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A miniature  galvanic
cell, preferably a zinc-air cell,
employing a two—part housing

)

10

(

3

™ (/0

(2, 34) and a sealing gasket (18)
comprises a current collector
(30) that extends from one of
the housing parts, preferably
a flanged cup (34), through
an opening (28) in the gasket
(18) into the electrode material
(38). The gasket material (18),
preferably a plastic material,
extends over the internal surface
of at least one of the housing
parts (34) and over a portion
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of the current collector (30),
to expose a low area current
collector surface to the electrode
material (38), thus preventing
or minimising the formation
of gases, such as hydrogen, on
the current collecting surface. A

gasket for use in such a cell and a process for producing such a cell are also disclosed.
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MINIATURE GALVANIC CELL HAVING OPTIMUM
LOW SURFACE AREA CONDUCTIVE COLLECTOR

This invention relates to miniature-type galvanic cells employing a two-part
housing and a sealing gasket, and in particular to cells designed to prevent or minimise
the formation of gases such as hydrogen on the current collecting surfaces. This
invention also relates to a process for producing such miniature galvanic cells and to a

gasket for use in such cells.

The miniaturisation of electronic devices has created a demand for small but
powerful electrochemical cells. Cells that utilise an alkaline electrolyte are known to
provide high energy density per unit volume and are therefore well suited for applications

in miniature electronic devices such as cameras, 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 that detracts 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 a conventional practice to incorporate an insulating
member or gasket between the cell cup and can so as to provide a seal for the cell.
Generally, the gasket must be made of a material that is electrically insulating and that is
inert to the electrolyte contained in the cell and the cell environment. In addition, it has
to be flexible and resistant to cold flow under pressure of the seal and must maintain
these characteristics so as to ensure a proper seal for a long period of storage. Materials
such as nylon, polypropylene, ethylene-tetrafluoroethylene copolymer and high density

polyethylene have been found to be suitable as gasket materials for most applications.
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Typically, the insulating gasket is annular and, in cross-section, in the form of a
“J’-shaped configuration including a “U”-shaped portion into which the extended wall of
the cup may be inserted, so that, upon radially squeezing the edge of the can, the bottom
portion of the gasket forms a seal with the bottom portion of the wall of the cup. The
gasket generally extends the entire height of the internal wall of the cell. To better
ensure a good seal, a sealant is generally applied to the gasket, including the internal
“U”-shaped portion of the gasket, so that, upon insertion of the cup into the gasket, the
edge of the extended wall of the cup seats in the sealant and thus, upon the application of

a radial squeeze, forms a good seal between the cup and the can.

In conventional miniature zinc alkaline cells, the zinc electrode component
usually contacts the terminal directly. Since the terminal is typically also a housing part
for cell, the contact surface of the housing for the electrode material inside the cell
generally has a large surface area. Moreover, the cell is manufactured with a void space
sufficient to accommodate the reaction products produced in the electrode chamber
during discharge, since the reaction products have a greater volume than the reactants,
and a housing with a large conductive surface was considered useful in order to ensure
electrical contact between the electrode material and the terminal under all cell
orientations. However, it has been found that certain electrode materials, such as zing,
can form reactive gases, such as hydrogen, at the contact surface between the electrode
material and the housing, which gases are detrimental to the proper operation of the

cells.

It would, therefore, be desirable to be able to provide miniature cells that can
reduce the amount of gassing experienced in such cells whilst ensuring electrical contact
between the electrode material and its terminal under all cell orientations. We have now

found, surprisingly, that it is possible to provide a cell that meets these objectives.

Accordingly, in a first aspect, the present invention provides a galvanic cell
comprising a two-part conductive housing sealed by an insulating gasket, one housing
part being a cup associated with one of the electrodes and the other housing part being a
can associated with the other electrode, wherein the gasket extends over the internal

surface of at least one housing part to form an insulating layer between the housing part
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and its associated electrode, a current collector extends from the housing part into its

associated electrode through an opening in the insulating layer.

In a second aspect, the present invention provides a gasket that is adapted for a

cell according to the first aspect.

In a third aspect, the present invention provides a process for assembling the
components of a cell into a two-part conductive housing, in which one part is a cup and

the other part is a can, including the steps:

(@)  preparing a conductive can having a peripheral wall terminating with an
edge defining an opening; |

(b)  preparing a gasket having a base segment, a peripheral wall having a
groove therein, and an inner wall defining an opening:

(c) preparing a conductive cup with a peripheral flange;

(d)  placing a current collector within and through the opening in the gasket,
placing the flange of the cup within the groove, and securing the cup to the gasket so
that the flange is secured within the groove of the gasket;

(e) placing the components of the cell, including at least two electrodes and
an electrolyte, within the can and cup so that the wall of the can is in parallel alignment
with the peripheral wall of the gasket; and

® securing the wall of the can against the wall of the gasket to produce a

sealed cell.

Advantageously, the current collector member has a relatively small surface area
that is electrically contactable with the electrode material, so as to prevent or minimise
the formation of gases, such as hydrogen, on the current collector member.
Furthermore, since the electrode is electrically insulated, by the insulating layer of the
gasket, from the large surface area of the housing part, gassing on the surface of the
housing part is prevented. Moreover, since the current collector protrudes from the
housing part into the electrode material, electrical conduction between the terminal and
the electrode material is ensured at all cell orientations. A further advantage is that the

gasket in accordance with the present invention can easily be used in conjunction with
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existing cell components, whereas the provision of a current collector in accordance with

present invention can be effected simply using conventional techniques.

In one embodiment of the first aspect, the present invention provides a galvanic
cell having: (a) two electrodes of opposite polarity, a separator between the electrodes
and an electrolyte, all contained within a two-part conductive housing, one part of which
is a can which is electrically connected to the first electrode and the other part of which
is a flanged cup which is electrically connected to the second electrode; (b) a gasket
having a base segment, an inner wall and a peripheral wall which define an internal
surface area that contacts the second electrode, where the peripheral wall of the gasket is
disposed adjacent the wall of the can and the cup, and the edge of the can is sealed
against the gasket, securing the can to the gasket to seal the cell; and (¢) a current
collector member extending through the opening in the base segment of the gasket and
electrically contacting the second electrode at one end and electrically contacting the cup
at the other end, such that the portion of the surface area of the current collector that is
disposed within the second electrode is less than 25% of the gasket’s internal surface

area.

In another embodiment of the first aspect, the present invention provides a
galvanic cell having: (a) two electrodes of opposite polarity, a separator between the
electrodes and an electrolyte, all contained within a two-part conductive housing, one
part of which is a can which is electrically connected to the first electrode and the other
part of which is a flanged cup which is electrically connected to the second electrode; (b)
a gasket having a base segment, an inner wall and a peripheral wall, where the flange of
the cup is secured in a groove in the peripheral wall of the gasket, the peripheral wall is
adjacent the wall of the can, and the edge of the can is sealed against the gasket, thus
securing the can to the gasket and sealing the cell; and (c) a current collector member
extending through the opening in the base segment of the gasket and electrically
contacting the second electrode at one end and electrically contacting the cup at the

other end.

In a preferred embodiment of the third aspect, the gasket in step (b) of the

process has the peripheral wall extended to contact the electrode which is electrically
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connected to the can, thus ensuring that the electrode electrically connected to the cup

via the current collector is insulated from the can.

The gasket is an insulating member that is generally made of a material inert to
the electrolyte and active components contained in the cell. Therefore these materials of
the cell do not react on the surface of the gasket to cause gassing. It is necessary that
the current collector make contact with one of the electrodes and one of the external
terminals of the cell. To minimise the reactive surface area of the current collector, the
gasket is formed as a cup to contain one of the electrodes and to insulate that electrode
from the other terminal connected to the other electrode. The gasket thus forms an
insulating layer that extends over preferably the whole of the internal surface of the

housing cup or can.

In one embodiment, the gasket further extends to cover a portion of the current
collector. The covered portion of the current collector is preferably covered by a sleeve
formed of insulating material, which sleeve preferably forms an integral part of the
gasket. The sleeve is thus constituted by an inner wall of the gasket and defines the
opening, in the gasket, for the current collector. Preferably, the current collector extends
into the centre of the electrode chamber, such as from an opening in the gasket that is
central in the gasket over the housing cup or can to a position midway between the
opening and the separator. Where the surface area of the current collector is relatively
large, as in Fig. 2, the gasket preferably extends over for example at least 40%,
preferably at least 50%, and more preferably at least 60% of the current collector

surface.

The current collector can be a wire, a nail, a cylinder member or any other small
volume member able to provide a minimum surface area for exposure to the components
of the electrode, such as zinc, and thereby minimise the sites available for forming
reactive gases, such as hydrogen. It will be appreciated that the surface of the current
collector exposed to the electrode material can be varied by controlling the extent to
which the gasket material extends over the current collector. Suitably, if the surface of
the current collector is sufficiently small, it may not be necessary to extend the gasket

over a portion of the current collector.
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The exposed surface area should be sufficient to ensure good electronic contact
with the electrode material. Preferably the exposed surface area of the current collector
is less than 25% of the surface area defining the internal area of the gasket that faces or
contacts the electrode, such as a zinc electrode, more preferably less than 10%, more
preferably less than 7%, and most preferably less than 5% of the internal surface area of

the gasket.

In one embodiment of the invention, the current collector is secured to the
external terminal of the cell. In another embodiment, the current collector performs as
the external terminal of the cell. In the latter embodiment, either the cup of the cell and
the current collector together form a unitary member or the current collector is a unitary
member that functions as the external terminal of the cell as well as collecting current.
Therefore, the cup and the current collector may either together constitute one member

or, preferably, the cup and current collector constitute two members.

The gasket preferably has a base segment, an inner wall defining an opening in
the base segment, and a peripheral wall having a groove disposed therein to

accommodate the flange of a flanged cup.

The gasket is preferably a tube having a closed end with an opening and the tube
made of a unitary solid material sufficient in thickness to ensure that the inner surface of

the wall of the cup will be electrically insulated from the wall of the can.

In one of the embodiments of the present invention, the gasket is disposed
adjacent to the inner surface of the can’s wall, and a sealant, such as an adhesive, is
disposed between the inner surface of the can’s wall and gasket and/or between the

flange of the cup and a groove in the gasket.

The gasket can be made of any suitable electrically insulating material. Suitable
such materials include synthetic rubber, such as polychloroprene (neoprene and viton);
vinylidene fluoride resin, such as KYNAR, a trademark of Pennwalt Chemicals Corp;

polyamide resins, such as nylon; polyolefin; polyvinyl chloride (PVC); silicone;
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tetrafluoroethylene polymer, such as TEFLON, a trademark of E. I. DuPont de

Nemours; and polypropylene.

The gasket can be formed as a unitary structure or, alternatively, can be

composed of two or more segments.

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. Preferably, the cell is an air depolarised cell, more preferably a zinc-air cell.
Suitable electrode, electrolyte and separator materials appropriate to the cell system of
application are known in the art and will be selected accordingly. Preferably, the cell is a
mercury-free cell or zero added mercury cell. In the case of a zinc-air cell, for example,
the negative electrode mixture is suitably a mixture of zinc particles, electrolyte and

organic compounds such as binders.

The cup for the cell of the present invention can be made of any suitable material,
and preferably of an electrically conductive material such as monel, nickel, nickel plated
steel, nickel plated stainless steel or nickel clad stainless steel. A nickel layer is
preferably used on the exterior surface of the steel strip to increase electrical
conductance or electrical contact to a device using the battery. Other laminated
materials from which the cup may be made include bilaminates on a stainless steel
substrate or a laminate made from more than three layers. Conveniently, round disks are
punched from laminated metal strip and then formed into a cup. The inside surface of

the cup, suitably a copper layer, directly contacts the current collector.

The can for the cell can be made of any suitable material that will not corrode or
otherwise deteriorate when in contact with the materials of the cell. The can for the cell
can suitably be made of electrically conductive materials such as stainless steel, nickel or
nickel plated steel. For air depolarised cells, typically a hole is punched into the bottom

of the can to act as an air-entry port.

The current collector can be made of any suitable electrically conductive material

)

such as copper, brass or monel. The current collector can be of any suitable shape
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provided that it can extend from the housing into the electrode material to ensure
electronic connection between the housing and the electrode. Preferably, the current
collector is a low volume member, such as a wire or a nail. The current collector may be
electrically secured to the housing, preferably the cup, using any conventional
techniques. Alternatively, as mentioned previously, the current collector may already be

formed as a unitary member with the housing.

Preferably, the current collector protrudes through a central opening in the
insulating layer provided over the surface of the housing part by the gasket. However,
alternatively, the opening can be off-centre. Furthermore, two or more current collectors
may be provided, that protrude through one or more openings in the insulating layer of

the gasket.

The present invention may be further understood by reference to the
embodiments shown in the drawings, and from the following description thereof, in
which:

Figure | is a cross-sectional view of an assembly of an air electrode in a can.

Figure 2 is a cross-sectional view of an assembly of a cup, a gasket and a current
collector for use in accordance with the present invention.

Figure 2A is a cross-sectional view of an assembly of a cup and a current
collector for use in accordance with the present invention.

Figure 2B is a cross-sectional view of a unitary cup and current collector for use
in the present invention.

Figure 3 is a cross-sectional view of the assembly of Figure 2 containing a
negative electrode.

Figure 4 is a cross-sectional view of the can and electrode assembly of Figure 1,
inverted and then placed over the open end of the assembly of Figure 3 to form a cell
assembly.

Figure 5 is a cross-sectional view of the cell assembly of Figure 4 in which the
wall of the can has been crimped to provide a sealed cell.

Figure 6 is a cross-sectional view of the sealed cell of Figure 5, inverted.
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Figure I shows an electrode assembly for an air depolarised cell, containing an air
distribution membrane 4, a hydrophobic layer 3, and an electrode 8 disposed on the base
10 of a can 2. As shown, circular can 2 contains an air distribution membrane 4 secured
to the inner surface of the can 2. A hydrophobic layer 3, for example of
polytetrafluoroethylene, covers the entire bottom of the can 2 including the air
distribution membrane 4. The can 2 has patterned internal embossed sections 6
(optional) to provide a defined gap for uniform air distribution across the surface of the
electrode 8. The can 2 comprises base 10 abutting a peripheral upstanding wall 12, and

disposed in base 10 is an opening 14 providing an air-entry port.

Figures 2 and 3 show a gasket 18 with a peripheral upstanding wall 20, a base
segment 24 and an internal upstanding wall 26 defining an opening 28. A cylindrical
current collector 30 is secured within opening 28. A groove 32 is disposed in the wall
segment 20 of gasket 18. A cup 34 having a peripheral flange 36 is disposed in groove
32 and is in physical contact with current collector 30 so that cup 34 functions as a
terminal for the cell. The gasket 18 is shown with a negative electrode mixture 38 placed

in the gasket and making electronic contact with the cup 34 via current collector 30.

In Figure 2A, the current collector 30 is a wire or nail 30A that is electrically

secured at one end to a cup 34A.

In Figure 2B, the cup 34B is shown as a simple sheet of conductive material
folded to produce a central protruding conductive segment 30B that functions as the

current collector.

As shown in Figure 4, the can 2 along with the inserted electrode assembly is
inverted over the gasket 18 which is preassembled and contains negative electrode 38.
The flange 36 of the cup 34 is disposed within groove 32 of gasket 18 and the cup 34

rests on the current collector 30.
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As shown in Figure 5, while the can 2 is inverted, the edge or rim 40 of the can 2
is crimped inwardly. The rim 40 of the can 2 is compressed against the electrically
insulating gasket 18 which is located between the cup 34 and the can 2, thereby forming

a seal and an electrical barrier between the can 2 and the cup 34.



WO 99/26302 PCT/US98/24115

11
CLAIMS:
1. A galvanic cell comprising a two-part conductive housing sealed by an

insulating gasket, one housing part being a cup associated with one of the electrodes and
the other housing part being a can associated with the other electrode, wherein the
gasket extends over the internal surface of at least one housing part to form an insulating
layer between the housing part and its associated electrode, a current collector extends
from the housing part into its associated electrode through an opening in the insulating

layer, and the gasket further extends over a portion of the current collector.

2. A galvanic cell according to claim 1, wherein the gasket extends over the
internal surface of at least the cup, and the current collector is in electrical contact with

the cup.

3. A galvanic cell according to claim 2, wherein the gasket further extends

over a portion of the current collector.

4. A galvanic cell according to claim 2, wherein the cup and the current

collector are a unitary member.

5. A galvanic cell according to claim 2, wherein the cup and the current

collector are two members.

6. A galvanic cell according to claim 5, wherein the current collector is a

wire, a nail or a cylinder member.

7. A galvanic cell according to any of claims 1 to 6, wherein the gasket is

made of a unitary material.

8. A galvanic cell according to any of claims 1 to 6, wherein the gasket is

made of at least two separate segments.
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9. A galvanic cell according to any preceding claim, wherein the gasket is
made of a material selected from synthetic rubber, vinylidene fluoride resin, polyamide
resin, polyolefin, polyvinyl chloride, silicone, polypropylene and tetrafluoroethylene

polymer.

10. A galvanic cell according to any preceding claim, wherein the surface area
of the current collector disposed within the electrode is less than 25%, preferably less

than 10%, more preferably less than 7%, of the gasket’s internal surface area.

11. A galvanic cell according to any preceding claim, wherein the cell is an air

depolarised cell, preferably a zinc-air cell.

12. A galvanic cell according to claim 1, comprising;

a) a first electrode having a polarity;

b) a second electrode of opposite polarity;

c) a separator between the first electrode and the second electrode;

d) an electrolyte;

e) a two-part conductive housing containing the first electrode, the second

electrode, the separator and the electrolyte, the first part of the housing being a
conductive can having a wall with an edge defining an opening and being electrically
connected to one of the electrodes, and the second part of the housing being a
conductive cup having a peripheral flange and being electrically connected to the other
electrode;

f) a gasket comprising a base segment, an inner wall defining an opening in
the base segment, and a peripheral wall; wherein the peripheral wall of the gasket is
disposed adjacent the wall of the can, and the edge of the can is sealed against the gasket
thereby securing the can to the gasket to provide a seal for the cell; and

g) a current collector member extending through the opening in the base
segment of the gasket and electrically contacting one electrode at one end and electrically

contacting the cup at the other end.
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13. A galvanic cell according to claim 12, wherein the peripheral wall of the

gasket has an annular groove therein, and the flange of the cup is secured in the groove.

14, A galvanic cell according to claim 13, wherein the flange of the cup forms
a curved segment on the wall of the cup that is secured in the groove, and the depth of

the groove is at least the length of the curved segment.

15. A galvanic cell according to any of claims 12 to 14, wherein the
peripheral wall, inner wall, and base segment define an internal surface area for the
gasket, and the current collector has a surface area disposed within the second electrode

of less than 25% of the gasket’s internal surface area.

16. A gasket as defined in any of the preceding claims.

17. A process for assembling the components of a cell into a two-part
conductive housing in which one part is a cup and the other part is a can comprising the
steps:

(a) preparing a conductive can with a peripheral wall terminating with an
edge defining an opening;

(b)  preparing a gasket having a base segment, a peripheral wall having a
groove therein, and an inner wall defining an opening;

(©) preparing a conductive cup with a peripheral flange;

(d)  placing a current collector within and through the opening in the gasket,
placing the flange of the cup within the groove, and securing the cup to the gasket so
that the flange is secured within the groove of the gasket;

(e) placing the components of the cell, comprising at least two electrodes and
an electrolyte, within the can and cup so that the wall of the can is in parallel alignment
with the peripheral wall of the gasket; and

® securing the wall of the can against the wall of the gasket to produce a
sealed cell.



WO 99/26302 PCT/US98/24115

20
—+—30 20
26
24
32
36
32
34

1/3



WO 99/26302

\\\\\\\\\\\\

PCT/US98/24115



WO 99/26302 PCT/US98/24115

3/3



INTERNATIONAL SEARCH REPORT

inte )onal Application No

PCT/US 98/24115

CLASSIFICATION OF SUBJECT MATTER

A.
IPC 6

HO1M2/02

HO1M2/08 HO1M2/26

According to Interational Patent Classification (IPC) or to both national classification and IPC

HO1M12/06

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 6

HOIM

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consuilted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X FR 2 304 182 A (IMATRA PARISTO 0Y) 1-3,5-7
8 October 1976
see page 3, line 5 - Tline 14
see page 4, line 2 - line 8; figure 3
A EP 0 298 690 A (ALCAN INT LTD) 1-17
11 January 1989
see claims 1-12
A US 4 041 211 A (WIACEK MARIAN) 1-17
9 August 1977
see claims 1-29
A US 5 662 717 A (BURNS JOHN DAVID) 1-17
2 September 1997
see claims 1-13

D Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of paiticular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication dats of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

“P* document published prior to the intemational filing date but
later than the priority date claimed

"T" later document published after the intemational filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particutar relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

1 March 1999

Date of mailing of the internationai search report

11/03/1999

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Fax: (+31-70) 340-3016

Authorized officer

Battistig, M

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

information on patent family members

Inte.

Jonal Application No

PCT/US 98/24115

Patent document Publication Patent family | Publication

cited in search report date member(s) date

FR 2304182 A 08-10-1976 FI 750695 A 12-09-1976
DE 2609300 A 23-09-1976
DK 103076 A 12-09-1976
GB 1536498 A 20-12-1978
JP 51142641 A 08-12-1976
SE 7603043 A 13-09-1976

EP 0298690 A 11-01-1989 us 4885217 A 05-12-1989
AU 610039 B 09-05-1991
CA 1307316 A 08-09-1992
CN 1031158 A 15-02-1989
DE 3871264 A 25-06-1992
JP 1033851 A 03-02-1989
us 4906535 A 06-03-1990
us 5032473 A 16-07-1991

US 4041211 A 09-08-1977 CA 1068779 A 24-12-1979
DE 2644006 A 14-04-1977
GB 1512608 A 01-06-1978
JP 52046448 A 13-04-1977

US 5662717 A 02-09-1997 EP 0751578 A 02-01-1997
us 5721065 A 24-02-1998
us 5658356 A 19-08-1997

Form PCT/ISA/210 (patent family annex) (Juiy 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

