CATHODE OVERCOAT AND PROCESS FOR INCORPORATING INTO A BATTERY

FIELD OF THE INVENTION

The present invention relates to a cathode overcoat that protects the cathode and ensures

electrical sepafation between cathode and anode. The present invention also relates to a
method of incorporating a cathode overcoat in a battery, particularly onto a cathode shelf.
: BACKGROJND OF THE INVENTION

Standard alkaline batteries are suscepttble to damage result‘mg from vlbrauon 1mpacts
or other forces applied to the battery, sucH as 1f 3 battefry is dropped onto a hard surface.
Damage to C-cells or D-cells frequently occurs if the battery is dropped onto its negative
terminal. Damage may also occur as a result of mishandling of batteries which frequently
occurs during battery shipment from the manufacturer. During shipment, batteries are often
inadvertently transported upside down. In this position, damage to a battery can occur from
vibration, even if dropping of the battery does not occur. Dropping and mishandling can also
occur after purchase by the consumer, resulting in damage to the battery.

The above noted damage typically stems from electrical 'shorting, that is contact
occurring between cathode and anode within the battery, and often results in battery failure.
The problem is pronounced if the cell utilizes a flowable electrode material, as do many
batteries. Moreover, relatively large cells such as D-cells, are particularly susceptible to
damage from dropping onto a hard surface due to the additional mass of the battery. I;\ some
instances, the damage can be less damagihg'and merely result in poor battery performance
" which is generally exhibited as low open cell voltage, after the impact or dropping. The
damage may even be exhibited after extended storage, and particularly at relatively high
temperatures or exposure thereto. Electrical shorting may also occur during manufacture of
the battery itself resulting from anode material being dispensed onto exposed regions of the
cathode.

Prior artisans have attempted to design batteries that are less susceptible to electrical

shorting. Various battery seal designs have been provided in an attempt to prevent contact



between anode and cathode from occurring. These attempts have mainly been unsuccessful.
Containment methods have also been attempted to hold or otherwise restrain battery
components in place within the battery to prevent contact between anode and cathode. This.
approach is undesirable due to the additional cost and labor associated with the containment
components, and additional volume taken up by the containment components, thereby reducing
the interior battery volume available for the electrochemically active materials. Thus, there is
a need for a method of eliminating, or significantly reducing, the tendency of electrical
shorting due to anode mobility, yet which does not result in a significant reduction in interior
battery voiume, and which is economically attractive.

Anode overcoats have been utilized to provide a coating over the anode in an attempt to
prevent oxidation of the anode material. Although not employed to address the problem of
electrical shorting, some anode overcoats may provide limited protection against electrical
contact occurring between anode and cathode. However, such overcoats are difficult to apply
to an anode incorporated in a battery or partially assembled battery, and thus are not
oommercially' attractive. Moreover, it is undesirable to utilize anode overcoats since they do
not eliminate the possibility of shorting within the cell. That is, if the anode is a flowable
material and is displaced, say for instance upon dropping of the cell, the coating can fracture
and allow the flowable anode material to flow onto and contact the battery cathode.

Moreover, anode overcoats _whicil overlie the anode surface facing the negative end of the
battery often adhere to the current collector which is pressed into the anode during assembly. -
Coating of the collector by the anode overcoat composition severely affects battery
performance. Thus, there is a need for a2 method of ensuring electrical separation between
cathode and anode, which is relatively simple and inexpensive to incorporate into a battery,
and which does not detrimentally affect battery performance.

' SUMMARY OF THE INVENTION

The present invention provides an electrochemical cell comprising a can, an anode and -
cathode disposed in the can, and a cathode overcoat disposed over exposed regions of the
cathode that provides protection for the cathode and prevents contact from occurring between

the electrodes. The cathode overcoat may be a solid material or a flowable material, and

preferably comprises particular components.



BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cut-away view illdstrating the major components of a standard alkaline
battery and a first embodiment of a cathode overcoat in accordance with the present invention;

Fig. 2 is a cut-away view illustrating a second embodiment cathode overcoat disposed
in a standard alkaline battery, relatively soon after deposition into the battery;

Fig. 3 illustrates the battery depicted in Fig. 2 after the second embodiment overcoat
has partially dried on the cathode shelf;

Fig. 4 illustrates the battery depicted in Fig. 3 after the second embodiment cathode
overcoat has completely dried on the cathode shelf;

Fig. 5 is a process schematic illustrating a process for depositing the second
embodiment cathode overcoat into a plurality of batteries;

Fig. 6 is a detail view illustrating a preferred embodiment dispensing nozzle for
depositing the second embodiment cathode overcoat into a battery;

Fig. 7 is a view of the underside of the preferred embodiment dispensing nozzle; and

Fig. 8 is a graph summarizing the results of comparative testing that was performed
between batteries utilizing the first embodiment cathode overcoat, the second embodiment
cathode overcoat, combinations of the first and second émbodiments, and batteries without any

| type of overcoat protection.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is directed toward alleviating electrical shorting in batteries, such

-as standard alkaline cells, typically caused by shifting or movement of the battery anode and
resulting contact between anode and cathode, usually upon application of a disrupting force
applied to the battéry. Disrupting forces may result from dropping a battery onto a hard
surface, or from the battery impacting other batteries or objects during use. The amount of |
force necessary to cause electrical shorting varies depending upon a variety of factors including
but not limited to, flowability or viscosity of the anode material, proximity of anode to cathode
within the battery, cell configurati.on, location of the disrupting force applied to the battery,
and temperature.

Fig. 1 illustrates a typical standard alkaline battery 1 comprising a can 10 enclosing an
anode 20, a current collector 25, a cathode 30, a bottom cover 50 in electrical association with

cathode 30, serving as a first battery terminal, and a top cover 60 in electrical association with



anode 20, serving as a second battery terminal. The second battery terminal is electrically
separated from the first terminal and can 10 by a suitable insulator 15. The upper, annular-
shaped surface of cathode 30 is referred to herein as cathode shelf 32. The anode 20 and
cathode 30 are arranged coaxially and are separated by a cylindrical ion-permeable separator
basket 40. Battery 1 further comprises an electrolyte solution contained within the interior of
the battery, for providing ionic conduction between the cathode and anode. The anode
material as existing in an assembled battery, may be a liquid, albeit relatively thick as
described in U.S. Patent 3,207,633 which is herein incorporated by reference. Descriptions of
typical battery constructions and materials utilized for anodes, cathodes, electrolytes, and

" separators are provided in U.S. Patents 5,248,568 and 5,389,457, owned by the assignee of
the present invention, and which are herein incorporated by reference. Other examples of
materials suitable for forming separators are found in U.S. Patent 5,158,844 which is herein
incorporated by reference. ’

The cathode overcoat of the present invention is a proiective barrier disposed over
exposed regions of the cathdde that ensures electrical separation at such regions between those
electrodes. In a first embodiment, the cathode overcoat is a solid, rigid or flexible barrier
material disposed over the exposed regions of the cathode, which in an alkaline cell such as
that depicted in the aocompanyit}g drawings, .is primarily cathode shelf 32. In a second
embodiment, the cathode overcoat is a flowable material that is dispensed onto the exposed
regions, i.e. cathode shelf 32, which upon drying or at least partially solidifying, forms a
protective barrier between the exposed regions of the cathode 30 and anode 20. The cathode
overcoat provides protection for cathode 30 from electrical contact with the anode in the event
the anode is displaced by impacts or forces applicd to the battery.

In either the first or second embodiment of the invention, the cathode overcoat material
utilized should provide a protective barrier for the exposed regions of the cathode, i.e. the
exposed cathode shelf, and ensure separation between cathode and anode. The primary
required characteristics of the overcoat material are that it be electrically nonconductive and
chemically resistant to the battery materials or components such as the electrolyte.

In the first embodiment of the cathode overcoat, the cathode overcoat 70 is disposed on
the exposed regions of a cathode, such as céthodc shelf 32 illustrated in Fig. 1. Overcoat 70 is

a solid, rigid or flexible material, that may be a nonwoven, cellulosic material, or a paper



separator material such as is available from Dexter Company of Windsor Locks, Connecticut
under the designation 11158 or 9258; or available from Nippon Kodoshi Corporation (NKK)
of Agawagun, Kochi, Japan, under the designation VLZ105. Also contemplated for the first
embodiment cathode overcoat is a thin layer of plastic material, such as a polypropylene film.
The rigid or flexible material is cut or otherwise shaped, if necessary, for incorporation in é
battery. For applications involving an exposed cathode shelf, such as shelf 32 illustrated in
Fig. 1, it is preferred to cut or form the rigid or flexible material into an annular or washer-
like shape the same size as the cathode shelf so that when placed on the shelf, the shelf is
entirely covered, or substantially so, by the cathode overcoat material.

In the second embodiment of the cathode overcoat, the cathode overcoat is preferably a
flowable composition that.drics, cures, or at least partially solidifies to form a protective
barrier over the exposed regions of the cathode, such as cathode shelf 32. By "flowable" it is
meant flowable at manufacturing conditions and before any drying or other hardening occurs.
Examples of preferred materials for the second embodiment of the overcoat include, but are
not limited to, an aqueous mixture of starch preferably potato starch, asphalt, and
combinations thereof. In those instances where a combination of second embodiment cathode
overcoat materials is utilized, it is preferred that the materials be separately applied upon the
battery component or deposited within the battery, and not mixed together prior to deposition.

The most preferred composition for the second embodiment of the cathode overcoat is a
mixture comprising about 20% starch (all percentages noted herein are percentages by weight
unless indicated otherwise), about 79.4% water, about 0.5% of a 45% by volume aqueous
mixture of KOH, and about 0.1% of a suspending agent which preferably is a water soluble
vinyl polymer such as Carbopol 940. It is particularly preferred to utilize potato starch as the

| starch component. The use of about 0.1% of a suspending agent has been found to facilitate
dispensing and processing of the flowable cathode overcoat material. In applications where
processing is not a concern, it is possible to utilize a mixture comprising about 20% starch,
preferably potato starch, and about 80% water. Either of these preferred compositions can be
formed by adding the components together in their respective amounts, and mixing.

Depending upon the amount of interior volume available in the battery, it is also
preferred to incorporate both the first embodiment and second embodiment of the cathode

overcoats in combination in the battery. The first embodiment cathode overcoat can be coated



with the second embodiment flowable cathode overcoat, and the combination incbrporatcd into
the battery. Likewise, the first embodiment cathode overcoat can be coated with one type of
the second embodiment flowable overcoat composition, such as asphalt, and that combination
utilized in conjunction with additional amounts of the second embodiment overcoat
composition, such as the starch composition or asphalt.

Surprisingly it has been discovered that incorporating a cathode overcoat into a battery
between an anode and exposed regions of a cathode, such as onto a cathode shelf, achieves,
for the very first time, a relatively simple yet elegant way to protect the cathode and ensure
separation between the cathode and anode, and thus reduce the incidence of electrical shorting
on the cathode shelf.

In addition to providing the previously noted features, the cathode overcoat material
may also be selected to promote sealing and retainment between the anode and separator basket
in standard alkaline cells. If the overcoat material swells upon uptake of a liquid electrolyte,
the resulting increase in-volume of the overcoat material can be utilized to assist in sealing the
separator basket to anode, as explained in detail below. Moreover, the second embodiment
cathode overcoat material also tends to bond with the separator basket thereby promoting
sealing of the cathode from the anode.

The preferred amount of cathode overcoat material deposited onto the exposed cathode
regions is an amount such that at least a majority of the exposed cathode regions are covered
by the cathode overcoat, and most preferably is an "effective amount,” which will prevent
electrical conduction through the overcoat to the cathode, such as which would otherwise occur
during the previously described anode shorting. In applications in which the first embodiment
cathode overcoat is utilized, it is preferred that the overcoat be a relatively thin layer, and most
preferred that it have a thickness of from about0.020" to about 0.100" or more. With regard
to the second embodiment cathode overcoat, it has been found that for a standard alkaline D-
cell having an annular-shaped cathode shelf, such as shelf 32 in Figs. 1-4, the preferred
amount of cathode overcoat, i.e. starch composition and/or asphalt, deposited onto the shelf
ranges from about 1.5 cm’ to about 5.0 cm’ or more, depending upon the amount of remaining
volume desired in the upper portion of the cell.

The cathode overcoat can be incorporated into a battery in a varicty of ways, primarily

depending upon whether the overcoat is a rigid or flexible material in accordance with the first



embodiment, or a flowable composition in accordance with the second embodiment. If the
cathode overcoat is a rigid or flexible material, it may be incorporated in a battery by
conventional assembly procedures. Of course, it might be necessary to appropriately cut or
shape the cathode overcoat prior to insertion into the battery. If the cathode overcoat is a
flowable material, it is preferably incorporated into a battery as described below with regard to
Figs. 2-7.

Figs. 2-4 illustrate in greater detail .the deposition of the second embodiment flowable
cathode overcoat 80 onto cathode shelf 32 of a battery. Fig. 2 illustrates a layer of cathode
overcoat composition 80 formed on cathode shelf 32 relatively soon after its incorporation into
the battery. The flowable composition 80 often has a consistency similar to a thick paste, and
may be somewhat foam-like, as illustrated in Fig. 2. After deposition of flowable overcoat
composition 80 onto the cathode shelf, the composition will form a layer having a relatively
uniform thickness. Fig. 3 illustrates the battery depicted in Fig. 2 after sufficient time has
elapsed such that the overcoat 80 has settled and begun to harden or solidify. Fig. 4 illustrates
the battery depicted in Fig. 3, after sufficient time has passed such that the overcoat
composition 80 has dried to form a protective cathode overcoat on cathode shelf 32. It has
been found that the most preferred second embodiment overcoat composition, i.e. an aqueous
mixture comprising potato starch,-completely dries, or substantially so, at r;)om temperature in
about 30 minutes. External heat can be applied or drying agents utilized to accelerate the
drying phase. -

Depending upon the composition of the cathode overcoat, it has been found that certain
overcoat materials swell and increase in volume when exposed to a prewet soluﬁon and/or
. electrolyte. When the cathode overcoat is disposed on a cathode shelf surrounding the
centrally disposed separator basket and anode, and a prewet solution or electrolyte is added o
the battery, the cathode overcoat swells and causes the relatively delicate separator basket to be
pushed inward towards the anode as illustrated in Fig. 4 at 40a. Such expansion of the
cathode overcoat promotes sealing of separator basket 40 around the periphery of anode 20.

The preferred process for incorporating the second embodiment flowable cathode
overcoat into a battery, and for achieving swelling of that overcoat, thereby promoting sealing |
between the anode and separator basket, is as follows. Cathode material is deposited in the

interior of a battery can having a closed bottom and open top. The cathode material is formed
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or pressed against the interior wall of the can thereby forming a concentric cavity extending
along the axial dimension of the battery. Next, a separator basket is placed within the
cylindrical cavity. At this point in the assembly process, it is preferred to deposit or form the
cathode overcoat material over the exposed regions of the cathode, .i.e. the cathode shelf. If
the cathode overcoat is a combination of the previously described first and second overcoat
embodiments such as a ring-shaped paper separator material coated with an aqueous mixture of
potato starch and/or asphalt, it is preferred that the ring be coated and that the coating be
dried, or substantially so, prior to incorporating the cathode overcoat into the battery such as
onto the cathode shelf. If the cathode overcoat is in accordance with the second embodiment,
dispensing is achieved as described below. Next, a prewet solution is dispensed into the can.
The prewet solution generally comprises water or a glycol component, and/or a small amount
of electrolyte. The anode material is then deposited, within the separator basket in the interior
of the can. Next, electrolyte is added and batg:r_y assembly completed.

The second embodiment flowable cathode overcoat composition of the present
invention may' be dispensed into one or more batteries in a variety of fashions. Fig. 5
illustrates a preferred embodiment process for dispensing overcoat material 80 into a plurality
of batteries 105 to be filled. Slurr}; tank 110 is provided for containing overcoat material 80.
A mixer 120 is utilized to promote relatively uniform and homogenous characteristics of
overcoat material 80. Discharge from tank 110 is directed by pump 130 through feed line 125
to metering unit 140. Metering unit 140 dispenses predetermined amounts of overcoat
material 80 to dispensing nozzle 150. One or more conveyors 180 may be provided which
transfer and direct batteries 105 to be filled to an indexing wheel 160 or other comparable
device. Indexing wheel 160 is utilized in conjunction with a controller and drive assembly
170. Once filled with appropriate amounts of overcoat material 80, filled batteries 107 may be
transferred to other phases of the process via one or more conveyors 180.

Fig. 6 is a detailed perspective view of dispensing nozzle 150 and its placement over a
battery 105 to be filled. Dispensing nozzle 150 is preferably shaped and of a size sufficient to
fit within the annular region between can 10 and separator basket 40 such that overcoat
material 80 is dispensed only within that annular region and not outside can 10 or within the
interior of separator basket 40. Fig. 7 illustrates the underside of dispensing nozzle 150,

particularly illustrating a plurality of dispensing apertures 152 located about the periphery of



nozzle 150. This arrangement of apertures 152 promotes uniform dispensing into the annular
void.
TESTING

A series of drop test experiments were conducted in which the performance of standard
alkaline D-cells, having no type of electrode overcoat was compared to the performance of
standard alkaline D-cells having various combinations of cathode overcoats in accordance with
the present invention. Drop testing was performed by dropping a cell through a cylindrical
tube such that the cell's negative terminal struck a hard surface. Each cell-was dropped 5
times from a height of 3 feet. After the drop tests, all batteries were stored at 71° C for a
period of one week. All cells were then tested for low voltage, which is indicative of
electrical shorting or other damage having occurred within the battery. The cathode overcoat
materials utilized in accordance with the first embodiment of the present invention were
separator rings formed from a paper separator material available from Dexter under the
designation 11158 or 9258; and a paper separator material available from NKK under the
designation VLZ105. The cathode overcoat materials utilized in accordance with the second
embodiment of the present invention were an overcoat composition comprising 20% potato
starch and 80% water deposited onto the cathode shelf; an asphalt material deposited onto the
cathode shelf; and an asphalt material deposited on a previously described separator ring.

Referring to Fig. 8, in a first trial, 10 cells, each containing 1.5 cm’ of a cathode
overcoat material disposed onto the exposed cathode shelf of a battery in accordance with the
second embodiment of the present‘ invention described herein, were drop tested. The cathode
overcoat material utilized was the previously described aqueous mixture comprising 20%
potato starch and 80% water. After undergoing the previously described one-week storage
period, 10% of the cells tested exhibited a low voltage output.
| In a second trial, 10 cells each containing a cathode overcoat in accordance with both
the first embodiment and second embodiment, i.e. a paper separator material from Dexter, in
' cdmbination with 1.5 cm® of the cathode overcoat material utilized in the first trial, were drop
tested and then stored as previously described. There were no measured failures.

In a third trial, 10 standard alkaline cells, with no modifications and containing no

cathode overcoat of any type, were drop tested and subjected to the one week storage period.

Sixty percent exhibited a low voltage.
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. In a fourth trial, 10 cells were modified by depositing an asphalt cathode dvcrcoat
composition onto the cathode shelf in accordance with the second embodiment of the present
invention. All cells were drop tested and stored as previously described. There were no
measured failures or low voltage cells. |

In a fifth trial, 10 cells were tested, each cell containing cathode overcoats in
accordance with the first and second embodiments described herein, i.e. a- Dexter paper
separator ring in combination with 1.5 cm’ of a potato starch cathode overcoat composition.
-In addition, the paper separator ring was coated with an asphalt composition in accordance
with the second embodiment. After drop testing and storage as previously described, there
were no measured failures or low voltage cells.

In a sixth trial, 10 cells, each having a separator ring formed from a paper separator
material available from NKK in accordance with the first embodiment of the present invention
were tested and stored. The percentage of cells with a low voltage output after storage was
20%. '

In a seventh trial, 10 cells, each having a paper separator ring from NKK and
containing 1.5 cm’® of the potato starch cathode overcoat composition according to the second
embodiment were tested and stored. There were no measured failures or low voltage outputs.

In an eighth trial, 10 cells, each utilizing a paper separator ring from Dexter that was
coated with asphalt, were tested ;md stored. Ten percent of the cells exhibited a low voltage
output after drop testing and storage. _

The results of the previously described testing are summarized in Figure 8. The "C"
reference indicates the overcoat or asphalt composition being deposited on the cathode shelf.
The results of the testing clearly demonstrate that cells with cathode protection, i.e. trials 1-2
and 4-8, dramatically outperformed cells without cathode protection, i.e. trial 3. That is, 60%
of the cells without any cathode protection, i.e. those tested in trial 3, exhibited a low open
circuit voltage reading. In contrast, none of the cells tested in trials 2, 4, 5, and 7 exhibited a
low voltage reading. Moreover, only 10% of the cells tested in trials 1 and 8 exhibited a low
voltage reading. And, only 20% o.f the cells tested in trial 6 exhibited a low voltage reading.
Moreover, the testing indicates that particularly desirable battery performance is obtained, i.e.,

resistance to impacts and vibration, when a combination of the first and second embodiments

of cathode overcoats are incorporated in a battery.
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Of course, it is understood that the foregoing arc merely preferred embodiments of the
invention and that various changes and alterations can be made without departing from the
* spirit and broader aspects thereof as set forth in the appended claims, which are to be

interpreted in accordance with the principals of patent law including the Doctrine of

Equivalents.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:
1. An electrochemical cell comprising:
a can;
an anode disposed within said can;
a cathode disposed within said can, said cathode having an exposed region susceptible
to contact by said anode; and
a cathode overcoat disposed over said exposed region of said cathode for providing a

protective barrier for said exposed region of said cathode thereby preventing contact between

said anode and said exposed region of said cathode.

2. The battery of claim 1 wherein said cathode overcoat covers at least a majority of said

exposed region of said cathode.

3. The battery of claim 1 wherein said cathode overcoat is a rigid or flexible material.
4, The battery of claim 3 wherein said cathode overcoat is a thin layer.
5. The battery of claim 4 wherein said cathode overcoat has a thickness of from about

0.020 inches to about 0.100 inches.

6. The battery of claim 3 wherein said cathode overcoat has an annular shape.

7. The battery of claim 1 wherein said cathode overcoat comprises a nonwoven cellulosic
material.

8. The battery of claim 7 wherein said cathode overcoat is a paper separator material.

9. The battery of claim | wherein said cathode overcoat is a flowable composition.
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10.

13

The battery of claim 9 wherein said cathode overcoat composition is selected from:- the

group consisting of an aqueous mixture of starch, asphalt, and combinations thereof.

1.

12.

13.

14.

15.

16.

The battery of claim 9 wherein said cathode overcoat composition comprises:

about 20% starch; and

about 80% Water.

The battery of claim 11 wherein said cathode overcoat composition further comprises:
about 0.5% of 45% KOH.

The battery of claim 11 wherein said cathode overcoat composition further comprises:

about 0.1% of a suspending agent.
The battery of claim 13 wherein said suspending agent is Carbopol 940.
The battery of claim 11 wherein said starch is potato starch.

The battery of claim 9 wherein said battery further comprises a separator disposed

between said anode and said cathode, and said cathode overcoat composition bonds to said

separator to promote sealing of said cathode from said anode.

17.

18.

The battery of claim 1 wherein said cathode overcoat comprises:
a rigid or flexible material; and

a flowable composition.

The battery of claim 17 wherein said rigid or flexible material is a nonwoven cellulosic

material, and said flowable composition is an aqueous mixture comprising starch.

19.

The battery of claim 1 wherein said cathode overcoat is electrically nonconductive and

chemically resistant to battery components.
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20. A battery comprising:
a can;
an anode disposed within said can;

a cathode disposed within said can, said cathode having an exposed surface defining a

cathode shelf; and

a cathode overcoat overlying said cathode shelf, said cathode overcoat providing a

protective barrier for said exposed surface of said cathode.

21.  The battery of claim 20 wherein said cathode overcoat is electrically nonconductive and

chemically resistant to battery components.

22.  The battery of claim 20 wherein said cathode overcoat is a nonwoven cellulosic

material.

23.  The battery of claim 20 wherein said cathode overcoat is a flowable material selected

from the group consisting of an aqueous mixture of starch, asphalt, and combinations thereof.



