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We, GOULD INC., a corporation organized and existing under the laws of the
State of Delaware, United States of America, of 10 Gould Center, Rolling
Meadows, Illinois 60008, United States of America, do hereby declare the
invention for which we pray that a patent may be granted to us, and the
method by which it is to be performed to be 5  particularly described in
and by the following statement:-                     5 This invention
relates to gas depolarized electrochemical cells and, more particularly,
concerns so-called button type metal/oxygen cells. The usage of button
cells is rising in a variety of applications such as hearing aids,
transistor radios, watches such as liquid crystal display types. and
miniature electronic    - 10  calculators. Achieving optimum  active life
characteristics requires matching as closely as  10 possible the maximum
ingress of oxygen into the cell with the maximum discharge rate required by
the particular alicaion. Typically, metal/oxygen cells include an outer
case having an aperture or apertures and a cathode having between its
surface and the aperture a porous, hydrophobic member made 15  from a
synthetic plastic such as polytetrafluoroethylene. This hydrophobic member
allows  15 the oxygen or air to permeate therethrough to  the cathode but
prevents the passage of electrolyte. The maximum rate of the current drain
is, in general, determined by the size and the number' of apertures which
are utilized. Where extremely low current drain or discharge
characteristics are required, viz. - lower 20  than about 800 microamps per
square centimetre of cathode area, optimization of the active  20 life
cannot readily be accomplished merely by reducing the size of the  aperture
or apertures used for controlling the current drain. As the size of the
aperture becomes smaller, a point is reached below which it is generally
economically undesirable to make apertures in the button cell casings.
Thus, it becomes undesirable to manufacture cells when the size of the 25
apertures required are less than about 5 to 7 mils in diameter or so.
Moreover, and  25 importantly, such small apertures are subject to blocking
or the like due to dust particles or other contamination. According to the
present invention there is provided a button type gas depolarized
electrochemical cell comprising: a cell casing comprising anode and cathode
portions 30  electrically insulated from and sealed to one another; a
cathode assembly comprising  30 cathode material and a current collector.
arranged within the casing, the current  collector being in electrical
contact  with the cathode portion of the casing; an anode assembly
comprising anbde and electrolyte materials arranged  in the anode portion
of the cell and in electrical contact therewith;. a separator between  the
anode and cathode assemblies; one or 35  more apertures formed in the
cathode portion of the casing for admitting oxygen to the  35 interior of
the casing for obtaining access to the cathode assembly; means for
promoting even distribution to the cathode assembly of oxygen admitted to
the casing through the apertures formed in the cathode portion of the
casing; an oxygen permeable hydrophobic layer overlying the cathode
assembly on the side thereof exposed to oxygen admitted to the 40  cell
interior through the casing apertures; and an oxygen-diffusivity limiting
membrane  40 between the cathode assmbly and.e oxygen distribution means
for limiting oxygen ingress to the cathode assembly to a predetermined
level, lower than that which otherwise would be obtained having regard to.
the size of the apertures in the casing, sufficient to sustain a
predetermined limited current output from the cell. 45    In order that the
invention might be clearly understood an exemplary embodiment  45   



there  of:will hereinafter.bedescribed with  frence to the accompanying
drawingsin which:  ' :  Figure 1 is cross-sectional view of a metal/oxygen
cell in  accordance with the present invention  and  showing the barrier
means positioned   within the cell  to limit oxygen. diffusivity, and
Figure  2 is a graph of current and voltage vs. resistance and
illustrating'one example of 5 cell characteristics capable of being
achieved with the present invention. In general, the present invention
is-predicated on the discovery that the air apertures in a button cell may
be left sufficiently large so as  to present, no manufacturing problem, yet
a cell may be provided' which is characterized by optimum active life. This
is achieved by 10  interposing on the air side an oxygen
diffusivity-limiting membrane across the face of the   10 cathode so that
no more oxygen is received than is needed for the current rate required for
the intended application. Turning now to Figure 1, there is shown a
cross-sectional view of a metal/oxygen cell designated by reference numeral
19. The exterior casing comprises a cathode cup or casing 15  12 and an
anode cup 14, The size and number of apertures 16 can be varied as desired;
15 however, the amount of oxygen which is allowed to diffuse into the cell
can be much greater than is. desired or necessary for theurrent  drain rate
involved for the particular application. For  the button cell applications
relating to  usage where drain rates of about 800 microamps or lower are
involve   the size and nurnber of 'the apertures used in accordance 20
with the present invention becomes immaterial. However, from the practical
standpoint, it  20 has been found desirable to employ aperture sizes on the
order of about 15 mils in diameter. A porous absorbent layer 18 such as
filter paper is positioned adjacent the interior of the cathode cup 12 so
as to be in contact with the incoming air through apertures 16. Utilization
of the absorbent, porous layer prevents incoming air from channeling and
aids in promoting 25  even air distribution over the entire surface of the
cathode.  A further advantage is that the   25 Layer serves in    as a
blotter to absorb any electrolyte which might reach this portion of the
cell due to soe. defetor another. Still further and, importantly the porous
layer spaces the cathode from the cathode cup. While a' porous absorbent
layer such as filter paper has been found desirable, any other means can be
used so long as the functional benefits 30  described herein are achieved.
30 In accordance. with the. present invention, there is interposed a
membrane layer 20 which limits the air diffiisivity passing there through
to the extent required to match that necessary for the current drain  rate
needed for the. particular end  use application.' A variety of materials
may be utilized for this purpose and will be discussed hereinafter. 35
Adjacent the air limiting membrane: is the.'cathode. Any of a variety of
cathode   35 assemblies may be utilized. As illustrated in Figure 1, the
cathode assembly comprises a thin hydrophobic layer 22 which may be formed
of a polymer such as unsintered polytetrafluoroethylene. Other hydrophobic
materials are also suitable for use with this type of metal/oxygen cell and
are known in the art. The cathode 24 includes a current 40   collecting
screen 26 positioned therein with the cathode material typically,
containing   40 carbon black, a catalyst and a hydrophobic binder dispersed
'throughout. Suitable catalysts and other useful cathode compositions are
well  known in  the art. Separating the cathode from the  anode is
separator 28. A wide variety of  suitable materials are well known and
include, for example, cellulose,' polypropylene, nylons and 45  the like.
45 The anode material 30 is positioned on the other side of the separator
from the cathode and preferably comprises zinc or amalgamated zinc powder.
Typically, the electrolyte which is needed.is placed' on the anode material
just prior to final assembly. Suitable electrolytes are well  known, with
potassium or sodium hydroxides being preferred. 50     Sealing is provided
by the interposition of an insulator or seal 32. Any nonconducting   50
materials which are inert to the electrolyte employed are suitable. Pliable
polymers such as high density polyethylene, polypropyleneor nylon are'
saisfactory. The material utilized should preferably exhibit very little
tendency to cold flow. To assemble the cell, the cathode casing is placed
over the insulator-anode case-anode 55   mix subassembly. After this has
been accomplished, completion of assembly may then be  55 accomplished by
the use of a sizing die to crimp the portion of the cathode housing, as is.



shown generally at 34, so as to provide the necessary seal. An exemplary
general assembly technique applicable to the described embodiment is shown
in United States Patent 3,897,265 to Jaggard. ' 60     In accordance with
the present invention, as has been previously described,' an oxygen  60
diffusivity-limiting membrane is positioned on the air side of the cell,
viz. - adjacent the hydrophobic layer of the cathode. This allows the
apertures of the cathode casing to be larger than necessary to support the
low current drain rates needed for the particular end use application, yet
provide for optimum active life characteristics. To this end, the 65
membrane is selected so as to provide oxygen diffusivity characteristics
which allow no  65    3                                        1 604 207
3 more oxygen to reach the cathode surface than is required for the current
drain rates needed for the particular application. The oxygen diffusivity
characteristics for the material will  generally be determined  by
parameters such as the size of the micropores, the percent porosity of the
membrane:and its thickness. 5    The desirability for limiting the oxygen
reaching the cathode to that required to sustain   5 the particular  drain
rate is, of course, predicated on the fact that excess oxygen may well
cause self-discharge of the cell due to oxidation of the zinc anode. This
will shorten the active life of the cell. Accordingly, to obtain the
optimum benefits  of the present invention, it is in fact 10  preferred to
limit the oxygen reaching the cathode to essentially that level needed for
the   10 drain rate involved. It is, of course, within the scope of the
present invention to utilize any oxygen diffusivity-limiting means in these
low drain rate cells which limits oxygen ingress sufficiently so as to
increase the active life of the cell to some degree over that which would
be obtained. without the means. :15    Virtually any type of film may be
utilized which possesses the desired oxygen diffusivity   15
characteristics in available thicknesses. As illustrative examples of
suitable plastic materials, it has been found satisfactory to utilize
polyethylene in film thicknesses of no greater than 0.4 mil. Unsintered
polytetrafluoroethylene membranes filled with carbon and sintered
polytetrafluoroethylene films are likewise acceptable..While incompatible
with the 20   alkaline electrolytes typically used in metal/oxygen cells,
cellulose acetate butyrate may also   20 be utilized. However, in such
instances,  the edge of the air cathode should be sealed to. ensure that
the electrolyte will not "wick" to the outside of the cathode-separator
composite, creating a path for leakage. The suitability of any material for
a particular application can be determined by '25   calculating the level
of oxygen diffusion needed to sustain the desired discharge rate. This is
25 readily calculated from the oxygen diffusivity characteristics for the
particular material and thickness under consideration. While oxygen
diffusivity can be determined by known procedures, this characteristic is
available for a wide variety of materials in texts and other publications.
- 30     The thickness of the oxygen-limiting  membrane can be varied as
desired.  In the   30 embodiment illustrated, membranes having thicknesses
of 0.5 mils or significantly less up to 6 mils or more can be tolerated.
The sizing of the other  internal cell components can likewise be  altered
to allow for thicknesses significantly in excess of 6 miis. Similarly, if
desired, more  than lone layer of the same or even a different material may
be employped to 35   provide the desired  oxygen diffusivity
characteristics.                               35 It will be generally
desirable to utilize a membrane  that has low water vapor'diffusivity to
minimize evaporation of water from  the electrolyte as well as the e
ssential oxygen diffusivity characteristics. However, in the low rate
applications with which thepresent invention is particularly concerned loss
of considerable amounts of water can be tolerated and control of water
vapor transfer is therefore less important.  .                 40 As one
illustrative example, for applications involving discharge rates of from
about 1 to .35 microamps/square centimeter of cathode area , it has been
found desirable to utilize sintered polytetrafluoroethylene. A thickness of
about 2 mils for. the sintered polytetra- fluoroethylene is satisfactory. 



1 604 207                                       .4 The following'Example is
illustrative , but not in limitation of the present invention. Ten zinc/air
button cell having the configuration shown in Figure 1, except having only
a 5       single 15 mi  aperture   (centered in the cathode housing) and
utilizing  a sintered   5 polytetrafluorethylene oxygen-liing membrane of 2
mils in thickness, were constructed to illustrate the present invention.
The cells were each discharged through 200,000 ohms over a period of about
40 days; The voltages and currents were  dermined at periodic intervals
throughout the test period. 10    Table 1 below sets forth the average
voltage at the intervals tested for the ten test cells as .10 well as the
average current in microanips as determined by dividing the average voltage
by the resistance:           - TABLE.1 5
.15 Average Voltage,  volts      Average Current, microamps Day 1.395
6.978 1             1.395    6.92 20           2              1.385
6.925                        20 5             1.390
.6.95 *       12              1.368                          6.84 14
1.376                          6.88 26             1.372-
6.86 25          40              1392                           6.96    25
As can be seen, the data show a satisfactorily constant voltage performance
and current drain during the tests  period. One test cell, utilizing the
two mil thick sintered polytetrafluoroethylene.membrane in 30   accordance
with the present invention,  was utilized to  determine the.
voltage-current  30 characteristics thereof . Figure 2 sets forth  a graph
of the voltage and current versus resistance over the range examined. As is
show in Figure 2, an application  requiring operation at  a minimum voltage
of 1.2 Volts and.a  current drain  rate of about 7 microamps can readily be
provided by the test cell. Indeed from Figure .2, the test cell provides
over 35  1.3 volts. at a current drain rate of about 7 microamps . This
operational level iS of the range   35 currently required for liquid
crystal display watches. The effect of utilization of the present can be
perhaps best appreciated by comparing  the current drain rate with  that
which would be  involved if the. oxygen diffusivi-limiting membrane of the
present invention was eliminated. In this event,  the 40   current drain
rate that could  be obtained with the amount of oxygen entering the cell
would  40 be on the  order of 4 milliamps. The   dnce indrain  rate is thus
a factor of  well over 500. The air entering the cell which  is in excess
of that required to achieve the required voltage and current drain rates
could well, of course, result in oxidation of the anode material and, thus,
self-discharge of the cell. 45     Thus, as has been shown, the present
invention provides a means of optimizing the active  45 life of small
metal/air button cells without unduly increasing the complexity or cost of
assembly of such cells. WHAT WE CLAIM IS:- *    1. A button type gas
depolarized electrochemical cell comprising:- 50     (i) a cell casing
comprising anode and cathode portions electrically insulated from and   50
sealed to one another; (ii) a cathode assembly comprising cathode material
and a current collector arranged within the casing, the current collector
being in electrical contact with the cathode portion 55     (iii) an anode
assembly comprising anode and electrolyte materials arranged in the   55
anode portion of the cell and in electrical contact therewith; (iv) a
separator between the anode and cathode assemblies; (v) one or more
apertures formed in the cathode portion of the casing for admitting 



oxygen to the interior of the casing  for obtaining access to the cathode
assembly; 60     (vi) means for promoting even distribution to the cathode
assembly of oxygen admitted   60 to the casing through the apertures formed
in the cathode portion of the casing; (vii) an oxygen permeable hydrophobic
layer overlying the cathode assembly on the side thereof exposed to oxygen
admitted to the cell interior through the casing apertures; 65     (viii)
an oxygen-diffusivity limiting membrane between the cathode assembly and
the   65    4                                      1 604 207
4 The following Example is illustrative, but not in limitation of the
present invention. Example Ten zinc/air button cells having the
configuration shown in Figure 1, except having only a 5  single 15 mil
aperture (centered in the cathode housing) and utilizing a sintered   5
polytetrafluorethylene oxygen-limiting   membrane of 2 mils in thickness,
were constructed to illustrate the present invention. The cells were each
discharged through 200,000 ohms over a period of about 40 days. The
voltages and currents were determined at periodic intervals throughout the
test period. 10    Table 1 below sets forth the average voltage at the
intervals tested for the ten test cells as  10 well as the average current
in microamps as determined by dividing the average voltage by the
resistance: TABLE 1 15
15 Average Voltage, volts      Average Current, microamps Day 1
1.395                         6.978 20           2             1.385
6.92                        20 5             1.390
6.95 12             1.368                         6.84 14             1.376
6.88 26             1.372                         6.86 25          40
1.392                         6.96                        25 As can be
seen, the data show a satisfactorily constant voltage performance and
current drain during the test period. One test cell, utilizing the two mil
thick sintered polytetrafluoroethylene membrane in 30   accordance with the
present invention, was utilized to determine the voltage-current  30
characteristics thereof. Figure 2 sets forth a graph of the voltage and
current versus resistance over the range examined. As is shown in Figure 2,
an application requiring operation at a minimum voltage of 1.2 volts and  a
current drain rate of about 7 microamps can readily be provided by the test
cell. Indeed, from Figure 2, the test cell provides over 35   1.3 volts at
a current drain rate of about 7 microamps. This operational level is of the
range  35 currently required for liquid crystal display watches. The effect
of utilization of the present invention can be perhaps best appreciated by
comparing the current drain rate with that which would be involved if the
oxygen diffusivity-limiting membrane of the present invention was
eliminated. In this event, the 40   current drain rate that could be
obtained with the amount of oxygen entering the cell would  40 be on the
order of 4 milliamps. The difference in drain rate is thus a factor of well
over 500. The air entering the cell which is in excess of that required to
achieve the required voltage and current drain rates could well, of course,
result in oxidation of the anode material and, thus, self-discharge of the
cell. 45     Thus, as has been shown, the present invention provides a
means of optimizing the active  45 life of small metal/air button cells
without unduly increasing the complexity or cost of assembly of such cells.
WHAT WE CLAIM IS:- 1. A button type gas depolarized electrochemical cell
comprising:- 50    (i) a cell casing comprising anode and cathode portions
electrically insulated from and   50 sealed to one another: 



(ii) a cathode assembly comprising cathode material and a current collector
arranged within the casing, the current collector being in electrical
contact with the cathode portion of the casing; 55    (iii) an anode
assembly comprising anode and electrolyte materials arranged in the  55
anode portion of the cell and in electrical contact therewith; (iv) a
separator between the anode and cathode assemblies; (v) one or more
apertures formed in the cathode portion of the casing for admitting oxygen
to the interior of the casing for obtaining access to the cathode assembly;
60    (vi) means for promoting even distribution to the cathode assembly of
oxygen admitted  60 to the casing through the apertures formed in the
cathode portion of the casing; (vii) an oxygen permeable hydrophobic layer
overlying the cathode assembly on the side thereof exposed to oxygen
admitted to the cell interior through the casing apertures; and 65
(viii) an oxygen-diffusivity limiting membrane between the cathode assembly
and the  65    5                                         1 604 207 oxygen
distribution means for limiting oxygen ingress to the cathode assembly to a
predetermined level, lower than that which otherwise would be obtained
having regard to the size of the apertures in the casing, sufficient to
sustain a predetermined limited current output from the cell. 5    2. A
button type cell as claimed in claim 1 wherein said oxygen diffusivity
limiting   5 membrane comprises polyethylene, sintered
polytetrafluoroethylene, unsintered polytet- rafluoroethylene filled with
carbon, or cellulose acetate butyrate. *            3. A button type cell
as claimed in claim 1 or 2 wherein the oxygen-diffusivity limiting membrane
is arranged to provide oxygen ingress to the cathode at a rate sufficient
to sustain 10  a current drain rate of up to 35 microamps/cm2 of cathode
area only, the aperture(s) in the   10 casing having a size such as to
permit considerably greater oxygen ingress rates  to the casing. 4. A
button type cell as claimed in claim 3 wherein the aperture(s) in the
casing are not smaller than 15 mils in diameter. 15     5. A button type
cell as claimed in any of the preceding claims wherein said oxygen   15
distribution means comprises a porous absorbent material. 6. A button type
cell as claimed in claim 5 wherein said porous absorbent material comprises
filter paper. 7. A button type cell as claimed in any of the preceding
claims wherein said 20  hydrophobic layer comprises unsintered
polytetrafluoroethylene.                        20 8. A button type cell as
claimed in any of the preceding claims wherein the anode material comprises
zinc. 9. A button type gas depolarized electrochemical cell substantially
as herein described with reference to Figure 1 of the accompanying
drawings. 25
25 A.A. THORNTON & CO., Chartered Patent Agents, Northumberland House,
303/306 High Holborn, 30                                 London, WC1V 7LE.
30 Pinted for Her Majesty's Stationery Office. by Croydon Printing Company
Limited, Croydon, Surrey, 1981. Published by The Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.


