utilizing.an active-netal anode, a Liquid electrolyte based on organic

sol vents -and a cathode conprising 5 antinony trisulfide, and also to a
sokid cat hode for such a cell. The devel opnent of high energy battery
systens requires the conpatibility of an e]ectrolyte possessing desirable

el ectrochem cal properties with highly reattive anode materials, such -
I'ithiuny.10 sodium and the like and the efficient use of high % ﬁ%?ﬁg{
den§%/y cathode materials. The uée of aqueous electrolytes is precluded in
t hes® systens since the anode mater g yifdel ently active to react
with water chemcally. It has, t helerore, been necessary 15 in order to
realize the high ener gyndensivien taldiairald w4 heoughmdéhequeeusf cehhgse . highly
reactive anodes and high energy density cathodes to turn to the investig-
ation of nonaqueousithiedhgoayt actyistecie tild dAdde pad t1Lghpd| ¥1éotPONFGREOUS
el ectrolyte systens based 20 on organi c solvents. A |large nunber of
nonaqueous el ectrbaged sal oirigand chaxddrent Orgedic cotivedé scdaprasdghg in the
art as being suitable for a wide variety of cell systems. Although a |arge
ngnber of knovin sahtithooptirddel e, amd alsalt hSscllidt eddhedé Oforn §GE UWEQUEL.
cell systens, there is always a need for new solid cathode nmaterials

The development of hiqh energy battery systems

2106704 NONAQUEQOUS CELL The invention relates to a nonaqueous cell ' <3§§

e
’ requires the compatlblllty of an electrolyte

possessing desirable electrochemlcal properties with
highly reactive anode materials, such as llthium,
10 sodium, and the like and the.efficient use of high
energy density cathode materials. The use of aqueous-
' electrolytes is precluded in-thesgisystems-since the"'
#node materials are sufficiéntiy aétiye to‘react_with
wétef.chemically. It has, therefore, “been necessary =
15 in order to qea1ize the high energy density obtainable
through the use of these highly reactive anodes and
high energy density cathodes to turn to the investig-
—ation of nonagueous electrélyte systems and more
- ' particularly to nonaqueous electrolyte systems based
- _. 20 on organic solvents. A'large-numbér of nonaqueous
_electrolyte solutions based-on.organic solvents 1is
taught in the art'as_being.éuitable for a wide variety
of éeli systems.
Although a large number of known solid cathode
25 materials is suitable fef nonaqueous cell systems,

there is always a need for new solid cathode materials



»<- to help fill the demand created by the |arge number of battery-powered
lE;vices bei ng marketed. For exanple, the toy industry has recently epbarked
Wypon a programe of marketing a multiplicity of conputerized 5 "ganes sone

‘\g¥ which are educational in nature. Many of these devices require portabligy
power sources and, therefore, any new cell: system woul d be wel coned. Wile

‘the theoretical energy, i.e., ti2=®lectrical energy potentially avail able
froma selected _angde- 10, cathode couple, js relatively easy to-cal cu*ate,
there i%%alf Bdftla(ic S‘GSéleé‘ar{WEéif'LFé%‘il%‘Pe?%_c{:?SI' FEgFoPUé_'b(?d'upl e that .
permts t{he gﬁtual ener py oduced q¥.an assenplgd b?tter§?yo]§ proach'tHE/
t heor et PEaP2&HEF gy POYIRE VAR BT 108 RRDOREERed FOTT FARTRISs
practical ly 15 .inpossible to predict in advance how well, if at all, a :
nonaquegég g?chngﬁigquﬁsfrrﬁﬁéﬁé&vﬁ? ahked| URPRG3coupl e.  Thus a cell
nmust be Ldered.as . It Vi e ts; ' , anode, and
an el ec?%gg%g?ieagg ?nta%iks%r%t%]égga un eér'.{sgf(;%%g?%aéft ﬁBﬁ%Q%g&re@ of one cell
ar e znot [ | Y ol r e | par t heg,.cel | to produce
an gffi%?é%? géggméfkgﬁlé%geI.E%qéﬁ%ﬁéérggjggtgéfapgé p?g% nt invention to

provi 0% FoPh E3LNALG 1KRILTHH S I Tp SINBEIE OSWER! LodReesS KR Dased on o~

organi ¢ so nts. The invention is d[rected to a new solid cathode materi al
for nongpupersrel, eahiohnkie Al sYSE&Bwould be welcomed. ' '

: _ wﬁ
While the theoretical energy, i.e., the electrical :

energy potentially available from a selected anode-

10 . cathqde_¢ou§1é,-is’relative1y eaSy'ﬁo calculate;'there
is a need to choose a noqaqueous.eléctroiyte for_a
couple that permits the actual energy producéd by an
assembled battery to approach the theoretical energy.

The problem.ushqll& encountered is that it is practically
15 impossible to predict in advance how well, if at a11;1”
a nonaqueous electroiyte;wili function'with_a
seleéted COuple{ Thus a cell must be considered as a
unit having three parts; a cathode, an anode, and an
—€lectrolyte, and it is to be understood that the - - |

20 parts of one cell are not"predictably interchangeable 7

£

with parts of another cell to produce an efficient
and workable cell.
It is an object of the present invention to .
provide new cathode materials for nonagqueous ce;l
25 systéms based on,oréaniq solvents.
The invention is'directed to a new solid cathode

material for nonaqueous electrolyte cell systems



based on organic,sol vents which cathode material conprises antinony
trisulfide [err]. The antinony trisulfide can be m xed with a conductive
agent .such-as graphite, carbon or the like 5 and a binder such as Tefl on
(txademark for poly- tetrafluoroethylene), ethyleneacrylic acid copolymner
or the like to produce a solid cathode electrode. If desired in sone

appl i cattons, another active cathode materidal could be utilized with
antinony.trisulfide 10 to formthe cathode of the cell. By use of the
present inventiont2fed eORnfrEa@ndrovirdd@nt ssoiich AR BI2tor a
i qurd non- aqueous cell system based qn qQrgani c, sol vents, a new nonaqueous
cell systen1enp1o??ﬁ@”héﬁﬁsﬁpﬁﬂmeaﬂhéﬁésfégiﬁﬁeﬁﬁ%ﬂ%!knnpriSing ant i nony

trisulfide, d L], t "l oyi t] tal -
anode, an el ectrol yte DASeANGAMENY tEiZHLNIAS CAm RS Wbred [¢1Fh ds ¢ he
organi ¢ sol vent and ﬁn ?ctive caéhode Qonprisi 1:antim)n% trisu Lidf_kzo
Advant ages’ of antTRBRYCEFVEURBERE FEFNES & ¢t VTR hoe tae Like

| ect hem cal | dugti bl terial |
(o ctrochem i | o hefupi el TLK LS o0 DOERE | L TaLyye svstem
Lerr] cat hode docg, Pk gy biBtfARRSY, &RV AR 0% L HoLoft HRLES
' ' or the like to produce a salid cathode electrode. If

g
desired in some applications, another active cathode
material could be utilized with antimony trisulfide

10 to form the cathode bflthe cell. |

By use of the present_invention there may bg
provided a solid cathode material fo; a liquid non- .
'aquedus cell:system based on organ;é solvents, a new
nonagueous cell syétem employing new sqlid éathode

15 materials comprising antimony trisulffﬁe, and a new
nonaqueous_céll systenm emplqying an active metal anode,
‘an electrolyte based on e.g. 3—methyi-2-oxazolidone
(3Me20x) as the organic solvent and an active cathode

“comprising antimony trisuifide. |

20 -Advantgges oflantimdﬂy £risulfide for use as.an

.;- active cathode (electrochemically reducible) material

| in a nonaqueous eléctrolytg system based.oh-organic

solvents are: |
1) A fuliy discharged antimony tpisulfide
25 '(szsg) ;athéde does not exhibit excessive expansion

as do other cathodes such as FeS,.

Il’



¥- 2) A lithium Sb2S3 cell will deliver substantially its entire

Dﬁ4 | ectron theoretical [err] capacity on | ow drain conditions (about.O0. 15,

m/l | i anpere per square centinetre). 5 3) Alithium[err] cell. will,
L.scharge at a substantially unipotential level. 4) A lithium SbhS3 cell
will deliver a discharge voltage conpatible with that of [err] cells and

[err] cells, thus making it integchangeable with 10 such cells. 5) LT
Antimony trisulfide is located in many deposits throughout the world s
making it a gpadilyieMauhaBbegsyaicenilakifiar dseivér Cehbspanviaghyre. Usefg_ré
highly active nmetal anode materials include 15 the alkali netals, alkal

earth negsil entisle ablLoyaceboal kaleordriidlal @b A4 katapecetyt bnmetal s with each
other and other netals. The term "alloy" as used herein and in the appended

cl ai ms 1w ideeivlecohadithohsddatioxttuOad,s smill i sopente opsyr such as |ithium

20 magnesium and-internetal | i c conmpounds, such as |ithium nonoal um ni de.

The pref@rame cemtibmettredial s are |ithium sodium potassium cal cium and

all oys thereof. I n nonaqueous cells, useful organic solvents enpl oyed al one
or rxed witd) onk bithbns/8bhé; seldemtid2Mischarge ah preparing '

el ectrolytes enployed in the cell of this invention include the followi ng * .=
cl asseswistompbayhty: unipotential level. - : ' T

4) A lithium/szss cell will'deliver_a discharge o i |

voltage compatible with that of Zn/Mn0, cells and
Az/Ag;O cells, thus making'it interchangeable with
10 such cells. :

- 5) Ahtimonyhtrisulfide”is lécaqed in many
deposits throughoué the'wofld thus making it a readily
availablé.materiai for use in cell manufacture..

Useful”highiy'active metal anode Materials include
- 15 the alkali metals, alkaline eafth metéls'and alloys - 
of alkali metals or alkaline earth metals with each
other and other hetals. The term "alloy" as used
herein and in ﬁhe appended claims is intended to

’Enclude mixtures, solid solutions, such as liihihm-

20 magnesium and .intermetallic compounds, such as lithium
monoaluminide. The preferred anode materials are  _:i ;
lithium, sodium, potéSsium, céléium and alloys thereof. |

In nonaqueous cells, useful organic solvents
employed alone or mixed with one or more other solvents

25 for use in preparing eléctrolytes employed in the cell
of this invention ‘include the folloWing classes of

compounds:



-5- Al kylene nitriles: e.g., c}otonitrile (liquid range -51.1C to 1200C) [%9
Trialkyl borates: e.g. trinmethyl borate, [err] (liquid range -29.3 to 67C /

5 Tetraal kyl silicates: e.g. tetranethyl silicate, [err] (boiling point
[ext]) Nitroal kanes: e.g., nitronrethane, [err] (liquid range -17 to [err])
Alkylnltrlles e.g., acetonitrile, {err] 10 ‘(liquid range -45 to
[err]).Dial kyl ami des: e.g,. dinmethylfornggide, [err] (liquid range -60.48
to[erry) Lactans: e.g., N-nethylpyrrolidone, [err] (liquid range -16 to

202QC) 15 Tetraamm.easmmges : T eBL BBt Ryl £ i@d3) 2N CO- N( CH3) 2
(liquid range -1.2 to [err] anocarboxyllc acid esters: e.g., ethyl

acetate (liquid range t @1&%23 @60§l Petheesuensc) €. g.
trimet hyl ort hof or mat e, (boi ling point [err]) Lactones

e.g., (ganna)Mﬂxmﬁ&émﬁpmebofsték (IquLdtbaﬁgeny42uur&ﬂ&#xldniék%§ |
carbonates: e.g., dinethyl carbonate, OC(OCH3)2 (liquid range [err])

25 Al kyl ene carbonatetliqeid. rangepytgne car gngtle, [err] (liquid range
-48 to [err]). -
o 5 Tetraalkyl silicates: e.g. tetramethyl silicate,
(CH30)ASi-(boiling point 121°C)
s © " Nitroalkanes: e.g., nitromethane, CH,NO,,
(liquid range -17 to 100.8°C)

. Allenitrilesa"e.g.; adetonitrile,'GH3CN

10 (liquid range -45 to 81.6°C)

| Dialkylamides: e.g,. dimethylformamide, HCON(CH3Y2
‘({1iquid range -60.48 to 149°C)

Lactams: e.g., N—methylhyrrolidone;

éHé-CHz-CHé-COfﬁ-CH3 (liquid.bange -16 to 202°C)
15 Tetraalkylureas:: €.8a, tetbamethyluf;;, 1
(CH,) ,N-CO-N(CH;) , (1liquid range -1.2 to 166°C)
| Monocabbox&lic aCid esters:’ e.gf, ethyl acetate
(liquid range -83.6 to 77.06°C)
—— .

. . Orthoesters: é.g.,'trimethy;orthoformate,-HC(OCH3)3

20 : (boi;ing_pbint 103°C)

. : Lactones} e.g.,zf(gamma)buiyroléctone,-éHé-CHZ-CHZ-O-éO
| | (1iquid range -42 to 206°C | |
Dialkyl carbonateé:' e.g., dimethyl carbonate,
_OC(OCH3)2 (1iquid range 2 to 90°C)

25 Alkylene carbonates: 'é;s;, propylene carbonate,

éH(CH3)CH2-o-c6?6 (1iquid range -48 to 242°C)



6- Monoet hers: e.g., dlethyl ether (liquid range -116 to [err])

bl yethers: e.g., 1,1- and 1, 2-di net hoxyet hane (liquid ranges -113. 2. to
err] and -58 to 6 [err], respectively) Cyclic ethers: elg., - L
et rahydrofuran (liquid range -65 to [err]); 1,3-dioxolane (liquid range \/
-95- to [err]) N troaromatics: e.g., nltrobenzene (l'iquid range 10

5.7 to 210.80C) Aromatic carboxylg«< acid halides: e.g, benzoyl chlorigfe
(l'iquid range O to [err]); benzoyl bromde (liquid range -24 to 2180C:)r‘"c
CAromat iMosok twars :aciedghgl iddethyd ethdenzehgubdl Fangk 1316 chl ori de
(liquid range 14.5 to [err]) Aromatic phosphonic acid dihalides: e.g., e
benzene phosptod¥lL5dCaehl oride (boiling point [err]) Aromatic thiophosphonic
acid dihalides: e.g., benzene thiophosphonyl dichloride (boiling point
1240C ZRplyetherat 5Semg) ;Olgllic and floresdimeghoxgetheahane, [err] - (nelting
point [err]); 3-nethylsulfolane (nmelting point [err])- Al kyl sulfonic acid
hal i des: e. gliqnﬁdhanGS§chd}B-25to 64. 5%%I®mﬂde5£bbpllng point [err])

Al kyl carboxylic acid halides: e:g. acetyl chloride (liquid range -112 to
[er§): acet§B°Bsomegeectively) - = =

Cyclic ethers: e.g., tetrahydrofur§n (liquid range
-65 to 67°C); 1,3-dioxolane (liqdid'range_-95-
to 78°C)
Nitroaromatics; - nitrObenzene'(liqqid range - _ ' -'_ E
10 5.7 to 210.8°C) |
Aromatic caerxylic acid ha;ides; .e.g; benzoyl .
) chloride (liqdid;range O.to.1975C); benzoyl
bromide (liquid range -24 to 218°C)
Aromatic sulfonic.aéid halides: e.g., benzene sulfonyl
15 chloride (liquid range 14.5 to 251°C)
Arohatic phdsphonic.acid dihalides: - benzene
phosphopyl diéhloride (boiling point'258°C)
Aromatic thiophosphonic acid dihalides: e.g., benzene
thiophosphonyl dichloride (b01ling point 124°C
20 ,-. at 5 mm)
C&clic sulfones: e.g., sulfolane, . - | Y
-CH,-CH

2 2 2. 72
3-methylsulfolane (melting point -1°C)-

CH,-CH -50, (melting point 22°C);
~"" Alkyl sulfonic acid halides: e.g., methaneSulfonyl
25 - chloride (boiling point 161°C)
Alkyl carboxylic acid halides: e.g. acetyl chloride

(liquid range -112 to 50.9°C); acetyl bromide



-7- liquid range,-96_to 76C); propionyl chloride (liquid range -94 to
[err].) Saturated heterocyclics: e.g., tetrahydrothiophene (liquid range -9 é
to 12100 ;. 3-net-hyl - 2-oxa- 5 zolidone (nelting point [err]) DialKkyl '
sw fam c acid halides: e.g., dinmethyl sulfanyl chloride (boiling point 800C
at 16 mm Al kyl hal osul fonates: e.g., ethyl chlorosul fonate (boiling point
151C) 0. Unsaturated heterocyclic carboxytF¥c ‘acid halides: e.g. 2-furoyl
chloride (liquid.range -2 to [err]) Five- red unsaturated .
heterocycl i cs: e.gw:¥%%¥%ﬂré&ﬁ%%L%%ﬁaESFgg?gdﬁliﬁgﬂ&ﬁQﬂyHe&Hﬁ3fldez-'_
Lyl pyerole (001G gol gt A0 LadEro goegy dpL VLI az0le |
nal | des of 0 b e SR b Sien S, BB Ukl 10
T O i £ GG 2RV LoBT LT b5l | R SAGL 10
L3175 o 188550 D a4 (gL PEhe b e B e (Bor 1 ng poi nt
lgrrl)  Dialkyl sulfamic acid halides: e.g., dimethyl
| sulfamyl chloride (boiling point 80°C at 16 mm)
Alkyl halosulfonates:_ e.g., ethyl chlorosulfonate
(boiling point '151°C)
10 Unsaturated'héterocyclic carboxylic acid halides:
e.g. 2-furoyl chloride (liquid.range -2 t& 173°C)
Five-membéreq unsaturated heterocy;lics:. €.8.y
| 3,5-dimethylisoxazolél(boiling point 140°C);
l-methylpyrrole (boiling point 114°C);
15 2,4-dimethylthiazole (boiling po{htlllk°c)
'furan (liquid.raﬁge -85,65.to 31.36§C)
'Estérs_and/Or halides of dibasic carboxylic acids:
€.g., ethyl oxalyl chloride (bbiling point 135°C)
.'Mixed_alkyl sulfonic_acid:halides aﬁd carboxylic acid
> 20 ‘halides: e.g.,vchlorosnlfonyl_acetyl chloride
' _(boilihg point 98¢°C é; lOzmm). ) )
Dialkyl sulfoxides: e.g., dimethylséulfoxide (liquid_
range.;S}h t§ 189°C). | ._ _. |
Dialky; sulfates: e.g., dimethylsulfate (iiqgid“range
25 =31.75 to 188.5°C) | S
D;a;kyl sulfites: e.g., dimethylsulfite (?oiling_

point 126°C)



Al kylene sulfites: e.g, ethylene glycol sulfite (liquid range -11 to

r]) Hal ogent ated al kanes: e.g, nmethylene chloride (liquid range -95 to,
1); 1,3-dichloropropane 5 (liquid range -99.5 to [erf]) & the
gve, the preferred solvents are sul fol ane; tetrahydrofuran; 1, |, o
3—di oxol ane; 3-nethyl - 2-oxazol i done; propytene or ethyl ene carbonate;
[err]-butyrol actone; 1, 2-dinmethodret hane and m xtures thereof because fhey
10 appear nmore chenmically inert to battery conmponents and have wi de |iid
ranges, Abkylespesbdifiif eiscscatd f RSB Pene t8WWeht | §ubfiteient utilization of
the cathode materials. A preferred electrolyte solution for use in this inod
i nvention i s{Aiguidt FNgE oddz A9 doht bhsed el ectrol yte solution. Liquid
or.gani c_3- net hyl - 2- oxazol i done naterial,ﬁierr] err] is an excellent
nonaqueBaicgsntasedpadiadessr it -EhifptBy ere| eRLPrddeonst ant, chenica

norness, Lo bRLLSLY SORONSIL Syo MR U 31 1R N au Ko Y Ly
25 & the sof bLRBRAnEs PSS CHS 11 P rRO1E5Ck 11 of cnt use as an 6 ectrol yte
for some nonagugggsa %L%,a Wé‘%%éf%??ed solvents are sulfolane; ' g
~ tetrahydrofuran; 1, 3-dioquané; 3-methyl-2~0xazolidone;
propylene or ethylene.carbonate; -XkbuterIactone;l
l,Zfdimethoxyethaﬁe-and mixtufes'thereof because they
10 appear more chemically inert to_battery components
- and have wide 1iQuid ranges, and espécially because
théy'permit.hightly efficient utiliz;tioﬁ of ‘the -
cathode materials. ' |
A preferred electrolyte solution for use in this
15 invention is a'3—methy1—2-oxazolid0ne:based3electrolyte
solution. Liquid Qrganic 3-hethyl-2-02azolidone

material, (3Me20x)

f ~ - '
CH;-CH;~O-CO-N-CH3,

- - . X - . .
is an excellent nonagqueocus solvent because of its high
20 dielectric constant, chemical inertness to battery
components, wide liquid range and low toxiciti;: SR X

However, it has been found that when metal'salﬁs
are dissolved in liquid 3Me20x for the pﬁrpoSé of
improving the §onductivity of 3Me20x, the Qiscoéity'

25 of the solution may be too high for its efficient use

as an electrolyte for some nonaqueous cell applications



ot her than those.requiring very |low current drains. Thus, in sone
appli.catioens, in accordance with this invention, the addition of a |ow
vi scosity cosol vent woul d be desirable if [err] is to be used as an 5
el‘ectrol yte for nonaqueous cells which can operate or performat a high
ener gy den5|ty | evel . The | ow viscosity cosol vents which can be used al ong
with [¥8fr] include tetrahydrofuran (THF), =fet hyl -substituted _ .
tetraﬂ}ﬁrofuran (rmet-THF), 10 dioxol ane (DI OX), di-nethoxyethane (DVE), or
t he | i,ke. Di net h@ghathaihany DR se dregel nhng( PEOX) 1ewd cugmesity dinrinsy an
(TF?T/are preferred cosol vents because of their conpatibility with netal
salts di ssol ved iThusqui®l $ere |2RplicabipneheAPcaACcORSRNsSs S itth ddiis
conponents. 15 Specifically, the total anmount of the | ow viscosity

cosol vent added dANEN b het thenddbhi 0009f afd 8oV SSORitFYs &P S TR fal

sol vent volune, i.e., exclusive of solute, so as to lower the viscosity to

a | evel SU|tabIe“ﬁﬂlqnﬁ§|49%ﬂFﬁﬁ%ed+ﬁlﬁMEEPF igpto be"“ﬂﬁQl%ﬁN%ﬂﬂg sol ut e
for use in th |nvent|oq8$%{ e a Si Ie or S ggl&n m xt ures
thereof, e.g. | onSorReroRr: Fobisay |a6h|°€eﬁ’li/t
,anductlve solutlon mhgp dlssolveg one or ED %o Useful sol ut es
I ncl ude conplexes TofP et ?rﬁw%%n?c o?@ﬁﬁgg &R § |norganic'

i oni zabl e salts. The QquY fevgu‘yrggrggttgy c%o% L) %ht Q% b e us‘s‘aec{ S,

‘wWeet her sinple or co
along with 3Me20x include tetrahydrofuran (THF),

meﬁhyl-substituted tetrahydrofuran (met-THF),
10 dioXolane (DIOX), Aimefhoxyethane (DME), or the like.
Dimethbxyethéne (DME), dioxolane (DIOX) and tetrahydro-
-furaﬁ:(THF) are preferred gdsolvents because of their
compétibility'with metal salts dissolyed'in liquid_.f.
3Me20x and their chemical inertness_to cell componénts.
15 S8Specifically, the total amocunt of the-iowfviscoéity
.coSolvént added could be between about 20% and about
80% based on total so;veht volume, i.e., exclusive of
'solute, 30 as tq iower the viscosity to a level
—suitable for use i@ a high drain cell.
20 The ioniiing solute for usezin the invention may
:&- : " be a simple or double salt or mixtures thereof, e.g.,
LiCF,;80,. or LiClOA, which will produce an ionically
"conductive sblutiog when dissolved in one or more
Solvents. ‘Useful solutes include complexes of
25 inorganic or organic Lewis acids and inorganic
ionizable salts.  The only requiréments for utility

are that the salﬁs, whether simple or complex, be



O- .conpatible with the solvent or solvents being enployed and that they
eld a solution which is sufficiently ionically conductive., According to
e Lewis or electronic concept of acids and bases, many substanctes 5 which
gntain no active hydrogen can act as acids or acceptors of electron W,
doubl ets. The basic concept is set forth in the chemcal literature
S o R e I O oest od. cact. obereonani s b1 " Be?
manner FﬂxﬁﬁkéﬁIthgi%E&%ﬁwﬁﬁiy?Qﬁc&?oﬁ°}ﬁeat§oPﬁéﬁﬁi%@ﬂk&%ﬁqbﬁd in lI X;)l
detail in. U S Patent Na. 3,542, 602 wherein it is suggested that the conple
- or doubfadsgﬁtatf %ﬁr‘?‘é{d yﬁ&%\éﬁ 1?1%“?.%% SWQ{:EE éﬁ?srﬁgli‘:&rﬁ% ?Ss:: E)ngl el ds
15 an ept.j Lch re stabJe than eifher, o g canponent -
TypicaIE%g&¥§$ggig§é§ﬁgiiﬁ%$f()ciﬁ%f%?ﬁtﬁg_EPssBﬁE:Pnﬁgﬁtlont!ncLude
al um ni Lde | unj.ni br.om niumchloride, antinony -
pent ach#g%léhg,gﬁ%?r gg%icu%tzc?%ne%)#gdg%ﬂagnr? Ségpﬁlﬁlbsfﬂﬁf}yréuﬁgl t. so][l ;:Iei, nbor on
fl uogi : bgr s @r inde Jnd hQer z S s, usefu
combrnar T s PR ARG Fon e A AU EE Pan, QEL AR, B3RS ¥ Thi um

chl ori dgecbptBrYMoler @Aicd8rdr IdHYHT fid?heSBQEHH‘Ekﬁg%%Qe’ 25. sodi um - \ﬁﬁ

chl oride, sodium brom de, potassiumfluoride, potassiumchloride and
potassi ys Be@NFEPLh in the chemical literature (Journal of

the Franklin Institute, Vol. 226, July/December 1938,
pages 293-313 by G.N.-Lewis); .

10 -A'suggested.reactibn mechanism for the manner in
which these compiexes funcﬁion in a solvent is
‘described .in detail in U.S.Patent No.3,542,602 wherein
iﬁ is suggested that the'complex.qr double salf formed
betweeh the Lewi§ acid and the ionizable salt yields

15 an entity which is more stable_thﬁn.either of the
‘components alone. |

.Typicai Lewis acids 'suitable for use in Ehe present
invention include éluminium fluoride, aluminium bromide,
- —dluminium chloride, antimony_pentachioride,_zirconium

20 tetrachloride, phosphorué pentachloride, boron fluoride, _ “
boron chloride énd boron bromide.

Ionizable salts useful in combination.with.fhe
Lewis acids include lithium fluoride, lithium chloride,
lithium bromide; lithium sulfide, sodium fluoride,

25. sodium chloride, sodium bromide, potassium fluqride,

potassium chloride and potassium bromide.




or the individual conponents may be added to the solvent 5 separately to
fiorm the doubl e salt or the resulting ions in situ. One such double salt
for exanple, is that formed by the 'conbi nation of boron fluoride and
lithizumfluoride to yield lithiumtetrafdUoroborate. A separator for use in
thls ‘™fvention has to be 10 chemically inert and insoluble in the cel

system and have a ‘por @$i wyldo bas dby iparsritto tthos ¢ gektilbedcinotheears

pe ate through and contact the anode of the cell, thus establishing an

i on transfer pathhbét #ben dond lencdd tend amerbdey aclewis aghd asft afner
housing for the cell can be made of stainless steél or some other

conducti ve nateriaprshaﬂqmuqnh%ﬁbhﬁnﬂﬁkkaﬂﬁY(ﬂ?ﬁ#%ﬁ%eaﬂeFBFPoPﬁtéhﬁhen in
contact with the cell materials. The insul ati ng nmenber dj sposed between the
cover 20 and thénééﬁﬂéPﬁérCW&?QH?Q%?E&%%NQFl?F?ﬁ% bPekBRcEOL effre cel
conponents and can be selected fromsuch materia
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écconpa“y'ng dﬂa%La% rormed by the combination of boron fluoride and

z

-11- 1t wll be, obvious to those skilled in the art that the double salts =
formed by a Lewi s-.acid and an inorganic ionizable salt may be used as such(:%gi

lithium fluoride to yield lithium-tetrafluoroborate.
| A separator'fpr use in this iﬁvention'has to be
10 chemicélly-inert and.insoiuble in the cell'system.ahd
| have a porosit?'so as to permit the liquid eleqtrolyﬁe
- to pérmeate through and conta¢t*the ;node of the cell,
‘thus establishing an ion transfer path between the
anode and cathode. |
15 . The container housing for the cei1 can be made .
of stainless steel or some other conductive méterial
that will not corrode or otherwise déteriorate whenh
in contact-with-the cell materials.
- The insulating member disposed between the cover
20 and the éontéiner has to be stable in the presence of’
& ~ the cell components and-can.ﬁe selected_ffom such
materials as.polytetrafluoroethylene, fluorinated_
ethylene-propylene dopo;ymer, polychlorotrifluoro-'.
ethylene, perfluoro-alkoxy polymer,.bolyyinyl, poly-
25 ethylene, polypropylene, polystyrene, nylon, etc.

The sole figure of the accompanying drawing is

a graph containing data shéwing the discharge

\



gr aph. cont ai ni ng data showi ng the discharge =~ -12- ‘characteristics of

& cell disclosed and described in the follow ng exanple, and will be
Alerred to in the exanple. EXAMPLE 5 A flat-type cell was ﬂ
structed utilizing a stainless steel base having therein a shallow W
epression into which the cell contents were placed and over which a

spring-l oaded stainless steel pLape was placed. The contents of the celiz
consi sted of 10 - four 0.375 inch dianeter lithiumdiscs (0.174 gram hdvrng

a total dulirkiessi 9fids188 thehcenepuaseliosgl exnesdesewileeant erial ), about
0.5 mM of an electrolyte consisting of about 40 vol. % 1, 3-di oxol ane, aboﬁf’
30 vol . 1% lkive Of L Swxigt BrampiByEpndakdull Ik wodferpdd ferth plus about

0. 1% di net hyl i soxazol e (DM ) and containing 1 M Li CFS03, a 0.45 inch

di anmet ergHrexgmpDaovVen pol ypropyl ene separator (0.01 inch thick) which
absorbed sonme of the electrolyte and 0.302 gram of a cathode m x conpressed
to forma cathode having 20 EXAMBLEds packing of 59% The cat hode m x

consi sted of 0.2266 gram of antinony trisulfide [err], 0.0395 gram of
graplsite, 0. 08Blatabype aedllykase consdieunted. Wikl g gy af : ,
pol ytetrafl uoroethylene. The cell was discharged across a 15 K-ohmload - -/
and thesﬂﬁxn&ﬁBQSSUQQbrbedemﬁanﬂMGeﬁh?ﬂﬁﬂﬁMﬁzﬁ$4hb°%urve in the =

depression into which the qell'COntents were placed
and over'whiéh a spring-loaded-stéinléss steel piate-
was placed. The-contents of the ceil consiéted of

10 four 0.375 inch diameter lithium discs (0.174 gram)

| having a total thickness of O. 180 1nch (representlng

gxcess anode material), about 0.5 ml of an electr?lyte
consisting of about 40 vol. % 1,3-dioxolane; about
30 vol. % l1,2-dimethoxyethane (DME), about 30 vol. %

l15 3Me20x plus about 0.1% dimethylisbxazgle (DMI) and
containing 1 M LiCF;80,, a 0.45 inch diameter porous:
nonwoven polypropylene separator (0.0l inch thick)
which absorbed some of the electrolyte and 0.302 gram

"af a cathode mix compressed to form-a cathode having

20 a solids packing of 59%. The cathode mix consisted-
of 0.2266 gram of antimony trisulfide (Sb,S,;), 0.0395 ES
gram of graphite,_o.ooas gram of acetylene black and
0.0271 gram 6f pdlytetrafluoroethylene.' The cell
was discharged across a 15 K-ohm léad and the voltage

25 observed with time is shown as the curve in the-
Figure. 1In addition, at various time periods, the

cell was discharged across a 1 K-ohm load (pulse



Figure. In addition, at. various tine periods, the cell was discharged )
acrgss a:1 K-ohn1|oad (pul se -13- discharge) f.or about 2 seconds, and v
t he yoltages observed are shown as the points identified as "+" in Figuré 7

. As evident fromthe Exanple, the cell of this invention had a

relatively unipotential discharge 5:for nore than 40 days and delivered

107 mi Tl i anpere-

hours to a 1.2 volt cutoff. Based on a 6-el ectron

dlschéfge reaction for Sbh2S3, this cell dehivered 100% of its theoretical
city. Wiile the present invention has been described 10 with reference
to many particul arisigiznges) ther egboutt2i Sebohdsnt anded hiehato Ittaggess detail s

ca

shal |
1

be construed as |limting the scope of this invention. -14- CLAI M5

A nonaqueous cteddrvadmaresi sigowan asotibe poieltectdenttieisd ws o based on
-an organi c solvent and a cathode, said cathode conprising antinony '
trisulfide [err] Figure 1. 2. As/eckléntisfebni rbd Emaaipdien Thenmveld mf he
cathode contains a binder. 3. Acell as claimed in claim2, wherein the

5

10

‘this invention had a relatively unipotential discharge

for more than 40 days and delivered 107 milliampere-

“hours td_a 1.2 volt cutoff. Based on a 6-electron
' discharge reaction for Sb,S,, this cell delivered

. 100% of its theoretical capacity.

While the presént invention has béén described

with reference to many particular details theredf, it

is not intended that these details shall ‘be construed

as 1imitihg'the scope of this invention.



g nder is pol ytetrafluoroethyl ene or ethylene-acrylic acid copolyner 10
A nonaqueous cell as claimed in claiml, 2 or 3, wherein the cathode
tains a conductive agent. 5. A nonaqueous cell-as claimed in claln14
ler ei n the conductive agent is carbon or graphite. 6. A nonaqueous cel

s claimed in any one of 15 the preceding-clains, wherein said anode is
sel ected fromthe group consisting of lithium potassium sodium calciym,
magnesi um and al | oys thereof. 7<1 - nonaqueous -cell as clained in any ore”
of the preceding clains, wherein the organic solvent 20 conprises at |east
one sol vent sel ected fromthe Gebi¥Sconsi sting of sul fol ane, -
t et rahydr of uran, 3-nethyl-2- oxazolidone, 1, 3-di oxol ane,

1, 2- di met hoxyet hdn @°Wﬂ%ﬂﬁﬁ¥§m§%%}b%ﬂ%?élséPﬁyF@né“@Qﬂboﬁﬁle and

2.0

“[err]-buty- rolactone onagueous cell as claufed i n any one

of clai RACEHS ftﬁmﬁﬂ¥ﬁ9+?9m9%ﬁ§%n?ﬁ aBi §ﬁ?“&8nﬁPﬁ§§§t an

3- net hyl azol idone, 1 di oxol ane, and et

A nonaéﬁeﬁﬁ%§1 ﬁ’zﬁ?*ﬂz&#ﬁh?#% PP OhELBE épﬁﬁﬁgnf 5ﬁ%“ﬂ3h§%ﬂn t he anode
S Iithkgg\gng the electrolyte solution conprises [err] dissolved in

3-net hyl'=2#8RdZol i done, 1, 3-di oxol ane ‘and 1, 2- di met hoxyet hane.

5 . 2. A cell as claimed in_claim'l{ wherein the
cathode contains a binder. °
3. A cell as claimed in claim 2, wherein the
binderuis polytetrgfluoroethylene or ethylene-écfylic
acid copolymer. |
10 4. A .nonaqueous cell as claimed in clalm i1, 2 or
3, wherein the cathode_contains a conductive agent.
5. A.noﬂaqueous cell as claimed in claim 4,
wheggin the condhctive agent is carbon or graphite.
- 6. A nonaqueous cell as claimed in any one of
15 the preceding claims, wherein said anode:is selectéd
" from ﬁhe'group'consisting of lithium, potassium,
’Eodium, calcium) magnesium and alloys thereof.
7. A nonaqueous cell as claimed in any oﬁe.bf
the preceding claims, wherein the organic 'solvent
20 comprises-at leaﬁt one solvent selected from the- group
consisting of sulfolang, tetrahydrofuran, 3-methyl-2-
dxazoiidone, 1;3-dioxolane, l1,2-dimethoxvethane,
propylene carbonéﬁe, ethylene carbonéte aﬁd }(-buty-

rolactone. -
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10 10. _A nqgnaqueous cell as clained. in claim1, substantially as

her ei nbef ore described in the fore- going Exanple. 11. A solid cathode for,

a non-aqueous cell, conprising antinony trisulfide. 15 12. A sol

‘¢at hode as.claimed in claim 11, which also conprises a binder. 13. A sol

cathode as clained in claim 12, wherein tpg bi nder is

ponthraquoroethylene or ethylene- -acryfic acid copol yner. 14.
I

Rchvo oo e <l gl S ShrEtlebs o ) A

ST 23 SR S SRR, PSR byt SRR,

fore- going Exa”BL%ethyl-2-oxazolldone, 1,3-dioxolane and 1,2~
dimethoxyéthéne. '

5 _ 9. A nonaqueous cell as claimed in any one of
claims 1 to 7, wherein the anode is lithium and the
electrolyte_solution cqmprises LiCF,SO3 dissolved in
3-methyl-2-oxazolidoﬂe, 1,3;dioxolane and 1,2~ |
dimethoxyéthane.

10 | 10. A nonaqueous cell as claimed in claim 1,
subétantially as‘hereinbefore'des;ribed in the fore-
going Ekample.

11. A.solid cathqde for a non-équeous cell,
comprising antimony trisulfide.
- 15 - 12. A sblid cathode as claimed in claim 11, which
_also'comprises a binder.
“13. .A'solid cathode as claimed in claim 12,.ﬁherein
the binder is polytetrafluoroethylene or éthylene-
—acrylic acid copolymeb. '- |
s 20 14. A solid caﬁhode as claimed in.any one of
| claims 11 to 13, which also comprises a cdnductivé agedtJ
| l15. A SOlld cathode as claimed in claim 14;
'wherein Said conductive agent is carbon 6r graphite. .
| 16. A solid cathode as claimed in claim 11,

25 _substantialiy as hereinbefore described in the fore-

~ going Example.
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