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45 , French Patent 2,124,388 dlscloses a nonaqueous electrolyte usmg dwxolane as the 45
solvent. -
British Patent Applxcatwn No. 33361/75 Patent Speczﬁcatxon No. 1 513,419
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conventi onal nonaqueous el ectrolyte. 45 French Patent 2,124, 388
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T and non-reactive with the crotonitrile, protective cosolvent, anode and cathode.
' The invention provides a novel high- energy density - nonaqueous cell compnsmg_
: a metal anode, a solid cathode and a liquid organic electrolyte. comprising -crotonitrile, S
50 a protecnve cosolvent and an ionizable solute. If the viscosity of the protective co-- 50
solvent is of a magnitude that it decreases the solution conductivity. of the electrolyte - o
below 10—* ohm—! cm™, then a low viscosity cosolvent is preferably added along
with the’ protecnve cosolvent to achieve an electrolyte conductmty of at least about .
. 10— ohm—' cm’ o
55 As used hcrem, a protecuve cosolvent shall mean at least one cosolvent which 55
when mixed with crotonitrile and an jonizable solute to form a liquid electrolyte for -
use in a nonaqueous cell, the cosolvent will effectively form a prarectlve barrier for



45 a netal anode, a solid cathode and a nonaqueous el ectrol yte
conprising crotonitrile, 45 a protective cosolvent and an ionizable
solute, the ionizable solute being conpatihle and non-reactive with the

crotonitrile, protective cosolvent, anode and cathode. The invention .
provi des a novel high energy density nonaqueous cel |l conprising a netal ~
anode, -a solid cathode and a liquid organic electrolyte conprising - :
crotonitrile, 50 a protective cosolvent and an ionizable solute. If
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was formed. ~ occurred which resulted in progressive thickenm of the electrolyte until finally a solid
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The crotonitrile radical ion (mdlcated by ©) then reacts with other crotomtnle
molecules in an anjonic polymerization process to produce a polymer of progressively
25 . increasing molécular weight until finally a solid is formed. This process continues even 25
after the lithium has been’ completely . consumed so long as there are additional
crotonitrile molecules present and there is no other material present in the system which
could terminate the reaction. :
According to this invention, crofonitrile can be sucoessfully employed in non-
30 aqueous cells employing metal anodes if a protective cosolvent is added in conjunction - 30
with the crotonitrile. An example of a good protective cosolvent is propylene carbonate.
It is believed that when lithium is contacted with the protective cosolvent propylene
carbonate, the following reaction occurs to a limited extent so as to effectively form a
thin protecuve barner on the hthmm surface .
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25 I ncreasi ng nol ecul ar weight until finally a solid is forned. This
process continues even 25 after the |ithium has been conpletely consuned
so long as there are additional crotonitrile nolecules present and there is
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40 potassium (k), calcium (Ca), magnesium (My) and their alloys. O
these netals, 40 lithiumwould be preferred because in addition to being a
ductile, soft metal that can easily be assenbled in a cell, it possesses

t he hi ghest energy-to-weight ratio“of“the”group of suitabl e anode netals. .
Wien sul fol ane or its al kyl-substituted derivatives are enployed as the 7
protective cosolvent, sodi um anodes are . not desirable because they 45 ‘
react with these prot ecti-ve cosol vents.
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oS TG i a an agpgic a 0
?Jrg di SCHOZSS ggluughty is thg:ﬁt!hg sﬁgsi,swheg;r s1mpleage?zc<%l?p?;j? Be¢cm(;r)npf;5t OSEd I n

'3
3,536,532 and 3, 700l Bionait) | bt 8 1k GlbetC AoBOTD-E chigt ?ﬁﬁm@xm enely
stabl e and resi st i dmodnoofcdn &t alshiso. bm(mdlds,endr)awgﬁ ls:fsuﬂieidnu&smaftcenipplitm Oto

about 1. Preferabl yxons err] cathodes erein x varie omO 8t .1 woulg '
be adni rably !$ui t e, fBF°F étﬂ’/\ﬂfggrygg ?Sggﬁ'jﬁ" § sé;?fgg ent i h)
because this rangeTheBiskS& Rh lin MEULRO)] GredRdiftE sﬂﬂly ﬁnh
cat hode materi al s. Institute, Vol 226—J£iymmmbam9mabigs ml—ambyf@rN Ugeis).n this

i nvention may be a_si f‘ta ha’é t“’h h %?’ER‘%‘SF funetione of |
which will pr28duce gd 5&@‘ m?ﬁfﬁn onéd
or nore sol vents. e,q;‘f tﬂe%ﬂﬁ&h&al&:é or gani ¢

Lewi s aci ds and i nor g'&‘m«al iswita) lzamm sﬂkt:m:ludmﬁnmﬁzmt ﬂ@nde%:g!%mbtosu&pr 10

utility is that thehs s ﬁﬁhﬂm oty t h
crotonitril e%lo a ﬁ% %msﬂg% fiugri cﬂ'?‘%'tile’ay? Th °“fl el d23
solution which is su dmzam‘a B st i EodB bt v UG s W@ds ithude hrhma.tﬂu&m,st -
about [err] . GCendthium orﬂq lahhom) ibtomdde, Hthiumeslitle, atpdhunt fiGoride, Nodi Ichisnide; ter)

woul d be suf fjci en f’ pefe#squm ecpptassiymy ghloridg gnd Pmssmmbfom @coyding . to
the Lo s or B ﬁ&é A e mﬁv 159
whi ch cont ai n. no a@&g&;)bﬂm qgedad a3 R bolverst ctron
doubl et's.” The basi tcesdingciem! tmlsilus@te sixdzrpfefenabie helecdahrfpcadamble,tlenlat tfbm«:d

(Journal of tfge Fr k‘l‘q ﬁ°“! ‘?“teft umigen Ch ‘&9’!}8‘ i
293-313 by, o3 (Ll mﬂﬁggé fﬁn or i1
F8it 1's de

whi ch these conpl exe®F| )um gg,u exa,ﬂuoroah-sam& scrl n det ai l
in U S. -Patent 3,542, 80@imfrierdnin sel!ecmm ag Uiepipelsi¢ et is B8t lttbatomdaﬁﬂc oBX Or

doubl e sal t  fgr med &5 ﬂrqweoww ] tgodesf thew { ds an
ity vl eh B m%gﬁ SR ?’Y’%fh‘ﬁé’%@ SRl A e ey ;ﬁacm b
suitable Lewi s aci 86 sd b Passividied) W fwhéhOthé dell awmdﬁwncg&@nu eUm num
chloride, antinony ntwmtwuldeesuhzl rcom um tet rachl oride, phosphor us 25

al t o
nggﬁchl ori d pho "%@3‘5 ?M %ﬁ‘dﬁ all o HSI@ aﬁlg'ﬂﬁ“
conbi nat i- on WI t h tlitas SheadkilldsF lbd: |s&!f§b Wﬁ@@oso ink dJéMute
chloride, lithium m%;m&gi withi ﬂlhlcmrmmléfm‘des insatenutm ﬁéldlcanleﬁbe]trolmdiaumu : :
chl ori de; sodpum biBHBE Thas i
pot assi um bromi de. Cgt tg?t?ons of crotf 112?; %@%&E&g %I nt ﬁo
art that :the doubl 8 Thib slowh aliafasl theyconcatira BidrehsEr0 kHd A -C L

i oni zabl e salt nmydistviysledeases such or the |nd| vi dual conponents nay be
added to the solvent separately to formTAELE®Buble salt or the resulting

lons in situ. One such pr | e.double salt, fo a 1 that fornmed
by the conbi natlon of "al ql%)ib d& ?{I ori de and I |é{’§‘§ﬁ“ﬁ‘? gﬁl (%@ to y| el d
lithium =~ 10‘7 PC—90% CN _ - 1094 _

T 20%, PC—80%, CN T 1054

30%, PC—70% CN o 10.13



35 alum numtetrachloride. O her preferable double salts would be
lithiumtetrafluoro- 35 borate [err], |ithium hexafluoroarsenate [err],
lithiumhexafl uorophosphate [err] and potassi um hexafl uoroarsenate [err]. A

" Speci fic- S_aqg latter magiri

main criterion in selecting an ionizable salt is that it be conpatible and
now-- reactive with the crotonitrile, the protective cosolvent and the
%trodes of the cell. 40 - Li kewi se, the nonaqueous el ectrolyte . should
pif-erably be substantially inert with 40 respect to the anode metal while
at the_sanme tine the anode should preferably not be so conpletely
passivbted that when the cell is é&%@d on_di scharge, del ay in tée flow of
curr ent 40Ul d kil sooklobAi0 VA i Yl O A0 IRCEROIL HAL 10T TN

conbi nat i orEeblef4. cr ot oni , pro . tective coso vent s) and sol ut es
will-function as efficient electrg] tes in all anode/cathode 45 cell _
systens, once.the anode and cat ho onents of a. nonaqueous. cel | are
sel ected, iknos W Edthdact. hQZ‘rgtmu'trlle ﬁusan artisag @ select a sui'tabte

prot ect|\/eJ~ncn|JIth and_saolute 'to bhe uised- wf%ih@ crotonitril Q_{Of t hi S
invention tdiyi eI d(Céf@)neI edironyloylb@antohate wi | | fLiei0j erLiséK,i ci ent | y in a

nonagueous ‘¢el | tem exa ropyl ene: carbonate is 50 -~ ° a good
pr.otective. cdsol ve and %ﬂ’f'°§g§é‘§°"(’§ a im 'sgfq}f% it err] with
different 36 ConcejllratloPiSpyOéneG]’aébbﬁrbdtrl 1-e, Lido, &qmslm;tlw ty was found to
vary. as shown in Tablie 3. Thi's shows that as 'the. concent ration of propyl ene
car bonat e i ftdr easeéSFxhnhe C%W“"‘mféfbi"%“ty decre&s(éga ortAdifs 3. 1M [err] with
Conduct i vi ty (m nho/ crr) 100% CN - . 11. 36 10% PC- 90%
- CN - S"10. 9/Ethions Serbass CN '_ LICIO orLiAsF, '~ 10.54 30%
PC-70% OCN . . / 6 '
1,529 371 Li Cu0 Ethylgngéﬁ)onatc X | L1C1060r u’é Fér abl e nonaqueous
ceII systemnaccor(@FQ)q toPtrdmy&ne Olyes1tShifine are BtmwlorlmAs‘F@bl e 4. TABLE 4
‘Anode Cat hode -Crotonitrile Plus . - . Solute Li lerr]
Propyl ene Cdibonat@s - P:opylebemy]aousmfl@eerr] LlClO othA@.JS S Pr opyI ene
. 'Carbonate . c err] ‘]y _'Propyl ene Carbonate
Terr] or [eff] Li <O [é’r‘?"f’”"G °‘Etsﬁly‘lt°ene CﬁlCB%'rPéll-éASF _ - [err] or
[err] Li Cus . Et hyl ene Carbonate. -~ [err} or [err] Li
- Quo Eﬂihy’reeene in@atibpowillt wow be further illustrdtedr by] wayr of| @r fdllowing = [err] ¢
'_Propyﬁene%‘%ﬁ Sulfite. [err] or ‘[err] -Li : CusS 5Propylene

.@d.ycol . Sulfite lerr]. or [egkhMpi CuO - " Propyl ene A ycol -
= Sul fite Nondq@dotid buton pelis vahemnﬁm@nu 7i inan@i3p rmviahd heightv be f urt her

i 'l ust r at el 03¢ inchy(08%. C?ohEﬂPcﬁb 6uS Hﬂmvm@;d mﬂ!mmaqueous but t'on
cells, havi M |nch :
(0. 9i° :‘;glechce %ﬂ%@d% . llt@[dof ol cat hg(a

- el-ect roI yt mlhyuscm ﬁbfaus{ gass]and A lqmtvfo‘nCﬂgard Mﬂoanﬁhﬁﬁialll t hi um anode

2 (970 IHQS'P‘H a solid .
cat hggde i 3 ;1 J &aﬁft hereon a
I Ethébn Qﬁ;&vxﬁ&rab’&l ifonposed of two

. separator 2 dglgma,esam
- layers ‘of -Cle gl a8s aathleagpeby afmckﬂ:eidgaﬁdl vﬁaﬂ@medrmmenn al, said latter

_materlal tfemﬁg P@pﬂ&gﬁéﬁ ec;ntame'rA np mmp mf _ vvett_able

made between the lid, gasket and container, thereby seafing the cell 20
On different. current .drainis to a specific cutoff voltage, - the d'xscharge capacny :
of the cathode, ‘cathode eﬂicnency and -average discharge voltage to. cutoff were
obtained: for each cell and are shown in Table 5. Since the cells were cathode-hxmwd, _
the cathode efficiency was calculated as a percentage based -on the theoretlcal capacity N
25 of the cathode material available in each cell. The term “ cathode limited ” is intended =~ 25
" to mean that the cathode will bé completely consumed during discharge of the cell =~ -
while some of the other active components of the cell will not be completely consumed.
. In other words, there is less cathode material present in the cell than would be required
" to completely discharge the ceil. o
30 For example; the theoretical efficiency of CF (x=1) as a cathode materialina =~ 30
: lithium anode cell discharging at a 1 mllhampere per square centimeter dram toall o
volt cutoff, is calculated as follows: ] _
Assuming 1 the reacuon

. 694 g Li+31 g CF s 2594 ¢ LrF+12 gC.

3 (equiv.we.) (lequiv.wt) . (1 equw. wt) (lequiv.wt) - 35
then if 1 gram (g) CF is used the fraction of the_equivaierxt weight is 1/31. Since one



m cr opor ous pol ypropylene. A lithiumelectrode conposed of a |ithium sheet
pressed 15 onto and into an expanded ni ckel screen was placed on top
of the separator followed 15 by a fibrous glass pad., said pad being

enpl oyed to contain additional electrolyte, if needed. The cell was cl osed
at the top by a nickel ‘lid which was seated upon. an annul ar pol ypropyl ene
gasket having an "L"-shaped cross section, which in turn rested on the
peri pheral .surface of the container. A peripheral crinp seal was then 20
made between the |id, gasket and container, thereby sealing the cell. =
20 On differenty current drains to a speC|1f52%37¢ut of f- voltage t he di schar'ge
capacity o e cat T.ncnde er 1.l 1 and_ay ha al tage -
to cutoff V\f\é}re obt a?p S}le;;& eighaLs céﬁﬂzrasm&:%’ 3" ﬁ%mﬁex}tn Itge"S{hggbyn e the
cell s were cat hode- Ilmted the cat hode effici ency was cal cul ated as a

per cent age based on the {96560 equjombs/Foadsnci tg - . of the cathode

mat eri al avaitable in eacwm‘rer 6.8 AflepyRaleyt WFIBld " i s i nt ended

25 to nmean ths# the cathode W °f" e .conpl etely consuned during discharge of
the cell while some Titrefolep 13t hqiivai wbight OO 6.8 NEHYlegui@lent Wiiphe-e0.864 W HL THIROt be -
conpl et el y con8unmed 0.86h Al ¢re864mﬁilt§ss tht varetlcalscabvessofchgﬂamd@ GFametlemaalwhfr esend
in the cell than wodft “bémc‘ft £ g 2 0§1‘f ﬁ‘“{%%

For exaiple, the thehatal . E'L(g&in‘s‘é’a"éﬁtf‘ias o Botroleeb AL ST
ina 30 lithium anodeAmbdm 6 5 s‘ilﬂgkith'aﬁfeSath dlE&ltd(ﬁﬁﬁh@MﬁdBﬁlﬁOdSéﬁt&h@ N
centineter drdPn .t ook celfs coptaining rotehiktile asshecsale celteat wee wesy 1w tiug denonsttingrri ng 10
the reaction: [err] ‘t)l;%—’ crotomtnle ‘would be unaccepre@ﬁ lfﬂt\lnonweo’s feﬂ wsvf usgd 55 the( 1 -
equiv. w.) (1 equlV: 35 then if |I.gram(g) CF is used

the fraction of the equi vaI ent wei ghf i s IPABLE 55 nce one 7 '
1,529,371 : 7 Faraday of el ect I‘ACIt Co
obt ai ned from one equival ent (‘!}ﬁ’e ht,chfEN tRRrALPHis fAM Val ent MYeird ég :

cal cul ated as fol tems: 96, 500 mewl oMbty adigacis6. Safddiee quhitadee NoltaRd J t
3600 coul onbs/ AH Shwetef @atpdel/(@4/crdqUVuiad) ent(midi ght (xARI6. 8 BM:/ equiVelad)ent

wei ght =0. 864 AH. ‘HPT?————W _
capacity of 1 gramof cE%at eri al’¥ when 5 us®%s a'Pathodd*in a ri-thium -

anode cell and, by jusinguthi's cadgul atign tequ(que §ihe casfgode effi ci ency
of [err] material and the other cathode materials can be cal cul ated- when -
such are used as cdthod€sSin cell® havitfig varlP®ds el &Birol Yids. Ad-hown by
the test data in Tqbl e %usthe dlfghargeocapaqb{yo andzﬁat ho% ef fi (‘1| ency 10 -
of the cells containi ng crotonitrile asS 'the solé sol vent Were veryﬁow t hus.
denonstrating 10 tshat cwetonitride woygld baoumacceptoabl e 306r nonaqueous
cell systens if used as. the only sol vent TABLE 5 Aver age Current Cut of f
Theoretical Dischafge " ©l schat§e Celif240 - 82 8y ainls8 .

Vol tage  Capacity, Capm% 'ca& Eode 1 Yol taqg14%anpl &g Cat ?:gg 18 [err]

(Volts)  (mph) (Vol t | 5.0
1.0 : 1025_ 0O - 8 12@1:8 ' -1d.14 1.0 - 2997.0 Cus 99 5.08
1.0 1014.0 51 5.0 . - 3 CuS 1.0 -
1.0 11008.0 7 21%5Fon 2759 15 1 6 BEO  His 578 #:00
1.0 1014. 0 251 - 4.7 - .1p6_ - CuS .0
1.0 1014.0 ¥ SlgéFX’n é 159 %‘§3 Eu?; 4.0 0.2]1"
1.0 1014.0 - 8 1 8 . LS S
T Toia o M gCFx)n %a} 1578 fzr B a4 ‘
12 CRY, 1.5 733.1 486 663 2.1
13 (R, 10 s 8003 449 561 2.2
¥ (CR)y 1.0 1.5 839.7 430 51.2 2.2
15 (CF), - 01 - L5 . - 8139 231 28.4 23
16 (CFY, 0.1 15 7806 . 298 382 2.3

17 (CFY, 01 . L5 8069 153 190 22




b 781

8 CuS 0.1 1.0 997.0 99 9.9 1.8 9
[err] 5.0 1.5 738.0 427 57.8 2.0 10
[err] 5.0 1.5 718. 3 352 49, 0 2.0 11
[err] 5.0 1.5 792.1 201 25. 4 1.8 12

err| 1.0 1.5 733.1 - 486 66. 3 i 2.1 1.3 :

rY] 1.0 1.5 800-3. = 449  .56.1 2.2 14

_rL'] 1.0 1.5 839. 7" 430 '+ 51.2 2.2 15

err] - 0.1 1.5 ° 813.9 231 © -28.4 2.3 16
ferrg 0.1 1.5 1,52%471 6 298 - 38.2 -8.2.3 17
[erTT UL 5 153 9.0 . 2.2/ 8
o6 371 . EXAMPPETL

1 simil tton cells oduced s%esQS@&VPLﬁa&; le1SeyRral simlar type
‘button ce&.&ts S i ar%él a&d&?&ﬁ G With aamlmdu%mﬁmpf that the

el ectr ol ydra@oniwei gieu:tnr ateoThy eathofle wpd fn: el fcthesp cells Mav & nt ra{térf ons of
Eﬁ;n“?egl's%ﬁa(:h t hese

crotonit r~‘r°1 El Iw

ceIIs vvas gﬁg efﬁ:fgg@ Bd _ o ed ¥fom 0. 85 to
1. 0. dgﬁr @dicR I cBll am@br;guwﬁr.ﬁm‘a Hﬂaﬁm‘al{keﬁr] to a 1.5 volt
- cut. off t&brlxa\xk:smgeﬂdr lgglheaﬂyéc v@?m’a’g@bmlhcﬂ@ ueilfe Bylyend di char.ge

captt |ty guitgile r‘%c uﬁriﬁ’i’eﬁ‘ﬂf Ey‘@ﬁ abl e 6.
The test ml cgltfff rvﬁ(of'- g% - provi e ut ilization

obt ai nabl ﬁruﬂaﬂihohhi;hda@mnune&eﬁct rol'yte IO on'crotonitrile’in

conbi nation wth propyl ene car q‘i&%ﬁ‘e% and: [err] "The test . 10 data:al’so.show
that the concentration of -the propylene car bonate can vary from-10 to 30

- volune per cent of the solvent mxture and str |1 rovr ood electrol yte
for use |n nonagueous Irthrq.!‘FfF'He T oTeHORh &?/ OEQFEE Theoreti cal

D sohargl, doptn bl schariiel | r:xar‘y BhiTolse oD ain

Capaci t na%’l P cat hmiL _ [err]
( MAH) 1(AH) 10% PC-90% ORf f : 5.0 (Vo$%6s) -1 120 - 188, PC- ob% CN' . 5.0
656 120 1.9 2. 10%PG0% CN, g~ 5.0
701 2 g0 0% PC‘”&‘.’%‘%‘ 3020 §“ _9%0% 8280% _ 5.0
676- 3 200 109, pc_gggg.c&_ 50 2.0 16 2000% P@9.90% C\N2.o .~ 1.0
609 U 2.35 10% PC-90% CN, . - 1.0
787 4 692 10% PC—%%C@ 10 2.3 B _ 501’0% P&3809% O\ 1.0
767 703 B 2.3 Zon 0% PG 90% 0.1
761 5. 630 “’%PC‘%'%(% 10573 o - Yfow ngo% | 0.1
800 6 560 10% pc_gm dﬂq._ 10 2.2 %7 - 700% P8180% CN2.3 0.1
748 " 440 2.6 10 _20% Pg 80% O\, 1.0.
827 1661 10%PC—9@@QN 0.1 2 2 761 * 63000, 835006 CR 1.0
. 872 779 . 2.2 i% 020% R§:080% Chly 1.0
. A1 .
735 8 53110%PC @%%’ S % 20118 77 30% PC- 70% CN 1.0
781 " 9 580 10% P’CLM%QN 0.1 2.2 748 14 440 ° 30%BPC- 70%SCN = 1.0
833 . 690 2.2 15 30% PC-70% 1.0
807 10 54020%1’0—%@" 10 5 38FExAVPLEST || . G" A

15 Sever rrzb,,fa? clamecput t gy cel | gzanere pypduced, sas degpori bed in Exarrpl e
| except that erent cathodes were used:along with- different ' _

concent rm i ons 20% PC+EMGCEN tri 1@ and PSopyl efdl carbtiddate i A-lthe [err]

el ectrol yte solution di scharg paci av ge di §(‘2harge vol tage” and
cat hode & fici WE: CY/‘\E’PI&EO 10 obt glgfried ft(g%lo eacﬁ’r4%ell using a 1 [err]

drain toyp spegpd p@_fd%t@ff valgt age as3 shovvra90 20 82.8 22
' 15  30%PC-T0%CN 1.0 807 . 540 469 23
1}, EXAMPLE IIL. " 15

~ Several sxmﬂar type ‘button cells were produced as described in Examiple 1 .
except that different cathodes were used along with different concentrationis™ of
crotonitrile and propylene carbonate in the LiClO, electrolyte solution. 2
. The discharge capacity, average dlscharge voltage and cathode efficiency were . . .
20 obtamed for each cell using a 1 mA cm® drain to a specific cutoff voltage as shown 20
S in Table 7. As is known in the art, CuS cells will discharge in two steps and .thus
the data. obtained for the CuaS cells reflect the two-step discharge .
- As demonstrated. from the data in Table 7, crotonitrile in combination with
: propylene carbonate: and an ionizable solute produces an electrolyte admlrably suited
25 for use in nonaqueous cells employing highly active metal anodes : .25



and. :thus the data obtained for the cuS cells reflect the two- step
di scharge As denonstrated fromthe data in Table 7, crotonitrile .in
conmbination with propyl ene carbonate and an_i oni zabl e solute produces an

in Table 7. As is known in thé art,. CuS cells will di scharge in two steps @

el ectrol yt dm rably suited 25 for 1192938 nonaqueous cells
hi ghl Y acti met al arRnge& efficiencies of slightly o#&r 10099 for the NiF, cathode cells are
1, 528371 believed to be within the limits of experimental error and are not believed to be O

Cathode efficienci esignififang| i ght |y over 100% for the [err] cathode cells are
beli.eved to bey,within the limts of experipental error and are not believed
to beée S|gn|f|€: nt. TABLE 7 1M [err] - Var i YtR-Echt hodes -Discharge Rate 1.0

[er r] Aver age -Di scharge 'EK)ﬁREﬁ" _Criokd B6aH9E Di¥tharge Rate 1.0 ¥aldages (Volts)

Cel 1~ Capaci ty Capacity cathode Sanpl e System
(rrAH)._; (mAH) - Efficiency lst Step 2nd Step 1 " Ave@g§Discharge
1008 .~ 680 ., 67.5 |9 Theoreticy) Bysqns y°Pg‘{§°g% o Ypltases (Voli) g1 ep
(D)Jfg;]?r ge 10 mple SYZ?CQI %&g (mAHA E%‘.fﬁcn:ncy lsl:SStg) 52}/@“@
1.2 4. Agd -t CuS 8261008 5880 . 6720.2 19 10 2.6
0, - 0, - 1
26T 5 Vol (6 CutoPf 6 SubDackme Jaoos  HRo gAY e e g
) - 0.5 Volt Cutof! ; )
gi)/"' 95 c:NAgCI s epoDI ::hfgrzge 1008 888’30 5788%0' ° o 72.4 7 >0
0.F 0 : . . A .
2. | 5 Vol ts Cut oftf 809?5';‘[£’C_90¢?7C2\1 826 .70.580 702 . 2.6 26 CuO
350 ° ° 10% 90% Step
703 5 4?@3‘;3;53“;;‘;%;61 oxh 705 ? "5 Vol E)%t of f 12
360 ¢ 51.0 08 13 s75 [eggryj 26 . 643
104.0 1. 42 10% PC-90% CN 14 1- Step Di scharge .
684 104.0 42 1.0 Volt Cutoff Wile_ the present

i nventi on ‘has been"descrﬁ‘ ayref ef¥hce 183 many P ticular 28 detail s
thereof, it is not gintentl g bﬁ@%r g6tet ai lsgg shal 192k const rueg as
linmting the scope of thlSVbﬁye%ffon WHAT WE CLAIM I S:- 1. A nonagueous
cell conprising a setal anode, a soli|d8®at hodd2and &0fonaqueous2$0

el ectrol yte conprising crotonitrile, -a protective cosolvent and an

i oni‘’zabl e sol ute, fhe 1g4onizable splute beispg congafible-andy
non-reactive with the crm%qm-_tgb%lcm otective cosol vent, anode and

cat hode. 2. The nanaqueousSteg®idchage cldaron 1 whBeei n sdiad prot ect iige

cosol vent is selected fromVphépidfiene |car bonat e, et hyl ene carbonat e,
[err]-butyrol acton®, nitrobenzene, netAYA 15 360 2t ate, sul P3Ol ane;
3-nmet hyl sul fol ane,- methyl formate; di methyl sulfoxide, propylene 15

13 NiF, 643 668 104.0 142
10% PC—90% CN. o
14 1-Step Discharge 678 634 104.0 ’ 1.42
1.6 Volt Cutoff ’
5 ! While the present invention has been described with reference to many pameular' 5

details thereof, it is not intended that these details shall be construed as limiting the
scope of this invention.

WHAT WE CLAIM IS:— _
1. A nonaqueous cell comprising a metal anode, a solid cathode and a nonaqueous
10 ~ electrolyte comprising crotonitrile, a protective cosolvent and an ionizable solute, the 10
ionizable solute being compatible and non-reactive with the crotonitrile, protective
cosolvent, anode and cathode.
2. The nonaqueous cell of claim 1 wherein said protecnve cosolvent is selected
from propylene carbonate, ethylene carbonate, y-butyrolactone, nitrobenzene, methyl
15 - acetate, sulfolane, 3-methyl sulfolane, methyl formate, dimethyl sulfoxide, propylene 15
glycol sulfite and diethyl sulfite.
3. A nonaqueous cell as claimed in claim 2 wherein said protective cosolvent
is propylene carbonate.
4. A nonaqueous cell as claimed in any of claims 1 to 3 wherein the metal-




glycol sulfite and diethyl sulfite. 3. A nonaqueous cell as clained in
claim2 wherein said protective cosolvent is propylene carbonate. 4. A
nonaqueous cell as clainmed in a }

1,529, 371 .9 Cathode efficiencies of

: _slightly over for th err] cathode cells are believed to be.wthin
“the limts of e i "1 u" MJ and -are not believed to be signi nt
TABLE 7 1M [err des - Discharge Rate 1.0 [err] Avérage '_

" Dischar ge Theor etl cal D schar gé % Vol tages (Volts) Cell
Capaci®y. Capacity cathode Sarrgll,5é9,3718ystem - (mAH) 9. (mAH)
Ef{ici ency léa;thogtt, eeﬁicxenc% q)f %‘1 0 %E“n cathode cell 1008
680 Bdicid 1 e i B ity &L&.M é& 335 belived 10255t €p. Di schar ge.
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the pr esemt invention has b 8descr-'f’?)ed wi'tH referénce t many particul ar

-5 details gheregger it is noty gy endeg@p t hat sphese detaij g shal | be construed
as limting theigeepeoafcN hils i nvention. WHAT WE CLAIM | S:- 1. A nonaqueous
“cel I conpry si ngl&tepdissharanode 80% sol568 cat $8de and a nbhaqueous 10

el ectrol yte conﬁél‘@t‘tﬁ&“@ﬁot ni %{I | e, g ro_t6§ét| ve coso}[ ent ‘and an

i oni zabl e solute, the 10 i abl e sg | ute i ng conpatT bl e and '
non-reactive with the crotoni t rile, protective cosolvent, anode and

cat hode. 2. TheAg@naqueous C I826 of 8% m 1 Mdserei n sai6protective

cosol vent | s seP' G 21574 £B¥m p I ene carbonate, ethyl epe carbonate,
[err]-butyrolac P@ms {]ﬁ‘bbe ‘mé¢hyl 784 acetbte, sulfol ane,
-3-met hyl sul f ol ane, f lgmat e 5g et hy,h 7sul f OXi dez ¢ propylene 15
glycol sulfite and dlethyl sulfite. _
10 . CuO ~ 715 | 350 . 49.0 1.0
: 10% PC~90% CN o . o
1nmn - 1-Step Discharge 703 430 61.0 bo
"~ 0.6 Volt Cutoff _ :
12 _ .| 704 360 51.0 0.9
13 NiF, ' 643 . 668 104.0 1.42 .
10% PC-90% CN , ;
14 1-8tep Discharge 678 684 - 104.0 ’ " 1.42
1.0 Volt Cutoff : ' -
5 " While the present invention has been described with reference to many parucular' 5

details thereof, it is not intended that these details shall be construed as limiting the
scope of this invention. . .

WHAT WE CLAIM IS:—
1. A nonaqueous cell comprising a metal anode, a solid cathode and a nonaqucous
10 electrolyte comprising crotonitrile, a protective cosolvent and an ionizable solute, the 10
' ionizable solute being compatible and non-reactive with the crotonmitrile, protective
cosolvent, anode and cathode. -
. 2. The nonaqueous cell of claim 1 wherein said protecnve cosolvent is selected
“from propylene carbonate, ethylene carbonate, y-butyrolactone, nitrobenzene, methyl
15 .- acetate, sulfolane, 3-methyl sulfolane, methyl formate, dimethyl sulfomde, propylene. 15
glycol sulfite and diethyl sulfite.
- 3. A nonaqueous cell as claimed in claim 2 wherem said protective cosolvent
is propylene carbonate.
. A ‘nonaqueous cell as claimed in any of . clauns 1 to 3 wherein the metal:



3. A nonaqueous cell as clainmed in claim2 wherein said protective

cosol vent is propyl ene carbonate. 4. A nonaqueous cell as clained in any of
claine1lto. 3 vwherein the .metal 10

1,529, 371 anode is selected from lithium sodium potassium calci um
magnesi-um their alloys.. 5. A nonaqueous cell as clained in ¢laim4

wherein t et al ano T A nonaqueous cel.l is claimed in any
of C|E @ 05 Wherﬁmm HI““H'IWIH hode 5 issefected fromJ[err],
e

coppet sul fide, nickel*flaory de¥, ¢opper oxi de, manganese 5 di oxi de, | ead
di oxi ge, iro sul fide, copper chloride 18¥%3fbr chloride and sulfur. 7.10A .

nonaglieous CeTT agyak & WRfted Frod b, SuRl Bockslfl, Budthie it dla Sheit ! ytie) |

contalns, in addi allep t o the protect | Ve cosol vent, ow vi SCOSI ty

cosol vent sel ected ffomnmqueah of dlpiregd damxé)lwacrep ﬂmnmd

di net hyl isoxazole a eu ‘f)da‘med‘“"Y °f ims 1éde‘f°¥h°d§s |
claimed in ahy of g l}/\ﬁ,ﬁ"gl "ﬁ,’é‘r %ﬁnéqggﬁxfrom -
l'ithium alum num tn Aa&h YA ﬂlasHla’iﬂinliﬁT‘an dﬁcraﬁkfs luler tsaid - eledtfolyteum - e
hexaf | uor oar senat eontaim,tim aslmtromeo(afelmmcg sassn eopplvent selected L
hexaf | uoransenat é“"&; insisy ‘t“Fgl‘é)lﬁ“ hoz Ye thgne, to gnd gPEnas cl aigred
in any of cl%ims zdeaad%na‘é‘ﬁ% &t Scliie V&S used

in a concentrati ORexaffuofoliriiatd, fihium0 h&@ﬂuummowté;ephasﬁfm tﬁwﬂﬁ@&mfe and15 .

mxture 10. A noht!lqlamwhlouaell as cl a| med in claim9 wherein the rotectlve ;
cosol vent | 5 used, (020 gemen ol pptienlpysiolettar b Yabpdpgree of ype
sol vent nmi xture mm \ honaqueous ce By ) e sai d ‘
anode is lithi um salod A Rékaqueous celC @t dElel inSclfifry }vheaéidﬂﬁapr&tecﬂvw&oamtemve '

cosol.vent is pr op}slmﬂen@mmm; of from 4 10 30 Voltz@e vroemigmrece| | as
claimed in gfaim %amv%‘gﬁe(@“%‘%‘ﬁ mve%;l(j"’cm ”még H%'H@“?s”@oppe&o
sul fide and“said pfo 299(%0 RS jrre® DB PR nC ?.@mm;hﬁ, wf
nonaqueous cel | aea ais reegper snkidd aidnamii présetivei chsobént ¢k I datbodatet NI um sal d
cat hode. i s n| ckel ‘ﬁms eelljagcl ltlﬁmel mlsmdnpodp :

car bonat e. “%@g‘ﬂ CE‘]"{ 3 v?h e lsa}g‘g‘u

wher ei,n sai anodgud &tﬂoaetl omde pq,t&% and sal/d

protective cosol vent1s & eaﬂ asahihxematémmjl';iwhemm (wlittuamJ daidas. -

claimed in claim% é11‘f?f E’h si | ver

chl ori de ang said dﬂgﬂg& E Qﬁh "éﬁé & eml'5‘.’8f°""A %0
nonaqueous cell as clained 1 n cl arm 1 an subst ant i ally as hereinbefore 30
described with reference to eit herwmammm &rca.l | .
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