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ALKALINE CELL - The presént invention relates to a high power pﬂ%??q’b "0,
al kaline cell having a4ppéd®f ed zinc anode. The cell conprises an 1POSs tofy.

i npr oved,afode. sguUr r gpdrac@tl ector made froma foram nous netal. Suchsg@ esse;z 4
col’l ector permits power to be drawn fromsuch cells whi ch can not
ot herwi se be drawn when copventional collectors are used: Al kal i ne

zi nc/ manganese di oxi de cel | s~*have been connerC|aIIy avail abl e for over.
twenty years. GCenerally, these cells have a "bobbin design"” wherein the

manganese di oxi de - cathode is annul arly shaped and has its outer wall in
cont act E §H e ors negel | casing. The cenﬁ#&l—cawTy"’f’_Th’e‘
annul usj.L Dllliltn%é\tt l? n |agg o edl ape fseparator material, IBLé;q(e laced
m xture ﬂ"lgp """ p """ gjarld”an aqueous el ectrd

wi t hin at o‘?"gf’ t88%e§ 1/2 he open end of the cel
seal ed ‘3’%"?%%” apaged o @ Pgf8tis| and a nai|l shaped ano
passes /ﬁﬁl}‘gh‘”sal dPagE‘I’osurt%Pmer 1nto t he =4*hc -anode.
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ALKALINE CELL

The present iﬁvention relates to a high power primary
alkaline cell having a powdered zinc anode. The cell
comprises an improved anode current collector made from a
foraminous metal. Such a collector permits power to be drawn
from such cells which can not otherwise be drawn when

conventional collectors are used.

Alkaline zinc/mang‘a’xiés‘e”'dioxide cells have been
comméfcially available for over twenty years. Generally, these
cells have a "bobbin design" 'wherein the manganese dioxide
cathode is annularly shaped and has its outer wall in contact
with the inner wall of the cell casing. The central cavity of

‘the annulus is lined with an appropriate separator material,

. B —

‘and a gelled mixture of the powdered zinc anode and an agueous
electrolyte is contained viithin the 'eparator lined cavity.

The 6pen end of the cell casing is sealed by a circular closure
member, and a nail shaped anode 'co}.lectoz_' passes through said

closv._lre member into the zinc anede.




-2- . A nail-shaped anode collector works well for many applications.

Thi.s i'$ evi denced by thg4§% F that since alkaline cells becane avail able

ovef twenty years aggmgc nairt-type collector has been used by nost bajfef¥ss,s s
manuf attarer s fone Ranutracturer has used a flat metal sheet bent into a
sem-circle in "C' and "D' gtrze cells). However, it has”been discovered

that replacing a nail-type collector with a foran1nous -met al col | ector

i ncr eases the—energy _available at high power drains, e.g. in excess of 1

watt , upri; st% tinme s as nmuch, in sonme applications, as is avail able

using a na : mﬁdforan1nous metal s includes, but is not limted
to netal , expanded netal, woven netal, and knitted netal
nmesh. Suc n t he power capablllty of a primary alkaline

cell not onIy |nproves the useful ness of such.,cells in present
applications but also opens up new applications which could not be
satisfied by presently available alkaline cglds. Anode col l.ectors
of the present invention can be made with about the sane netal content
as presently used nails so t hat t he-actual volune taken up inside the

anode is no grgatgy e@ dgﬁde cddat®r workee wedlll doromany t he

present invention can whi ch take up | ess actual volune than .

nail-type applications. This is evidenced by the fact that since
alkaline cells became available over twenty years ago a
nail-type‘collectornhas been used bf most battery manufacturers
(oﬁe manufacturer has used a flat metal sheet bent into a
seﬁi-circle in "ot and "D" size éells). However, it has been
discovered that replacing a nail-type collector with a
for&minous metal collector increases the energy availablg at
high power drains, e.g. in excess of 1 watt, up to ten tines as
much, in some applications, as is available using a nail.
Examples of fo:aminous metals includes, but is not limited.to
metal foam, meta;izelt, expandéd metal, wnvenmmgtal, and
knitted metal mesh. Such an increase in the power capability

of a primary alkaline cell not only improves the usefulness of

such cells in present applications but also opens up new

applications which sould net be satisfied by pralently

available alkaline cells.

Anode collectors of the present invention can be made with
about thé same metal content as presently used nails so that
the actual volume taken up inéide the anode is no greater than
a nail. In fact, anode collectors of the'present invention can

be made which take up less actual volume than nail-type



-3-" collectors so that nore zinc can be added to the anode. The
distribution of the foradfgngdjd netal is throughout a greater volune of the

anode, ,thagsasad | . ;pbRAELLt he collectors of the present invention cafg esss;# e
extend throughout substantially the entire anode voluqa%mhile only taking -
up the sane actual volune as."a nail. ‘Sonme of the, aforenentioned

foram nous metal s have beentised as el ectrode substratés in secondary .

(i.e. rechargeabte)—batteries, such use being disclosed in U S. patents
Nos. 315494%E%mmﬁa2 7,166, and 4,217,939. They have al so found use as
substrates in nEiecRAHn bat teries. For exanple, a commercially

avai |l abl e IitU di oxi de cell has an expanded netal grid made
from stainl es substrate for the cathode. In all of these
applications the electrodes are spirally wound. together and the netal
substrate is needed in order to provide an el ectrode structure made from a
powdered active material which can be easil y3randl ed. A primry

zi nc/ manganese di oxi de cell does not have the zinc particles fixed to a
substrate. Rather, the electrolyte and the anode particles are dispensed .
into the acmldecbons smdthaty mane gina sanheadded tothe anades;s (e
Thi s process works best if the zinc/electrolyte mxture has sone

f1uid-1ike distydbutiion ofothe tferaninouss netale ise thnoughont & greatex
volume of the anode than a nail. Thus, the collectors of the
present invention can extend throughbut substantially the

entire anode volume while only taking up the same actual volume

as a nail.

Some of the aforementioned foraminous metals have been used
as electrode substrates in secondary (i.e. rechargeable)
batteries,.such use being disclosed in U.S. patents Nos.

' 3,549,423, 3,287,166, and 4,217;939. They have also found use
as substrates in primary lithium batteries. For example, a
éommercially available lithium/manganese dioxide cell has an
expanded metal grid made from stainless steel as the substrate

for the cathode. In all of these applications the electrodes

are spirally wound together and the metal substrate is needed

in order to provide an electrode structure made from a powdered

active material which can be easily handled.

A primary 2inc/manganese dioxide cell does not have the
zinc particles fixed to a substrate. Rather, the electrolyte
and the anode particles are dispensed into the anode cavity and
a current collector is inserted thereafter. This process works
best if the'zinq/electrolyte'mixﬁure has some fluid-like
_:Pfggggties. once the“ziné'is_Qigpen;§¢Lipto:thgicg;1 1§\ig__ L



-4-  ‘desirable to keep the particles fromsettling due to gravity since
t hiss woul d shorten ttmeﬁ@i@ﬁg of the anode and detrinentally effect cel

per:f ormance. Therefore he*2i nc anode is often in the formof a geL4Qeea4# 2,2
suspeAsiion® c8nthi ni BYR4HFE* i ndi vi dual zinc particles and a gel | ant

material. Electrical contrnurty t hroughout the anode dépends on the

particle to _particle contact bet ween the individual particles. Electrical

continuity is aIsd‘éﬁhanced-+n—presently avai l abl e alkaline cells by the
presence of nﬂhesmﬁﬂm@b&p S added to the anode for the reasons described
I medi ately beI 9has a tendency to react with the aqueous
el ectrolyte a ”‘,}U ngas Gas build-up within a cell is

undesi rabl e for One solution to this problem is to

amal gamate the zinc with nercury Amal gamated zinc has a |esser tendency
to react wwth water than pure zinc whereby hydrogen gas generation is
controlled at acceptable |evels. However, degeto 'the environnental
concerns over used .alkaline cells being disposed of inland fills, there
has been a recent trend toward reducing t he amount of mercury or

\(/amI t hmOlr.:'?t : '? %ﬂl q,_e,t :}%r(??ct [ on 0 Hl@%e?gﬂye?ggggﬂgnggﬁotg{%@wi}igOt

by wei ght, (i%éeh%hirlo%ﬂl%slgﬂéﬂdh Fhe Neightedssthekanode and
detrimentally effect cell perfermanee. Therefore; the zinc
anode is often in the form of a gel or suspension containing the
individual zinc particies and a gellant material. Electrical
continuity throughout the anode depends on the particle to
particle contact between the individual particles. Electrical
continuity is also enhanced in presently available alkaline
'cells by the presence of mercury which is added to the anode for

the reasons described immediately below.

Zinc has a tendency to react with the aqueous electrolyte
and form hydrogen gas. Gas build-up within a cell is
undesirable for ob#ieus reasons. One solution to this problem
ie to amalgamate the zinc with merdury. Amalgamated zinc has a

lesser tendency to react with water than pure. zinc whereby

hydrogen gas generation is controlled at acceptable levels.

However, due to the environmental concerns over.used alkaline

cells being disposed of in land £i11s, there has been a recent
trend toward reducing the amount of mercury or eliminating it
altogether. The reduction or elimination of mercury is not

without its problems. Reduction of the mercury content to 0.5%

or less, by weight, of the ancde reeqlte in an increased shock




-5- sensitivity of the voltage of an alkaline cell during discharge.
Attenpt's have been made 449 ¢93¢rcome the shock sensitivity problem
descrlpqq QV&s U Spuddaksnts Nos. 4,939,048 and 4,942,101 discl ose &dmeesss:# &/
usé of ~anode coll ectors which are nodified versions onthe nail -type
col |l ector described above. f; The present invention_:€ures the voltage
|nstab|I|ty pr obl em associ at'ed with | ow mercury |evel s described above in
additon to-increasing the energy avail able at high power drains. In

fact, it has been dlscovered that elimnating nercury fromthe anode in
ceIIs made it h@dthe present invention inproves the power
capability und |scharge Accordingly, in a preferred

enbodi nent of vention the zi nc anode contains no mercury

what soever . Such enbodlnent preferably al so includes a gas inhibitor such
as those disclosed in US. patent No. 4,195 120 or any of the other well

known inhibitors. The features and adﬂ&htages of the present
i nvention are discussed below with reference to the Figures in which:
FIG 1 is a cross-sectional view through an al kaline cell _having an anode

col I'ector 'ihﬁﬁi%&ﬁ&@yeoﬂnthntvaltugeeux an alkaline cell during
discharge. Attempts have been made to overcome the shock
sensitivity problem described above. U.S. patents Nos.
4,939, 048 and 4,942,101 disclose the use of anode collectors
which are modified versions of the nail-type collector described

above.

The present invention cures the voltage instability problem
associated with low mercury levels described above in’addition
to increasing the energy available at high power drains. In
fact, it has been discovered that eliminating mercury from the
anode in cells made in accordance with the present invenﬁion .
improves the'power qapability under high rate'discharge.
Accordingly, in a preferred embodiment of the present invention

the zinc anode contains no mercury whatsoever. Such embodiment

preferably also includes a gas inhibitor such as those disclosed
in U.s. patent No. 4,195,120 or any of the other well known
inhibitors.

The features and advantages of the present invention are

discussed bélow with reference to the Figures in which:

FIG. 1 is a cross-sectional view through an alkaline cell
having an anode collector in aqcérdance with the prgsent
in _ _

ons




i nvéentign; FIG 2 shows one enbodi nent of an anode

col bector in accordance4d #A34 he present invention made from netal foam

and 4-11-98) $$:699 shERECBitot her enbodi ment of an anode col | ector nadet4s 8834;# ¢
fromnmetal foam FIG.aﬂb shows an enbodi nent of .g7durrent coll ector

made from ex L %F{ FIG 3 shows a cross-&gctional view of a

zi nc anode; Tmsmme FIG 4 is a graph of the energy obt ai ned versus power

drain for" ’5 n|Replagagle i N accordance with the present invention;

and of the energy obtained versus power drain for
"D' size ceII dance with the present invention. .
Referring now to the Figures, cell 10 conprises cylindrical casing 12

havi ng cat hode 14 disposed therein and contacting the inner wall of said

casing. Cathode 14 is a porous, annularly ’

-6-

FIG. 2 shows one embodiment of an anode collector in

accordance with the present invention made from metal foam; and

FIG. 2a shows another embodiment of an anode collector made

from metal foam;

FIG. 2b shows an embodiment of a current collector made fpom

expanded metal;
FIG. 3 shows a cross-sectional view of a zinc anode;

FIG. 4 is a graph of the energy obtained versus power drain
for"Aa" size cells made in accordance with the present

invention; and

T T T FIG. 5 i a graph of the energy obtained versus power drain
for "D" size cells made in accordance with the present |

invention.

Referring now to the Figures, cell 10 comprises cylindrical
casing 12 having cathode 14 disposed therein and contacting the
inner wall of said casing. Cathode 14 is a porous, annularly

shaped structu:e comprising manganese dioxide and graphite,

which structure is permeated by electrolyte. The central cavity




shaped structure conprising nmanganese di oxi de and graphite, which
structure i s perneated bm Hﬁﬁﬁrolyte. The central cavity

-7- oL_lcigwolg_e A4 i.%UJui‘crigL th an appropriate separator material and a__
gel'l ed $THc ansde 16 ‘Comprising discrete zinc particles fills the 448 683481

separator' lined cavity. In ?E¢ordance with the present” Tnvention anode
collector 20 is made froma f-oramnous netal. A netal tab 21 has one end
wel ded to col | ector 26—and—the other end welded to rivet 23. Rivet 23

passes t hr oudthis Sgé h er 22 and contacts netal cover 24 whereby

el ectrical co E’pﬁéslB(ge"q?err'b‘igdanode to the outside negative contact 24 is
achi eved. : i‘”lﬁm rred that anode collector 20 is nmade froma
netal foam mat s that nmade by the process disclosed in U S.
patent No. 4,682,22. The nmetal foans are preferably at |east 80% porous,
nore preferably at | east 90% porous, and nost preferably at |east 95%
porous. The size of the pores will desirably &pmhge fromabout 0.01 inch to

about. 0.1 inch. In a preferred enbodi ment the cylindrically shaped
foam anode collector has a diameter of at |east about 50% of the '

di aneter of gfhecFtisd@mecigniined enttly awrapmropriate iseparator materiabn

of the axial length of the cavity. The collectors are general ly prepared

froma flat {wina sferled Teinc i anodedlé ycomprising discretezine particles

whi ch have an anode di aneter of
£i11s the separator lined cavity. In accordance with the
present invention anode collector 20 is made from a foraminous
metal. A metal tab 21 has one end welded to collector 20 and
the other end welded to rivet 23. Rivet 23 passes through
closure member 22 and contacts metal cover 24 whereby electrical
connection of the anode to the outside negative contact 24 is

achieved.

It is preferred that anode collector 20 is made from a metal

foam matertal,.such as that made by the process disclosed in
U.8. patent No. 4,882,22, The metal foams are preferably at
least 80% porous, more preferably at least 90% porous, and most

preferably at least 95% porous. The size of the pores will

desirably range from about 0.01 inch to about 0.1 inch.

In a preferred embodiment the cylindrically shaped foam
anode collector has a diameter of at least about 50% of the
diameter of the zinc anode and a length corresponding to a major

 portion of the axial length of the cavity. The collectors are
genarally prepared from a flat foam sheet. iThis is readily
acniéved for "AA" size cells, which have an ancde diameter of
about 0.35 inch, by forming the foam cylinders from a sheet

about 0.3 inch thick. Hove '




about Q: 35 inch, by formng the foamcylinders froma sheet about 0.3

i nch. t hi ck. Howevetdd 684 | arger cells such as "D "

col | ectser1-9acts:8% t heoveaeELshown in FI G 2A can be used. The reason foas esss;#1i,
this is that foam netal sheets having a thickness of about 0.9 inch are
not readily available. Thefefore, by taking a thinner foam sheet and
folding, coiling, or otherwise shaping it into a nore or |less cylindrical
shape, the—desired—Turrent collector is obtained. Anot her

enbodi ment qf. the ;AIReA Reglk@ct or i shown in FIG 23. Anode col | ector 20B
Is formed by ' ngul arly shaped pi ece of expanded netal and
coiling it to\[\ mmmm: ﬁder. The expanded netal can be | oosely coiled
so that ther aps within the cylindrical structure. This

enbodi ment inparts simlar high rate capability‘to a cell as obtained by a

cylinder of foam The forami nous netal_ is preferably nade froma
mat eri al which is stable in the cell environ®ent: Preferred materials
include, but are not linmted to, copper, silicon bronze, brass, tin,

coul d'be' naee1Eectey seeh anien pe shoblih Erd. HhCeen'BEGhetHT FRE"

anode conduEeepaniEeE-ERAR; bpy Ehat “BdaR methl“skfsts ‘HEVInG @' thiSKkhEhs of

about 0.9 inch are not readily avaiiable. Therefore, by taking
a thinner!foam sheet and folding, qéiling, or otherwise shaping
it into a more or less cylindrical shape, the desired current

collector is obtained.

Another embodiment of the ancde collector is shown in FIG.
2B. Anode collector 20B is formed by taking a rectangularly
shaped piéce of expanded metal and coiling it to form a
cylinder. The expanded metal can be loosely coiled so that
there aré'small gaps within the cylindrical structure.. This
embodiment imparts similar high rate capability to a cell as

obtained by a cylinder of foam.

The foraminous metal is preferably made from a material - — -
which is stable in the cell environment. Preferred materials
include, but are not limited to, copper, silicon bronze, brass,

" tin, indium, lead, and alloys of these. Alternatively, the |
_foraminous metal couldé be made of any metal which has a surface
plating of one .of the above preferred metals. Further, any of
the well known coatings for anode conductors which inhibit
gassing in alkaline cells can also be used on the'collectors of

the present invention.




gassing. in alkaline cells can also be used on the collectors of the

present’ i nventi on. 449 6934 The actual volunme occupi ed by an anode

col I'ecgar,_of .the pr.eseRkLi nvention preferably will not be greater thap b sz,
volume  of the collectors which are presently being used. The volune

percent of the anode cavityswhich a collector occuples’ln comercially
avai l abl e al kaline cells is;génerally |ess than about>1'5% For cells -

i ntended to be used only in high power applications the actual volune of
the col | ector—ceutd—be—increased to as high as 5% of the anode vol une

wi t hout detr| asb&¥3§&&§@tlng the cell performance since at high power
drains all 18 not utilized. " The " apparent vol unme" of
anode coIIec ccordance with the present invention will exceed
the actual sed herein,- the term,"apparent vol une" neans the

vol unme of the shape mhlch follows the contours of the outernost surfaces
of the collector, fromwhich | arge openi ngs=8r gaps, such as those which
woul d result fromformng the collector froma nmetal network which
originally is in a different shape, such as a flat sheet, are subtracted.

I'n determ ning Coru vt 8 o e & oﬂo apy anoder ebﬂ.d.ec‘l:ot' offcthet al
network are ig e& 1 WBI*&L HHX|nun1aEngent vol ume for the collector

:2S§b°”t 1 Q%héﬂ%tﬂH%&H%%ﬁi‘ﬁ?d!ﬁiaﬂi@mwwau,nbhebopganahorv&honethplNBB@me
of the collectors which are presentlg being used. The volume
percent of the anode cavity which a collector occupies in
commercially available alkaline cells is generally less than
about 1.5%. For cells intended to be used only in high power
applications the actual volume of the collector could be
{increased to as high as 5% of the anode volume without

detrimentally effecting the cell performance since at high power
draing all of the zinc is not utilized.

The "apparent volume" of anocde collectors made in'accordanco
_ with the present invention will exceed the actual volume. As
used herein, the terﬁ "apparent volume” means the volume of the

shape which follows the contours of the outermost surfaces of

the collector, from which large openings or gaps, such as those
which would result from forming the collector from a metal

network which originally is in a different shape, such as a flat

sheet, are subtracted. In determining the appareht volume the

pores or interstices of the metal network are ignored.

The maximum apparent volume for the collector is about 100%
of the anode volume. However, the apparent volune will be less
than this if the collector is to 'be inserted into the cavity
after 1t isufilled withﬂthe powdered.zinc anode; otherwise,

7R R




than this if the collector is to be inserted into the cavity after it is
filledwi th the powder ediddi ggj4danode; otherw se, the t he

separ at,or,_.An Appde GREh&GLOr of the present invention is a cylinder Ja8tRas;s1s,
from a fofam nous netal which contains about the sane amount of netal as a °

typical nail-type collector -Tonly that part of the nail."which penetrates
into the aﬂede}—_buL_mﬂLQD_ﬂas an apparent volunme of the portion contained
Wi t hin the mhlch is no greater than the anode volune.. A collector
wil | necess &mhmgh degree of porosity in order to have no nore
metal than a I have a high apparent volune. An indicator of
the porosity of t he apparent volune of the collector, V[err],
to the actual volune o netal in the colleéector, Verr]. A non-porous netal
collector, such as a nail, would have a ratio of [err] equal to 1 since
t he apparent vol ume woul d equal the actual vol unme. However, a foram nous
metal will always have a ratio of Vapp/Vact <“H¥ater than 1. For exanple,
a collector nade of nmetal foamin the shape of a cylinder the size of a
zinc anode for a AA cell and having the sane netal content as a sently
used nai | hggedgepatatos’ [Anrhnode ebllector off the nrqeenﬁaﬁaveﬁtSPEc 8 a
of expanded netal "made froma thin sheet stock and having, small _op ﬁﬁﬂ

coul d have @ 1§huﬁrohahﬁr!h0ﬁsalGbraniﬁoulnﬂntailwhich goBtainsnabeut,
with the |nv¥nt|on is preferred that the ratio is at |east about 10,

and in a Mghne amount of metal as a typical nail-type collector (only that
part of the nail which penetrates into the anode) but which has
an apparent volume of the portion contained within the anode
which is no greater than the anode volume. A collector will
necessarily have a high degree of porosity in order to have no
more metal than a nail and also have a high apparent vqluma. An
indicator of the porosity is the ratio of the apparent volume of
the collector, VApp' to the actual volume of metal in the
~eollector, Vaot. A non-porous metal collector, such as a
nail, would have a ratio of Vapp/vact"éual +0 1 since the
apparent volume would equal the actual volume. However, a
foraminous metal will always have a ratio of VApp/Vact
greater than 1. For example, a collector made of metal foam in .

A ——

the shape of a cylinder the size of a zinc anode for a AA cell

and having the same metal content as a presently used nail has a
ratio °f'vapp/vact_°£ about 60. On the other hand, a ﬁiece

of expanded metal made from a thin sheet stock and hav;ng small
openings could have a rat}o of-vappjvact'as low as 5, and

still be useful in accordance with the invention. It is
preferred that the ratio is at least about 10, and 1h a most
preferred embodiment, especially where high drain rates are

‘desired, the ratio should be in'bxgess of 20.



preferred eibodi'nent, ‘especially where high drain rates are desired; the

rati.o should be in excesg ﬁf ﬁ@. It has been

di s¢overed that the dist ? é? n of the netal content of the anode

col | ector*1¥r blighout ‘¥Hé“&parent volume plays a major role in the hi4gh esse;sae
power capability of alkaline~ cells. A cylindrical zinc anode can be

divided into three inmginary zones as shown |n FIG 3, which figure shpms-

a cross section through a zinc anode. Zone "A" has a radius of 0.33r (r=
t he radi usTlﬁéS}thHaszBdatRT zone "B" includes zone "A" and has a radius

of 0,67r, | udes both zones "A" and "B" and has a radius
equal to r the actual values of r and the height of the
anode, zone occuples about 11% of the anode vol unme, zone B about 45% of
t he anode volume, and zone C about 100% of the,anode volune. Nail-type
collectors reside wholly wthin zone A. The collectors of the present

I nvention preferably extend at |east: to the elder portion of zone "B"

and, nore preferably, extend beyond said outer portion. It is believed
that extending the netal .of the collector outwardly beyond zone "3"

e e, Cobk kachesh, ALAESIES6A Lh6E che dlseriiueiun of ks detalg
content of the anode collector throughout the apparent volume
plays a major role in the high power capability of alkaline
cells. A cylindrical zinc anode caﬁ be divided into three
imaginary zones as shown in FIG. 3, which figure shows a cross
section through a zinc anode. Zone "A" hﬁs a radius of 0.33x
(r= the radius of the zinc anode), zone "B" includes zone "A™
and has a radius of 0,67r, and zone "C" includes both zones "A"
and "B* and has a radius equal to r., Regardless of the actual
values of r and the height of the anode, zone A occupies about
11% of the anode volume, zone B about 45% of the ancde volume,

- and zone c'gbout 100% -of -the anode-volume..Nail-typa“collectors
reside wholly within zone A.- The collectors of the present
invention preferably'extend at least to the outer portion of

zone "BY" and, more preferably, extend beyond said outer

portion. It is believed that extending the metal of the
collector outwardly beyond zone "B" improves the collection of

electrons from the zinc in this region during discharge which in

turn allows greater power to be drawn from the cell.

Thé features and advantages of the present invention are

demonstrated in the following examples.




The features and advantages of the present invention are denonstrated in

the. fol'l owi ng exanpl es. 449 §334

-12:7 _11-88 15:83 . DU ARATI VE EXAMPLE A ( PRIOR ART) ThirtYe agae:s1e
two "AA" size zinc/manganese dioxide cells are built having a brass nal '
as the anode collector. The anode volunme in each call-is about 0.16
inf[err]. The nail occupi about 1.5% of the volune of-the anode cavi.ty.

A gelled zinc anode is used w thout any nmercury present but contains 50

aﬂacgias i nhi bi tor (RA500, GAF Corp.) and the zinc

ppm of a pikisghestiies B
particles m’nindi um The cells are divided into four
groups of 8] '

one group are each discharged at 3.9 ohns, the
cells of the second group are each discharged at 1 ohm the cells of the
third group are each discharged at 0.5 ohm and the cells of the fourth
group are each discharged at 0.25 ohm Wth a cut-off voltage of 0.9
volts the power obtained fromeach cell at thel2%.9 ohns discharge is about
0.5 watt, the power obtained from each cell at the 1 ohmdischarge is
about 1 watt, the power obtained fromeach at the 0. 5 ohmdischarge is

about 2 watts and the powdGOMRARAREVE BXAMBIE M (FRIOR ARThe 0.25 ohm

di scharge is about 4 watts. The average watt-hours obtained from each .

group of cells iThixttyvtwo MAA'Gsize | zinc/manganess dlioxideowells anes kydls

above. having a brass nail Ss the anode ccllector. The anode volume in
each cell‘is about 0.16 in3. The nail occupies about 1.5% of
the volume of the anodé cavity. A gelled zinc anode is used
without any mercury present bgt contains 50 ppm of a phosphate
ester gas inhibitor (RA600, GAF Corp.) and the zinc particles
contain 250 ppm indium.
- The cells are divided into four groups of 8. The cells of

one group are each discharged at 3.9 ohms, the cells of the

second group are each discharged at 1 ohm, the cells of the

third group are each diécharged'at 0.5 ohn and the cells of the
fourth grouﬁ are each discharged at 0.25 ohm. With a'cut-oif
voltage of 0.9 volts the power obtained from each cell at the

3.9 ohms discharge is about 0.5 waté, the power obtained from

each cell at the 1 ohm discharge is about 1 watt, the p6§§§7____m".
obtained from each at the 0.5 ohm discharge is about 2 vatts and
the power obtained from each cell at the 0.25 ohm discharge is

about 4 watts. The average watt-hours obtaihed from each group

of cells is shown in FIG. 4 plotted against the power drains

given above.




- 13- ”"'_ EXAMPLE 1 Thirty two "AA" size

zi nc/:irenganese dioxide4ﬁ§I%§4are built identical to those of the previous
.exanpl e except that_a A ode collector in accordance with the preseftsss4ssie /2
i nventtgn®f $8i%%d. ‘"EXtHh™Cel L. has an anode col | ector copprising a cylinder
of copper foam The foam h§i§zabout 20 pores per inch did.the cylinder is
about 0.25 inch in dianmeter “nd 1.6 inch long. Thus, the apparent vol une
i s about 50% of the anode volunme. The cylinder weighs about 0.25 granms and
has an actual volume which is about 1% of the anode volune. The ratio of
t he apparToiSheetHas BeentReplids® actual vol une is about 50. Electrical :
connectio _ cylinder is achieved by a nail which penetrates

t hrough th I land contacts the upper portion of the foam

The cel'l s are divided Tnto four groups of eight. These groups are

di scharged as described above.. The average watt-hours obtained from each
group is shown in FIG 4 plotted against thelddwer drain. At the 0.5 watt
drain the cells of the present invention deliver 1.1 tinmes the energy of
the prior art cells, at the 1 watt drain:they deliver 1.2 tinmes the
energy of the prior art cells; at the BXAMREE drain they deliver 2.3 timnes

t he ener of prior art cells d at. the 4 watt drai n the eliver 2
tines thgyener E;ghiftx)rtvm HApN ﬁ‘a%.inc/manganese dlokide cells are built

identical to those of the previous example except that an anode

collector in accordance with the present invention is used.
Each cell has an anode'colleétor'compriiing a cylinder of copper
foam. The foam has about 20 pores per inch and the cylinder is
about 0,25 inch in diameter and 1.6 inch long. Thus, the
apparent volume is about 50% of the anode volume., Th§ cylinder
weighs about 0.25 grams and has an actual volume which is about
13 of the anode volume. The ratio 6! the apparent volume to the
actual volume is about 50, Electrical connection to the foam
cylinder is achieved by a nail which penetrates through the cell
cover and céntqcts the upper portion of the foan.

The cells are divided into four groups of eight. These |

groups are discharged as described above. The average

——watt=hours obtained from each group is shown in FIG. 4 plotted h
ageinst the power drain. At the 0.5 watt drain the cells of the
present 1ﬁvention deliver 1.1 times the energy of the prior art
cells, at the 1 watt drain_they deliver 1.2 times the energy of
the prior art cells; at the 2 wvatt drain they deliver 2.3 times
the enefgy of prior art cells, and at the 4 watt drain they
deliver 2'timeg the energy of prior art cells.




COVPARATI VE EXAMPLE B '( PRI OR ART) Ei ghteen "D' size zi nc/ manganese
dioxide cells are built RN a brass nail as the anode collector. The
T

nai-l occupi es about 0.

zinc #mod®® &' 4ised AT apy nercury present but contajns 50 ppmof a

phosphat e

ester gas inhibit @Y RA600) and the zinc particles contain 250

ppm i ndi um— Fhe-—cells ake divided into three groups of six. The cells
of one group},hﬁrsgeeﬁﬁ% di scharged at 1 ohm the cells of the second group

are each disc
di scharged at
| oads i s abou

he power delivered by each cell under thesa

Eﬁh asthm and the cells of the third group are each
described in the previous two exanples. The

average watt-hours obtained to a 0.9 volt cut-off fromeach group of cells

i s shown
EXAMPLE 2
i denti cal

in FIG 5 plotted agai nst t-he power drain
Ei ghteen "D' size zinc/manganese dioxi'de. cells are built
to the previous exanpl e except that'd4an - anode collector in

accordance with the present invention is used. Each cell has. an anode

col | ector
cyl i nder.

conprising a pirece. of copper expanded netal- fornmed into .a.
The expanded netqomuf‘)fmfsxfmm B c(PRIQRARE) 1. 6 i nches wi de "

and 5.5 inches long with a thickness of 0.012 inch (Del ker_  Corp., #5Cu
7-125) giving arBighteenntDYosize aime/manganese dioxide:cellsaxe built.

The

having a brass nail as the anode collector. The nail occupies
about'o.si of the volume of the ano&e cavity. A gelled zinc_
anode is used without any mercury present but contains 50 ppm of
a phosphate ester gas inhibitor (RA600) and the zinc particles
contain 250 ppm indium.

The cells are divided into three groups of six. The cells
of one group are each discharged at 1 ohm, the cells of the
second gréup are each discharged at 0.5 ohm and the cells of the
“third gfoup are each discharged at 0.25 ohms. The power
delivered by each cell under these loads is about the sane as
described in the previous two examples. The average watt-hours

obtained to a 0.9 volt cut-off from each group of cells is shown

"in FIG. 5 piottad against the power drain.

EXAMPLE 2

| Eighteen "D" size zinc/manganese dioxide cells are built
identical to the previous example except that an ancde collector
in accordance with the present invention is used. _Each cell has
an anode collector comprising a piece of copper expanded metal
formed into a cylinder. The expahded metal used to form the
cylinder is 1.6 inches wide and 5.5 inches long with a
thickness of 0.012 inch (Delker Corp., #5Cu 7-125) giving an .

apparent volume ‘which is _"gbou_t 11% of the anodevolum =

FEE P LIV

the volume of the anode cavity. A gellLgfasoaq;s17/

JThe



expanded netal is Ioosely coiled into a cylindrical shape having a
di aneter of about O . ﬁfggﬁand a height of 1.6 |nches so that the

coll ector extends into ¢

act uals-voleame:6¢ eat’* ey nder i s about 1% of the voI ume_of the anode so
that [err] is about 11. A(cbpper tab is welded to ong end of each
cyllnder Attachnent to the*:cover is achieved by weldi"ng the other end of

the tab to a rivet—iocated in the center of the cell cover. The cells -
are divi dHﬂShEbmas roups of six. These groups are discharged as
descrlbed @Fage watt-hours obtained fromeach group i s shown
in FIG:. 5 st the power drain. At the 1 watt drain the cells

of the pres n deliver about 2 tines the energy of the prior

art cells; at the 2 mett drain they deliver over 3 tinmes the energy of
prior art cells, and at the 4 watt-drain they deliver over 10 tines the
energy of prior art cells. These exam¥#®s clearly denpnstrate the
hi gh power.capability of aIkaIine cells haV|ng anode collectors in

accordance with the Eresi i nvention, ébin |£ ordance with
Exanpl es 1 eXpandedq mekal ishlgpsedy,coile ?ﬂs! eyl a$r§¢ss|sh¢nﬁehaving
subjected to shock or vibration the aboxe exanpl es are for

mercury-fre@ @é@ﬂgt3§|ﬁflQP°FESQPFS¥QFE andatnheight ©fcl 6 inches sacthaty

n the anode. In_ fact te ectedly, cell
! the collectorqgiten 8 igto theyouter portfon of zone "“B" (see

FIG. 3). The actual volume of each cylinder is about 1% of the
volume of the anode so'that Vup,/Vaoe is asbout 11. A copper
tab i=s welded to one end of each cylinder. Aattachment to the

cover is achieved by welding the other end of the tab to a rivet
located in the center of the cell cover.

The cells are divided into three groups of six. These
groups are discharged as described above. The average
watt-hours obtained from each group is shown in FIG. 5 plotted
against the power dra;n. At the 1 watt drain the cells of the
present invention deliver about 2 times the energy of the prior
art cells; at the 2 watt drain they deliver over 3 times the

energy of prior art cells, and at the 4 watt drain they deliver

k er portion of zone " (see FIG 3). THe sgas;=18.:

- over 10 times the energy of prior art cells..

These examples clearly demonStrate the high power capability
of alkaline cells having anode collectors in accordance with the
present invention. Cells made in accordance with Examples 1 énd
2 do not exhibit any voltage instability problem when subjected
to shock or vibration. While the above examples are for
mercury-free cells, similar results are obtained when mercury is
1nc1gded in the anode. 1In fact, quite unexpectedly, cells mide'

in accordance with the present invention wighgu;ﬁqggduryfptosqntj




I n; accordance with the present invention w thout nmercury present

perfofm better than thﬂ neRgury is present. Mercury-free cells

preferably include gass Rg i'nhibitors. Wile the exanples included a<¢® 8934;#18/2
phosphatieeedted? and SPRiEtm P%Qer organi c and inorgani g~knhi bitors which

~are well known in the art caf:be used. Al kal ine ¢ells having an
anode col lector in accordance™ith the present invention deliver . -
significantTy nore energy—ats hi gh power drains without increasing the

anount of . @G $né& HIPB&RE RSy The inproved high power capability allows
cell s made )¢ With the present invention to be used for

poweri ng c%u'!ﬂgm@wﬁ Enes, | ap top conputers, canctorders, and ot her
devi ces whi ould not use prinmary al kaline cells. It is
to be understood that the above exanples are for il lustrati.ve purposes

only. Variations to the specific enbodi menfggdescribed in the exanples
can be nmade and remain . within the scope of the i'nvention as clai ned.

perform better than when mercury 15 present. Mercury~free celis
preferably include gassing inhibitors., While'the examples
included a phosphate ester and indium, other organic and
inorganic inhibitors which are well known in the art can be

used.

Alkaline cells having an anode collector in accordance with
the present inQention deliver significantly more energy at high
power drains without increasing the amount of active mat;riala.
The improved high power capability allows cells made .in
accordance with the present invention to be used for powering
cellular telephones, lap top computers, camcorders, and other

" devices which previously couid not use primary alkaline cells.

It is to be understood that the above examples are for

illustrative purposes only. Variations to the specific —
embodiments described in the examples can be made and remain

‘within the scope of the invention as claimed.




Wiat is clainmed is: ~ A primary al kaline cell Conprising a casing, a
nercury-free anode co4 ﬁﬁgﬂg di screte zinc particles contained within a
-cavity inside said casi d an anode coll ector conprising a forafenedsa;szo 2"

met ale-11-882)8:83 A ppRUFAFELLal kal i ne cel | conprising a cagiqlg an annul arly
shaped cat hode structure c mbr|5|ng manganese di oxi'de (n el ectri cal
contact with the inner casimy wall; a separator |ining the annul ar cavity

of t conprising discrete zinc parti.cles contained

Wi t hi hs@ﬁm§ﬁ£ﬁi tﬁaﬂ“xdned cavity; an al kaline electrolyte perneatlng sai d
cat hodé nd anode; and an anode current collector conprising

a foran‘“l mﬂ

al ong s

rein said collector provides electrical continuity
the entire axial portion of the cavity which
contains the anode froma | ocus near- the center of the cavity to a |ocus

near the periphery of the cavity. 3) A pri ry al kal i ne cel | conpr|5|ng
a casing, an annularly shaped cathode structtfie conprising manganese
dioxide in electrical contact wth the inner casing wall; a separator

l'ining thewﬁgguigrcigxkg&_gggthe cat hode; an anode'conprising

1) A primary alkaline cell comprising a casing, a mercury-free
anode comprising discrete zinc particles contained within a
cavity inside sald casing, and an anode collector comprising a

foraminous metal.

| 2) A primary alkaline cell comprising a casing, an annularly
shaped cathode structure comprising manganese dioxide in
electrical contact with the inner casing wall; a separator
lining the annular cavity of the cathode; an anode comprising

~ discrete zinc particles contained within the separator lined '
cavity; an alkaline electrolyte permeating said cathcde,
separator, ane anode; and an anode current collector coﬁpriﬂing

a foraminous metal wherein said collector provides electrical

continuity along substantially the entire uxial portion of the

cavity which contains the anode from a locus near the center of

the cavity to a locus near the periphery of the cavity.

3) A primary alkaline cell comprising a casing, an annularly
shaped "cathode structure comprising manganese dioxide in
electrical contact with the inner casing wall; a separator

lining the annular cavity of the cathode; an anode comprising

AR




di screte zinc:particles-contaiined within the separator lined cavity; and
“an_al kal i ne el ectrol yte perneating said cathode, separator and anode; and

an anode col | ector conpﬂﬂ%ﬁﬂ a foram nous netal of a size and shape which
fits wi-ubigs thes aneomaceui d shape having an apparent vol ume of at | ef#f 6834i#21/
50% of the anode volume. A)- The primary al kaline cel l¥-of claim3 wherein
said anode is substantially-free fromnercury. 5) THe ‘pri mary al kal-i ne

cell of claim3 wherein said collector extends along a substantial |ength

of said cavf???‘“‘~6}~‘1hexgginary al kaline cell of claim5 wherein the

anode is -§hhSmﬁﬂhL§L| free frommercury. 7) A primary al kaline cel
conpri sing # s B edul arly shaped cathode structure conpri sing
manganese dif M”M I ﬁt rical contact with the inner -casing wall; a
separator I ' | ar cavity -of the cathode; an anode conpri sing

di screte zinc particles contained within the separator lined -cavity, and
an al kaline electrolyte perneating said cathed8= 'separator, and anode; and
"a foram nous netal anode current
discrete zinc particles contained within the separator lined
cavity; and an alkaline electrolyte permeating said cathode,
separator and ancde; and an anode collector comprising a

foraminous metal of a size and shape which fits within the
anode, said shape having an apparent volume of at least 50% of

the anode volume.

4) The primary alkaline cell of claim 3 wherein said anode is

substantially free from mercury.

5) The primary alkaline cell of claim 3 wherein said collector
extends along a substantial length of said cavity.

6) The primary alkaline cell of claim 5 wherein the anode is

substantially free from mercury.

7) A p?imary alkaline cell comprising a casing, an annularly
shaped cathode structure comprising manganese dioxide in
electriéal contact with the inner casing wall; a separator
lining the annular cav1t§ of the cathode; an anode compriﬁing
discrgté zinc particles contained within the separator lined .

cavity; and an alkaline electrolyte permeating said cathode,

separator, and ancde; and a foraminous metal anode current

* C LM os ox




-19-  col | ector "having: a ‘geonetric shape with an apparent vol ume, “[err]

and -ah actual volune of the netal in the network, [err] such that the

ratio of [err] is at 4B43345. 8) The cell of claim 7 wherein the
clrrept,,ced hecdsor hasmawerL actual Vol ume of |ess than about 5% of th&*%% §B%i#22/2
vol ume of the anode. 9)7"Me cell of claim7 wherein~the current

col | eetor—s—ina—+the—Fform of . a cylinder having a |l ength- corresponding to a

maj or {i f th afial | ength of the cavity and an apparent vol une
of at | o ¥*Vol une of the anode. 10) The cell of claim?7
wherein “ ﬂ netal is selected from *~ the group consisting of
foam f netal, woven netal,- and knitted netal nesh. 11)

The cell of - claim 10 wherein at |east the surface of the current
collector is nade from copper, silicon bronze, brass, tin, indium |ead,
and al |l oys of these. 12) The cell of claim7 wherein the ratio of [err]
is at |east 20. : =19~ '

collector having.a'geometric shape with an apparent volume,
, and an actual volume of the metal in the network,

Vapp
Vact: suc? that the ratio of Vapp/Vact is at least 5.

8) The cell of claim 7 wherein the current collector has an

actual volume of less than about 5% of the total volume of the

anode.

'9) The cell of claim 7 wherein the current collector is in the

form of a cylinder having a length corresponding to a major
portion of the axial length of the cavity and an apparent volune

of at least 50% of the volume of the anode.

10) The cell of claim 7 wherein the foraminous metal is

. ———— ———

selected from the group consisting'qf foam, felt, expanded

metal, woven metal, and knitted metal mesh.
11) The cell of claim 10 wherein at least the surface of the
current col;ector is made from copper, silicon bronze} brass,

tin, indium, 1lead, and alloys of these;

12) The cell of claim 7 wherein the ratio of Vapp/Vact i at

RO TR O 1 1

least 20,




- 20- 13) - A high power. primary al kaline cell conprising a casing, an
annul-&rly shaped cat hod &‘g#ct ure conprising manganese dioxide in
el‘ectrical contact with 4[9h

annul ar1ca®iwysdf t @ Hode; a mercury-free anode conprising zinc powder
contai ned within the separatf X lined cavity; and an alf&aline electrol yte
perneating said cat hode, ségarator and anode; and an ahode col |l ector -
conprising a porous netal structure, wherein the ratio of the apparent
volume, [err] of the structure to the actual volume, [err] of the
structure1mssa&tmaaméu5mmmd 14) The cell of claim 13 wherein the porous

nmet al |s se he group consisting of foam felt, expanded netal,
woven nmetal, nesh. 15) The cell of <claim 13 wherein

t he collector 'S e am 16) The cell of:claim 15 wherein the foam
is a material selected fromthe group consi stlng of copper, copper
containing alloys, indium tin, lead, and al*3ys of these. 17) The
cell of claim 13 wherein the collector has an. appar ent

13) -A high power primary alkaline cell comprising a casing; an
annularly shaped cathode structure comprising manganese dioxide
in electrical contact with the inner casing wall; a separator
lining the annular caQity of the cathode; a mercury-free anode
comprising zinc powder contained within the separatof lined
cavity; and an alkaline electrolyte permeating said cathode,
separator and anode; and an anode cbllector comprising a porous .
metal structure, wherein the ratio of the apparent volume,
Vapps ©Of the structure to tﬁe actual volume, Vuoi, Of the

structure is at least 5.

14) The cell of claim 13 wherein the porous metal is selected
from the group consisting of foam, felt, expanded metal, woven

metal, and knitted_metal mesh.

15) The cell of claim 13 wherein the collector is metal foan.

16) The cell of claim 15 wherein the foam is a material
selected from the group consisting of copper, copper containing

alloys, indium, tin, lead, and alloys of these.

_________121__253_53;1 of claim 13 wherein the collector has an apparent

LTI T — -

nner casing wall; a separator |ining thQs esss;#23:



volune of.-at l-east  50%of- the anode 'vol une and a length corresponding to a

maj or.*portion of the axial |length of the cavity. 18) The cell of claim

13 wherein the actual v#9usBdof the collector is |less than about 5% of the 42a:
anode4y9L@gaj s3 19)pulkesrcel’l of clairm 17 wherein the collector is 448 B934
cylindrically shaped. 2@)«~The cell of claim 19 wher€'n the ratio of

[err] is at |east 20. 2 ﬁﬁ’A nmet hod for i nproving the high rate

capability of an e cell having an anode conprising zinc particles
and a nous met al anode current collector conprising elimnating
nercury fgéﬁg

T ‘\Wﬂ
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volume of at least 50% of the anode volums and a length
corresponding to a major portion of the axial length of the
cavity.

18) The cell of claim 13 wherein the actual volume of the

collector is less than about 5% of the anode volune.

19) The cell of claim 17 wherein the collector is cylindrically
shaped. |

20) The cell of claim 19'wherein the :atio of Vhpp/vict is
at least 20.

21) A method for 1mpf0ving the high rate capability of an

alkaline cell having an anode comprising zinc particles and a

P e —————t 44 i e ™

foraminous metal anode current collector comprising eliminating

mercury from the anode.,
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