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been observed, for exanple, in |ithiump} _gl i de cell systems is 55 that
af 2@r( u'diceaslfnesradmal)led across the termnals of the cell, the cell voltage
| mred el y -drops. 55 bel ow t'he intended di scharge IeveI t hen i ncases

at a % néﬁwt"e veoliaen @bsdrieel to lntetsaBes Sntbif I 1ine |ayer,
and gy ag?‘“" ﬂﬁ% h&ffe&ezﬁrpn@b iwalstof the w:sttmfrggﬁt hER ,,2 not known.
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douBlegtralyia datherrthart coanjhel amodelﬂntﬁ Gwrﬂp Mﬂﬁér fil aﬁtb?ﬂet hen5Ds
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WI t h TelkylrBstatebe gl Ctﬁﬁnb@t ll?d?& d b the formation of radicals of
t he tThrpmkbeuluci&}g:mt ) 5 éie %qﬁl g 2c9e B8 mechani sm by which
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lmg .

1 Jpheanes o s, Nigorneharee H{NO tal- formation, i.e.,
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Zertr@ir‘- ' Ek"éﬁ Qlidsngri e Neue: Fol ge I12 1%8 195 g?g?qﬂ%hus :

fol | owing the prrncrple of LeChatelier (chenical equrlrbrrun) t he
stablllty of "vinyl chloride polymers: -may-be enhanced in such.a environnent
as that prevalllng i'n oxyhal i de  systens.” In other:words,. if the | ..
concentration 30 of any of the degradation products S |ncreased t he
reactionum w be shifted in favo 30 of the original undegraded pol ymer.



sol vent "or sol vent and cosol vent of the cell's cathode- eteptrolyte and not
deconpose in the cathode-el ectrolyte. Al though not all 'of. the:materials in
t he above groups will have this characteristic, any artisan 3(2 5%34%%”
sel ect those that do by sinply testing the V|nvI polynmer to s % '
dissol've in the 35 intended |iquid electrolyte solvent or solvent and’
co-sg| vent to be:used. For exanple, polyethylene and pol ypropyl ene woul d
notbe SU|uable because k hey ‘woul d deconpose in |iquid oxyhalide. The
effective zdﬁ%@hﬁ?étlon of the vinyl polymer in the

cat hode- Z_.I §ct ro 0 between 0.25 and about 4 0 gram; per Liter .5
and pr ef ﬁ?ﬂw g ge%tzzéa AR AN o REL 113 ke
concentrat i ogg) " ’?u ﬁgge?jtéhﬁg,ﬁgng 0%[’@ trsqé |

woul d be i nedfrseblersceigl) tﬁmbmwanﬁdf aYe, [HOROCHY) J (Bt @o.ﬂtam €3 tlon of .
active net al Lastones? e.c5,Uup(gamma)liutynolactonen a | it hi um oxyhal | de syst em V\/m I e.a

concent rd i on-above that 4.0 grams per liter woul d offer no addi ti onal_._ .10
prqtectionland po§§|| bé/yl | so reduce cell discharge capacity. 45 . The: .vi nyl
poI ymer caﬁ:"'ee W-SHer directly in the solvent of the cell’

cat hode- eI ﬁ#f&)}a\éee 415 USade. any conventi onal technique. Thus a- 'vi nyl -
po!«ym%‘r |§ﬂ‘ty| aFbbhate 0'6%" Ndrbonate! @bﬁ)(ﬁ-%ﬂ( .cd.laaéplz\f@dofhrectly ingqs
t hi onyl c | OAlklénedarsbnaies: e)d., proppespuciionb@, addi ng the ionic source. A
beriefit of adding the vinyl polynmer directly to the cat hode- electrolyte

over coatlrh the anode i3 that it results in better control of the anmbunt
969 8 the cell.. In. addi.tion, in 50 the commerci al

Polymers far use in this invention: must be capabl e of digsolvi ng in the @
(5;

of vinyl cL
productl%ﬁ of eI I S §4i’rﬁc,h easi er to add. the vinyl polyner to the .20
cat hode-. g’sﬂ str Cfl lgthﬂaetﬂhaeihqt,jaa,gn aty 1@ 29¢g Wi th a vinyl polymer
film Suita £3- 4 1,9methbkybiRbie atrerasdgewmcé 946 6348°CUsnd — 58

chl ori de, tuhaeﬂyj reﬁ&dcﬁfemle phosphorus oxychloride, thionyl brom de,
“chronyl 28l otl’:yotleethmanadyItettahvdrofumnc(laqmwngel-eas mTSbW);hlaadnoMnemﬁqund tdags ul 25
or gani ¢ co- -s@ﬁ\ﬂeﬁﬁs{-')for use in this | nvent | on i ncl ude the follow ng

-ni fli '
cl asses of chitfpargma uPrléc ‘ R?’ q Wé?;fﬁ'é{?'ﬂ? ,,@18(} range é s‘X 139 gé)tbenzoyl

Lot arety I""‘?"‘ L ﬁ.éq O ieRom kol e o7t

elrame AY bhjeRdslifdh REE i W55 9.

ni tromet aneArﬁ Jaenaees ol béhzard ﬁc&ﬂonﬁ ?cdf% g o rﬁlsce’ %0
e.g., acet lsatc)le l'iquid range -45 to.

D al kyI am de&bmetngth;opdospbbmy aéid ditmlidegee. blC@Mz@hB)hBop@\bsmuny] dichlogide (bﬁ‘)ﬂmé&otno
1 149. C. Lact1@AC. a¢5gnm.N- net hyl pyrrolidone .. 5 t _
GB2054254B Cw='"=su| ones: eygp sulfglend-p- CO-N-CH3 5 (1iquid range --16 to [ER_R].)35
5 Tetraal k tetramet hylurea, (CH3)2N-CO N(CH3)2 (liquid range
-1.2 to [elpyl .. b lic acid esters e.g., ‘ethyl acetate (liquid-
range - 83.6 téoH";/?nfeCc?{] Orthoesters: 'e. g .. trimethylorthoformate,

HC( OCH3) 4D (rheliing paintoZa Cl); 3-Gidtiyiskilfdiaet (@feking poing.~ 130 )yama) but yr ol act one, 1040
10 CH2- CH2- Gyl GuIRDI écld]halldesrargeneth@wesmfc[nequh]orme {eiling[point AGN “Chr bonat es:
e.g., di met hlky!carbp: ataed heitqewe) agetyl g h'PUder@lﬂgé rangeo— 902 @ 09°C1530NkaI ene

br (Itq propionyl chloride (liquid range —;94 to 80
(aa_lr g?tgat es: %ﬁ cycqlcs eg., teg'a drdthlophene (liquid range — 96 toI 121°C.); 3-methyl 2-
: ( ) oxa n oint. ig 459 45
22 (liqui lsu Qgcl Naridi §ulfaﬁ1ygchlor§ye§$&b(|{g sdifedo él 11@UhAl.)
range - 116 Auayl eﬁédlﬂon mj hé&hy ‘chdrddutfondtel(boiftty gii-ggt hoxyet hane

(liquidr anmatura‘tésﬁhéierbo/c[uecarrboxyamahd bdlide© e[gor 2 }urqyl chisfdeCliquie rahige 25 2 to
Cyclic et hd78:C.e. g tetrahydrofuran |IC]UId range - 65 to Lerr] );
lpggomtﬂgo 50

1, 3+ di 09 arfdverme ted b eemcsg? g H%fetwhs%m'bm

ni t robenzeﬂé"‘zt yl T "'t71 14 G 4]"")‘ tRY!tYRzPle dbqilinapoing 144 %blfﬂfaﬂéffqud’es

e 0 ?egim tg‘ & aua Bbslc 3R oBiak 4 4] ot RGP VriaR G8HGpoieh] U1
Mnxed alkyl sulfonic acid halides and carboxylic acid halldes e.g., chlorosulfonyl acetyl 55

chlonde (boiling point 98°C. at 10 mm.)
Dialkyl sulfoxides: e.g., dimethyl sulfoxide (liquid range 18.4 to 189°C.)
Dialky! sulfates: e.g., dimethylsulfate (liquid range — 31.75 to 188.5°C.)
Dialkyl sulfites: e.g., dimethylsulfite (boiling point 126°C.)
60 Alkylene sulfites: e.g., ethylene glycol sulfite (liquid range — 11 to 173°C.) 60
Halogenated alkanes: e.g., methylene chloride (liquid range -— 95 to 40°C.); 1,3-dichloropro-
pane (liquid range — 99.5 to 120.4°C)).
Of the above, the preferred cosolvents are nitrobenzene; tetrahydrofuran; 1,3-dioxolane; 3-
methyl-2-oxazolidone; propylene carbonate; y-butyrolactone; sulfolane; ethylene glycol sulfite;
65 dimethyl sulfite and benzoy! chloride. Of the preferred cosolvents, the best are nitrobenzene; 3- 65



30: Aromatic sulfonic acid halides: e.g., benzene sulfonyl chloride .
liquid range 14.5 to [err]) 30 Aromatic phosphonic acid dihalides: e.g.,
enzene phosphonyl dichloride (boili. ng point 2[err].) Aronmatic .

gophosphonr c acid dihali des e.g. benzene t hi ophosph@mdogirzmjgorr dg
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188. %&kpgctdd talpssfbrat Thiis e éxyhalids. shoald rmtsbry‘btswttfat twill lﬁebslaﬁle ngthpﬁresénc%%C ) 60
- AI kyltmahsmelllcnmoneam et hyI ene gI col sulfite (liquid range - 11 to

é;)e:n add;}:;g if eos h slghrat\ :deogﬁlon ere Hgspterser sonvertindatod i qui d
r ot a a oi

162£oi|-g. The fploy %ﬁ "’?‘ﬁ“?{ ot ggrpreaﬁ* Bestoh A ra AepelBishene:
tetra aro uran gl oxol ane; '3- met hyl - 2- oxazol i done; propyl ene

car bmwl_syr but yroI actone; sulfol ane; ethylene glycol sulfite; 65 dinethyl

SUld i t Severatl ObiRSziogt (1IC21 om) diemetef célla avepy mﬁeamceelmpbsmg wdititiem ahbde, Best a0e
nitr @b@ngameus @thodg Gollectog a nonwoven glass fiber separator and a cathode-electrolyte
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RhErdiang 'fﬂ Mm% or rbtkdn W)Qrfas E Solvedil
al so opkdrhe Bf thBicsllsi .HMdneéht:taﬁoremﬂvmyn Tape JaAker s:i&byeem Sbé‘dﬂ <5hiaa§ ad I qur
| nor gaom tenhyratare sheéells werectentad sorforpmﬁuuwpkage\(pcw ampleddhcethmklEmRhl i odic
TabI aoltagecpn, dischirap iscness @7 b-ahinUoad after (| SeFond; shost citshie pureant (RSO ATeper

(a ci 7 ° 4Py
e

tetrqﬁ mr 3 “chloride
(sSnBrC , t|n bron1 e dicr orrde err tin trrbronrde chlorrde [err], _
sulfur nDnochIorrde (S2di), and sul fur drchlorrde 10 [err] These halrdes :
in addition to functlonrng as an.el ectrolyte sol vent in nonaqueous cells,

10 can al so function as an active. reducible cathode thereby .contributing te
the overall active reducible material in such cells. Useful -anode.materials-
are general ly consunmabl e metal s and i ncl ude al uni num the al kaiii .netals,

al kal i ne - earth netals and alloys of alkali netals or alkallne earth netals
wi th each other 15 and other netals. The term"alloy as used herein and in

t he appended clains is intended to -15. i ncl ude. m xt ures, solrd sol uti ons
such as |ithi ummagnesi um and internetal I'i ¢ conpounds such as lithium
nmonoal um ni de. The preferred anode materials are the. al kali metals such as
lithi um sodi um and pOtassiunr and al kaline earth netal s such as calci um

In the preferred enbodi-ment, in selecting the particul ar -oxyhalide for a
particular cell in 20 accordance with this invention one should also
consrder t he stablllty of the partlcular oxyhallde _ 20 :

c»-.J:




‘:g/the presence of the other cell conponents and operating tenperatures at
t

ch the cell is expected to perform Thus an oxyhalide should be sel ected

at will be stable in the presence of the other cell conmponents. In ’
addBtion, if it is desired to render the-electrolyte solumszosmnseavisepus
or Convert 1t into a 25 ger, 4 geiling ageTTt buuH TS eu..u.ua. S+-ea—Aay

be addegd exa es are
i 11 ustg nﬂg:}lté/tﬁe\s&;gt of ﬂve cells was tested as i:town ﬁ& %5 %ﬁ}vﬁﬂe S«?&ﬁg&?‘l‘é tar b.g"?% nner tQ(-.
be Iurazat\zoueutolrfefreeﬁowrﬁmfys’leﬁul 30 sev TR 8 aneter
cells were prepared enphying a lithiumanode, a 30 car bonaceous cat hode

col 1% dABLE Il nonwoven gl ass fi ber separator and a cathode-el ectrolyte
conprisStng L. oM{err] i {err—wthtrthrumsutfde—and—3—vol une percent
[err]. In addition, a vinyl acet at el Vi nﬁ"e@HPBF?‘H'éGscopol yner contai ni ng 97
w. %vinyl chlori de and 3 w Vi nyl acetate (%Ri }e'g conn‘erm ally frgm
Uni r r por at as , I s 35 nyl chl e
Cop‘g{]\jgwgrdufgﬁlfog‘él)n!jnn Q*g&{i\l? 04 \/1 n\l| %\mﬁéﬂﬁﬂyarﬁﬁﬁ 1?“VI nyl yacet a?lred

(obt aiTestd-ot 35—~commercial ly from Uni on Car bi de Cor por at ion as VYHH) was v
di ssoW@d‘“PHs t"ﬁ@a&@t hode el ect roI yte of some of the cells in the

conf?r.a*f tﬁfto n4r3bl e 3119 Af t €/0-63 orage f&9 aboufl-85dRys at room

tenpeq ,yrdesc '" fﬁ'@l'l s were tested for open circuit voltage (OCV); inpd®ance *
(ohns herokd v % bﬁﬁs‘(éﬂ tage on discharge across a 75-ohm |l oad after 1 second;
short jchduedidaycurrent (s55C) ; zanper e- odgy hour (ampr hr) digsghyr ge capacity on
a 75- Gbshlob3e:- and anpere- hour discharge capacity on a 40 250- ohm | oad.
Th&ld gentinyeustlisehiarged are shown in Table 1. As evident fromthe data show,
t he C?F'P 20 'M%? n%; t H8-§i ny3-31 yned-Qh the cdfHode- eR&@6ib| yt e exhi bit ed

a

hi ghe et /vp ges after one second hlgher short circuit currents and
entl

| over QE%‘ lg’msfo

GB 23 Q%uw&y Ea@m@est 343 of fige cellsqyas tesy ?@9as ls[lovvntlplz ablde
VO cuto an

| I'l ard—the—averagevoltage —avetage anpere. holfS tq a

the average energy density ih watt- hour s per cubic.inch to a 2.7-volt
cut of £X4 Us‘Hown in Table I]1. 5 TABLE I]I-
5 er werpl ge wqur gsin Example 2. After storagaqé?@ Pesix imopthsOthgaetls

ecgrded an aver n Cirj f3 f13 s 30 .
?8 To :E%gﬁﬁ age %Zeco w;Ee:?%:Far@eggp A % &ﬂmgaif 1. ovoltsogad ] zhca:t 3. 19
0. 63

While the pfo: s &nt mventlén g :H%sc-l'_igﬁé vo)itﬂtrefgreh £/ Ay pa E%?élcular details
b

15 t ethistepf, di lsmbarngﬁide@.ﬂfat)ﬂﬁ;sg Ehoul'Be EdPbtric dslinfitny tha s
3. 88 0. 64. 1,559.8 Test Lot 3- continuous 35
d| schﬁ MS 20
% Q ueous cel nsmg@nmtave metal g_nogg a cathode collertas: an ionically526. 4 Test
con ctive. cP

di
Lot fargi'a v..f%% B‘Sﬁﬁg g&’fﬁ%‘?@?@‘ '§'f’§t Radecs iofn 25V ingidcghadelay
04@ naqueous c laimed in clal rem j entratl?n of the vinyl o% P rXA LE 4
Sever|a|th6&dth6de\l@é’&oﬁ)fé3rﬁﬁéé% ro® 0l 36 séper dr OF the e ty T ef T Si X
nont hs 3. themeqdaueeelrm.deduaaa‘a\\/erﬂgaee.ﬂmoabérﬁﬂd{.&n uﬂh eﬂel ;SH‘lyn?eJl an
aver a'géh¢ mbmfﬂt@tfemel@nﬁescfmo St 1.3@Gravepadier\vditeagetralteer 1 second when
gg : §}fr'5' s| %‘0961" 9_3'9‘ 10} o3 aﬂrldrem @h@athov!n-elwnotyta:ma}m of

s‘ﬁfﬁus ell as cI n chl to 4 w;wgnﬁ tbgeqf deSCI‘I bEd dpth .
o eramstace . Efde@s?e ‘Liiﬁﬁf’? i e, 2%,"2.(93 Mo bt these,
shoul dubexycrrBadd, Ysi mﬂ%r ide, dhﬂg‘n ﬁloﬁ&é)%n oé ﬁiiun‘?‘ chlo-
35 ClsileMS 1. A nonaqueous cell conprising an active netal ano eY a -cat hode
cobPecbor A renaqueaiscdill as odanmehmtcladm & avtvosle thal aacéaso&r;étmumo&xvﬁauaa ionpr ggi ng
a soI‘DP@Y'CH"%@F\?B&J'f%'&h'oa@q ive liquid cathode;
7. A nonaqueous cell as claimed in any one of claims 1 to 5 wherein the cathode-electrolyte
contains an inorganic cosolvent.
8. A nonaqueous cell as claimed in any one of claims 1 to 5, wherem the cathode-electrolyte
55 contains an organic cosolvent. 55
9. A nonaqueous cell as claimed in any one of claims 1 to 8, wherein the anode is selected
from lithium, sodium, calcium, potassuum, and aluminium.
10. A nonaqueous cell as claimed in any one of claims 1 to 8, wherein the anode is hthlum
and the liquid oxyhalide is thionyl chioride.
60 11. A nonaqueous cell as claimed in any one of claims 1 to 8, wherein the anode is lithium 60
and the liquid oxyhalide is sulfuryl chloride.
12. A ncnaqueous cell as claimed in any one of claims 1. to 11, wherein the solute is a
complex salt of a Lewis acid and an morgamc ionizable salt.
13. A nonaqueous cell as claimed in any one of claims 1 to 12, wherein the vinyl polymer is
65 selected from homopolymers of vinyl or vinylidene chloride, and copolymers containing vinyl 65

of the mventn%ﬁ



2. A nonagueous cell as claimed in'claim1, wierein the concentration of
the vinyl polymer 40 in the cathode-electrolyte rangels fromo0.25 to 4.0
grans per liter of the electrolyte. 3. A nonaqueous cell as
claim 19 wherein_the concentration of the vinyl polymer in t gai(;ga“dzé&
cathode-el ectrolyte ranges fromO0.5 to 1.5 granms per liter of the
el ectrolyte. 4. A nonaqueous cell as clai med in claim1, 2 or 3 wherein the
c.aﬁ*ﬁ‘ede el BABLE yte contains 45 a nat erial select ed fromlithiumsulfide,
sul fur nmonmochtorrde—amdTrxtures—thereof—45—5—Anonaguesus—cetH—as—
clainmed in any one of .clains ein the cathode-electrolyte .:
" cont ai nsé at | east Ngne i qui dV%S%ﬁlﬁ"éé‘“d*ggg'@rﬁ&‘i°éﬁmr‘9 dm t hi gpwl_l INCCQ«LI' I5Ede 5
sul furyl chlori de,Adththyg rggis oxychl orqj de, pbhiony) br Q,_n Yﬁ:ﬁ%
~chloride, vanadyl cel#Dr esi #2 c@ngasSedioni Wan S5 Yedlss- g9 cé 8

nonaqueous- o
oxyhal i d@ eey 50 thi onyl chloride or sul furyl chloride. 7. A: nonaqueous 10
cell as cltdded i 3-ny 888 of3€9 ai AH%1 (3P, HBLreih6Q hed.70
cat hode- el‘éh?fqaﬁﬁyte cong@ ns %g |n? gam C cosﬁghvent 8. A, nonaqueous ceII
as cl aine a) she of I ai 8 5, Sihere the cathgde electrolyte 55
coat ai nqsapseg%nggm c cosol vent.
55 9. A noppémeous cell as clained in any one of claims 1 to 8, wherein the
anode i s s@igct ed g om Rigt hi 29 sodi2um 3cal ciaim paiassi am and al um ni um

18. A nona$f€eous cell as clainmed in any one of claine 1-to 8, wherein the

anode is IS(:’!'WI‘;a)m & theNiqut¥ oxgfali P is thi ony?7chl &% de, 60  11. A20
nonaque ™ as ¢l ai y of Ia| rein the anode
Is lithiu rE:?' 2)05% g&?qurbdg%xyﬁggl dé 7|C85 su 0ghl ﬁ?? 12, A
nonagqueousygy Jns as_claiqged i n_any ¢rg of; $l ai {T‘§6 1 {2 11, V\/nerel n the
solute is aconplex salt of a lewis acid and an. | nnrjdanl c ionizahle salt:
13. A naaaqueous cell as'clained in any one of clains 1 to 12, wherein thas
vi nyl pol ymSevers 05155 insh ¢t.fd¢m) ﬂ@metﬂnw oveyerprepargd ay imExample I/excyim thatrie all
chl ori de, @ﬁeelb |g¥aﬁ% or 't}%’rﬂf yYPQ/s\)ﬁgh ﬁ?fved in the cathode-electrolyte. The average open

s 3 e avela :

and whetein a vinyl polyner_is—gissotved in the cathode-electrolyte. 40

7

ircuit vo ge impedance was 1Q.Q m{p afhe average
gﬁ%ﬂ%ﬁg’%‘c saaz hen discharged on a 75-ohm load was 2,83, volts; the average voltage
VYHH | N3 lsbha%d on (? 755-ohm J_oag was 2’3 19 vol 4 d the sgor}1 circuit current 30

EL ECTRO-YTETQre5 1@ l or@&b |ce|i§5|m b testfa vieRd boriidusiily digtharged bn Ehdral 75.dHn 1058 |
#7 Cel | #8orl0250E0hm load, or discharged intermittently for four hours a day on either a 75-ohm or 250-

10 (vol t s)ohm Pag.OThe avgag@voltage cyerags appere hgurg famp-Brsp© a 2.730 @utoff and the :
| rpedand® zjvz g%?nergy de |ty in atghours pergubic inchdWh/ind) and Joulgs ger cubig. cpntlmgeq_ 35
af't'erm

Vol t age to\,;af 7z are shown in Tablie If.

15 75 ohm-ﬁ\fﬁ.lEt'p) 2. 8 . 2.9 2.9 3.2 3.1 3.1 3.2 - 3.0
SCC (anper.es) 2.1 2.8 2.1 2.0 1.7 2.7 1.4 20
Anp. - hr 40 : S Averge Readings 40
20 75 ohnms 0. 85 0.80 0. 82 —9—8-5—9——7_8——9—89———9—6-9————9—82

Anp- hr. 2500hns - Voltage . 1. 36 1. 32 EnergyDensity, 22 25

25 Several 0..75 inch (1. 91“% ditMelist er  AgPrhoutier e WViBar e/ € i n Exanpl e 1
~ except hg [ .ol al T the ceTT's 0.5 gram per Titer of VYNWWas di Ssol ved 1n

. the cat cgo ﬁ,f—gggg},%;& The average open circuit voltage for the cel I S vvﬁ'g
' 3.69; the MR agdhmePedancer s B2 ohne, 7¢ he avergge vol 1,86¢: 3after

second whedcdlisdmbratigemtlyon a 75- ohm 1 oad was 2.83 volts; the average voI tage
30 after Hischangediacrossen di scharged on .a 75-ohm |l oad was 3.19 volts; and the

shdrt cB@cAB ehresifor éawr 30 was 1.2 anperes. Three, four or five cells in eabf
test |ot V?P?%th nuously (ﬂgchéargd on%&% her a 78:%hm | 43d7-2

continuous dlscharge _ '

across 250 ohms 89.2 3.40 "1.21: . 14.3 3,141.6 :
55 5 cells-intermittently _ S _ ' . b5

discharged across ' ' :

250 ohms for four : . _
hours a day 101.4 3.40 1.38 16.1 3,636.9

60 ' _ . 60
EXAMPLE 3
Four test lots of five cells each were prepared as in Example 2. After storage for 1 month at
71°C., the twenty cells recorded an average open circuit voltage of 3.72 volis; an average
impedance of 12.8 ohms; an average voltage after 1 second when discharged on a 75-ohm
65 load of 2.5 volts; and a short circuit current of less than 0.1 ampere. 65



5’ 250- ohm | oad, or discharged intermttentl Eifbr. four hours-a day on

. ' " ' e anpere-hours
dher a 75-ohm or 250- ohm | c”ﬂl“”“‘lﬂlmmllﬂﬂl ol tage, averag nmp
anp-hrs) to a 2.7-volt cutoff Ll HTJ o

! mMbge energy density in

wat t8hours per cubic inch (W/in3f ahd Joul es per cubi ¢ cepigliRle 3%
(J/ cMB) T0 a Z 7-vort—cutoff—are—showr—A—TFable || 4 il s

; i . 40 Vol tage . Ener gy

Averge %ﬂ:'t&g% f five cells was, tested : own imT and tbﬁ'@!n&9450&®eé\}e€age .
i ﬁdﬁ@“%uﬁ( tg%haghguﬁ on a&;mggﬁﬁ%ﬁwgmﬁﬁgw in watgheuss per cubig. indh to

g g onenont il @ ol I's- | Pt tent | di scharged -across 50 75 ohnsforfour
8.5 ' 1,86733ce||s-|ntermtge2t5l_y 0809 o, S onn o,
50 HEuMABEE Hhy : 18.5 .25 . 0.80 : N
cel | s- "CONTTUOUS Wi STharge—aef-o5s—250—ohhs _ .RQ 2 3.4Q _

14. 3 .3,141.6 55 5 cell s-i _nt_e[mt_t'leﬁ\telrgge Reigl‘qgs o 101 4 3 40
55 di scharged across 250 oggs S four—trours—a ugEyner'_s;:y_Dens'ityj : : |
6130322’%{%3"( Eorédig:'m..'} f.pcf.H??{?Q b‘%mﬁ ve ceTPhowsch Wale® pred&mdd as in Exampl e

nth at ' he twenty celrs ded an.average
t botok-age for 1 nonth at [err], the twenty cefTs Tecor - an.ay _
gl e'nt-mc tcﬁéﬁ‘i'qus\_%?ﬁph%:g% of 3.72 volts; an average inpedance of 12|. 8 gh(r)r}s, Za‘g
oy ro8s8 I 7P ANMSaf t er 14-8ecord18hen d1.8%harged ®iga 7510448.85 | oa .
averadE Y Zafti‘g‘afte i p:
vol t 8: APt B Circuit current of less than 0.1 anpere. roun i
GB 2 ’c{,%posg 4Bhms fo3 Each test lot of five cells was tested as s :

aodey) / ' - to a 2.7-volt
the av e voj {gde, Vg age anpere hour s _ .
Iﬁ?l)?f#e:gdldr)ttshe averag?%ﬂerg;j‘ ?:Ig;nsi t?/’bledf} watt - hduts pef-889B c inch to a

2Q soptinugus fischarge shown in Table 111. 5 TABLE |1 o " 20
Z'ZQCHOP s?&gﬁ&hﬁ s. Volt&@ge 3.30 1.01 Engreyy De_g;y/—ztsy4__10 Test -
; gon\éie% t intergity s - (Vol ts) Anp- hour s [err] ~J/cnB 2 10
10 Tets;%,m '?g%ﬁ% E)btri nuous. di scharge across. 75 ohns 14.9 3.1
0. @5 4'hours a day ©-

4,515 8,15 T Lot. 2-intermit-_ .

15 't ert+y—di-scharged 59%ae 30 T3P hour '47day 2790 151 = 28.19
0 64e 7.1 -1,559.'8 Test Lot 3-- 20 contT nuouylclil Echarlge2 £ 4
( gohms 766 330 - 10l . 115 =252
%g s%c f&f eg’%f?ﬁ'g PeTe prepased 4sjinixaimbla ) AdteEtorage ai226 CHB S fidhthdthd ,ﬁgu rE s a EaEy

eC
80

( ogegsgn average open giscuit voitage 0f{3.77; an averaga impéHance of 12.5 Ohm;;s,'_ar{ err] Y or
verage Voltage after 1 sacond.w ischarged-on, g17|5cohp load pEt.934ohs a Shory € [

4 SeVgiﬁfi‘:t cGﬁL_It_ fY@f aﬁf m@ardé? ol e o

Si X nDIWhie, thé PRséftlimvantn

%w . ircuit voltage of 3.71;
otio Dih tlfﬁé - g.gggs_cﬁ&fv‘é r %%e??c%eg "\(;BY P 'eulafdeeqﬂgl second
an avtheegt it inpociatadedihatlthe 1’ beton. d?lm_% the sqope of the inveptions ur r ent
whél di ?ghar ged on a 75-ohm | oad of ac? Vot Smitng 5 gor?a P teiRanton: 36
of IeS M an 0 L ampere.
. nonaqueous cell comprising an active metal anode; a cathode collector: an ionically
conductive cathode-electrolyte solution comprising a solute dissolved in an active liquid cathode;
and wherein a vinyl polymer is dissolved in the cathode-electrolyts. _ o
40 2. A nonaqueous cell as claimed in claim 1, wherein the concentration of the vinyl polymer 40
" in the cathode-electrolyte ranges from 0.25 to 4.0 grams per liter of the electrolyte. :
3. A nonaqueous cell as claimed in claim 1, wherein the concentration of the vinyl polymer
in the cathode-electrolyte ranges from 0.5 to 1.5 grams per liter of the electrolyte.
4. A nonaqueous cell as claimed in claiim 1, 2 or 3 wherein the cathode-electrolyte contains
45 a material selected from lithium sulfide, sulfur monochloride and mixtures thereof. .. - 45
5. A nonaqueous cell as claimed in any one of claims 1 to 4, wherein the cathode-electrolyte
contains at least one liquid oxyhalide selected from thionyl chloride, sulfuryl chloride, phospho-
. rous oxychloride, thionyl bromide, chromyl chloride, vanadyl tribromide and selenium oxychlo-
ride. I '
50 6. A nonaqueous cell as claimed in claim 5, wherein the at least one liquid oxyhalide. is 50
- thionyl chloride or sulfuryl chloride. . _ T
7. A nonaqueous cell as claimed in any one of claims 1 to 5, wherein the cathode-electrolyte
contains an inorganic cosolvent. T
8. A nonaqueous cell as claimed in any one of claims 1 to 5, wherein the cathode-electrolyte.
55 contains an organic cosolvent. : o e
9. A nonaqueous cell as claimed in any one of claims 1 to 8, wherein the anode is selected
from lithium, sodium, calcium, potassium, and aluminium. S
10. A nonaqueous cell as claimed in any one of claims 1 to 8, wherein the anode is lithium
and the liquid oxyhalide is thionyl chloride. - _— T
60 11. A nonaqueous cell as claimed in any one of claims 1 to 8, wherein the anode is lithium 60
~ and the liquid oxyhalide is sulfuryl chloride. ' _ e o
12. A nonaqueous cell as claimed in any one of claims 1 to 11, wherein the solute isa. .~

B ]

55

complex salt of a"Lewis acid and an inorganic ionizable salt.
13. A nonaqueous cell as claimed in any one of claims 1 to 12,
65 selected from homopolymers of vinyl or vinylidene, chloride,

10 12, wherein the vinyl ‘polymer is
and copolymers containing vinyl - 65
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Wil e the present invention ha th reference to many L%
particul ar details thereof, it ‘ﬂ igu'ﬂimfﬂ“ glrmhat t hese shoul d be '
construed as limting the scop |mven i*on. 35 CLAIM5S 1. A nonaqueous '
cell ceonprising an active netal anode; a cathode collector; Qﬁﬂ@&#ﬂ%@ﬂly’S

conduct

active |iqui d cat ho an'd er el VI n el me"J S \éeds ,e o Qr m
cat hode ef: asl gmd o% ?ﬁﬁﬂ%ﬁ r%gfs %lzf mg °
whet i n tH%y 38‘&%&1; % QE d’l'n'?;\‘n 099 ¥/ élins 12) whfein the vmyl polymer is
cat hode- eée‘fé&daq} Gi n?l%ﬂﬂae- iﬁ?l@c@ta%&: Slyrherd, Gﬁﬂ%ﬁloﬂ@é—whyﬂaﬁéta idakie acid
el ect r obypdlymers afid nmmmuaomebdlyms claimed in claimi1, wherein the 5
concentr at i1@n @&fnonhqueousgsll inj clair Heandzsuhstantially e%twrghwgrerdamlbsdf rom
0.5 to 1. witlyreferencersp aPYPEQO%he Wfé?sectrol yte 4 A nonaqueous cell as
clai ned i g—elai-is u wr ontains 45 a
_ materi al eaa-heietT@d’aWQUm 45|5t"h1"vm33'el+9f F°{!Pe" W@ﬁl“f’m’"‘ mevfm“and m Xt ures
thereof. 45 5. A nonaqueous cell as clained-in any one of clains 1 to 4,
" wherein the cathode-el ectrol yte contains at |east one |iquid oxyhalide
~selected fromthionyl chloride, sulfuryl chloride, phospho- rous
oxychl oride, thionyl brom de, chronyl chloride, vanadyl tribrom de and
sedenlun1oxychlo- ride. 50 6. A nonaqueous cell as clainmed in claimb5,
wherein the at | east one liquid oxyhalide is 50 thionyl chloride or
sul furyl chloride. 7. A nonaqueous cell as clainmed in any one of clains 1
to 5, wherein the cathode-el ectrolyte contains an inorganic cosolvent. 8. A
. nonaqueous$ cell as clainmed in any one of clains 1 to 5, wherein the
cat hode-el ectrol yte 55 contai ns an organi c cosol vent.
55 9. A nonaqueous cell as clainmed in any one of clains 1 to 8, wherein the
anode is selected fromlithium sodium calcium potassium and al um nium
10. A nonaqueous cell as clainmed in any one. of clainms 1 to 8, wherein the
anode is lithiumand the liquid oxyhalide is thionyl chloride. 60 11. A
nonaqueous cell as clained in any one of clainms 1 to 8, wherein the anode
is Fithium 60 and the liquid oxyhalide is sulfuryl chloride. 12. A
nonaqueous cell as clainmed in any one of clains 1 to 11, wherein the solute
is a conplex salt of a Lewis acid and an inorganic ionizable salt. 13. A
nonaqueous cell as clainmed in any one of clains 1 to 12, wherein the vinyl
polymer is 65 selected from honopol yners of vinyl or vinylidene chloride,
and copol yners contai ni ng vi nyl 65 * C L M S *9
GB2054254B 9 chloride or vinylidene chloride having at |'east one nononer
copol ynerized therein selected fromvinyl esters, dibasic acids, diesters
of di basic acids and nonoesters of dibasic acids. 14. A nonaqueous cell as
claimed in any one of clainms 1 to 12, wherein the vinyl polyner is selected
fromvinyl chloride-vinyl acetate copol ynmers, vinyl chloride-vinyl '
acetate-dibasic acid 5 polynmers and vinyl -chloride honopol yners.
5 15. A nonaqueous cell as clained in claiml1l and substantially as
her ei nbef ore described with reference to any one of the Exanples. Printed
for Her Majesty's Stationery Ofice by Burgess & Son (Abingdon) Ltd.-1 983.
Publ i shed at The Patent O fice, 25 Southanpton Buil di ngs, London, WC2A 1AY,
"~ from whi ch copies may be obtai ned.
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