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Description

Field of the Invention

[0001] The present invention relates generally to bat-
teries, and more particularly, to thin lithium batteries.

Background of the Invention

[0002] Thin batteries are typically constructed with an
alkali metal anode, a nonaqueous electrolyte, and cath-
odes of metal oxides. Lithium is most often used as an
anode material because it has a low atomic weight and
it is highly electronegative. Such thin batteries have a
high energy density, a long shelf life and operate effi-
ciently over a wide range of temperatures. As a result,
such batteries find advantageous application in a wide
variety of electronic devices.
[0003] In the past, thin batteries have been manufac-
tured using electrolytes containing volatile solvents.
Such solvents tend to evaporate rapidly and therefore
require special handling and manufacturing processes.
In this respect, once an electrolyte is prepared, it must
be used quickly in the manufacturing process as such
electrolytes have relatively short useable lives.
[0004] The present invention overcomes the problem
of using volatile solvents in an electrolyte and provides
a cathode/electrolyte slurry with little volatile solvent
content having a long shelf life and usability.

Summary of the Invention

[0005] In accordance with the present invention, there
is provided an electrochemical cell comprised of a lithi-
um-containing anode, and a cathode slurry comprised
of 1) 60% to 70% by weight electrolytic manganese di-
oxide; 2) 5% to 10% by weight carbon; and 3) 25% to
35% by weight of an electrolyte consisting essentially of
ethylene carbonate, propylene carbonate and triflate
salt.
[0006] In accordance with another aspect of the
present invention there is provided a cathode slurry for
use in a lithium battery comprised of: 1) 60% to 70% by
weight electrolytic manganese dioxide; 2) 5% to 10% by
weight carbon; and 3) 25% to 35% by weight of an elec-
trolyte comprised of : a) 10% to 40% by weight ethylene
carbonate; b) 60% to 90% by weight propylene carbon-
ate; and c) 0.5 to 1.5 moles of triflate salt.
[0007] It is an object of the present invention is to pro-
vide a thin lithium battery.
[0008] Another object of the present invention is to
provide a thin lithium battery containing an extrudable
cathode/electrolyte slurry.
[0009] A still further object of the present invention is
to provide a battery as described above, wherein the
cathode/electrolyte slurry is essentially not volatile.
[0010] A still further object of the present invention is
to provide a battery as described above, wherein the

cathode/electrolyte slurry has an extended shelf life pri-
or to manufacturing the battery.
[0011] Another object of the present invention is to
provide a cathode/electrolyte slurry for use in lithium
batteries.
[0012] These and other objects and advantages will
become apparent from the following description of a pre-
ferred embodiment of the invention, taken together with
the accompanying drawings.

Brief Description of the Drawings

[0013] The invention may take physical form in certain
parts and arrangement of parts, a preferred embodi-
ment of which will be described in detail in the specifi-
cation and illustrated in the accompanying drawings
which form a part hereof, and wherein:

FIG. 1 is an exploded perspective view of a battery
illustrating the preferred embodiment of the present
invention;
FIGS. 2A-2I show various steps in forming the bat-
tery shown in FIG. 1;
FIG. 3 is a cross-sectional view of the battery shown
in FIG. 1; and
FIG. 4 is a photograph showing manganese dioxide
particles (MnO2) used in the present invention mag-
nified 500 times.

Detailed Description of Preferred Embodiment

[0014] Referring now to the drawings wherein the
showings are for the purpose of illustrating a preferred
embodiment of the invention only, and not for the pur-
pose of limiting same, the present invention relates to a
thin lithium battery 6 and a cathode/electrolyte slurry
used therein. FIG. 1 is an exploded view of a battery 6,
illustrating a preferred embodiment of the present inven-
tion.
[0015] Battery 6 is comprised of a plurality of individ-
ual layers of material. In the embodiment shown, battery
6 includes two outer layers of metal foil, designated 10
and 12. Metal foil layers 10 and 12 are, respectively, the
current collectors for the cathode and anode of battery
10. Foil layers 10 and 12 may be formed from copper,
aluminum, nickel, stainless steel or the like. In a pre-
ferred embodiment of the present invention, metal lay-
ers 10 and 12 are copper and include inner surfaces 10a
and 12a having a special treatment layer formed there-
on. The preferable thickness of metal layers 10 and 12
is between about 0.0005 to 0.003 inches.
[0016] Between metallic layers 10 and 12, a pair of
frame layers 22, 24 are disposed. Frame layers 22, 24
are preferably formed of a polymeric material and re-
spectively define voids or cavities 26, 28. Frame layers
22, 24 are dimensioned to extend about the periphery
of metal layers 10 and 12, respectively. Frame layers
22, 24 are preferably formed of a plastic material, such
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as polyester, polyethylene or the like. Both surfaces of
frame layers 22, 24 include a thin layer of an adhesive
material, designated 32 in the drawings. Examples of
adhesives that find advantageous application in the
present invention are ethylene vinyl acetate (EVA), pol-
yethylene and ethylene acrylite acid (EEA). Ethylene vi-
nyl acetate is the preferred adhesive.
[0017] Void 28 in frame layer 24 is dimensioned to re-
ceive a sheet of lithium foil 42. Lithium foil 42 is attached
to metallic layer 12 in a manner to insure good contact
therebetween. A cathode/electrolyte material, designat-
ed 52, is disposed within cavity or void 26 of frame layer
22.
[0018] In accordance with the present invention, cath-
ode/electrolyte material 52 is comprised of about 60%
to 70% by weight heat-treated electrolytic manganese
dioxide, about 5% to about 10% by weight heat-treated
carbon, and about 25% to 35% by weight of an electro-
lyte. In accordance with the present invention, the elec-
trolyte material is comprised of ethylene carbonate
(EC), propylene carbonate (PC) and triflate salt. A pre-
ferred composition of electrolyte would be as follows:

about 10% to 40% by weight ethylene carbonate;
about 60% to 90% by weight propylene carbonate;
and
about 0.5 to 1.5 moles triflate salt.

A more preferred composition of electrolyte would be:

about 15% to 25% by weight ethylene carbonate;
about 75% to 85% by weight propylene carbonate;
and
about 0.8 to 1.2 moles triflate salt (LiCF3 SO3).

[0019] The electrolytic manganese dioxide (MnO2)
used in the present invention preferably has an irregular
shape, as shown in FIG. 4, which is a photograph of
manganese dioxide (MnO2) at 500X magnification. The
manganese dioxide (MnO2) preferably has a particle
size that ranges from about 10 microns to about 30 mi-
crons, and an average particle size of about 20 to about
25 microns. The electrolytic manganese dioxide (MnO2)
also preferably has a surface area of about 30 m2/g to
about 50 m2/g, and more preferably about 40-45 m2/g.
The electrolytic manganese dioxide (MnO2) preferably
has a total porosity (N2) of about 0.02 to about 0.08 cc/
g, and more preferably, a total porosity (N2) of about
0.04-0.06 cc/g.
[0020] Cathode/electrolyte material 52 is preferably
formed by the following process. The electrolyte man-
ganese dioxide (MnO2) and the carbon are first "dry
heated" to drive off moisture. The electrolyte manga-
nese dioxide (MnO2) is dry heated to a temperature be-
tween about 330°C to about 400°C, and the carbon is
dry-heated to a temperature between about 200°C to
about 280°C. The carbon and electrolyte manganese
dioxide (MnO2) are then dry-blended for about 25 min-

utes to about 35 minutes. (Teflon binders may be added
to facilitate mixing.) The moisture content of the dry pow-
ders should be less than 200 ppm after mixing.
[0021] The electrolyte, prepared according to the
above-identified formula, is then added and mixed into
the dry powders. Rather than adding all the electrolyte
at once, small, uniform amounts of the electrolyte are
periodically added and mixed. The electrolyte and dry
powders are mixed for about 18 minutes to about 25
minutes until a uniform slurry consistency is achieved.
A cathode/electrolyte material 52 prepared as described
above has a consistency similar to wet cement, that
lends itself to extruding the material when forming bat-
tery 10, and shall be described in greater detail below.
Following preparation, cathode/electrolyte material 52
should be maintained in a dry environment to prevent
the absorption of moisture by material 52.
[0022] A separator layer 62 is disposed between
frame layers 22, 24. Separator layer 62 separates cath-
ode/electrolyte 52 within void 26 of frame 22 from lithium
foil 42 within void 28 of frame 24. Separator 62 is formed
of a microporous material to allow electrolyte in cathode/
electrolyte material 52 to penetrate therethrough into
contact with lithium foil 42. Separator 62 may be formed
of polyethylene, polypropylene or the like. In the pre-
ferred embodiment, separator layer 62 is a microporous
polypropylene.
[0023] Referring now to FIGS. 2A-2I, a method pro-
ducing battery 10 is illustrated. Frame layer 22 is applied
to metallic layer 12, as best seen in FIG. 2A. Lithium foil
42 is dimensioned to be received within void 28 of frame
24 and is applied to metallic layer 12. Lithium foil 62 is
preferably laminated onto surface 12a of metallic layer
12 to insure good contact therewith. Separator layer 62
is then applied onto frame layer 24 to cover and enclose
lithium sheet 42 within void 28, as shown in FIGS. 2B
and 2C. As seen in FIG. 2B, separator layer 62 is di-
mensioned such that when applied to frame layer 24, a
portion of adhesive 32 on layer 24 remains exposed.
Frame layer 22 is then applied onto separator layer 62,
as illustrated in FIG. 2C. Frame layer 22 covers the pe-
ripheral edge of separator layer 62. The outer periphery
of frame layer 22, having adhesive layer 32 thereon,
overlays the outer peripheral edge of frame layer 24, al-
so having adhesive layer 32 thereon, as seen in FIG.
2D. Cathode/electrolyte 52 is then deposited within void
26 of frame layer 22. As indicated above, cathode/elec-
trolyte 52 is a slurry-like paste and therefore may be ap-
plied by an extruder or by wiping the paste into void 26.
In this respect, the amount of cathode/electrolyte 52 de-
posited in void 26 is sufficient to fill void 26, and prefer-
ably is an amount slightly greater, wherein upon assem-
bly of the battery (as shall be described in greater detail
below) certain parts of the electrolyte cathode slurry
penetrate through separator layer 62 into void 28 of
frame layer 24. Following insertion of cathode/electro-
lyte 52 into void 26 of frame layer 22, metallic layer 10
is applied over frame layer 22, as illustrated in FIG. 2F
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and FIG. 2G.
[0024] The assembly of cell 10 is then followed by a
sealing step. The sealing step is comprised of heating
and compressing the outer peripheral edge of the
stacked layers to cause the adhesive 32 on frame layers
22, 24 to bond to each other and to metal layers 10, 12
to form a sealed unit, as schematically illustrated in
FIGS. 2H and 21. In the drawings, heated sealing dies
72, 74 are schematically illustrated. During the sealing
step, dies 72, 74 compress the frame area of cell 10 for
a period of time sufficient to melt adhesive layers 32 on
frames 22, 24 so as to cause adhesive layers to fuse to
each other and to metallic layers 10 and 12, thereby pro-
ducing a sealed battery.
[0025] During the compression and sealing step, the
paste-like cathode/electrolyte slurry 52 is forced to fill
cavity 26 of frame layer 22. The electrolyte component
of the cathode/electrolyte material 52 migrates through
the microporous separator 62 into contact with lithium
layer 42 and metallic layer 12. The migration of the elec-
trolyte component of the cathode/electrolyte material in-
to contact with the lithium layer completes the ionic
transport pathway between the anode and a cathode.
In FIGS. 2H and 21, the migration of the electrolyte fluid
is illustrated by the "peppered" areas (i.e., dots) that rep-
resent the electrolyte fluid migrating through porous
separator 62 into void 28 adjacent lithium foil 42.
[0026] The present invention shall now be described
with respect to a specific example.

EXAMPLE 1

[0027] A battery 10 in accordance with the present in-
vention is prepared as follows. A cathode/electrolyte
material 52 is prepared having the following composi-
tion: 62% electrolytic manganese dioxide (MnO2), 5.5%
carbon and 32.5% electrolyte. The electrolyte has the
following composition: 73% propylene carbonate, 13%
ethylene carbonate and 14% triflate salt (LiCF3SO3), re-
spectively by weight. The electrolyte manganese diox-
ide and carbon are dry-heated to remove moisture. The
electrolyte manganese dioxide is heated to about
365°C, and the carbon is heated to about 240°C. The
electrolyte manganese dioxide and carbon are mixed for
about 30 minutes, and the moisture content is checked
to be sure that the dry powders have a moisture content
of less than 200 parts per million (ppm). The electrolyte
solution is mixed into the dry powders and the combina-
tion is mixed for about 20 minutes until a uniform slurry
consistency is achieved. The foregoing cathode/electro-
lyte material 52 is capable of being extruded to a thick-
ness of about 0.2mm.
[0028] A battery 10 as schematically illustrated in the
drawings is prepared. A pair of frame layers 22, 24 are
prepared from a polymeric material to have a thickness
of about 3.5 mils. A thin layer of ethylene vinyl acetate
(EVA) is applied to both surfaces of both frames. Rolled
copper foil having a thickness of about 1.5 mils is used

to form metallic layers 10 and 12. Separator 62 is formed
from polyethylene having a thickness of about 25 mi-
crons. Lithium foil 42 has a thickness of about 5 mils.
Cathode/electrolyte material 52 is extruded to have a
thickness of about 15 mils. The respective layers are
assembled and heat-sealed using a heated die at about
360°F that compresses the periphery of battery 6 under
a pressure of about 80 psi for about 4 seconds. The heat
and pressure causes the EVA adhesive to bond metallic
layers 10 and 12 to frame layers 22 and 24, respectively,
and likewise bond frame layers 22 and 24 to each other,
thereby producing a sealed battery 6.
[0029] The present invention thus provides a cathode/
electrolyte material 52, and a battery 10 formed there-
with that does not contain volatile solvents. As a result,
the cathode/electrolyte material itself has a longer "shelf
life" may be stored for days prior to use, and therefore
eliminates the urgency of utilizing the electrolyte imme-
diately in a production process. In this respect, the cath-
ode/electrolyte material disclosed in the present inven-
tion has an extended shelf life. Moreover, the lack of vol-
atility eliminates environmental and safety hazards ex-
isting with solvent based electrolytes.
[0030] The foregoing description is a specific embod-
iment of the present invention. It should be appreciated
that this embodiment is described for purposes of illus-
tration only, and that numerous alterations and modifi-
cations may be practiced by those skilled in the art with-
out departing from the scope of the invention. It is in-
tended that all such modifications and alterations be in-
cluded insofar as they come within the scope of the in-
vention as claimed.

Claims

1. A thin layer electrochemical cell, comprising:

a lithium-containing anode; and
a cathode slurry, comprised of:

60% to 70% by weight electrolytic manga-
nese dioxide,
5% to 10% by weight carbon, and
25% to 35% by weight of an electrolyte
consisting essentially of ethylene carbon-
ate, propylene carbonate and triflate salt.

2. A cell as defined in claim 1, wherein said ethylene
carbonate comprises 10% to 40% by weight of said
electrolyte.

3. A cell as defined in claim 2, wherein said ethylene
carbonate comprises 15% to 25% by weight of said
electrolyte.

4. A cell as defined in claim 1, wherein said propylene
carbonate comprises 60% to 90% by weight of said
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electrolyte.

5. A cell as defined in claim 4, wherein said propylene
carbonate comprises 75% to 85% by weight of said
electrolyte.

6. A cell as defined in claim 1, wherein said electrolyte
includes 0.5 to 1.5 moles triflate salt.

7. A cell as defined in claim 6, wherein said electrolyte
includes 0.8 to 1.2 moles triflate salt.

8. A cell as defined in claim 1, wherein said electrolyte
consists essentially of:

20% by weight ethylene carbonate;
80% by weight propylene carbonate; and
1.2 moles triflate salt.

9. A cell as defined in claim 1, wherein said electrolytic
manganese dioxide has an average particle size of
10 microns to 30 microns, a surface area of 30 m2/
g to 50 m2/g and a porosity (N2) of 0.02 cc/g to 0.08
cc/g.

10. A cathode slurry for use in a lithium battery, com-
prised of:

60% to 70% by weight electrolytic manganese
dioxide;
5% to 10% by weight carbon; and
25% to 35% by weight of an electrolyte, said
electrolyte comprised of:

10% to 40% by weight ethylene carbonate,
60% to 90% by weight propylene carbon-
ate, and
0.5 to 1.5 moles of triflate salt.

Patentansprüche

1. Elektrochemische Dünnschichtzelle, umfassend:

eine Lithium enthaltende Anode; und

einen Kathodenschlamm, umfassend:

60 bis 70 Gew.-% elektrolytisches Man-
gandioxid,

5 bis 10 Gew.-% Kohlenstoff und

25 bis 35 Gew.-% eines Elektrolyts, beste-
hend im Wesentlichen aus Ethylencarbo-
nat, Propylencarbonat und Triflatsalz.

2. Zelle nach Anspruch 1, wobei das Ethylencarbonat

10 bis 40 Gew.-% des Elektrolyts umfasst.

3. Zelle nach Anspruch 2, wobei das Ethylencarbonat
15 bis 25 Gew.-% des Elektrolyts umfasst.

4. Zelle nach Anspruch 1, wobei das Propylencarbo-
nat 60 bis 90 Gew.-% des Elektrolyts umfasst.

5. Zelle nach Anspruch 4, wobei das Propylencarbo-
nat 75 bis 85 Gew.-% des Elektrolyts umfasst.

6. Zelle nach Anspruch 1, wobei der Elektrolyt 0,5 bis
1,5 Mol Triflatsalz enthält.

7. Zelle nach Anspruch 6, wobei der Elektrolyt 0,8 bis
1,2 Mol Triflatsalz enthält.

8. Zelle nach Anspruch 1, wobei der Elektrolyt im We-
sentlichen aus:

20 Gew.-% Ethylencarbonat;

80 Gew.-% Propylencarbonat; und

1,2 Mol Triflatsalz

besteht.

9. Zelle nach Anspruch 1, wobei das elektrolytische
Mangandioxid eine mittlere Partikelgröße von 10
bis 30 Mikron, einen Oberflächenbereich von 30 bis
50 m2/g und eine Porosität (N2) von 0,02 bis 0,08
cc/g aufweist.

10. Kathodenschlamm zur Verwendung in einem Lithi-
umakku, umfassend:

60 bis 70 Gew.-% elektrolytisches Mangandi-
oxid;

5 bis 10 Gew.-% Kohlenstoff; und

25 bis 35 Gew.-% eines Elektrolyts aufweist,
wobei der Elektrolyt

10 bis 40 Gew.-% Ethylencarbonat,

60 bis 90 Gew.-% Propylencarbonat und

0,5 bis 1,5 Mol Triflatsalz

umfasst.

Revendications

1. Cellule électrochimique à couches fines
comportant :

7 8



EP 1 183 745 B1

6

5

10

15

20

25

30

35

40

45

50

55

- une anode au lithium ; et
- une cathode pâteuse, comprenant :

- de 60 à 70% en poids de dioxyde de man-
ganèse électrolytique,

- de 5 à 10% en poids de carbone, et
- de 25 à 35% en poids d'un électrolyte com-

prenant essentiellement du carbonate
d'éthylène, du carbonate de propylène et
un sel de triflate.

2. Cellule selon la revendication 1, dans laquelle ledit
carbonate d'éthylène représente de 10 à 40% en
poids dudit électrolyte.

3. Cellule selon la revendication 2, dans laquelle ledit
carbonate d'éthylène représente de 15 à 25% en
poids dudit électrolyte.

4. Cellule selon la revendication 1, dans laquelle ledit
carbonate de propylène représente de 60 à 90% en
poids dudit électrolyte.

5. Cellule selon la revendication 4, dans laquelle ledit
carbonate de propylène représente de 75 à 85% en
poids dudit électrolyte.

6. Cellule selon la revendication 1, dans laquelle ledit
électrolyte comprend de 0,5 à 1,5 moles d'un sel de
triflate.

7. Cellule selon la revendication 6, dans laquelle ledit
électrolyte comprend de 0,8 à 1,2 moles d'un sel de
trifalte.

8. Cellule selon la revendication 1, dans laquelle ledit
électrolyte comprend essentiellement :

- 20% en poids de carbonate d'éthylène ;
- 80% en poids de carbonate de propylène ; et
- 1,2 moles de sel de triflate.

9. Cellule selon la revendication 1, dans laquelle le
dioxyde de manganèse électrolytique a une taille
moyenne de particules de 10 à 30 microns, une sur-
face spécifique de 30 à 50 m2/g et une porosité (N2)
de 0, 02 à 0,08 cm3/g.

10. Cathode pâteuse pour utilisation dans une batterie
au lithium, comprenant :

- 60 à 70% en poids de dioxyde de manganèse
électrolytique ;

- 5 à 10% en poids de carbone ; et
- 25 à 35% en poids d'un électrolyte, ledit élec-

trolyte comprenant :

- 10 à 40% en poids de carbonate d'éthylè-

ne,
- 60 à 90% en poids de carbonate de propy-

lène, et
- 0,5 à 1,5% en moles de sel de triflate.
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