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CYLINDRICAL NICKEL-ZINC CELL WITH NEGATIVE CAN

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority under U.S.C. §119 to provisional application
61/041,891, titled “*Cylindrical Nickel-Zinc Cell With Negative Can,” filed on April 2,
2008, and under U.S.C. §120 to application to 11/116,113, titled “Nickel Zinc Battery
Design,” filed April 25, 2005, the disclosures of which are incorporated herein 1n their

entireties for all purposes.

FIELD OF INVENTION
This invention pertains generally to nickel-zinc batteries. More specifically, this

invention pertains to the physical design and construction of a cylindrical nickel-zinc cell.

BACKGROUND

The recent trend for portable devices has increased the needs and requirements for
environmentally friendly rechargeable batteries suitable for use for consumers as a
replacement to primary, or not rechargeable, batteries. A conventional rechargeable
alkaline battery, e.g., nickel-metal hydride or nickel cadmium, has a negative can and a
positive cap. Cylindrical nickel-zinc cells may be designed with polarities in reverse or
opposite of a conventional alkaline battery. In the reverse polarity design, the battery vent
cap 1s the negative terminal and the cylindrical case or can 1s the battery positive terminal.
The reverse polarity design provides low impedance and low hydrogen evolution at the
negative terminal. When employed in electricity powered portable devices, such as power
tools, the reverse polarity design does not affect the consumer, because the rechargeable
battery may be built into the device or be separately wrapped or encased. However, when
the cells are individually supplied, a consumer may possibly mishandle a reverse polarity
cell and cause damage to the cell or equipment by using or charging a reverse polarity cell

as a conventional polarity cell.

In order to make available individual cells to mass consumers, a conventional
polarity cell design for a nickel-zinc cell 1s sought that provides good impedance and

hydrogen recombination at the negative terminal.
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SUMMARY OF THE INVENTION

A nickel-zinc battery cell 1s formed with a negative can, a positive cap, and a jelly
roll of electrochemically active positive and negative materials within. The inner surface
of the can 1s protected with an anticorrosive material that may be coated or plated onto the
can. Good electrical contact between the jelly roll and the cap 1s achieved through folding
the nickel substrate over to contact a positive current collection disk.

In one aspect, the present invention pertains to a battery cell that includes a can, a
negative current collector disk on the bottom of the can, a jelly roll on top of the negative
current collector disk, a positive current collector disk on top of the jelly roll, and a vent
assembly connected to the current collector disk but electrically insulated from the can.
The cell 1s sealed at the interface between the vent assembly and the edge of the can. The
can includes a bottom and a cylindrical side. The can includes an anticorrosive material.
The negative current collector disk 1s 1n electrical contact with the can. The jelly roll
includes a positive electrode, a negative electrode, and one or more separators 1n between.
The negative electrode 1s 1n electrical contact with the negative current collector disk, and
the positive electrode 1s 1n electrical contact with the positive current collector disk. The
vent assembly 1s disposed on top of the positive current collector disk.

An anticorrosive material as part of the cell 1s included either as part of the can or a
separate element. As part of the can the anticorrosive material may be the composition of
the can 1tself or a coating or plated on at least the inner surface of the can. The coating
may be painted on or otherwise applied using techniques such as welding, cladding, or
other adhesive techniques. The material may also be plated onto the inner surface of the
can either by electroplating or electroless plating. The anticorrosive material may be
copper, tin, copper/tin alloy, zinc, silver, conductive carbon, brass, or combinations of
these. In one embodiment, the anticorrosive material 1s conductive carbon paint that 1s
coated or sprayed onto the can. In other embodiments, the anticorrosive material 1s plated
tin or plated bi-layer of tin and copper. In still other embodiments, the anticorrosive
material 1s plated zinc, copper, or silver. Other examples include having a can with
composition of substantially, e.g., more than 50%, preterably more than 75%, of copper,
zing, tin, or brass. As a separate element, the anticorrosive material may be a metal sheet,

fo1l or separator that circumferentially envelops the jelly roll. The anticorrosive material
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may be attached to the jelly roll or the can.

An anticorrosive material 1s required because the zinc negative electrode material
contacts the negative can for better electrical and thermal conduction. However, as
mentioned above, a corrosive reaction between zinc and the can material can cause
damage to the cell.

Anticorrosive material may also be a part of the negative current collector. The
anticorrosive material of the negative current collector may be the same material as the
anticorrosive collector of the can, or different materials. Generally, methods of attaching

or applying the anticorrosive material to the can are also applicable to the current collector.

These and other features and advantages are discussed further below with reterence

to associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1s a diagram of charge transfer and mass transfer reactions in the Zn electrode.

Figure 2A 1s an exploded diagram of a cell in accordance with various embodiments of the
present invention.

Figure 2B 1s a cross-section diagram of a cell in accordance with various embodiments of
the present invention.

Figures 3A and 3B are cross-section diagrams of various parts of a cell a cell 1n accordance
with various embodiments of the present invention.

Figure 4 1s a diagram of a vent cap from top of the cell.

Figure 5 1s an exploded view of an example cell design 1n accordance with various
embodiments of the present invention.

Figure 6 1s a schematic of the relative positions of the jelly roll components in accordance

with various embodiments of the present invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

Embodiments of the present invention are described herein in the context of design
and manufacturing a nickel-zinc cell. Those of ordinary skill in the art will realize that the

following detailed description of the present invention 1s 1llustrative only and 1s not
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intended to be 1n any way limiting. Other embodiments of the present invention will
readily suggest themselves to such skilled persons having the benefit of this disclosure.
For example, anticorrosion material may be applied to the inside of the cell can using other

procedures.

Reference will be made in detail to implementations of the present invention as
illustrated 1n the accompanying drawings. In this application, the terms “battery” and
“cell” may be used interchangeably, such use should be clear from the context of the

discussion.

INTRODUCTION

The recent trend for portable devices has increased the needs and requirements for
environmentally friendly rechargeable batteries suitable for use for consumers as a
replacement to primary, or not rechargeable, batteries. Nickel zinc batteries are
environmentally friendly, but are supplied in a reverse polarity format to for low
impedance and hydrogen evolution. When the cells are individually supplied, a consumer
may possibly mishandle a reverse polarity cell and cause damage to the cell or equipment
by using or charging a reverse polarity cell as a conventional polarity cell.

One solution for the consumer 1s to manufacture a reverse polarity cell that
resembles a conventional polarity cell at standard consumer sizes, e.g., AA, AAA, C, and
D. A bottom of a positive can may be made to look like a positive cap by stamping out a
button. A negative cap may be made flat to look like a bottom of a negative can.
However, this solution reduces the volume available tor electrochemically active material
inside the can. The button stamped out on the bottom would have only cosmetic purpose.
The volume of the button 1s not used toward any cell function. Hiding a vent cap at the
negative terminal below a flat surface also adds volume that 1s not used toward cell
function. The net impact 1s a reduction in the volume available for electrochemical
reactions. The actual cell would have to be shorter than that of a standard cell to fit such a
configuration. The size reduction would reduce or eliminate the one of the advantages of
the Ni1-Zn cell over other cell types—more energy for the same size cell.

The present invention 1s a battery cell design using conventional polarity (positive
cap and negative can) that avoids some of the original rationale for the reverse polarity

design and yet obtains other advantages. Using a conventional polarity also avoids the
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reduction in cell energy associated with cosmetic redesigning of a reverse polarity cell. In
certain embodiments, battery cells of this invention are nickel-zinc batteries.

In one aspect, the present invention pertains to a battery cell that includes a can, a
negative current collector disk on the bottom of the can, a jelly roll on top of the negative
current collector disk, a positive current collector disk on top of the jelly roll, and a vent
assembly connected to the current collector disk but electrically insulated from the can.
The cell 1s sealed at the interface between the vent assembly and the edge of the can.

An anticorrosive material as part of the cell 1s included either as part of the can or a
separate element. As part of the can the anticorrosive material may be the composition of
the can 1tself or a coating or plated on at least the inner surface of the can. The coating
may be painted on or otherwise applied using techniques such as welding, cladding, or
other adhesive techniques. The material may also be plated onto the inner surface of the
can either by electroplating or electroless plating. In some cases, the material may be
treated after application to the can, for example, baking (at about 260°C or higher) or
chemical cleaning. The anticorrosive material may be copper, tin, copper/tin alloy, zinc,
silver, conductive carbon, brass, or combinations of these. In one embodiment, the
anticorrosive material 1s conductive carbon paint. In other embodiments, the anticorrosive
material 1s plated tin or plated bi-layer of tin and copper. In still other embodiments, the
anticorrosive material 1s plated zinc, copper, or silver. Other examples include having a
can with composition of substantially, e.g., more than 50%, preferably more than 75%, of
copper, zinc, tin, or brass. As a separate element, the anticorrosive material may be a

metal sheet, foil, or non-wettable polymer or separator that circumterentially envelops the

jelly roll. The anticorrosive material may be attached to the jelly roll or the can.

The non-wettable polymer or separator may be hydrophobic polymer sheets. While
any hydrophobic polymer may be used, a microporous membrane such as a polyolefin
having a porosity of between about 30 and 80, and an average pore size of between about
0.005 and 0.3 micron will be suitable. A non porous sheet will also be effective. The non-
wettable separator may be added as an extension of the separator 1n the jellyroll that would
wind past the end of the negative electrode between the jellyroll and the can. The non-
wettable polymer may also be added as a separate wrap around the jellyroll.

The conductive carbon paint may be a conductive graphite coating. Typically, it 1s

water based and resistant to KOH. It i1s believed to reduce corrosion and oxidation of
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nickel plated steel and improve electrical contact between the cathode can and electrolyte.
One suitable source for this material 1s Acheson Industries of Madison Heights, Michigan.
The conductive carbon 1s applied thinly and evenly to achieve the noted benefits. A
typical application may include stamping or brushing the bottom of the can at the negative
current collector disk, including the wiper assembly. The side of the can may be sprayed
or brushed with the paint. After painting, the material may be dried for a time at an
elevated temperature, for example, for 30 minutes at about 70°C.

An anticorrosive material 1s required because the zinc negative electrode material
contacts the negative can for better electrical and thermal conduction. However, as
mentioned above, a corrosive reaction between zinc and the can material can cause
damage to the cell. Thus the material to which the zinc active material contacts at the can
1s selected carefully to avoid such a reaction. The inventors unexpectedly found that
plated can from different vendors performed differently. Particularly, the battery cells
made from plating by Shenzhen Longgang PingShan Gaohengsheng Company in
Shenzhen, China, were found to have good properties. The process involves degreasing
using an alkaline solution, cleaning with water three times, washing with acid, cleaning
water three times, cleaning with deionized water once, plating a layer of copper using an
alkaline electrolyte, cleaning with water three times, cleaning with deionized water once,
plating a layer of tin using an electrolyte containing sulfate, cleaning with water three
times, cleaning with deionized water, and drying.

It 1s believed that plating with good uniformity (overall regions of the can) may be
achieved with a plating chemistry that has a higher throwing power. When electroplating
an 1nside surface of a can, the area around the electrodes tend to accumulate more plated
material than area further away. Using very conductive electrolytes reduces this non-
uniformity. Plating on metal sheets before they are manufactured into cans or using
electroless plating are different ways to increase uniformity.

Another way to protect the can and jelly roll against corrosive reactions 1s to ensure

enough tin 1s plated such that the minimum thickness at any one location on the can

surface 1s sufficiently high, e.g., between about 3-20 pum.
Other considerations for the anticorrosive material include costs both 1n material
and manufacturing. Thus more expensive coating methods or material may not be feasible

if the total cost of the battery cell increases by a large amount.
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A negative current collector disk 1s placed at the bottom of the can. The negative
current collector disk 1s typically made of copper, but may be other materials compatible
with the negative electrode. In one embodiment, the negative current collector disk 1s a
copper foam disk or expanded metal. In some embodiments, the negative current collector
disk 1s also coated or plated with an anticorrosive material. This anticorrosive material
may be the same material as the inner surface of the can or a different material.
Additionally, the entire negative current collector disk may be made of an anticorrosive
material such as copper, tin, copper/tin alloy, zinc, silver, conductive carbon, brass, and
combinations of these.

In certain embodiments, a spring mechanism may be added between the bottom of
the can and the negative current collector disk. The spring mechanism may be in the form
of an o-ring compatible with the alkaline electrolyte or a metal formed with some tension.
The spring mechanism absorbs shock and vibration during battery operation, such as in a
power tool and also during handling, such as accidental dropping of the battery. When the
spring mechanism absorbs the impact, other cell components, e.g., the negative current
collector disk or the jelly roll, would not deform. In some embodiments, this spring
mechanism may be a part of the negative current collector disk (e.g., one or more bent tabs
cut into the disk) and/or be connected to the can by welding or other attachment
techniques.

A jelly roll 1s positioned on top of the negative current collector disk. The jelly roll
includes a positive electrode, a negative electrode, and one or more separators 1n between.
Composition and manufacture of the negative electrodes are disclosed in US Patent
Application No. 10/921,062 (J. Phillips), filed August 17, 2004 (low carbonate zinc
electrode); PCT Publication No. WO 02/39517 (J. Phillips); PCT Publication No. WO
02/039520 (J. Phillips); PCT Publication No. WO 02/39521; PCT Publication No. WO
02/039534 and (J. Phillips); and, US Patent Publication No. 2002182501, each of the
above incorporated herein by reference in their entireties for all purposes. Composition
and manufacture of the positive electrodes are disclosed 1n the following documents, each
of which 1s incorporated herein by reference in its entirety for all purposes: PCT
Publication No. WO 02/039534 (J. Phillips) (co-precipitated N1(OH),, CoO and finely
divided cobalt metal) and (J. Phillips) US Patent Publication No. 20020192547 filed
March 15, 2002 (fluoride additives). The overall nickel zinc battery design 1s disclosed in
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US Patent Application 11/116,113, which 1s also incorporated herein by reference in its
entirety for all purposes.

The jelly roll 1s formed from the cut electrodes and separator sheets described
above. Negative electrode and positive electrode are separated by one or more sheets of
separators. The separators may be a number of different compositions and may be
composite sheets of different material serving different purposes such as wetting and
providing a barrier to dendrite growth while allowing 1onic exchange. A winding
apparatus draws the various sheets in at the same time and rolls them into the jellyroll-like
structure. After a cylinder of sufficient thickness 1s produced, the apparatus cuts the layers
of separator and electrodes to produce the finished jelly roll. A hollow core extends
through the center of the jelly roll. The radius and shape of the core may be controlled by
the winding tool which holds the sheets of electrode and separator during winding.

The outer layer of the jelly roll as wound 1s preferably the negative zinc electrode.
The zinc active material 1s typically provided in excess of the nickel active material. The
zinc active material 1s also less costly. In a reverse polarity design, an additional layer of
separator between the can and the zinc active material 1s required to insulate the positive
can from the negative electrode. However, 1in a conventional polarity design, the outer
layer and the can have the same polarity and the additional layer of separator may not be
needed 1f the anti-corrosive component of the can 1s sufficient. The elimination of an
outer separator increases available volume 1n the can for electrochemically active material
and reduce cost by using less separator material.

In certain embodiments, however, a layer of separator material may still be used
between the can and the zinc active material. When this layer 1s hydrophobic it provides
additional anti-corrosive properties. It 1s believed that using the hydrophobic separator
lengthens the electrolyte pathway to the extent that 1t effectively decouples the can and the
jellyroll electrically and thus prevents the corrosion reaction of at the can surface.

This layer of separator material may be wrapped around the outer negative
electrode layer as a separate wrap or as a non wettable extension of the hydrophilic
separator layer. As the jellyroll 1s wound, the non-wettable extension of the separator
makes a final wrap around the outside of the jellyroll.

The electrodes may be wound in such a way to be slightly offset from each other,

where positive electrode and the separator protrudes above the negative electrode and the
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negative electrode extends below the positive electrode. Such offsetting facilitates contact
with the respective current collection disks. The positive electrode substrate, usually a
nickel foam, may be folded over the separator sheets and each other to form a nickel foam
plate that makes good contact with the positive current collector disk. At the top of the
jelly roll, the nickel foam material extends the furthest, then the separator material, and the
lowest point would be the negative electrode. As the nickel foam and the separator
material are folded over from the perimeter toward the center of the jelly roll, the folded
over separator covers the negative electrode tops and prevents the nickel foam from
directly contacting the negative electrode. The nickel foam 1s preferably extended such
that nickel foam from each successive wind would contact the foam from the next inner
wind to form an overlapping nickel foam plate. In certain embodiments, the nickel foam
may be notched carefully at the top edge to facilitate forming of the foam plate and prevent
excessive wrinkles while keeping the separator intact.

A positive current collection disk may be placed or attached to the top of the jelly
roll 1n electrical contact with the positive electrode. The positive current collector disk
may be made of stainless steel and may be plated with nickel or other material compatible
with the nickel positive electrode. One or more metal tabs on a top of the positive current
collector disk 1s attached to a vent assembly. The metal tab may be welded to the vent
assembly so as to form a good contact. In between the positive current collector and the
top 1s an o-ring to provide compression and strain relief.

In certain embodiments, the electrical contact to the jelly roll 1s maintained by the
pressure created by a "spring” that has been inserted between the positive current
collection disk and the top. The spring may be a steel spring that has been plated with
nickel. Alternatively the spring may be substituted for with a pressurized rubber annulus or
o-ring that 1s resistant to the alkaline media. Such materials may be EPDM (Ethylene
Propylene Diene Monomer) or Viton® (fluoroelastomer family from DuPont Dow
Elastomers, L.L..C.). In other embodiments, the spring may be or include one or more bent
sections of the collection disk. In any case sufficient pressure 1s maintained such that low
impedance electrical resistance 1s maintained between the cap and jellyroll. In certain
embodiments, the pressure exerted by the o-ring presses downward through or from a

crimp 1n the cell can.
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The vent assembly of the battery cell includes a vent mechanism, a seal gasket, and
a bottom plate. The bottom plate may be attached to the positive current collector disk by
a weld. The vent mechanism includes a cap having vent holes and a rubber 1nsert that
provides pressure relief at pressures above 300 psi, 450 psi, or even up to 600 psi. The cap
of the vent mechanism 1s welded to the bottom at several places. In one example, four
welds forming equidistant from a center are made. In other examples, more or fewer
welds or the entire periphery of the cap may be welded to the bottom plate.

The seal gasket 1s fitted around the vent assembly and inserted into the can. The
edge of the can 1s then folded over and crimpled over the seal gasket to close the can. The
crimping of the can forms an airtight seal while the seal gasket insulates the can from the
vent assembly.

During the cell manufacturing process, a part of the can 1s beaded. A small
circumference of the can above the location of the jelly roll 1s compressed so that an
insulator below the edge of the bead 1s held 1n place and prevents contact between the can
and the positive electrode material. The bead 1s also used to encapsulate the seal gasket.

In another aspect, the present invention pertains to a nickel zinc battery cell having
a can, a negative current collector disk, a jelly roll, an anticorrosive material layer, a
positive current collector disk, and a vent assembly. The anticorrosive material layer may
be attached to the inner surface of the can or to the outer wind of the jelly roll. The
anticorrosive material may be copper, tin, copper/tin alloy, zinc, silver, conductive carbon,
brass, or combinations of these. The anticorrosive material may be a foil, a sheet, a coated
layer or a plated layer on the inner surface of the can or the outer surface of the jelly roll.

In order to frame the context for various design features, the electrochemical

reactions and the possible by products in a nickel zinc cell 1s described.
Electrochemical Reactions of Nickel Zinc Batteries

The charging process for a nickel hydroxide positive electrode in an alkaline

electrochemical cell 1s governed by the following reaction:

N1(OH), +OH- - N1OOH +H,0 + ¢ (1)

The charging efficiency of the positive electrode and the utilization of the positive

10
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electrode materials are atfected by the oxygen evolution process which 1s controlled by the

reaction:

20H —-H,O0+1/20,+2¢ (2)

The oxygen evolution reaction generally begins when the state-of-charge (SOC)
reaches to 70~80%. The overcharge of the nickel electrode leads to a decrease of the
charging efficiency of the nickel electrode as more charge 1s diverted to gas evolution.
After first charge of the electrochemical cell, the nickel hydroxide 1s oxidized to form the
nickel oxy hydroxide. During discharge of the electrochemical cell, the nickel
oxyhydroxide 1s reduced to form nickel hydroxide. The reversible nickel hydroxide should
maintain 1n a beta-phase structure, but generally, the nickel electrode undergoes some
degradation by swelling in the thickness as the number of charge/discharge cycles
Increases.

Alkaline electrolyte acts as 1on carrier in the electrochemical reaction 1n the Zn
electrode. In the rechargeable Zn electrode, the starting active material 1s the ZnO powder
or a mixture of zinc and zinc oxide powder. The ZnO powder dissolves in the KOH
solution to form the zincate (Zn(OH),™) that is reduced to zinc metal during the charging

process. The reaction at the Zn electrode can be written as follows:

/nO+20H +H,0 — Zn(OH);" (3) and

/n(OH); +2¢ — Zn+40H" (4)

Then, the overall N1/Zn battery reaction can be expressed as follows:

/Zn+2N1OOH+ H,0 = Zn0O + 2Ni1(OH), (5)

The charge transfer and mass transfer reactions in the Zn electrode can also be shown in
Figure 1. As shown, in the discharging process of the Zn electrode (shown as arrows
going to the right), the zinc metal 101 gives out electrons to form zincate 103. At the same
time, the concentration of the zincate 1n the KOH solution increases. The increase 1n the
zincate concentration leads to a precipitation of zincate to form the ZnO 105. These

transformations and agglomerations that occur at the zinc electrode are major factors in the

11



10

15

20

25

30

CA 02720078 2010-09-29
WO 2009/123888 PCT/US2009/038116

eventual loss 1n activity of the electrode over many charge discharge cycles. Some of the
improvements in Ni-Zn battery technology to eliminate the zincate growth in the separator

are disclosed 1n the patents US20060127761, US20060207084 and EP1819002, each of

these documents 1s incorporated herein by reference 1n its entirety for all purposes.

General Cell Structure

Figures 2A and 2B are graphical representations of the main components of a
cylindrical power cell according to an embodiment of the invention, with Figure 2A
showing an exploded view of the cell. Alternating electrode and electrolyte layers are
provided 1n a cylindrical assembly 201 (also called a “jellyroll”). The cylindrical assembly
or jellyroll 201 1s positioned inside a can 203 or other containment vessel. A negative
collector disk 205 and a positive collector disk 207are attached to opposite ends of
cylindrical assembly 201. The negative and positive collector disks function as internal
terminals, with the negative collector disk electrically connected to the negative electrode
and the positive collector disk electrically connected to the positive electrode. A vent cap
as part of vent assembly 209 and the can 203 serve as external terminals. In the depicted
embodiment, positive collector disk 207 includes an o-ring 211 for connecting the positive
collector disk 207 to vent assembly 209. Negative collector disk 205 1s welded or
otherwise electrically connected to can 203. An insulator 213 1s positioned between the
can 203 and a circumferential corner of the jelly roll 201 to electrically insulate the can
from any exposed positive electrode on top of the jelly roll. In other embodiments, the
positive collector disk connects to the can and the negative collector disk connects to the
cap.

The negative and positive collector disks 205 and 207 may be perforated to
facilitate bonding to the jellyroll and/or passage of electrolyte from one portion of a cell to
another. In other embodiments, the disks may employ slots (radial or peripheral), grooves,
or other structures to facilitate bonding and/or electrolyte distribution. In certain
embodiments, the negative collector disk 1s a copper foam. The copper foam may have a
metallic backing as support on the side closest to the can bottom. In certain embodiments,
a spring mechanism may be positioned between the negative collection disk and the
bottom of the can to exert pressure against the jelly roll, thereby ensuring good electrical

contact. The spring mechanism would also absorb shocks and vibration during handling
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and operation.

Figure 3A 1s a close-up cross section view of the positive end of the battery cell. A
flexible gasket 311 rests on a circumferential bead 315 provided along the perimeter in the
upper portion of can 313, proximate to the cap 309. The gasket 311 serves to electrically
1solate cap 309 from can 313. In certain embodiments, the bead 315 on which gasket 311
rests 1s coated with a polymer coating. The gasket may be any material that electrically
1solates the cap from the can. Preferably the material does not appreciably distort at high
temperatures; one such material 1s nylon. In other embodiments, it may be desirable to use
a relatively hydrophobic material to reduce the driving force that causes the alkaline
electrolyte to creep and ultimately leak from the cell at seams or other available egress
points. An example of a less wettable material 1s polypropylene.

After the can or other containment vessel 1s filled with electrolyte, the vessel 1s
sealed to 1solate the electrodes and electrolyte from the environment. The gasket 1s
typically sealed by a crimping process. In certain embodiments, a sealing agent 1s used to
prevent leakage. Examples of suitable sealing agents include bituminous sealing agents,
tar and VERSAMID® available from Cognis of Cincinnati, OH.

In certain embodiments, the cell 1s configured to operate 1n an electrolyte “starved”
condition. Further, in certain embodiments, the nickel-zinc cells of this invention employ
a starved electrolyte format. Such cells have relatively low quantities electrolyte in
relation to the amount of active electrode material. They can be easily distinguished from
flooded cells, which have free liquid electrolyte 1n interior regions of the cell. As
discussed 1n US Patent Application No. 11/116,113, filed April 26, 2005, titled “Nickel
Zinc Battery Design,” hereby incorporated by reference, it may be desirable to operate a
cell at starved conditions for a variety of reasons. A starved cell 1s generally understood to
be one 1n which the total void volume within the cell electrode stack 1s not fully occupied
by electrolyte. In a typical example, the void volume of a starved jellyroll after electrolyte
fill may be at least about 10% of the total void volume before fill.

The battery cells of this invention can have any of a number of different shapes and
sizes. For example, cylindrical cells of this invention may have the diameter and length of
conventional AAA cells, AA cells, A cells, C cells, etc. Custom cell designs are
appropriate in some applications. In a specific embodiment, the cell size 1s a sub-C cell

size of diameter 22 mm and length 43 mm. Note that the present invention also may be
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employed in relatively small prismatic cell formats, as well as various larger format cells
employed for various non-portable applications. Often the profile of a battery pack for,
e.g., a power tool or lawn tool will dictate the size and shape of the battery cells. This
invention also pertains to battery packs including one or more nickel zinc battery cells of
this invention and appropriate casing, contacts, and conductive lines to permit charge and

discharge 1n an electric device.

Cell Can

The can 1s the vessel serving as the outer housing or casing of the final cell. In
conventional nickel-cadmium cells, where the can 1s the negative terminal, it 1s typically
nickel-plated steel. For a nickel-zinc cell, the can material may be of a composition
similar to that employed 1n a conventional nickel cadmium battery, such as steel, as long as
the material 1s coated with another material compatible with the potential of the zinc
electrode. For example, a negative can may be coated with an anticorrosive material such
as copper and others described above to prevent corrosion. The can 1s typically tabricated
by drawing or stamping the shape of the can into a sheet metal material. This sheet metal
material may include an anticorrosive material applied to the sheet metal. For example,
the anticorrosive material may be cladded, welded, rolled, or drawn onto the sheet metal

before the cans are fabricated.

Venting Cap

Although the cell 1s generally sealed from the environment, the cell may be
permitted to vent gases from the battery that are generated during charge and discharge. A
typical nickel cadmium cell vents gas at pressures of approximately 200 Pounds per
Square Inch (PSI). In some embodiments, a nickel zinc cell of this invention 1s designed
to operate at this pressure and even higher (e.g., up to about 300 PSI) without the need to
vent. This may encourage recombination of any oxygen and hydrogen generated within
the cell. In certain embodiments, the cell 1s constructed to maintain an internal pressure of
up to about 450 PSI and or even up to about 600 PSI. In other embodiments, a nickel zinc
cell 1s designed to vent gas at relatively lower pressures. This may be appropriate when

the design encourages controlled release of hydrogen and/or oxygen gases without their

recombination within the cell.
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Figure 3A and Figure 4 are a representation of a vent cap and vent mechanism
according to one embodiment of the invention. Figure 3A and 4 show the vent assembly
including vent cap 309/401, seal gasket 311, and bottom plate 307/407. The vent
mechanism 1s preferably designed to allow gas but not electrolyte to escape. Cap
309/4011ncludes a plate 307/407 that rests on the gasket. Plate 307/407 includes a hole
303 that permits gas to escape through vent holes 409. Vent seal 301 covers hole 303 and
1s displaced by escaping gas. Vent seal 301 1s typically rubber, though it may be made of
any material that permits gas to escape and withstands high temperatures. A square vent
has been found to work well.

Figure 4 shows a top view of the vent assembly. Vent cap 309 1s welded to plate
407 at weld spots 403 and includes holes 409 to allow the gas to escape. The locations of
weld spots 403 and 409 shown are purely illustrative and these may be at any suitable
location. In a preferred embodiment, the vent mechanism includes a vent seal 301 made of
a hydrophobic gas permeable membrane. Examples of vent cover materials include
microporous polypropylene, microporous polyethylene, microporous PTFE, microporous
FEP, microporous fluoropolymers, and mixtures and co-polymers thereof (see e.g., US
Patent No. 6,949,310 (J. Phillips), “Leak Proof Pressure Relief Valve for Secondary
Batteries,” 1ssued September 27, 2005, which 1s incorporated herein by reference for all
purposes). The material should be able to withstand high temperatures. In certain
embodiments, hydrophobic gas permeable membranes are used 1n conjunction with a
tortuous gas escape route. Other battery venting mechanisms are known 1n the art and are
suitable for use with this invention. In certain embodiments, a cell’s materials of
construction are chosen to provide regions of hydrogen egress. For example, the cells cap
or gasket may be made from a hydrogen permeable polymeric material. In one specific
example, the outer annular region of the cell’s cap 1s made from a hydrogen permeable
material such as an acrylic plastic or one or more of the polymers listed above. In such
embodiments, only the actual terminal (provided 1n the center of the cap and surrounded

by the hydrogen permeable material) need be electrically conductive.
Components of the Negative Pathway

Figure 3B shows some components of the negative pathway, such as negative

electrode substrate 321, negative current collector disk 325, and cell can 313. These
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components may be made from any of the base metals for the current collection substrate.
In certain embodiments, the negative electrode substrate 1s copper expanded metal, e.g.,
about 15 mils thick. In one embodiment, the copper expanded metal 1s turned over at the
bottom to make a contact surface with the negative collection disk. The base material
chosen for the disk and/or can should be highly conductive and inhibit the evolution of
hydrogen, etc. In certain embodiments, one or both of the disk and the can employs zinc
or a zinc alloy as a base metal. In certain embodiments, the current collector disk and/or
the can 1s a copper or copper alloy sheet or foam coated with zinc or an alloy of zinc
containing, €.g., tin, silver, indium, lead, or a combination thereof. It may be desirable to
pre-weld the current collector disk and jelly roll or employ a jelly roll that 1s an integral
part of the current collector disk and spring mechanism that could be directly welded to the
bottom. Such embodiments may find particular value 1n relatively low rate applications.
In the example shown as Figure 3B, the negative current collector disk 325 1s a copper
foam. As shown, the negative electrode substrate 321 extends into the foam forming good
electrical contact with the foam material. Also shown 1s separator material 323 that also
extends beyond the bottom of negative active material 327 but does not extend into the
foam material. These embodiments are particularly useful when the collector disk
contains zinc. The jelly roll may include a tab (not shown) welded to one side of the
negative electrode to facilitate contact with the collector disk.

In certain embodiments, the negative current collector disk may include a spring
mechanism positioned between the disk portion at the bottom of the can and the jellyroll
such as shown 1n Figure 5. The spring 501 may use bent or folded over metallic tabs or
wipers to give pressure against the negative current collector. The spring mechanism may
also use non-metallic material such as that of an o-ring discussed above to provide the
pressure. The spring portions of the negative current collector disk may be applied with
the same or different anticorrosive material as the disk portion.

It has been found that regular cans without proper anti-corrosion plating (e.g., tin,
lead, silver, zinc, indium, etc.) can cause zinc to corrode during storage, resulting in
leakage, gassing, and reduced shelf lite. In some cases, the entire negative electronic
pathway (including the terminal and one or more current collection elements) 1s made from
the same material, e.g., zinc or copper coated with zinc. In a specific embodiment, the

entire electronic pathway from the negative electrode to the negative terminal (current
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collector substrate, current collector disk, tab, and cap) 1s zinc plated copper or brass.
Some details of the structure of a vent cap and current collector disk, as well as the carrier

substrate 1tself, are found in the following patent applications which are incorporated

herein by reference for all purposes: PCT/US2006/015807 filed April 25, 2006 and
PCT/US2004/026859 filed August 17, 2004 (publication WO 2005/020353 A3).

Components of the Positive Pathway

Figure 3A shows some components of the positive pathway, such as a positive
electrode substrate 329, positive current collection disk 319, and vent assembly including
vent cap 309. The positive electrode substrate 329 1s typically a nickel foam. As shown in
Figure 3A, the positive electrode substrate 329 extends above the separator sheets 331 and
the top of positive active material 333. Figure 6 1s a schematic of the relative positions of
the jelly roll components. As discussed above, the positive and negative electrode
materials are placed 1n layers with one or more separator material in between. A
mechanism then winds the layers into a jelly roll. Figure 6 shows about two winds of a
jelly roll toward the positive end. Separator material 603 1s positioned 1n between the
negative electrode material 605 and positive electrode material 601. The positive
electrode substrate 604 extends above the negative electrode 605 and 1s folded over above
the separator layer 603. The folded positive electrode substrate 604 preferably overlaps
the positive substrate from an inner wind, as shown. The separator 603 insulates the two
types of electrodes from each other and does not allow any direct contact between the
positive substrate 604 and the negative electrode 605. In certain embodiments, the
positive substrate 604 may be notched to facilitate the folding over without creating
excessive winkles. Care 1s taken during folding not to perforate the separator. The folding
technique creates a plate of positive substrate 604 which makes excellent electrical contact
with the positive current collector. The positive substrate fold occurs at the level of the
bead of the can. In the reverse polarity design, the negative terminal exists at the same
location. However, without a similar folding over of the negative substrate contact in the
area under the bead 1s restricted. To enhance contact it may be necessary to add a plate or
annulus under the bead. This plate can then be contacted by the collector spring or

appropriate contact mechanism.
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The Electrolyte

The electrolyte should possess a composition that limits dendrite formation and
other forms of material redistribution in the zinc electrode. One that appears to meet the
criterion 18 described 1n U.S. Patent No. 5,215,836 1ssued to M. Eisenberg on June 1, 1993,
which 1s hereby incorporated by reference. Furthermore, an example of a preferred
electrolyte includes (1) an alkali or earth alkali hydroxide present in an amount to produce
a stoichiometric excess of hydroxide to acid in the range of about 2.5 to 11 equivalents per
liter, (2) a soluble alkali or earth alkali fluoride 1n an amount corresponding to a
concentration range of about 0.01 to 1 equivalents per liter of total solution, and (3) a
borate, arsenate, and/or phosphate salt (e.g., potassium borate, potassium metaborate,
sodium borate, sodium metaborate, and/or a sodium or potassium phosphate). In one
specific embodiment, the electrolyte comprises about 4.5 to 10 equiv/liter of potassium
hydroxide, from about 2 to 6 equiv/liter boric acid or sodium metaborate and from about
0.01 to 1 equivalents of potassium fluoride. A specific preterred electrolyte for high rate
applications comprises about 8.5 equiv/liter of hydroxide, about 4.5 equivalents of boric
acid and about 0.2 equivalents of potassium fluoride.

The 1invention 1s not limited to the electrolyte compositions presented in the
Eisenberg patent. Generally, any electrolyte composition meeting the criteria specified for
the applications of interest will suffice. Assuming that high power applications are
desired, then the electrolyte should have very good conductivity. Assuming that long cycle
life 1s desired, then the electrolyte should resist dendrite formation. In the present
invention, the use of borate and/or fluoride containing KOH electrolyte along with
appropriate separator layers reduces the formation of dendrites thus achieving a more
robust and long-lived power cell.

In a specific embodiment, the electrolyte composition includes an excess of
between about 3 and 5 equiv/liter hydroxide (e.g., KOH, NaOH, and/or LiOH). This
assumes that the negative electrode 1s a zinc oxide based electrode. For calcium zincate
negative electrodes, alternate electrolyte formulations may be appropriate. In one
example, an appropriate electrolyte for calcium zincate has the following composition:
about 15 to 25% by weight KOH, about 0.5 to 5.0% by weight LiOH.

According to various embodiments, the electrolyte may comprise a liquid and a

gel. The gel electrolyte may comprise a thickening agent such as CARBOPOL® available
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from Noveon of Cleveland, OH. In a preferred embodiment, a fraction of the active
electrolyte material 1s 1n gel form. In a specific embodiment, about 5-25% by weight of
the electrolyte 1s provided as gel and the gel component comprises about 1-2% by weight
CARBOPOL®,

In some cases, the electrolyte may contain a relatively high concentration of
phosphate 10on as discussed 1n US Patent Application No. 11/346,861, filed February 1,

2006 and incorporated herein by reference for all purposes.

CONCLUSION

The conventional polarity design for the nickel-zinc battery cell disclosed herein
has several advantages over the reverse polarity design while maintaining the advantages
of nickel-zinc battery cells over other alkaline secondary cells. Better electrical and
thermal contacts between the negative electrode and the negative terminal 1s achieved by
the negative electrode directly contacting the inner surface of the cell can, instead of
having a layer of separator surrounding the jelly roll. Removal of this layer of separator
also creates more space 1n the jelly roll for electrochemically active material, increasing
the capacity and energy available for the same size cell.

The folding of the positive substrate at the bead level provides excellent electrical
connectivity without additional disc or annulus as required 1n the reverse polarity design.
The battery cell cost 1s decreased by using reduced separator material as discussed above.

Lastly, the conventional polarity design reduces the likelihood of electrolyte
leakage. Electrolytes tend to follow the negative pathway. In the reverse polarity design,
the negative pathway leads to a vent cap where electrolytes can potentially seep around the
vent seal over time. In the conventional polarity design the negative pathway does not lead

to any opening where electrolyte have the potential to escape.
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Claims

What is claimed is:

1.

3.
9.

A nickel-zinc battery cell, the battery comprising:

(a) a can having a bottom and a cylindrical side, said can comprising a first
anticorrosive material;

(b) a negative current collector disk disposed at the bottom of the can and 1n electrical
contact with the can;

(c) ajelly roll comprising a positive electrode, a negative electrode, and one or more
separators 1n between, said jelly roll 1s disposed above the negative current
collector disk and said negative electrode 1s in electrical contact with the negative
current collector disk;

(d) a positive current collector disk disposed above of the jelly roll and 1n electrical
contact with the positive electrode;

(e) a vent assembly disposed on top of the positive current collector disk, said vent
assembly 1s electrically connected with the positive current collector disk and
electrically insulated from the can.

The cell of claim 1, wherein the first anticorrosive material 1s selected from a group

consisting of copper, tin, copper/tin alloy, zinc, silver, conductive carbon, brass, and

combinations thereof.

The cell of claims 1, wherein the first anticorrosive material 1s coated onto a base

metal.

The cell of claims 1, wherein the first anticorrosive material 1s plated onto a base

metal.

The cell of claim 4, wherein the first anticorrosive material 1s electroplated or

electroless plated.

The cell of claim 1, wherein the first anticorrosive material 1s clad onto the surtace of

the can metal prior to the fabrication of the can.

The cell of claim 2, wherein the first anticorrosive material 1s more than 50% of the

can composition.

The cell of claim 7, wherein the first anticorrosive material 1s zinc.

The cell of claim 1, wherein the negative current collector disk comprises copper.

10. The cell of claim 1, wherein the negative current collector disk 1s coated with a second
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11.

12.

13.

14.

15.
16.
17.
18.

19.

20.
21.

22.

23.

24,

anticorrosive material.

The cell of claim 10, wherein the second anticorrosive material 1s selected from a

group consisting of tin, copper/tin alloy, zinc, silver, conductive carbon, brass, and

combinations thereof.

The cell of claim 10, wherein the selected second anticorrosive material 1s a same

material 1s the first anticorrosive material of the can.

The cell of claim 1, wherein the negative current collector disk 1s a foam.

The cell of claim 1, further comprising a spring mechanism disposed 1n between the

negative current collector disk and the bottom of the can, said spring mechanism 1s

configured to absorb shock and vibration of the can.

The cell of claim 1, wherein an outer layer of the jelly roll 1s the negative electrode.

The cell of claim 135, wherein the outer layer electrically contacts the can.

The cell of claim 1, wherein the can includes a beaded area above the jelly roll.

The cell of claim 17, further comprising an insulator disposed above the jelly roll

against the can below the beaded area.

The cell of claim 1, wherein the positive electrode of the jelly roll comprise a nickel

foam and a positive active material, said nickel foam 1s folded over above the jelly roll

below the positive current collector disk, wherein said a fold of each wind of nickel

foam overlaps another and the separator, such that the nickel foam forms a plate and

does not electrically contact with the negative electrode.

The cell of claim 18, wherein the nickel foam 1s notched.

The cell of claim 1, further comprising a seal o-ring disposed 1n between a bottom of

the positive current collector disk and the vent assembly.

The cell of claim 1, wherein one or more tabs of the positive current collector disk 1s

welded to the vent assembly.

The cell of claim 1, wherein the vent assembly comprises a vent cap and a seal gasket,

said seal gasket 1s not conductive and attached to the can.

A nickel-zinc battery cell, the battery comprising:

(a) a can having a bottom and a circumferential sidewall;

(b) a negative current collector disk disposed at the bottom of the can and 1n electrical
contact with the can;

(¢) ajelly roll comprising a positive electrode, a negative electrode, and one or more
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25.

26.

27.

23.

29.

30.

31.

32.

33.

separators 1n between, said jelly roll 1s disposed on top of the negative current
collector disk and said negative electrode 1s in electrical contact with the negative
current collector disk;

(d) alayer of a first anticorrosive material disposed between the jelly roll and the can;
and,

(e) a positive cap 1n electrical communication with the positive electrode.

The cell of claim 24, further comprising:

(a) current collector disk disposed on top of the jelly roll and in electrical contact with
the positive electrode; and,

(b) a vent assembly disposed above the positive current collector disk, said vent
assembly 1s electrically connected with the positive current collector disk and
electrically insulated from the can.

The cell of claim 24, wherein the first anticorrosive material 1s selected from a group

consisting of copper, tin, copper/tin alloy, zinc, silver, conductive carbon, brass, a non-

wettable polymer layer, and combinations thereof.

The cell of claims 24, wherein the first anticorrosive material 1s coated onto an 1nner

surface of the can.

The cell of claims 24, wherein the first anticorrosive material 1s attached to the

negative electrode.

The cell of claim 24, wherein the first anticorrosive material 1s attached to the

separator extending beyond the last winding of the negative electrode.

The cell of claim 24, wherein the negative current collector disk 1s coated with a

second anticorrosive material.

The cell of claim 30, wherein the second anticorrosive material 1s selected from a

group consisting of tin, copper/tin alloy, zinc, silver, conductive carbon, brass, and

combinations thereof.

The cell of claim 31, wherein the selected second anticorrosive material 1s a same

material as the first anticorrosive material.

The cell of claim 24, wherein the positive electrode of the jelly roll comprise a nickel

foam and a positive active material, said nickel foam 1s folded over above the jelly roll
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below the positive current collector disk, wherein said a fold of each wind of nickel foam
overlaps another and the separator, such that the nickel foam forms a plate and does not

electrically contact with the negative electrode.
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