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GALVANIC CELL HAVING OPTIMUM
INTERNAL VOLUME FOR ACTIVE COMPONENTS

The present invention relates to electrochemical
cells, particularly alkaline cells, and especially
miniature galvanic coin cells, which employ a cover-
gasket assembly. The present invention also relates to

processes for producing such cells.

The miniaturisation of electronic devices has
created a demand for small but powerful electrochemical
cells. Cells that utilise an alkaline electrolyte
provide high energy dénsity per unit volume, and are,
therefore, well suited for applications in miniature
electronic devices such as hearing aids, watches and
calculators. However, alkaline electrolytes, such as
aqueous potassium hydroxide and sodium hydroxide
solutions, have an affinity for wetting metal surfaces
and are known to creep through the sealed metal
interface of an electrochemical cell. Leakage in this
manner can deplete the electrolyte solution from the
cell and can also cause a corrosive deposit on the
surface of the cell, detracting from the cell's
appearance and marketability. These corrosive salts
may also damage the device in which the cell is housed.
Typical cell systems where this problem is encountered
include silver oxide-zinc cells, nickel-cadmium cells,
air depolarised cells, and alkaline manganese dioxide

cells.

In the prior art it has been conventional
practice to incorporate insulating gaskets between the
cell container and cover so as to provide a seal for
the cell. 1In general, the gasket must be made of a
material inert to the electrolyte contained in the cell
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and the cell environment. In addition, the material of
the gasket should be flexible and resistant to cold
flow under pressure of the seal and maintain these
characteristics so as to ensure a proper seal during
long periods of storage. Materials such as nylon,
polypropylene, ethylenetetrafluoroethylene copolymer
and high density polyethylene have been found to be
suitable as gasket materials for most applications.

Typically, in miniature cells, the depending
flange of the insulating gasket has an extended "J"
shaped configuration in which the extended wall of the
cover is inserted so that, upon beihg radially
squeezed, the bottom portion of the gasket forms a seal
with the bottom portion of the wall of the container.

In button cells especially, the gasket generally
extends the entire length of the internal wall of the
cell, and the volume of the gasket is generally in
excess of 20% of the internal volume of the cell. This
wastes a significant amount of space in the cell,
reducing the space available for the active components.

To better ensure a good seal, a sealant is
generally applied in the hook of the "J" shaped seal so
that upon insertion of the cover into the gasket, the
edge of the extended wall of the cover will seat in the
sealant. Upon application of a radial squeeze, the
gasket will be compressed against the bottom portion of
the extended cover wall.

US-A-4,302,517 discloses a sealed galvanic cell
employing an insulating gasket between the cover and
the container of the cell and which is composed of a
first sealing segment, disposed and compressed between

the rim of the cover and the edge of the container, and
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a second cover support segment, extending within the
container and substantially parallel to the wall of the
container and defining a plurality of spaced apart
openings to accommodate the cell's eléctrolyte and/or

the cell's reaction product.

In a first aspect, the preSent invention provides
a galvanic cell which includes a negative electrode; a
positive electrode; a separator between the negative
and positive electrodes; and an electrolyte. The
electrolyte is dispersed within a two-part conductive
housing. The first part of the conductive housing is a
cylindrically cupped container having an edge. The
first part of the conductive housing is electrically
connected to one of the electrodes. The second part of
the housing comprises a circular cover having a
peripheral flange. The cover is electrically connected
to the other electrode. Both parts of the container
are electrically insulated from each other by an
insulating gasket disposed between and compressed
between the edge of the container and the peripheral
flange of the cover, thereby defining an enclosed
volume within the housing. It is preferred that the
depth of the cover, including the flange, be no more
than a quarter of the height of the container. It is
also preferred that the depth of the gasket be no more
greater than 1.3x the depth of the cover, including the
flange.

Although the cell may be of any suitable
configuration, it will be appreciated that cells having
a circular cross-section particularly lend themselées
to the present invention, insofar as compression of the
top of the can, or container, is concerned, to seal in

the gasket.
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In order to reduce the small risk of the gasket
being pushed into the can, together with the cover, it
is preferable that the gasket be provided with an
external lip for engaging the lip, or edge, of the
container. Thus, when the gasket is inserted into the
container, the lip on the gasket prevents the gasket
from being inserted too far.

The lip on the gasket, where present, need only be
enough to engage the edge of the container, although it
may be thicker than the can wall, if desired. 1If
thicker, then it may also be provided with a further
depending flange to engage with the outside wall of the
container, but such an embodiment may prove impractical
for bulk manufacture. 1In any event, the lip may be

continuous or discontinuous, as desired.

The gasket may adopt any suitable configuration
but, apart from the possible inclusion of a lip, as
described above, it is generally preferred that it
adopt a similar configuration to those of the art, save
that it has less depth. Thus, the walls of the flange
will typically adopt a "J" shape to receive the
depending flange of the cover. Again, sealant may be
employed, if desired.

It will also be appreciated that the cover of a
cell of the present invention will require less
material, as the depending flange will be shorter,
thereby saving in material costs and enhancing ease of

manufacture.

In an alternative embodiment, the present
invention provides a galvanic cell having a negative
electrode; a positive electrode; a separator between

said negative and said positive electrode; and an
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electrolyte dispersed within a two-part conductive
housing, the first part of the conductive housing being
a cylindrical cupped container being electrically
connected to one of the electrodes and the second part
of the housing being a circular cover having a
peripheral flange, said cover being electrically
connected to the other electrode and wherein said first
part container and said second part cover are
electrically insulated from each other by an insulating
gasket disposed between and compressed between the edge
of the container and the peripheral flange of the
cover, thereby defining an enclosed volume within said
housing; the improvement wherein the height of the
cylindrical cupped container is greater than 4 times
the thickness of the circular cover and the flange of
the cover is disposed within and secured within the
insulating gasket and the thickness of the gasket is no

greater than 1.3 times the thickness of the cover.

As used herein, the thickness of the gasket is as
illustrated in Figures 3 and 4 as "W" and the thickness
of the cover is as illustrated in Figure 2 as "T", and
generally refers to the depth of either in side

elevation.

In a preferred embodiment of the present
invention, the insulating gasket occupies less than 8%
of the internal volume of the cell.

Thus, it will be appreciated that the present
invention allows the provision of a gasket for a
galvanic cell which occupies a relatively small volume,
so that the internal volume of such cells is optimised

for the active components of the cell.
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It is an advantage of the present invention that a
miniature cylindrical cell structure can be provided
that employs a low profile gasket that occupies less
than 8% of the internal volume of the cell.

It is another advantage of the present invention
that a gasket-cover assembly for a miniature
cylindrical cell can be provided in which the circular
cover is secured within a low profile type gasket, the
gasket being compressed between the rim of the cover
and the edge of the container to provide a sealed
miniature cell having an increased internal volume for
the active components of the cell.

It is another advantage of the present invention
that a process can be provided for producing a
miniature cell with a gasket for sealing the cell,
wherein the gasket occupies less than 8% of the '
internal volume of the cell.

The foregoing and additional advantages of the
present invention will become more fully apparent from
the following description and accompanying drawings.

In a preferred embodiment of the present invention
the flange of the cover has a U-shaped contour and the
U-shaped contour is anchored and secured within the
insulating gasket, the insulating gasket being
compressed between the flange of the cover and the edge
of the container. 1In this embodiment, the height of
the cylindrical container is greater than 4 times the
thickness of the circular cover, preferably greater
than 8 times the thickness of the cover, and more
preferably greater than 10 times the thickness of the

cover.
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Also in this embodiment, the thickness of the
gasket should be no greater than 1.3 times the
thickness of the cover, preferably no greater than 1.2
times the thickness of the cover and most preferably no
greater than 1.1 times the thickness of the cover.

The insulating gasket should preferably occupy
less than 8% of the internal volume of the cell,
preferably less than 5% and more preferably less than
3% of the internal volume of the cell. An appropriate
way of determining the internal volume of a cylindrical
cell is to multiply the area of the plane defined by
the open end of the container by the height of the
container. The volume of the gasket ring can be
determined by multiplying the cross sectional area of
the gasket by the circumference, which is 2nr [where r
is the distance from the centroid {center of mass) of
the cross sectional area of the gasket] to the central
axis of the gasket ring. The volume of the gasket
should be less than 8% of the internal volume of the

container (cell}.

Preferably, the height of the insulating gasket,
measured from the inner wall of the cover, should be
less than 20% of the height of the container measured
from the internal bottom wall of the container to the
inner wall of the cover, preferably less than 17% and
more preferably less than 15% of the height of the
container measured from the internal bottom wall of the

container to the inner wall of the cover.

Typically, the wall of the cover extends down the
wall of the container and has a rolled back
construction utilised for providing stability to the
cell'upon the radial forces exerted upon the cell

during closure. In the present invention, elimination
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of the rolled back cover provides an increase in
internal volume for active materials in the container;
for example for an AC675 cell, a 17% increase in

internal volume was realised.

The peripheral flange locates the cover assembly
prior to closing, and provides support upon the radial
compressive forces exerted upon the cell during

closure.

Another embodiment of the present invention
relates to a process for assembling the components of a
'cell into a two-part conductive housing in which one
part is a cylindrical container and the other part is a
circular cover and the height of the cylindrical
container is at least greater than 4 times the
thickness of the circular cover, comprising the steps:

(a) preparing a cover with a protruding
peripheral flange rim;

(b} preparing an insulating gasket ring with an
annulus groove defined in the ring;

(c) inserting the peripheral flange rim of the
cover into a groove in the gasket ring and using
reformation means to force the wall defining the groove
in the gasket ring into the peripheral flange rim,
thereby anchoring the cover into the insulating gasket
to provide a cover-gasket assembly so that the
thickness of the gasket is no greater than 1.3 times
the thickness of the cover;

(d) preparing a container with an edge defining
the opening of the container and placing the cover
gasket assembly at the edge of the container with the
componenté of the cell within the container and cover:;

and
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(e) compressing the gasket between the container
and the cover, so as to effectively seal the cover and

electrically isolate said cover from the container.

Preferably the cover in step (a) would be
provided with a protruding peripheral flange
terminating in a U-shaped contour rim and the U-shaped
contour rim can be secured within the groove in the
ring by using reformation means, such as ultrasonic

means.

Elastic waves of frequencies beyond the range of
audibility are known as ultrasonic waves. These waves
are conventionally produced by quartz crystal
oscillators designed for producing frequencies ranging
from dp to 200 to 300 kilocycles per second or higher._
These ultrasonic waves can be used to produce a steady
force against an object. It is this force means that
can be used in the present invention to secure the rim
of a cover into a groove in the gasket to provide an
excellent seal between the gasket and the rim of the
cover. The force to be applied to secure the rim of
the cover into the groove of the gasket has to be
sufficient so that the gasket forms a "u”-shaped seal
about the rim of the cover. Thus the settings of an
ultrasonic welder have to be adjusted, depending on
the material of the cover and the composition of the
gasket. Once these data are selected, a conventional
ultrasonic welder can be used to secure the rim of a

cover into the groove of a gasket.

In some applications, a sealant may be used
between the rim of the cover wall and the groove of the
gasket. Once the gasket—cover assembly is produced, it
is preferable to assemble the cathode of the cell into

the gasket-cover assembly and then the gasket-cover-
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cathode assembly is placed within a container of a cell
housing the other active and inactive components of the
cell system. The container is then squeezed against
the gasket-cover assembly forming a seal for the cell.

Specifically, the gasket-cover assembly may be
sealed to a container of the cell by crimping the top
portion of the container sidewall over the outer
upstanding wall of the gasket thereby compressing the
gasket between the container and cover so as to
effectively seal said cover to and electrically
insulating said cover from the container.

The sealing gasket of the present invention
typically comprises a material selected with
consideration given to its stability in the presence of
the electrolyte, its resiliency, and its resistance to
cold flow. Suitable polymeric materials may be
selected from.the following group: nylon,
polytetrafluoroethylene, fluorinated ethylene-
propylene, ethylene copolymer with fluorinated
ethylene-propylene, chlorotrifluoroethylene,
perfluoro-alkoxy polymer, polyvinyls, polyethylene,
polypropylene, polystyrene and the like. Other
suitable materials would be recognisable by one skilled

in the art.

In some applications, additional precautions can
be used in conjunction with the gasket of the present
invention to provide a more effective seal, such as
coating the flange of the gasket surfaces with a
sealant or an adhesive agent (such as a fatty polyamide

resin).

The sealing gasket of the present invention is

amenable to production techniques, such as injection
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moulding. Preferably, the gasket is nylon. The
container may be made of monel, copper, clad stainless
steel, or some other conductive materials. Preferably,
the container is a triclad cover made of nickel,
stainless steel and copper. However, for guidance, the
container should be made of a conductive material that
will not corrode or otherwise deteriorate when in
contact with the materials of the cell. The cover for
the cell may be made of stainless steel, iron, nickel,
nickel-plated steel, or some other conductive material.

Typical cell systems in which the present
invention can be used are alkaline manganese dioxide
cells, air depolarised cells, nickel-cadmium cells and

silver oxide-zinc cells.

The present invention will now be further
illustrated with reference to the accompanying, non-
limiting drawings, wherein:

Figure 1 is a partial cross-sectional view of an
air electrode in a low profile cover;

Figure 2 is a partial cross-sectional view of the
air electrode in the cover of Figure 1 with the outer

diameter of the cover reduced;

Figure 3 is a partial cross-sectional view of the
air electrode and cover of Figure 2 in which a "J"-
shaped gasket is snapped on the cover;

Figure 4 is a partial cross-sectional view of the
gasket-cover assembly of Figure 3 after the U-shaped
rim of the cover was ultrasonically secured into the
groéve of the gasket;

Figure 5 is a cross-sectional view of a container
containing a zinc-based electrode:;

Figure 6 is a cross-sectional view of the gasket-
cover assembly of Figure 4 that is inverted and then

placed on and into the open end of the container:; and



WO 98/13888 PCT/USY7I17ST?

12
Figure 7 is a cross-sectional view of the cell of
Figure 6 after crimping to provide a sealed cell and
having a metallised shrink-type film secured to the
outer surface of the container.

Figure 1 shows a circular cover 2 with an air
distribution membrane 4 secured to the inner surface of
the cover 2. A layer of polytetrafluoroethylene 3
covers the entire bottom of the cover 2 including the
air distribution membrane 4. The cover 2 has patterned
internal embossed sections 6 to provide a defined gap
for uniform air distribution across the surface of an
electrode B which is disposed within cover 2. The
internal embossed section 6 could comprise one annular
section or one or more arcuate sections which would be
equally spaced apart. The internal embossed section 6
serves three purposes:

(1) to provide a defined gap between the inside of
the cover 2 and the air electrode 8 for uniform air
distribution;

(2) it eliminates the need for a distribution
membrane and adhesive application to retain and locate
the membrane prior to other operations; and

(3) it stiffens the cover bottom, minimising
dishing or bulging during the final cell closing.

The air electrode 8 is positioned adjacent the
inside surface of the polytetrafluoroethylene layer 3.
The air electrode 8 contains several components
including a metal screen, a mixture of manganese oxides
and carbon embedded in the metal screen, a barrier film
which prevents the anode's electrolyte leaking out of

the cell and a soak up separator.

As shown in Figure 2, the outer diameter of cover

2 is reduced through theé use of a reform die or the
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like to form a negative tapered wall. This results in
slanting the wall of the cover to further secure the

air electrode to the cover.

As shown in Figure 3, an insulating gasket ring 10
is snapped to the rim of the cover 2 and as shown in
Figure 4, ultrasonic means were used to seal the "U"-
shaped rim of the cover 2 into the groove of gasket 10.
Figure 5 shows a container 12 with an anodic mixture 14
of zinc powder, placed in the container and making
electronic contact with the container 12. The anode
mixture 14 can comprise a mixture of zinc particles,
electrolyte and organic compounds such as binders which
make up the battery's anode. The container 12 can be
made from a trilaminate material comprising copper that
has been laminated to the bare side of a nickel-clad
steel strip. A nickel layer could be used to protect
the exterior surface of the steel strip. Other
laminated materials from which the container may be
made include: a bilaminate of copper on a stainless
steel substrate or a laminate made from more than three
layers. Round disks punched from this laminated metal
strip are then formed into a container. The copper
layer forms the inside surface of the container and

directly contacts the anodic mixture.

As shown in Figure 2, the cover 2 having a
thickness of "T*, along with the inserted air electrode
8 and associated membranes, are inverted over and
pressed against and onto the container which is pre-
assembled according to the present invention and
containing the anode. As shown in Figures 6 and 7,
while the cover is inverted, the edge of the anode
coﬁtainer 12 is crimped inwardly. The rim 16 of the
container is then compressed against the gasket 10

between the container 12 and the cover 2 thereby
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forming a seal and an electrical barrier between the
cover 2 and the container 12. As shown in Figures 2
through 4,-the thickness "W" of the gasket 10 is no
greater than 1.3 times the thickness "7" of the cover.

As shown in Figures 1 through 7, two small holes
18 are punched into the bottom of cover 2 to act as
air-entering ports. The gasket 10 has a peripheral
flange 20 that seats on the rim of container 12 so that
the gasket-cover assembly can be easily aligned with
the container 12.

As shown in Figure 7, the height "X" of the gasket
10 is about 20% of the height "Y" of the container 12
measured from the inner surface of the cover 2 and the
bottom surface of the container 12. As shown in Figure
7, the volume of the gasket 10 is less than 8% of the
internal volume of the cell. Consequently, a greater
percentage of the internal volume of the cell can be
used for the active components of the cell and
therefore the cell will have a greater energy capacity
for a given size cell.

The cell shown in Figure 7 has the cover 2 in
electrical contact with electrode 8 and the container
12 in electrical contact with electrode 14 and, thus,
the terminals of the cell are at opposite ends. 1In one
embodiment of the present invention, a metallised film
can be used to carry the polarity of electrode B to the
outside diameter of the cell for applications that
require side contact. As shown in Figure 7, a
metallised film 22 could be secured to the outer wall
of container 12 using an adhesive or the like with the
inner surface of the film being an insulative layer.
The outer surface of the film would be a conductive
surface that would contact the cover 2 and thereby
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adapt the metallised film as the terminal of electrode
8 for the cell. To electrically connect the conductive
surface of the metallised film 22 to the cover, a
conductive material such as a conductive paint 24,
could be applied to the conducting side of the
metallised film 22 and the cover 2.
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Claims

1. A galvanic cell having a negative electrode; a
positive electrode; a separator between the negative
and the positive electrode; and an electrolyte
dispersed within a two-part conductive housing, the
first part of the conductive housing being a
cylindrical cupped container having an edge and being
electrically connected to one of the electrodes and the
second part of the housing being a circular cover
having a peripheral flange, the cover being
electrically connected to the other electrode and
wherein the first part container and the second part
cover are electrically insulated from each other by an
insulating gasket disposed between and compressed
between the edge of the container and the peripheral
flange of the cover, thereby defining an enclosed
volume within the housing; (characterised in that) the
height of the cylindrical cupped container is greater
than 4 times the thickness of the circular cover and
wherein the thickness of the gasket is no greater than

1.3 times the thickness of the cover.

2. A cell according to claim 1, wherein the gasket
occupies less than 8% of the internal volume of the
cell.

3. A cell according to any preceding claim, wherein
the container contains the positive electrode and the

cover contains the negative electrode.

4. A cell according to any preceding claim, wherein
the flange of the cover has a U-shaped contour and the
U-shaped contour is anchored and secured within the

insulating gasket and the insulating gasket is
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compressed between the flange of the cover and the

edge of the container.

5. A cell according to any preceding claim, wherein
the cover has at least one embossed section facing the

inside of the cell.

6. A cell according to claim 5, wherein the cover
has at least two spaced apart embossed sections facing
the inside of the cell and the two embossed sections
are disposed at opposite sides of the center of the

cover.

7. A cell according to claim 5 or 6, wherein the

embossed section is an annular section.

8. A cell according to claim 5 or 6, wherein the
embossed sections are arcuate sections equally spaced

apart.

9. A cell according to any preceding claim, wherein a
metallised film is secured to the outer wall of the
container, the film comprising a layer on the bottom of
the £ilm contacting the container that is an insulating
layer and an outer metallised layer contacting the
cover thereby adapting the metallised film as the

polarity of the cover.

10. A cell according to claim 9, wherein a conductive
paint is used to electrically connect the metallised

layer to the cover.

11. A cell according to any preceding claim, wherein
the gasket is made of a material selected from: nylon,
polytetrafluoroethylene, fluorinated ethylene-
propylene, ethylene copolymer with fluorinated
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ethylene-propylene, chlorotrifluoroethylene,
perfluorocalkoxy polymer, polyvinyls, polyethylene,
polypropylene and polystyrene.

12. A process for assembling the components of a cell
into a two-part conductive housing in which one part
is a cylindrical container and the other part is a
circular cover and the height of the cylindrical
container is at least greater than 4 times the
thickness of the circular cover, comprising the steps:

(a) preparing a cover with a protruding
peripheral flange rim;

(b) preparing an insulating gasket ring with an
annulus groove defined in the ring:

(c) inserting the peripheral flange rim of the
cover into a groove in the: gasket ring and using
reforming means to force the wall defining the groove
in the gasket ring into the peripheral flange rim,
thereby anchoring the cover into the insulating gasket
to provide a cover-gasket assembly so that the

"thickness of the gasket is no greater than 1.3 times
the thickness of the cover:

(d) preparing a container with an edge defining
the opening of the container and placing the cover
gasket assembly at the edge of the container with the
components of the cell within the container and cover:
and

(e) compressing the gasket between the container
and the cover, so as to effectively seal the cover and
electrically isolate the cover from the container.

13. A process according to claim 12, wherein in step

{(c) the reforming means are ultrasonic means.
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14. A process according to claim 12 or 13, wherein in

step (e} the active components of the cell are
selected from: 2zinc and manganese dioxide, nickel and

cadmium; and silver oxide and zinc.

15. A process according to any of claims 12 to 14 so.
adapted as to yield a cell as defined in any of claims

l to 11.



