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NOnaqueous CEL-The invention relates to a nonaqueous cell enploying in-

Aactixe netal anode, a cathode collector, a separator disposed between and g .
se a{ ting the cathode collector fromthe anode, an active liquid cathode--

el actyol yte and wherein the surface of the separator facing the anode is
coated with a vinyl polyner film The devel opnent of &%z[fgﬁ battery
systens requires, anong ot her things th{e conpatibilit ctrolyte
possessi ng desirabl e el ectrochem cal proper- ties with highly reactive
anode materials, such as lithiumor the |ike.. The use of aqueous.

el ectrolytes is precluded in theggw@b@gecgrnce the anode materials are .
sufficiently active to react with water chemcally. It has, therefore, been

necessary in order to tralthdent?on Filghes TV §)nAag6idus ebLxi nabl e through .-
use of these high] % eactlve anodes to turn to the i nyestigation of b

nonaqueous el e&FP 8 43/ &rEhie mopal anocde, & cathodeROLIEETATY nonaqueous

electrolyte” ag yegudabst qznpaﬂaes&mna&@"esimmethwmous conposed of a

solute, such as, for exanple, a netal salt or a conplex salt of Goup IA

Goup IIA G oeplhﬂltAroir@r sk avodel encacsivef 1iquéd Reathode< Tabl e, dissol ved

I n an appropri ?%gﬁ?yiggye&gsvé néhe diSed-Qr 52 ¢ gr‘ gﬂk?thl e" as used

herein refers eri o e of ements as s h on the Insrde

back cover of fheiﬁgamdbaﬂodefiﬁeeitﬁd thrxﬂvﬂﬂy!spesneéBEbIEdl tion, The
Chem cal Rubber Co., C-evel and, Ohi o, '

v

The development of high energy ba.::e:'y_' sysceuns
10  requires, ameng other things, the cozparibility of an
- electrolyte possessing desirable electrochemical prep'ei:-
ties with highly :eacf.ive_ anode meterials, such as
" 1ithium or the like. The uee of aqueous electrolytes is
precluded in these systeme gince the n_zoi!e materials are
sufficiently active to react with .water chemically. It
- has, therefore, been necessary in order to realize the
high energy density obtainable through use of these highly
resctive anodes to turn to the investigation of nonaqueous -
olee:rolyta systems. | '

20 . " The term “nonaquecus electrolyte" as used herein
refers to an electrolyte which is compesed of a 3olute,
luch' ag, .fa:.- exacple, & metal salt or a complex salt of
Gx_'cup IA, Craup 114, Groué IIIA or Group VA elements of
the Periodic Table, dissolved in an sppropriate nonaguecus
solvent. The term "Periodic Table" as used herein :efers'
to the Periodic Table of Elements as set forth en the
inside back cover of the Handbook of che=z£:=7 and Physics,
48th Edition, The Chemical Rubber Co., Cleveland, Ohic,
1967-1968. | | |

30 A multitude of solutes is known and many have

been suggested fo: use but the selection of a suitable
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1967- 1968----30 . A nultitude of solutes i S known and nany “have
. len. Juggested for: use but the 'selection of a suitable - 2 - solvent has @

been-particularly troubl esome. The ideal battery electrolyte would

conprise a solvent-solute pair which has a long liquid range, high lonic

conductivitty -and stability. Along liguid range, i.e., high boiling.point.

and |l ow freezing point, i's essential if the battery is to operate at other

~ than nornal anbi eselvestpasabaen Partioplarinitcociedane vFhe fdsahecessary i f
the battery 'S toghave. hi c I Ll tabid Iy, i o ry with

t he el ectrode mat%*?ta ,&%Eg;ﬁ%tﬂgr?g‘?@ %@c‘éff%ghﬁ% -&aﬂgt uction, and

t he products of twkichehks reedong didqudd pange daighrignitiaichdditigishen used in a

primary or secondary b system |t S recently n Gdi.selosed in the

literature that c%’?‘{éi"%%ﬁ%ﬁ & °5$_eu83g‘glfl‘§sﬁf rlaﬁﬁ %ggodq&ig%g an .

el ectrolyte carripéint afd, lous£odzifp pdint, ({iCefiatLADIf ehedattemynd as the

~active cathode for a nonagquecus electro- chemical cell. U S. Patent Nos.

3,475,226, 3,567, $FuAReTRLsAL BIOTctham BPTRMLOARPLERG S FPEEAFTER f ur di oxi de
O s O AR Bty o LBl 9 bng Bussempes ol (S
performtheir duakefhavethigh rate capability. Stability is necessary -
| with the electrode materials, the materials of cell con-
'10 struction, and the products of the cell reactiom to provide
long shelf life when used in a primary or secondary | |
battery system, . -
it has recently $een discioud_i.n the literature
.that certain materials are capable of acting both as an
electrolyte carrier, i.e., as solvent fo:. the electrolyte

salt, and as the active cathode for a nonagQuecus electro-

- o chemical cell. U, S. Patent Nos. 3,475,226, 3,567,513

and 3,578,500 each disclose that 1iquid sulfur dioxide
or solutions of sulfur dioxide and & co-solvent will
- 20 .perfm this dual functimi in nonaqucaﬁs clecﬁ_techenical
| - cells. While these soluticms perform their dual functiom,
they are not without several disadvantages in use. s;lfﬁ:_
dioxide is always present and being a gas at ordinary
tezperatures, it must be contained in the cell as a liquid
_under pressure or dissolved in & liquid solvent. Handling
and packaging problems are creatid if the sulfur dioxide
4s used alome, and an additional eoupo'nen':' a.nd ssse=bly
step i3 necessary if sulfur dioxide is to be dissolved
in & 1liquid solvent. As stated above, a lomg liquid range
36 ' maﬁpas;ing normal acbient temperatures is s desirable
characteristic in an electfoljte.solven:. Obviously,



they are not w thout several disadvantages in use. Sul fur dioxide is al way's
presert)and being a gas at ordinary tenperatures, it nust be contained |r§
t he . éﬂ» as a liquid under pressure or dissolved in a |liquid solvent.

Handl ¥Ag and packagi ng problemare credt ~d if the.sul fur dioxi de is used

-al one, and an additional conponent and assenbly step is necessary if sul fur
di oxi de is tenlfan)idkeride L8 aefigieatsdn dhis pespeetcatapbPes—a | ong

l'iquid rang(i,h’g}_.lc 'ﬁg@@f@gl ng normal anbient tenperatures is a desirable .
. characteristic | n el ect olve 32%% 3 sul fur dioxide ®*\
is deficient in s FRR %? &pmﬁ' #g) & U's. application
- Serial No. 43%. 5@1&3’@%}& eBl aBrgre‘lileti a‘lebﬁueizgd i-FpMWy 4nd1974, and 5 -
correspo to Britls te 409,307 e
el ectrocE C&ﬂ remen ?8 ﬁﬁli?‘r gn&?%engcasﬁb@t%@?e Figﬁﬁsa
'~ cat hode- el ec fyk O RS o2 solution of an
lonically co%g‘%%# ve so %cgééé}g%gfgﬁ%}% éi‘#?gé?% ‘ga"t‘x?]lgide (depol ari zer) 10

wher ei n sai ch athede ealhm:(shapcl autmdle)-etxm:pm.oiabdl i qui d oxyhal i de of
an el ementi of hgg V or

oxyhal i des &&¥ a%ﬁ%@ijg‘?}a’ﬁ' tge% e glngf }%ﬂ% &ahough
cat hode- el eGidrabi¥tfird BoTHE E441RRAMS indlicOiilel ¥htHBTea{depotaRizexdCh as a -
e UWHO wherein said active cathode (depolarizer) consists of a
1fquid oxyhalide 6£.an elezent of'croﬁp V or Group VI of
the Periodic Table. Although oxyhalides can be used
effectively as 2 compocént part of a cathode-electrolyte
{n eonjunction wi:h an sctive metal anode, such as a lithium
15 anode, to produce a good high energy density cell, it
has peen observed :hat {f the cell is stored for a pro-
longed ﬁeriod bf'about three days or longer,-passivatian
of the anodé appears to occur which tesults in undesirable
. yoltage delays at the beginning of discharge along with
20  high cell 1npedance.. '
. _ U. S. ?aten: 3,993,501 ¢o0 T, Kalnoki-xis dis-
closes one apprcach for ninimizing or preventing undesirable
voltage delays at the beginning of discharge of nonaguecus
cells ém@loyingfan oxyhalide-containing cathode-electrolyte
25 . by providing a.vinjl polymer £ilm coating on the surface
of the Anédé that contacts the cathode-electrolyte. The
disclosu'é sadg.in :hia patent is incorporated herein by
:efe'ence. _ ' ' '
U. S. patent appllcation Ser:.al No. 015, 938, which
30 issued as U.S. Patent 4,218,523, disclosss a nonaqueous
cell comprising an active metal anode, such as
lithium, a liquid cathode-electrolyte comprising
a solute dissolved in a solvent which is an



.Qbseﬂbed that if the cell is stored for a pro- |onged period of about thre
days or Ionger passi vati on of the anode appears to occur which results iLn\
undesirabl e vol tage del ays. at the beginni ng of discharge along with 20 '
hi gh cel | i rpedance. U. S. Patent 3, 993 501 to T. Kal noki-Kis dis- closes
one approach for oBiuki1Thé! B R e I gxgn& pggun&gm iﬁabl e %ol Ea&e del ays at the-

eglnnlng of di schfarge of nonagueous ce

oxyhal i de- cont ai Pertpdtat tuide- b ehestid @1ehntalYodEayich agsmﬂurnyl pol ymer
filmcoating on the surff\ elgof t he anode that contacts the
cat hode- el ect r ol $PUPAt i LoE PIRAFAL ST eideE0i Fhe RpEhqser eHACETRLY R or porat ed -

herein by referegsas YoSutitdh®ta13pPicahi o N6 Al vHieaglla whi ch 30
i ssued as U. S’ Patent 4,218, 523, d?sc | oses aiﬁgnaqUEOU;#%elfﬁéﬁnprlS|ng an
active netal ano®® theuepllhguringidinshargei quitd scédtdeddees dat Lot yt e
conprising a sol 3\, | vent which is an oxyhal i de of an.
el enent of Group °q.h %Lﬁ)&g/f'ﬁ%fy F%P B8Ffbdi ¢ Table and wherein el enent al
sul fur or sul fur conpound is incorporated into-the cathode-electrolyte so
as to substantially elinFhatiaventidrarelasieasage aidigh nfetghedmlihydurl ng

discharge. This GLaglQCeli bBipsi3iRE &l 80N HolePerkdlf s 2ehoce

. eollector; a separator disposed between the anode and the

15 ", anode, to produce a good hi gh energy density cell, it has been @
H

70 cathode collector; an ionically comductive cathode-electrolyte

solution comprising a solute dissolved in an active liquid
gathode (depolarizer) with or without a reactive or non-
'réaétivg co-golvent; and wherein g
surface of the separator, preferably that faéiﬁg the anode,
is coated with.a vinyl polymer £ilm so as to lessen the
duration of the initial voltage deIay of the cell during
dlscharve. _
By use of the invention, there may be produced a
liquid cathode-electrolyte cell, in which the passivation |
20 ~ of the active metal ancde during cell etoiage and usage is
substantially preyented. o ) |
- - Ina pfeferred embodinent, there'ie provided an .
— pxyhalide_cathodé—electrolyte cell system wherein the |
surface of the separator~facihg'the active metal anode 1is
coated Qith a ‘hin adherent vinyl nolymer'film and vwherein
elexental sulfur or a sulfur coupound is employed in the
cathode-electrolyte as per the teachings of U.S. application
Serial No. 015,938 (U.S. Patent 4,218,523) so
as tofeffectiv_ely prevent the passivation of the
50  active metal anode during cell _storage' and usage.
P:éeferably, the vinyl coating on ‘the separator
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The invention relates to a high energy density nonaqucous cell conprising - 1

active nmetal anode; a.cathode collector; a separator disposed between¥® %

ﬁnode and'the 10 cat hode col l ector; an tonically conductive

g‘ectrol yte solution conprising a sol ute dissolved in an active

i d cot hode (depol arizer) with or~wPthout a reactive or- non- reactive .

co-sol vent; and wherein a surface of the separator, preferably that facing

the anode, is coated with a:vi nyI polyrrer fllmso as to lessen the duration

of the initial th durd pg. di sc use of the
~invention, ther\é%'“i&lg'?)e %m?g ﬁr %un%g c§t iadd] %@T&opyfe Cell, in _
whi ch the paSSIa&bhl:Ozl.SZQrams pee:f siireapbt ot ofchrdjecod curdifaé £k cel | stor age

and usage is substantially g revented. In a preferred enbodi nent, there is .

provi ded an oxmisd&‘“@al’ﬁ %PEC??W?PG’Q%‘FI 15§/§t"‘én¥bm’ér &+ 8 8998Ssyr f ace’

of the separat eﬁé% Ct h ¥ CaniBRing! %gd/vt, athin
adherent vi nyl CH oly flkP%egndh%/‘merel g % errent ?f b ~sul fur-
conmpound is er‘rﬁw;ed metet'hbs dm]hadeé e:loebe riﬂeﬁfecti!srepén ﬁdmiheﬁdﬂlyngs of .

U.S. application Selal 938 aten 4,218, 5 o,as to :
effectively pr&ﬁgﬁﬁ hﬁag'éﬁ gg e ¥ 1‘301’?%%?%{‘ L anode during

cel| storage angiséndsife wRLSé ear:a_b_luauné aBcvé %bueosa.ts_ Boa) peCsgiar at or

 meter would cause cracking of the _s'ep;drator and izpede

10 electrolyte flow.
_ The vinyl polymeric materials suitable for use
._ in accordance with this invention are normally solid '
vinyl polymers such as homop'olfmera ‘of vinyl or vinylidene
- chlortide, or copolymers containing vinyl chloride or
vinylidene chloride ha&:_l.ng_ at least one of the_ following
monoﬁ_xe#s_ copolymerized therein selected from the group

1 —

""" - consisting of vinyl esters, dibasic acids, diesters of
dibasic acids and monoesters of dibaeic acids. The term
- "copolymers” is used herein to mean mixed polymers or

20 . polyblends as well as. hetercpolymers formed from two or
. more unlike monomera polymerized together (veference: - _ -
Concise Chemical and Technical Dictionary, 3rd Editionm,
H. Bennett, editor, Chemical Publishing Co., 1974).
| General examples of .suitable.copolymefs waclude '
combirations of vinyl chloride copolymerized with vinyl
esters such as vinyl acetate and the 1ike; vinyl chloride
'cop'olymerize'd with diesters of dibacic acids such as dibutyl
maleate; vinyl chloride ;opolymezi.zed with vinyl esters

oy

such as vinyl acetate and dibasic acids or mono- or diesters

T30 of dibasic acids such as maleic &cid, or dibutyl- or mono-



shoul.d be enployed in the range of between about 0.7 to about 3.5 grans per.

.gquar® neter

. and about 18 gram; per square meter. An anouht bel ow about 0.7 gram per

square neter

;
of projected unifacial area, nore preferably between about 1.5@

is believed to be ineffective in neaningfully reducing the

duration of the voltage delay upon iniitgal discharge while an anpbunt abcve
about 3.5 grans per square neter woul d cause cracking of the separator and

\r[pede 10

oltaylobilleact| Ogpelliore g | KERT | & VBIAY EBiSraudlt abl e for

use in accordance with this invention are normally solid vinyl polyners
such as. honppol¥Y#FLssestagpriapodymes epnrainiagcATHMidR]l ahlogbdoly3Br s

cantal 10, Il laclest's VAR BB SN S OB ARLERESL 000 0L D

fol | ow ng nmononer

copo herein sele

of vinyl ester sgo:ﬂnbwmgcsammyldcmt:eus ©Ofl4%i VRF1Cacedate ; a0 dripgROESt 1S Of -
di basi c aci ds. ‘H §‘iggm"copol yners” is used herein to mean nmi xed pol yners

or 20 pol ybl

svmerl acetatedibasic acid ¢onalzmex comraiming nore

unl i ke monoMer KREYOGYRGEN hﬁgg,dfl&get{@r v(,_gg{ elePEfe JC?g%as%%ghgﬂ al and

Techni cal Di
Co., 1974).

vinyl chlori
the like; vi

ctionary, tion nnett, e em cal Publishing -
General ex&utalefrigyl mﬂrneﬁmpuqemisl suitatize ciorbiset i ons of

ny SO R | TRER OFE A AR A4S UromR R Br S oPRaPiGs! ¢ aci ds Such

- as dibutyl nal eglal, 870" %hieh |97 1HE0rTRRRE ¢d ek € &1l vy bEfetlenkk, €St Ers such as

vi nyl acet at.
10

o

20-

. 30

e and di basi-c acids or nono- or diestérs
u used herein and as due:ibed in an l.:ticle

titled "Electroehemiul Reactions In Batteries" by
Akiye Xozawa and R, A. Powers in the qu:ul of Che:::f:cal
Education = Vol. 49, pages 587 to 591, Septexber 1972

cdi:ien, a ea.:hode depoh:ize: is the cathode reactant

and, thereforc, is the materisl electrochemically zeduced
at' the cathode. ' The cathode collector is mot an active
_ :educﬂ.ble material and functicns as a current eollector
plu. electronic conductor to the pcr!.:tve (cathode) terminal
of a cell. 1In other words, the cathode eollector is a
situs for the electrochemical reducticn reaction of the
.aétivq cathode material and the electronic conductoer
to the cathode terminal of a cell.

An active liquid reducible cathode material - -
(depolarizer) can either be mixed with a conductive solu:e ' '
which is a nomresctive materfal but is added to {mprove
eouduc:iv:l.ty of the 1iquid active :educi_ble cathode

~materials, or it can be mixed with both a conductive

solute aud a reactive or non:eancgive' co-solvent material. - 1
A reactive co-solvent material is cne that is electro- _ . i
. cheaiully active and, therefo:e, func:ions as an active

athode_ saterial while & nonreactive co-solvent zaterial



Qf dibasic acids such as naleic acid, or dibutyl- or nono- “-6-

Ml eate. Specific exanpl es are: a V|nyI chloride- vinyl acetate g
fer containing 977. vinyl chloride - 37. vinyl acetate; a vinyl

_ je-vi nyl dcetate copol ynmer containing 867 vinyl chloride - 147 vinyl -
acetate; a vinyl chloride-vinyl acetate«di basic acid copol yner “cont ai ni ng
vinyl chloride - 13%vinyl acetate - 1@6naleic aci d. Suitable vi nyl’

pol ymeric materi Is sui table f use in this.,invention arg odlsclosed
in U S Patent '1% 5*7'5‘ ik ﬁﬁeﬁt?f %é@ﬁ‘ﬁ@’l’eﬁd %F@hce

‘As used herein agdnges desarﬂohedg ish accivet bfdtndei ddeetiat) ect rochem cal
Reactions In Batteries" ‘a Kozawa and R A. Powers in_the Journal of

& |
Chemi cal Education - Vol ® Xﬁg“’ S/ upg iy thisdoventm Y £%dition, a

cathode depol ari ggrey Ebﬁ,c%bmexnaeﬁﬁfoaﬂﬁmaﬂ 8194 QEQL Rachsdd-he materi al-
el ectrochem cally reduced at the cathode. The cathode collector is not an

active reduci bl e kaetrolyte and have @ PIRPSALY B 88t Perwit &heor pI us

| d 1S other -
s, T S AR LBl Bl o

reduction reacti agodé dfhehﬁcaellte ths hestabibéleingahn Ave tiensElee iashni C :
ST RO T NP WA NN MR TR
cat hode material ® :
for use in this invention is nonwoven or woven glass fiber
10 mat.
Any eoup&:ible aond which is lubstmtul ly
chetroniuuy conductive will be useful as & csthode
eollector in the cells of the present {nvention. =
. It is desi:able to have. as much su:face contact
as pouible between the ca:hode-clectrolyt:e and the
eollector, It is, therefore, preferred to a:xploy L ;orbus
collector :ane 1: will prw:l.de & high surface ares intex-
face with the 1iquid ca:hode-eleetrolyte. Ihg collector
s : | may be aetalu_e and may be present in any physical fem,"
20 such as a ae:anic' £ilm, scﬁéen or a péesséd powder.
?referably . haweve:. a pteued powder collecior should
- be made at least partially of carbonacecus or other high.
surface area material,
The solute my be a si.mple er dauble salt which
will produce &n icui,c.ally ccnduc:_i_ve solution when dis-
solved in the solvent. Preferred solutes are earélexes
of hctganic or organic Lewis acids and ‘inorganic
 donizable n]_._:s. ‘I'he nein :equi:enents for utili'y are
that the salt, vhethe: ni.uple or complex, be coapatible
30 v:l.th the solvent being enployed md that ic yi.eld a
solution which is ionicany con:h.ctive. A_c_corqing :o tha

Lewis or electromic cancep: of acids and bases, ﬁany



(depolgri zer) can either be mxed with a conductive solute which is : {
nenreactive material but is added to inprove conductivity of the liquid
active reduci bl e cathode materials, or it can be mxed with both a
conductive solute.acid a reactive or nonreactive co-solvent material. A
reactive co-seolvent nmazterial is one &¢hgt-is el ectro- 30 chem cally
actiive and, therefore, functions as an active cathode naterial while a
NQNs eact i ve Co- SOpuibRhnd@d 9hidH 4 no:7coﬁ&iﬁnﬁeﬁ%thicﬁ'oger?%ta.éogaemscal ly
i nactive and, therefore, cannot function as an active Cathode nateri al
separ at or for use‘#iﬁstﬁ#s‘cﬁml of cﬁ-asttcm Beubzlleem. cqhleybastert and

oo Lt e T ur R £ e 1 Lo e AR B B Do o

tfie cell, thus ,esoétzh'esrunglm msumar,mar. 226 b belyyoeBedtie,anode and

cathode. A sui tab e aratgé use in this invention i's nonwoven or
woven gl ass fi ber 3'33’9 Goalls Hewigdy | d whi ch is substantially
el ectronically conduct Ve wéggslgedlﬁggim@ge £ RL'SGLoL in the
cells of the present invention. It is desira ve as nuch surface

. contact as possi bl vhéehtbase mbemdémmm yteohml:thedeseimuor

i's, t heref.ore, prﬁ{ %reEffjl tig ﬁ”@' Oi/a:%nQOi cy& 602 wherein it is suggested '

' : tha: :he eeuplex or double salt fc-aed be:ween the Lewis

- 10 l_cid and the ionizable salt yields an entity which is
more stable than ei:her of the components alone.

Typical Lewis acids suitable for use in the
present 1uven:ion include aluminum fluo:ide, alumimm
'b:ouide, aluminum chloride, en:imony pentachl o:ide,
:ireoniun tetuehlaride, phosphcm peneaehlo:ide, boron
~ fluoride, boron chlorids and borem brmide.

‘Tonizable ults useful in eoubim:icn wi:h the

| | Lewis seids dnclude lithium fluoride, lithiun ehlotide,

, lithium bronide. lithium sulfide, sodium fluoride, sodim

20 chloride, lodiun bromide, potassium fluoride, potusium

' ehloride and eauuiun bromide. :
| It will be obvious to those lkuled tn the ar:

thn: the double salts fotned by a !.ewi.s acid and an
:l.norganic ionizable salt may be used as such or the
hdividul eouponen:s way be added to the solvent eepara:ely
to form the salt or the :esulting ions in situ. One such
double salt, for example, is that formed by the coubination
of alminun chloride and Iithiun ehlo:ide to yteld lithium
aluminum te:uehleride. : :

30 o . In aeeordanee vith the presen: invention, there
is p:evided & nonaqueous elec:raehe'.:ieel sys:em ecr:prisi-zg.
an ae:ive necal lnode, & cathode collector, a separator
disposed becween the anode and the cathode collector erd

- having coated en its su:faee £acing the snode a vinyl po:.:,-:-.ez

@

The'

—— -



copféctor since it wll prow de high surface area inter- face with the i
I iqg\ cat hode-el ectrol yte. The collector may be netallic and may be ¢
pie in any physical form 20 such as a netallic film screen or a .
pressed powder. Preferably, however -3 pressed, powder collec:or should be *
made at 1 east partially of carbonaceods or other high surface area .
mdt eri al . The sol, ma(ﬁé be a sinple or double Vi || ﬁroduce an

u

i oni cal | y conduct £icarhRRse 16?5’“?5&&?"?%%%\@,25 BIRPERTOLTES ot er red

solutes are Corrphiﬁﬁﬁﬁiﬁfngl £ WcJaBi iRk o DVedA Nk Carl bk Sverbbdlfc181d d1e@LgaNi C
i oni zabl e salts. g main_re UI rements for utility are that the salt,

vihet her “si npl e ortre Fift SPLVeRt aueh ASi AF Jesgt one gryhalife efR/@FRSPHE| ng
empl oyed and (hated briiphd predhuléOenidlohts FaBLE Aubkyer APUEELLVC.

“According to the Lewis or electronic concept of acids-and bases, many
subst ances whi ch Qfoln@:mOﬁYaanO‘acﬁ pdemanty egeﬂhecaﬂﬂ'&@tlca“élbd-sbdsﬂér

acoept o5 Of el 2y ROl i uctiBn Sty SERREPLkS A Loty e
Jul y/ Decenber, 19%3fivepngezfity the dml&uﬂ:ibevuzshctﬁgsugm: rezct i on
o e Radseoly 20 5P SRS chHASh 2,008 BB Vo 1
the conpl ex or dopgy Qeﬁ"‘caéﬂi@dlwﬁﬂ't hg &@é@ Serein to describe
"0 Qlcct:olytes con:aini.ng solven:s that can pe:fom this dual
function. ' _
The use of li.ngle coupanent of the cell =s
both an elec::olyte solven: and active ea:hode is a
) reh:ively recent developmt since previ.cusly it was
_geaer;ny ccnsi.dered that ‘the two functions were '
neecua:uy independe 2 and could not be served by the
. saze m:e:ial. For an electrol\r"e solvent to function in
o | | s eeu, 1t !.s aeeessary that it contact both :he anode
_ and the cathode s as to form a continuous
| . 20 {onie p;:_h therébetveen, Thus it has generally been
assumed that cthe active cathode materisal ms:’l'aévér
directly conzact the ancde and, therefore, it appuraﬁ_
that the two functions were mutually exclusive. However,
it has :éceatly beén' discovered that ee:fa.in active cathoda
ute:inls, such as che quuid uxyh.sli.des, do not appreciably
:uc: eheni.etlly vi:h an. active znode metal at the intez-
face between :hc necal and the ca:hodc u:erial. thereby
cnowing the ca:hcde zaterial to contact r.he anode directly
and sct as :he elec::clyte un'ie:. While the thecty
| 0 behind the ea.use of the i.nhib!.:icn of direct chemical
tuction is no: fully \mderstcod at the present time
aad the l.ppli.cm: does not duira o be limited to any
thcozy of imren:icn. 1: 8ppeara that di:ec. ‘chezical



10 “acid-and the ionizable satt yields an entity which is npre stable
han®ei t her of the conponents alone. Typical Lewis acids suitable for use

In the present invention incl ude al um num fl uori de;--al um ni um br oni de,

al umi num chl ori de,” anti nmony ‘pentachl ori de, zirconiumtetrachloride, i

phosphor us pentachl oride, boron fluoridey boron chl ori de and boron bronmi de.

- loni.zabl e salts use‘ ul ,in on‘pi tion with the Lewis acids i ncl ude lithium

%:/,-uori de, |ithiT$ff F" Gﬁ\"b?"b?ﬁ’d@ ipherRntly hiihi 8RE4V85Hi um

uoride, sodi 4deROenergy €£1|zQié£i§bn 82 i MebERI 6F oe0R! ), Ugld T | de,

pot assi um chl ori de and ot assiumbronide. 1t will be obvious to those
skilled in the tective fdlnmm ghesnode surfacey nﬂ?mrﬂaetmesfmd and an

| norgani c ioni b A cﬂ ?r the I\ conmponent s
ny be added tozﬁne SO vgn{]ﬂéefggr él@gfd'yé%o%? ﬁ & 5i‘€g ‘\ﬁ gﬁ% Besul ti ng .-
ions in situ. thae sthhgdmﬂel:easalﬁn addle @dmﬁilzetiwrbhﬂt:stor med by the

conbi nati on of alum numlchl ori de and I|th| um g{ i,eld lithi'um
al uni num t et rachl ori deAL8fPugh the active redy TRt c'é' BFS 1 he present

i nvention, therguchSad el oieythad1 86\ GHRAIIS eﬁ@qam@%m@donswem conprising’
~an active netal anode, a cathode collector, a separ at or dlsgosed bet ween

the anode and tastivemesad mdpewtﬁuandqm«tmzénaumemq ghexryrface facing
_ the anode a virgg .99'%”%8:11 the cathode matarial and as the electrolyte

10 earrier f_cr ncnaqueocus cells, they do cause £a:-:~.a:1_cn of
a surface filn on the active metal anode during cell
storage particularly at elavated temperatures, which con-

sists of a rather heavy 1layer of crystanine material.
This crystalline layer sppears to cause passivation of
the anode which wesults in voltage delay on {nitial
discharge aleng with high eell {xpedance values in the

_._ range of 11 to 15 ohms for a standard C-size cell.
| The: extent of anode passivation can be measured .

_by observing the time reqﬁir_ed for the closed eircuit
- " 20 yoltage of the stored cell to reach its intended voltage
level after discharge has begun. 1f this delay exceeds
. 20- seconds, the anode passivation would be considered
excessive for most applications., What has been cbserved,
for exazple, in lithium-oxyhalide cell systems is that
after a 10ad is applied across the :e’minal;_ of the cell,
the cell 'volt:ase 1mediately di'ops below the. intended
discharge level, then increases at a rate depending en
"temp-entu:e, the :h.‘;ckness of the cry<talline layer,
'ig;d the electrical load. o - ' ' _
30 : _ The exact composition of this layer is nct known.

The thickness and density of the crystalline layer as

- well as the size and shape of the crystals were observed



- 9 - film and a cathode-el ectrolyte, said cathode-electrolyte conprising
Jfe dissolved in an active reducible elec- trolyte solvent such as a#
Jonfe oxyhalide of a Goup Vor Goup VI elenent of the Periodic Table
and/ halide of a Goup IV, V or Vi aftesrent of the Periodic Table, with
i tHout a co-solvent. The active reducible electrolyte solvent performs
t he 'dual functi oQoo;,ﬁc;,;ﬂg the mg\tgnac eBle 5&&;35@&1&)&@ a¥dd and as an
active cathode of the'cell. The term "cat hode-el ectrol i s used herei.n -
to describe 10 with|the: Femerasuze, 5L H§°§‘tﬁ‘veht%~tﬁét ‘{‘aﬁ"berformthl s
dual functi.on. f I fe e bot h- an
el ectrolyte sol vggfmcfgagﬁr\?eegaﬁlﬁg gitré(} a??%eﬁayb% e%%nt devel opnent
si'nce previousl yclrysnalsligenhyalrlys mnﬂr ed theagredres: gxowthnef i ons were

necessarily indep nt and coul d not b ry, tsA@~Sa erial. “For’
an el ectrol yte s&%&e 24 ol ¢ Jﬁ&?‘Fﬁn‘ﬁ“ﬁ‘ﬁ ?? g?b?‘? r@c%‘ssg‘r%y at it
contact both the ﬁﬁecﬁe%ndbiiﬁeﬂaimdahaotm txythadidesy euct iasuous 20

ionic path therebetween.. Thus it:has generally beenﬁsgme% t hat the active
cat hode materi al Mﬂihé’veﬂ’eﬁ‘#ﬂt?@‘%ﬁﬁlﬁ'aéf‘tﬁ&“% A S%n®teore, it

-appeared that the M&idg& S 19EA A MhSKY b¥1EXG fjatallbidupér it has
recently been di scove t hat certal n active cat hogf? mat eri al s such as-the
l'iquid oxyhal i des,‘apddlyl(ioz'apm@ha&#ﬁ@&(ﬂfmt@aﬂkﬂ PRE4LVARISE (| ve anode

netal at t inte bet ween the nmet al . and t he cat hode mat eri al ,
t her eby hl% h‘ Ei‘gﬁ

h In aeco:dance vi.th the presen: mvenr.icn, 1t
has been £ound tha: anore pusivation can be substa_r.:iany
p:even:ed by . luving & layer of 2 vinyl polymer -
£ilm adhered to at least a portion of the surface of the
- | ‘cell's separator tha: 9re£e:ably faces the anode. _
.The vinyl polynet £11m must ‘adhere to the. upauto:,
Temain stable in the liquid cathode-elec:rolyte and

gl

— not effectively decrease the eapaci.:y of the cell -
during cen storage and- dim.narge. In most cases the
. .. presence of the polyner film may even :an:un ‘the cell

upceity on high :a:e discharge. Al:hough the
appunn: does not want to be- limited to any theory of
.+ 7 iuven:ion, it appears that one reasom why the vinyl

polyne's. C.8os vi.nyl chloride polymers; are stable in

the 'exyh;llide u:hode-elec::olyte cell system, e.8., | : '

uthim-;otyhalid:e cell system, can be explained as

tcuows. Q:; bf the aceépted mechanisms of vinyl chloride

polyner deguda:ian is dehydrochlorinaticon, i.e., the )

splitting off of & C1 atom and an B atom to £m sC1. ¢
30  This process continues until the electronegativity of

the remi.inin.g't:]. atoms on the i:oly_be_r is compensated for



al I owwg the cat hode material to contact the anode directly and act as the

- ghectrolyte carrier. Wiile the theory 30 , behind the cause of the J.}
i nhibition of direct chenical reaction is not fully understood at the ?

present tinme and the applicant does not'2desire to be linmited to any theory -
of inventton,-it _appears that direct chemncal - 10 - -

“reattion is inhi B the srengy ofy cemuzsnbemill.¢. hidpublethond- formatienkr gy of

rgaction or the for t|o of a }l‘ﬁa’ pro- tective filmon the anode.

surface. Any prot® T‘P?ﬁ'on exnfefradation shensts pestelatesd ned t o

such an excess tRQagt nere de pol gri zati results.

Al t hough the act F@e %Jdgtﬁ:'lggf & q{?‘cf Eﬁ?ﬁﬁfg‘eg &Hf‘gﬁ ﬁ%g 18%8%hal i des,
~inhibit the direct reaction of active netal anode su.rfaces sufficiently to
permt themto act as both the cathode material and as the electrolyte 10
carrier for nonaqueous cells, they do cause forhation of a surface filmon
the active. netal &nbde *dértrg®cel | stofaye patti cule@gly 'at elavated !
tenperatures, whrERCHNG-Catt-C-cfh ~CaCHECo0eQuG-0-amad «ThCECHCHTattE=te

mat eri al . Th| s crystalline Iaéer app@ars to cis€qpassivation of the anode -
_ which results in vol tage de¥la¥ on initial di sctﬁ!alﬂ_cje al ong with high cell

i npedance val ues in the range of 11 to 15 ohns for a standard C-size ce|l.
The extent.of anode paSSI vation can be nmeasured :

(o mdic;:es free :ad:‘.ca.l)

. Most of the compounds uhich ‘have been observed
to i.a:e:ae: or interfere with polymer degradaticn can
, be explained by the formation of radicals of the types
10 "g‘. RO", ROO" and atomic chlorine. The resction
mechanisa by which S05C1; decomposes is assumed to
¥ . p:o:.eed.by free radical formatiom, L.&., Cl’and sozcz' N
| 8s disclosed in an article titled "The He:hnnigi of the
S _— 'Ihe:uil becoupesi:iea of Sulfuryl Chlori.de" by
' 'z. G. Szabo and T. Bercu. Zeic. £ur ?hysﬂulische
| mzaie Neue Folge 12: 168-195 (1952). 'nms £anawi.ag
the p:inciple of I.eCha:clier (chexical equilib:iu:n).
the lttbi.li:y of vinyl chloride polymers uy be enhanced
fn such an environment as that prevailing in oxvhalide - :
20 systems. 1In other words, if the concentration of any
' of the degradation ptoduc:s- is increased, the reaction N
equilibrium will be shifted in favor of the original _ .
" undegraded polymer. _ ]
Polymers for use 'in this {aovention must not be '

degraded or decomposed in the presence of either the
golvent used for the coating p:ocedui'e or the liquid



a——" e 0

by oB3erving the time required for the closed circuit 20 vol t age of the
s cell to reach its intended voltage | evel after discharge has begun.
| f\th s delay exceeds 20 seconds, the anode passivation would be consi der e
excessSive:for nost applications. Wiat has béen observed, for exanple, in
l'ithiumoxyhalide cell systens is that ‘after a |load is applied across the
termnals of the cell, the cell voltage inmediately drops bel ow the’

i ntended di scharge |evel, then increases at a rate dependi ng on

t enperature, the thickness of the crystalline layer, and the el ectrical

| pad. 30 : ‘The exact conposition of this layer is not known. The
t.hi ckness and -density of the crystalline |ayer as well as the size and

shape of the crysdehoSe Vil PRV @ied inltheV@EY1;Vahd dudk beREbILLY the
storage period and also with the tenperature during storage, eg., at |ow

tem peratures t¥eferping a| phin epyting vhichyeomtaghere (t9ethe ystalline | ayer
as conpared to the.ghpater growh of the layer at higher tenperatures of
about- 70 C. It has al so been observed that when the oxyhalides, such-as-

t hionyl or sul furyl chloAltbough sot allr e chaverialiscin |thansbdavieen placed in a”

[P anode cckbug, yElY RyPd sel"ch SR et L ML
present I nvencl Ogny laktisan can easily select those that do by simply L
' testing the material .is a coating on a separator surface

submerged in & liquid _§a:_hed_e-e]_.ect:olyte. For example,
polyethylene .and po_l_._yﬁ:opylene would n;:: be suitable
10 because they would dec_ompésé_in 1iquid oxyhalide.

. The vinyl polymer film can be applied to the
au:fj;'ce'_c.f ghe ieparn:or by any conventional technique -
such as spraying, '- piiﬁtiné_ or the like with or witheut
s suitable liquid suspending n'ediun, such as 3-pentandne,
methyliscbutyl ketone (MIEXK), diisobutyl ketene (DISK)
and Z-peﬁtmone. A suitable liquid suspending medium
‘eould be the oxyhalide solvents used in the cell, ss,
for example, thionyl :_hlorid'e (socly) -or guifuryl '

_ chloride (sozc1_z). Thus, a _vi.nyi polymer such as vinyl RS
20  chlczide-vinyl acetate (86% vinyl chloride and o |



. N "
has beén found that 'anode passivation can be substantially prevented by (I
yaV|Hg a layer of. a V|nyI paolymer filmadhered to. at |east a portion of the .
surf-ace of .the - cell's-separator that preferably faces the anode. The
vinyl .pol yner filmnust adhere to the separator remain stable in the
I|qU|d cat hode-el ectrol yte and not éTféCrlver decrease t he capacity of the
cell" during cell storage and discharge. In nost cases the 20 presence

of .the polymer fijsn ¢ioyledeeedtacernsa polkecabid vepgtar i<y &moboyh rate

dschar ge. Althou he, a I cant o] to b I|n1 ed, to any theory
of invention, %ﬁpé&r‘g‘?ﬁg 'ﬂgﬁg%ﬂ ‘\&?ﬂl?ﬂt £ AR s, e.g.,
vinyl chlori de paloymaé Ssurdie ?dfabllxé? .leeamaexamletdsy qaamqage&rﬁct rolyte

cell . system e.g.. lithiumoxyhalide cell system can be expl ained as

foll ows. One of tmiat%pééw FEEhERNFAER OF BY RALNEINSPF RPTRBIR e
degradation is d 19;,| fhe pukbffce ofEheSBbi ;:t‘ltgg offeef @ G atom
and an H atom'to rm SCl. fhls process cotlnues unti | the

el ectronegati vi tMO:moneﬁélmnmladnmlmtt,hm paherent thirtonpensated - .
ST e e ) g O Y S0 S e 1) L1 U1
radi cal nmechani snghes sépdda®es ccildbe easily coated by dipping i.n a .
_ lz_vtnyl solution of vinyl acetats/vinyl chloride
10 copolymetlid 3-pehtanone and then drying :h; separator
at about 200°C. for one minute. This will not omnly
deposit 4 desired layer of vinyl polymer on the surface
of the ieparétcf but will also improve the mechanical
- ) handling characteristics of the separator material.
' I£ desired, a thin layer of a vinyi polymer £film could
"be laminated to the separator p:évided'in:ima:e contact’
- and adhesion to the separator can be obtained.
' ' In the commercial production of cells, it is
L 3 'inch easier to coat the surface of the separator rather
' 20  than the anode and, in addition, the mechanical handling
eha:aé:eristics of the seﬁaiator nfe‘enhanced thus facili-
tating its assembly into the cell, _ h .
' The concentration of the vinyl polymer in the
liquid medium can vary widely as long as the concentratiom
of the vinyl polymer is deposited on the separator as
- ’ specified above. In using a'separi:or having a porosity
of about 50%, a lﬁi:able concentraﬁion_of the vinyl
~ polymer has been observed to be between about 0.5 to )
3.0 weight per cent as based on the weight of the liquid
30 lusPénding medium, A concentration below 0.5 weight
per cent would probably be insufficient to provide an

effective £ilm on the separator while a concentration



(I'ndi cates free radicaly) Most of the conmpounds wh e¢h have been observed t.0

I nt eLa or interfere with polymer “degradation can be epl ained by the

bn qf - radi cal s of the types 10 [err] and atonmic chlorine. The  #
rechani sm by whi ch S02C12 deconposes is assunmed to proceed by free

fornatlon i.e., € and [err] as disclosed in an articl'e citled

"The Mechani sm of the Ther nal Deconposi tion of Sul furyl Chloride" by Z. c. .
Szabo and T. [err], Zeit. [err] Physikalische Chemie Neue Fol ge 12:168-195 ~

(1952).. Thus, follomﬁng t he prlnC|pIe‘ﬁi-LeChateI|er (chi cal - equilibriun, (W2

the stability of vinyl chloride polyners.may be enhanced In such an '

-’

environment as that prevailing in oxyhalide 20 . systens. |In other
words, If the coRoRNS!atidane el Wolfd 488! GHlRLER My OduCtS 1S |
|ncreased t he reaction eq|P1br|un1mnII be shitte avor of.the original’

undergraded polmingﬁmlwddisimﬂ- nmenn‘qmﬂsaimrenmmntst not be
coat ing. pr ocoduiuus Bttt HB°aly Sofhudiy EE S0 FOREL] 12000 1 he
cell; and nust pe mpabﬂaae‘orfd&nggaadlmgm coating which can adhere to the
The effective range of concentration of viayl
: poiyﬂer can vary between about 0;7 and about 3.5 grams
per square ngtgr_of:apga:en: unifacial area ahd preﬁer;b;?
between about 1.5 and aSout.l.S giams fe: square meter.
A concen:fatian below about 0.7 grau'pei square meter
10 would be {neffective in substan:ially prevenci#g ﬁhe
"~ . passivation of the active metal anode, auch as li:hiuﬁ,
while a concentration above abou: 3.5 s:ams per square

meter would undesirably increase the internal resistauce

e of the cell. _ .
Suitable oxyhalides fo: use in this invention
, - _ include sulfuryi chloride, thiﬁnyl chloride, phosphorus

_ quchlcride,'thicnyl bromide, chromyl chloride, vanadyl
tribromide and selenium cxychlo:ide. _
Useful organic co-solvents for use in this ' S

invention include the following classes of compounds:



separ@'df'i “Al'though nét "all""'the material's in the above group will. have t he ‘

- <above:rkdentifi,ed characteristics, .any.artisan.can easily select those that{)A43
- do by. sinply testing the materialas a coating on a separator surface -\°
subnmerged 'in a liquid cathode-el ectrolyte. For exanple, polyethylene and 7
pol ypropyl ene: woul d not be_ suitable 10 because they woul d deconpose
in liquid oxyhalide. The vinyl polyner. f,,'ﬁl_m can be applied to the surface
of._.t he separator by any conventional techni que such as spraying, painting
or the like with or without- a suitable |iquid suspendi ng nedium ‘such as

3- pent anone, net hyl i sotreialkyl ciczaees e 3X), , exdize steilubesackpt(@RLOY3BI BK) and
2-pentanone. A suitable i (ai&d suspendi n% medi um coul d be the oxyhalide

sol vents used in the cell, (Fu¥oFrsgrarP®ed 8nPBIRsD chloride (SOC12) or

sul furyl chloride (S02g12) Loyl _pot yper_ 4as,vLnyl 20

chl ori de-vinyl acetat egf%%lawnépgﬁ%?‘lydg’ 'rfdggé".-ggs%l- §’1]' ‘%//el'nyl acetate
wi th a nol ecul ar wei ght 90)vefinRCpstingsPELh i n thion yl chloride
and then applied to the surf(?ég) f t?le separator ei tﬂ’er by i mersing the -
separator into the sol #itznalikandsy aigaj inigrometbgmayCBMALhe sol ution onto

t he surface of the separator, n evapqrati on of ?e oXyhal i de sol vent, an

UpQ
Alcylnitriles: e.g., acetonitrile, CE4CN
(1iquid range <45 to 81.6°C.)
- Dialkylanidas: e.g., dimethylformamide, sccx(cas)z
10 (1iquid rasge -60,48 to 149°C.)
Lactams: e.8., R-Q:hﬁpyrroudom,
£ : 3 T ’ ' e
: CH.Z-CEz_-_CEz_-CO-H-Gs (uquid range =16 to 202°C.)
_ . Tetraalkylureas: e.g., tatramethylures,
e . ; (cx3)zn-co-n(c53)z (liquid rangs = 1.2 to 166°C.)

Monocarboxylic acid esters: e.g., e:.‘zyj. acecaze
(1tquid range ~83. to 77.06°C.) |
' Orthoesters: e.g., tTiethylorthoforzate, accbcas)s
(otling poinc 103°C,)
_ negbnes: e.8., J<gazx3) butyrolaceone, c'a—z-caz-c-:z-o-?:o
20 (1iquid range =42 <o 206"6.)
' D.t-alkyl ca:.-bm:esz e.g., dizethyl cazbonate,

. OC(OCH4), (1iquid range 2 to 90°C.)

Alkylene carbonates:’ €.g., propylene carbonate,

CR(CR,)C8,=0-CO=0 (Liquid rangs =48 to 242°C.)
¥onoethers: e.g., diethyl ether (1iquid zange -116 B}
" 20 34.5°C.) | - ‘ |

——y



de ‘10

emai ns on the separator surface. For exanple,. the separator .could be
/\ coat ed.by dirpping in a 12 vinyl solution of vinyl acetase/vinyl
copol ymer in 3-pentanone and then drying the separator at *

abptit/[err] for one mnute. This will not only deposit a desired |ayer of

vi nyT -pol.ymer on the surface of .the separator but will also inprove the
mechani cal handling characteristics of the separator material. If desired,
a thin*layer of a vinyl polymer filmcould be | amnated to the separator
provi ded inti mate contact and ‘adhesi om 1%« he separ ator can be obtained. In

t he comerci al
of the separator

production of cells, it is nmuch easier to coat the surface
rather 20 . than the anode and, in addition, the

mechani cal handl i ng chapégp,gguﬁt.l @, 5Rf 1,18 &P ALk dlGyediaanced thus
facili- tating its assenbly dinto the cell. The concentr I on of the vinyl

polyner in the |iquid nedi uflipeidveangesi<133,2 zs $LB58CaandheSeceacent rati on
S depgg;ted on the se arator as speC|f|ed above. In

of the vinyl
usi ng a separ
of the vinyl

pol yner
ator havi ng a

pol yrer

Goei TYAO8FSIMSAT? 50, a suitabl’e concentration,

wei ght p;ar cent as base on {}hegaglr\é g"ﬁf? Pﬁ.ﬁﬁéﬁ%@m& gﬁ%ﬁ%ngl gg

medi um A concentration bel agg %%W.?btl,gﬂt&gﬁﬂﬂéﬂf%h' y be

insufficient to provi de an effective

concentr at i on

20

Il mon the separator while a
=55 to 78‘!:.)

!Ii:zea..cu:i.:s. C.8ep nit:ober.zeu (1 Qui.d zange
3.7 te 210.3‘:.) _

A:enati.:_ea:bcyl..c seid haudeéz 8.844 benz?yl :
é_hia:ﬁe (nqu!.d range 0 to 197°C,); benzoyl

 bromide (nqﬁid Tange =26 To 218°C.)

A:u:a:ie sulfonic scid halides: e.g., benzece sulfonyl

 ehlordds (liquid range 14.5 to 251°C.)

A:m:i.c phcsphaui: ssid d:r.halides-' 8e8.y bcnzm
phosphonyl dichloride (beiling poinc 258°C.)

' kﬁn:i.e eh.'.ophosphantc scid dibhalides: e.3Z.,
bcuene :hiophesphcuyl dichloride (boiling
poin: 124°C. a2 5 =.) _

Cyelie sulfores: s.g,, sulfolaze, .
caz-cxz-ca -CH -so2 (melting poinz 27°C.);

| S-mathylsulfolane (melting point = 1°C.)

Aikyi culfmi: acié halides: e.g., methanesulforyl |
chlcride (boi.ltng peine 161°C.)

Aikyl eazbe:ylic acid halides: e.g., ue:yz ehla-iée
(1iquid zangs <112 o $0.9°C.); acecyl bremide
(1iquid zange = 9§ ts 76.°C.); propiornyl .
chloride (1liguid range = 94 to 8C°C.)




- 15 - above 3.0 wei ght per cent woul d not -previde any neani agful - 2 .
' aﬁdltﬁ)nal protection against the nmetal anode passivation and nay possi
i.n damage to the separator dur| ng.handling. The effective range
pol yner can vary between about 0.7 and about 3.5

result

concentration of Vi nyl

grams per square meter of apparent unifacial area and preferably between
about 1.5 and about 1.8 grans per square neter. ‘A concentration bel ow about
0.7 gramper square neter 10 °~ woul & B8 tneffective in substantially
preventing the passivation.of the active netal ‘anode, such as lithium

Undesi Fabry by cse AR RAR Wik Rr M) SEERRTRGeR ¢

undesirably inctrease

oxyhal i des for use in thi Sﬁuwhﬁ},, :g;g;/lggdgpgd,‘ugy&:gpi %‘Fort hi nny|

chl ori de,

vanady!

i al kyl
67C.)

e

phosphorus oxych

or.i de

brom chr onyl I de,

tribrom de and selzsiidomeofmediizy ipdiat QS eF*%eL ) or gani ¢ co- sol vents for
use in this invention_include the follow ng classes of conpounds: - 16 -

bor at es:

e.g.,'fHWétM‘ﬁtﬁ&Fg"f 33"(8I0!(ﬁ§1=ﬂ ¥nge --29.3 to

sulfanyl chloride (betnag point 80°C., 16 =,)

" Alkyl halosulfonates: e.g., ethyl ehlarocul‘.'ona:g
(boiling poinc 151°C.) .

Unu:u:::ed hetarocyelis eubu-ylic acid halides:
c.g.. Z-Eu:uyl chlm:le (1iquid range = 2 to 173°C.)

10

20

!'i.ve-m:bered msa:::a:cd hata:ecyelics. c.z..
,_3.5-4!:.::!:71!.“:::913 Cbef.l&ng po!.n: 140°C.);

I-n-:hylpyr:ah (boiling point 114°C.);
3,4413:”1:&112313 (boiling poi.nt 144°C.);
fu:an {1iquid range «85,65 to 31.36°C.)

Esters and/or halides of dibasic carbexylic aeids-
Cefos ethyl oxalyl etloride (boiling point 135°C.)

Mized aliyl sulfonic acid halides and carbexylic

acid halides:

€.8., chlozosulfonyl ace:yl

chlo:i:h Cboﬂ.i.-zg poin: $8°C, at 10 m.)
5!.111:]1 Iulfa:ides- | @.8ey dimethyl sulfoxide (liguid
 Tange 18,4 £o 189°C.)
" Dialkyl sulfates:
. vange «31.75 ¢o 188 «3°C.)

Lialkyl sulfices:
poiat 125°C.)

- Alkylene sulfites:

(11quid range

c.z., diu:hyhulfa:n (quutd
€.g., dizechylsulfics (boiling

e.g., ethylene glyeol sulfice
11 to 173°C.) '



Terraxalkyl

riles:

I am des:

e.g., acetonitrile, [err] (liquid range -45 to [err]
(l'iquid range
o [err]) Lactams e.g., N-nethylpyrrolidone [err] [err]

Tat raaf kyl ur eas:

e.g., ethyl

but yr ol act one,

car bonat es:

Al kyl ene car bor at es: e.g.
[err]). Monoethers: e. g’f"PG‘i‘%tWR“%‘i Fars |<98ud For

-t
ol

€. g.

10

20

e.d., dinmethyl formam de, [err] 10

silicates: *.g., tarraxéfhyl silicate, [err] (boiling poTnt
[err-,.VVtroalkanes e.g;, nitonthanes [err] (I|qU|d range -17 to.

[err]

e.g., terranethylure§9'1err] Monocar boxyl i ¢ aC|d ‘eastrs:
acetate (quU|d range [egg]) Othoesters: e.g.,

trinmet hyl ort hof Fé‘ﬁ;’e ced &Lé{bgl&: Iﬁngéﬁg%?q%& IH] gsci[;)n%sal Ey? ,

*Cile [err]
. Of the above, the preferred co-solvents are

ni::obensene. ta:rahyd:nfuran, 1,3-dioxolane;
3-ue:hy1-2-oxazolidane propylene carbonate; Y -butyro-.
lactone; 8“1501433,-gthylene glycol_éulfite; dimethyl
sulfite and benzoyl chlo:i&e. -Of the preferred co-
solvents, the best are nit:obenzene~ 3-methy1-2-
oxazolidone° benzoyl chloride; dimg:hyl sulfite and
ethylene glycol culfi:e beeause they are more chemically

dnert :o_battefy_compongn;s and_htve long liquid ranges,

and especially because'thgy permiﬁ highly efficient
utilization of :hc cathode materials.

it is ;lso within’ this invention to employ
1ndtganic solvents guch as liquid inorganic halides of-
elements frem G:ohps 1V, V and VI of the Periodic Table,

@.8.s selenium :et:afluo:ide (SeF,), selenium mcnobrom;de

(Se;Bry), :hiaphosphnryl chloride (PSCli), thicphos-
phoryl bromide: (PsEry), vanadiun pgn:afluoride (VFs),
lesd tetrachloride (PbCL,), titanium tetrachloride
(TiC1,), disulfur decafluoride (S;F1q), tin bromide
trichlcride (SnBrCly), tin dibromide dichloride
(SnBrZCIZ), tin tribromide chloride (Sn8:361),

sulfur nonoéhlo:ide (SZCIZ) and sulfur dichloride (sCcl,).
Thzse halides. in additicn to functiontng as an elece
trolyte solvent in ncnaqueaua cells, can qlao funecion
as an active reducible ;a:hdde thereby contributing

co'ths overall active reducible mazerial in such cells.

di nﬁﬂqﬂam@enaasesmoecd.(ﬂ Bagichleasge 2 to [err])
yl ene carbonate, [err] (liquid range -48 to
17 - °

[err]

“lemun

._r's



. Polythers: e.g., 1,1 and .1, 2- di met hoxyet hane (liquid ranges -113.2 to

err]“ad -58 to 83C respectlvel y) Cyclic Qthes:..e.g., terrahydrofuran
"(1iquid range -65 to [err]); 1, 3-dioxol ane: (I|qU|d range -95 to 78-C.)
Ni troaronties: e.g.” nitrobenZzene (liquid range 5.7 to [err]) Aromatic
carboxylic acjid hali des: e.g., benzoyl 10 chloride (liquid range O

to [err]); bezoyl bromde (liquid range2o24 to [err] Aromatic sulfonic acid
hal i des: e.g., benzene sul fonyl chloxide (liquid range 4.5 to [err]

Admat i ¢ phosphonic  acid ygeful anode nﬁegialsbﬂﬁz ﬁ Qﬂ%ﬁ 1.
dichloride (boili ng point [err] iHAromatlc t hi ophosphoni c”acl i al| des:
e.g., benzene thi ophuesss n%d dretuds pinzinm) ithe g&aili fenaly) 0}@“@3
sulfones: €., sul Lpleiecdd and atiord S/ Ludh NS U QLo0e LB 0

: point - [err]) Al kyl sulfonic acid hanesu
(boi i ng poi nt [err]?eﬂlkwifd'abmlochez uldhal"ledeﬁetalc g ':heacdwl"grtuyorl de

o omy| “E8r o do. (Bt YRR i ¢e B Rl LTS madd 7))
: include mixtures, sclid sulutions such as lithium-
magnesium, and intermetallic compouzids such as lithium -
monoaluminide. The preferred anode m:e:uh are the
_ __ cllal:l. ‘metals such as lithium, sodium and po:assiua, and
10 : alkaline earth w2tals such as calcium. L.
. o In the preferred embodiment, i.n selecting the
' particula: oxyhalide for a particular cell in accordance
wi.th this invention one should also consider the stabilicy
of the particular oxyhalide {n the presenée.qlf the other
cell components and cperating temperatuxes. at which the
. | . cell is expected to perform. Thus an oxyhalide should be
selected that will be statle in the presence of the other
cell components. - _ | |
In additicn, 1f ir 1is desired to render the
20 elee:rolyte solution more viscous or convert it into a
gel, a gelling agent such as colloidal silica may be added.
' The Zollowing examples are f1llustrative of the

.« present {nvention and are not intended in any manner to
be limitative thereof, ' _ : ‘



-i"18 Sét'u'r at ed hetéfcéyel ies: e.g., tetrahydothiophene |iquid range -96 to -
. 3-nt hyl-2- oxi -

t’?g Io(sjﬁlsf onat es:

e.g.,

di met h
€. 0.

sol.i done (meltlng point [err]) Dialkyl sulfanic agid
yl sulfanm chloride (boiling point [err]) -A kyl
et hyl chl orosl f-oR4te (boiling point [err])

sat ur at ed het arocyclic caboxylic agid halides: e.g., 2-furoyl chloride
_(Ilqwdrange- 2 to \m&r

.., 3,5-dinthylisoxazol t&b@lﬂotagoml 15 186K |dLanded XDV kR (bOiling

2 ,4-dimethylthiole, (boiling point 144C.); furan (liquid
range [err]) Est RREDEEIR/5PLoming Ehe £ollowiagi eOmPORBNSAt ¢ acids: e.g., ethyl

pai nt [er

-carbxylic acid halides: e.g.,

[err]) 20

rl);

Di alkyl

[err]) Dial kyl

[err]) 10 Fi ed saturated heterocyclics:

alyl chloride (boiling polongs[ ‘fn]gf '\'.41 I kyl. sulfonic acid halides and
orosu onyl acetyl chloride (boiling point
sul foxcd@vdeecguecdomﬁylfml 0 B deau@ quq& d range
nmet hyl sul f ui .75 to
% of sag"éigg#n%ﬁﬁ Fg%ﬁaa%%n %&S?If | nt ﬁ rr])

[err1) D al kyl

e ot

10

20

30

s

pe: :

cent Teflon* birder‘ '

A £el:ed nonwoven glass ﬁber separator (Type 934S

made by the Mead Co., ) in ccntact wi:h the ca:hcde
cullecto;" a.nd

.2.4 cc of a liquid ca:‘\ode-elec:rclyte solution

of 1 nohr LiAlCl, in SOCl; and con:aining lithium sulfide
adde& up ta its saturation poi.nt: in the solution.

steel containers which were lealed with covers 1.:: a con-

' venti.

' The conponen:a we:e assembled into stainless

onal mrme:.

‘The abcve cells were stored urde: va.riou.

condiﬁi_ous,_ then diseha:ged on & 75-ohm load, The average '

discharge voltage after one second for three ‘cells in

uch

lo: is shown in Table 1. {
TmEr . . S0
r——-——- . . . :

Cell L Storaze Con:itzcns U : ‘
Lot Fresh ~ I . W0 at _Jdu C. 3 50 &t 20T,

1 3,18V 2.50v 1.76v. 1,38V

3. | 2.88v 1.27v. 1,52v - - 1.07v

V = volts e e e e o
WK = yveek _ e

MO = month

excezt the separators, before being assembled in the cell,

Three additicnal cell lots were ptepa.r‘éd as above

were dipped into a l.faeight per cent vinyl acetate/vinyl

chloride ccpolyiner in 3-pentancne and then quickly dried

*Trademark for polytetrafluorcethylene,

P

.

Sl



Al kyl ene sulfites : e.§. ethylene egcoI sulfice (liquid range -11 to @

[err] % - - 19 - Hal ogenated al kanes: -e.g., methylene chloride (liquid
range' 95 to 40C.): 1, 3-dichloro- propane (liquid range -99.5 to [err] O ‘
the above, the preferred co-solvents are nitrobensene; tetrahydrofuran;, .

1, 3-di oxol ane; 3-net hyl - 2- oxazol i done; propyl ené carbonate;” [err] - butyro-
| act one; sul fol ane; ethyl ene gl ycol suT f‘rzté di methyl sulfite and benzoyl
chI’ori'de. OF the preferred co- solvents, the best: are nitrobenzene;
3wpet hyl - 10 by heatirigdah caboyt BAO7C. c#ﬂropw@ingtmtm waflite and

cthyl ene gl yeol Udachfe RARIHRILIEY 46 SRS Gl SIREAI I Gea 0 Dattery

conponents and have ranges, especl EE0¢ hey permt
- highly efficient (HrlonzGaxbdde cﬁorphauahhma‘mntmsﬂ#&ngl b£i86 @ts, W thin

this invention to o] anlc olvetssch as_l'iqui d«inorganic _

hal i des of - el erren'f%qg égé% V‘s d'f“FﬂE“Peﬂ’%dﬁeB‘ d e.g.,

sel eniumtetrafl uwﬂ&e:&ﬁ@Eﬂ}l m&s& uaamrgob&ﬁmdem{:ﬂuhy tells phosphoryl .

chloride (PSC13), thiophos- . oryl bromde [err], vanadium o
r'e!éHPb{q

pentafl uoride [err§e bpadle aad 489 mhe1aglise| (Thei Ghreecrerhbhl ori de
_ [err].), di sul fur dfd‘t%f&ég s88rd L hder WhPLAUsOHbE i tions and then dis-

charged on & 75-chm load. The average vdltage observed
for three eells in each lot after one second is shown

in Table II.
TABLE I1

Cell Storage Conditions
Lot Fresh 1 WK at 71°C. 1 MO at 20°C, 3 MO at 20°C.
& 3.21v 1,50V - 2.18v 1.53v
5 3.3%v  1.50v 2.00v 1.87v
6 - 3.0lv 1.25v _ 1.96v 1.72v .

— As evident from the .abave &ta, the cells having °

T .
the vinyl polymer-coated separaturs showed a larger average
voltage :eading after storage for cme month and. three
. . ' _ months than the cells using the uncoated separators.

The six cell lots vere then continuously dis-
charged ac_r"oss a 75-okm léad after atbrage under various
conditicns and the _a(rera_ge ampere-hours (AH) calculated

for three cells in cach lot sre shown in Table IIL.

o | * TABLE IIY . R
. - Cell - _______ Storage Conditinms T '
- lot = 1 wK at 71°C. 1 MO at 70°C. 3 MO at 207G, .
1 0.48AH 0.57AE 0.SAH -
2 0.49AK 0.65AH 0.56AH = . - L
3 0.52AH 0.57AR 0.59a I
: g 0.55AH  0.57AH 0.63AH |



. ' “ )
i<hl oxide [err], tin dibromde dichloride (SnBr2Cl2), tin tribromn de-
loride [err] sulfur nmonochloride [err] and sulfur dichloride (SCl2). @
ese halides, in addition to functioning as an elec- trolyte solvent in -

onaqueous cells, can also function as an active' reduci bl e cat hode thereby
_cantributing to the overall active reducible material in such cells. -
20 - Useful anode materials are generally consumable netals and include
alum num the alkali metals, alkaling @ h nmetals and all oys of alkali e
netal s or alkaline earth.metals witgeaseck 20t her and other netals. The term™
"all oy" as used herein and in the dppended cl aj i S, i hLgPagde0 include
“mixtures, solid solutionA sobemof| Qyﬁtém"lﬁﬁ@@i"ﬁﬁf °ang I nt erget allic
~conpounds such as |jthium:The prefer i uabd tar ecathghel kal i .
netal s such as | #§ ATRRS Sn? crf%_Qp%rgﬁ%sg?ﬁ%%land. 10~ _.alkaling earth -
netal s such as C?Lﬁlgtm:ﬁ rvaziied pfoehe e docdB da Hekaht YHTRPAETYAST) t he

particul ar oxyhalide for a particular [ c BR€ a4 showrhi S '

i nventi on one shwdayl ﬁhéefi‘gn§mwfﬁe%?)i%?y8§¥g?he &gt' cular - :

~oxyhalide in the rfﬁﬁtqr(igvpf Tbge Qel2E 6 lehck mypencincduding GPEtet i ng '
i ¢

t enperatures at ch the cell is expected to perf IS gaBgéyhal i de
shoul d be sel ect ekllfdin whith fhesseqsrater, “[‘H:e“%r 53@#(?6 g&?ﬁe other

under various conditions an&-then'dis;ha:ged'on a
“7S-ohm llb'a'd';' The average voltage ‘after one second and -
. are shown in Table IV.

. 10 the average ampere-hours d_elive:ed

ol

3 & .
—ean ey .



cel| components. In addition, if.it is desired-to render the 20 .
el eCtrol yte solution nore viscous or convert it into a gel, a gelling agent j’q?a

such as colloidal silica may be added. The fol | owing exarrpl es are
illustrative of the present invention and are not intended.in any manner to

be li'mitati've thereof. -21- EXAMPLE 1 Three lofs of 0.475 inch dianeter *
cells.were prepared enployi'ng the followsng conponent s: 0. 45 gr am of

Ilt%r’um i pathode collector nade from 0.65 gram of ‘a nmi xture of 90 wei ght

per cent carbon black agg 10 wei ght per cent Teflton* binder; a felted
nonwoven gl ass fiber segargtos 3 T Q,ES made by the Mead Co. ) in contact
with the cathode 10 _ ogl e&?@)r n&kPB.4 cc of aliquid

cat hode-el ectrol yte sol Wi @&n &k 1@l alg[err] in SOC12 and contai ning
Iithium sulfide added up to i-ts saturation point in the solution. The X
conponents were assenbl'gd into stainless - Steel containers which were’
sealed with covers in a og— ;gﬂ Lanal manner. The above cells were stored
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N tions, t hen di _scHér'g'éd on a 75-ohm | oad, Theaverage di schar g\e'
ge after one second for three cells in 20 : each lot is shown-in

¢ |. TABLE | Cell.- - "~ Storage Conditions Lot Fré'sh_" .
| N at [err] 1 3.18V  2.50V. - 1.76V 1.38V 2 |
3.40V 1.08V 1.82V -0. 96V 3 2.88vV " 1.27V
1.52V: 1.07V V -volts WK --we®k MO - nonth 30 ° Three
additional cell lots were prepared as abdve except- the separators, before g
bei ng assenbled in the cell, were dipped into'a 1 weight per cent vinyl’ ot
acet ate/ vinyl chloride copol yFhe apes S&nvinydneetained r@ntgﬂi%ﬂy‘%ﬁﬁ ed

*Trademark for pol ytgleraf Qe HG Iw#g.r&el 'v'% ﬁ?g%ﬁ%’%}ﬁﬁkg@%[ err]

for ane mnute.  The vinyl acetate/vi S _ comercially:
from Uni on Carbi de Cabpatr S.70te ds0\gid4 ofnedpararar cat&dalt for/theny|

hlorid d 14 wt. Z yinyl tate. . The, s i th Loyl pol -
oating wore mechani Dabi §PteE e Efus, YT A RS Behution wp ofq KEBE, POV The
three cell lots were3ssogRd yplRbay¥adOrat&ali £60the F el e plirscenthar ged

"on a 75-ohm | oad. The average voltage observed : ' _
vj.nyllso vent solution. Based on the scparator weight

| ~ (about 25 g/nz), this would produce from about 2.8 weight
per cent to about 14 weight per cent vinyl from the
0.5 per cent to 3 per cent range of coated'soluticn used,
10 respectively. . o
| | | EXAMPLE 3 |
A number of adé_li:iqna.l cells were constructed
as in Exampie 1 with some éf the separators coated with a

2P Ui oo g

1 weight per cent vinivi acétate/vi‘nyl chloride copolymer

. g s

in 3-pentanone. In additiocn, the lithium electrodes in
—= ‘gome cells wers rephéed with li:him-alminm alloy
electrodes, each weighing' 0.52 gram and consisting of
’ .. | 85 weight pe-r cent' lithiuxm and 15 weigh: per cent alt=minum. .
o Three of each type of ‘the variocus cells were stored under
20 varicus conditions and then discharged on a 75-ohm load.

‘ The averzge voltages after ome second _and the average

ampere-hours 'delivere_d are shown in Table V.



fof three cells in 'each lot after one'ééEdﬁd'T§“§hbmn in Table"l1. TABLE

|
Elily * . Storage Gonditions Lot ; » Fresh | Wat 7 C.88
T MO At ferrl .3 MDat [err] 4 " 3.21V  1.50V 2. 18V <
1.53V.5 ' 3.39VvV 1.50V : 2. OOV 1.87V 6
3.01V . 1:25V ) - 1.96V

1.72V As evident fromthe above
data, the cells having the vinyl polyner-coated separators showed a | arger
average vol tage reading after storage for one nonth and three nonths 't han
t¥€ cells using the uncoated separators. . The six cell lots were then
continuously dis- charged across a 75-oRfhtoad after storage under vari ous
condi tions and the average anpere-hours (AH) calculated for three- cells in

each lot are shown in Table Ill. TABLE Il Cell _ St or age
Condi tions Lot I VK at.. [err] ‘1 MO at [err] 3 MDat [err] 1
0. 48AH - 0.57AH . . 0.51AH 2 0. 49AH 0. 65AH
O 56AH 3 0. 52AH < O 57AH 0.59AH 4 0. 62AH
0. 63AH 0. 63AH 5§- . 0g55AR o 0. 57AH 0. 63AH 6
0. 72AH 0.59AH > P 2 '
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- EXAMPLE 2 A nunber of additional cells were.:cbnstructed as in Exanple
kcept that the solution used to coat the separators varied from0.5 ta ,, =
by wei ght vinyl acetate/ vinyl chloride copolynmer (VYHH) in 3-pentanone . &
shown in Table IV. Three cells of each type, including three cells in

which the separator was not coated, welesstored under various conditions

and then di scharged on a 75-ohm | oad. The average voltage after one second

and 10 the average anpere-hours dEXAMBEA are. shown in Table IV. R
24 - [err] - 25 The armunadgwﬁj,ﬂygemgt@ﬂegv#y},{; Sepagptor after V‘
‘coating with the various vinyl solutions ranges Tromabout 0.7 to 1.0 [err]

of separator naterikNampbe k except chet di each cebhiteirhey|0.439 \gxam bl ution up
oot 2.5 01k SRRy B! B hph o BT S o1y s
woul d produce fromwdaduas Zha m&dy}t the cathode collector consisted of
. 85 weight per cent carbon black »nd 15 weight per cent
Teflon; the cathode-electrolyte solution consisted of
2.4 ce of 1 molar LIAIC], 1n SO2Cl; and containing lithium
sulfide added up to the ui:x_:rzﬁiah point of the solution;
10 and .the separator was coated from a vinyl solution as
_ shown in Table VI, The cells wvere stored under various
‘conditions and then discharged on a 75<obm load. The
average voltages of three cells observed after one second
end the average inphere-hou:s delivered are shown in
Table VI. In cell lot 8, the separators after being
dipped into the solution were dried at room temperature
— _ for 2 hours. Ia cell lot 9, the separators were dried
for ene minute at 175°C. vhile ir cell lot 10 the separators
were dried at 225°C. for one minute.



gente tange of coated solufion used, 10 =~ respectively. EXAVPLE 3 A Au

of additional cells were constructed as in Extanple | with some of th
separators coated with a 1 weight per cent vinyl acetate/vinyl chloride
copol yner. I n 3-pentanone. |n addition,_ bRe.lit hi'um el ectrodes in sonme cells
were replaced with lithiumaluniumalloy el ectrodes, each wei ghirg 0.57.
gram and consi sting of 85 weight per cent I%ithium and 15 weight per cent
at¥mi ni um- Three of each typefof -the various cells were stored under 20
various conditions and then-:cﬁscharged on a 75%o8nel oad. The average

vol tages after one second andg]t he average anpere=heurs delivered are shown
in Table V. - 26 - [err]i . ‘EXAMPLE 4 Additional cells were constructed
as in Exanple | except thatiij each cell -eithera0.479 gramof a lithium

_ pe\r_ cent to about 14 wei'ght per cent vinyl, fromthe O 5 per cent to z@ o
)

foil or 0.450 gram of extru lithiumwas usedgas the anode; the cathode
col | ector consisted of LU sns e U= wn .
i.' o O e e o e .
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. A
85 wei ght per cent carbon black and 15 wei ght per cent Teflon; the

ode-el ectrol yte solution consjsted of 2.4 _cc.of 1 molar. [err] in [er
aﬂ&t )containing Iithiumsulfide added up.to the saturation point of the
olAition; 10 - -and the separator was coated froma vinyl solution as
‘shiown i Table VI. The 'cells were stored under various conditions, and then

di scharged on a 75-ohm | oad. The aver&e- voltages of three cells observed
after one second.and the average anphere-hours delivered are shown in Table™,
'VI. Incell lot 8 the sapiletthespedsest irvienglafi bpebeen: deackibed| ution were ™
dried at roomtenperatugre for 2 hours. || 10, epargd ors were.
dried for one ni MRSR EPEERERFP &5, PROY ipﬁrtgﬂ(ig%o#@gl?h%‘tegg%%r g’? o,?;s were

dried at [err] fogetORgtérdedt that theseAeca{ly shodld be \Wrnberuddeapr esent
i nvention has been described with reference to many particul ar details

thereof, it is notimigiagdde peene phLhe &RYSRLE shoul d be construed as
limting the scope of the invention.. T
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30 : CCAIMBI. A nonaqueous ceH"corrprl sin I oni-cally conductive -
.caf Ppede-el ectrolyte solution co ‘mgﬁ Eg di ssolved in an active @
FIQUId cat hode; an active netalnag“ &“ﬁ col |l ector; a separator

di sposed between the anode and t cat hod® coI | ector; and wherein a surface

of the separator’is coated with a vi ny% polymer film 2. A nonaqueous cell
as clainmed in claim1, 10 wher ei N %e anount of the vinyl polynmer film

on the separator ranges fromO0.7 to. @Lﬁ:g]g;ams per square neter of projected
vnéfacial area. 3. Anonaqueous cell as clainmed in claim1, wherein the

amount of -the vinyl poly/ren héoddguedus ealliepomparialng anamgmsca‘m.gm 1.5 to 1.8
grans per square neter of pggéected uni facial area. 4. , A ndnaqueous cel

as clainmed in c$edyFtive et e‘Wr}éFE’r"H'Yt‘:ﬁe‘%]é’FIJrBB CHEPTLEINE Wi e contains a

material sel ect g6l 0} d dd1leid p Uhf wﬁv%nﬂmnaf WE £ RO 6 &dide 20 and
m xtures thereof. 5. A nonaqueous cell as clained in any one of -clains |

to 4, wherein tietalashodss el ea:tlrcdleyeelhmtma; e s&pataxest dbsposedqui d

oxyhal i-de selected fromthi on chl ori.de uLf chl ori.d osphor ous
oxychl ori de, ti‘?ﬂ’fF“b’F‘?ﬁna&@ C"rﬂdoFrb'F ‘@f#‘Ba E‘é’é Ia“?re’bﬁ’% de and

_a surface of the separator 1s coated w:.th a
- vinyl polymer film.
2. A nenaqueous cell as claimed in claim 1,
10  wherein the amount of the vinyl poljmer film on the
- separator renges.from 0.7 to 3.5 grams per square metef
of projected unifacial area. o |
' _' - : 3. A nonaqueous cell as clammed in cialm 1,
wherein the amount or the vinyl polymer film on the sep-
aratqr ranges froﬁ 1.5 to 1.8 grams per square meter of
projected unifacial area, _ )

) 4., A nonaqueous cell as claimed in claim'1, 2
or 3,'wﬁefein the cathode electfolyte cbhtéins a material
selected from lithium sulfide and sulfur mono-chloride

20 ' and mixtures thereof. o -

_ 5. A nonaqueous celi as claimed in any one of
<laims 1 to 4, wherein the cathode—electrolyte contains
- at least one liquid owyhalide selected from thlonyl
chlorlde, sulfuryl chlorlde, phosphorous oxychlorlde,
- ~ thionyl bromlde, chronyl chloride, vanadyl tribromide and
selenium oxychloride. ' |
6. A nonaqueous eell.as claimed in clain 5,

wherein fhe at ieast one liquid oxyhalide is thionyl
chloride or sulfuryl chloride. |

30" . 7. A nonaqueoue cell es claimed in any one of

l claime 1 to 5, wherein the cathode—electrelyte contains an

inorganic cosolvent.



-
elenlun1oxychlor|de . A nonaqueous cell as clained in cIa|n15 mhereln

t he/
30
to

| east one |J qui d Oxygmu“ml“l““l\“‘wM\ chloride or sulfuryl chloridg, s ‘
A non ainmed in any one of-clains |
erein the. cathode eIéttFolﬁte contal.ns an i norganic cosolvent
nmonaqueous. cel | as claimed in.amane of claims 1 to 5 *wherein the
cathode el ectrolyte contains an organic cosolvent. 9. A nonaqueous cell as

claimed in any one of ggl aigmhchdqhdbus@sEl nashelanned in seiyamsl 6fom

lithium sodium ;cal cium potassium and alum num 10. A nonaqueous cell asﬁf

claimed in any1g8s0f §bAISS whereih ther eathbie-slederiol;ite Gomtaiust he
" liquid oxyhalide is thionyl” chloride. 10 11. A nonaqueous cel

as cl ai ned |mm§n5rsaglgf@@suﬂveﬂtio 8, wherein the anode is lithiumand

the Iiquid oxyhallae is sulfuryl chloride. 12, A nonaqueous cell as clained

in any one of clains B.,to Al hondpteius tbe %okst eliaimedcdiplany sahe of a
Lew s acid and an inorganic ionizable-salt. 13,. A nonaqueous cell as

~claimed in anylaffsofl &oai8ys whereil2, theanodetms sm@ﬂctaﬂ;ﬁmnm|31§hnamaed

_fron1honnpo|yners of vinyl or vinylidene chloride, and copoly--

10

20

sodium, calclum, potassium and alumlnum.

10. A nonaqueous cell as claimed in any one of
claims 1. %o 8, whereln the anode is 11th1um and the
liquid oxyhallde *s thlonyl chlorlde.

1. A nonaqueous cell as clalmed 1n any one of
claims 1 to 8,_wnere;n_the anode is lithium and the
liquid oxyhalide is sulfuryl chloride.

12%. A nonaqueous cell as claimed in any one of

claims 1 to M 'wherein the so1ute is a complex salt of

a Lew1s aCld and an 1norgan1c innizable salt.

13. A nonaqueous cell as claimed in any one of”
claims 1 to 12, wherein the vinyl polymer is selected from

homopolymers ‘of vinyl or vinylidene chloride, and copoly-=

© mers containing vinyl chloride or vinylidene chloride

having at least one monomér éopblymerized therein selected
from vinyl ésters, dibasic'aéids; diesters of dibasic
acids and monoesters of dibasic acids.

14, A nonaqueous cell a= claimed in aﬁy one of
claims 1 to 12, wherein the vinyl polymer is selected
from vihyl chioride-vinyl"acetate.copolymers, vinyl

chloride-vinyl acetate-dibasic acid copolymers and vinyl

R
‘<



;o ‘mérs_contai ning vinyl chloride or vinyli déne chlld’ri de 20  having at |ea ’
- ope;=aononer copol ynerized theref UHH vinyl esters, dibasic
' ~"’é'{%‘-i.-ds, di esters of dibasic aci du“mﬁmﬂﬂwmns . Iof di basic acids. 14. A
nonaqueous cell as claimed in any ohe 'of "cldins | to 12, wherein the vinyl
polymer is selected from vinyl chl-'ori'de3Fi nyl acetate copol yners, vinyl
chl-ori de-vinyl acetate-di basic acid copdlynmers and vi nyl * C L M
S~ * - 32 - la Qs W &8g,15. A nonaqueous cell as clained in
&aim 1 and s%g’s]tqia‘r#lf\eal y a’sé)#ﬁe?nbef ore described with reference to any
one of the Exanples. Thig!exi fbnhfAednscickildadpelmimaeinrepahdudedndy

phot ocopyi ng the applicants original typescript. It may contain a few

anmendment s Whigghh AetnidIi¢uds hereeabefore desbmied giith rgferencpt
contai ning these anendnments may be inspected an the prem ses of the Patent

Ofice to any one of the Examples.

. The text of the specification has been reproduced by photocopying the applicants original
typescript. It may contain a few amendments which are difficult to read. The original
typescript containing these amendments may be ingpected on the premises of the Patent Office



