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1 NERCURY FREE-H?NIATURE ZINC- AR CELLS The present invention relates to a:j

meni ature zinc-air cell containing no or substantially no mercury and

|nclud|ng an anode cup which is coated and which contacts the zinc

el ecfrode of the cell. The present invention al so provides a process for

t he manufacture of such a coated anode cup for use in a mniature zinc-air

cell' containing no or substantially no nmercury. Alkaline electrochemni cal

cel I's enpl oying a zinc anodé and an al kaline el ectrol yte have becone
.commercially inportant as a relatively high rate source of electrical
.energy. The alkaline electrolyte, which is usually concentrated aqueous .
. pot assi um hydroxi de, is a principal factor contrlbutlng to the ability of '
/ these cells to deliver MERQURYt FRER : REQZIN [R. CBLDS cells are

clearly superior when conpared with the older Lecl anche cel|s havi ng an

el ectrolyte of zinc chloride and/or ammoni um chloride. However, the

presence of al kal i The preseatt isveakion r@éﬁﬁeﬁa§°b§tHlaaéﬁﬁFﬁges and

. di sadvant agegindbgig aa.dxaebaaa&nm@ %eorf %us@ah@aauyt he ﬁléﬁ:‘@ﬂ&y

pronotion by_the_.al ka actlon eby causi ng
corrosi on. V?Pﬁoﬁ?cﬁﬂgﬁggtﬁncaﬁpﬁ ??éﬁﬁﬂﬁ ﬁ°a§ﬁ8 Fﬂérgﬁ é t he
corrosi on, tbenshekbs thhezdhcablebtmeda of the celdul dThe praseept ably

short. A f”r&H%énﬁagﬁd&iQEﬁgﬁobidEQe ' Pradesstdt the9%8nutacture of
' such a coated anode cup for use in a miniature zinc-air
cell containing no or substantially no mercury.

_ Alkaline electrochemical cells employing a zinc
anode and an alkaline electrolyte have become commercially
important as a relatively high rate source of electrical
energy. The alkaline electrolyte, which is usually

1.i3' concentrated aqueous potassium hydroxide, is a principal

; factor contributing to the ability of these cells to

deliver high rates of electrical energy. Such cells are
clearly superior when compared with the older Leclanche
cells having an electrolyte of zinc chloride and/or
ammonium chloride.

However,'the presence of alkali in an
electrochemical cell has both advantages and
N disadvantages. The disadvantages include, for instance,
the strong promotion by the alkali of the reaction of
water with zinc, thereby causing corrosion. Without means
to control this reaction, and therefore the corrosion, the
shelf life of alkaline zinc cells would be unacceptably
short. A further disadvantage is the release of hydrogen
gas by the reaction between alkali and zinc. As a result
of this, there may be a danger of electrolyte leakage
and/or cell disassembly.

In commercial alkaline zinc cells, the reaction
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eaction between alkali and zinc. As a result of this, there may
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<al kaline zinc cells, the reaction 2 between zinc and al kali has been
controlled or reduced to an acceptable rate by the addition of nercury to
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marketed today could cause significant quantities of
mercury to enter the environment upon disposal of the

cells. |

Because of the heightened consciocusness towards the
environment, many attempts have been made to reduce the
amount of mercury used in an alkaline cell, and even to
eliminate the mercury component altogether.

In alkaline batteries of the most common and
standard sizes, e.g. the AA, C and D sizes, this mercury

reduction has taken many forms. For example, in

US-A-3,847,699 an alkaline zinc-manganese dioxide cell is
described in which the proportion of mercury needed to
achieve acceptable storage life can be reduced by the
addition of small amounts of an ethylene oxide polymer.
US-A-4,500,614, on the other hand, tackles the problem of
reducing the amount of mercury in a standard alkaline cell

by amalgamating an alloy powder made of zinc and at least

two of the metals gallium, indium and thallium to form the
anode. The effect of this is to prevent corrosion of the
zinc by the alkaline electrolyte, and thereby the
generation of hydrogen gas and subsequent leakage of the
electrolyte.

Also relevant is Japanese unexamined patent
application 01-307161, which is directed to a mercury-free
standard alkaliné cell wherein the collector for the
negative electrode is coated with indium and/or lead. The
coating can be applied by any appropriate method,
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in an acidic, neutral or alkaline electrolyte. Japanese
Publication No. 1958-3204, published April 26, 1958, on
the other hand, states that the addition of 0.0001% to
2.0% indium to pure zinc base alloy containing one, two,
or more of the metallic elements Fe, Cd, Cr, Pb, Ca, Hg,
Bi, Sb, Al, Ag, Mg, Si, Ni, Mn, etc., results in the
formation of a zinc alloy which has a high corrosion

resistance and which is suitable for use in primary cells.

As the large amount of prior art indicates,
manufacturers of alkaline batteries have invested
substantial amounts of time and money in the effort to
develop mercury-free batteries. The first batteries to
incorporate mercury-free constructions were the AA, C and
D standard alkaline batteries. These batteries have
historically used the largest quantities of mercury per

" cell and are the most common sizes and type purchased by
consumers. Therefore, removing mercury from these
batteries has proved to be the best way to make
significant reductions to the quantity of mercury
currently entering the general waste stream by disposal of
used alkaline cells.

However, in addition to developing mercury-£free
standard alkaline batteries, the development of miniature
zinc-air cell constructions which are free of mercury has
also proved desirable. Miniature zinc-air cells include
those which are smaller than the standard size battery,
for example the "675 size" which measures 5.33 mm in
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that are only relevant to the miniature zinc-air cells are

required.

In view of t;he above, it is apparent that further
devlopment in the field of mercury free miniature zinc-air
cells is required.

It is an object of the present invention to provide
a miniature zinc-air cell which has a reduced amount of
mercury of less than 6%, preferably less than 3%, in the
zinc-containing electrode and most preferably having a
mercury-free zinc-containing electrode.

It is another object of the present invention to
provide a miniature zinc-air cell with a zinc-containing
electrode that is substantially free or completely free of
mercury and wherein the surface of the electrode cup
contacting the zinc-containing electrode is treated so as
to compensate for the absence of mercury in the cell.

It is a further object of the present invention to
provide a method for producing a treated electrode cup for
use in a miniature zinc-air cell containing no, or very
little, mercury. |

These and other objects of the invention will be
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provide a mniature zi alr ce a zinc-containin rode that is
subst anti al | yearcHive vt Eate [ rggaprcterised in that a surface of

the cup contacting the anode is at least partially coated
with copper, or an alloy containing copper, to form an
underlayer, at least a portion of the underlayer being
overlaid with a layer of indium, or an alloy containing
indium.

In an embodiment of this aspect of the invention,
the surface of the anode cup opposing that surface
contacting the anode is coated with a layer of nickel.

In a second aspect, the present invention provides a
method for the production of an anode cup for an alkaline
miniature zinc-air cell as hereinabove defined.

In a further aspect, the present invention provides
a zinc-air cell employing a manganese dioxide-containing
electrode and a zinc-containing electrode assembled within
a conductive housing comprising a cathode cup having at
least one opening to permit air to enter and said cathode
cup being electrically contacted to the manganese dioxide
containing electrode; an anode cup electrically and
physically contacted to the zinc-containing electrode;
said cathode cup secured to and insulated from the anode
cup; and said anode cup comprising a conductive substrate
having on a portibn of at least the inner surface
contacted to the zinc-containing electrode an underlayer
of copper and a top layer of indium.

In the present invention, the surface of the anode
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In the cell of the present invention, when the
underlayer is formed from an alloy containing copper, this
alloy should not contain an element that could be replaced
by indium. It is most preferred, however, that the
coating is formed from substantially pure copper.

The thickness of the underlayer is not essential to
the present invention and a thickness appropriate to the
application of the cell can readily be determined by the
‘man skilled in the art. We generally prefer that the
underlayer is more than 0.0254 pm [1 microinch] thick,
more preferably more than 2.54 pm [100 microinches]
thick. It is most preferred that this layer is from 25.4
pm [1000 microinches] to 50.8 pym [2000 microinches]
thick.

The underlayer on the anode cﬁp of the cell
according to the present invention is at least partially
coated with the metal indium, or an‘alloy containing
indium. It is most preferred that the coating is formed
from pure indium. '

The metal coating on the anode cup may be continuous
or discontinuous. The choice of continuity or
discontinuity of the coating is dependent on, for example,
the environment in which the cell is to be used. Thus for
example, when the environment involves high temperatures,
it may be advantageous for the coating to be
discontinuous, i.e. to cover only a part of the surface of
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The thickness of the metal coating on the anode cup
is dependent on various factors, including, for example,
the requirement for elimination of mercury from the cell
without affecting the characteristics of the cell; and the
cost of the metal layer. Although the upper limit of the
thickness of the metal layer is largely determined by
cost, we prefer that this thickness does not exceed 1.27
um [50 microinches]. A suitable range of thickness for
this layer is 0.0127 pm [0.5 microinches] to 1.27 pm
[50 microinches] although, in practical terms, no
additional benefit is achieved if the thickness of the
layer exceeds 0.762 pm [30 microinches]. It is
generally'preferred to keep the thickness within the range
0.0254 um [1 microinch] to 0.127 pm [5 microinches]
and most preferably within the range 0.0254 pm [1
microinch] to 0.0762 pm [3 microinches].

The anode cup of the present invention is formed
from a conductive substrate. Typically, this substrate is
a metal, and it is preferred that this substrate is cold
rolled steel, stainless steel or brass. Because cold
rolled steel is a satisfactory substrate and is
inexpensive, it is the preferred substrate for the anode
cup. The steel may be obtained in the form of rolls of
strip stock in which the width of the strip is much
greater than the thickness of the material. This means
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coating to be scontlnuo to cover onl art qof the surface of
su strate, tthk component u guala Eelng steeg %ﬁ
laminate is then formed by deposition of thinner coatings
of a conductive metal, such as copper, or an alloy _
containing copper, onto the surface of the thick steel
component. In the pfesent invention the conductive
substrate may be a single layer, e.g. of steel, or it may
be a laminate, for example of two or three layers, one of
the layers being steel and another being, for example,

copper.

In a further embodiment of the present invention, -
the surface of the anode cup opposing that contacting the
anode, i.e. the surface dlrected towards outwards from the
cell, may be coated, for example to prevent rusting of the
surface of the conductive substrate which would otherwise
be exposed to moisture in the air. Suitable coating
materials include, for example, nickel. Nickel is the
most preferred because of its bright appearance and its
resistance to corrosion.

The zinc-air cells of the present invention comprise
a zinc-containing electrode. Such electrodes are commonly
used in cells of this type, and the construction of such
electrodes is not essential to the present invention. The
zinc-containing electrode of this invention does, however,
contain no, or substantially no, mercury. The absence of
mercury in this electrode is compensated for by the metal
coating on the anode cup. It is preferred that the
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cup contacting the anode. In such situations it is preferred

that the coating covers |less than 95% of the surface area of the anode cup
-contacting the anode. The presence of a discontinuous coating, as descri

above, wll
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copper or an alloy containing copper, to form an
underlayer, onto the surface of a conductive substrate,
application by electroplating of indium, or an alloy
containing indium, onto at least a portion of the
underlayer, and forming the coated material into a cup
shaped body, such that the coated portion is on the inside

- of the cup shaped body.

The preférred process for manufacturing an anode cup
suitable for use in a cell according to the present
invention is to plate one side of a steel strip, for
example strip stock, as hereinabove described, with an
underlayer material, such as copper. In a further step,
the opposite side of the steel strip, i.e. that side not
coated with copper, is plated with an outer layer, for
example nickel. Finally, a metal, such as indium, is
deposited onto as much of the copper layer as is required,
thereby forming a multilayer strip. Discs, from which the
anode cups are formed, are punched from the multilayer
strip and are processed through conventional metal forming
equipment to produce the anode cup. The processing must
take place such that the indium layer forms the concave
portion, or inner surface, of the cup, and the nickel
coating forms the convex portion, or outer surface, of the
cup.

Electroplating of the metal onto the surface of the
conductive substrate offers several advantages when .

ness mntﬁln t he
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conductive 5 metal onto the surface of a pre-formed anode cup would
present extreme difficulties, due to the cup configuration
of this cell component.

2. Electroplating directly onto a conductive material
in the form of strip stock enables the manufacturer to
control with accuracy the location of the plated metal.
Selective control of the plating process is of importance
to the manufacturers of batteries. Alternative methods of
plating, for example barrel plating, would not be
appropriate in this instance. Pre-formed cups coated via
barrel plating would be coated on both sides of the
conductive substrate, due to the requirements of a barrel
plating method. As discussed above, it is important that
the metal coated onto the surface of the anode cup which
contacts the anode does not also contaminate the opposing
surface of the anode cup, i.e that surface which is '
directed away from the cell.

3. 'Using an electroplating method, it is possible to
control the thickness of metal applied to the substrate
with greater accuracy. Thus, the preferred thickness of
the metal, as discussed above, can be readily obtained
using an electrodeposition process. Use of other,
conventional plating techniques, such as the reliance upon
metal ions in the electrolyte to plate onto the surface of
the anode cup, does not allow for the accurate deposition
of the quantities of metal required by the present
invention onto the surface of the anode cup.



substrate may be a single layer, e.g. of steel, or it may be a | am nate,
for exanple of two or three |ayers, one of the |ayers being steel and
-anot her being, for exanple, copper. In a further enbodi nent of the present
i nvention, the surface of the anode cup opposing that contacting the anode,
i.e. the surface directed towards outwardst¥romthe cell, may be coated,
for exanple to prevent rusting of the surface of the conductlve substrate
whi ch woul d dt-her wilse spechdics &pRlolgak bong ca | disgentinuowsi 1ayes ebating

materials i ngldidd, PN Sraickeda. NEke! of Sahhe188etopl £ hged

‘because of its brjght appearance and i1ts resistance {o,corrosion. The
zinc-air cel teckingne RlkWR FOK e AFCUFRFE sBeROS] RLoR opf oFRE getal

el ectrode. Suﬁttcﬁltené reAfiern @ Qaﬁwﬁ@raryodéfe@lupp &pfd| shetebyi 811yws, fapd the
constructlon electrgg? cf not ﬁﬁéentlai to the_present invention.
The zi nc- cont 4%?Qﬁ%ﬁi?Q) & LTI 3¥EE: n %et, contain no,
or subst ant i gdntiuylameky urhe ﬁneaﬂmdﬂmtentscanyunderhagenl ent thde is

The 6 oi o U, ?*eéfé) s g e Re e Ay and it

i s nore pref dmportant tt 13 mﬂrﬂns)foml@tﬁyun@erlayer can contact the
anode directly, so as to ensure that the impedance of the

cell does not increase excessively when the cell is stored
at high temperatures.

5. Yet a further advantage of the present invention is
that the electrodeposition technique is effective when
chemical displacement of metal ions, such as indium ions,
cannot be used. The chemical displacement process relies
upon the presence of a reducing component, such as zinc,
on the surface of the substrate. If the surface of the
conductive substrate does not contain the reducing
component, the metal, e.g. indium, cannot be deposited by
chemical deposition. '

The alkaline miniature zinc-air cell of the present
invention may then be formed by inserting a
zinc-containing gel into the cavity defined by an anode
cup, formed as hereinabove described, and then combining
the filled anode cup with a cathode cup containing a metal
oxide, for example manganese dioxide, this cup having at
least one opening in order to permit air to enter the
cell. A completed electrochemical cell results after the
addition of a gasket, which gasket, typically made from
plastic, such as nylon, so as to be electrically
non-conductive, electrically separates the anode cup from
the cathode cup and prevents leakage of the electrolyte
from the cell.

The present invention will now be further



|l ess than 3 % Most preferred are zinc-containing anodes which contain no
mercury. The present invention also provides a process for the manufacture
-of an anode cup suitable for use in a nercury free alkaline mniature
zinc-air cell. This process conprises the steps of deposition of a | ayer of
copper or an alloy containing copper, to fli& m an underlayer, onto the
surface of a conductive substrate, application by electroplating of indium
or an alloy fbhustiated ndithnrefdrermie teathe guodmpampind hdrawiteg| ayer

and formng the coated materi jNto a.c . . t

coat ed porti'@!ﬁ‘lfcgl %%'%twﬁé i si%é’é(#l%%%lcou%gf ?3@3‘2‘%@%‘? %Qpéi;?e?%gg
process for emplbydng iamg amedencip cup ancardance orithethe present accor di ng
to the presephvbRYgyy on is to plate one side of a steel strip, for exanple

strip stock, as herel nabove described, with an underlayer material, such as
copper. In a further step, the opposite side of the steel strip, i.e. that

si dE' lnot poaf ed W iy %Qiléﬁﬁi‘f ,iﬂh&ﬁé fiixg%_iwi&ié,h tﬂfgb%ﬁe%QYQémpéﬁénexﬁﬂp:c e ]
nickel - P TaLbG AoBile SO AP AP ds dPRosl PO gntes s mych o the
from whi ch t hdemtddd eclijas @ edthotsl, cup e [(The heatioden clip 2uisil ayer strip
" aneoE! CoRERLL Bl A 08 Bhalod RO ERUL MBS L, T e
forns the cofcamed so that it has a relatively flat central region 4

which is continuous with and surrounded by an upstanding

wall 6 of uniform height. Two small holes 8 are punched

into the bottom 4 of the cup 2 to act as air-entry ports.

A layer of porous material 10 covers the interior surface

of the air holes and acts as an air distribution

membrane. A layer of polytetrafluoroethylene 12 covers

the whole of the bottom of the cathode cup 2, including

the air distribution membrane 10.

The second major component of the cell is an air
electrode 14 which is positioned adjacent the inside
surface of the polytetrafluoroethylene layer 12. This
electrode 14 contains several components, including: a
metal screen 16; a mixture of manganese oxides and carbon
embedded in the screen 16; a barrier film 18 which
prevents the anode’s electrolyte from moving into the
cathode 14; and a soakup separator 20.

The third component of the cell is a generally
cup-shaped metal component 22 which forms the top'of the
cell and is generally referred to as the anode cup. 1In
the figure, the edge 24 of the anode cup has been rolled _
backward upon itself thereby creating a double wall. The

~anode cup 22 can be made from a trilaminate material
comprising copper 33 that has been laminated to the bare
side of a nickel-clad steel strip. A nickel layer 35
protects the exterior surface of steel strip 37, which is



portion, or inner surface, of the cup, and the nickel coating forns the

convex portion, or outer surface, of the cup. Electroplating of the netal

.onto the surface of the conductive substrate offers several advantages when
10 conpared to other nethods for depositing a netal onto the surface of the

current collector of an al kaline cell. Thége advantages are |isted bel ow.

1. El ectrodeposition of the nmetal, for exanple indium onto the :

conducti ve aldtﬁtr@dl Gbetweenxaltpkelsﬂ.ayprsBGCIandrreametmdtaxqte IAhiformity of

e 0t ton et 4R AR 86°HERER X1 BORLLR WBloH IR (dhodd it e Be

dep05|t|on surface o node cup woul d
pr esent extm@nhadnm¢ludetaeblléménﬁﬁebh@OGUGxa&ﬂiﬁyﬂQHBQﬁ1Qﬁ & his cel

component . %ta1n%§§t éegleit suBseiraeel | Bbroat Q.a&h:.(iﬁw(iﬁadé? fifdnemicite i N the

formof strip st enabl es the nanufacturer to r h accuracy t he
| ocati on of Ghan prares ABYSKS-SeROUPA, Si8Hs: éhé&ré? Y process is

0}‘ It rmort?n%xﬁmwednﬁeuaacrs@mps age ltwl‘ééerﬂmnedﬁdim:rmeetnode matpods I
plating, for exa latlng, jwou ot i
i nst ance. Pr%h*% gufﬁps aCERPY lﬁererrelag e vvoul d&%{e coé;#%a on both

sides of theof the anode cup and directly contacts the anodic mixture.

The fourth component of the cell is the anodic
mixture 26, which can comprise a mixture of zinc
particles, electrolyte and organic compounds, such as
binders and corrosion inhibitors, which make up the
battery’s anode. A tubular shaped ring or gasket 28, made

' from an elastomeric material, serves as the seal. The
bottom edge of the gasket 28 has been formed to create an
inwardly facing lip 30 which abuts the rim of the anode
cup 22. The cathode cup 2, along with the inserted air
electrode 14 and associated membranes, are inverted and
pressed against the anode cup/gasket assembly, which are
preassembled. While inverted, the edge of the cathode cup
2 is colleted inward. The rim 32 of the cathode cup is
then compressed against the elastomeric gasket 28 between
the cathode cup 2 and the anode cup 22, thereby forming a
gseal and an electrical barrier between the anode cup 22
and the cathode cup 2. A suitable tape 38 can be placed
over the opening 8 until the cell is ready for use.

In accordance with the present invention, a layer of -
indium 34 (shown exaggerated) is deposited on one side of
the anode disc before it is formed into a cup 22. As
shown in the drawing, the indium layer 34 forms the inner
surface of cup 22 defining a cavity 36 into which the
anodic mixture 26 is fed. As stated above, the indium
layer may be a continuous layer or a discontinuous layer.
Since the underlayer of the interior surface of the cup 22
in this embodiment is copper 33, the chemical displacement



conductive substrate, due to the requirements of a barrel plating nethod.
As di scussed above, it is inportant that the netal coated onto the surface
. of the anode cup which contacts the anode does not also contanmi nate the
opposi ng surface of the anode cup, i.e that surface which is directed away
fromthe cell. 3. Using an el ectroplati¥y nethod, it is possible to
control the thickness of netal applied to the substrate with greater
accuracy. Thpsocese pseflednedhehiagdthezan g1ot Hee miged sincel this seroeedve,

can be feadi%}%habﬂeen@ Sh& o5 TP0EP0SE LdGile PSS Sredi@ing Ot her,

conventi onal at1 ng techni'ques, such as the reliance upon netal Tons in
t he el ectrol §eBPPBEBREat e onto the surface of the anode cup, does not allow
for the accurate deposition of the quantities of netal required by the

present invention to_t surface of the de_cup. 4, In_specific
applications a dis%gﬁtFﬁggﬁyﬁgguﬁxﬁﬂpiﬁﬁaffﬁ%%ﬁ¥?é%iEP?w%9¥ﬁ?%%ge gkof an
el ectropl at i nhet eellisgqoE dheowrdsent hinwvention cand pase tnon Thtehdedetal
onto the sur o] h d qﬂgr ya al r the deposition of
a disconti nugggqlta?/:grre. Q‘F%E% iebsfcplhgﬁ i'cu %ljr;?{/&?hlé&c%% vé?gh there is an :

under | ayer on the anode cup, such as a copper underlayer, and it is
I mportant that portions of this under|gygmptRani contact the

Several batches of miniature zinc-air cells were
assembled in order to evaluate the impact of
electroplating indium on to the surface of the anode cup
that contacts the anode. All cells measured approximately
11.557 mm [0.455 inch] in diameter by 5.33 mm [0.210 inch]
in height. These batteries are commonly referred to as
"675 size".

In the first of two tests, the control batch,
designated Batch A, contained 6 % mercury (mercury/zinc
ratio) in the anode, and the anode cup was not plated with
indium. Batch B had no'mercury in the anode and no indium
plated onto the anode cup. Batches C to G had no mercury
in the anode, but the anode cups were plated with the
following thicknesses of indium:

Batch C, 0.0254 um [one microinch];

Batch D, 0.0762 um [three microinches];
Batch E, 0.381 um [fifteen microinches];
Batch F, 0.762 uym [thirty microinches]; and
Batch G, 1.27 um [fifty microinches].

Each Batch was separated into four sublots
'.consisting of three cells each. All cells were then '
discharged continuously across a 625 ohm resister to 0.9 .
volts. The test conditions for the cells varied as
follows.



anode directly, so as to ensure that the inpedance of the cell does not

i ncrease excessively when the cell is stored at high tenperatures. 5.

.Yet a further advantage of the present invention is that the

el ectrodeposition technique is effective when chenical displacenment of
metal ions, such as indiumions, cannot belBsed. The chenical displacenment
process relies upon the presence of a reduci ng conponent, such as zinc, on
the surface . the Thbsfinse. sublotewaar tegtedf wikbivoadfevi daysudstent e

does 10! ConNEg LUey§ MR ReRORBRBRE el MOnFR! Bboohataub B UhocaRa' b

deposi ted by 0S| aline mniature zinc-air
the present ifRererenveek ahehlhe andnbBeByteased.i ndhg Ehardcenbarhi ng ge

into the cavigas dedédetobyrénfPpodysuat tortegrasrnepetaabeyrg. desrei bed,

and then conbining the filled anod u ith a_cathode _cup contajning a
netal oxide, ¥H* aﬁﬁ?i°ﬁaﬁﬁﬁn§g%8d§8£ig%Fchp§y5uBth§§iﬁgaﬁa Egﬁgt one
opening in orgestéd.permt air to enter the cell. A conpleted

el ectrochem cal cell results after the addition of a gasket, which gasket,

typically nmade fromplastic, such as nylon, so as to be electrically
non-conductive, el ethei chargesEparaach sublatodmegsgpriedodnt he cat hode cup

and prevent s 4eRKageoRbukle eboEheOk¥beohalBa! Raret! 1sTBRCRNCIA Table

invention will now urther )
1. These data support the unexpected conclusion that,
when comparing the first three sublots, all cells in
Batches C to G, i.e. those with indium plated anode cups
but no mercury in the anode, provided more service than
comparably aged cells in Batch A (6% mercury and no
indium) or Batch B (no mercury and no indium).

A clear conclusion cannot be drawn from the cells
which were aged for forty days at 60°C (i.e. the fourth
sublot in each case) because the cells from two of the
five indium plated batches provided better service than
the control, while the cells from two other batches
provided slightly less service and those from one batch
had significantly less service. These inconsistent
results are not unusual for cells tested at the relatively
high temperature of 60°C for forty days, because some
factor other than the collector/anode interface controls
cell behaviour under these conditions.



12 illustrated with reference to the acconpanying draw ng whi ch shows, in
Cross-section, a mniature zinc-air cell enploying an anode cup in
saccordance with the present invention. As shown in the drawi ng, the | argest
conponent of the zinc-air cell is an open ended netal container 2,
identified as a cathode cup. The cathode clp 2 is generally made from

ni ckel plated steel that has been fornmed so that it has a relatively flat
central region 4 which is continuous m?aglgng surrounded by an upstandi ng
wal | 6. of .uniformheight. Two small holes 8 are punched into the bottom4
of the cup 2 to act as air-entry ports. A layer of porous material 10

covers the interior WW aEanja® | G

di stribution nmenbrartgg 8FBYHENEe 1Z COVETS the
whol e of the bottomjof the catfthode cup Zngiaal SnN€hdicknéisgl ri buti on
menbrane 10. The sedond maj or {conponent o I's an alr electrode 14

whi ch a0 AeaR  JNe(non+ Surtacle or € _ ,
pol yt ¢t . yllepeakengr |1pladédp gl pel e 89,4 A158{AF o SRR
conpompent s, ' difg: a netall screen — : . nd
carbo In the screen 1b; a barrier 111l m18 wnhich prevents the
anode[S BT ¢ARIEIAE |1 OADROVI g 147D (NE 533 | 533 | 520 | 516 | 516
2 1 wk 494 461 532 533 511 517 504
at 71°C |
3 |20 days 496 443 500 491 511 502 510
at 60°C
4 40 days 491 461 504 487 480 504 423
at 60°C
B. Five cells from each of the batches and sublots were

impedance tested after storage at 71°C. These data are

~shown in Table II. These data support the unexpected
conclusion that mercury-free miniature alkaline zinc-air
cells which contain indium-electroplated anode cups did
provide significantly lower impedance values when compared
to similarly aged cells containing no mercury and no |
indium, and comparable impedance when compared to cells
containing six percent mercury and no indium.



cathode 14; and a soakup separator 20. The third conponent of the cell is a
generally cup-shaped netal conponent 22 which fornms the top of the cell and
is.generally referred to as the anode cup. In the figure, the edge 24 of

t he anode cup has been roll ed backward upon itself thereby creating a
doubl e wal | . The anode cup 22 can be nmade RFoma trilami nate materi al
conprising copper 33 that has been |lam nated to the bare side of a

ni ckel -cl ad steel strip. A nickel layer 35 protects the exterior surface of
steel strip 37, which is 13 | ocat ed between nickel |ayer 35 and copper

| ayer 33. Qther lam nated materials fromwhich the anode cup nmay be nade
include a bilamnate, for exanple cofpbdleoXIa stainless steel substrate, or
a laminate made fromnore than three |l ayers. Round di sks punched fromthis
laminated netal strip are then forped into anode cups. 1n this figure the
copper layer 33 |forns thelinside sprface ¢f the anpde cup land direqtly
contacts the anddic & xtulte. Bhe fburth conpodent bf Fhe dell Fs tHe afodi
m xture 26, mhiah can conprise a mxture of zinc particles, electrolyte and

organi ¢ conpounds, <&f%h ap binders and corrosi oA8ERRHSi t ors, which make up

the battery's anode. A tubular shaped {lngugrpgggket 28, nad

Hg/Zn ing thlckness
cell (non- (non- {0. 0254mnl0 0762 um|{ 0.381 um| 0.762 um | 1.27 aum
age ate ated
initial 6.3 7.5 6.9 7.7 5.4 5.6 5.3
2 weeks 8.0 20.2 6.6 7.4 8.1 8.4 5.3
6 weeks 8.4 73.0 10.4 10.0 10.3 11.7 11.7
8 weeks 9.0 * 10.2 11.4 12.7 14.1 13.1

* Test stopped due to cell leakage.

E E 2

Several batches of miniature zinc-air cells were
assembled in order to evaluate the impact of
electroplating indium onto the surface of the anode cup
contacting the anode. These cups were then incorporated
into cells which also contained 0.2 mg of indium in the

anode mass per gram of zinc. The indium was added to the
zinc as indium hydroxide.

As in Example 1, all batteries in this test measured
approximately 11.557 mm [0.455 inch] in diameter by 5.33



froman elastoneric material, serves as the seal. The bottom edge of the
gasket 28 has been fornmed to create an inwardly facing lip 30 which abuts
sthe rimof the anode cup 22. The cathode cup 2, along with the inserted air
el ectrode 14 and associ ated nmenbranes, are inverted and pressed agai nst 't he
anode cup/ gasket assenbly, which are preass®nbled. Wile inverted, the edge
of the cathode cup 2 is colleted inward. The rim 32 of the cathode cup is

t hen conpressed [fgRLfstincid dnadiedaghti c Bk atorgoadict ivre roff Hehe samode cup 2
and the anod ; f ] ; aﬁﬁ%ﬂﬁﬁ I ' Ik

bet ween t he g#?é%%%&%%ﬁ?ﬁ%gﬁ?at olgleslgﬁipsz. A suié't g(ﬁéei%tegg?%g%hbe

pl aced over fhe“gFeddeRtdagdt ito mhatedin the reartrebrBakeh im BxamplRince
\C/ivith _t[ledpres.ent Tiﬂé\é%éilicl%{‘#zﬁ dlﬁ)éed rb;gﬁcﬂ ftﬂ%dlfﬁc@tﬂtﬁé&@}/!h@iﬁﬁﬂd _@l@;{d&@ﬂidésﬂ
eposited on_qgne side e ano i gc before j s formed into a cup 22.
As shown in f’%@e&fé\ﬂ ﬁ&e taili’é’dla%di %ﬂﬁ‘i&é‘? @P‘?%’r‘?ﬁétlh% Pt ¥urfQce of cup
22 defini ng dncdwnt plafediion whet landoe arugniandn ki2irmg A6F | indian #s shat ed
above, the ingi J_nuou [ | nuous | ayer.
Si nce the un%glﬂl&a@yg%%%; pﬁ%ﬁ@r"%?@%’f ai%érg%f%%gf c%%)&lgc?#%hl S
enbodi ment i $dempienlizo Baddhdhiaxdent sphak cthedr angde peupseensed in
the art can RAledi&dpitted MAEH RIrRliRMP @SProximately 0.0254 pm [one

microinch] thick and 0.0762 pm [three microinches]
thick, respectively. '

Bach batch was separated into four sublots
consisting of three cells each. 2ll cells were then
‘discharged continuously across a 625 ohm resistor to 0.9
volts. The test conditions for the cells varied as
follows.

A. The first sublot was tested within a few days after
the cells had been assembled. The second, third and
fourth sublots were aged prior to testing for one week at
71°C; twenty days at 60°C and forty days at 60°C,
respectively. The charge for each sublot (measured in
milliamphours) to the designated cutoff is shown in Table
III. The data support the conclusion thét all cells in
the first three sublots of Batches I and J, i.e. those
with indium plated anode cups and no mercury in the anode,
provided more service than comparably aged cells in Batch
A or Batch H. A clear conclusion cannot be drawn from the
cells which were aged for forty days at 60°C, i.e. the
fourth sublot in each case, because, in these sublots, the
cells from Batch I provided less service than the cells
from Batch A, while the cells from Batch J provided more
service than the cells from Batch A. As was explained
earlier, this type of anomaly in service data is not
unusual when cells are stored for a relatively long time
(i.e. forty days) at a relatively high temperature (60°C).



relies on the presence of zinc or some other reducing conponent. The
follow ng exanples illustrate the advantages of the cells of the present
invention and are not intended to |imt the scope of the invention in any
way. EXAMPLE 1 Several batches of miniature zinc-air cells were assenbl ed
in order to evaluate the inpact of electrd8 ating indiumon to the surface
of the anode cup that contacts the anode. Al cells nmeasured approximately
11.557 mm [0.455 inch] in dianeter by 5.33 mm [0.210 inch] in height. These
batteries are commonly referred to as "675 size". In the first of two

tests, the control batch, designated EakkeAIIEontajned 6% nercury
(mercury/zinc ratio) in the anode} and the gnode cup whas not pla ed with
i ndium Batch B had no mercury infthe &node land oo ind unmpIafpd[nnranhp
anode cup. Batches Cto G had no rcury inlthe_angode, but .the apode cups
were plated with the fol | owing thicknésdes df i|ABddum Blating of gsx2 Fgrﬂ
[one m croinch]; Batch- D, 0.0762 er%] thrd ' ' : n E, 0.381
[err] [fifteen pmicroinches] - Rate qﬂézsg ; :
Batch G 1.27 [err] [fi{ty .m croi ches] . Ead separated i f our
subl ot s consijstSul @t naléleé-Q% ea .QQRII tﬂéﬁééﬂﬂ* Th8n”
1 . Initial 494 514 ' 544 507
2 1 wk at 494 515 526 480
71°C
3 20 Days 496 510 510 483
at 60°C
4 40 Days 491 485 523 455
at 60°C

* 0.2 mg indium/gm zinc added as indium

hydroxide

B. Five cells from each of the batches and sublots
having the compositions shown above were impedance tested
after storage at 71°C. The results are shown in Table IV
(charge is measured in milliamphours).

These data support the conclusion that mercury-free
miniature alkaline zinc-air cells which contained indium
hydroxide in the anode and indium-electroplated anode cups
did provide lower impedance values when compared to both
similarly aged cells containing no mercury, no indium
electroplated onto the anode cup, but indium hydroxide in
the anode, or cells containing six percent mercury and no



di scharged continuously across a 625 ohmresister to 0.9 volts. The test
conditions for the cells varied as foll ows. 15 A The first subl ot
:was tested within a few days after the cells had been assenbl ed. The second
subl ot was aged for one week at [err] and,then tested. The third subl ot was
aged for twenty days at [err] prior to teé%lng. The fourth subl ot was aged
for forty days_at [err% and then tested. The charge for each subl ot

(measur ed irF%§+Vmaﬁ5h &;s) to the designated cutoff is shown in Table 1
These data support the unexpected conclusion that, when conparing the first
three sublots, all cells in Batches Cto G i.e. those with indium pl ated
anode cups but no nercury in the anode, provided nore service than
conparably aged cells in Batch A (6% nercury and no indium or Batch B (no
mercury and no indiun). A clear conclusion _cannot_be -drawn fromthe cells

whi ch were aged for for I‘I] (&b]@cg‘# aurth sublot in gach
case) because the cellsf fromtwo of jthe five indi um plated biatches provihed
better service than the _ e thd colld tromdtug other bdohas
provi ded slightly |ess se% '9&»&&9 fhose {rgﬂgonglgéigh Zero Hg
Ihickness
Cell Age non- 0.0254 pm* 0.0762 ym non=
plated) - - plated)

Initial 6.3 8.0 6.7 7.4

2 weeks 8.0 ' 7.1 . 7.3 10.6

4 weeks 8.9 7.6 8.3 - 11.6

6 weeks 8.4 7.4 8.5 16.5

8 weeks 9.0 7.9 8.9 19.9

The following conclusions can be deduced by
comparing the service and impedance data in Example 1 and

Example 2.

(a) The addition of 0.2 mg of indium per gram of zinc to
 the anode mass of mercury-free miniature alkaline zinc-air
cells which contain indium-electroplated anode cups did
not significantly improve or detract from service
performance on a 625 ohm continuous test. |

(b) The addition of 0.2 mg of indium per gram of zinc to
.the anode mass of mercury-free miniature alkaline zinc-air
cells which contain indium-electroplated anode cups did
- improve the impedance of cells stored at 71°C.



had si'gnificantly | ess service. These inconsistent results—are—not unusual

for cells tested at the relatively high tenperature of [ for forty
. days,. because sone factor other than the coll ector/anode ('mm'"ﬂm’

cell behavi our under these conditions. 16 [err] B.
each of the batches and sublots were inpeé%hce tested after storag at
[err]. These data are shown in Table Il. These data support the unexpected

concl usi on tGBIMBrcury-free mniature alkaline zinc-air cells which
contain indiumel ectropl ated anode cups did provide significantly | ower

| npedance val ues mhen gred to simlarly aged cells contaj,ning no
mercury and ho i ndfinf ggg1@8hﬁ5P%@§94%nﬁ%ﬁﬁé§}WWRQ}k: WHOD el | s
cont ai ni ng szinpetoabhimdnguancded (26)i,ndotiBaininy nebler || [err] EXAVPLE

2 Several.baé&ﬁSEaﬁEighi§a%%Reﬁgfgﬁfyf éﬁﬁ'é&ﬁ%ﬁéhe cup (22), the cup
physically and electrically contacting the anode and
consisting of a conductive substrate (37), characterised
in that a surface of the cup contacting the anode is at
least partially coated to form an underlayer with copper
or an alloy containing copper (33), at least a portion of
said underlayer being overlald with indium (34), or an
alloy containing indium.

2. A cell according to claim 1 in which the indium or
an alloy containing indium, coating (34) is from 0.0127
pm to 1.27 pm thick.

3. A cell according to claim 1 in which the indium or
alloy containing indium, coating (34) is from 0.0254 pm
to 0.0762 um thick.

4, A cell according to any one of claims 1 to 3 in
which the indium, or alloy containing indium, coating (34)
is discontinuous.

5. A cell according to any one of claims 1 to 4 in
which the metal of the coating (34) is pure indium.

6. A cell according to claim 5, in which the metal of
the underlayer (33) is pure copper.

7. A cell according to claim 6, in which the underlayer
(33) is more than 0.0254 pm thick, preferably more than
2.54 pm thick.

8. A cell according to claim 7 in which the underlayér
(33) is from 25.4 uym to 50.8 um thick. '



assenbl ed in order to eval uate the | npact of electroplating i ndiumonto The
surface of the anode cup contacting the anode. These cu
.incorporated into cells which also contained 0.2 ng of |mllm'"m“ EMHH!IHe '
. a i

. mass per gram of zinc. The indiumwas added to the zinc a$ itdiumn
hydroxi de. As in Exanple 1, all ‘batteries2@n this test neasured
approximately 11.557 mm [ 0. 455 inch] in dianeter by 5.33 18 nm [ 0. 210
inch] in heigght. Thecébbpascbrdingf tbohangnptecedpngncibémcdnt whicbatbe in

t hi s Exanpl e,_ desj gnate teh | i,.cal h LR Lt he trol
Batch in Exéﬂﬁﬂ%r%gygﬁe?%gﬁlggiﬁhPﬁgéngg?g%&diatﬁg%&hg&gk?ﬁ PU#?E&droxide
added to theirxhibare. (B&) choH spnaiilaydcavtadndngy inddumadi um pl ated on the
anode cup and 0.2 ng of indiumin the anode mass per gram of zinc. Batches
| and J were identical_to Batch,H except that their agode gups. were. .
eIectroplatébpmﬁthAiﬁﬁiﬁnPSSSFQ%PﬁaFQI9nU.BE?EeFéPE]cﬁ&ﬁ@'&Pcﬁ@?ﬁghfhﬁhick
and 0.0762 [sirtatéhoeethecaabaeheap t(RRgk oﬁ,pesnﬁgt ithelty cohteletiabgc bheas

separ at ed intoaéour subl ot s consi stLng_of ree.cells each. Al cells were
t hen di schard® %oﬁ?iﬁﬁﬁggaywégioésiﬁgngO hﬁﬁfgfﬁStor to 0.9 volts. The
test conditions for the cells varied as
11. A cell according to any preceding claim in which the
conductive substrate (37) is steel or brass.

12. A cell according to claim 11 in which the conductive
substrate (37) is cold rolled steel.

13. A cell according to any preceding claim in which the
zinc-containing electrode (26) contains less than 6 % by
weight of mercury.

14. A cell according to claim 13 in which the
zinc-containing electrode (26) contains less than 3 % by
weight of mercury.

15. A cell according to claim 13 in which the
zinc-containing electrode (26) contains no mercury.

16. A cell according to any preceding claim in which the
zinc-containing electrode (26) contains a small amount of
indium.

17. A process for the manufacture of an anode cup (22)
suitable for use in a cell as defined in claim 1, which
process comprises deposition of a layer of copper or an
alloy containing copper, to form an underlayer (33), onto
one surface of a conductive substrate (37), application by
electroplating of indium (34), or an alloy containing
‘indium, onto at least a portion of said underlayer (33),

- and forming the coated material into a cup-shaped body,



follows. A The first sublot was tested within a after the
cel'l s had been assenbl ed. The second, third and fourHﬂW U Jﬁ ged
prior,to testing for one week at 71[err]C twenty days

forty days at 60[err]C,  respectively. The charge for each subl ot (neasured
in mllianphours) to the designated cutoff2s shown in Table IIl. The data
support the conclusion that all cells in the first three subl ots of Batches
| and J, i.e.sudivsehai tthéndoated portianole copthaeninaddeepfuthein the
anode, provrq:qgf é&rﬁb ? t han conparably aged cells in Batch A or Batch
H A clear usr cannot be drawn fromthe cells which were aged for
forty days at 60[err]C, i.e. the fourth sublot in each case, because, in

these subl ot s3gt he z& fécéé@”h@ébﬁhlhgthVbﬂ§ﬂm| g9sifiewien than the cells
fromBatch A, %ghle e ce s from ovi ded. npre service than the

cel I's from BRATHUCLIEE g ﬁﬁ?ﬁﬁnéggiarﬁrﬁrSt?ﬁ sSEYPRB-of anomaly in

service data S not unusual when cells are stored for a relatively |ong

e T (LYY | Yo RrGteds" 8bBbEAThY LOOBIACHPIA LN  ntbAlCREI O 19
able 111 [err
conductlve substrate (37) comprises a laminate of two or

more layers.

20. A process according to claim 19 in which the
conductive substrate (37) comprises a steel strip whlch is
coated on one surface with a layer of nickel.

21. A process according to claim 19 which comprises
plating one side of a steel strip (37) with copper,
plating the other side of the steel strip with nickel, and
then electroplating indium onto the copper layer.

22. A process according to any one of claims 17 to 21 in
which the indium or alloy containing indium, is applled by
electrodep051tlon.

23. A zinc-air cell employing a manganese
dioxide-containing'electrode (14) and a zinc-containing
electrode (26) assembled within a conductive housing
comprising a cathode cup (2) having at least one opening
(8) to permit air to enter and said cathode cup (2) being
electrically contacted to the manganese dioxide containing
‘electrode (14); an anode cup (22) electrically and
physically contacted to the zinc-containing electrode
(26) ; said cathode cup (2) secured to and insulated from
the anode cup (22); and said anode cup (22) comprising a
conductive substrate (37) having on a portion of at least
the inner surface contacted to the zinc-containing
electrode (26) an underlayer (33) of copper and a top
layer (34) of indium.



B. —Five cellsfrom-each of the batc
c0ﬂp03|t|ons shown above were i npedancg _
.resul s 1 u acpdhl e 1V (charge i‘s=measti

avng the

qge at [err]. The
: anphours). These
data s lusion that mercury-fpee nlnlature al kal i ne zinc-air
cells i ndi um hydroxide in the anode and

i ndi um el ectropl ated anode cups did provide | ower inpedance val ues when
conpared to both simlarly aged cells containing no mercury, no indium

el ectroplated onto the anode cup, but indium hydroxide in the anode, or
cell s -containing six percent nercur all. Table IV
[err] The followi ng conc | MERGIRY ERER MANILTURE SO INGERIR $8hbhe service and
i npedance data in Exanple 1 and Exanple 2. (a) The addltlon of 0.2 ng of

i ndi um per gram of zinc to the anode mass of nmercury-free mniature

al kaline zinc-air cells which contain indiumelectroplated anode cups did
not significantly inprove or detract fromservice performance on a 625 ohm

continuous test. (b) The addition of ghégggggf i ndi um per gram of zinc to

The present invention provides a miniature zinc-air
cell employing an anode cup (22) that has a layer (34) of a
first metal deposited over at least a portion of a layer of
(33) a second metal coating a surface of a conductive
substrate (37), such that the layer of the first metal
contacts the anodic mixture. (26) of the cell, thereby
enabling the anodic mixture (26) to be made with little or
no meréury. A method for producing anode cups is also
disclosed. S
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m niature al kaline zinc-air cells which
e cups did inprove the inpedance of cells
An al kaline mniature zinc-air cell
;glnln anode (26), containing no,_or substantially no,
mercury, and Eb, the cup %%ﬁtt¥Hﬂ§héﬁ@ rically -
contacting th;” Si; stl ng of Ustpscepibst rat e (37),
characterised ace of the c ode is at |east
partially coated to forn1an qaderlayer wi th copper or an al .oy contai ni ng
copper (33), at least a portion of said underlayer being overlaid with
i ndium (34), or an alloy containing indium 2. A cell according to claim
1 in which the indiumor an alloy containing indium coating (34) is from
0.0127 [err] to 1.27 [err] thick. 3. A cell according to claim1l in
whi ch the indiumor alloy containing indium coating (34) is fromO0.0254 .
[err] to 0.0762 [err] thickgg4. A cell according to any ong of claims.1

to 3 in which the indium or l oy ¢ ai ning indi un§ co rmﬁ§34) i's
di scont i nuous. \\\\ < \\» \\
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5. ¢ 27A ceLL_aceeFd+ﬁg—f0‘aﬁ"one i :

t he- coatlng ( . ' guﬂq'. ﬂSﬁEET
whi ch the een rl ayer i Rt : A cel |

accordi ng to i ch the 5 v i s norfe thaﬁﬁ.}@Z%
[err] thick, e than 2.54 [erg} thick. 8. cel | according
to claim7 in which the underlayer (33) is from25.4 [errf] to 50.8 [err

t hi ck. 22 9. A cell according to any precedi ng cl aibr--ahich the
under | ayer (33) is substantially totally overlaid with indium(34), or an
al l oy containing indium 10. A cell according to any preceding claimin
whi ch the surface of trmagﬁgﬁ%gr_g%%égﬁlgggighggZ&ﬁetAgﬁangLing t he anode
is coated with a | ayer of nicke ce according to any preceding
claimin which the conductive substrate (37) is steel or brass. 12. A
cell according to claim11l in which the conductive substrate (37) is cold
rolled steel. 13. A cell according to any preceding claimin which the

zi nc-containing electrode (26) contains less than 6 % by wei ght of nercury.
14. A cell according to claim 13 i n wabshrabt

The present invention provides a miniature zinc-air

cell employing an anode cup (22) that has a layer (34) of a
first metal deposited over at least a portion of a layer of

e (33) a second metal coating a surface of a conductive

e substrate (37), such that the layer of the first metal
‘contacts the anodic mixture- (26) of the cell, thereby
enabling the anodic mixture (26) to be made with 1little or
no mercury. A method for producing anode cups is also
disclosed.

Figure 2
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zf nctcontai ni ng el ectrode (26) contains | ess than 3 % by wei ght of nercury.

15. A cell according to claimi13 in which the zinc.containing electrode
(26) contains no nercury. 16. A cell according to a RE?EA&}mﬂﬂﬂr BT i n
whi ch the zinc-containing el ect¥dde (26) contains a s SHE'F

f anmotTt—o+—t um

17. A process for the manufacture of an anode cup (2 % fé@ﬁﬁ forjupe
_in a cell as defined in claiml1, which process conpri$es % 96 2\

| ayer of copper or an alloy containing copper, to form &n undprlavpr 3B) .
onto one surface of a conductive substrate (37), applfcation by
el ectroplating of indium(34), or an alloy contai ni nglme _ east
a portion of said underlayer (33), and form ng the coated material into a

cup- shaped body, 23 such that the coated portion is on the inside of the
cup- shaped body. 18. A process according to claim 17 in which the
conductive substrate (37) is a steel strip. 19. A process according to

claim 18 in which the conductive substrate (37) conprises a lamnate of two
or nore |ayers. 20. A prasgess according to claim 3§ i nwhi ¥ the
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¥ .
conductive substrate (37) conprises a steel strip which is coated on one
surface with a layer of nickel. 21. A process accordi ch
conprises plating one side of a steel strip (37) with =£L3vﬁn_ Trﬁﬁﬁmﬂﬂ :
other side of the steel strip with nickel, and then el dctjropl ating i ndijump
onto the copper |ayer. 22. A process acgprding to any dneQ@ SEP 499& 17|t
21 in which the indiumor alloy containing indium is gpglied by
el ectrodeposition. 23. A zinc-air cell enploying a nganese

di oxi de-contai ning el ectrode (14) and a zinc-containin lect
~assenbl ed within a conductive housing conprising a cathode cup (2) haV|ng

at | east one opening (8MERTURSY IFRERIMTNIATRME 'z AR S8 bgei, hode cup (2)
being electrically contacted to the nanganese di oxi de contalning el ectrode
(14); an anode cup (22) electrically and physically contacted to the
zinc-containing electrode (26); said cathode cup (2) secured to and

i nsul ated fromthe anode cup (22); and said anode cup (22) conprising a
conductive substrate (37) having on a portion of at |east the inner surface
contacted to the zinc-containing el ectAk8Rracts) an underl ayer (33) of
copper and a top layer (34) of indium

The present invention provides a miniature zinc-air
cell employing an anode cup (22) that has a layer (34) of a
first ‘metal deposited over at least a portion of a layer of
(33) a second metal coating a surface of a conductive
substrate (37), such that the layer of the first metal
contacts the anodic mixture (26) of the cell, thereby
enabling the anodic mixture (26) to be made with little or

no mercury. A method for producing anode cups is also
disclosed.

Figure 1



