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their ovver d S Patent 4133806 es a process for producing a Mn ectrode (cathode) or
P 5 nonaqueous cells whereby ?he nO, is initially heated within a range of 350° to 430°C'so asto 45

. substantially remove both the absorbed and bound water and then, after being formed into an
K electrode with a conductive agent and bonder, it is further heated in a range of 200° to 350°C
. prior to its assembly into a cell. British Patent 1, 199,426 also discloses the heat treatment of
H - MnO, in air at 250° to 450°C to substantially remove its water component. ~ -
P 50 U.S. Patents 3,871,916; 3,951,685, and-3,996,069 disclose a nonqueous cell employmg a 50
3-methyl-2-oxazolidone-based electrolyte in conjunction with a solid cathode selected from
(CF),. CuO, FeS,, Co,0,, V,0;. Pb30.. In,S,, and CoS,. :
While the theoretical energy, i.e., the electrical energy potentlally available from a selected
: anode-cathode couple, is relatively easy to calculate, there is a need to choose a nonaqueous
55 electrolyte for a couple that permlts the actual energy produced by an assembled battery to 55
approach the theoretical energy. The problem usually encountered is that it is- practically
impossible to predict in advance how well, if at all, a nonagueous electrolyte will function with a
selected couple. Thus a cell must be considered as a unit having three parts: a cathode, an
anode, and an electrolyte, and it is to be understood that the parts of one cell are not -
60 predlctably interchangeable with parts of another cell to produce an efficient and workable cell. 60
It is an object of the present invention to provnde a manganese dloxlde nonaqueous cell
employing an active metal anode.
The invention provides a novel high energy densnty nonaqueous cell compnsmg a highly
active metal anode, a. manganese dioxide-containing cathode and a liquid organic electrolyte
65 comprising 3-methyl- 2-oxazol|done together wnth a conductuve solute with or without at least 65
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3- et hy oxaz one an eréin the manganese di oxi de has a water

congent—oaf | ess than 1 wei ght percent based on the wei ght of 40
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is an excellent nonaqueous solvent because of its hlgh dtelectrlc constant chemlcal inertness to
battery components, wide liquid range and low toxicity.
45 However, it'has been found that-'when metal salts are dissolvedin llquld 3Me20x for the 45
purpose of improving the conductivity of 3Me20x, the viscosity of the solution may be too high
for its efficient use as an electrolyte for some nonaqueous cell applications other than those
requiring very low current drains. Thus, in some applications in accordance with this invention,
the addition of a low viscosity cosolvent would be desirable if 3Me2Ox is to be used as an
50 electrolyte for.nonaqueous cells which can operate or perfbrm at a high energy density level. 50
Specifically, in order to obtain a high energy density level in accordance with this invention, it is
essential to use a heat-treated MnO, cathode along with a highly active metal anode. Thus this
invention is directed to a novel high energy density cell having a highly active metal anode,
such as lithium, a heat-treated MnQ, cathode, -and .an electrolyte comprising 3Me20x in
55 combination with a conductive solute with or without at least one low viscosity cosolvent. 55
The low viscosity cosolvents if used in this invention include tetrahydrofuran (THF), dioxolane
" (DIOX), dimethoxyethane (DME), propylene carbonate (PC), dimethyl.isoxazole (DMI), diethyl
carbonate (DEC), ethylene glycol sulfite (EGS), dioxane and dimethyl sulfite (DMS). Dimethoxy-
ethane (DME), dioxolane (DIOX) and propylene carbonate (PC) are preferred cosolvents because
- 60 of their compatibility with metal salts dissolved in liquid 3Me20x and their chemical inertness to 60
cell components. Specifically, the total amount-of the low viscosity cosolvent added could be
between about 20% and about 80% based on total solvent volume, i.e. exclusive of solute, so
as to lower the viscosity to a level suitable for use in:a high drain cell. . .
Conductive solutes (metal salts) for use in this invention with the liquid 3Me20x may be
65 selected from MCF;SO,;, MBF,, MC10,,and MM’F; wherein M is lithium, sodium or potassium, 65
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applications. Hghly active metal anodes suitable for this invention
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*Coulombic '
30 EXAMPLE Il - - 30

Ten miniature button cells were constructed using a lithium anode, an electrolyte consisting of

about 40 vol.% dioxolane, about 30 vol.% DME, about 30 vol.% 3Me20x plus about 0.1% -
DMI and containing 1 M LiCF,SO,, and a cathode containing 80 wt.% unheated or heat-treated
MnO,, 1.56. wt.% carbon black, 13.5 wt.% graphite, and 5.0 wt.% ethylene acrylic acid binder.

35 The heat-treated MnO, was heated at a temperature of 350°C for 18 hours under an argon 35
atmosphere. Each cell (0.452 inch (1.148 cm) diameter; 0.166 inch (0.422 cm) height)
contained 0.3045 gram of the untreated MnO,-containing cathode mix, or 0.3036 gram of the
heat-treated MnO,-containing cathode mix, 0.037 gram of lithium, a polypropylene separator,
and 140 pl of the electrolyte. Each cell was placed on a continuous 6200-ohm background load

40 and was pulsed on a 250-ohm load for 2 seconds once a week. Upon reaching a cutoff voltage 40
of 1 volt, the cell capacity and cathode coulombic effuctency for each cell were calculated and
are shown in Table {ll.

TABLE 11l
45 - ' 45
Cell : Cell Capability Cathode Efficiency
3 Sample MnO, (mAh) (% 1,)
1 Heat Treated 37. 6_ 50.0 '
. 50 2 Heat Treated 30.2 . 40.3 - 50
-3 Heat Treated 39.2 62.2 -
4 Heat Treated  46.0 61.4
- 5 Heat Treated 41.4 ' 55.3
6 Not Heated - 6.1 82 ~
56 7 Not Heated 26.4 36.5 - : 55
8 Not Heated 34.2 45.7
9 Not Heated 10.9 14.5
10 Not Heated - 4.9 6.6
60 , : : . 60 -
EXAMPLE IV

. Two cells were constructed similar to cells in Example Il except that 1.5 ml pf the electrolyte.
. was used and in the first cell the cathode mix (33% porosnty) consisted of 80 wt.% Tekkosha
65 MnO,, 10 wt. % carbon black and 10% Teflon, and m the second cell the cathode mix (45% 65
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cm) diameter; 0.166 inch (0.422 cm height) contained 0.3045 gram of the
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MhQ2- cont ai ni ng cat hode m x, 0.037 gramof lithium a polypropyl ene
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cal cul ated and are shown in Table Ill. TABLE III| 45
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MhQ2 -

( Ah)

(%1.) 1

Sampl e Heat Treated

50.0 50 2 < Heat Treated 30. 2 40. 3

50 3 ° " Heat Treated 39.2 52.2 4 Heat Treated:
46.0 7 - '61.45 Heat Treated 41.4 58820542538
Heat ed 6. 8. Z 55 7 Not Heat.ed 75, 4

35.5 55 8 Not Heat ed 34.2
45.7 9 Not Heated: [10.9% [peanon |dbddls |8  Not Heated
4.9 6.6 60 £ mconcocolwcomm#-m o :
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5. A nonaqueous cell as clained in claim4 wherein the conductive agent is—
carbon or graphite and the binder is polytetrafluorethylene or ethylene
acrylméc acid polynmer. 15 6. A nonaqueous cell as claimed in any one o ‘
claing 1 to 5 wherein at |east one cosolvent 15 is contai riRER 942538 | i qfi d
organic electrolyte. 7. A nonaqueous celT as clarnmed rn cralmo Wiererm
said solvent is selected fromtetrahydrofuran, dioxolane, dinethoxyethane,
diyret hylclasmsazol e, diethyl carbonate, propylene carbonate, ethylene gl ycol
sul fite, di OA@neaqmduajGeﬂm:bhmhsmgjhri hétive miklal anSde, A riENGacH4E dibide2bhtaifmgC| ai med
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di net3f % @E"aql' °“Fﬂéwe limedyin apephe ofclaingilrte @ wherein paid selutfis sélaitets 20t 0
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di ssol vetdl Th 1 88t a6, ARSlLPLERY1E0% Char honat Shapapsal o o
nonaquecausaecaslsbneesd bR\ 1G] Bothdsiint] jﬂ.@}m aﬁHE t ﬁ,'agﬁee ﬁ%. f gr e
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Publ i shead ahe mroma emCF@% desolved irS3uisttavirBiosamoBitink ddicvgtane  difdthoxyedGad | AY,
from Wmaeﬁ EB? lehe obt aj ned.
nonaquedus cell as clalmed in any one of claims 1 to 6 wherein the anode is lithium
30 and the electrolyte is LiBF, dissolved in 3-methyl-2-oxazolidone and dimethoxyethane. 30
12. A nonaqueous cell as claimed in any one of claims 1 to 6 wherein the anode is lithium
and the electrolyte is LiCF,SO; dissolved in 3-methyl-2-oxazolidone and dlmethoxyethane
13. A nonaqueous cell as claimed in any one of claims 1 to 6 wherein the anode is lithium
and the electrolyte is LiCF,SO; dissolved in 3-methyl-2-oxazolidone and propylene carbonate.
35 14. A nonaqueous cell as claimed-in claim 1 and substantially as hereinbefore described 35
with reference to any one of the Examples Il to IV.
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