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(57) Abstract: Varous embodi. ments of a melal-air cell having a tab sysiem that covers an air entry port of the metal-uair cel 1 are

provided. [n one representative acmbodiment the tab system includes polymer la—yer and an adhesive layer between the metal-air- cell
and the polymer layer. The tab =system has a loss stiffness of less than 55,000 NO/m at 20°C 10 25°C.
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TAB SYSTEM FOR A METAL- Al RELECTROCHEMICAL CELL
BACKGRIOUND

The present invention relates to a meetal-air cell having a tab system that
covers an air entry port of the metal-air cell prior to use.

Metal-air cells use oxygen directly from the atmosphere to produce
electrochemical energy. A metal-air cell typically has a negative electrode, the
anode, and contains an active material, such as zinc, and an electrolyte such as
potassium hydroxide. The metal-air cell do es not contain a consumable cathode
material, as oxygen from the atmosphere is the active cathode material. For this
reason, metal-air cells have a greater capaccity for anode material relative to their
size and they are used extensively in applications which require moderate drains
and continuous discharge usage, such as i hearing aids. The diffusion of oxygen
into the cell begins a series of chemical reaactions that produce gases inside the cell
and ultimately consume the anode material .

Metal-air cells typically have at least one air entry port for the ingress of
oxygen into the cell and the egress of hydrogen out of the cell during operation.
The air entry port is covered by a tab systerm prior to the use of the metal-air cell to
prevent it from becoming prematurely activaxted. Conventional tab systems
typically include at least one polymer film to control diffusion of oxygen into the air
entry pdrt of the metal-air cell and at least ©ne adhesive to adhere the polymer film
to the metal-air cell. | '

The tab system must have proper aix permeation characteristics to provide
the proper balance in the amount of oxyger that diffuses into the metal-air cell and
the amount of gas that diffuses out of the cell. One problem associated with metal-
air cells despite the presence of a tab systesm is the reduction in the shelf life and
the useful discharge life of the metal-air cel . Some tab systems allow too much
oxygen ingress which causes the open cell voltage (OCV) of the metal-air cell to be
too great, consuming an excessive amount of active material. In other metal-air
cells in which a tab system has loyv oxygen permeation, the OCV of the metal-air
cell is too low upon removal of the tab system, which causes the user to believe
that the metal-air cell is dead.
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SUMMARY S0

The= present invention provides for a metal-a ir cell having a tab systen that
covers at least one air entry port along an exterior Surfaée of the metal-airce 1l. In
one embosdiment the tab system includes at least o ne polymer layer and an
adhesive Mayer disposed between the cell and the pmolymer layer, and the tab
system haas a loss stiffness that is less than about 55,000 Newtons/meter (N/"m) at
20°C to 255°C.

In &n alternative embodiment the metal-air c ell has a tab system that
includes aa first polymer layer and layer of adhesive disposed between the metal-air
cell and the first polymer layer. The tab system hass a loss stiffness that is lesss
than aboust 55,000 N/m at 20°C to 25°C and a burs%t pressure, at which the seal
between t he tab system and the metal-air cell is broken as a result of intema 1
pressure i nthe cell, is at least about 43 pounds per— square inch (psi).

In &another alternative embodiment the metal -air cell has a tab system that
includes am first polymer layer and layer of adhesive disposed between the mestal-air
cell and tine first polymer layer. The tab system hass a loss stiffness that is lesss
than abowt 55,000 N/m at 20°C to 25°C, a burst preessure of at least about 43 psi,
and a pee=l strength that ranges from about 6.5 psi ®&o about 11 psi. \

In ywet another alternative embodiment the m etal-air cell has a tab syst_.em

that incluces a first polymer layer and a layer of adlesive disposed between —the

metal-air cell and the first polymer layer. The tab s=ystem has a loss stiffness that is
Iéss than aabout 55,000 N/m at 20°C to 25°C, an av=erage burst pressure of att least
about 43 posi and a peel strength that ranges from ambout 6.5 psi to about 11 Psi.
The cell imcludes an active material comprising zinc= and an electrolyte compr—ising
potassiun— hydroxide, contains zero added mercury= and has an open circuit woltage
that range=s from about 1.18 to about 1.37 volts.

In somé embodiments the tab system has a loss stiffness that is from about
25,000 N/ mm to about 45,000 N/m at 20°C to about 225°C and is less than aboaut
35,000 N/ m at 60°C. The tab system has improvedd conformability to the exteemal
surface of~ the metal-air cell and has been found to be more effective in preveenting
prematurea cell activation during storage. The tab s-ystem better controls oxycgen

ingress infto the metal-air cell, and the oxygen permeability of the tab system can
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rang e from about 15 (cm® x m x mm Hg) / (mm?x déy) to about 150 (cm® x mv X m
Hg) # (m? x day) so that the metal-air cell mairtains an open circuit voltage (OCV)
that 1ranges from about 1.18 to about 1.37 vol-ts. In addition, the generation of
gase=s through chemical reactions inside the rmetal-air cell are greater when the
metal-air cell is assembled with zero added nmercury, making control of gas
transsmission through the tab system more impportant. Thus, in another
embeodiment of the invention the metal-air cel1 contains zero added mercury.

As used herein, the term “about” mearm s within experimental error in
meassurement and rounding, and averages ar-e as determined from at least three
indiv-idual values. The values of properties ard characteristics disclosed herein are
as destermined by the disclosed test methods; equivalent methods, which will give
compoarable results, may be substituted.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be understood with reference to the following drawings.
The - components in the drawings are not necesssarily to scale. Also, in the
drawwings, like reference numerals designate corresponding parts throughout the
viewss. ' ‘

FIG. 1is a perspective cut-away view Of a metal-air cell with a tab system
adhe=red thereto, according to an embodimen® of the invention;

FIG. 2 is a cross-sectional view of a metal-air cell with a tab system
accowrding to an embodiment of the invention;

FIG. 3 is a graph comparing the loss stiffness of the tab system of FIG. 2
over arange of temperatures according to an embodiment of the invention;

FIG. 4 is a graph of the measured deflexction of a tri-clad metal plate used in
a me=tal air cell over a range of pressures according to an embodiment of the
invertion; and

FIG. 5is a graph comparing the storag e modulus of the tab system of FIG. 2

over arange of temperatures according to an embodiment of the invention.

DETAILED DESCRIPTION
FIG. 1 illustrates an example embodim ent of the metal-air cell 100 according

to thee present invention. For purposes of con venience, example embodiments of

3
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the present invertion are described with respect to a buitton-type metal-air cell 100
used in small ap pliances, such as a hearing aid. Howe=ver, one skilled in the art
can appreciate tbhat embodiments of the present inventiion can also be described
with respect to other metal-air cells, such as larger cylirder and prismatic cells.

The meta®-air cell 100 is a button cell that includees a positive terminal,
commonly knowmn as the “cathode can” 102, having a smurface 104, for example
along the bottorma of the cathode can, surrounded by a \wall 106. The central
portion of the suwface 104 can be generally planar and the surrounding wall 106
can be of uniforrmn height and can be substantially perpendicular to the bottom of
can 102, aithougsh the shape, dimensions and angle of the wall can vary. Atleast
one air entry port 108 is located along the surface 104 «of cathode éan 102. The
metal-air cell 100 also includes an anode cup 110, macde of metal. The anode cup
110 can be form-ed in the shape of a cup and is genera:lly known as the “anode
cup”.

In a metall-air cell that is larger than a button-typ=e metal-air cell, for example
a cylindrical and a prismatic metal-air cell, thc cathode can and anode cup can
have different shmapes.

In an alternative embodiment the can is the negaative contact terminal and
the cup is the po=sitive terminal. In such case the one cer more air entry port is
located along the surface of the positive terminal, the ¢ up 110, rather than the can.

The anod=e cup 110 and the cathode can 102 ca_n be a single layer of metal,
a bilaminate, or & multiple metal layer laminate. Typicaal metals that are used for
the anode cup 1-10 and cathode can 102 include, for ex<ample, nickel, stainless
steel and copper-, for example. In one example embod iment anode cup 110 can be
made of a tri-claed material that includes copper/stainlesss steel/nickel from the
interior to the extterior of the anode cup 110 and cathoce can 102 is made of nickel
plated steel or nt ckel plated stainless steel. The surfac=e of the metal-air cell
through which ore or more air entry port 108 is located , whether along the cathode
can 102 or alongy the anode cup 110, can also be made of a non-conductive
material so long as the metal-air cell has separate concductive contact terminals.

An anode mixture 112 is present within the interifor of the metal-air cell 100
and several commpositions of anode mixture 112 are posssible and are well known to
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those of ordinary skill i nthe art. The anode mixture 112 typically includes a mixt.are
of an active ingredient, for example, zinc powder, an alkaline electrolyte, for
example potassium hy=droxide or sodium hydroxide, and a gelling agent, for
example an acrylic aci-d polymer. A gas inhibitor such as, for example, indium
hydroxide (In(OH)s) armd other additives can be included to minimize gas
generation. Exampless of these additives include zinc oxide and polyethylene
glycol. The compositions of suitable anode mixture compositions in metal-air celiis
containing zero added mercury are disclosed in U.S. Patent No. 6,602,629, issue=d
on August 5, 2003, asssigned to Eveready Battery Company, Inc., St. Louis, MO,
and which is hereby i corporated by reference herein. The amount of anode
mixture 112 that is pla ced in the metal-air cell 100 can be less than the available
volume and so an air pocket 113 can often be present.

The metal-air ceell 100 further includes an air electrode 114 positioned below
and electrically insulat ed from the anode mixture 112 by an ionically conductive
separator 116. The ai r electrode 114 may be any material suitable for use as an

" air electrode and can @include, but is not limited to, carbon, manganese oxide

(MnOy) and polytétraﬂ wioroethylene (PTFE), for example. A metal screen 118,

which can be a nickel screen coated with catalyst, can be embedded within the a ir
electrode 114 to improve electrical conductivity of the air electrode 114 and provi de
good electrical contact between the air electrode 114 and the cathode can 102. A
hydrophobic membrare 120 made of a polytetrafluoroethylene (PTFE) polymer, #or
example, can be lamirated on the bottom side of the air electrode 114 facing the
bottom of cathode cary 102 to maintain a gas-permeable waterproof boundary
between the air and ellectrolyte within metal-air cell 100. In addition, the metal-aiar
cell can also include an air diffusion membrane 122 to regulate gas diffusion rate=s
and an air distribution membrane 124 to distribute air evenly to the air electrode

114. An electrical insulator 126, which is generally known as “grommet” or “gask_et”
and is typically made of a flexible polymer, provides electrical insulation and serv es
as a seal between the- anode cup 110 and the inner surface of cathode can 102.
The edge of electrical insulator 126 can be formed to create an inwardly protrudimng
lip 128 which abuts thee rim of the anode cup 110.
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Referring to FIGs. 1, tab system 130 covers at least one air exntry port, for
example, air entry port 108 of cathode can 102 of metal-air cell 10-0. In one
embodiment the tab sy=stem 130 includes at least one polymer layesr 132 and an
adhesive layer 136. Taab system 130 covers the air entry port 108 until the metal-
air cell is ready for use . When it is desired to activate the metal-ai r cell 100, the
user simply peels the taab system 130 away from the metal-air cell to expose the air
entry port 108.

FIG. 2 is a crosss-sectional view of metal-air cell 200 having a tab system
202 that covers air entary port 108 of cathode can 102, according to anocther
example embodiment of the present invention. Tab system 202 can also cover a
plurality of air entry ports (not Shown) of cathode can 102. Tab sy stem 202
includes a polymer layear 132, a second polymer layer 204, and aﬁ adhesive layer
136 that is disposed beatween the polymer layer 132 and can surfa ce 104. Inan -
alternative example embodiment, tab system 202 includes a secomd adhesive layer
206 disposed between the polymer layer 132 and second polymer layer 204 to
bond them together.

The tab systemss 130, 202 of metal-air cells 100, 200 have i mproved
flexibility and have bee-n found to be more effective in preventing ppremature
activation during storagye of the metal-air cells 100, 200, and thus provides a longer
useful life. The first po lymer layer 132 and the second polymer layser 204, can be
one of many polymers such that tab systems 130,202 have a loss stiffness that is
about 55,000 N/m or le=ss at room temperature (20° to 25°C), abouat 40,000 N/m or
less at 45 °C or about 335,000 N/m or less at 60 °C. In another em bodimeht the
loss stiffness ranges freom about 25,000 N/m to about 45,000 N/m at room
temperature (20° to 25*°C). Loss stiffness as a function temperatumre was tested in
the Examples below ard a curve comparing the loss stiffness of a conventional tab
system to a tab systerrw of the present invention is shown in FIG. 3 .

The tab systemss 130, 202 can have an oxygen permeabilitys coefficient that
allows the metal-air ceEl 100 to achieve an open circuit voltage (OCCV) that ranges
from about 1.18 to abo ut 1.37 volts at room temperature (20° to 25°C), in some
embodiments from about 1.25 to about 1.35 volts and in yet in other embodiments
from about 1.28 to abo ut 1.32 volts. Tab systems 130, 202 have &an oxygen
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permeabi lity coefficient that can range from about 15 to about 150 (cm3 X m X mm
Hg)/ (m® x day), in some embodiments from about 25 to about 1 00 em® x m x mm
Hg)/ (m* xday) and in yet other embodiments from about 70 to =about 90 (cm®xm
x mm Hg>) / (m? x day).

It i=s believed that tab systems 130, 202 better control the amount of oxygen
ingress irm the metal-air cell 100, 200, respectively, compared to sconventional
metal-air cells, through improved conformability to the surface 14, for example the
bottom, o=f cathode can 102, through which the air entry port 1083 is formed.
Surprisingly, the tab systems 130, 202 which have a loss stiffnesss that ranges from
25,000 N./m to about 45,000 N/m at room temperature were fournd to have
improved burst pressure resistance and improved adhesion to the metal-air cell
100, 200 compared to a conventional tab system, even though tlhe same type and
amount o=f adhesive was used. Tab systems 130, 202 which covver the air entry
port 108 oof metal-air cells 100, 200 have an average burst press-ure of at least
about 43 psi. The burst pressure of a conventional tab system &and a tab system of
an example embodiment of the invention were tested to determimne the pressure at
which gass generated inside the metal-air cell would cause the ta b system to
become sseparated from the cathode can 102. The method of te=sting and the
results ar-e described below in the Examples.

Thae housings of metal-air cells are being manufactured weith thinner
compone-nts, such as a thinner cathode can 102 of metal-air cel® 100, 200 to allow
for greatesr volume of anode mixture 112. For example, the bottcom of cathode can
102 havirmg air entry port 108 can be manufactured with a cross- section as thin as
about 0.0808 inches, and in some cases as thin as about 0.006 irnches or thinner,
and cathode can thicknesses typically range from about 0.004 irches to about
0.008 inc-hes. Thin cathode can thicknesses result in deformaticon of the metal-air
cells 100, 200 through the buildup of internal pressure generatecd by gases within
the metal -air cells 100, 200 during cell manufacturing and storacge. Thus, at least a
portion off the surface 104 of the metal-air cell having the air entr-y port can be
curved, a_nd the improved properties of tab system 130, 202 resuilt in greater
conformambility of tab systems 130, 202 to the metal-air cells 100 , 200 when
deformedd. The deflection of the surface 104 button-type metal-&air cells with
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varying amount ofF pressure build-up inside the metal-air ce=ll was measured in the
Examples below aand the results are shown by the curve in  FIG. 4. It was noted
that the pressure -generated inside the metal-air cell 100 camused deformation along
the surface 104 off cathode can 102 which caused the posittion of the air entry port
108 to change aloeng a vertical axis by about 0.012 inches wwvhen the internal
pressure of the meetal-air cell approached 60 psi. Thus, at ®&he burst pressure the
deformation of thea cathode can causes the tab system to b e separated from the
metal-air cell, ther-eby allowing air to flow into and prematur-ely drain the metal-air
cell. )

In metal-air= cells larger that button cells, such as cyli ndrical and prismatic
cells, air entry porits can be formed in parts of the cell housEngs that are not flat (for
example, the side wall of a cylindrical container) or that mawy become deformed.
The tab systems 1 30, 202 more effectively control oxygen ingress in these larger
cells through impreoved conformity to surfaces in which air e=ntry ports are formed.

Tab systerrms 130, 202 include an adhesive 126 (FIG S. 1 and 2) which
covers at least a peortion of polymer layer 132. The adhesiv=e 126 can be any
removable adhesiwse that allows removal of the tab systems 130, 202 from the
metal-air cells 100=, 200 without leaving an adhesive residues that is visible without
magnification. Preaferably there is no visible residue at up to 10x magnification.
The adhesive 126, can display high initial tack but can also be easily removed, for
example, a pressunre sensitive removable acrylic adhesive. A suitable acrytic
adhesive is availalole under the trade name FASSON™ R1243 from Avery
Dennison, FASSO~-N Roll North America, of Painesville, Ohic. ‘

The amoun-t of adhesive 126 can be measured by thee weight per unit area
coverage of the susrface 104 of cathode can 102. The amouwunt of adhesive 126 can
range from about 21g/m2 to about 30 g/mz. and it has been —found that the
application of addittional adhesive 126 beyond a coating wei ght per unit area of
about 30g/m® doess not compensate for the lack of conformambility of conventional
tab systems. For eexample, it has been found that if the coarting weight per unit
area of adhesive 1 26 exceeds about 309/m2 then the bond Bbetween the metal-air
cells 100, 200 and tab systems 130, 202, respectively, can exceed the cohesive
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stren:gth of the adhesive 126 and can leave behind an acdhesive residue on the
surfarce 104 of the cathode can 102 and across the air emntry port 108.

The contact surface area of adhesive 126 applied to metal-air ceil 100, 200
can also vary depending upon the size of the metal-air ce2ll and the number of air
entry~ ports 108 in a cathode can 102. For example, a caathode can 102 having a
diam eter of about 0.226 inches and a single air entry por—t 108 having a diameter of
abou t0.010 inches can have a contact surface area of a-dhesive 126 that is about
0.03213 in? and a cathode can 102 having a diameter of =about 0.305 inches and a
single air entry port 108 having a diameter of about 0.020 inches can have a
contaxct surface area of about 0.0622 in®. In a metal-air ecell 100, 200 that has four
air emtry ports, for example, a cathode can 102 having di-ameter of about 0.454
inche2s and having four air entry ports of about 0.014 inclnes in diameter can have a
contaxct surface area of adhesive 126 that is about 0.130 1 square inches.

The second adhesive layer 206 (FIG. 2), which in alternative embodiments
is use=d between first polymer layer 132 and second polymmer layer 204, can be a
perm anent adhesive, such as a permanent acrylic adhes-ive, for example. The
contact surface area of the adhesive between polymer la_yer 132 andi second
polyrwer layer 204 can vary depending on the type of adinesive that is used. In
altermative embodiments, polymer layer 132 and second polymer layer 204 are
bonde=ed directly to each other, for example via a heat pro cess, without the use of a
secord adhesive layer 206.

The peel strength of tab systems 130, 202 along thhe surface of metal-air
cells 100, 200 of the pfesent invention can range from atoout 6.5 Ibs/in® to about
11.0 Wbs/in?, and in some embodiments from about 7.0 Ib-s/in? about 10.0 Ibs/in?,
over & temperature range of 23°C to 60°C and a cure per-iod of up to about 4
week. s, based on ASTM D 903-93 test method. A peel teast comparing example
embodiments of the tab system of the present invention &and conventional tab
syste ms was conducted, and a description of the test me-thod along with the
resultring data are described in the Examples below. Thuis, tab systems 130, 202
provice better peel strength and pressure resistance alormg the surface of the
cathoede can 102 through which the air.entry port 108 is fedrmed, to maintain a seal
until tzhe metal-air cell 100 is ready for use.
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Metal-air celll s 100, 200 (FIGS. 1 and 2) may incl ude mercury in the anode
mixture 112, for exa mple in the zinc powder, in order to sreduce gassing inside the
cell. However, becamuse mercury can be hazardous to he=alth and to the
environment, appro=ches have been taken to produce metal-air cells with no
added mercury. Thezrefore, in another embodiment of tre present invention the
metal-air cells 100, 2200 contain no mercury or substanti=ally no mercury. Metal-air
cells having no merczury or substantially no mercury incluade metal-air cells which
are made with zero sadded mercury. Zero added mercur-y means no mercury is
intentionally added t o materials used in the cell, and any= mercury contained in the
cells is present only in very small amounts as impurities. For example, the amount
of mercury present imn a metal-air cell in which the active= material inciudes zinc is
less that 10 parts pe=r million by total weight of the cell, a nd in some cases less than
1 part per million, ass determined by the test method disc=zlosed in US Patent No.
6,602,629 B1 refereinced above. In one example embocdiment of a cell containing
zero added mercury , the zinc powder has no mercury adlded to it, and the interior
of the anode cup 1180 is free of ihdium and all other metals having an hydrogen
over-voltage higher &han copper, at least at the portion o f the anode cup 110
contacting the electr-ical insulator 126. In such case the amount of deformation of
cathode can 102, as= well as the pressure exerted on tab systems 130, 202 can be
significantly higher tkan in metal-air cells that contain mesrcury, because the
amount of internal gaassing is generally greater when the cell contains zero mercury
or substantially no nmercury.

The thicknesss of tab system 130, and the combineed thickness of the first
and second polymer— layers 132, 204 of tab system 202, having the loss stiffness
properties described above, can range from about 0.003- inches to about 0.006
inches, excluding ad hesive layer 126, in alternative embeodiments from about
0.0038 inches to abcout 0.005 inches, and yet in other enbodiments from about
0.004 inches to aboLut0.0046 inches. The range of thickcness éan vary depending
upon the loss stiffnesss of the tab system 130, 202 within the prescribed range, and
can easily be determmined by one of ordinary skill of the azrt. The relative
thicknesses of the fir-st polymer layer 132 and the seconcd polymer layer 204 (FIG.
2) can depend upon the material compositions and loss sstiffness of the first and

10
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second polymer layers 132 and 204 and can be determined by one of ordinary skil
in the art. No additional thickness of the polyme rlayer(s) is needed.

In another embodiment the material compositions of first polymer layer 13 2
and second polymer layer 204 include a polymer- that is crystalline or semi-
crystalline. The first polymer layer 132 or the seacond polymer layer 204, or both,
can be biaxially oriented. The term “biaxially orieznted” refers to the relative
crystallinity of a polymer in perpendicular directiosns which can be determined on a
relative basis by the measurement of the tensile stress of a polymer film in the
machines direction (MD) and the transverse direection (TD). As used herein, a
biaxially oriented film is one having a MD:TD tenssile stress ratio that ranges from
about 1:3 to about 3:1. The material compositiors of first polymer layer 132 and
second polymer layer 204 can also include up to about 15% fillers, for example,
talc, calcium carbonate, minerals.

In another embodiment of the invention, tie first polymer layer 132 and thea
second polymer layer 204 of tab systems 130, 202 are material compositions tha#ik
comprise polypropylene. The polypropylene can be biaxially oriented. Examples
of suitable biaxially oriented polypropylene that caan be used for first polymer layew
132 and second polymer layer 204, each having :a layer of adhesive, are
FASSON® 3 mil matte white BOPP TC/R143/50## SCK available from Avery
Dennison, Fasson Roll North America, Painesville2, Ohio, and #1240 self-wound
polypropylene available from International Graphiic Films, Hudson, Ohio,
respectively.

In an embodiment of the invention the met=hod of making the metal-air celiss
100, 200 having tab systems 130, 202, respectivesly, includes inverting the anode
cup 110 and then adding anode mixture 112 and an electrolyte. After the anode
cup 110 is preassembled with the anode cup 110 inverted, the cathode can 102
described above with reference to FIGS. 1 and 2 isinverted and pressed against
the anode cup 110 and electrical insulator 126. VVhile inverted the edge the
cathode can 102 is deformed inwardly so the rim of the cathode can 102 is
compressed against the electrical insulator 126, which is between the cathode car
102 and the anode cup 110, thereby forming a se-al and electrical barrier between

~the anode cup and the cathode can. Any suitables method may be used to seal thee
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metal-air cell 1 00 such as, for example, deforming tke cathode can 102 by
crimping, colle -ting, swaging, redrawing and combina . tions thereof.

Tab sysstems 130, 202 can be made by laminaating the polymer layer 132 to
the outer polyrer layer 134 under heat and coating &he underside of the end
portion of the ssealant member with an adhesive 126, for example, a releasable
pressure sensiitive acrylic adhesive, prior to adheringg the tab system to the cathode
can 102. In amother method, the polymer layer 132 zand the second polymer layer
204 can each Bbe a tape with adhesive pre-applied, wwith sheets or strips of polymer
layers 132 andll 204 adhered together before the indi-vidual tabs are cut. A release
liner applied tom the inner surface of adhesive layer 1226 can remain in place until
just before the cut tab systems 150, 202 are applied to the metal-air cell 100, 200.
Once the releamse liner is removed an end portion of #&ab systems 230, 202 are
applied to the ssurface 104 of metal-air cells 100, 200 by pressing at least a portion
of adhesive layyer 126 against the surface 104 of the cathode can 102. The metal-
air.cells 100, 2 Q0 with the tab systems 130, 202 affixced thereto are then packaged

for.sale.

Example 1 ‘
Several specimens of a conventional tab systeem and specimens of a tab

system accord ing to an example embodiment of the invention were prepared.

Each of the talo system specimens were made by ad hering a first tape having a first
polymer layer &and a first adhesive layer, to a second tape having a second polymer
layer and a seccond adhesive layer. In all tab systemas the first polymer layer, the
first adhesive |l=ayer and the second adhesive layer w ere the same; only the first
polymer layer differed.

The adhesive coated polymer tape materials wised for the first polymer layer
and the first acdhesive layer of a conventional tab sys=tem was available as
FASSON® PR_IMAX 350® 350/R143/50#SCK from A\very Dennison, Fasson Roll
North America., Painesville, Ohio, and had a polymer— layer approximately 0.0035
inches thick maade from a co-extrusion of equal thickmesses of polyethylene and
polypropylene (typical tensile stress 160,000 psi in tHe machine direction and
50,000 psi in tHe transverse direction). The polymer layer was coated with a layer
of approximatesly 27g/m’ of FASSON® R143 removasble acrylic adhesive.
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The adhesive ceoated polymer tape used for the first poRymer layer and the
first adhesive layer in & tab system of an example embodimerat of the invention was
available as FASSON@ 3 Mil Matte White BOPP TC/R143/50a%#SCK from Avery
Dennison, Fasson Rolll North America, Painesville, Ohio, and .had a polymer layer
approximately 0.003 irmches thick made from biaxially oriented polypropylene
(typical tensile stress € 3,000 psi in the machine direction and .23,000 psi in the
transverse direction).

The adhesive ceoated polymer tape used for the seconca polymer layer and
the second adhesive l=yer in both the conventional tab systen—s and the tab system
of an example embodi ment of the invention was available as oroduct No. 1240
self-wound polypropyleene from International Graphic Films, Husdson, Ohio, and had
a layer of biaxially orie nted polypropylene film about 0.008 iqc:hes thick coated on
one surface with approximately 27g/m? of permanent acrylic a_dhesive.

For each tab sy stem, a sheet of the first tape was adhe=red to the uncoated -
surface of the second —tape. Specimens were cut from of eact of the tab system

materials for the tests in Examples 2-5 below. !

Example 2 _
Specimens wer«<e cut from each of the tab systems fronm Example 1 for burst

pressure testing. Each of the specimens was 0.386 inches lomng and 0.210 inches
wide, with a 0.105 inch radius on each of the two long ends.

On the burst preassure test, a tab system specimen wass adhered, or sealed,
to the surface of a test disc simulating the bottom surface of a_ button cell cathode
can containing an air exntry port, and pressure was applied fromm the opposite side
of the disc, through an orifice in the disc, to the specimen sealled over the orifice.
The pressure was incr eased until the seal was broken, and thee burst pressure of
each specimen was th e peak pressure measured before the sseal was broken.

A test disc was made of triclad 201 Nickel/304 Stainles s Steel/201 Nickel,
available from Engineeared Material Solutions Corporation, ancd having a thickness
of 0.0060 inches and & diameter of approximately 0.750 inche=s with a centered
0.0020 inches diametezr orifice. The disc was cleaned with iscopropyl alcohol before
testing each specimers. A specimen was centered over the hole and sealed to the
disc with the adhesive coating on the inner surface of the speecimen, and the disc
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was centered over an o-ring on the bottom of an air chamber fixture apparatus. Ar
air supply was connec-ted to the air chamber with an air line. A Model No. 30242

air pressure regulator -from Fairchild Corporation of Winston-Salem, North Carolinaa,
and a Model No. AMC 4297 analog pressure gauge with a peak pressure indicator
having a range of 0-60 psi and resolution of 0.5 psi from Ashcroft Gauge

Corporation of Stratfor-d, Connecticut, were installed downstream of the air supply

to record the peak pre ssure achieved prior to air leakage due to adhesive failure
between the specimers and the disc.

The peak press ure indicator was set to 0, and then the pressure was slowly
increased at a rate of aapproximately 15 psi per 60 seconds. The air could not
escape through the triclad disc until the pressure in the air chamber reached a
pressure greater than the aahesive force of the specimen. As soon as air began to
leak from between the specimen and the disc, the peak pressure was read from
the indicator and recorded. The test procedure was repeated for a total of ten
specimens of each tab system.

During the tests the disc deflected vertically due to the pressure within the
air chamber. The amount of vertical deflection was measured at pressures-up to
60 psi. The resdlts are shown in the graph in FIG. 4.

The average bu rst pressure for the ten specimens of the conventional tab
system was 39.4 psi, and the average burst pressure for the ten specimens of the
tab system of the invertion was 47.4 psi.

Example 3
Tab system spe=cimens were cut from each of the materials as described in

Example 2 for peel tes-ts to measure the force required to remove tab syétems fronm
cells. Prior testing hadl shown that the test results are essentially independent of
designs embossed on the bottom surfaces of button cell cans having an air entry
port; Eveready No. AC-10 (PR-70 type) Zn/air button cells (outside can diameter
approximately 0.226 in ches) were used. Specimens were centered on and

adhered, or sealed, to the bottoms of cells in preparation for testing. Twenty cells
sealed with each tab swstem were stored at room temperature (20°C to 25°C) and
50% relative humidity, and twenty cells sealed with each tab system were stored at-
60°C. After a designated storage time, the specimens were tested for peel
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streng th. Those cells stored at 60°C were coeoled to room temperature before
testing, and the testing was done at 20°C to 225°C and 50% relative humidity.

The peel tests were conducted accord ing to ASTM method D 903-93
“Stanclard Test Method for Peel or Stripping SStrength of Adhesive Bonds,” modifiied
to accsommodate the small size of the specinens. A fixture was made to firmly
attach a cell to the base of a motorized standl. For each specimen tested, the ce=ll
was pBaced in the fixture and the tab system =specimen was placed in a tensile
testing machine (Chatillon TCM-201 tension/ecompression tester, equipped with &
ChatilEon DFA series force gauge, from C.S.C Force Measurement, Inc. of
Agamaam, Massachusetts) mounted on the sttand. The tensile testing machine w=as
raised with the motorized stand at a uniform wrate of 6 inches per minute so that thhe
free emd of the tab system was folded over amnd pulled across the bottom of the cell
(paralli el to the bottom surface of the can) unttil the tab was completely separated.
from thhe cell. The peak tension required to puill the tab was measured with the
gauge=.

The results of the peel tests are showr in Table 1 below.

Table 1

Tab S ystem: Invention Conventioral Invention Conventiona |
Time/ Temp.. 4 wks./RT 4 wks./RT 4 wks./60°C 4 wks./60°C
Ave. Poeel Strength: 6.29 Ibs/in®  13.00 Ibs/im? 9.93 Ibsfin®  16.12 Ibs/in®
Exampple 4

Specimens were cut from each of the two tab system materials in Exampl e 1
to deteemine their oxygen permeability. Commparative specimens were also cut
from the adhesive coated inner film layer ma‘terial used to make the conventionzal
tab sy-stem material and the adhesive coated® outer film layer material used to maake
both t=ab system materials in Example 1. The size of each specimen was at leas=t
2.5 incches by 2.5 inches.

Three specimens of each type were tested, each according to the followirg
method:

A cold-rolled steel test plate having a «entrally located 2 inch diameter ori=fice
was cJeaned with acetone and water. The spoecimen was positioned over the
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orifice ancd adhered to the test plate so that the specimen extended at leas® about
0.25 inchess beyond the edge of the orifice. The specimen further adhered to the
test plate with a thin coating of epoxy applied to the orifice wall to keep the
specimern from pulling away from the surface of the test plate during testing. (This
can also bbe accomplished by other means, such as by applying epoxy to the
surface off the test plate to which the specimen is adhered or by clamping the
specimen between. two aligned test plates.) On one side of the metal plate= a
stream of 100% hydrogen gas flowed across the specimen, and on the opposite
side of thes plate a stream of air containing 20.8% oxygen flowed across the
specimen , each at a flow rate of 20 cm*/minute. The amount of oxygen thaat
permeate d across through the specimen to the hydrogen gas side was measured
by a therrmal conductivity detector (MOCON® OX-TRAN® instrument from Mocon,
Inc. of Mirmneapolis, Minnesota).

The measurements were converted to a permeability coefficient for -100%
oxygen, aand the results are shown in Table 2 below.

Table 2 Permeability Coexfficient
Specimer Material (cm® x m x mm Hag) / (mw® x day)
Conventional tab system 52.061
Tab syste=m of the invention ' B4.226

First polyrmner layer and first adhesive layer of conventional tab system 02.013
Second p-olymer layer and second adhesive of both tab systems =22.866

While the oxygen permeability was determined using a test plate wit ha 2
inch diam eter orifice, it is possible to modify the test plate by reducing the size of
the orifices in order to test smaller specimens of tab systems, as long as the=
specimen s remain affixed to the test plate throughout the test, though longeer

testing tinres may be desirable.

Example H
Sp ecimens were cut from each of the two tab system materials for Dynamic

Mechanic al Analysis (DMA) to determine the loss stiffness and storage mo«dulus of
each tab ssystem material. Each specimen was 2mm wide and 5.7mm longs.
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DMA testing was conducted according to ASTM D4065-01 over a
terwnperature range of 25°C to 80°€C. Each specimen was placed in a Dynam ic
Me=chanical Analyzer (TRITEC Model No. 2000 from Triton Technologies LTI of
Maansfield, UK). The specimen was placed between two steel clamps, one cllamp
cornecting one end of the specim en to a sinusoidal driving device that input a
termsion force at a rate of one hert= and the other clamp connecting the oppossite
encd of the specimen to a force tra nsducer that measured the corresponding
ten: sion while the temperature wass increased at a rate of 2°C/minute. The daata
collected in real-time mode allowesd calculation of the loss stiffness (plotted a s a
fun ction of temperature in the graph of FIG. 3) and the storage modulus (plotted as
a fuunction of temperature in the graph of FIG. 5).

Although the invention is shown and described with respect to certain
em bodiments, it is obvious that ecguivalents and madifications will occur to othhers
skil.led in the art upon the reading and understanding of the specification. Th e
pre=sent invention includes all such equivalents and modifications, and is limited
onl-y by the scope of the claims.
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CLAIMS
What is claimed is:

1. A metal-air cell comprising:

at least one air entry portalong an exterior surface of the cell;

a tab system that covers the at least one air entry port, the tab+ system
comprising at least a first polyrmer layer and an adhesive layer dispossed between
the exterior surface of the metal air cell and the polymer layer, where in the tab
system has a loss stiffness thatis less than about 55,000 N/m at 20 ®C to 25 °C.

2, The metal-air cell of claim 1 wherein the tab system hass a peel
strength that ranges from abowrt 6.5 psi to about 11 psi.

3. The metal-air cell of claim 1 wherein the external surfac e of the cell
having at least one air entry po rt comprises a curved surface.

4. The metal-air cell of claim 1 wherein the tab system hass an oxygen
permeability of from about 50 (<m® x m x mm Hg) / (m? x day) to abouat 150 (cm® x
m x mm Hg) / (m® x day).

5. The metal-air cell of claim 1 wherein the tab system hass a loss
stiffness that ranges from abowut 25,000 N/m to about 45,000 N/m at 220 °C to 25°C
and is less than about 35,000 N/m at 60 °C.

6. The metal-air cell of claim 1 wherein the cell comprises =an active
material that comprises zinc an d an electrolyte that comprises potass.ium

hydroxide.

7. The metal-air cell of claim 6 wherein the cell comprises =zero added
mercury.

8. The metal-air cell of claim 6 wherein the cell has an ope n circuit

voltage that ranges from about 1.18 to about 1.37 volts.
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9. The mmetal-air cell of claim 1 wherein the cell is generally cylindrical in
shape.

10.  The mmetal-air cell of claim 9 wherein the cell is a button-type cell.

11.  The mmetal-air cell of claim 1 wherein the cell is generally prismatic in
shape.

12.  The mmetal-air cell of claim 1 wherein the first polymer layer comprises
polypropylene.

13.  The rrmetal-air cell of claim 12 wherein the firsst polymer layer is
biaxially oriented s:uch that a ratio of tensile stress in a maechine direction to tensile
stress in a transve rse direction ranges from about 1:3 to allbout 3:1.

14.  The rmetal-air cell of claim 12 wherein a thick ness of the first polymer
layer ranges from a&about 0.003 inches to about 0.005 inche=s.

15.  The rmetal-air cell of claim 12 wherein the adBhesive layer is removable

from the cell with rmo visible residue remaining on the cell.

16.  The rmetal-air cell of claim 15 wherein the adlhesive layer comprises

an acrylic adhesives.

17.  The rmetal-air cell of claim 12 wherein the tabe system comprises a

second polymer lawyer.

18.  The rmetal-air cell of claim 17 wherein the secsond polymer layer
comprises polyprogoylene, the second polymer layer being : biaxially oriented such
that a ratio of tensi le stress in a machine direction to tensilee stress in a transverse
direction ranges frcom about 1:3 to about 3:1.
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19. A metal-aiir cell comprising:
at least one air eauntry port along an exterior surfacce of the cell;
a tab system thafk covers the at least one air entry port, the tab system
comprising:
a first poly~mer layer; and
an adhesiwe layer disposed between the eexternal surface of the cell
and the first polyrmer layer; wherein
the tab system haxs a loss stiffness that is less thaan about 55,000 N/m at
20°C to 25 °C and an awrerage burst pressure of at leastz about 43. psi.

20. The metal—air cell of claim 19 wherein the eextemal surface of the cel |

having at least one air e niry port comprises a curved sumface.

21.  The metal—air cell of claim 19 wherein the &ab system has an oxygena
permeability of from aboeut 50 (cm® x m x mm Hg) / (m? > day) to about 150 (cm® x=
m x mm Hg) / (m? x day)s.

22.  The metal--air cell of claim 19 wherein the tab system has a loss
stiffness that ranges frorm about 25,000 N/m to about 45,000 N/m at 20 °C to 25 °cC
and:is less than about 355,000 N/m at 60 °C.

23. A metal-air- cell comprising:
at least one air ermtry port along an exterior surfac-e of the cell;
atab system that covers the at least one air entry- pbrt, the tab system
comprising:
a first polyraner layer; and
an adhesivee layer disposed between the suirface of the metal air cell
and the first polyner layer;
wherein the tab system hnas a loss stiffness that is less tran about 55,000 N/m at
20°C to 25 °C, an averagge burst pressure of at least abomut 43 psi and a peel
strength that ranges fron™ about 6.5 psi to about 11 psi.

24. The metal-aair cell of claim 23 wherein the e=xternal surface of the cell

having at least one air ermtry port comprises a curved surfface.
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25.  The metal-air cell of claim 223 wherein the tab system has an oxygen
permeability of from about 50 (cm® x m > mm Hg) / (m* x day) to about 150 (cm® x
m x mm Hg) / (m? x day).

26. The metal-air cell of claim 223 wherein the tab system has a loss
stiffness that ranges from about 25,000 EN/m to about 45,000 N/m at 20 °C to 25 °C
and is less than about 35,000 N/m at 60 °C.

27.  The metal-air cell of claim 223 wherein the polymer layer comprises
polypropylene and is biaxially oriented suich that a ratio of tensile stress in a
machine direction to tensile stress in a transverse direction ranges from about 1:3
to about 3:1.

28. The metal-air cell of claim 27 wherein the tab system comprises a
second polymer layer that comprises polsypropylene and is biaxially oriented such
that a ratio of tensile stress in @ machine direction to tensile stress in a transverse

direction ranges from about 1:3 to about 3:1.

29. A metal-air cell comprising:
at least one air entry port along arm exterior surface of the cell;
a tab system that covers the at least one air entry port, the tab system
comprising:
a first polymer layer; and
an adhesive layer disposed between the external surface of the metal
air cell and the first polymer layer; wherein:
the tab system has a loss stiffnesss that is less than about 55,000 N/m at
20°C to 25 °C, an average burst pressures of at least about 43 psi and a peel
strength that ranges from about 6.5 psi tow about 11 psi;
the cell comprises an active mater#al which comprises zinc and an
electrolyte that comprises potassium hydr-oxide and has an open circuit voltage that
ranges from about 1.18 to about 1.37 volt:s; and
the cell comprises zero added mer-cury.
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30. The metal-air cell of claim 29 wherein the tab system has an oxygen
permeability of from about 50 (cm3 xmxmm Hg)/ (m2 x day) to about 150 (cm3 X
m x mm Hgg)/ (m? x day).

31. The metal-air cell of claim 29 wherein the tab system has a loss
stiffness thaat ranges from about 25,000 N/m to abowt 45,000 N/m at 20 °C to 25 °C
and is less than about 35,000 N/m at 60 °C.

32. The metal-air cell of claim 29 whereinz

the taab system comprises a second polymer layer;

the first polymer layer and the second polymeer layer both comprise
polypropyle=ne;

the farst polymer layer and the second polymeer layer are both biaxially
oriented su«ch that a ratio of tensile stress in a machine direction to tensile stress in
a transversee direction ranges from about_ 1:3 to abo ut 3:1; and

the taab system comprises a second adhesives layer between the first polymer

layer and thae second polymer layer.
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