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(57) Abstract: A zinc/air cell having thin walled cup shaped anode casing and cathode casing. The cell may be a button cell having
an anode comprising zinc and a cathode disk, which may be catalytic, comprising manganese dioxide. The anode and cathode
& casings each have small wall thicknesses, preferably between 2 and 5 mil (0.0508 and 0.127 mm), desirably between about 2 and
& 3 mil (0.0508 and 0.0762 mm). The cathode disk is inserted and then punched into the cathode casing so that the disk is pressed
towards the closed end of the cathode casing. This causes the cathode disk to expand radially between the cathode disk and inside
surface of the cathode casing, reducing the chance of electrolyte leakage around the edge of the cathode disk. The diameter of the
cathode disk is preferably between about 0.5 and 2.5 mil (0.0127 and 0.0635 mm) greater than the inside diameter of the cathode

casing after the disk is punched into the cathode casing.
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ZINC/AIR CELL

The invention relates to a metal/air cell having an anode comprising zinc
and an air cathode. The invention relates to a metal/air cell having an anode comprising
zinc and an air cathode comprising manganese dioxide and assembly thereof.

Zinc/air depolarized cells are typically in the form of miniature button
cells which have particular utility as batteries for electronic hearing aids including
programmable type hearing aids. Such miniature cells typically have a disk-like
cylindrical shape of diameter between about 4 and 12 mm and a height between about 2
and 6 mm. Zinc air cells can also be produced in somewhat larger sizes having a
cylindrical casing of size comparable to conventional AAAA, AAA, AA, C and D size
Zn/MnQ, alkaline cells and even larger sizes.

The miniature zinc/air button cell typically comprises an anode casing
(anode can), and a cathode casing (cathode can). The anode casing and cathode casing
each have a closed end an open end and integral side walls extending from the closed
end to the open end. The anode casing is fitted with an insulating seal ring which
tightly surrounds the anode casing side wall. After the necessary materials are inserted
into the anode and cathode casings, the open end of the cathode casing is typically
pushed over the open end of the anode casing during assembly so that a portion of the
cathode casing side walls covers a portion of the anode casing side wall with insulating
seal therebetween. The anode and cathode casing are then interlocked in a second step
by crimping the edge of the cathode casing over the insulator seal and anode casing.

The anode casing can be filled with a mixture comprising particulate
zinc. Typically, the zinc mixture contains mercury and a gelling agent and becomes
gelled when electrolyte is added to the mixture. The electrolyte is usually an aqueous
solution of potassium hydroxide, however, other aqueous alkaline electrolytes can be
used. The closed end of the cathode casing (when the casing is held in vertical position
with the closed end on top) typically has a raised portion near its center. This raised
portion forms the positive terminal and typically contains a plurality of air holes
therethrough. The cathode casing closed end also typically has an annular recessed step
which surrounds the positive terminal.

The cathode casing contains an air diffuser (air filter) which lines the



10

15

20

25

30

WO 2004/091010 PCT/US2004/009856
-2

inside surface of the raised portion (positive terminal contact area) at the casing's closed
end. The air diffuser can be selected from a variety of air permeable materials including
paper and porous ‘polymeric material. The air diffuser is placed adjacent air holes in the
raised portion of the casing closed end. Catalytic material typically comprising a
mixture of particulate manganese dioxide, carbon and hydrophobic binder can be
compacted into a disk shape forming a cathode disk within a cathode assembly. The
cathode assembly with cathode disk therein can then be inserted into the cathode casing
over the air diffuser on the side of the air diffuser not contacting the .;dr holes. Typically
a cathode assembly is formed by laminating a layer of electrolyte barrier material
(hydrophobic air permeable film), preferably Teflon (tetrafluoroethylene), to one side of
the catalytic cathode disk and an electrolyte permeable (ion permeable) separator
material to the opposite side of the catalytic cathode disk. The cathode assembly with
cathode disk therein is then typically inserted into the cathode casing so that its central
portion covers the air filter and a portion of the electrolyte barrier layer rests against the
inside surface of the step. The cathode disk in the final cell contacts the cathode casing
walls.

If the cell is not adequately sealed, electrolyte can migrate to the edge of
the catalytic cathode assembly and leakage of electrolyte from the cathode casing can
occur. The leakage, if occurring, tends to occur along the peripheral edge of the cathode
catalytic assembly and the cathode casing and then gradually seep from the cell through
the air holes at the cathode casing closed end. The potential for leakage is greater when
the anode casing and cathode casing is of very thin wall thickness, for example, between
about 2 and 5 mil (0.0508 and 0.127 mm). Such low wall thickness is desirable, since it
results in greater internal cell volume. However, there is a greater tendency for very thin
walled cathode casing to relax or "spring back" after the cell is closed by crimping. Such
relaxation can result in the development or enlargement of microscopic pathways
between the cathode catalytic assembly and the inside surface of the cathode casing, in
turn providing a pathway for electrolyte leakage.

The cathode casing can typically be of nickel plated cold rolled steel or
nickel clad stainless steel with the nickel layer preferably on both inner and outer

surfaces of the cold rolled or stainless steel. The anode casing can also be of nickel
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~ plated stainless steel, typically with the nickel plate forming the casing's outside surface.

The anode casing can be of a triclad material composed of stainless steel having an outer
layer of nickel and an inner layer of copper. In such embodiment the nickel layer
typically forms the anode casing's outside surface and the copper layer forms the anode
casing's inside surface. The copper inside layer is desirable in that it provides a highly
conductive pathway between the zinc particles and the cell's negative terminal at the
closed end of the anode casing. An electrical insulator seal ring of a durable, polymeric
material can be inserted over the outside surface of the anode casing side wall. The
insulator ring is typically of high density polyethylene, polypropylene or nylon which
resists flow (cold flow) when squeezed and also resists chemical attack by alkaline
electrolyte. ‘

After the cell is assembled a removable tab is placed over the air holes on
the surface of the cathode casing. Before use, the tab is removed to expose the air holes
allowing air to ingress and activate the cell.

With more conventional anode and casing wall thicknesses which are
greater than about 6 mil (0.152 mm), for example, between about 6 and 20 mil (0.152
mm and 0.508 mm), typically between about 6 and 10 mil (0.152 and 0.254 mm), the
outside diameter of the anode casing with insulator seal thereon is typically less than the
inside diameter of the cathode casing. (Such dimensions are as measured prior to
pushing the cathode casing over the anode casing during assembly). In such case there
will actually be some free space (zero interference) between the outside surface of the
insulator seal and the inside surface of cathode casing wall when the anode casing and
cathode casing are pushed together during the assembly step (prior to crimping). This is
demonstrated, for instance, in U.S. Patent 3,897,265 (Jaggard), Example at col. 6, lines
59-68. In the Jaggard Example the cathode casing had a wall thickness of 0.020 inches.
The inside diameter of the cathode casing was 0.440 inches. The outside diameter of the
anode casing was 0.410 inches. The insulator seal had a thickness of 0.010 inches.
Thus, the outside diameter of the anode casing with seal thereon was 0.430 inches,
which is less than the inside diameter of the cathode casing of 0.440 inches, after the
anode and cathode casing were pushed together (pre crimp).

It has been conventional to assemble the anode and cathode together in
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two steps a) assembly and b) crimping. In the assembly step the cathode casing is
pushed over the anode casing without any reduction occurring in the cell diameter. In
the crimping step the assembled cell is passed through a crimping die wherein the
overall cell diameter is typically reduced slightly and simultaneously therewith the edge
of the cathode casing wall is crimped over the insulator seal and anode casing to provide
a tightly sealed cell.

There has been effort more recently to reduce the wall thickness of the
anode and cathode casing for zinc/air button cells. Such wall thicknesses can be reduced
to values below the more conventional 6 mil (0.152mm) to 20 mil (0.508 mm) level.

For example, in U.S. Patent 5,582,930 (Oltman) zinc air button cells having anode
casing wall thicknesses between about 0.114 and 0.145 mm (4.49 and 5.71 mil) and
cathode casing wall thicknesses between about 0.114 and 0.155 mm (4.49 and 6.10 mil)
are recited (col. 4, lines 26-33). In U.S Patent 6,436,156 (Wandeloski) zinc/air button
cell anode and cathode casing wall thicknesses between about 1 and 15 mil (0.0254 mm
and 0.381 mm) are recited. Thus, anode and cathode casings as low as even about 1 mil
(0.0254 mm) were being contemplated.

Zinc/air button cells having anode and cathode casing of reduced wall
thickness are desirable, since more internal volume becomes available for active
material, thereby extending the cell's service life. However, there are greater challenges
in providing a tight, durable seal for such zinc/air button cells having small casing wall
thicknesses, for example, between about 2 and 5 mil (0.0508 and 0.127 mm) than in
cells with more conventional casing wall thicknesses, for example between about 6 and
20 mil (0.152 and 0.508 mm) and higher.

One difficulty in designing a tight, durable seal of such zinc/air button
cells having anode and cathode casings of small wall thicknesses, for example, between
about 2 and 5 mil (0.0508 and 0.127 mm), desirably between about 2 and 4 mil (0.0508
and 0.102 mm) is the tendency of the cathode casing side walls to relax or spring back
after the cell has been assembled and the cathode casing edge has been crimped over the

insulator seal wall and anode casing. Such spring back effect tends to cause a loosening

in the seal interface between anode and cathode casing, thereby providing a pathway for

the alkaline electrolyte to leak from the cell.
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Another challenge in assembling the zinc/air cell, for example, in pushing
the cathode casing over the anode casing in the assembly step (before crimping), is that
the thin casing walls can become easily distorted if the assembly is not done very
carefully. For example, in the conventional assembly step it has been the practice to
apply a flat punch which pushes against the flat central portion of the closed end of the
anode casing while another punch pushes in opposite direction on the cathode casing.
This is illustrated, for example, in U.S. Patent 5,658,356 (Burns) wherein flat punch 48
is shown to have a flat surface which impacts flush against the closed flat end 52 of
anode can 54 while another punch 46 pushes against the closed end 22 of cathode can
20. Also in the crimping step (following assembly) it has been the practice to apply a
flat punch flush against the flat closed end of the anode can while another punch pushes
in opposite direction against the closed end of the cathode can. This is illustrated, for
example, in U.S. Patent 3,897,265 (Jaggard) which shows at Figs. 9 and 9a that a punch
90 having a flat surface 92 impacts against the closed end of the anode casing of cell 10
with a force F2 while another punch 82 presses down on the closed end of the cathode
casing with an opposing greater force F1. This results in cell size reduction and
crimping of the cathode casing as the cell is pushed through die cavity 81. While such
assembly and crimping technique may be suitable when applied to conventional anode
and cathode casing, for example, having wall thicknesses between about 6 and 20 mil
(0.152 and 0.508 mm) it is unsuitable for assembly and crimping of anode and cathode
casing of very small thickness for example, between about 2 and 5 mil, (0.0508 and
0.127 mm).

Specifically, when the conventional technique is applied to such small
walled anode and cathode casings the flat punch against the flat central portion of the
closed end of the anode casing tends to cause an inward deformation (inward concavity)
of the closed end of the anode casing during the assembly step and in particular during
the crimping step. Since the closed end of the anode casing also functions as the cell's
negative terminal, such inward concavity of the anode casing closed end is undesirable
because it is desirable to have this end of the cell flat in order to assure a close and
uniform contact between said negative terminal and the device being powéred. Also,

any inward concavity of the anode casing closed end may reduce the cell's available
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Another challenge associated with good design for thin walled zinc/air
cells is to assure that close and consistent contact is established and maintained between
the cathode disk and the inside surface of the cathode casing. This must be
accomplished in view of the tendency of the cathode casing to relax and spring back
after cell assembly and crimping. The "spring back effect" is more pronounced as above
mentioned when the anode and cathode casing wall thicknesses are reduced to low
levels, for example, between about 2 and 5 mil (0.0508 and 0.127 mm). The cathode
disk is inserted into the cathode casing before the cathode casing is pushed over the
anode casing. The cathode disk is inserted so that it abuts the closed end of the cathode
casing with the peripheral edge of the disk facing the inside surface of the cathode
casing. If the cathode disk is sized so that it is of the same or less diameter as the inside
diameter of the cathode casing, the spring back effect may reduce the uniformity of
contact between the cathode disk edge and the cathode casing. The spring back effect
may also produce a pathway for leakage of electrolyte around the cathode disk edge. On
the other hand if the cathode disk is designed so that it has a diameter very much greater
than the inside diameter of the cathode casing, then distortion and surface rippling of the
cathode disk may occur. This also can cause leakage of electrolyte from the interior of
the cell.

It is desired to produce a zinc/air cell which stays tightly sealed after the
cathode casing wall has been crimped over the anode casing with insulator material
therebetween.

It is desired to produce a zinc/air cell which maintains close contact
between the edge of the cathode disk and the inside surface of the cathode casing wall.

It is desired to produce a zinc/air cell which remains tightly sealed, thus
reducing the chance of electrolyte leakage, though the anode casing and cathode casing
have very small wall thicknesses, for example, between about 2 and 5 mil (0.0508 and
0.127 mm).

The invention is directed to zinc/air cells, particularly miniature zinc/air
cell in thé form of button cells, and to an improved assembly process for their

manufacture.
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An aspect of the invention is directed to an assembly process wherein the
anode casing and cathode casing (anode can and cathode can) of a zinc/air cell are filled
with active material and necessary internal components. The anode casing and cathode
casing are each typically in the shape of a cup having closed end and opposing open end.
In particular a cathode assembly containing a cathode disk therein is inserted into the
cathode casing so that its circumferential edge faces the inside surface of the cathode
casing side walls. A punch is applied to the cathode disk to press it towards the closed
end of the cathode casing. This causes the cathode disk to expand radially resulting in a
tight interference fit between the cathode disk and inside surface of the cathode casing
side walls. The anode and cathode casings with all the cell components therein are then
subjected to a) an assembly step wherein the anode casing and cathode casing are
pushed together and b) a crimping step wherein the edge of the cathode casing s
crimped over the side wall of the anode casing with insulator seal material therebetween.
The closed end of the anode casing is desirably flat and functions as the cell's negative
terminal. The closed end of the cathode casing is has a flat central portion with air holes
therethrough. The flat central portion of the cathode casing closed end functions as the
cell's positive terminal, and such flat central portion may typically be surrounded by a
recessed annular step. The process of the invention has particular application to zinc/air
cells having anode casing and cathode casing wall thicknesses between about 2.0 and 5
mils (0.0508 and 0.127 mm), desirably between about 2 and 4 mils (0.0508 and 0.102
mm), preferably between about 2.0 and 3.0 mil (0.0508 and 0.0762 mmy). These wall
thicknesses apply to the thickness of a single layer (unfolded) anode and cathode casing
side wall and also the thickness of the closed end of the anode and cathode casing. In
some embodiments, the anode casing side wall may be once folded in effect forming a
double side wall. In such embodiment it will be appreciated that the above wall
thickness ranges apply to each side wall fold.

Preferably, the filled anode casing and cathode casing are passed to a) an
assembly step wherein they are pushed together essentially without causing any
reduction in the overall cell diameter to form an intermediate cell and then b) punching
the intermediate cell into a die cavity wherein the edge of the anode casing is crimped

over a slanted side portion of the cathode casing with insulator seal material
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therebetween. The die cavity can have a slightly tapered conical shape so that the
overall cell diameter is reduced slightly, for example, by at least about 5 mil (0.127 mm)
as the cell is punched into said die cavity. In the assembly step the anode casing can be
seated in a support base desirably having an annular edge protruding therefrom in
contact with the corner edge of the closed end of the anode casing. Preferably, in such
embodiment no portion of the support base contacts the flat central portion of the closed
end of the anode casing. The cathode casing is aligned so that it is directly over the
anode casing. In the assembly step an annular cathode casing punch can be applied
against the recessed step of the closed end of the cathode casing while the corner edge of
the closed end of the anode casing rests on the annular support base. In this case the
force of the punch against the cathode casing causes the cathode casing to be pushed
over the underlying anode casing side wall.

In an alternative assembly step, the support base for the anode casing
may be an annular punch which impacts only the corner edge of the closed end of the
anode casing. The cathode casing is preferably oriented so that it is directly over the
anode casing. A downward force is applied to the cathode casing punch so that the
cathode casing is forced downward while a smaller opposing upward force can be
applied to the corner edge of the closed end of the anode casing. The anode and cathode |
casing are thereby pushed together without causing any inward concavity or deflection
of the anode casing closed end.

After assembly the intermediate cell can be punched into a die cavity in
order to crimp the edge of the cathode casing over a slanted portion of the anode casing
with insulator seal therebetween. In accordance with the invention an annular cathode
punch can be forced down against the annular step of the cathode casing while
simultaneously therewith an annular punch can be forced up against the corner edge of
the closed end of the anode casing. The downward force of the cathode casing punch is
greater than the upward force of the anode casing punch so as to cause movement of the
intermediate cell through the die cavity and bring about crimping. Preferably, the anode
casing punch contacts and impacts only the corner edge of the anode casing. That is, in
the crimping step it has been found desirable that no portion of the anode casing punch

impact the flat central portion of the closed end of the anode casing. The result is a final
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zinc/air cell with which is crimped and tightly sealed without causing any inward
concavity or deformity of the closed end of the anode casing.

In another aspect of the invention the zinc/air cell is preferably designed
so there is an forced interference fit between outside of the anode casing with insulator
seal thereon total (total diameter, (d1)) and the inside diameter of the cathode casing
(d2). That is, the outside diameter of the anode casing plus insulator seal thereon is
desirably greater than the inside diameter of the cathode casing, as measured before the
cathode casing is pushed over the anode casing. Preferably the difference in these
diameters (d1-d2) is desirably between about 0.5 and 4.5 mil (0.0127 and 0.114 mm),
preferably between about 2 and 4.5 mil (0.0508 and 0.114 mm) for anode and cathode
casing wall thicknesses between about 2 and 5 mil (0.0508 and 0.127 mm). The
difference in these diameters (d1-d2) is desirably between about 0.5 and 4.5 mil (0.0127
and 0.114 mm), preferably between about 2 and 4.5 mil (0.0508 and 0.114 mmy),
desirably between about 1.5 and 2.5 mil (0.0381 and 0.0635 mm) for anode and cathode
casing wall thicknesses between about 2.0 and 3.0 mil (0.0508 and 0.0762 mm). The
wall thicknesses may be measured either before the cathode casing is pushed over the
anode casing (Fig. 3) or after the cell is completed (Fig. 1). The forced interference fit
(d1-d2) is desirably between about 0.5 and 3 mil (0.0127 and 0.0762 mmy), preferably
between about 1 and 3 mil (0.0254 and 0.0762 mm) for anode and cathode wall
thicknesses between about 5 and 6 mil (0.127 and 0.152 mm). The forced interference
fit (d1-d2) is desirably between about 2 and 4.5 mil (0.0508 and 0.114 mm) for anode
and cathode casing wall thicknesses between about 2.0 and 3.0 mil (0.0508 and 0.0762
mm).

In another aspect with anode and cathode casings having small wall
thicknesses between about 2 and 5 mil (0.0508 and 0.127 mm), desirably wall thickness
between about 2 and 4 mils (0.0508 and 0.102 mm), preferably between about 2.0 and
3.0 mil (0.0508 and 0.0762 mm), it has been determined desirable to design the cathode
disk such that the diameter of cathode disk is greater than the inside diameter of the
cathode casing, as measured after the cathode assembly is inserted and punched into the
cathode casing. In particular the outside diameter of the cathode disk (typically

comprising manganese dioxide) forming a part of cathode assembly is desirably greater
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than the inside diameter of the cathode casing, as measured after the cathode assembly is
inserted and punched into the cathode casing. Thus, after the cathode assembly is
inserted and punched into the cathode casing there will be a forced interference fit
between the edge of the cathode disk and the inside surface of cathode casing wall. This
assures that there will be maintained close and consistent contact between the edge of
the cathode disk and inside surface of the cathode casing, which in turn assures
consistent performance of the cell when discharged. Such close and even contact will be
maintained even though there is a tendency of the small walled cathode casing to relax
and "spring back" after the crimping step.

The diameter of cathode assembly, particularly the diameter of cathode
disk therein, is desirably between about 0.5 mil and 2.5 mil (0.0127 and 0.0635 mm),
desirably between about 1 and 2.0 mil (0.0254 and 0.0508 mm), greater than the inside
diameter of the cathode casing when the anode and cathode casing wall thicknesses are
between about 2 and 5 mil (0.0508 and 0.127 mm). The diameter of cathode assembly,
particularly the diameter of cathode disk therein, is desirably between about 1.0 and 1.5
mil (0.0254 and 0.0381 mm) greater than the inside diameter of the cathode casing when
the anode and cathode casing wall thicknesses are between about 2 and 3 mil (0.0508
and 0.0762 mm). It will be appreciated that these differences in diameter are as
measured after the cathode disk is inserted and punched into the cathode casing.

The invention will be better understood with reference to the drawings in
which:

Fig. 1 is an isometric cross sectional view of an embodiment of the
zinc/air cell of the mvention.

Fig. 2 is an exploded view of a preferred embodiment of the catalytic
cathode assembly shown in Fig. 1.

Fig. 3 is a cross sectional view of the anode and cathode casing of the cell
prior to pushing the cathode casing over the anode casing.

Fig. 4 is cross sectional view of the cathode casing being pushed over the
anode casing in an assembly step.

Fig. 5 is a cross sectional view of the cell being subjected to a crimping

step by punching it into a die, wherein the cathode casing edge is crimped over the
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anode casing side wall with insulator seal therebetween. .

The invention is directed to gas depolarized electrochemical cells. Such
cells have a metal anode, typically comprising zinc and an air cathode. The cell is
commonly referred to as a metal/air depolarized cell, and more typically a zinc/air cell.

The zinc/air cell of the invention is desirably in the form of a miniature
button cell. It has particular application as a power source for electronic hearing aids.
The miniature zinc/air button cell of the invention typically has a disk-like cylindrical
shape of diameter between about 4 and 16 mm, preferably between about 4 and 12 mm
and a height between about 2 and 9 mm, preferably between about 2 and 6 mm. The
miniature zinc/air cell typically has an operating load voltage between about 1.2 volt to
0.2 volt. The cell typically has a substantially flat discharge voltage profile between
about 1.1 and about 0.9 volt whereupon the voltage can then fall fairly abruptly to zero.
The miniature button cell can be discharged at a rate usually between about 0.2 and 25
milliAmp. The term "miniature cells" or "miniature button cells" as used herein is
intended to include such small size button cells, but is not intended to be restricted
thereto, since other shapes and sizes for small zinc/air cells are possible. For example,
zinc air cells could also be produced in somewhat larger sizes having a cylindrical
casing of size comparable to conventional AAAA, AAA, AA, C and D size Zn/MnO,
alkaline cells, and even larger.

The cell of the invention can contain added mercury, for example, about
3 percent by weight of the zinc in the anode or can be essentially mercury free (zero
added mercury cell). In such zero added mercury cells there is no added mercury and
the only mercury present is in trace amounts naturally occurring with the zinc.
Accordingly, the cell of the invention can have a total mercury content less than about
100 parts per million parts by weight of zinc, preferably less than 40 parts per million
parts (ppm) by weight of zinc, more preferably less than about 20 parts per million parts
by weight of zinc. (The term "essentially mercury free" as used herein shall mean the
cell has a mercury content less than about 100 parts per million parts by weight of zinc).
The cell of the invention can have a very small amount of lead additive in the anode. If
lead is added to the anode, the lead content in the cell can typically be between about

100 and 600 ppm of zinc in the anode. However, the cell desirably does not contain
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added amounts of lead and thus can be essentially lead free, that is, the total lead content
is less than 30 ppm, desirably less than 15 ppm of zinc in the anode.

The zinc/air cell 210 of the invention (Fig. 1) has an anode casing 260, a
cathode casing 240 and electrical insulator material 270 therebetween. The anode
casing 260 and cathode casing 240 are preferably each in the form of a can or cup
having a closed end and opposing open end. The anode casing 260 has body 263
forming the side walls, an integral closed end 269, and an open end 267. The cathode
casing 240 has a body 242, an integral closed end 249 and an open end 247. The closed
end 249 of the cathode casing (when the casing is held in vertical position with the
closed end on top) typically has a raised portion 244 near its center. This raised portion
244 forms the positive terminal contact area and typically contains a plurality of air
holes 243 therethrough. The cathode casing closed end 249 also typically has an annular
recessed step 245 which extends from the peripheral edge 246 of the raised terminal
portion to the outer peripheral edge 248.

The anode casing 260 contains an anode mixture 250 comprising
particulate zinc and alkaline electrolyte. The particulate zinc is desirably alloyed with
between about 100 and 1000 ppm indium. The cathode casing 240 has a plurality of air
holes 243 in the raised portion 244 of its surface at the closed end thereof. A cathode
catalytic assembly 230 containing a catalytic composite material 234 (Fig. 2) is placed
within the casing proximate to the air holes. The catalytic composite 234 comprises a
catalytic cathode mixture 233 in the form of a disk coated on a screen 237. During cell
discharge, the catalytic material 233 facilitates the electrochemical reaction with
ambient oxygen as it ingresses through air holes 243. An adhesive sealant 143 is
applied along a portion of the inside surface of cathode casing 240. In a preferred
embodiment the adhesive can be applied as a continuous ring on the inside surface 245a
of recessed annular step 245 at the closed end 249 of the casing as shown in Fig. 1 and
as also described in U.S. Patent 6,436,156 B1. If the closed end of the cathode casing is
flat, that is, does not have a recessed step 245, the adhesive sealant 143 can be applied to
the inside surface of the closed end 249 adjacent the outer peripheral edge 248 of said
closed end. In such latter case the adhesive sealant 143 is desirably applied as a

continuous ring to the inside surface of closed end 249 such that the continuous ring of
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adhesive 143 has an outside diameter of between about 75 percent and 100 percent,
preferably between about 90 and 100 percent, more preferably between about 95 and
100 percent of the inside diameter of closed end 249.

A cathode catalytic assembly 230 (Figs. 1 and 2) can be formed by
laminating a layer of electrolyte barrier film material 235, preferably Teflon
(tetrafluoroethylene), to one side of the catalytic composite material 234 and an ion
permeable separator material 238 to the opposite side. The electrolyte barrier film 235,
preferably of Teflon, has the property that it is permeable to air, yet keeps water and
electrolyte from passing therethrough. The edge of cathode catalytic assembly 230 can
be applied to said adhesive ring 143 on step 245 thereby providing a permanent adhesive
seal between the cathode composite 234 and casing step 245. In a specific embodiment
the cathode catalytic assembly 230 can be applied to adhesive 143 on step 245 with the
electrolyte barrier 235 contacting the adhesive. In a preferred embodiment a separate
electrolyte barrier sheet 232, preferably of Teflon, can be applied to adhesive ring 143
on the inside surface 245a of step 245, thereby bonding electrolyte barrier sheet 232 to
the inside surface of step 245. The catalytic assembly 230 can then be applied over
electrolyte barrier sheet 232, preferably with the surface of second electrolyte barrier
sheet 235, preferably of Teflon, contacting the barrier sheet 232 (Fig. 2). The barrier
sheet 232 when bonded to the inside surface 245a of step 245, particularly in
combination with a second barrier sheet 235 (Fig. 2) being applied against barrier sheet
232, provides a very effective seal preventing electrolyte from migrating around the
edge of catalytic assembly 230 and gradually leaking out of air holes 243. The use of
adhesive sealant 143 also reduces the amount of crimping force needed during crimping
the outer peripheral edge 242b over the anode casing body. This is particularly
advantageous with thin walled anode and cathode casings 240 and 260 of wall thickness
between about 0.001 inches (0.0254 mm) and 0.015 inches (0.38 mm), particularly with
anode and cathode casing wall thicknesses between about 0.002 and 0.005 inches
(0.0508 and 0.127 mm). The use of adhesive sealant 143 is also advantageous when thin
catalytic cathode assemblies 230 are employed, since high crimping forces could
possibly distort or crack such thin casings and cathode assemblies.

A preferred embodiment of a final zinc/air cell of the invention is shown
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in Figure 1. The embodiment shown in Figure 1 is in the form of a miniature button
cell. The cell 210 comprises a cathode casing 240 (cathode can) an anode casing 260
(anode can) with an electrical insulator material 270 therebetween. The insulator 270
can desirably be in the form of a ring which can be inserted over the outside surface of
the anode casing body 263 as shown in Fig. 1. Insulator ring 270 desirably has an
enlarged portion 273a extending beyond peripheral edge 263d of anode césing 240 (Fig.
1). The insulator 270 with enlarged portion 273a prevents anode active material from
contacting the cathode casing 240 after the cell is sealed. Insulator 270 is of a durable
electrically insulating material such as high density polyethylene, polypropylene or
nylon which resists flow (resists cold flow) when squeezed.

The anode casing 260 and cathode casing 240 are initially separate
pieces. The anode casing 260 and cathode casing 240 are separately filled with active
materials, whereupon the open end 267 of the anode casing 260 can be inserted into the
open end 247 of cathode casing 240. The anode casing 260 can have a folded side wall
formed of a first outer straight body portion 263e which extends vertically upwards (Fig.
1) forming the casing 260 outer side walls. The straight body portion 263e may desirably
be folded over once at edge 263d to form a first downwardly extending inner portion
263a of the anode casing side wall. The folded portions 263a and 263¢ thus form a
double side wall which together provide spring-like tension and additional support
between the anode casing body 263 and abutting seal wall 270. This helps to maintain a
tight seal between the anode and cathode casings. Alternatively, the side walls of the
anode casing 240 can be formed as a single wall 263a without folded portion 263e.
However, the anode casing 240 with the folded (double) side wall as shown in the
figures herein has been determined to be desirable for very thin walled casing, for
example, having a wall thicknesses between about 2 and 5 mil (0.0508 and 0.127 mm),
2 and 4 mils (0.0508 and 0.102 mm), preferably between about 2.0 and 3.0 mil (0.0508
and 0.0762 mm), which thickness ranges apply to each fold 263a and 263e. These
thickness ranges also apply to the closed end 269 of the anode can. In the anode casing
having a folded side wall (Fig. 1), the inner side wall portion 263a terminates in an
inwardly slanted portion 263b which terminates in a second downwardly extending

vertical portion 263c. The second straight portion 263c is of smaller diameter than
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straight portion 263a. The portion 263c terminates with a 900 bend forming the closed
end 269 having a preferably flat negative terminal surface 265.

The body 242 of cathode casing 240 has a straight portion 242a of
maximum diameter extending vertically downwardly from closed end 249. The body
242 terminates in peripheral edge 242b. The peripheral edge 242b of cathode casing 240
and underlying peripheral edge 273b of insulator ring 270 are initially vertically straight
as shown in Figs. 3 and 4 and can be mechanically crimped over the slanted midportion
263b of the anode casing 260 as shown in Fig. 5. Such crimping locks the cathode
casing 240 in place over the anode casing 260 and forms a tightly sealed cell.

Anode casing 260 can be separately filled with anode active material by
first preparing a mixture of particulate zinc and powdered gellant material. The zinc
average particle size is desirably between about 30 and 350 micron. The zinc can be
pure zinc but is preferably in the form of particulate zinc alloyed with indium (100 to
1000 ppm). The zinc can also be in the form a particulate zinc alloyed with indium (100
to 1000 ppm) and lead (100 to 1000 ppm). Other alloys of zinc, for example, particulate
zinc alloyed with indium (100 to 1000 ppm) and bismuth (100 to 1000 ppm) can also be
used. These particulate zinc alloys are essentially comprised of pure zinc and have the
electrochemical capacity essentially of pure zinc. Thus, the term "zinc" shall be
understood to include such materials. The gellant material can be selected from a
variety of known gellants which are substantially insoluble in alkaline electrolyte. Such
gellants can, for example, be cross linked carboxymethyl cellulose (CMC); starch graft
copolymers, for example in the form of hydrolyzed polyacrylonitrile grafted unto a
starch backbone available under the designation Waterlock A221 (Grain Processing
Corp.); cross linked polyacrylic acid polymer available under the trade designation
Carbopol C940 (B.F. Goodrich), alkali saponified polyacrylonitrile available under the
designation Waterlock A 400 (Grain Processing Corp.); and sodium salts of polyacrylic
acids termed sodium polyacrylate superabsorbent polymer available under the
designation Waterlock J-500 or J-550. A dry mixture of the particulate zinc and gellant
powder can be formed with the gellant forming typically between about 0.1 and 1
percent by weight of the dry mixture. A solution of aqueous KOH electrolyte solution

comprising between about 30 and 40 wt% KOH and about 2 wt% ZnO is added to the
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dry mixture and the formed wet anode mixture 250 can be inserted into the anode casing
260. Alternatively, the dry powder mix of particulate zinc and gellant caﬂ be first placed
into the anode casing 260 and the electrolyte solution added to form the wet anode
mixture 250.

A catalytic cathode assembly 230 (Figs. 1 and 2) and air diffuser 231 can
be inserted into casing 240 as follows: An air diffuser disk 231 (Fig. 1), which can be in
the form of an air porous filter paper or porous polymeric material can be inserted into
the cathode casing 240 so that it lies against the inside surface of the raised portion 244
of the casing against air holes 243. An adhesive sealant ring 143 is desirably applied to
the inside surface 24a of recessed step 245 at the closed end of the cathode casing. A
separate electrolyte barrier layer 232 (Figs. 1 and 2), for example, of
polytetrafluroethylene (Teflon) can optionally be inserted over the air diffuser 231 so
that the edge of the barrier layer 232 contacts adhesive ring 143. Barrier layer 232 is
permeable to air but not permeable to the alkaline electrolyte or water. The adhesive
ring 143 thus permanently bonds the edge of barrier layer 232 to the inside surface of
recessed step 245. The adhesive ring 143 with barrier layer 232 bonded thereto prevents
electrolyte from migrating from the anode to and around cathode catalytic assembly 230
and then leaking from the cell through air holes 243. A catalytic cathode assembly 230
as shown in Fig. 2 can be prepared as a laminate comprising a layer of electrolyte barrier
material 235, a cathode composite disk 234 under the barrier layer 235 and a layer of ion
permeable separator material 238 under the catalyst composite 234, as shown in Fig. 2.
The separator 238 can be selected from conventional ion permeable separator materials
including cellophane, polyvinylchloride, acrylonitrile, and microporous polypropylene.
Each of these layers can be separately prepared and laminated together by application of
heat and pressure to form the catalytic assembly 230. The electrolyte barrier layer 235
can desirably be of polytetrafluroethylene (Teflon). The catalytic assembly 230 can then
be applied over electrolyte barrier sheet 232 (Fig. 2), preferably with the surface of
barrier (Teflon) sheet 235 contacting the barrier sheet 232.

Catalytic cathode composite 234 desirably comprises a catalytic cathode
mixture 233 of particulate manganese dioxide, carbon, and hydrophobic binder which is

applied by conventional coating methods to a surface of an electrically conductive
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screen 237, preferably a nickel mesh screen. The cathode mixture 233 is formed in the
shape of a disk, which may be termed herein as the cathode disk. Other catalytic
materials may be included or employed such as metals like silver, platinum, palladium,
and ruthenium or other oxides of metals or manganese (MnO,) and other components
known to catalyze the oxygen reduction reaction. During application the catalytic
mixture 233 is substantially absorbed into the porous mesh of screen 237. The
manganese dioxide used in the catalytic mixture 233 can be conventional battery grade
manganese dioxide, for example, electrolytic manganese dioxide (EMD). The
manganese dioxide in catalytic mixture 233 can also be manganese dioxide formed from
the thermal decomposition of manganese nitrate Mn(NO,),. The carbon used in
preparation of mixture 233 can be in various forms including graphite, carbon black and
acetylene black. A preferred carbon is carbon black because of its high surface area. A
suitable hydrophobic binder can be polytetrafluroethylene (Teflon). The catalytic
mixture 233 may typically comprise between about 3 and 10 percent by weight MnO,,
10 and 20 percent by weight carbon, and remainder binder. During cell discharge the
catalytic mixture 233 acts primarily as a catalyst to facilitate the electrochemical
reaction involving the incoming air. However, additional manganese dioxide can be
added to the catalyst and the cell can be converted to an air assisted zinc/air or air
assisted alkaline cell. In such cell, which can be in the form of a button céll, at least a
portion of manganese dioxide becomes discharged, that is, some manganese is reduced
during electrochemical discharge along with incoming oxygen. The adhesive ring 143 is
intended to be applicable for use as well in such air assisted cells to prevent leakage of
electrolyte therefrom.

In the preferred embodiment (Fig. 1) the anode casing 260 has a layer of
copper 266 plated or clad on its inside surface so that in the assembled cell the zinc
anode mix 250 contacts the copper layer. The copper plate is desired because it
provides a highly conductive pathway for electrons passing from the anode 250 to the
negative terminal 265 as the zinc is discharged. The anode casing 260 is desirably
formed of stainless steel which is plated on the inside surface with a layer of copper.
Preferably, anode casing 260 is formed of a triclad material composed of stainless steel

264 with a copper layer 266 on its inside surface and a nickel layer 262 on its outside
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surface as shown in Fig. 1. Thus, in the final assembled cell 210 (Fig. 1) the copper
layer 266 forms the anode casing inside surface in contact with the zinc anode mix 250
and the nickel layer 262 forms the anode casing's outside surface. The copper layer 266
desirably has a thickness between about 0.0002 inches (0.005 mm) and 0.002 inches
(0.05 mm). The nickel layer between about 0.0001 inches (0.00254 mm) and 0.001
inches (0.0254 mm).

By way of a specific non limiting example, the cell size could be a
standard size 312 zinc/air cell having an outside diameter of between about 0.3025 and
0.3045 inches (7.68 and 7.73 mm) and a height of between about 0.1300 and 0.1384
inches (3.30 and 3.52 mm). The anode 250 can contain zero added mercury (mercury
content can be less than 20 ppm of cell weight) and can have the following composition:
zinc 77.8 wt% (the zinc can be alloyed with 200 to 500 ppm each of indium and lead),
electrolyte (40 wt% KOH and 2 wt% ZnO) 21.9 wt.%, gelling agent (Waterlock J-550)
0.3 wt %, lead 400 ppm (0.04 wt%). The cathode catalyst composite 237 can have the
following composition: MnQ, 4.6 wt.%, carbon black 15.3 wt%, Teflon binder 18.8
wt.%, and nickel mesh screen, 61.2 wt.%. The total cathode catalyst composite 237 can
be 0.140 g. The anode 250 can contain zero added mercury (mercury content can be less
than 20 ppm of cell weight) and can have the following composition: zinc 77.8 wt% (the
zinc can be alloyed with 200 to 500 ppm each of indium and lead), electrolyte (40 wt%
KOH and 2 wt% Zn0O) 21.9 wt.%, gelling agent (Waterlock J-550) 0.3 wt %, lead 400
ppm (0.04 wt%). Sufficient anode material 250 is supplied to fill the internal volume of
anode casing 260. The adhesive sealant 143 can be applied as a continuous ring to the
inside surface of the cathode casing recessed step 245.

The adhesive 141 to be applied to the inside surface 245a of step 245 can
be a solvent based mixture comprising a polyacrylamide based adhesive component as
described in U.S. Patent 6,436,156 B1 and incorporated herein by reference. The
adhesive component is thus desirably a low molecular weight thermoplastic polyamide
resin. A preferred polyamide resin is available under the trade designation
REAMID-100 or VERSAMID-100 (from Henkel Corp. or Cognis Corp.).
REAMID-100 or Versamid-100 is a low molecular weight polyamide which is a gel at

room temperature. It is as a dimerized fatty acid with a molecular weight of about 390
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and is the reaction product of a dimerized fatty acid and diamine. It has a molasses
consistency and viscosity of between about 30 and 50 poise at room temperature. The
adhesive mixture is easily formed by dissolving the REAMID-100 polyamide in a
solvent of isopropanol 50 parts by weight and toluene 50 parts by weight. Another
suitable solvent for REAMID-100 can be a mixture of isopropanol 40 parts by weight,
toluene 40 parts by weight and butanol 20 parts by weight. Adhesive mixture
comprising REAMID-100 and suitable solvent blended to achieve the desired mixture
viscosity of about 1100 centipoise can be obtained from Specialty Chemicals Co. The
polyamide based adhesive is desirable since it provides a very strong adhesive bond
between materials such as Teflon and metal, e.g. between Teflon sheet and nickel plated
steel at low adhesive thickness. Specifically the polyamide adhesive layer 143 applied
to the inside surface 245a of cathode casing step 245 provides a very strong bond
between Teflon sheet 232 and the nickel plated casing (step 245) at low adhesive
thickness (e.g., 7 micron thickness after solvent evaporation). The polyamide based
adhesive mixture also is desirable since it is resistant to chemical attack from the
potassium hydroxide electrolyte. Although higher molecular weight polyamide based
adhesive components can be used in the mixture it is desirable to use a lower molecular
weight polyamide such as REAMID-100, since such lower molecular weight adhesive is
more easily dissolved in the solvent. After the adhesive is applied to step 245 it dries
quickly within about 1 to 3 seconds leaving behind a tacky adhesive ring of about 7 to
10 micron thickness on step 245. The adhesive dries quickly, within about 1 and 3
seconds.

Cell 210 can be assembled by first inserting the cathode components
above described into the precrimped cathode casing 240 (Fig.3). Air diffuser 231 is
inserted against air holes 42 and an electrolyte barrier layer 232, preferably of Teflon, is
placed over the air diffuser 231. Preferably the inside surface 245a of the cathode casing
step 245 is coated with the above described adhesive 143 so that the edge of electrolyte
barrier layer 232 adheres to the inside surface 245a of step 245. Preferably, the bottom
surface (facing the cell interior) of the enlarged portion 273a of the insulating sealing
disk 270 is coated with an adhesive 144 as shown in Fig. 3. Adhesive 144 may have the

same composition as adhesive 143. Although the adhesive layers 143 and 144 can be
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omitted, it is desirably included, particularly for cells having anode and cathode casing
wall thickness which are very thin. For example adhesive layers 143 and 144 is

desirably included for cells 210 having anode and cathode casing wall thicknesses

between about 2.0 and 5 mils (0.0508 and 0.127 mim), desirably between about 2 and 4

mils (0.0508 and 0.102 mm), preferably between about 2.0 and 3.0 mil (0.0508 and
0.0762 mm). Cathode assembly 230 (Fig. 2) is inserted over electrolyte electrolyte
barrier layer 232.

The side walls 242 of the cathode casing 240 are tapered slightly
outwardly towards edge 242b by an angle of between about 3 and 6 degrees from
vertical when the cell is in upright positions with the cathode casing on top. The inside
diameter d2 of cathode casing 240 is thus defined herein to be the mean diameter within
the middle third portion of side walls 242. That is, the middle third portion of side walls
242 is located and the mean average inside diameter of the cathode casing within said
middle third portion of said side walls is determined. By definition this is the average
inside diameter d2 of cathode casing 240. The cathode disk 233 prior to insertion into
casing 240 has a diameter which is slightly smaller (for example, less than about 1 mil
(0.0254 mm) smaller) than the inside diameter d1 of the cathode casing 240 so that the
cathode disk 233 can be inserted into cathode casing 240 without damaging the inside
surface of side walls 242. The cathode assembly 230 including disk 233 is inserted into
cathode casing 240 so that the cathode assembly 230 including cathode disk 233 abuts
the closed end of cathode casing as shown in Fig. 3. A punch is then applied with a
pressure of between about 50 and 60 psia (force F') against the exposed surface of
cathode assembly 230 which compresses the cathode disk 233 thereby causing the
cathode 233 disk diameter to expand radially.

The average inside diameter d2 of the cathode casing is not altered. The
diameter of the cathode casing, after it has been punched against the closed end of
cathode casing 240 has a diameter which is greater than the average inside diameter d2
of cathode casing 240. The diameter of cathode disk 233 can be readily measured by
peeling back cathode casing side walls 242 thereby exposing the edge of cathode disk
233 so that the diameter of said disk can be measured. The diameter of cathode disk 233

when so measured (after it has been punched against the closed end of cathode casing
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240) is between about 0.5 mil and 2.5 mil (0.0127 mm and 0.0635 mm) greater than the
average inside diameter d2 of cathode casing 240 when each of the anode casing 160
and cathode casing 240 has a wall thickness between about 2 and 5 mil (0.0508 and
0.127 mm). Desirably, the diameter of cathode disk 233 (as measured after it has been
punched against the closed end of cathode casing 240) is between about 1.0 and 2.0 mil
(0.0254 0.0508 mm) greater than the average inside diameter d2 of cathode casing 240
when each of said anode and cathode casings has a wall thickness between about 2 and 5
mil (0.0508 and 0.127 mm). More specifically, the cathode disk 233 (after it has been
punched against the closed end of cathode casing 240) has a diameter which is
preferably between about 1 and 1.5 mil (0.0254 and 0.0381 mm) greater than the inside
diameter d2 of the cathode casing 240 when the anode casing 260 and cathode casing
240 each have a wall thickness of between about 2.0 and 3.0 mil (0.0508 and 0.0762
mm). The wall thicknesses may be measured either before the cathode casing is pushed
over the anode casing (Fig. 3) or after the cell is completed (Fig. 1). Preferably the
anode casing side wall 263 is folded as shown in Fig. 3. In such case each fold 263a and
263¢ has a wall thickness between about 2.0 and 3.0 mil (0.0508 and 0.0762 mm).

The anode casing 260 may be drawn to the shape shown in Fig. 3, for
example, having straight side walls formed of an inner portion 263a which is folded
over once to form outer portion 263e. Thus, in effect a double side wall is formed of
inner wall 263a and outer wall 263¢. An insulator seal ring 270 is applied over the
anode casing side walls. The anode casing 260 is then filled with anode material 250
above described. In an assembly step the anode casing 260 may be seated onto a
protruding annular surface 410 of an annular support 400 so that only the
circumferential corner edge 260r contacts support 400 as shown in Fig.4.‘ Preferably the
entire the corner edge 260r, which preferably has a convex surface, is in contact with the
annular surface 410 of support 400. The annular contact surface 410 of punch 400 may
have a concave surface which fits over convex surface 260r. However, annular contact
surface 410 of punch 400 may be a slanted flat surface, for example, a flat surface
slanted at an angle at between about 30 and 60 degrees, typically at 45 degrees, as
measured from horizontal when the anode casing 260 is in vertical position as shown in

Fig. 4.
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Support 400 is designed with the annular edge 410 so that when the
anode casing 260 is seated on support 400. The central portion of the closed end 269 of
the anode casing does not contact support 400. The central portion of the closed end
269, unless otherwise specified, is defined herein as the portion of said closed end
within at least one third the radius of said closed end extending from the center thereof.
(The center of closed end 269 intersects with central longitudinal axis 190).
Alternatively, the central portion of the closed end 269 may be defined as the portion of
said closed end within two thirds the radius of said closed end extending from the center
thereof. Preferably, support 400 impacts only corner edge 260r of closed end 269 of
anode casing 260 and thus does not impact the central portion of the closed end 269.
Such support 400 has been determined to be desirable for anode casing having very thin
walls, for example final wall thickness between about 2.0 and 5 mils (0.0508 and 0.127
mm), desirably between about 2 and 4 mils (0.0508 and 0.102 mm), preferably between
about 2.0 and 3.0 mil (0.0508 and 0.0762 mm). In the case of a double (folded) side
wall as shown in Fig. 1 it will be understood that the preceding ranges apply to each
portion, namely inner wall 263a and outer wall 263e. These ranges apply as well to the
anode casing closed end 269 and cathode casing closed end 249. The anode and cathode
casings are aligned (Fig. 3) as they are passed along an assembly line in conventional
manner. When so aligned a conventional annular punch 300 can be pressed against
cathode casiﬁg step 245 with a force Fa so that the cathode casing side wall 242 is
pushed over the edge of insulating seal 270 on the anode casing. Support 400 can be
stationary as the punch 300 is pressed against cathode casing step 245. However,
support 400 can also be in the form of an annular punch which presses circumferentially
onto the convex corner edge 260r with an upward force Fb as the cathode punch is
pressed downwardly with a force Fa. In such case force Fa is preferably greater than
force Fb. In such embodiment the annular punch 400 preferably does not impact the
central portion of the closed end of the anode casing. The anode and cathode casing are
thereby assembled together to form an intermediate cell 210 as shown in Fig.4.

The intermediate cell 210 as shown in Fig. 4 is then passed to a crimping
step (Fig. 5) wherein the cathode casing edge 242b and insulating seal edge 273b is

crimped over cathode casing sloped side portion 263b to form the final crimped cell
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(Fig. 1). Inthe crimping step the assembled intermediate cell (Fig. 4) is punched into
cavity 520 of die 500 (Fig. 5). Cavity 520 is defined by a slightly conical shaped inward
sloping wall (not shown). In the crimping step (Fig. 5) an annular punch 600 having a
protruding annular surface 610 is applied so that said annular surface 610 is pushed
against cathode casing step 245. Preferably, simultaneously therewith an annular punch
700 is applied to the anode casing 260 so that the annular edge 710 of punch 700 pushes
up against convex corner edge 260r of the anode casing with a force Fd while punch 600
pushes down on cathode casing 240 with a greater force Fc. The annular punch 700
preferably pushes against only the convex corner edge 260r of the anode casing and thus
does not push against or even contact the central portion of closed end 269 of the anode
casing 260. Punch 600 pushes down on the cathode casing 240 with a force Fc which is
larger than the opposing force Fd pushing up on anode casing 260. As these opposing
forces are applied the cell is forced down through die cavity 520 the cell diameter is
reduced, typically at least about 5 mil (at least 0.127 mm), and the cathode casing edge
242b and seal edge 273b becomes crimped over cathode casing sloped wall portion
263b. This crimping step (Fig. 5) thereby results in a final cell with anode and cathode
casing firmly interlocked with insulating seal 270 therebetween.

The crimping step employing an annular punch 700 which pushes against
anode casing convex corner edge 260 is believed to be a novel feature of the process of
the invention. The use of annular punch 700 is desirably employed with aﬁode and
cathode casings having thin wall. For example, annular punch 700 is desirably applied
during the crimping step when the anode and cathode casing have wall thicknesses
between about 2.0 and 5 mils (0.0508 and 0.127 mm), desirably between about 2 and 4
mils (0.0508 and 0.102 mm), preferably between about 2.0 and 3.0 mil (0.0508 and
0.0762 mm). In the case of a double (folded) anode casing side wall as shown in Fig. 1
it will be understood that the preceding ranges apply to each portion, namely inner wall
263a and outer wall 263e. These ranges apply as well to the anode casing closed end
269 and cathode casing closed end 249. Use of the annular punch 700 assures that the
anode and cathode casing are crimped together without causing inward deflection of the
central portion of the anode casing closed terminal end 269. (The central portion of the

anode casing closed end is defined as any portion of the closed end within a radius of
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about 2/3 of the closed end radius, as measured from the center of said closed end).
That is, in the above described crimping process of the invention the anode casing
terminal end 269 remains flat, which is very desirable from the standpoint of assuring
good electrical contact between the negative terminal end 269 with the device, such as a
hearing aid being powered. Also the flat terminal end 269 gives the cell an overall
attractive appearance.

There are special problems associated with assembly of the cell when the
anode and casing final wall thicknesses are intended to be very small, e.g. between about
2.0 and 5 mils (0.0508 and 0.127 mm) and particularly when such final wall thickness
are between about 2 and 4 mils (0.0508 and 0.102 mm), preferably between about 2.0
and 3.0 mil (0.0508 and 0.0762 mm). These final wall thicknesses apply as well to the
closed end 249 of the anode casing 260 and closed end 249 of the cathode casing 240.
In the case of a double (folded) anode casing side wall as shown in Fig. 1 it will be
understood that the preceding ranges apply to each portion, namely inner wall 263a and
outer wall 263e. It is desirable that both anode and cathode casing wall thicknesses be
within these ranges, however, it will be appreciated that the wall thicknesses of both
anode and cathode casing do not have to be identical. It has been determined that with
such small wall thicknesses there is a greater tendency of cathode casing side wall 242
to relax or spring back after the crimping step. Such relaxation or "spring back", if
unchecked, tends to cause the interlock between the anode and cathode casing after
crimping to relax somewhat with time. Such relaxation make the cell more prone to
leakage of electrolyte through the relaxed interface between the cathode casing wall 242
and seal 270.

It has been determined that such relaxation or "spring back" effect can be
mitigated by carefully designing the cell so that outside diameter of the anode casing
260 plus seal 270, namely diameter d1, is greater than the inside diameter d2 of the
cathode casing 240 as shown in Fig. 3. It will be understood that the side wall 273 of
insulating seal 270 may be tapered outwardly towards edge 273b by an angle of up to
about 10 degrees, preferably an angle between about 3 and 6 degrees when the anode
casing 260 is in upright positions with the closed end on bottom as shown in Fig. 3.

Thus, the outside diameter d1 comprising the diameter of the anode casing 260 plus
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insulating seal 270 thereon is defined herein as the mean average diameter within the
middle third portion of the seal side wall 273. It will be noted that such dimensional
relationship as shown in Fig. 3 is as measured prior to pushing the anode and cathode
casing together in the assembly step (Fig. 4). Since diameter d1 is greater than diameter
d2 there will be a forced interference fit between the inside wall surface of the cathode
casing and the outside surface of seal 270 when the anode and cathode casings are
pushed together. Thus, as used herein the term forced interference fit between cathode
casing wall 242 and anode casing wall 263 with seal 270 attached thereto shall mean
that prior to assembly (Fig.3) the outside diameter of the anode casing 260 plus seal 270,
namely diameter d1, is greater than the inside diameter d2 of the cathode casing 240.
The diameter d1, although greater than diameter d2 in accordance with the invention
(Fig. 3), must not be so much greater than diameter d2 so as to cause noticeable
deformity (bulging) and weakening in the cathode casing 242 wall when the anode
casing 260 and cathode casing 240 are pushed together during assembly (Fig. 4).

It has been determined that if the anode casing 260 with seal 270 is
designed to have such forced interference fit (Fig.3), then after the cell is éssembled and
crimped the finished cell 210 (Fig. 1) will maintain a tight seal and interlock between
anode and cathode casing with seal 270 therebetween. Such interference design as
described herein mitigates the tendency of the cathode casing to relax or spring back
after crimping and thus reduces that the chance of electrolyte leakage from the cell. The
chance of electrolyte leakage is considerably reduced even if the cell is exposed to
extremes in ambient temperature, for example between about ~10 and 120°F (-23.3 and
49°C).

Specifically, the forced interference fit between outside diameter of seal
270 and inside diameter of the cathode casing (d1-d2) as shown in Fig. 3 is desirably
between about 0.5 and 4.5 mil (0.0127 and 0.114 mm), preferably between about 2 and
4.5 mil (0.0508 and 0.114 mm), desirably between about 1 and 3 mil (0.0254 and 0.0762
mm) for anode and cathode casing wall thicknesses each being between about 2 and 5
mil (0.0508 and 0.127 mm). Particularly, the difference in these diameters (d1-d2) is
preferably between about 2.0 and 4.5 mil (0.0508 and 0.114 mm), desirably between
about 1 and 3 mil (0.0254 and 0.0762 mm), for anode and cathode casing wall
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thicknesses each being between about 2.0 and 3.0 mil (0.0508 and 0.0762 mm). The
forced interference fit (d1-d2) is desirably between about 0.5 and 3 mil (0.0127 and
0.0762 mm), preferably between about 1 and 3 mil (0.0254 and 0.0762 mm) for anode
and cathode wall thicknesses between about 5 and 6 mil (0.127 and 0.152 mm). The
forced interference fit (d1-d2) is desirably between about 2 and 4.5 mil (0.0508 and
0.114 mm) for anode and cathode casing wall thicknesses between about 2.0 and 3.0 mil
(0.0508 and 0.0762 mm). The wall thicknesses may be measured either before the
cathode casing is pushed over the anode casing (Fig. 3) or after the cell is completed
(Fig. 1). These recited wall thicknesses apply to anode and cathode casings having a
single wall. They also apply to anode casing having double (folded) anode casing side
wall as shown in Fig. 1. In such case it will be understood that the preceding ranges
apply to each portion, namely inner wall 263a and outer wall 263e.

Additionally, with anode and cathode casings each having small wall
thicknesses between about 2 and 5 mil (0.0508 and 0.127 mm) desirably wall thickness
between about 2 and 4 mils (0.0508 and 0.102 mm), preferably between about 2.0 and
3.0 mil (0.0508 and 0.0762 mm), it has been determined desirable to design the cathode
disk 233 within cathode assembly 230 such that the diameter of the cathode disk 233 is
greater than the inside diameter of the cathode casing 240 (Figs. 2 and 3). As above
described these measurements are taken after the cathode disk 233 has been inserted into
cathode casing 240 and then punched against the closed end of said casing thereby
radially expanding the cathode disk 233. The radial expansion provides a tight fit of the
cathode disk 233 against the inside surface of cathode casing 240 so that when the
cathode casing is inverted, the cathode disk 233 will not become dislodged. Since the
cathode casing side walls 242 can be slightly slanted, the inside diameter d2 of the
cathode casing is defined herein as the mean average diameter taken along the middle
third of the cathode casing side wall 242. The wall thicknesses may be measured either
after the cathode disk 233 is inserted and punched into the cathode casing 240 or after
the cell is completed (Fig. 1). These ranges also apply to anode casing having double
(folded) anode casing side wall as shown in Fig. 1. In such case it will be understood
that the preceding ranges apply to each portion, namely inner wall 263a and outer wall

263e. In particular the outside diameter of the cathode disk 233 is greater than the inside
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diameter of the cathode casing 240, as measure after the cathode assembly 230 with
cathode disk 233 therein is inserted and punched into the cathode casing 240. The
punch may typically apply a pressure of between about 50 and 60 psi against the bottom
surface of cathode assembly 230 resulting in a force F' against the botton surface of
cathode assembly 230. This causes the cathode disk 233 to expand radially resulting in
the above described interference fit between cathode casing outside diameter and the
inside diameter of the cathode casing 240. Thus, when the cathode assembly 230 is
inserted and punched into the cathode casing there will be a forced interference fit
between the edge of the cathode assembly 230, particularly between the cathode disk
233 and the inside surface of the cathode casing 240. This will assure that there will be
maintained close and even contact between the edge of the cathode disk 233 and inside
surface of the cathode casing. Such close and even contact will be mainteﬁned even
though there is a tendency of the cathode casing to relax and spring back as above
mentioned after the crimping step (Fig. 5).

Specifically, it has been determined that after the cathode disk 233 has
been inserted and punched into the cathode casing 240, the diameter of the cathode disk
233 should desirably be between about 0.5 mil and 2.5 mil (0.0127 and 0.0635 mm),
preferably, between about 1 and 2 mil (0.0254 and 0.0508 mm), desirably between
about 1 and 1.5 mil (0.0254 and 0.0381 mm) greater than the inside diameter (d2) of the
cathode casing 240 when the cathode casing wall 242 has a thicknesses between about 2
and 5 mil (0.0508 and 0.127 mm). After cathode disk 233 has been inserted and pushed
into cathode casing 240, the diameter of cathode disk 233 is desirably between about 1
mil and 1.5 mil (0.0254 and 0.0381 mm) greater than the inside diameter of the cathode
casing when the cathode casing wall thickness is between about 2 and 3 mil (0.0508 and
0.0762 mm).

It will be appreciated that these differences in diameter are as measured
after the cathode assembly 230 with cathode disk therein is inserted and punched into
the cathode casing 240. A forced friction interference fit along the circumferential edge
of the cathode disk 233 and cathode casing wall 242 thus develops after the cathode
assembly 230 is inserted and punched into the cathode casing 240. Although the

diameter of the cathode disk 233 is greater than the inside diameter of the cathode casing
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240, the diameter of the cathode disk 233 should not be so much greater than the inside
diameter of the cathode casing 240 as to cause noticeable deformity (bulging) .and
weakening in the cathode casing 242 wall when cathode disk 233 is inserted into the
casing 240. The interference fit between cathode disk and cathode casing results in
close and consistent contact between the edge of the cathode disk and inside surface of
the cathode casing side walls.

The following are examples of a preferred zinc/air button cell made by
the assembly method of the invention.

EXAMPLE 1
Anode and Cathode Casing Wall Thickness 4 mil (0.102 mm)

A zinc/air cell having overall dimensions approximately 8 mm diameter
and 4 mm thick (Duracell 312 size) was fabricated according to the process of the
invention. The anode casing 260 and cathode casing 240 of the completed cell had a
small wall thickness of 4 mil (0.102 mm). The anode casing had a folded (double) side
wall comprising an inner portion 263a and an outer portion 263e. Insulator seal 270 had
a side wall thickness of 6.5 mil (0.165 mm). The cathode disk 233 had an overall
diameter which was 2.0 mil (0.0508 mm) greater than the inside diameter (d2) of the
cathode casing as measured after the cathode disk 233 was inserted and punched into the
cathode casing. The outside diameter of the anode casing plus seal 270 (diameter d1) as
shown in Fig. 3 was 3.5 mil (0.0889 mm) greater than the inside diameter (d2) of the
cathode casing before the cathode casing 240 is pushed over the anode casing 260 with
insulating seal 270 therebetween. The cell components including cathode disk 233 and
anode 250 and remaining cell components were as described above, as referenced with
respect to Figs. 1 and 2. There was an adhesive layer 143, as above described, applied
to the inside surface 245a of cathode casing step 245 and adhesive layer 144 applied to
the bottom surface of enlarged portion 273a of insulating seal disk 270. The filled
anode and cathode casings were then pushed together in the assembly step shown in Fig.
4 to from an intermediate cell. The intermediate cell was then punched into die cavity
520 and crimped in the crimping step shown and described with reference to Fig. 5. In
both the assembly (Fig. 4) and crimping step (Fig. 5) an annular punch 400 and 500,
respectively, was applied only against corner edge 260r of the closed end 269 of the
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anode casing while another punch 300 and 600 respectively was applied against the
closed end 249 of cathode casing with a greater and opposing force.

The cell maintained excellent performance during its normal use as a
hearing aid battery. There was not any noticeable electrolyte leakage from the cell
occurring during storage or normal use.

Example 2
Anode and Cathode Casing Wall Thickness 2.5 mil (0.0635 mm)

A zinc/air cell having overall dimensions approximately 8 mm diameter
and 4 mm thick (Duracell 312 size) was fabricated according to the process of the
invention. The anode casing 260 and cathode casing 240 of the completed cell had a
small wall thickness of 2.5 mil (0.0.0635 mm). The anode casing had a folded (double)
side wall comprising an inner portion 263a and an outer portion 263e. Insulator seal 270
had a side wall thickness of 4.0 mil (0.102 mm). The cathode disk 233 had an overall
diameter which was 1.5 mil (0.0381 mm) greater than the inside diameter (d2) of the
cathode casing as measured after the cathode disk 233 was inserted and punched into the
cathode casing. The outside diameter of the anode casing plus seal 270 (diameter d1) as
shown in Fig. 3 was 4.5 mil (0.114 mm) greater than the inside diameter (d2) of the
cathode casing before the cathode casing 240 is pushed over anode casing 260 with
insulating seal 270 therebetween. The cell components including cathode disk 233 and
anode 250 and remaining cell components were as described above, as referenced with
respect to Figs. 1 and 2. There was an adhesive layer 143 as above described applied to
the inside surface 245a of cathode casing step 245 and adhesive layer 144 applied to the
bottom surface of enlarged portion 273a of insulating seal disk 270. After the cell
components (Figs. 1 and 2) were inserted into the anode and cathode casing anode and
cathode casing (Fig. 3) were pushed together in the assembly step shown in Fig. 4 to
form an intermediate cell. The intermediate cell was then punched into die cavity 520
and crimped in the crimping step shown and described with reference to Fig. 5. In both
the assembly (Fig. 4) and crimping step (Fig. 5) an annular punch 400 and 500,
respectively, was applied only against convex corner edge 260r of the closed end 269 of
the anode casing while another punch 300 and 600 respectively was applied against the

closed end of cathode casing with a greater and opposing force.
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The cell maintained excellent performance during its normal use as a

hearing aid battery. There was not any noticeable electrolyte leakage from the cell

occurring during storage or normal use.
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CLAIMS

1. In the combination of an anode can and a cathode can for an
electrochemical cell; wherein said cathode can has an open end and opposing closed end
with integral side wall therebetween and a cathode disk comprising cathode material
inserted into said cathode can so that the edge of said cathode disk defining the disk
thickness abuts the inside surface of said cathode can side wall, wherein said anode can
has an open end and opposing closed end and an integral side wall therebetween and
anode material within said anode can; wherein the anode can has an insulator seal
material covering a portion of said anode can integral side wall; wherein the cathode can
is adapted to be pushed over the anode can with the open end of said anode can facing
the open end of said cathode can, so that the side wall of said cathode can overlaps at
least a portion of the side wall of said anode can with said insulator seal material
therebetween to form a cell, the improvement comprising:

wherein the outside diameter of the cathode disk is between about 0.5
and 2.5 mil (0.0127 and 0.0635 mm) greater than the inside diameter (d2) of said
cathode can, as measured after said cathode disk is inserted and punched into said
cathode can and before said anode and cathode cans are pushed together; wherein the
anode can and cathode can each have a wall thickness of between about 2 and 5 mil
(0.0508 and 0.127 mm).
2. The combination of claim 1, wherein the outside diameter of said cathode
disk is between about 1 and 2 mil (0.0254 and 0.0508 mm) greater than the inside
diameter (d2) of said cathode can, as measured before said cathode disk is inserted into
said cathode can and before said anode and cathode cans are pushed together.
3. The combination of claim 1, wherein the outside diameter of the cathode
disk is between about 1 and 1.5 mil (0.0254 and 0.0381 mm) greater than the inside
diameter (d2) of said cathode can, as measured after said cathode disk is inserted and
punched into said cathode can and before said anode and cathode cans are pushed
together; wherein the anode can and cathode can each have a wall thickness of between
about 2.0 and 3.0 mil (0.0508 and 0.0762 mm).
4. The combination of claim 1, wherein the anode can has an integrally

folded side wall forming a double side wall, wherein each of said double walls has a
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thickness of between about 2 and 5 mil (0.0508 and 0.127 mm).
5. The combination of claim 3, wherein the anode can has an integrally
folded side wall forming a double side wall, wherein each of said double walls has a
thickness of between about 2.0 and 3.0 mil (0.0508 and 0.0762).
6. The combination of claim 1, wherein said cell is a metal air depolarized
cell, wherein said anode material comprises zinc and the cathode material comprises
manganese dioxide.
7. The combination of claim 1, wherein said anode and cathode can each
have a disk-like cylindrical shape having an overall diameter of between about 4 and 16
mm and a height between about 2 and 9 mm.
8. In the combination of an anode can and a cathode can for an
electrochemical cell; wherein said cathode can has an open end and opposing closed end
with integral side wall therebetween and a cathode disk comprising cathode material
inserted into said cathode can so that the edge of said cathode disk defining the disk
thickness abuts the inside surface of said cathode can side wall; wherein said anode can
has an open end and opposing closed end and an integral side wall therebetween and
anode material within said anode can; wherein the anode can has an insulator seal
material covering a portion of said anode can integral side wall, wherein the cathode can
is adapted to be pushed onto the anode can with the open end of said anode can facing
the open end of said cathode can, so that the side wall of said cathode can overlaps at
least a portion of the side wall of said anode can with said insulator seal material
therebetween to form a cell, the improvement comprising:

wherein the outside diameter of the cathode disk is between about 0.5
and 2.5 mil (0.0127 and 0.0635 mm) greater than the inside diameter (d2) of said
cathode can, as measured after said cathode disk is inserted and punched into said
cathode can and before said anode and cathode cans are pushed together; wherein the
anode can and cathode can each have a wall thickness of between about 2 and 5 mil
(0.0508 and 0.127 mm); wherein said anode and cathode can each have a disk-like
cylindrical shape having an overall diameter of between about 4 and 16 mm and a height
between about 2 and 9 mm. }

9. The combination of claim 8, wherein the outside diameter of the cathode
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disk is between about 1 and 2 mil (0.0254 and 0.0508 mm) greater than the inside
diameter (d2) of said cathode can, as measured after said cathode disk is inserted and
punched into said cathode can and before said anode and cathode cans are pushed
together; wherein the anode can and cathode can each have a wall thickness of between
about 2 and 5 mil (0.0508 and 0.127 mm) as measured on said cell.

10. The combination of claim 8, wherein the outside diameter of the cathode
disk is between about 1.0 and 1.5 mil (0.0127 and 0.0381 mm) greater than the inside
diameter (d2) of said cathode can, as measured after said cathode disk is inserted and
punched into said cathode can and before said anode and cathode cans are pushed
together; wherein the anode can and cathode can each have a wall thickness of between
between about about 2.0 and 3.0 mil (0.0508 and 0.0762 mm) as measured on said cell.
11. The combination of claim 8, wherein the outside diameter of said cathode
disk is between about 0.5 and 2.5 mil (0.0127 and 0.0635 mm) greater thén the inside
diameter (d2) of said cathode can as measured before said cathode disk is inserted into
said cathode can, and wherein the outside diameter (d1) of said anode can with insulator
material thereon is between about 0.5 and 4.5 mil (0.0127 and 0.114 mmm) greater than
the inside diameter (d2) of said cathode can as measured before said anode and cathode
cans are pushed together.

12. The combination of claim 8, wherein the outside diameter of said cathode
disk is between about 1 and 1.5 mil (0.0254 and 0.0381 mm) greater‘than the inside
diameter (d2) of said cathode can as measured after said cathode disk is inserted and
punched into said cathode can, and wherein the outside diameter (d1) of said anode can
with insulator material thereon is between about 1.5 and 2.5 mil (0.0381 and 0.0635
mm) greater than the inside diameter (d2) of said cathode can, wherein the anode can
and cathode can each have a wall thickness of between about 2.0 and 3.0 mil (0.0508
and 0.0762 mm), as measured before said anode and cathode cans are pushed together.
13. The combination of claim 8, wherein said cell is a metal air depolarized
cell, wherein said anode material comprises zinc. '

14, The combination of claim 8, wherein said cell is a metal air depolarized
cell wherein said anode material comprises zinc and said cathode material comprises

manganese dioxide.
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15. The combination of claim 8, wherein the anode can has an integrally
folded side wall forming a double side wall, wherein each of said double walls has a
thickness of between about 2 and 5 mil (0.0508 and 0.127 mm).
16. The combination of claim 12, wherein the anode can has an integrally
folded side wall forming a double side wall, wherein each of said double walls has a
thickness of between about 2.0 and 3.0 mil (0.0508 and 0.0762 mm).
17. The combination of claim 8, wherein said cathode can comprises
stainless steel and said anode can comprises stainless steel having a layer of nickel on its
outside surface and a layer of copper on its inside surface.
18. The combination of a cathode can for an electrochemical cell and a
cathode disk comprising cathode material inserted into said cathode can, wherein said
cathode can has an open end and opposing closed end with integral side wall
therebetween, wherein the cathode disk is inserted into said cathode can so that the edge
of said cathode disk defining the disk thickness abuts the inside surface of said cathode
can side wall,

wherein the outside diameter of the cathode disk is between about 0.5
and 2.5 mil (0.0127 and 0.0635 mm) greater than the inside diameter (d2) of said
cathode can, as measured after said cathode disk is inserted and punched into said
cathode can; wherein the cathode can has a wall thickness of between about 2 and 5 mil
(0.0508 and 0.127 mm); wherein said cathode can has a disk-like cylindrical shape
having an overall diameter of between about 4 and 16 mm and a height between about 2
and 9 mm.
19. The combination of claim 18, wherein the outside diameter of the
cathode disk is between about 1 and 2 mil (0.0254 and 0.0508 mm) greater than the
inside diameter (d2) of said cathode can, as measured before said cathode disk is
inserted into said cathode can and before said anode and cathode cans are pushed
together.
20. The combination of claim 18, wherein the outside diameter of the
cathode disk is between about 1.0 and 1.5 mil (0.0254 and 0.0381 mm) greater than the
inside diameter (d2) of said cathode can, as measured after said cathode disk is inserted

and punched into said cathode can and before said anode and cathode cans are pushed
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together; wherein the anode can and cathode can each have a wall thickness of between

between about 2.0 and 3.0 mil (0.0508 and 0.0762 mm).

21. The combination of claim 18, wherein said cell is a metal air depolarized
cell, wherein said cathode material comprises manganese dioxide.

22. The combination of claim 18, wherein said cathode can comprises

stainless steel.



WO 2004/091010 PCT/US2004/009856

1/5




WO 2004/091010 PCT/US2004/009856

2/5

FIG. 2
s A ™

245a S// // / ///,1\_/245
V///////////// 232
&\\\\‘\\\\\\\\%235

; A ) }\_{234
L N Sy 237
k238

230 [




WO 2004/091010 PCT/US2004/009856
3/5
190
249 - 231 240
25 246 °C 243 243 \ / 245
248 ya D)
e e N S S S CS R ST Qv o
R \
242~
Fl
247’\;’ L _242b
dy
7 144 2732
2/3@—\‘ 267~ N\ /‘ 263q
263d._Yed —144 ) &7 o
i~ 263 263a 270
270~ Mmoo Sontlld gz
3 ' 2\/2/3
2736 —{]
‘] ——273b
260r 22,.6 2 ( ? \264[ 263c
262 265 269 250-260
< d1 >




WO 2004/091010

FIG. 4

PCT/US2004/009856

4/5

300

310 7 / / 245
AN 143
240 249 243 ////ﬂ
246 232
248~ f 243 ) [ 231 /g
973 T e £
7 —273a
263d_ peanec 44 4/—;2;
MW —273
& 242
) —273b
~~~~~~~~~~ Jj \263p

260r 250

RZM 289 \-260 40

//////

DN

LMIMIMOIDMYNNY

——405




WO 2004/091010 PCT/US2004/009856

5/5
FIG. 5
F
c
500
A /
\ —610 210243 240 {610
246 [ 249 6231 // 245
e Esot e SuC e SR e R\ // 1<3
/77232 / 77 AN 930
242b
N\

: : HNN\273h
¢ | 264 N \
250 . 260
710 269 26{5 l—190 260 r\

530
700



INTERNATIONAL SEARCH

REPORT

International Application No

Wr/US2004/009856

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 HO1M2/02 HO1M12/06

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

B. FIELDS SEARCHED

IPC 7 HOIM

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that

such documents are included in the fields searched

EPO-Internal, WPI Data, PAJ

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

AL) 20 August 2002 (2002-08-20)
cited in the application
abstract

column 4, 1ine 56 - Tine 60
column 8, Tine 19 - 1ine 23
column @, Tines 5-53

US 2002/187391 Al (ISHIO MASAAKI
12 December 2002 (2002-12-12)
abstract

paragraphs €0020!, <0023!

US 6 436 156 B1 (SHEPARD VANCE ROGER ET

1-22

ET AL) 1-22

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

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

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

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

*0O" document referring to an oral disclosure, use, exhibition or
other means

"P* document published prior to the international filing date but
later than the priority date claimed

“T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

invention

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

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

*&" document member of the same patent family

Date of the actual completion of the international search

9 September 2004

Date of mailing of the international search report

17/09/2004

Name and mailing address of the ISA

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

Tel. (+31-70) 340-2040, Tx. 31 651 epo n,
Fax: (+31-70) 340-3016

Authorized officer

Hintermaier, F

Form PCT/ISA/210 (second sheet) (January 2004)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International Application No

WT/US2004/009856

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 5 919 586 A (SPRINGSTEAD JOHN CLAUDE
ET AL) 6 July 1999 (1999-07-06)

column 1, 1ine 5 - line 22

column 3, 1ine 47 ~ Tline B3

column 6, 1ine 15 - line 27

column 7, tine 45 - column 9, line 63;
figures 2,3,6,7; table 1

US 4 591 539 A (CARPENTER DENIS D ET AL)
27 May 1986 (1986-05-27)

column 1, Tine 50 - 1ine 56

GB 2 109 622 A (DURACELL INT)

2 June 1983 (1983-06-02)

page 3, line 25 - Tine 40

PATENT ABSTRACTS OF JAPAN

vol. 0111, no. 74 (E-513),

4 June 1987 (1987-06-04)

& JP 62 008442 A (MATSUSHITA ELECTRIC IND
CO LTD), 16 January 1987 (1987-01-16)
abstract

1-22

1-22

1-22

11,12

Form PCT/ISA/210 (continuation of second sheet) (January 2004)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International Application No

W T/US2004/009856
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6436156 Bl 20-08-2002 AU 6343401 A 03-12-2001
CN 1430801 T 16-07-2003
EP 1290751 Al 12-03-2003
JP 2003534639 T 18-11-2003
WO 0191225 Al 29-11-2001
US 2002187391 Al 12-12-2002 BR 0210318 A 20-07-2004
EP 1397842 A2 17-03-2004
WO 02101851 A2 19-12-2002
US 5919586 A 06-07-1999  NONE
US 4591539 A 27-05-1986 CA. 1222280 Al 26-05-1987
CH 663116 Ab 13-11-1987
DE 3461010 D1 20-11-1986
DK 296484 A 24-12-1984
DK 8402964 A 24-12-1984
EP 0129881 Al 02-01-1985
HK 94288 A 02-12-1988
IE 55526 Bl 10-10-1990
JP 1864280 C 08-08-1994
JP 5072072 B 08-10-1993
JP 60065480 A 15-04-1985
KR 8900305 Bl 13-03-1989
NO 842510 A 27-12-1984
GB 2109622 A 02-06-1983 CA 1185318 Al 09-04-1985
JP 62008442 A 16-01-1987  NONE

Form PCT/ISA/210 (patent family annex) {January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

