
PATENT SPECIFICATION    (11) 1 559 282 (21) Application No. 40126/76   (22)
Filed 28 Sept. 1976 (31) Convention Application No. 617636 (32) Filed 29
Sept. 1975 in (33) United States of America (US) (44) Complete
Specification published 16 Jan. 1980 (51) INT CL3  HOIM 6/02 (52) Index at
acceptance HlB  202 214 434 438 448 450 454 458 602 604A4 (54) METAL OXIDE
CELLS HAVING LOW INTERNAL IMPEDANCE (71) We, UNION CARBIDE CORPORA-  aids,
watches and the like, require a substan-  50 TION, a corporation organised
and existing tially unipotential discharge source for proper under the laws
of the State of New York, operation and, therefore, cannot use the dual
United States of America, of 270 Park Avenue,  voltage level discharge
which is characteristic 5 New York, State of New York 10017, United of
divalent silver oxide cells. States of America (assignee of RICHARD
Consequently, many methods have been   55 ALLEN  LANGAN, NICHOLAS JOSEPH
proposed for obtaining a unipotential dis- SMILANICH  and AKIYA KOZA WA),
do  charge from a divalent silver oxide cell. One hereby declare the
invention, for which we  method disclosed in U.S. Patents 3,615,858, 10
pray that a patent may be granted to us, and  and 3,655,450, entails
providing a continuous the method by which it is to be performed, to  layer
of monovalent silver oxide in physical  60 be particularly described in and
by the fol-  and electrical contact with a divalent silver lowing
statement:-                        oxide pellet. During assembly of the
cell the This invention  relates to metal oxide  cathode pellet is disposed
against the inner 15  alkaline cells.                            surface of
a cathode cup or collector where- Miniature button alkaline silver oxide -
upon the layer of monovalent silver oxide   65 zinc cells have gained wide
acceptance in the  physically isolates the divalent silver oxide battery
industry for many applications be-  from contact with the cathode cup so
that the cause they have a high energy density per  sole electronic path
for discharge of the 20  unit volume. However, one of the major  divalent
silver oxide is through the monovalent disadvantages of divalent silver
oxide - zinc  silver oxide layer.                   70 cells is that they
discharge at two different    United States patent specifications Nos.
potentials. Silver oxide - zinc cells using  3,920,478 and 3,925,102
disclose another monovalent silver oxide as the only active  approach to
producing divalent silver oxide - 25  cathode material will have a
theoretical uni-  zinc cells having a substantially unipotential potential
discharge at about 1.57 volts but the  discharge level even on low drain
conditions.  75 capacity in milliampere hours per gram  of  The cells use a
positive electrode comprising monovalent silver oxide is substantially
lower  divalent silver oxide housed in a positive elec- than the capacity
of divalent silver oxide. On  trode container having an upstanding wall and
30  the other hand, silver oxide - zinc button cells  a closed end.
Interposed between the positive using divalent silver oxide as the only
active  electrode and the upstanding wall or bottom   80 starting cathode
material will discharge at a end of the cathode container is an oxidizable
first potential at about 1.7 volts across a 300-  metal screen or ring,
such as zinc, which ohm resistor for 40 hours, for example, and functions
to discharge the portion of the posi- 35  then drop to approximately 1.5
volts for an tive electrode contacting the container so as to additional
period of time of about 70 hours.  produce a unipotential discharge on low
drain  85 Thus monovalent silver oxide cells have the  conditions.
advantage of discharging at a unipotential    Although it is thereby
possible to produce a plateau with the disadvantage of having a
unipotential discharge using divalent silver 40  rather low capacity while
divalent silver oxide  oxide as an active material of a cell, a problem
cells have the advantage of having a rather  generally encountered is that
during the   go high capacity but the disadvantage of discharg-  initial
discharge period an undesirably high ing at two distinct voltage plateaus.
Divalent  internal resistance of the cell is manifested by silver oxide has
about 1.9 times more capacity  a subnormal cell voltage which gradually in-
45  per gram than monovalent silver oxide and  creases with time to the
expected unipoten- about 2 times more capacity per unit volume  tial
voltage level. These voltage variations dur-  95 than monovalent silver
oxide.             ing the initial discharge of silver oxide - zinc Many
cell or battery applications, par-  cells, and other metal oxide cells
whose ticularly transistorized devices such as hearing  cathodic discharge
product is electronically    2                          1,559,282
2 conductive, are undesirable for many battery   conductive container
having a bottom  and a powered devices. A specific example would be   side
wall, a separator disposed between said 



battery powered watch applications where the   negative electrode (anode)
and said positive accuracy of the watch movements can be im-  electrode
(cathode), and an electrolyte, said 5.  paired or the performance adversely
affected   positive electrode comprising a metal oxide  70 by such voltage
variations duringinitial dis-  and wherein a layer of electronically
conduc- charge of the cell. Some proposals for over-  tive material (as
hereinafter defined) is dis- coming this drawback in metal oxide minia-
posed solely at the interface of the separator ture type cells would be to
apply a conductive  and the positive electrode and extending to 10 coating
of a metal on the entire outer surface  contact the wall of the
electronically conduc-  75 of the active cathode material of the cell as
tive container. disclosed in United States Patent 2,654,795.    As used
herein, the term  layer of elec- This reference also discloses that the
con-  tronically conductive material" refers to a ductive material used can
vary from about  material which is a good electronic conductor, 15   5% by
weight of the active material and in  is oxidation-resistant in the cell
environment  80 the case where. gold is employed as the con- or at least
remains electrically conductive if ductive material, then. an amount as
little as oxidized, has low solubility in the cell elec- fractions of 1%
can be used.              trolyte, and has no adverse effect on the United
States Patent 3,853,623 discloses  stability of the active cathode
material. 20  divalent silver oxide cells wherein gold ions    The material
of said conductive layer is  85 are added to the alkaline electrolyte of
the cell  preferably  selected  from  gold, platinum, in an amount of about
0.1 to about 10% by  rhodium, palladium, lead, tungsten tantalum, weight of
the silver forming the active cathode  nickel, iron disulfide and lead
oxide. material. The gold ions are added only on the  The electronically
conductive material of 25   cathode side of the separator and are em-  the
layer may be present in an amount of  90 ployed to provide greater
stability of the  from  130 micrograms per square inch  of divalent silver
oxide in the alkaine electrolyte  micrograms per square inch based on the
of the cell and thus reduce gassing ([err]). This  surface area of the
positive electrode facing. the patent also discloses that a gold compound
can  separator. 30  be added directly in the divalent silver oxide    The
layer  of electronically  conductive  95 cathode, in combination with its
addition to   material may be a layer disposed on at least the electrolyte
with the overall amount of gold   a portion of the separator and/or
cathode; a in both locations falling within the range spec-  discrete film
or mesh, for example a porous fled above.
gold film or a gold mesh, placed at the. separa- 35    By practice of the
present invention there  tor-cathode interface and extending to the wall
100 may be provided one or more of the follow-  of the conductive
container; or a layer dis- ing:-
posed on a substrate which in turn is disposed (i) a metal oxide cell which
has a thin layer  between the separator and the cathode. If the of an
electronically conductive material dis-  conductive layer covers the entire
interface of 40  posed solely beteen the separator and the  the cathode and
separator, then the layer 105 positive electrode of the cell which is
extended  would have to be porous. to contact the wall of the cell so as to
elimin-  The active cathode material forming the ate voltage variation
during initial discharge. positive electrode of this invention can be of
the cell.                               selected from  the group consisting
of silver. 45    (ii) a miniature button silver oxide - zinc  oxide,
mercury oxide, copper oxide and 110 cell employing a thin layer of
electronically  cadmium oxide or mixtures of these materials conductive
material disposed solely at the  with other metal oxides such as manganese
interface of the separator and the positive elec-  dioxide and vanadium
pentoxide. Preferably trade of the cell and wherein said conductive  the
active cathode material can be silver oxide 50  layer extends to contact
the wall of the cell.  which can comprise 100%  divalent silver 115 (iii) a
thin electronically conductive layer on oxide, 100%  monovalent silver
oxide or a. at least a portion of the surface of the active mixture of
divalent silver oxide and mono- cathode material of a metal oxide cell such
valent silver oxide as for example 50%. to that said layer is in contact
with the separator  80%  divalent silver oxide remainder monova- 55  of the
cell and is extended to contact the wall  lent silver oxide. When using
mixtures of the 120 of the cell.                                 silver
oxides, preferably at least 50%  by (iv) a thin electronically conductive
layer on  weight, more preferably at least 80%  by at least a portion of
the surface of a separator  weight, of the mixture should be divalent
silver of a metal oxide cell such that said conduc-  oxide because of its
high discharge capacity. 60  tive layer contacts the active material of the
In one embodiment of the present inven- 125 cell and is extended to contact
the wall of the  tion the positive electrode consists of approxi- cell.
mately 50%  by weight divalent silver oxide The invention relates to a
metal oxide alka-  with the remainder monovalent silver oxide. line cell
comprising a negative electrode, and  The metal oxide electrode can be
formed in . 65  a positive electrode housed in an electronically  a number
of ways, for example, finely divided  130    
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3 metal oxide powder, such as divalent silver  substantially decrease the
internal resistance oxide powder mixed with or without mono-  of the cell
during initial discharge can vary valent silver oxide, can be pelletized
into a   from  130 micrograms per square inch to desired size pellet using
a conventional die.  3000 micrograms per square inch, preferably Regardless
of how the electrode is made, it  from 500 micrograms per square inch to
2000   70 has to be sufficiently porous to permit the   micrograms per
square inch and more prefer- electrolyte of the cell to diffuse through the
ably about 1800 micrograms per square inch, electrode. However, the pellet
also has to be   based on the surface area of the cathode fac- sufficiently
dense so that it can occupy a rela-  ing the separator. 10   tively small
space when used in miniature type  A conductive material concentration
below   75 cell housings if it is to provide the required   130 micrograms
per square inch may be capacity of such cells.
insufficicent to provide a good continuous elec- The active cathode
materials for use in this  tronic contact to effectively lower the cell's
invention, particularly the mixtures of AgO. internal resistance during
initial discharge 15   and [err], have very low conductivity until a  while
a concentration -above 3000 micro-  80 substantial amount of the final
discharge pro-  grams per square inch may be both wasteful ducts, in this
case metallic silver, has been   and not sufficiently porous thereby
possibly produced. Thus during initial discharge of a   inhibiting the
ionic flow between the anode metal oxide cell, there is an undesirably high
and the active cathode material. As stated 20   internal cell resistance
which causes the  cell  above, if the conductive layer completely covers
85 output voltage. to be initially low followed by  the surface of the
cathode facing the separator, a gradual voltage increase with time until
the  then it is essential that the layer be sufficiently expected discharge
voltage level is reached.    porous so as not to effectivey interfere with
To substantially eliminate the voltage varia-  the ionic flow between the
anode and the 25   tions of metal oxide cells during the initial  cathode.
90 discharge period, a thin layer of an electronic-    The conductive layer
can be disposed at the ally conductive material, such as gold, is dis-
interface of the cathode and separator using posed solely at the interface
of the separator  known methods. For example, a thin coating and the active
cathode electrode and is ex-  of the conductive material may be vacuum- 30
tended to contact the wall of the cell. Thus  deposited prior to cell
assembly onto at least   95 since the initial cathode reaction will proceed
a portion of the area of the top surface of the from  the
cathode-separator-anode  interface  cathode or onto the corresponding
surface of back- through the body of the cathode to the  the separator such
that it will contact the wall cathode terminal, the conductive layer will
of the cathode container. Deposition from the 35  greatly decrease the
interal resistance at the  vapor state using electrostatic techniques can
100 separator-cathode-cathode collector interfaces  also be used,
particularly if greater control so as to result in effectively eliminating
the   over the exact location of the conductive voltage variations usually
associated with the  material is needed or desired. Alternatively, a
initial discharge of metal oxide cells such as  disk of material carrying a
thin conductive 40  silver oxide - zinc cells. Thus by disposing the  layer
may be placed in the cell between the   105 conductive layer only at the
interface of the   cathode and separator with the conductive cathode and
separator, we can effectively  layer contacting both  cathode and cathode
localize the initial discharge reaction to this  container. The disk could
suitably be made area, thereby effectively utilizing the minimum   of a
material which may ultimately dissolve or 45  ionic path length so as to
result in lowering  swell in the cell electrolyte and if it dissolves,  110
the internal resistance of the cell. This lower  it should be a material
that would not  in- internal cell resistance is primarily beneficial
crease the cell resistance. Placement of the during the initial discharge
period and has the  conductive layer onto the cathode or separator effect
that the cell will discharge immediately  surface prior to cell assembly
might also be 50  at the intended voltage level.               done from  a
suspension  of a conductive   115 It is not necessary for the conductive
layer  material in a suitable liquid medium. Of the to cover the entire
cathode-separator interface  above, the vacuum deposition method is pre- or
the entire wall area of the container. All that  ferred because of the
coating  uniformity is necessary is that suifficient electronically con-
achieved even with very thin layers. Of the 55  ductive material be present
to make electronic  above-mentioned conductive materials, gold   120
contact between the surface of the cathode   would be preferred because it
is a good elec- adjacent the separator and the wall of the cell tronic
conductor and can be deposited on a container. Thus the conductive layer
should be  substrate in a very thin layer. disposed on a portion of the
area of the cathode  In addition to the use of a conductive layer 60
surface facing the separator and extend over  at the cathode-separator
interface the abnorm-   125 the peripheral side wall of the cathode so as
ally high cell internal resistance during initial to contact the wall of
the cathode container.   discharge can be also reduced by substantially
Since the conductive layer can be confined  filling all the voids in the
cathode with the to the area specified above, the total weight  electrolyte
of the cell. This latter feature also 65 of the conductive material to be
employed to   helps to provide a higher, more stable voltage   130 
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4 level throughout discharge. Thus the com-  sired, a gelling agent Cadmium
may also be bination of employing a thin electronically  used as the anode
material. The cathode (posi- conductive layer interposed at the interface
of  tive) electrode can comprise a rather densely the cathode and separator
and extending to con- compressed pellet 4 of a metal oxide powder 5  tact
the cathode container and the addition of  such as divalent silver oxide
powder which  70 extra electrolyte to ensure that the voids in  could
comprise a mixture of divalent silver the cathode are effectively filled
will produce  oxide powder and monovalent silver oxide. a cell having a
discharge voltage substantially  powder. level throughout discharge and
particularly  The cell electrolyte may be an aqueous solu- 10  during the
initial discharge period of the cell. tion of potassium hydroxide, sodium
hydroxide, 75 The present invention will now be further  or mixtures
thereof. illustrated by reference to the accompanying    As shown in
Figures 1 and 1A, a porous drawings, in which:-
electronically conductive layer 13 is disposed Figure 1 is a
cross-sectional view of a minia-  at the interface of the separator 3 and
cathode 15  ture button size metal oxide cell having a elec-  4 and extends
partially downward over the 80 tronically conductive layer at the interface
of  side wall 14 of cathode 4 thereby contact- the separator and cathode
and extending       the inner upstanding wall 15 of container along the
side wall of the cathode thereby copositioning of the conductive layer
tacting the cathode container.           shown in Figures 1 and 1A as being
at the 20     Figure 1A is an enlarged view of a section  interface of
cathode 4 and separator 3 and ex-  85 of Figure 1 showing the location of
the con-  tending along the side wall 14 in contact with ductive layer in
greater detail. Figure 2 shows curves of the discha    upstanding wall 15
container 5 will effec- tively reduce the internal cell resistance dur-
voltages of a silver oxide - zinc cell employ-  ing initial discharge of
the cell. Although not 25  ing an  electronically  conductive layer in
shown the conductive layer could have been  90 accordance with the
teachings of this inven- disposed on the surface of the separator fac-
tion.                                     ing the cathode and extended onto
the side Figure 3 shows curves of the discharge vol-  will of the separator
where it would contact tages of a silver oxide- zinc cell of the prior the
upstanding wall of the container. 30  art. Figure 4 shows curves comparing
the dis-   It is also within the scope of this invention   95 charge
voltage of two miniature silver oxide - to connect two or more such cells
in series or zinc cells, one cell employing a conductive parallel by
conventional means and then place layer in accordance with the teachings of
this  them in a housing to produce a battery which 35  invention and the
other cell made without can be used in various battery-operated devices.
such a conductive layer.                    The present invention will now
be further  100 Referring to Figure 1, there is shown a  described by way
of the following examples: - sectional elevation of a metal oxide cell hav-
ing a negative electrode 2, separator 3, and             EXAMPLE 1 40
positive electrode 4 housed within a two-part    Two, miniature button
cells of the general electronically conductive container comprising  type
shown in Figure 1 were made except a cathode container 5 and anode cup 6.
As  that a zinc screen was interposed between 105 shown, cathode container
5 has a flange 7  the cathode and the inner bottom surface of which is
crimped inwardly against a U-shaped  cathode container as disclosed in U.S.
Patent 45   flange 11 on anode cup 6 via grommet 8 dur-  Specification No.
3,920,478. The cells, hav- ing assembly to seal the cell as disclosed, for
ing a diameter of 0.450 inch (1.14 cm.) and example, in U.S. Patent
3,069,489. The  an overall height approximately 0.160 inch  110 cathode
container may, for example, be of (0.40 cm.), were produced using a gelled
zinc nickel-plated steel, nickel, nickel alloys or  powder anode, a pellet
of active cathode 50   stainless steel, while the anode cup 6 may, for
material of 50/50  by weight AgO/[err] example, be made of tin-plated
steel, copper- molded at about a 2-ton pressure and a clad stainless steel,
gold-plated or copper-clad  3-layer separator consisting of two outer. 115
stainless steel. The grommet 8 may be made  layers of cellophane and an
inner layer of of a suitable resilient electrolyte-resistant radiation
grafted polyethylene. An additional 55   material such as neoprene or
nylon.        electrolyte-absorbent separator composed of The separator 3
may be a three-layer 2 layers of a rayon material was employed laminate
consisting of two outer layers of adjacent to the anode. These components,
120 radiation-grafted polyethylene and an inner  along with a 33%  KOH
electrolyte (7.7M cellophane layer. Disposed between anode 2  KOH) which
was employed in an excessive 60   and separator 3 is a layer of
electrolyte- amount so as to effectively fill the voids of the absorbent
material 12 which may consist of cathode material, were assembled in a
nickel- 



various cellulosic fibers.              plated cathode container and a
gold-plated  125 The anode (negative) electrode can com- copper-clad
stainless steel anode cup and then prise a lightly compressed pellet 2 of
finely  the cell was sealed by crimping the top annular 65  divided
amalgamated zinc containing, if de-  section of the cathode container
inwardly    5                                         1,559,282 against the
anode cup via a grommet of nylon  cell without a gold layer and therefore
was as described in U.S. Patent 3,069,489.     able to exhibit a discharge
voltage curve sub- Each cell was made identically except that  stantially
parallel to the resistance-free dis- in one of the cells a gold layer was
vacuum   charge voltage curve. Thus the cell contain- 5   deposited on the
top surface of the cathode  ing the gold layer displayed the expected dis-
40 facing the separator and extended over the  charge voltage immediately
on discharge. side wall as shown in Figure 1. The amount    To further
confirm the above observations, of gold employed was about 600 micrograms
the a.c. impedance of the cells was measured per square inch.
both before and after discharge at 40 and 10     Both of the cells were
tested on a 20 milli-  1000 Hertz. The data observed are shown in  45
ampere drain for over two hours. The voltage  Table 1 and confirm that the
internal cell im- data for the cell employing the gold layer in  pedance is
lower before discharge for a cell accordance with this invention (Cell A)
are  employing a gold layer as opposed to a cell shown plotted as curve A
in Figure 2. The  not having a gold layer. 15  data of the corresponding
discharge voltages for the cell not having the gold layer (Cell A') are
EXAMPLE 2                      50 shown plotted as curve A' in Figure 3.
Using    Two cells, identical to the miniature button the test procedure as
disclosed in the Journal  cells of Example 1 had an additional amount of
Electrochemical Society, Vol. 107, No. 6  of the electrolyte added as in
Example 1 to 20  June 1960 and Vol. 119 No. 8 August 1972,  ensure that the
voids of the cathode were effec- the resistance-free discharge voltage was
ob-  tively filled with the electrolyte. Each cell was   55 served for the
cell with the gold layer and the  discharged at [err]. across a 140,000-ohm
cell without the gold layer and the data ob-  continuous load and for 1.25
seconds of every tained were plotted as curves B and B' in  10 minute
period the cell was discharged across 25  Figures 2 and 3, respectively. As
is apparent  a 30-ohm load. This pulse discharge regime from Figures 2 and
3, the cell without the  represents simulated operating conditions of   60
gold layer exhibited a higher internal resistance  battery-powered watches
which require high during initial discharge and took over fifteen  current
pulses for proper operation. minutes before the votage exhibited the normal
The discharge voltage data for both the cell 30  or expected voltage level.
The normal or ex-  without the gold layer and the cell with the pected
voltage level for cells of the type tested   gold layer on a 140,000ohm
continuous load   65 was found to be about 0.060 to 0.085 volt  were
observed to be substantially the same and lower than the resistance-free
disharge voltage.  thus are shown as a single curve in Figure 4 The cell
employing a gold layer exhibited a  identified as curve A. 35  substantally
lower internal resistance than the TABLE 1 70
Cell Impedance (ohms) 40 Hertz               1000 Hertz Cell        Before
After       Before       After Sample    Discharge    Discharge
Discharge    Discharge Cell A        10.5          2.8          4.0
2.7 75              Cell A'       32.0         2.3          19.0
2.1 The data obtained from the pulsed 30-ohm  discharge so as to make it
suitable for various load test were plotted as points on the graph
battery-powered devices such as watches. of Figure 4 and then the points
were connected    In addition, this invention is admirably to yield curve B
for the cell employing a gold  suited for use with silver oxide-zinc cells
as  100 80  layer and curve C for the cell without a gold  disclosed in
U.S. Patent Specifications Nos. layer. As is apparent from the curves in
Figure  3,920,478 and 3,925,102, identified above, to 4, the initial
voltage discharge level for the  produce cells having a substantially
unipoten- cell without the gold layer (curve C) took over  tial discharge
level on low drain conditions. 100 hours before it reached the 1.2 volts
level 85  thus indicating that during this period it may    WHAT WE CLAIM
IS:-                   105 not supply sufficient power to operate a bat-
1. A metal oxide alkaline cell comprising a tery-powered watch. Contrary to
this, the cell  negative electrode (anode), and a positive elec- employing
a gold layer in accordance with this  trode (cathode) housed in an
electronically con- invention exhibited an initial discharge voltage
ductive container having a bottom and a side 90  level above 1.2 volts
immediately upon dis-  wall, a separator disposed between said nega-  110
charge and continued to exhibit such a voltage  tive electrode and said
positive electrode, and 



level far in excess of 1200 hours. This compari-  an electrolyte, said
positive electrode compris- son of curves B and C clearly demonstrates that
ing a metal oxide and wherein a layer of elec- using the teaching of this
invention the inter-  tronically conductive material (as hereinbefore 95
nal resistance or impedance of a silver oxide-  defined) is disposed solely
at the interface of  115 zinc cell can be greatly reduced during initial
the separator and the positive electrode and    1,559,282 against the anode
cup via a grommet of nylon  cell without a gold layer and therefore was as
described in U.S., Patent 3,069,489.    able to exhibit a discharge voltage
curve sub- Each cell was made identically except that  stantially parallel
to the resistance-free dis- in one of the cells a gold layer was vacuum
charge voltage curve. Thus the cell contain- 5   deposited on the top
surface of the cathode  ing the gold layer displayed the expected dis-  40
facing the separator and extended over the  charge voltage immediately on
discharge. side wall as shown in Figure 1. The amount    To further cofirm
the above observations, of gold employed was about 600 micrograms  the a.c.
impedance of the cells was measured per square inch..
both before and after discharge at 40 and 10     Both of the cells were
tested on a 20 milli-  1000 Hertz. The data observed are shown in  45
ampere drain for over two hours. The voltage  Table 1 and confirm that the
internal cell im- data for the cell employing the gold layer in  pedance is
lower before discharge for a cell accordance with this invention.(Cell A)
are  employing a gold layer as. opposed to a cell shown plotted as curve A
in Figure 2. The  not having a gold layer. 15  data of the corresponding
dischargevoltages for the cell not having the gold layer (Cell A') are
EXAMPLE 2                      50 shown plotted as curve A' in Figure 3.
Using    . Two cells, identical to the. miniature button the test procedure
as disclosed in the Journal  cells of Example 1 had an additional amount of
Electrochemical Society, Vol. 107, No. 6  of the electrolyte added as in
Example 1 to 20  June 1960 and Vol. 119 No. 8 August 1972,  ensure that the
voids of the cathode were effec- the resistance-free discharge voltage was
ob- tively filled with the electrolyte. Each cell was  55 served for the
cell with the gold layer and the  discharged at [err]. across a 140,000-ohm
cell without the gold layer and the data ob- continuous load and for 1.25
seconds of every tined were plotted as curves B and B' in  10minute period
the cell was discharged across 25  Figures 2 and 3, respectively. As is
apparent  a 30-ohm load. This pulse discharge regime from Figures 2 and 3,
the cell without the  represents simulated operating conditions of   60
gold layer exhibited a higher internal resistance  battery-powered watches
which require high during initial discharge and took over fifteen  current
pulses for proper operation. minutes before the votage exhibited the normal
The discharge voltage data for both the cell 30  or expected voltage level.
The normal or ex-  without the gold layer, and the cell with the pected
voltage level for cells of the type tested   gold layer on a 140000-ohm
continuous load   65 was found to be about 0.060 to 0.085 volt  were
observed to be substantially the same and lower than the resistance-free
disharge voltage. thus are shown as a single curve in Figure 4 The cell
employing a gold layer exhibited a   identified as curve A. 35
substantally lower internal resistance than the TABLE 1 70
Cell Impedance (ohms) 40 Hertz               1000 Hertz Cell      Before
After        Before       After Sample     Discharge    Discharge
Discharge    Discharge Cell A         10.5         2.8          4.0
2.7 75              Cell A         32.0        2.3         19.0
2.1 The data obtained from the pulsed 30-ohm  discharge so as to make it
suitable for various load test were plotted as points on the graph
battery-powered devices such as watches. of Figure 4 and then the points
were connected    In addition, this invention is admirably to yield curve B
for the cell employing a gold  suited for use with silver oxide-zinc cells
as  100 80  layer and curve C for the cell without a gold  disclosed in
U.S. Patent Specifications Nos. layer. As is apparent from the curves in
Figure  3,920,478 and 3,925,102, identified above, to 4, the initial
voltage discharge level for the  produce cells having a substantially
unipoten- cell without the gold layer (curve C) took over  tial discharge
level on low drain conditions. 100 hours before it reached the 1.2 volts
level 85  thus indicating that during this period it may    WHAT WE CLAIM
IS:-                    105 not supply sufficient power to operate a bat-
1. A metal oxide alkaline cell comprising a tery-powered watch. Contrary to
this, the cell  negative electrode (anode), and a positive elec- employing
a gold layer in accordance with this  trode (cathode) housed in an
electronically con- invention exhibited an initial discharge voltage
ductive container having a bottom and a side 90  level above 1.2 volts
immediately upon dis-  wall, a separator disposed between said nega-  110 



charge and continued to exhibit such a voltage  tive electrode and said
positive electrode, and level far in excess of 1200 hours. This compari-
an electrolyte, said positive electrode compris- son of curves B and C
clearly demonstrates that  ing a metal oxide and wherein a layer of elec-
using the teaching of this invention the inter-  tronically conductive
material (as hereinbefore 95  nal resistance or impedance of a silver
oxide-  defined) is disposed solely at the interface of  115 zinc cell can
be greatly reduced during initial  the separator and the positive electrode
and    6                                        1,559,282
6 extends sufficiently to contact the wall of the  mixture of monovalent
silver oxide and at  So conductive container.                       least
50% by weight of divalent silver oxide. 2. A metal oxide alkaline cell as
claimed   12 A metal oxide alkaline cell as claimed in claim 1 wherein the
electronically conduc-  in claim 10 wherein the positive electrode con- 5
tive material of said layer is present in an  sists of approximately 50% by
weight divalent amount of from 130 micrograms per square  silver oxide with
the remainder monovalent  55 inch to  3000 micrograms per square inch
silver oxide. based on the surface area of the positive elec-    13. A
metal oxide alkaline cell as claimed in trode facing the separator.
claim  11 wherein the positive electrode con- 10   3. A metal oxide
alkaline cell as claimed in  sists of 80%  by weight divalent silver oxide
claim 2 wherein the electronically conductive  with the remainder
monovalent silver oxide.  60 material in said layer is present in an amount
14. A metal oxide alkaline cell as claimed in of from 500 micrograms per
square inch, 2000  any one of claims 1 to 13 wherein the elec- micrograms
per square inch based on the sur-  tronically conductive layer is disposed
across 15  face area of the positive electrode facing the  the entire area
of the positive electrode sur- separator.
face facing the separator and wherein said con-  65 4. A metal oxide
alkaline cell as claimed in  ductive layer is a porous layer. claim 3
wherein the electronically conductive    15. A metal oxide alkaline cell as
claimed in material in said layer is present in an amount  any one of
claims 1 to 13 wherein the elec- 20   of approximately 1800 micrograms per
square  tronically conductive material in the conduc- inch, based on the
surface area of the cathode  tive layer is gold and the layer of gold is a
70 facing the separator.                       porous layer disposed across
the entire area 5. A metal oxide alkaline cell as claimed in  of the
positive electrode surface facing the any one of claims 1 to 4 wherei the
con- separator and extends over the side wall of 25   ductive material in
the conductive layer is  the positive electrode in contact with the wall
selected 'from gold, platinum, rhodium, pal-  of the conductive container.
75 ladium, lead, tungsten, tantalum, nickel, iron    16. 'A metal oxide
alkaline cell as claimed in disulfide and lead oxide.                   any
one of claims 1 to 13 wherein the elec- 6. A metal oxide alkaline cell as
claimed in  tronically conductive material in the conductive 30  claim 5
wherein the electronically conductive  layer is gold and the layer of gold
is a porous material in the conductive layer is gold.  layer disposed
across the entire area of the   80 7. A metal oxide alkaline cell as
claimed in  positive electrode surface facing the separator claim  6
wherein said gold layer is a gold  and extends over the side wall of the
separator mesh.                                in contact with the wall of
the conductive co- 35    8. A metal oxide alkaline cell as claimed in
tainer. claim 6 wherein the gold layer is a porous    17. A metal oxide
alkaline cell as claimed in  85 gold film.
claim 1 and substantially as hereinbefore des- 9. A metal oxide alkaline
cell as claimed in  cribed with reference to any one of the ex- any one of
claims 1 to 8 wherein the active  amples. 40  cathode material of the
positive electrode is    18. A metal oxide alkaline cell as claimed
selected from  silver oxide, mercury oxide, in claim  1 and substantially
as hereinbefore  go copper oxide, cadmium oxide and mixtures  described
with reference to Figs. 1 and 1A of thereof with manganese dioxide and
vanadium  the accompanying drawings. pentoxide. 45    10. A metal oxide
alkaline cell as claimed in     W. P. THOMPSON & CO., claim 9 wherein the
positive electrode com-    Coopers Buildings, prises divalent silver oxide.
12 Church Street, 11. A metal oxide alkaline cell as claimed
Liverpool Ll 3AB. in claim 10 wherein the positive electrode is a
Charted Patent Agents. Printed for Her Majesty's Stationery Office, by the
Courier Press, Leamington Spa. 1980 . Published by The Patent Office, 25
Southampton Buildings, London, WC2A 1AY from which copies may be obtained.


