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A multitude of solutes is known and recommended for use but the selection of a suitable
solvent has been particularly troublesome since many of those solvents which are used to

prepare electrolytes sufficiently conductive to permit effective ion migration through the

_ solution are reactive with the highly reactive anodes described above. Most investigators in

30 this area, in search of suitable solvents, have concentrated on aliphatic and aromatic 30

w

z ~ _nitrogen- and oxygen-containing compounds with some attention given to organic sulfur-,

e T phosphorus- and arsenic-containing compounds. The results of this search have not been
entirely. satisfactory since many of the solvents investigated still could not be used effec-

tively with extremely high energy density cathode materials and were sufﬁclently corrosive

35 to lithium anodes to prevent efficient performance over any length of time. 35
U. S. Patent 3,547,703 to Blomgren et al discloses the use of a nonaqueous battery
¢lectrolyte employmg a solute dissolved in ethylene glycol sulfite.
. In an article appearing in Abstracts of the Third International Conference on Nonaque-
ous Solvents, July 5-7, 1972, Michigan State University, an abstract by H. L. Hoffman, Jr.
40 and P. G. Sears discloses that 3- -methyl-2- oxazolidone has -been found to be a good 40
' non-aqueous solvent because of its ease of synthesis and purification, stability, -attractive
physical properties, broad dissolving power and coordinating ability. The article mainly
‘related to the disclosure that the basic physical and chemical characteristics of 3-methyl-2-
~ ozazolidone qualified it as a good potential nonaqueous solvent. :
45  U. S. Patent 3,871,916, filed on April 22, 1974 by the same applicant as the subject 45
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_ L1qu1d organic 3methyl-20xazolidone material, (3Me20x) CH2-CH2-0—CO—N—CH3, is" an '
excellentnonaqueous solvent because of its hlgh dielectric constant, chemical inertniess to battery -
components, w1de liquid range (i.e. is liquid over a w1de temperature range), and Iow tox1c1ty so 3‘

50 .
: I-Iowever, it has been found that when metal salts are d1ssolved in liquid 3Me20x for the
purpose of improving the conductivity of 3Me20x, the viscosity of the solution becomes too .. -
high for its efficient use as an electrolyte for nonaqueous cell apphcatlons other than those
requiring very low current drains. Thus, in accordance with this invention, the additionofa
55 low viscosity cosolvent is necessary if 3Me20x is to be used as an electrolyte for nonaqueéous 55 -
" cells which can operate or perform at a high energy density level. Speclﬂcally, in order to :
obtain a high energy density level in accordance with this invention, it is essential to usea -~
solid cathode as specified above along with a highly active metal anode. Thus, this inverition =~
is directed to a novel high energy density cell having a highly active metal anode, such as o
60 lithium, a solid cathode selected from Cu0, FeS2, Co304, V20s, Pb304, In2Ss and CoSz andan 60 - -
electrolyte comprising 3Me20x in combmatlon with at least one low viscosity cosolvent and -
- a conductive solute. The cathode efficiency of the subject invention, as based on the percen- .
tage of the theroretical capacity of the cathode material available in a cell operatingona
drain of 1 milliampere per square centimeter to a 1.0 volt cutoff using a lithium anode, will
65 be above 50% and preferably above 75% according to this invention. 65
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_ 25753 , THF; 1M LiAsF¢ - 208

c _ .8 _ - 25-75 3Me20x, dioxolane; 1M LiAsFg 1.83

g 9 25-75 3Me20x, THF; IM LiC104 : : 1.99
“; . EXAMPLE II

Each of six ﬂat—type cells was constructed utilizing a nickel metal base having therein a
shallow depression into which the cell contents were placed and over which a nickel metal
cap was placed to close the cell. The contents of each sample cell consisted of a 1.0 inch
55 diameter lithium disc consisting of five sheets of lithium foil having a total thickness of 0.10 55
inch, about 4 ml of a specific electrolyte as shown in Table 3, a 1.0 inch diameter porous
nonwoven poly-propylene separator (0.01 inch thick) which absorbed some of the electro-
lyte, and a solid FeSa2 cathode mix compressed onto and into a porous 1.0 inch diameter
- cathode collector. :
60 The FeS: electrodes were made of a mixture of FeS:, acetylene black and a 60
polytetrafluoroethylene binder compression-molded onto both sides of a nickel expanded
mesh. The FeS: and acetylene black were first micromilled together, then blended with
.water, ethanol and a polytetraﬂuoroethylene emulsion (obtained commiercially from Du
. Pont as Teflon emulsion designated T-30- B) in the proportions shown in Table 2 prior to
65 draining off the excess liquid and compression molding (at 18,000 psi) onto the expanded 65



a conductive solute. The cathode efficiency of the subject invention, as
based on the percen- tage of the theroretical capacity of the cathode
material available in a cell operating on a drain of 1 millianpere per
square centimeter To a 1.0 volt cutoff using a Iithi umanode, will 65 b&
above 50% and preferably above 75% according to this invention. e
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3 The lo scosity cosolvents for use in this inventi r\ i ncl ude S
tetrahyd uran (THF), dioxol ane, frgﬁr%yet hane. (DVE)',* di met hyl isqgxazole .
(DM ), diethyl carbonate (DEC)., ethylene alycol .sulfite (EGS), dioxane and

di net hyl sulfite (DMS) etrahydrofuran and_di ox o ane are prefe re
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amount of the 5 Iow vi scosity cosol vent added shoul d pr eferably. be.from

20% to 80% based on total sol vent vOITWEEE?2i . ~excl usi ve.of sol ute,  so as
to lower the viscosity to a | evel suftapre for use in a cell. -Cond«g :_l_ve .
sol utes (netmenglal ts) for use in thAﬁounnventr on with WthﬂshpdiFuc@&e‘Z X may
be 10 sele " romthe group [err CN, [err] an@zFerr] wherein Mis
li‘thium 10 Sbdium or potassi u, and IS phosphorus rsenic or -anti rrony
The additi on Tefonf ¢eulsqy yte j's necessja to i nprove cona‘gctr vity of  3Me20x
so t hat sar dAcaMe@(ack an be used as thHgel ectrolyte in ﬁﬁnaqueous ceII o
applicati onsEm,}{j;lus the particular sg.émsel ected has preferably to be
conpati bl e’ 81%?) non-reactive wth 3le20x, and the el ectrodes of the-cell. The
anounts 15 solute to be dissolved in the liquid: 3Nb20x shoul d be

suf fici ent to,[grp\{r k(%ood £ Eu&: ¢ |tﬂ¥dd . ga p yctl [err]

General Ty an PSR SRl G e S S e B 1,

cell appfli ca\talnoii‘a&urra'rharthsmenovelmn&ﬂtwamm meai fhreg % Wﬁint bteel ) vm th
i a1

a 3Me20x- bas%diméti é@t¢$l“¥qf%°at@d91bwtdd e reci t ed
above and a % gj %‘a&ﬁ%g fé‘:}; ruad*eed in -
the foll gy n@u&frsama Emptre s(;’da&CEb%hﬁxh!teﬂ raﬁfltbeiao ﬁﬂtnﬁlt&ﬁlso 10
3Me20x, W t healrnidtediat fuﬂqu assgonogibe reactigol ut e and/ or a | ow viscosity

cosol vent, were obtained using.a Cannon-Fenske visconmeter. The data

obt ai ned are showni# n TablFeS,1l—ansl cl2eatiky+ denonBérate the hi gh viscosity of
a solution o | g do106g SALY LS5 pnedict i ve solute. As . shown in
sanmpl e 2, mgn%gfﬁ%pxn%ggsy %ﬂ er?1]6§| sgsaddezggto one liter of 3Me20x, the
Vi SCOSity Of tHeff 150 g) B8, m&drmmuctr@fbee@nﬁlntm@mhe sﬂcebﬂbmml e 6,

uhen, one_ 101 & Bkl 1P GEHAh BElchurbl ity 495 AR GOl bl
equal parts Xlo@d! tetrahydr uran he Visscosit
sol ution was found to be only 2.87. Thus it is cl early shown that the .
vi scosity of gasggol ution ngm%d%nd a nmetal salt. can be decreased by the
addi ti on of §60‘gpecr |Ica dul | ow=vi smﬂlyquudsrolwelgment TABLE 1 '
Therefore, 29.96 ' equivalent weight x 26.8 AH/eqmvalent weight = 0.894 AH, ThlsO894AHor
894 AH. This 0.894 AH or 894 mAH is the theoretical capacity of 1 gram of FeS, material when -
used as a cathode in a lithium anode cell and by using thJs value as a reference, the cathode

_efficiency of FeS, material can be calculated when used as a cathode ina cell having various
electrolytes. . _

As evidenced by the test data shown in Table 3 the cathode efficlency of the cells ranged from
69.0% to 89.7%, thus demonstrating that using’ the teachings of the subject invention efﬁclent'
high energy dens1ty FeS, nonaqueous cells can be made.

.gqr-.-._)u-



Vi scosity Sanple Sol vent and Sal t

(Centistokes) 1 3Me20x; no salt

2.16 2 3Me20x; 1M Li C10

3 3Me20x; 1M Li Br S

50-50 3Me20x, THF; no salt 1.05 5

3Me20x, THF; IMJ[err] . .. 3.59 6

Me20x, THF;, 1M [err] . - 2.87 7

THF;, 1M [err] . 2.08« 81 37.323 25-75 3Me20x, 5
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nmetal cap ‘was pl-aced tonoﬁ e. &he cel% The cent &t soof Beach sanpl e cel |
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The total thickness of the anode, cathode plus cathode collector and
separator for each 5 cell neasured about 0.15 inch. The average

di scharge voltage and di scharge capacity on 5 various current drains to a
1.0 volt cutoff were obtained for each cell and are shown in Table 3. Since-
the cells were cathode-limted, the cathode efficiency was cal cul ated as a -
percen- tage 2;%5? on the theroretical capacity of the,pathode materi al

available in cell. For exanple, the theoretical gfffsciency of FeS2 as
a cat hode Jrate ' in a.lithium anode1 35)7323cel | discharging at a 1

m | 1ianpe . e Aol tcuto f 10— |
cal cul ated as foIIows Assumng the‘reactron [err] [err] th'en if 1 gram

(g) FeS2 is used; the fractlon of 't B&. p By
Foraday of ol s AR G ﬁsgzzg e R il
pen equi val e'ﬁi}ns"@b\gaf'fn TableCParddthé 1&9&&% B bl 1s ﬁf’ﬂabl

equi val ent iwei ght x .8 AH equi val ent wei ght 0. 894 AH. Th| s 0. 894 AH or
894 AH. This: 0.894 AH or 894 mAH i s tI‘IBBLEIeOI’etI cal capacity of 1 gagw of
FeS2 material ‘when used as a cathode in a lithiumanode cell and by U%ing
this val ue am erence, the cathosmowt.ficiency of F@IRFinsiedEleetodcan be
cal cul ated when used-as a cat hode in a cell havi ng various electrolytes. As
evi denced by ¥ test data shown in 28 e 3, the catho8&5efficiency of the?

the AH

cel | s ranged “feflont &iuls@6 t 0 89. 7% t hieseg@enonstrating thas using the . s
t eachi ngs of Ato&ﬁerﬁlﬁ%l@(:t invention efifjsgi ent, high energy density FeSZ "
nonaqueous cell s jcan be nmade. 5 20.0 ml

1,537,323 [ef 6 ' - 1, 537, 323

6 EXAMPLE || H2®hr ee flat type cel | sl constructed as—descri bed in

Exampl e 11| except that the sol id cat hode was [err] which was nade as

descri bedgin ge yoliage apd

Tas h°‘ ﬂ?é:a Va"PPWe%%%PP e Hhbl g 4
and t he ef ect'Tal “@;f e b e &Shohgie. Qe e ng(‘i Gleke i‘gc;}? LR ind J A B BABLE 4
Material s - efﬁcxency of C0304 asa cathode ‘matéxied it lithium cell discharging at a 1 milliaYpkse pet Ni S hed

El ectrode [ efgyare centimeter drain to a 1.0 volt cutoff is calculated agfqyows _
87.5 "Tefl on'AS%ét‘ﬂi‘r%'ih‘éﬁea“‘°“ . 2.86 g . 1.5

Acetyl ene Bf. ack8g Li+ Cos0s —> L1 %490+ 3 co 5.0
55.52g Li+240.79g Co30, —> 119.52g Li;0+176.79 Co

. o _ | |
then if 1 gram (g) Co304 is used, the fraction of the equivalent weight is 357 Since one Faraday
equivalent weight x 26.8 AH/equivalent

of electricity is 26.8 AH/equivalent welght then

weight = 0.890 AH.

This 0.890 AH or 890 mAH is the theoretical capacity of 1 gram of C0304 material when used as'
a cathode in a lithium anode cell and by using this value as a reference, the cathode efficiency of
Co304 material can be calculated when used as a cathode in a cell having various electrolytes.

The test data shown in Table 5 wherein the cathode efficiency of the cells ranged from 71.4% to
80.9%, demonstrated that using the teachings of the subject mventlon, efficient, }ugh energy
density Co304 nonaqueous cells can be made.

30.1
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Et hanol 200 m - [err]
110.0 mM The average di scharge vol tage and di scharge capacity on vari ous
current drains toa 1.0 5 volt cutoff were obtained for each cell and are

shown—TmTabte 5: ) 5 AS in the previous exanple, the
cells were cathode-limted and thus the theoretical efficiencyof.[err] as
a cathode material in a lithiumcell discharging at a 1 mlli
square centineter drainto a 1.0 volt cutoff is calculated a ]f
Assuming the reaction: [err] then if 1 r%m(g) [err] is used e fraction
of the equlvalent weight is [err] §’#%e3 dne Faraday of electrici ty

26.8 AH equrvarent werght, then [err] equivalent weight x 26.8

AH egquival ent wei'ght ="0:890 AH. This 0.890 AH or 890 mAH is the -

t heoretical capacity of 1 gramof [ermABmBserial when used as a cathode in
a lithium anode cell and by using thi§ value as a reference, the cathode
efficiency of Co304 material can be cal cul ated when used as a cathode in a
cell having various electrolytes. The test data shown Dich®tedhl e 5 wherein

t he cat hod-g‘”effi ciency of the cell Averggaged fr 8eo71. 4% Cepagly. 9%
denonstrated that using tHestoeachi Risthared t he ®ties] ect i ri9éAli onCathedi cient,
hi fgh'energ¥ density [err] Wenaqueol®lteel | s c&pPagily made. Cutoff 7 Efficiency

1, 531, 323 AQE‘E?IQS Dischar (;ﬁﬂltAvpr HgP(VOIt) Thmh) i (wl)_\:\r\i 1_'_\](%)LE|_ ectro-
Di scharge retical . to 1.00" Cath lyte l,t age
Cabagi ty  *™cutoff 2Mf#Fei ency!Banpl e ?&‘E d 8l t it 20 vol t)
( mAh)* - 2%(mAh) 2M LR 1** 115 1339 [ er r1psl 8908
1182 : 3044 1M ZibFéS()%** 1.17 ' - 1581 [ er nhos 71415

1336 . 1081 ' 80.9 3*** . 1 M[err] 1.17

1543 19 QBRolyte Solvent 300k {¥/drBMe0x ol yt e Sol vent. 30 vol % [err] 3Me20x

40 [err] Diroxol ane 30 [errjoY\Bioddaace of DM ** Current density 0.8 [err]
*** Current density 0.2 [esaWoBMEWNVPLE |V Two flat type cells were
constructed as described iTradoébil e || except that the solid cathode was
V205 whi ch was nade "as. described in Exanple Il for FeS2 using the
proportions ** Current density 0.8 mA/cm? ' ,

*+* Cyrrent density 0.2 mA/cm?®

: EXAMPLE IV .
Two flat type cells were constructed as described in Example II except that the solid
cathode was V20s which was made as described in Example II for FeS: using the proportions
shown in Table 6 and the electrolyte employed in each cell is as shown in Table 7.

- TABLE6
Materials - Amount. . % In Finished Electrode
V20 5 20.0 g 87.5
“"Teflon” emulsion _ 2868 7.5
Acetylene Bla_ck : l.14¢ : 50
Ethanol 20.0ml -
H,0 | 110.0 ml- -

The average discharge voltage and discharge capacity on a 0.8 milliampere per square
3 centimeter drain to a 1.0 volt cutoff were obtained for each cell and are shown in Table 7.
As in the previous examples, the cells were cathode-limited and thus the theoretical
efficiency of V205 as a cathod material in a lithium cell discharging at a 1 milliampere per
square centimeter drain to a 1.0 volt cutoff is calculated as follows:
Assuming the reaction:

4 Li+ V,0s—> 2 Li,0+ V.03
27.76g Li+181.88g V,05 —>59.76g Li,O+149.88g V,0;

then if 1 gram (g) V,Ojs is used, the fraction of the equivalent weight is 4547 Since one Faraday
of electriof electricity is 26.8 AH/equivalent weight, then 3547 equivalent weight x 26.8 AH/
equivalent weight = 0.589 AH. This 0.589 AH or 589 mAH is the theoretical capacity of 1 gram
of V,05 material when used as a cathode in & lithium anode cell and by using this value as a
reference, the cathode efficiency of V,05.material can be calculated when used as a cathode in’
a cell having various electrolytes. L x




shown in Table 6 and the electrolyte enployed in each cell is as shown in

Table 7. TABLE 6 Materials Anmount

% 1 n Finished El ectrode V205 20.0 g

87.5 T TeflTon™ enul Sion ' Z2.86 0 : 7.9
Acet yl ene Bkack - _ - 1.14 ¢ - ‘5.0 Et hanol
20.0 m | ' ' 110.0 m THe average di scharge
vol t age scharge capacity on a-0.8 nillianpere ped square centimeter
drain.to @’1.0 volt cutoff were obtq{ygﬂ for edch celk and are shown in
Table 7. in the previous exanpl es; _H¥3Cellsrmere cathodealinitedsand

thus the theoretical efficiency of [err] as a cathod material in a Tithium
cel | . di $chaflly tesy deth shawd inMTable i7aMterein ehenathodeGpifitieficy G EHeicklR Vaaibd kbtbmeda% 2 1. Qo
vol t cut of f ands67¢% dembmtratell that vbing the wachingsef s sabject enti@n efficiem; highehérgy t hen i f
1 gram (g); femsity]V.0s nesquousicdllecahbambdeon of t he equi val ent weight is [err]

Si nce one .Faraday of electriof electricity is 26.8 AH equi val ent wei ght, -
then [err] equival ent weight x 26. 8TABLE®qui val ent wei ght = 0.589"AH This
0.589 AH or 589 mAH is the theoretical capacity of 1 Bsdepeof [err][material
when -used .as a cathode in a lithiumanode cell and byCepséitig this value as a
reference,” the cathode efficiency éFEerr] mdb®rial cal? e cal cul ated ‘when
used as-a cathode i-n a cell havingPfi¥8eous efdiealr ol yt eolt  gCathode -
1,537,323 " o " Voltage Capacitiy The §uioft da‘?fa “Ez_bwn in
Tabl e 7 whePBBE t he cat ¥t SEflcignbd of g 68. 4%"
and 67.6% denonstrated that using the teachings of the subject: invention,*
efficient, Ri*gh energy H%ﬁ%?%%Pﬂenr]lﬂmanaqued%g cel | s ¥n be M8de. TABLE 7

D scharge Capacity Ayerﬁg - Theo- to 1.0 Discharge
retical Molt 30 ¥e3% Voltage . Capacity - Cutoffl
Ef fi ci ency Sanple 302°D ¥etrolyte  (volt) ( mAh) !
(mah) (B 1* poocom  IM[err] ©1.90 - 500
342 68.4 in 30 v %5REL0x 40 v/o Dixolane 30 v/o DVE
2% 2M LiCF3S03 1.70 503 ‘340 676
in g ' :
50 v/o 3Me20x b
" .50 v/o Dioxolane
._ * Current densit&'O.S m_A-/cm’ '
| | EXAMPLE V

. Three flat type cells were constructed as described in Example II except that th i
cathode was Pbs0s which was made as described in Example IIpfor FeS: uging tahe pcr:os;:gif-l '
- tions shown in Table 8 and the electrolyte employed in each cell is as shown in ‘Table 9.

TABLE 8
Sample Materials - Amount % In Fiﬂished Electrode
P30, § 30.0¢g - . 92
1 “Teflon” emulsion 163g :
_and Acetylene Black - 1.63 g. ) : -5
2 Ethanol | 30ml : - ¢
" H0 . S 1100ml _ ' -
e . . k-4
Pb30, , 30.0g 92
| - “Teflon” emulsion 163g '
3 Lead Powder 163g ' 5
Ethanol 30.0ml | R
H,0 ©1100ml AR

.- . The average discharge voltage and discharge capacity on various current drains to a 1.0
~ volt cutoff were obtained for each cell and are shown in Table 9. . =~~~

As in the previous examples, the cells were cathode-limited and .thus the theoretical

efficiency of Pbs0s as a cathode material in a lithium cell discharging at a 1 milliampere per
square centimeter drain to a 1.0 volt cutoff is calculated as follows: ' :



Trace of DM 2 * 2M [err] 1.70 503
340 67.6 in 50 v/o 3Me20x 50 v/ o Di oxol ane * Current density 0.8
[err] EXAMPLE V Three flat type cells were constructed as described in

Exanple Il except that the solid cathode was [err] which was nade as

described in Exanple Il for FeS2 using the propor- tions shown in Table 8
and the electrolyte enployed in each cell is as shown in Table 9. TABL -
Sanple Materials . o Anmount % I n Finj @
El ectrode [e[r] _ L 92 1

"Teflon" emi.sion . 1.63q ."319539’393 3 and Acetyl erfe

Bl ack _ 1.63 g ’ 52 Et hanol

30 m r\e,(r] Assuming the reaction: . " 110. O ' - [err]”

30.0 g " 92 "Teflon" emulsion 1.63 g .

33 . Lead Péwdeki+  PbsO4 -——> 1.83 4,0 3 Pb 5 Et hanol

30.0 m [err] sssag Li+685.57g Pbs0, —-—'—4191-9922 )6+ @epgpe di scharge vol tage
and di'schargg gapacity on various current drains to a 1.0 volt cutoff were

obt ai ned for- eaghirqghdn @¥h,6] & g%?%rdcﬁ?i;rogﬁ'l F%Lﬁvlﬂleme%ﬁti% %Ecg Xlnkelqﬁisaday

exanmpl es, the cells wer€ cathode-1imte s th I ca
efficiency of pleslecyicifiis 298 Atfeayiwalens weight gheni gy 7a eyivalentuveishict 26.8iAB/caMivalgttng at
a 1 m|*li anper &eight F 05342 AHeThisshi 1R idt aar312imAHris the theordticd custity of Utsoff of PsOs

cal cul at ed a$ fmebfisbwhen use_d aPa cathode in a lithium anode cell and by using this value as a referdnc§ 37, 323

9 Assuging theﬁ@éﬁb‘tq%iﬁ“e ?’rqf biQsanptarial can §e ealqulated When piedias a cathadle it heell
rraction of  WERREVARAHDMIT S & Sukh e SullsecAle, (3 A Qlogtd S5 1Y
is 29.8 AH equT2/59:269.9%, @Sﬁou’&t S using B{e4tARnE tﬁ@ﬁcﬁﬂ in% lz.é;n, fficient, .

AH equi val ent high efergy=de@sit3 PBsQhdonaduecus @elB t2n Kemade. 312 MAH i s t he -
theoretical capacity of | gramof [err] material when used as a cathode in
a lithiumanode cell and by-using this value as a reference, the cathode
efficiency of [err] material can be cal gpdjaieed when used as a cathode in a
cell having various electrolytes. The t€St data shown in Table 9 wherein

the cathode efficiency of the cells ranged from Discharge
: S ' ' ' Average Theo- Capacity
- Discharge recital to 1.0 Cathode
. _ . " Voltage Capacity volt Efficiency
Sample Electrolyte (volt) (mAh) Cut off (%)
. in .1.39 563 562 99.8
30 v/o 3Me20x : -
40 v/o Dioxolane
" 30v/o DME
2% IMLiBF,
in 1.38 - 563 550 97.7
50 v/o 3Me20x
50 v/o Trimethyl
phosphite
Kt - IM LiCF380;3 _
' ' ' in : - 119 792 - 574 72.5
* ' 30 v/o 3Me20x -
40 v/o Dioxolane
5- 30 v/o DME
Trace DMI

* Current density 0.2 mA/cm®
** Current density 0.8 mA/m?

' EXAMPLE VI
. Two flat type cells were constructed as described in Example II except that the solid
cathode was In2Ss which was made as described in Example II for FeS: using the propor-
- tions shown in Table 10 and the electrolyte employed in each cell is as shown in Table 11.



72.5%to 99.8% denonstrated that using the teachings of the subject
I nvention, efficient, high energy density [err] nonaqueous cells can be

made. TABLE 9 Di scharge Average Theo- Capacity Discharge
recital to 1.0 Cat hode Vol tage Capacity vol t L
Effici ency Sanpl e El ectrol yte . (volt) (mAh) - . Cut
off . - 1~ ' IM[err] in .39 : 563
562 - . 99.8 30 v/o 3Me20x 40 v/ o D oxol ane 30 DME 2% -
IMJ[err n 1.38 : - 97.7 50 /0
3IVE[20X L50 v/ o Tereihvl phosphite: ’3*55 323 ° . 1M [err] in IM

1.19 . v 792 574 . 72.5 30 v/o 3|\/e20x 40 v/o Di oon ane 30

v/io DVE Trace DM * Current density. TABIR berr] ** Current density 0.8 Wr]
EXAMPLE VI Two flat type cells V\ere—r:m'rst-ruct ed as descri bed in Exarrple [t

except thajg.the sol id cat hode was | %g@ltv\hl ch was nage mSandes hed in
Exampl e 'l =fo o e O oW + ] ok the
el ectrol yt g, &l oyed in each ceI Y shovvn in Tabg7e,- 11. 1@7 323
10 TABLE 1 t,erlal 2868 . U,f}t LT T %
In Finishe EPHBAL | n2sa - 2868 200 g
87.5 "Tefléwtyleeﬁﬂhoésl on o li4g 2,86 g S50 . - 7.5
Acetyl ene Bhaiok - - 20013:1 14-9 - 5 0 Et hanol
- The average dlscharge voltage and dlscharge capac1ty ona 0 2 mﬂllampcre per square ‘ .
- centimeter drain to a 1.0 volt cutoff were obtained foreach cell and are shown in Table 11.
As in the previous examples, the cells were cathode-limited and thus the theoretical
efficiency of InzSs as a cathode material in a lithium cell discharging at a 1 milliampere per
square centimeter drain to a 1.0 volt cutoff is calculated as follows:
Assuming the reaction:
6 Li+ In283 -—) 3 ngs + 2 In
4]1.64g Li+ 325. 64g In253 —-> 137. 64 L:,S +229.64 . In
— TR T ——— - ——— . [E— -____-_.._.._1..__._ —van . . . :
 then if 1 gram (g) In,S3 is used, the fraction of the equivalent weight is 5427 Since the Faraday
| of electricity is 26.8 AH/equivalent weight, then N 27 equivalent weight x 26.8 AH/equivalent
weight = 0.49 AH. X | | .
This 0.494 AH or 494 mAH is the theoretical capacity of 1 gram of In,S, material when ised as
a cathode in a lithium anode cell and by using this value as a reference, the cathode efficiency
of Inzss material can be calculated when used as a cathode in a cell having various eléctrolytes.
The test data shown in Table II wherein the cathode efﬁc1ency of the cells varied between 59%
and 95%, demonstrated that using the teachings of the subject invention, efficient, h1gh energy
density In,S3 nonaqueous ce]ls can be made. .
TABLE I T
Discharge
Capacity
Average "Theo- tol0
Discharge " retical - Volt Cathode
~ Voltage Capacity ~ Cutoff  Efficiency
Sample Electrolyte (volt) (mAh) (mAh) (%)
1+ * 2M LiBF, 130 52 . 49 95 <
in . : ' n
30 v/o 3Me20x ' ' T
40 v/o Dioxolane o . ..
30 v/Jo DME ' '
Trace DMI
2% . IMLICF;S0; 134 si6 - 304 59
o G
30 v/o 3Me20x
40.v/o Dioxolane
30 v/o DME
Trace DMI

* Current density 0.2 inA/cm2



H20 110.0m The average di scharge voltage
and di scharge capacity on a 0.2 mllianpere per square centineter drain to
a 1.0 volt cutoff were obtained for each cell and are shown in Table 11. As

in the previous exanples, the cells were cathode-Timted and thus the
theoretical efficiency of In2S3 as a cathode material in a lithiumcell ‘
discharging at a 1 mllianpere per square centineter drainto a 1.0 I
cutoff is calculated as follows: Assumi ng the reaction: [err] then 1
gram (g) [erp] is used, the fraetion of tsgﬁ? £fuival ent weight is [err]
Si nce't he Faraday of electri city i.s 26: é eqm val ent weight, then rerr]l
equi val ent. wei ght X 26.8. AH equi val ent :wei ght. = 0.49 AH. This 0.494 AH or
494 mMAHN-< the t eor tical capaC|ty ofE ‘%famwt [err] mat eri al when used
1]

as a cathode ing ﬁggﬁ ;TSB%S y F'sll ezcophihaicthesplid cathode
reference, the mta Sty eCéle%f}G Ve dn fo ?p é‘@'r.’g f*g’m"afl@’a’”""“e”
used as a_cat hode I'n a cell having varl ous e ectro yt es. test data .
shown in Tabl 1 wherein the cathode ef TABiEIXCY Of the ceI I s varied

bet ween 59% and 95% denonstrated that using the teachings of the subject

i nventi on, effr Maeridls_ hi gh_enerqy densi t Amom®S3 nonaqueou$% IrcBihikhed Elacirolie -

made.; TABLE | I' Discharge Capacity Average Theo- ' to 1.0

Di scharée | Ce¥i cal Vol t CaPhede Voltage. CépHtity -
Cut offe« Efficididy” datgohe El ecssg)l yte (vol t)e91 ( mAh)
(rrAh) e ( /o AJ:etylene Black 2M [err] 1.30 8.39 " 522
496 | - -| Dol v/ 0 3Me20x 40 v/o Dr%glm?ne 30 v/o DME Trace DM 2 *
IM[err] 1.34 .516 304 59 in 30 v/o

3Me20x 40 v/ o DrbeoI ane .30 v/ o DVE Tracdl®ml* Current density 0.2 [err]

_ The average discharge voltage and d1scharge capacity on a 0.2 or a 0.8 milliampere per
} _ | square centimeter drain to a 1.0 volt or 1.2 volt cutoff were obtained for each cell and are
| shown in Table 13.

' As in the previous examples, the cells were cathode-limited and thus the theoretical
efficiency of CoS: as a cathode material in a lithium cell discharging at a 1 milliampere per
square centimeter drain to a 1.0 volt cutoff is calculated as follows:

Assuming the reaction:

4 Li+ CoS,—% 2 Li,S+ Co
27.76g Li+122.93g CoS —$91.76 Li,S+5893g Co

1
then if 1 gram (g) CoS, is used, the fraction of the equivalent weight is Since one Faraday

30.73
equivalent weight x 26.8 AH/equivalent

of electricity is 26.8 AH/equivalent weight, then 30173
weight = 0.872 AH.

This 0.872 AH or 872 mAH is the theoretical capacity of 1 gram of CoS, material when used
as a cathode in a lithium anode cell and by using this value as a reference, the cathode efficiency
of CoS, material can be calculated when used as a cathode in a cell having various electrolytes.

The test data shown in Table 13 wherein the cathode efﬁéiency of the cells varied between 86 8%
and 93.5% demonstrated that using the teachings of the subject invention, efficient, high energy
density CoS, nonaqueous cells can be made.



11 1, 537, 323
11 EXAMPLE VIl Four flat cells were constructed as described in Exanple I
except that the solid cathode was [err] which was made as described in

Exanple 1T for FeSZ Uusing the proportions shown in Table IZ and the
el ectralyte enployed in each cell is as shown in Table 13. TABLE 12 _
Mat e : Anpunt % I n Finished
El ec ¢ [err] 20.0 % :
84. efl on" enul sion . 1.63 g ( '
- 6.91_¥eetyl ene Bl ack 1,537,323 1.98 g . . 2
8. 39 Et hanol _ 20.0 m Jerr] ’

110.0 nil The average discharge VIABLBg® and djscharge-capacity on a Ow# or
a 0.8 mllianpere per square centinmeter ‘drain to apiskthdgevolt or 1.2 volt
cutof f were obtained for each c#letageand ar ®heshown i Cupdeithl € 13. As in the
previ ous exanpl es, the cells whischagat hoderetidalri t ed @nd dr husCdttide t heor et i cal
efficiency of [err] as a cathod¥oltaset eri aFapacitya | it h2weh celBfficthaggTar gi ng  at
a1l mll3ame8ere per Bleqielyte cent i(ypit) er dr aimAh) 0 a 1C@offol t c@of f¥'s
calculated as follows: Assuming the reaction: [err] 1 thenif:1 gram(g)
[err] isllsed, the fAMEBFon of M8 equi v#Bent wei gH¥2is 307%-5ince one
Faraday of electricity, s 26.8 AH equival ent” wei ght, then [err] s

equi vat ent wei ght x BloSMage val ent wei ght = 0. $¥3Van, Thi-s 0.872 AH or
872 mAH is the theor] tvf *o¥%¥pacity of 1 gramof [effPfhmterial when used
as a cathode in a |itH%E %node cell and by using this val ué as a . i

_ reference, the cathods eltici ency of [err] material can be cal cul ated when
used as asCathode iny Q! 1 havi vari oug. el ectrolytes. Thg test data
shown i'n Table 13 vmé’?‘eei&nothe calt’?ﬂode éf]té'iﬁ_%a@ncy of%% he cel s’% varied

" between 86. 8% and 93. 5% .denpnstrated that cH3kN9 the teachings of the

subj ect invention, efficient, high energy density [err] -nonaqueous cells

can be nade. = 12 IMLICF,80, = '1.48 682 592 1,53786%3
12 TABLE 13 DischargevissMedage = =  Theo- * " Capacity Discharge
retical . to 1.0 40v/o Dioxglatehode Vol t agecutoff) Capacity .. -~ 1.2 volt.
E}t ]1: i Ci encz/%Sanpl e 30v/o DME El eF:t r ol ytg : (_vol t) ~ (mAh) Cut
' _ Trace DMI _ _ _
4* o Same as No. 3 1.33 635, 560 882
(I.0V ..
~cut off)

* Current density 0.2 mA/cm?
**Current density 0.8 mA/cm? -

: "EXAMPLE VIII : A .
Each of four flat-type cells was constructed utilizing a nickel metal base having therein a
shallow depression into which the cell contents were placed and over which a nickel metal
cap was placed to close thie cell. The contents of each sample cell consisted of a 1.0 inch
5  diameter lithium disc consisting of five sheets of lithium foil, having a total thickness of 0.10  §
inch, about 4 ml of a specific electrolyte as shown in Table 15, a 1.0 inch diameter porous
- nonwoven polypropylene separator (0.01 inch thick) which absorbed some of the electro- -
lyte, and a solid Cu0 cathode mix compressed onto and into a porous 1.0 inch diameter
cathode collector. . Co
10 © The copper oxide electrodes were made of a mixture of Cu0 (made by the reactionof fine 10 "
- ‘copper powder in air at an elevated temperature of about 400°C for about 15 hours),
. acetylene black and a polytetrafluoroethylene binder compression-molded onto bothsides
~ of a nickel expanded mesh. The Cu0 and acetylene black were first micromilled together,
then blended with water, ethanol and a polytetrafluoroethylene-emulsion (obtained com- - .
15 mercially from Du Pont as Teflon emulsion designated T-30-B) in the proportions shownin - 15
Table 14 prior to. draining off the excess liquid and compression molding (at 18,000 psi)
onto the expanded metal carrier or mesh. Each finished Cu0 electrode contained about 1.9
;I;rgrps (I)lf the cathode mix and had a thickness of about 0.04 inch with a diameter of about
.0 inch. : '



1 * 2M [err] 1.48 633 592 93.5

in 30 v/o 3Me20x (1.2 V 40 v/ o Di oxol ane

cut off) 30 v/o DVE Trace DM 2** Sanme as No. 1 1.37

643 : 588 94 (I.0 vV cut oft) 3 * IM|err]

1.48 682 592 86.8 30 v/o 3 Me20x 40 v/ o Di oxol ane
cut off) 30 v/o DVE Trace DM 4* : Same as No. 3 1.33 - ’
635 560 . 88.2 (1.0V cut off) * Current density 0.2 Terr,

**CQurrent density 0.8 [err] EXAMPLE Vi IlI l;%%h of four flat-type cells pnas
construct ed}¥t'i i zing a nickel netal o3 TRV ng therein a shallow —
depressi-on into which the cell contents were placed and over which a nickel
metal cap was placed To close the cell. The contents of each sanple cell
consisted of a 1.0 inch 5 dianeter |iT4BlEMdi sc consisting of five sheets
of lithiumfpil, having a total thickness of 0.10 5 inch, ab®® 4 m of a
speci fic el eft i in Tahle ®epoust 1 0 jnch di anefigished Blecirode _
nonwoven pol § 'rog’yl ene separator (0.01 inch thick) which absor?gﬂ some of
the el ectro-? ﬁ‘ " and a solid CuO cat hd888ni x conpressed onto®ahd into a
porous 1.0 i hclTeloa’hemuisioncat hode col | ect @86g 10 The copper oxi-de

el ectrodes wer acapelgvRik @ m xture of CuOijspde by the reaction sd fine 10
copper s powder iElalag'lr at an el evated tenp bahure of about [err]_for about 15
hours) ; acetyl ene bl ack and a pol ytetrafl uoroethyl ene bi nder

conpr essi on- mo#8d -ont o bot hsi des” of a PO expanded mesh. The CuO and
acetyl &ne bl ackﬁ\{grt%lfth.r t mcromlled t %thet'f) .then bl ended with ter,
cthanol "o 2 Gt R e B el
from Du Pont asutdfeivbenbaindd for @ich@eIbardhad Sdwil hBﬁbB 151 $u 1 ﬁ@%ﬁf'rdbﬁms shown
in 15 Tabl e fedatgoicelfs thay weedisehiarggd o & 1.0 imdllisnpeesper bquargicehtimettr dmimpred $i on

ol 0 ng (at 18 S Spepfie et baiciminie e ol vpeumitictagn
e R e e e

finished QuO e 1eC £ [t oftities : bl Bathide miferiaPin Mithiui lahodeNd had
a thickness of cefibiis¢hargin4t b rnciilinipBrespet isquid eantimtte BA tola 0.0 voltltutoff, is
‘calculated as follows: g
Assuming the reaction: :

. 2L+ . Cu0 ———31i,0+ Cu
. 13.88g Li+ 79.54gCu0 —> 29.88g Li,O+ 63.54gCu
(2equiv. wt.) (2equiv.wt.) (2 equiv.wt.) (2 equiv.wt.)

then if 1 gram (g) Cu0 is used, the fraction of the équivalent weight is _1_ Since one Faraday .

. 39.77.
of electricity is obtained from one equivalent weight, then the AH per equivalent weight is
calculated as follows: :
. 96.500 coulombs/Faraday =26.8 AH/equivalent weight.
- 3600 - coulombs/AH - .

Therefore, 39'.717 equivalent weight x 26.8 AH/equivalent weight = 0.676 AH. This 0.676 AH or

: 676 mAH is the theoretical capacity of 1 gram of CuO material when used as a cathode in a
lithium anode cell and, by using this value as a reference, the cathode efficiency of CuO material
can be calculated when used as a cathode in a cell having various electrolytes.

- As demonstrated by the test data shown in Table 15, the cathode efficiency of the cells ranged
. from 75:1% to 81.8% depending on the cosolvent(s) used. Thus using the teachings of the subject
invention, efficient, high energy density CuO nonaqueous cells can be made.




13 1,537, 323

13 TABLE 14 % n Materials Anmount

Fi ni shed El ectrode CuO 20.0 ¢

~87 5 Teftom—enmutrsion 2,86 g

7.5 Acetyl ene bl ack N _ 1.14 g

5.0 Ethanol : . 20.0 m Jerr] '

110. 0 he t ot al th| ckness of the anode, cathode plus cathode col | ect or
and ator for each cell neasured about 0.15 inc The open circuit

vol t@:\d di scharge capacity to &332 volt cutof f were obt ai ned4 or each

cel Tand are shown 1n Tabl'e 15. S?irrpTes T and 3 7n Table 15 relate to cells
t hat were~di schar ged oQ 1.0 mllianmpere per square centineter drai nGd a
1.0 volt cutoff. Si nce §§:el S were gat hodeglimted, the cathode
efficiency was cal cul a aos a peﬁcentage based on the t heor et| cal capaci ty
of the. cathode materi a ailable”in each celT. For. exanpl e, the

t heoretical efficiency of CuOas a cathode material in a lithiunganode ceII

dlscharglng at al mII| npere per square centineter drain to a 0 vol t
cutoff, is calculate ol ows: Assunming the reaction: [err] (2 equiv.
W) (2 equi v. o qgv W) (3 equiy wt ) then'if ‘1 gram(g) CuO
is used, the fractl O i DIEN B eqwazal ent wej gf§ [err] Since one i
Faraday of electrici@23is obtained fromone equi vaI ent wei ght, then theg AH
per equival ent weight is calculated as follows: 96.500 !
coul onbs/ Far aday = 26.8 AH equi.val ent wei ght. 3600 '
coul onbs/ AH. Ther ef ore, equi val ent wei ght x 26.8 AH/ equi val ent weight =

0.676 AH.. This 0.676 AH or 676 mMAH is the theoretical capacity of "1 gram of
CuO naterial when usgd as; a cathode in a |ithiumanode cell and, by using
thi-s value as a refegegcq, the cathode efficicency of CuO materi al. can be
cal cul at ed when usedZa gat-hodegin agcel |. kavi ng various el ect rol ytes. As
denonstrated by the old& a sho®n i ™ Tabl.e &5, the cathode efficiency of
the cells ranged from75.'1%to.81.8% dependi ng on t'he cosol vent (s) used. -
Thus using the teachings of the subject invention, f«Em ent, high energy
density CuO nonaqueous cells can be made - 1,537,323 _

14 [err] _
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after 5 days on 5-mA current drain the cell was discharged across a 300-ohm load at ’\:0.8mA

*% after 6 days on 5-mA current drain the cell was discharged-across 2 300-ohm load at ~0.8mA/c
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EXAMPLE | X Two flat type cells were constructed as described in Exanple
VIIl, using the sane cell conponents except that the electrolyte enpl oyed
in each cell is as shown in Table 16. Each cell was tested as described in

Exanple VI and the discharge capacity and cat hode efficiency observed for

each cell are shown in Table 16. As evidenced by the data in Table 16, high
cathode utilization can be obtained from CuO cathodes when using 2oy
el ectrolyte based on 3Me20x in conmbination with a selected | ow vi 1y

cosol vent  apnd a selected sal.t in accor{ig_r,lce with this invention. \TABYE:16

El ectrol yt d3’ . Di S f?z‘ge Sol vent Theor dftcal
Capacity to Contai ning capacity. 1.0v Cut off Cat hode
Sanpl e~ 2M Li C104 EXAMPELE (mah) | . Eff.
% 1* ; Two flat ty@gs@gt were constructed as degx;:’jg_e in Example VIII, _usmeg? same cell .

1 al

76,6 3Me20x e e VI st b pacy s
840 7!em¢ie8cyeoba@eei>?os Oh Ll 303 o (sc’.{v}{pf a f&“é’c&%q‘gfrawol t age
2.8 vol ts **_déechigiceatinde utiizationage bR obtained frem EXAhddeXwherf using ab yloarahat | was
const r uct ed "d2¥EQ ?m%@;ﬁr‘ 0@5%% Fittyp pelecteddow, yisaopty coselventas p sddestrd splbnent s
except that tjh*EPERIF VR EWEIYed in the cell was 2M Li AsF6 in a nixture
of 40v/o dioxol ane, 30v/o DVE and 30v/o 3Me20x. The cell, tested on a 1.0
mlli a{'rrpere per square centineter drain to a 1.0 volt cutoff, delivered a
di schay ge capgacity of 765 mAh. Based on a theoretical capacity of 994 mAh,
the cef hode efficiency of the cell was 76.9% Again this test showed that
hi gh cathode utilization can be obtai nd4BEEHm a CuO cat hode in a nonaqueous
cell systemwhen using a fiqujid qQrganic electrolyte consisting essentially
of 3Me20x in conbi nati on w tw‘l °1Ytgast one_sel ect ed | of*2%¢ osi ty cosol vent
salt. o X1 Six PPEtifype cefPE e co st ruct ed
y 1 conpafieht g: ®t hat
t he el ectrol yt-e oy-et SHEWR—F : cel |
was di schar gedisacross a 300-%% oad to a g0 volt cut %J The d?g.ﬁhar ge
capacity and cat hode efficiengi,gbserved for each cell (sanples 1-5) are
shown in Table 17 and cl earl yoiyfJyget rat € the high cathode utilization
obt ai nabl e from CuO cat hodes when using an el ectro-
2%* 30vfo - 990 840 84.8
3 Me20x '
40 v/o Dioxolane
30 v/o DME

and a sel ected net al
as descri bed ist

t

TR

ﬁﬁ thga sa

* open circuit voltage 2.8 volts

-*%* gpen circuit voltage 2.6 volts - '

o EXAMPLE X ,
A flat-type cell was constructed as described in Exam‘ple VIII, using the same cell com-
ponents except that the electrolyte employed in the cell was 2M LiAsFe in a mixture of
40v/o dioxolane, 30v/o DME and 30v/o 3Me20x. The cell, tested on a 1.0 milliampere per
square centimeter drain to a 1.0 volt cutoff, delivered a discharge capacity of 765 mAh.
Based on a theoretical capacity of 994 mAh, the cathode efficiency of the cell was 76.9%.
Again this test showed that high cathode utilization can be obtained from a Cu0 cathode in
s a nonaqueous cell system when using a liquid organic electrolyte consisting essentially of
' 3Me20x in combination with at least one selected low viscosity cosolvent and a selected

metal salt. '
EXAMPLE XTI
Six flat type cells were constructed as described in Example VIII, using the same cell
components except that the electrolyte employed in each cell is as shown in Table 17. Each
cell was discharged across a 300-ohm load to a 1.0 volt cutoff. The discharge capacity and
cathode efficiency observed for each cell (samples 1-5) are shown in Table 17 and clearly
illustrate the high cathode utilization obtainable from Cu0 cathodes when using an electro-
lyte based on 3Me20x in combination with a selected low viscosity cosolvent and a selected
. salt. The test data for sample 6 in Table 17 shows that when the electrolyte consisted of 1M
LiCFsSOs in dpure dioxolane, the cell could not be usefully discharged when coupled to a
300-ohm load. Although the reason for this is not precisely known, it could partially be due
to the fact that the conductivity of the pure dioxolane electrolyte was measured as being 2.5
X 10 ohm™ cm while the conductivity of the 50:50 dioxolane-2Me20x electrolyte was
measured as being 6.5 X 10 ohm® eml.  °



| yte based on 3Me20x in conbination with a selected | ow viscosity cosol vent
and a selected salt. The test data for sanple 6 in Table 17 shows that when
the electrolyte consisted of 1M [err] in pure dioxolane, the cell could not
be usefulTy di scharged when coupled to a 300-ohm | oad. Although the reason
for this is not precisely known, it could partially be due to the fact that
the condystivity of the pure dioxol ane el ectrol yte was neasured as being

2.5 x [dl ~ while the conductivity of the 50:50 di oxol ané-2Me20x. ™
el ectrq was neasured as berng . [err]. 37, 323 :
16 [err] 17 5%l 1.537¢493 16 .17

Whil e the present invention has been descri bed. With reference to many
particular details therpof, it is not inntended.that these details shafﬁﬂ%e
construed -as l'initin@ £he scopeof thjs inventiog. WHAT VIE' CLAIM I'S: -

1. A nonaqueous cellsdEWﬁﬁrsrngEa hi hly dctive @etal anode, a solid

cat hode sel ected from QuQ . [err] and [err], and a liquid- organi c

el ectrolyte com prdsing 3-nethyl-2- oxazolldone in conbrnatron Wt h at

| east one | ow viscagsjty]cosol vent and a conductive solute. 2. A ndhaqueous
cell as clained |n‘tba|111 wherein . said | ow viscosity’ cosol vent ‘i s 10

sel ected fromtetr3 huran &i oxolaane, di met hgxyet hane, di et hyl

i soxazol e, diethyl ¢ g\gaﬁﬁonateg eth§1ene¢glycolgsulf|tb di oxane and :
di net hyl- sul phite. 3= nonaqueous cell as clained in claim2 wherein said
| ow vi scosity cosolvent is tetrahydrofuran. 4. A nonaqueous cell as cl aifred
in claim2 wherein saird | ow viscosity cosol vent is 15 di oxol ane.

15 5. A nonaqueous cell as claimed in any one of the precedlng cl ai s
wherein said conductive solute is selected fronr[err] CN, [err] and
[err] wherein-MisJithfum sodi um or potassium and M |s phosphorus
arsenic or antinonys 86z A non aqueous cell as clainmed in claim5 wherein .
sai d conductive soldite| sosel ecteed 26 frem[erry and [err].

20 7. A nonaqueous &l s clareed i B anypne ofSthe preceding clains
wherein said active metal anode is selected fromlithium potassium
sodi.um cal cium nmagnesium and al.l oys thereof. 8. A nonaqueous cell as
clainmed in claim?7 wherein said active netal ‘anode is |ithium
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25 9 A nonaqueous cell as clainmed in any one of the preceding clainms
i sal d low 25 viscosity cosolvent is used in an anmount of 20%
1 total solvent volunme. 10. A nonaqueous cell as clained in an%
precedi ng clai ns wherein the cathode efficiency, as based on th
ge of ti¥e theoretical capam ty of t1lm7gm hode materl al avail abI e in7

Ypefat i ngonma trarmof—3 cn—rJ to—a—t-O—~vott—cutoff—ustng—a—-36

ﬁ’%’*
arig@le i s ab P'n% s tmven nh

: as b scri ith referenc articular details
\ nonaqueousexwf SHteHABR hat thods ai ean%rﬂeﬁa it 60 6 Rope of ths
Cy is abovieventiéh. 12 A nonaq ueous cel as clained in cl a| m

ially a he?“‘l:hI Eﬂ%%ﬂ@s‘éhbed Wit h referenc to an slctd
VR R Bl e s
ially Haisig 3 é@ﬁa- Qeohiddae ﬂﬁlt I aeliea ell aﬁ&s@w s

VIl to )dnd a\tbndRictiveHOMRSON & CO.  Coopers Bui | di ngl 12 Church
A nonaqueous cell as claimed in claim lwherem said low viscosity cosolvent is

4 .

ergd Pale @'@%ﬁ%&g}l %g%ﬁ& °§%’ﬁ‘°;\§{‘§g‘;’ imed isoxagals, diethy), 10

P8 nti ng Ooapamymhaqiib&uﬁ 1 mSMuheth 83 aid oW | vissdrag chspiveiteis

f§ ce, 25 tsmahyfiwefgseron Bui | di ngs, London WC2A 1AY, from which '
be q@t ai.fhe ff;x nonagjeous cell as claimed in claim 2 wherein said low v1scos1ty_|_ cgsgl;zegtzlg

e present 1 BVeﬂfdoﬁéhubé\ﬁ RBEH HGSE inb A(Met& tB@prerc&f lg‘%lﬁﬂasflﬁﬁyem said
ar. det ai | scohdhetienblutd i seleztedGiom MCE:SteMSCMIMBRCME]D ML Fs ivhtreinhe

>d as |imiti rg @@%ﬁep@ ssiyl lguagldul\ﬁ’wenhqsnhpmwmmmayt

15

In-¢laims wharein said copductiye §c811tieds_ se?ected 20

- aqueou‘:‘mC ,é% Lo
sel ect ed 7"? rRRY ous cell era ed iR BY dnof the pARShis: didiklsHvRerSih SA8 hétive
yte com pmtsll angdeB}s Iseledted fr@m lithhaa,qiotasime, sodiuoy ndd¢ivra) magnesinm fand klloys

| easf&Bhe | ow vi st cosol ven nld a,co duc | ve 505':c1 f g eous
cl ai meds n it ﬂrm iy Gl SRR
fromtetr Usﬁiy@ ddrvaxﬁ is G8e@XDhrddtRoun d . ondotaRdoli¥¢ht volume., -
i e, diethyl 1@ damnpeaqueans cell by blemd hwm long of thiet p,re@dmxaplaernawuerem the
sul phi t e. ;2 "'ﬁﬁ’. éﬁ“&‘ﬁ" atfna%’ﬁié*‘ gy el *b%i#f ‘%‘?‘éa‘: g
osity gosq‘]‘tmg,g anb& d’v Bruran, r B\° onaqueous cel T as clalhedso
2 wherein $ni A hcmaquaoasmu&ylahumldh vzhhtt 1¢ #hérBin thl extalde pfficiency is above

75
nonaqueous (qul IA ggna%he%luggel z!tsncl:ﬁxgl m c a1m 1 guri')staﬁ)tlaﬁg %9 hgrgmgefa rerq;escnbed

sai d with reference to any one of Examples II to VIL
35 13. A nonaqueous cell as claimed in claim 1 substantially as hereinbefore described 33
with reference to any one of Examples VIII to XI.
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conductive solute is selected from[err], MSCN, [err] and [err] wherein M

Is lithium sodiumor potassiumand M is phosphorus, arsenic or antinony.
6. A non aqueous cell as clained in claim5 wherein said conductive solute
S s@ec’t ed ZOfromJ[err] and [err]. 7. A nonagueous Cefrt as crarmed Tmany

one Of the preceding clains wherein said active nmetal anode i s Sel ected \

fromlithium potassium sodium calcium nagnegg f ./ 8
A nonaqueous cell as clainmed in claim7 wherei mmmﬂ“u@ﬂﬂi%d !
lithium 25 = 9. A nonaqueous cell as clained in anytone ot tfie preceding
clains wher&ln said low 25 Vviscosity.dé8b¥%ent is used in an anount- of? 20%
to 80% based on total solvent volume. I0. A nonaqueous CelT as clained in
any one-of t he : pviile @i pi@estliieNBonHaE€bRh Bescii dGath REERn&Rth ahyEpeticulardetlised on
t he percent agglgxllxgrboi‘iti Iil'qés 1ot gvended that thesa glewilt syt?lbbe[ d;ohsliuedahlimliﬁngrﬂub @Toipabf thisf f
avail able in QPE AL, on a drain of 1[err] to a 1.0 volt cuto

: c T WE LA ds 2
using a 30 sl ithlI"UN,GARHENWS &llggﬂ¥ﬁsi§é3ao/ Righly active metal anode, a solid cathode selected 5
30 11. A nehagiien Ca0,aRS1, Com.,CV:04, PB4, IftSLandl €8S, dnd\h Bieid Brghrieel m-
ef fici ency S prising3-m&hyl-21 Rxazglidone dyerabiratioreivith aslesst anaviow visaosity apseivént
substantially Wﬁ?@icﬂmwe%"des [ o a n

aééh a claime ei(ljl C glryl Ihelfe"ﬁr s%ﬂt%wt ‘9 SEO! rllﬁ co o‘lz'vei%'

Exanpl es | 110t Oseilbibd fromh tetrabydrofdbad HSKOHRS UimEBbrivettiinet HRIEREH isbibzoll, Aibthyt 10
subst gpti al | y asbonstesitiihenk @lyeol dalfierdidxast anaaimﬂiymslﬂﬁﬁer ence to any one of
Exanplgs VI t 8- xh noygqupous TeiDnPelained ioClainCa opherein Bid logi vigpesity ic@saliient ish
Streety 40 tetfh):grgfurf:nﬁeous 1 a.s'cla' ed in claim 5:\7&%&9 Oga!id lb \?i%%gsi cosolvent is :

40 Chartereg P@bﬂune_/gge%ts. rinted gor lIa—lér Jesr{y s Sta |otr¥ery -6‘"}‘ I céy by
Croydon Printing. Cmpampedisrell @sl claltiedyidcuny ofieiof eue, pri@dilg chiini whdreid shig t he
Patent Offi ce, Stﬁﬁé]?éﬁﬁ)%eéﬂﬁteﬂiﬁpmdﬂ §0s, M5AbM F«/mwolmdm;%mhmm

c cti
copi es may b e 15:_5. é';l{‘hé um or potassium and M’ is phosphorus, arsenic or antimony.
20

aqueous cell as claimed in claim 5§ wherein said conductive solute is selected
from LiBF4, LiC104 and LiCF3:SOs. 0
7. A nonaqueous cell as claimed in any one of the preceding claims wherein said active
nllletal afmode is selected from lithium, potassium, sodium, calcium, magnesium and alloys
thereof. .
8. A nonaqueous cell as claimed in claim 7 wherein said active metal anode is lithium.
25 9. " A nonaqueous cell as claimed in any one of the preceding claims wherein said low 25
viscosity cosolvent is used in an amount of 20% to 80% based on total solvent volume.
10. A nonaqueous cell as claimed in any one of the preceding claims wherein the
cathode efficiency, as based on the percentage of the theoretical capacity of the cathode
material available in a cell operating on a drain of 1mA/cm? to a 1.0 volt cutoff using a

30 lithium anode is above 50%. 30
g. A nonaqueous cell as claimed in claim 10 wherein the cathode efficiency is above
75%.

12. A nonaqueous cell as claimed in claim 1 substantially as hereinbefore described
with reference to any one of Examples II to VIIL.
35 13. A nonaqueous cell as claimed in claim 1 substantially as hereinbefore described 33
with reference to any one of Examples VIII to XI.
. W.P. THOMPSON & CO.
Coopers Buildings,
12 Church Street, :
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