LS Poi oo

spoint, [err] Unsaturated acidr be}ides,cerpoxythtonosulfiahylicatefpl

e.g., 2-furoyl chloride (EhiHEQd%aQBSEIFﬁgt?oFﬁtr]9Eb&eaEEﬂBe 9

‘unsat ur at ed heterocicllc I ng point, [err] -
-2, 4-di met hyl t hi aPéa kyboﬂplﬁgxéée3° e.g., Yai mesbrhtsulﬁqx§9e furan (liquid
‘range, -85.6%to [err]. 31@ gianggggenahgdestaf1§9bg;|c carboxyllc acrds

.je g., ethyl Oxa|31aigy8r QEL!299?9'33hethylsulfate _
L (liquid range.'-3l 75 to. 188. 5°C)
Dialkyl sulfites- e. g., dimethylsulfite
_ (boiling point, 126°C) - :
10 Alkylene sulfites- e.g9.., ethylene glycol sulfite .
(liguid range, =11 to’ l73°C)
Halogenated alkanes. e.g., methylene chloride (11qu1d
' ' range. -95 to 40°C); 1,3-dichloropropane
(liquid range, -99.5 to 120.4°C) .
15 ' Of the above. the preferred solvents are
sulfolane; crotonitrile, nitrobenzene,_uw
| tetranydrofuran: methyl-substituted tetrahydrofuran;
' 1,3—dioxolane::3-nethYl-2?oxazolidone; propylene or
ethylene carbonateixibutyrolactone;_ethylene glycol
20 sulfite; dimethylsulfiteé dimethyl sulfoxide; and
' I,l—-and.l,2-dimethoxyethane."Of-the'preferred
solvents,-the-best'are 3-methyl-2~-oxazolidone,
. propylene or ethylene carbonate, 1,1- and
-1, 2-dimethoxyethane, and 1,3-dioxolane because they
25 appear more chemically inert to battery components
and. have wide liquid ranges, and especiaily because .
they permit bighly efficient utilization of the '
_ cathode materials. - -
o : * The ionizing solute for use “in the
s L"BULIfinvention may’ ‘be a simple or double. salt or mixtures
.. thereof, e.g., LICF 80, or'LIC10,, which will
" produce: an ionically conductive ‘solution when.
‘ dissolved in one or more solvents.. Useful aolutes:--
“.include complexes of inorganic or organic Lewis -
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- alumnumfluorldB°t corroce or ot

: ] at erial's The: i oni zing solute for use in the 30 |nvent|on nay be o

'si npl & gr—4oubl e salt or nixtures thereof, e.g., [err] or [err] which will

producg ‘afh\iwgnical ly ‘conductive sol ution when dlssolved in one or more .7
- eful sol utes include conpl exes of inorganic or organic Lew s

aci ds grganic ionizable salts. The only requirenents for utility are
t'hat t tS , whet her sinple or conplex, be conpatible with the sol vent

or - solyentg belng enpl oyed and that theyw Yigeld. a 5 solution. which is _
‘sufficiéntly ionically conductive. According to the Lewis or:electronic -
" concept of . acids and bases, many substances whi ch contai'n no active i

‘hydrogen can act 14guid @1 evtrenya Pt iy D latia conthghasi ¢
. ‘concept. 10 is get forth |%6&%e chﬁgécal Jtera Journal of the. = -7
tFranklin Instituf@® apgde 9 f§9§ ishlog 88 403 by G N -
Lewis). A suggestcdnséactpamhmbdtmuennﬂhu’dﬁmﬂewnmﬂeemuhadexﬁlthese

; | f 1 o
X e o 00 wher The°Boktalinky HBURANI Goe! oiR! Bely Ball Be (1) o

salt forned Pet waade: pE Eewigls@Sd %h:hénoem rdckelsanickedrgdagedent i ty :

e R R e
ypi %erwise deteriorate when in contact

with the cell materials. o
‘ The insulating member dlsposed between the
10 cover and the can has to be stable in the presence : 'i.i:
" of the cell. eomponents and can ‘be selected from such o
materials as polytetrafluoroethylene, £fluorinated |
ethylene-propylene (e g.; FEP), ethylene copolymer-
with FEP, polychlorotrifluoroethylene,;,:~
15 perfluoro-alkoxy polymer (e.g., PFA), polyvinyl,
_polyethylene, pblypropylene,fpdletyrene, nylon, etc.

)
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al uninum broni de al umi num chl ori de antinony pentachl oride zirconi'um

tet.rachtori de -, phosphorus pentachl oride, boron fluoride, boron chloride” '
and 25 boron bromide. lonizable salts useful in combination with the Jewi@)
acids include lithiumfluoride lithiumchloride; lithiumbromde, |iyhljpny
sul fide, sodiumfluoride sodiumchloride, |ithiumbronde, 30 ' A
pot assi unflwori de, potasti um chl ori de and potassi um brom de A separatar <.
for. use in this invention has to be chemcalgy..inert and insoluble M the
cett_Sﬁ%&en)and have a porosity so as to permt the liquid electrolyte
t o perneat e through and contact the anode of -the cell thus establishing an
ion transfer path between the anode and c he-cont ai ner housing for .
the cell can be 5 nmade of stajnjess'Steg_?hﬂggz,fnickel, ni ckel - pl at ed '
steel or some other conducti eindaresizmbulion ekl Mat®ie of ot herwi se
deteriorate when i n conéephcred mgh}-c@é DERSS 2l systebhe iMsallcdimg menber
di sposed between the 10 - co nd the can has to b | e in the, presence
of "t he-cel | corrponerﬂ%’%n@'{g% ﬁb‘g} %c&%ﬂ“?@?ﬁn%c&f%i@ﬁhl? f&e_xﬁ:t.
pol ytetraf| uoroethyl e, céllorcorns tsited hyf ene rhoiun alisdie.an ,Felsa?) S
oLY| ene COPOLYIE! 1A EhdFE ndel Wb 1L AL UANAV S 82 Percent

g.g., ), pol yvi nyl, ST _

per fl uor o-al koxy polyner- {: / > e
£ ' FeS percent carbon black; 8 percent of an

- . [ 4
: o ' aqugbus polytetrafluorcethylene emulsion and 2
. o percent zinc; a separator; and an electrolyte
10 comprising 1 M LiCFasb3 in 50 volume percent
' dimethoxyethane and 50 vol)ume percent
3-meth?1-2-oxazolidone. -In some of the cells, a
small volume percent of 3,5Ldimethylisoxazole (DMI)
was added to the electtolytg and then the average
- 15 open circuit voltages (OCV) of three cells in each
case were measured over a period of time. The

results are shown in Table I.

Y



polyethylene polypropylene polystyrene nylon etc. o EXAVPLE |

M ni at'ure, s ze button cells were constructed u3|ng the [err] system The

cel I's were 0.455 inch in diameter by 0.22 inch in height. 5 The cells
consi st ed of a lithiumdisc; an FeS2 cathode nade of a wet mix containing

_82 p ent FeS2, 8 .percent - carbon bl ack, 8 percent- of an aqueous
pol y \Tluoroethylene enmul sion and-2 percent zinc, a separator; and an
ele \e 10 conprising 1 M[err] in 30ygolunme percent di-nethoxyethane
and hllume. percent 3-net hyl - 2- oxazol i done. In sone of the cells, a _
snal me percent of 3,5-dinethylisoxazole (DM) was . added to. the s
el ect fte and then fhe average 15 -open circuit voltages (OCV) - of threé
~cell's in each case were measured over a (RABLRI Df tinme. -The results are- .
Shown in Table I. TABLE | DM ADDITIVE none. 0.2 vol/% 0.5 voll@b
1.0 vol /% Time on OCV OQL_.___ “QC\ DMI ADDITIE&/ . cocyi(daysy
- fvolts) - (volts). (volts) Svolts 0. . 2.38v.- - 2.37 v.
2.37V. 2.36 v.  _.hone ~ 0.5 vol/s. 1.0 vol/s.
~on OCV OCV ' - 0Cev.- -~ ocvw 0 OCV.
- {days)  (volts) = (volts) = (volts) .=  (volts)
0 . 2.38v.  2.37v.  2.37v. . 2.36 v.
1 231 2,33 . 233 . 2.33
2 230 2.30  2.28 ' 2,25
3 2.2 219 218 . 2,16
4 230 .23 212 . 2.10
5 2.30 - 2.08 2.06 . 2.03
6 231 2,00  2.00 1.97
7 23 195 1.95 © 1.92
8 2.31  1.93 . 1.82 1.87
9 2,31 . 1.83 - 1.87. 1.4
10 2.31 ' 1.92 . 1.82 1.81
11 2.30 © 1.91 1.80 1.76
12 2.30 _ 1.92 - "1.79 ' 1.74
13- 2.30 1.9 177 1.73
14

2.30 1.1 1.76  1.73

-

ey

W

@
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2031 233 233 2.33

2.30° .7 .2.28 - 2.25 3. 2.29 '2.19 .

2.16 4 - 2.30 . 2.13 ' 2.12 2.10 5

2. 08 .. 2.06 . 2.03°6 2.31 " 2.00

1.97..7 Z2.31 . 1.95 _ ~1.95 '1.92 8

.93 . 7 1.92 1.87 9. - 2.31-1.93 K

.84 10 = 2.312°" - . 1.92 o 1.8220 = 1.81 11

1.91 * 1.80 ' 1. 76_12_- ' 2.30 1.92

1,743  -2.30 .. 191 17T 1.73 14  2.30
1.91. o 1.76 1.73 . EXAMQxiMPﬂnrneuLwe size button cells

were constructed substantia i ig t t he,hei ght was |
0.118 inch and the eIectroI?FXigégkglg¥g ?E é%fi Nﬁ?%? i*h 40 vol une
per cent di oxol ane, cQOStougnndpsubsnanuiatlhoaseinaﬁeammba3blwx¢em& percent -

3-met hyl - 2- oxazol'i ggge. thEnhéQgﬁtCﬁLh . $18"%4h hVDx'xa'“&@eéfé‘é‘E:&i;{
3, 5-di net hyl i soxazol e g 5- et

X sS0xazo added to B
el ectrol yte and - hemPL XegvﬁPﬁgéiﬁﬁén cFrEﬁ¢?3§ijg© R Hmeyf three cell's
in.each case were paa&uheddﬂuﬂblanaerBodveiuﬁenpercaﬁﬁedfma&ﬁdxy&fhamOmn in

TT%PIe H and 30 volume percent 3-methy1-2-oxazolidone. In-.
C some cells, a small volume percent. of '
:7 : | 3,5~dimethylisoxazole (DMI) or S-methyllsoxazole was
10 added to the electrolyte and then the average open
circuit voltages (OCV) of three cells in each case
' 'were measured over-a pe:ioﬁ of time. The results
are shown in Table II.
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-21 TABLE Il Addltlve Ti me on

,and organi-c el ectr

none 2 vol % DM
oCcV (wvol

2.31 .31
2.16 3 2. 28
2.09 - 2.05 5
2:24. 2.06
1.95 8 - 2.19
2. 03 1.93 10
2.16 .2.03"
1.94 13 2.15
2.00

iﬁ@&e?

5-met hyl i soxazol e (days)

0.2 vol % ocV.

OCV (volts) OCV (volts)

2.33 v. 2.46 v. . 2.54 v. 1
2,28 2 - 2.29 2.18 .
2.10 2.10 4 2.27
© 2,26 = 21 =2.07 - 1.99 6 -,
1.97 7 .2.21 2..05 . |
2.04 94 9 2.18 .
- 2.17 Mos 1.94 11
TET LTIV YCE PR Do

22 CLAI VS 1.

and a solid cat hode;

‘A nonaqueous

maj or amount of a ag;l d acti Vet hode graf ev[&lal % a s-methylisoxazole

_ @aysL ocv (volts) ocv - (volts) OCV: (volts)
233w Z.Qé.v:. ' '_  2134 v. ¥
2031 2,31 2,28 .
S RO LT G
2.29 2.18 2016
2.28 2.10 . 2.10
2.27 2,09 2.05
2.26 2,07 1.99
2.24 2.06 1.97
2.21 2.05 - 1.95
2.19 2.04 1.94
- 2.18 . 12.03 - 1.93
10 2.17 2.03 - 1.94
11 2.16 2.03 1.94 -
12 2.15 2.02 1.94 |
13 2.15 2.01 1.92 ¢
14 2.14 2.00 S 1.91 %

O ® N kW N O

-.)- to
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W5 M nor amount -of graphlte and/or carbon; and said Ic electrolyte
cont ai ning an i soxazol e derivative. in a’range between greater than 0 2 -apd
2.0 voI ume percent based on the vol une of N‘ﬂlmmmﬂsol vent .
nonaqueous cell as clainmed in claimli, 10“‘ ‘ oxazol e
‘derivative is selected fromthe group constst$ng of* 3, *5- di net hyl i soxazs
_and 5-methyl - i soxazole. 3. A nonaqueous cell as claimed-in claim
2, wherein the isoxazole derivative i's in a range between 15 = about. e
‘and apout 1.0 volune percent based on the é/ol une of the electrolyte ..° /
‘solvents . - 4. A nonaqueous cell % claimed in any one of the '
precedi ng clains, wherein the active catmgmterl al is selected fromthe
group consisting of [err] 20 MO8, |ead oxides, cobalt oxides, MQ2, .
copper oxides, CuS, [é&rr], ArpfRaqrerwesce N ay g |am AR qO& ]anén(?r\ﬂr?@rlél n
t he anode is sel ected from the grou con5|st|n of | it hium sodiu

~ potassium calcif cﬁﬁ@ﬁ@§?un§% d2aFPHR THER sajd cathode; °°merbmg
'nonaqueous cell as _cl.ai med any one f t he receqﬁ (%1 cl a'tnsr’i‘?g“- n '_
active cat hode it 8FPSF a?°f"é'r; and> e aah% Rqumate

e S s el oo ke S e
~cathode, said Mebakbheol RUCLEY &0PMg DAY N MM Jd i Y¥rivative in a
- range between greater than 0.2 and about 2.0 volume
percent ‘based, on the volume of the electrolyte solvent
2. A nonaqueous cell as claimed in claim 1,
~10: whereiq the'isoxazoleaderivative is selected from the
| group.consisting of 3,5—dimethvlisoxazole and'S-methyl—
iSoxazoler o | o
| 3. i.A nonaqueous cell as claimed in claim 1l or 2
wherein the isoxazole derivative is in a range between
15 about 0.4 and about 1. 0 volume percent based on the
volume of the electrolyte solvent . |
i\g}  . '. 4. A nonaqueous cell_as claimed in any one of the
- preceding claims wherein the active cathode haterial |
* is. selected from. the group conSisting of CF , V205, WO3,

20 - Mo0 lead oxides cobalt_oxides, Mnoz, copper-oxides,

3 ’
Cus, CoS

=

2. In, 3, iron sulfides Nis, gZCro4, Ag3PO4
and CuSO4 and wherein the anode is selected from the
'*wgroup conSisting Of lithium sodium,-potaSSLumf calcium,

_ _magne51um and alloys thereof

25 ' - 5.7 “A nonaqueous cell as claimed in any one of the

.-ll

precedihg“claims;"whereih'the“actiVe-Cathode-material'is

FeS, and the anode is lithium.



Lo .
“dh

5 -to reduce materials in the cell which a're' more cathodi ¢ than the actives . .

cathode. material with respect to the anode. 7. A nonaqueous cell -as .
‘clainmgd in claim®, vvherel n the n'tﬂummmﬂ agent is incorporated 10
t hr. oughout t he cat hode. 8. Hmnlm, claimed in claimé6,
‘viherefm\the nmetallic redu0| ng agent i§ a di%scrsete material in electrical _
‘and foniecwcontact with the cathode. 9. A nonaqueous cell-as clained in
any [ af\ 15 claims 6 to 8, wherein the netallic reducing agent is- o
“sel egt\edNf rlom the group consisting of zinc, niobium cobalt, iron, cadnjum

F ndi , lead, zirconium ti tam um” 1i thi um . sodi um  potassium o
_magneyj um alun1nun1 nd cal_cium nopaqueous cel

subst ami4l |y as her |nbef8r8°8€§HFPB§dc?hlaﬁ§ ShélTﬁd - Y BT R

the precedlng clalms. whereln a minor amouht of a
metalllc reduc1ng agent is contalned in said solld
cathode sald metalllc reduc1ng agent belng suff1c1ent'

5 to reduce materlals xn the cell whlch are more cathodlc
than the actlve cathode materlal w1th respect to the
anode. | | o

7. | A nonaqueohs'cell-as claimed'in'claih 6,
.wherein'the metaliic redﬁcing agent is incorporated
- 1o throughout-the cathode. | |
| | h8. , A nonaqueous cell as claimed.in claim'6,
whérein the metallic reducing agent is a discrete
material in electrical and ionic-cohtact with the cathode.
9; : A nonaqueoﬁs celljas claimed in any'one of
15 claims 6 to 8, wherein- t.he metaliic reducihg'ageht :LS sel-ected'
from the group consistiné of zihc, niobium, cobalt,
iron, cadmium, indium, tin, lead, zirconium, titahium, v

lithium, sodium, potassium, mggnesium, aluminum and

‘calcium.
_ 20. : 10. A nonaqueous cell substantlally as herelnbefore

descrlbed in any one of the foreg01ng examples

...'.‘ )



