
.. ~ 

- l -

This Sheet Has Been Repla d 

I /llllllf llll llll/ll llf 

The invention relates to an atr assisted 

alk~line cell having an anode enclosed within a 

cylindEical shaped separator that is su~stantiall7 
permeable to hydrogen and substantially nonpermeable 
to the electxolyte in the anode. Preferably a .... 
coa~ing of a gel is 4isposed on the top ezposed area 

~-· 

of the anode encased by the sepirator so as to retain 
the electrolyte ~ithin the ~onfines of the separator 
while permittin9 any hydrogen generated by tha anode 
to eaoape such confines. ., 

Alkaline cells are well known in the a~t and 
genoi-ell:r emplor • zinc anode, manganese dioxide as 

t~e cathode with an aqueou~ solution of potassium 
hydrczida fot the eleotrolyte. These cells are 
readily available .commercially far industrial and 
bome applications. R•cently a new type ot alkaline 
cell was disclosed ·b7 Cegasa International, a Spanish 
company. Tbis cell, ~•ferred to 11 an air-assisted 
cell, employs ainc •• the anode and 111an9aaese di-oxide 
as the cathode with an aqueous BQlUtion of potassium 
hydrOzide as the electrolyte. This cell is designec 
so that the posi~ive electrode containing the 
manganese diozide (Mn02) is supporteO about its 

periphery and along its full length in the cell by a 
perforated ribbed air distributicn grid. The. bottom 
ar negative end of the cell has an insulating support 

which allows air to enter the cell and pass up along 
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the outside of the supported positive electrode. 
When the cell ia initially p~t into a cire~lt, the 
eleetrachemical reaction depends primarily upon the · 
presence of the manganese dioxide cathode. ·As the 
reaction progresses, and the •an9anese dioside 
cetbode i& electrochemically reducea, eir within the 
cell r~oxi4i~es and recharges the manganese Giozide. 
Thus an air-assisted cell is designed to use ~zygen 
in the ait to •recharge- manganese 4iozide in the 
cathode. This "rechar;ing~ of the man9anese dioxide 
means that the f ized quantity of manvanese diozide in 
the cathode .can be dischar9eO an~ then recha~geQ 
numerous tiMes. ln contrast. the g•thoae•s ampere 
hour output in a standard alkaline battery is limited 
by the quantity of manganese diozide 1nccirporate4 in 
the cell when the cell is manufactured. Therefore, 
based upon the cathode's ampere hour input, the 
mazim~m service obtaiftable from an air-assisted 
alkaline battery is greater than the mazimum service 
wbicb can be ob~ained from a comp•~•bl7 sized 
standard alkaline battery. The need to 9et ozygen to 
the mingenese diozid• in an air-assisted alkaline 
cell means that a portion of the batte~y, such as the 
seal, must be designed to allow ozy9en to.flow 
th~ough and di~ectly contact the cathode. contrary 
to this, the seal in regular alkaline cells is 
designed to be air tight. 

Sta"dard alkaline batterie$ and air-•s~isted 
•lkaline batteries have t[aditionally been made with 
mercury in the anode. Mercury helpea tc prevent 
gassing by raising the hydrogen overvolta;e. Due to 
coneerns about the environment. ~atte~y manufacturer~ 
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are designing alkaline batteries with little or no 
mei-cury. ln the hermetically s~aled al.kaline 

batteries, gassing can be contained because the cell 
is sealed. Howeve~. the Nopen• design of 
air-assisted alkaline ~ells preYents containment cf 
gas within the eell- As the pereentage of mercury in 
the cell has oeen ~educed, problems with leakage and 
decreased shelf 11fe have become apparent. The 
reduction or elimination of mercury has led to 
service and shelf problems because gassing in the 
anode compartment has forced electrolyte to flow 'rom 
the anode compartment into the catbode compartment. 
As electrolyte moves from the anode into the cathooe, 
ionic conductivity in the anode decreases and the 
cell cannot discharge effioiently. At the same time, 
pores in the cathode become f looCed thereby 
preventing oaygen from contacting and recharging .the 
man9anese diozide. A severe drop ift the cell"s 
service is the net result·. It the anode com.-artment 
continues to gas and 4ri•e eleotrolyte from the anode 
anO into the cathoae, then the electrDlYte may 
eventually be driven through the seal and out of the 
air ac~ess opening in the cover. 

?t is an object of the present invention to 
provide an air-assisted cell with improved leakage 
characte~istics while maintaining good service and 
shelf performance. 

It is a~other object of the invention to 
provide means for releasing hydrogen from an air­
~ssisted cell prior to unacceptable pTessuxe buildup 
~ithin the cell and means to retain the anode·s 
electrolyte within the confines of a separator 
encasing the anode. 
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It is another ob~ect of the present 
inv•ntion to p:ovi4e an air-assisted cell, having 
r:educecs or no mercury in the anode, with good service 
and ahelf performance ana which is easy to make and 
coat effective to pro~uce. 

The above and further objects will become 
apparent upon conai4eration of the following 
description and dr1wings thereof . 

. The invention ielates tc an air-assisted 
cell comprisin; an anode, a cathode and an 
electrolyte assemblea. within a conductive container 

·closed by and electrically insulated from a cover 
having at least one.opening and said cover associated 
with a !ilm. being porous to permit air from the 
opening in the cover to pass through into the cell 
and prevent electrolyte from passing out throu;h the 
at least one opening in the cover during normal 
storage and opetating conditions; said cathode 
dispose~ within and electrically connected to the 
con~ainer and defining an openinQ in said cathode; a 
separator member disposed within said opening of and 
contacting said cathode and. detinin9 an opening in 
said separator: said anode disposed within said 
opening in the sepaiator with the separator extending 
above the anode and wherein said separator is 
permeable lo hydrogen and substantially nonpermeable 
to the electrolyte such that when the separator is 
pleced within e 2.76 inch inside diameLer tube to a 
thickness of 0.004S inch fillin; the cress-section of 
t~he tube,· 50 cubic centimetors ot a J7-% potassium 
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hydroxide solution placed on one side.of the 
separator will take mo~e than 5 minutes, preferably 
more than 8 minutea, to pass throu;h the separator 
when • vacuum of 750 mm Hg is applied to the other 
side of the separator. 

The test requirement will insure that only 
materials having the characteristics required to pass 
the test will be suitable for use in the subject 
inventio~ to encase the anoOe of the cell. The 
separator material myst el~o allow fo~ sufficient 
ionic conouetivity between the anode and cathode and 
therefore it must be sl1gbtly permeable to the 

electroly~e. The separator has to be permeeble to 
hydrogen which can be generated within the anode of 
the cell. The separator should be able to pas• air 
at 1 rate of at least ~.5 cubic centimeters per s 
1econds through a O.l aqua•• inch area of the 
separator at ·a pressure of 2.s inches of water over 
said o .1 squu:e ineh area of the separator. This air 
test can be done on a convention•l test apparetus 
known in the art as a ~Gurley Densometer·. Thus, the 
separator must be permeable to hydrogen and 
substantially nonpermeable to the electrolyte in the 
anode. suitable separatot materials are cellophane. 
nylon. rayon, polyvinyl alcohol (PVA) and cellul·ose. 
Specific brands of suitable cellophane are BCL 
Cellophane which is a trade name for cellophane by 
Courtaulds Films of Somerset. England and Acropor 
which is a trade name for cellophane by Gelman 
Sciences of Ann Arbor. Michigan. U.S.A. The 
separator material could be a sin;le layer or 
eomposed of two or moie layers depending on the 

ii1ii1iiOf 
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ccnst~u~tion and components of tbe cell. In most 
applications, the thickness of the separator could be 
from about 0.003 to about 0.010 inch thick~ 
preferably from about 0.004 to about o.ooe inch thick. 

A pref erred method of determining whether a 
separ•to~ material has the characteristics required 
of the aepacator of this invention is a hencb top 
test designated as the Buchner Punnel Test. 
Specifically, the separator of this invention must 
haYe the ability to substantiall7 resist the passage 
of electrolyte while allowing for sufficient ionic 
conductivity between the anode and the cathode. A 
suitable test would use a conventional Buchner funnel 
with a 2.76 inch inside diameter for the tube portion 
of the funnel lo determine the period of ;f:ime 
required to pass 50 cu~ic centimeters of a l?\ KOH 
solution through a ·sample of the separator meterial. 
A vacuum of approximately 750 mm Hg is applied to the 

separator on one side of tbe funnel while the 37~ KOH 
solution is contained in the· other side of the 
funnel. rhe t1me to force the solution through the 
separator can then be observed. For a sample of a 
0. 0045 inch th·ick separator of this in\rention, the 
time wo~ld have to be more than s minutes. and 
preferably more than 8 minutes for it to h•ve the 
characteristics required for this invention. 

Pteferably, a 9el material could be placed 
on the top e~posed area cf ·the anode so that in 
cooperation with the sepatator. tae anode would be 
completely encasea. The gel material could be 
applied by any conventional method and form a top 
coat for the anooe. A primary function of the gel 

This Sheet Has Been Replaced 
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top coat is substantially to prevent the ozygen that . . 
enters the cell from contacting the anoae. The gel. 
top coat should preferably be nonperineable ~o the 
anode"s electrolyte an4 at least sli9btly pe~meable 
to by4ro9en so that hydrogen coul4 pass through the 
top ~oat and fill any volume that may e~ist between 
~he ce~l 1 s cover and the gel top coat where it can 

then proceed to ezit tbrou9b the opening in the 
cover. suitable gel materials would be French potato 
starch, grain starch, polymethacrylic acid, 
polyacrylic acia and salts ot pol7ac~ylic acid. 
Potato sta~eh is a preferable material fo~ the top 
coat since it has cohesiveness that enables it to 
remain in place regar~less of the cell's orientation 

' and it tends to flow to fill any opening tbat occurs 
when a conventional collector is pushed tbrou9h the 
top coat into the anode miz. Thus the gel top coat 
cooperates with the separator to form a barrier 
against ozygen ingress into the anode by complet~ly· 
covering the top ezposed erea of the anode. The gel 
should also contact the inside surf ace of the 
separator above the anode. 

In air-assistea alkaline cells with reduced 
meroury in the anode, preferably reduced to J\ or 
less by weight o! the zinc and more pref arably 
completely removed so that no mercury is added to the 
anode, a surfactant could be ad4ed to the anode to 
facilitate the dispersement of hyarogen from the 
anoOe miz. The surf eclant should be added in an 
effective amounl so that it will decrease the sur!ace 
tension of the anode•s electrolyte so that hydrogen 
gas generated et ~he collector and/or surface of the 
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zinc is able to move Lo the anode/separator interface 
and/or the 1node/9el top coat interface prior to an 
unacceptable buildup of pressure in the anode 
compartment defined by the separator and 9el top 
coat. Thus when the hydrogen' is diaperse4 t.o the 

surfaee of the anode miz, it will permeate throu9h 
the separator and/or gel top coat thereby preventing 
pressure buildup within the cell. The hydrogen 
eziting the anode compartment ean then proceed to 
ezit through the opening in the cover. Suitable 
surfactant materials for use in thi& invention 
include polyethylene glycol anCI its derivatives. 
Proferably a surfactant sold under the tra~e name 
Triton x-100 by Union Carbide Corporation could be 
used in most cell epplieutions. Triton x-100 is a 
l,l,3,3-tetramethylbutylphenozypolyethylene glycol 
having the following fo~mula: 

CH3 CH3 
I 1 . 

CH3--C--CH2--C•-C6ij4--0--(CH2CH20)10--H 
I · I 
CH3 CH3 

Preferably an amount o! the surfactant to be ad~ed 
could be from 50 to 10*000 parts per million (ppm) 

ba~ed on the weight o! the zinc, and most prefe~able 

from 300 to 700 ppm. Optionally, one or more organic 
corrosion inhibitors and/or one or more inorganic 
corrosion inhibitors can be added to the anode. 

-Prefetably B co~er seal assembly of the type 
Oisc~osed in U.S. Patent Application Serial No. 
'l84,JJ? filed on October 29, 1991 can be used with 
this invention. Specifically the cover seal assembly 
comprises an organic polymeric seal member having a 
base with at l~ast one open1n9 and top and bottom 
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films having substantially the same melting 
temperature with an inner layer thetebetween, then by 

welding one or more selected areas, an integral bond 
can be formed through an 1nner layer of film which 
has a hi9ber meltino temperatu~e. In other words, at 
the selected arees the beat from the welding will 
melt the top an4 bottom films which will then 
p~rmeate the inner layer of film so that upon cooling 
en integral bond will form through the inner layeE. 
The top aod bottom films aie preferably polyp~opylene 
films while the inner film is preferably a 
polytetraf l~oroethylene film. It is preferred that 
the·top an~ bottom plastic films be m1de of the same 
material so that upon being heated, such as by. 
ultrasonic welOingw the films will have the same 
melting t.emperature so that at selected areas of the 
weld, the films will melt and then solidify forming 
an inte;t'al bond through the innei- ~ilms. It .is also 
preferred to have the melting temper~tures of the top 
and bottom films lower than the melting temperature 
of the inner film so as to prevent th@ inner film 
Erom melting during the heat bonding step. A 
suitable top or bottom film can be obtained 
commercially from Hoechst Celanese Corp., of 
Somerville, N.J. under its trademark Celgard 4400. 
This film is a polypropylene film that is made by 

heat bonding a three mils thick open mesh of 
polypro~ylene to a solid one mil thick layer of 
polyp•opylene. The open mesh provides structural 
&trength to the film while the one mil thick layer is 
available for bonding to another polypropylene 
su~fac:e. 
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The inner film has to be porous to e1r and 
pref~rably constructed with a series of 
intarcon~ected grevices and/or small pores that will 
enable a f lowable material, such as •elted 
polyp1:_opylene, to preferably traverse from one side 
to the other side of the film. The size of the 
crevices and/or pores can be controlled to inhibit· 
the flow of selectea ;ases and/or liquids. The 
pre£erred inner film is polytetrafluoroeth~lene. In 
the preferred embodiment, the inner film will have a 
higher melting temperature than the top and bottom 
films so that during the heat bonding of the 
multilayer film, the inner film will not melt causin9 
the pores to collapse ano thereby prevent the flow ol 
the melted tap and bottom films to the interior of 
the inner film so as to prevent an integral bond from 
being formed between the top and bottom films. An 
integral bond is one that is obtained between t f lo~ 

of the melted top anc1 bottom film together and then 
solidifying the films .in a selected area into a solid 
unit. 

The thicknesses of the top and bottom films 
can var7 depending upon the particular siie anO cell 
system used. For most applications, the thicknesses 
ot_ the top and bottom films can be from o.s mil to 6 
mils thick, and most preferably from 1 mil to 4 mils 
thick. The inner film can he one or more layers with 
each layer being from l mil to 10 mils thick, most 
preferably from 3 mils to S mils thick. 

A preferred embodiment of the seal assembly 
would compris111 a polysneric seal member having a base, 
a central openinq defined by a centrally upstanding 
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wall, a peripheral up~tanding skirt and having at 

least one opening in the base to permit air to flow 

into the cell. The multilayer plastic film could be 

designed with an openin; at its cente~ to accommodate 

the centrally upstan~in9 wall so that it could be 

disposed onto the base member between the centrally 
upstanding wall and the peripheral skirt. The 

m~ltileyer film area n•ar the peripheral upstanding 
skitt and the multilayer film area near the centrally 

upstanaing wall could be heat bo~ded using 
eonYentionel techniques such as ultrasonic weldin9. 
Sy bondin9 these areas, • secured multilayer film 

seal member is formed. A neutral cover having at 
least one opening could ~e placed o~er the multilayer 

film and then an external cover with a~ least one 

openin9 coulQ be placed over the neutr1l eovet and 

secured to the container of the cell through the use 

of the peripheral skirt of the seal member. 

The invention may be further described by reference 
to the accompanying drawings, in which: 

Figure l is a cross sectlonal view of an 

inverted air-assiste~ alkaline cell of the present 
invention. 

Figure 2 ia an exploded view of the 

subassembly used in assembling the cell of Figure l. 

Referring to Figure l, the air-assisted 
alkaline cell 2 i& assembled in a convention•l 
conductive steel container 4 which also forms an 
external terminal for the cell. The cathode 6 tor cell 2 
is a mixture of poroQs manganese dioxide and a conductc~ 

such as acetylene black or gr.aphito. A good source of 
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highly porou• man9anese diozide is so-cal;ed 
chemically synthesized manganese dioxide or CMD. CMD 
is usuall~ marketed with • porosity of 25\ to 35\. 
However, CMD can be prepared in the form of ve~y 
porous spheres having a porosity of approzimately 
60,. The porous aphe~es have a substantial amount of 
surfece available fot reaction with oxygen in an 
air-assisted cell. To increase the total energy 
capacity of an air-assisted cell in an ai~-free 
environm•nt. substantially sclid Mno2 mu&t be 
available for the cell reaction. A good source of 
substantially solid Mn02 is electrolytically 
deposi~ed Mno2 or EMD. EMD can be obtained in the 
for~ of dense P•rticles after the electrolytic~lly 
deposited material is stripped from the elect~odes~ 
crushed and screened. BMD has a porosity of 
approxima~ely 10\-16\ and therefoxe is B 

substantially solid material. As the ratio of EMO to 
CMD increases, the cell"s air-tree capacity also 
increases. The amount of CMD and EMD used in the 
cathode of the cel2 Oepends on the desired p1ramete~s 
of the cell with. for ezample, more o~ less CMP being 
used per cathode depending on the energy capacity 
de~ired in the presence of air~ For a good cell 
capacity in an air-free environment and good 
rechargeability in an environment containing air, a 
mizture of 1:5, \.bat is, one part by weight of CMD to 
five parts by weight of ~MD is preferrea. 

After the cathode 6 is formed in the 
container 4 a sepaxator 8 i5 added to physically 
isolate the anode material 10 from the cathode 6 and 
the container 4 while still permitting ion transport 
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between the electrodes. The separator 8 c~uld be 

made of two strips of separator material arrangad 
perpendicular to one another anc inserted into the 
cathode's tubular shape 6 forming a separator basket 
with a central opening. The anode miz lD is then 
added to the separator lined cavity of the cell. The 
anode mi~ 10 comprises a mixture of zinc powder, a 
surfactant sucb as Triton. x-100 manufact~r•d by Union 

carbide corp., a gel forming binder and a liquid electrolyte 
used in tne cell. The preferrea binder is Carbopol 
940 which is a carbozy polymethylene polymer 
available from the B. F. Goodrich Company, of 
Cleveland, Ohio. The preferred electrolyte is an 
aqueous solution c! ~otassium nyOioxide. i 

In an air-a~sisted cull 2, the Oischarged 
active cathode 6, tnat is the manganese dioziae, 
undargoes a rea~tion with the air in the cell and 
with air ~hich can enteI the cell, to become 
rech•r;ed thereby reoxicizing the reduced manganese 
oxide to manganese dio&ide. ln the dlscharge of the 
alkaline cell, the manganese dioxide is reduced to a 
lower oxidation state. 1'.he ozygen in the •i r will 
spontaneously restore or re9enerate the higher 
oxidation state over e perigd of time. If the cell 
is subjected to brief periods of high rate disghar9e, 
then the cell must be rested for substantial periods 
of time between each discharge to enable the air to 
completely recharqe the Mno2 . However, if the cell 
is continuously di5Charqed at a rate which is less 
than the ret~ st ~hich the Mno2 is recharged by the 
incomin; air. then the air recharges the Mno2 ss 

quickly as it Ss dis~h~rged. In other words, 

.. 
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Eegardle&& of the rate at which the cell is 
diseharged, it tbe cell is drained a~ a low rate or 

ia rested for a suffieient perio4 of time, then the 
eatbode·s ability to be recharged is limited only by 

its eccess to air. Tb• cathoCe meterial is 
regeneEeted without involving the zinc anode 
me~erialp The zinc is asidi1ed during the diseharge 
but it cannot be regenerate4 during a rest period. 
In view of this, less cathode material needs to be 
added to an air-assistea alkaline cell and, in turn, 
the volume of zinc can be increased 1n the cell to 
increase the o•erall capacity of the cell. Returning 
again to a discussion of Fig. l, the alkaline 
electrolyte solution is approzimately a 34% to 40% by 

weight solution of potas~ium hydrozide in watet and 
is contained in the anode mix lo. A 9el top coat 11 
is deposited on top of anode LO and up along tbe 
inner wall 13 o~ separator 8 by any conventional 

manner. An open a~ea 15 is left in the cell to 
pro~ide room for expansion cf the anode miz 10. A 
subassembly 12 as shown in Fig. 2 is used to close 
eell 2 as shown in Fig. 1. The subassembly 12 
consists of an anode current collector nail 14 made 
from an electEonically conducting metal. A seal 
member 16 is made of an organic polymeric material 
which is compatible with the components of cell 2 

with the pre!erred material being polypropylene. The 
seal member 16 has a sub:stant·ially flat l)Ottom 
portion 18 surrounding an upstanding inner ~all 20. 

A plurality of circumferentially spaced 
spokes 22 extend f ram the periphery of the bottom 
portion 18 out to and below a peripheral upstanding 

i11iii1iUf 
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well 24 extending upwardly away trom bottom portion 
18. The spaces 26 between the spokes 22 pEovide a 
passage fox air to pass throu9h the seal membe~ 16. 

A mult:ilaye~ film 32 fit• within the area of 
the seal member 16 bounded ~Y the peripheral wall 24 
and inner wall 20. The multilayer film is made of 
two layers of polytetraf luoroethylene 28 sanawicbea 
between two layers of an or9anic polyme•ic material 
such as polypropylene 30. The multilayer film l2 is 
ultramonically welded at peripheral area 34 and inner 
area 36 producing a sealed multilayer assembly. If 
Oesired, the top layer·30 could have spaced apart 
opening& to permit the inner film 28 to expand with 
minimum resistance or restriction. The multilaye~ 

film 32 can be fastene~ to the bottom 18 and the 
spokes 22 by welding, if desired. A fatty polyamide 
adhesive, such as the type disclo~ed 1n u.s. Patent 
3,922.178 can be used to backup the weld an~ to 
prevent electrolyte creep bet~een the polypropylene 
seal 1Ei and the porous 1nultilayer f1lm 32. Two beads 
of the •4besi•e can be used. one beaa is placed 
around tbe periphery of the bottom 18 where it joins 
~he inside of peripheral wall 24 and tbe second bead 
oan be placed on the bottom 18 where it joins the 
inner upstan~ing w.all 20. To further ensure that the 
porous multilsyer f·ilrn 32 st.ays in position, 

concentric raised ridges 38 can be [ormed on the 
bottom 18 of the seal 16. The multilayer film 32 
will then be secureo between ridges 38 on the bottom 
18 and the neutral cove~ 40. The v•nted neutral 
cover 40 is made of st~inless steel and bas a pair of 
spaced apertures 42 therein to allow tbe passage of 

lliiiiUf 
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ai~ into the cell. The Yented neutxal cove~ 40 will 

fit within the area of the seal member 16 bounded by 

the peripheral wall 24. A conductive cu~rent 

collector nail 14, pre!etabl7 ma4e of indium coated 

brass and having a thinned portion 44 which e1n be 

~nserte~ into and t~rou9h subassembly 12 to maintain 
the parts together. The dimensions of the several 

co~ponents of the subassembly 12 and of the over811 
cell can be varied to meet particular size 

requirements fo~ the type of cell being assembled. 

The subassembly 12 is inse~ted into the 

bottom of the invexted cell e.s shoNn in Fig. 1. The 

peripheral wall 24 ot the seal membex 16 insulates 
~he neutral co~er 40 from electrical contact with the 

container 4. To complete assembly of the cell, a 

'bottom cover 46 is placed into the steel cont•iner 4 

and is Blso insulated from contact with the 

container 4 by the peripheral wall 24 of seal member 

16. The bottom cover 46 makes elee~rical contact 

with the nail 14, or other suitable electrically 

conductive means, enabling the bottom cover 46 to 

become the second external terminal for cell 2. The 

edge of the steel container 4, and of the su~assemllly 

12, are then rolled to hold t~e upturned portion 48 

ot the bottom cover 46 locked in position on the 

bottom of the cell 2. A gap so surrounos the ~ottom 

cover 46, separating it from contact with the 

containe~ 4. The bottom cover 46 contains one or 

more apertures 52, one of whicb is shown in Fi9. l. 

wbieh proviOe a passage for air to enter into the 

bottom o! the cell 2. The ~ir can pa5s through the 

subassembly 12 and contact the top portion of the 
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cathode G thro~gb the eir pn&sage 54, The top cover 

56 can be fastened to the container by welds 58 after 

the ~athode is ramme4 1nto pla~e. It can be &0Ge4 

before or after this step as it is merely attached to 

tha container 4. 

ln the preferred embooiment of this 

invention ~he zine-conteini~g ano~e would contain 

less than 0.1 weight percent mercury along with a 

surfactant of about 300 to 10,000 ppm Triton x-100 as 

based on the weight of the zinc. The separator would 

be a :SCL Cellophane separator along with a 'French 

potato starch as the gel top coat fox the anode. 

Preferably no mercury would be added to the anode. 
Thou~h the invention has been described with 

respect ~o preferrea embodiments thereof, many 
variations and modifications will become apparent to 

those skilled in the art. Jt is therefore the 

intention that the appended claims be interpreted as 

broadly as possible in view o~ the prior art to 
incl~de all such Yariations ana modifications. 

B Replaced 
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M&C FOLIO: 799P67822 WANGDOC: 0390W 

CLAIMS: 

1. An air assisted alkaline cell containing a reduced 

amount of mercury and including, arranged in a 

container, an anode, a cathode and a separator, in which 
the separator is so configured as to prevent physical 

contact between the anode and the container and between 

the anode and the cathode, characterised in that the 
separator is permeable to hydrogen and substantially 

impermeable to electrolyte. 

2. A cell according to Claim 1, in which the material 

of the separator is so chosen that, when a separator of 

0.0045 inches [0.01143 cm] thickness is placed along a 

diameter of a tube of 2. 76 inches [7.0104 cm] diameter, 

50 cm3 of a 37% potassium hydroxide solution placed on 
one side of the separator will take more than 5 minutes 

to pass through the separator when a vacuum of 750 mm Hg 

is applied to that portion of the tube not containing 

the separator. 

3. A cell according to Claim 1 or Claim 2, in which, 

in the assembled cell, sufficient space is left above 

the anode to allow for expansion of the anode during use. 

4. A cell according to any one of Claims 1, 2 or 3, 
in which the separator is made from cellophane, nylon, 
rayon, polyvinyl alcohol or cellulose. 

5. A cell according to Claim 4, in which the 
I 

separator is made from cellophane. 

6. A cell according to any preceding Claim, in which 

a layer of a gel is disposed over the exposed surface of 

the anode, wherein the gel is substantially impermeable 
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to electrolyte and permeable to hydrogen. 

7. A cell according to Claim 6, in which the gel is 
formed from French potato starch, grain starch, 
polymethacrylic acid, polyacrylic acid and salts of 
polyacrylic acid. 

8. A cell according to Claim 7, in which the gel is 
formed from French potato starch. 

9. A cell according to any preceding Claim, in which 
the anode contains a surfactant. 

10. A cell according to Claim 9, in which the 
surfactant is polyethylene glycol or a derivative 
thereof. 

11. A cell according to Claim 10, in which the 
surfactant is polyethylene glycol. 

12. A cell according to any preceding Claim, including 
a zinc-containing anode, a manganese dioxide containing 
cathode and an electrolyte, in which the electrolyte is 
a solution containing potassium hydroxide. 

13. A cell according to any preceding Claim, in which 
the anode contains less than 3% by weight of mercury. 

14. A cell according to Claim 13, in which the anode 
contains less than O. 1% by weight of mercury. 

15. An air assisted cell comprising an anode, a 
cathode and an electrolyte assembled within a container 
closed by a cover having at least one opening and said 
cover associated with a film being porous to permit air 
from the at least one opening in the cover to enter the 
cell while preventing electrolyte from exiting the at 
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least one opening in the cover during normal operating 

and storage conditions; said cathode· disposed within and 
electrically connected to the container and defining a 

cathode opening in said cathode; a separator member 

disposed within said cathode opening and contacting said 
cathode and defining a separator opening in said 

separator; said anode disposed within said separator 
opening in the separator with the separator extending 

above the anode and wherein said separator is permeable 
to hydrogen and substantially nonpermeable to the 

electrolyte such that when the separator is placed 

within a 2. 76 inch [7.01 cm] inside diameter tube to a 

thickness of 0.0045 inch [0.01 cm] filling the cross­

section of the tube, 50 cm3 of a 37% potassium 

hydroxide solution placed on one side of the separator 
in the tube will take more than 5 minutes to pass 

through the separator when a vacuum of 750 mm Hg is 
applied to the other side of the separator in the tube. 

16. An air assisted cell_ comprising a zinc-containing 

anode; a manganese dioxide-containing cathode and a 

potassium hydroxide-containing electrolyte assembled 

within a container closed and electrically insulated 

from a cover having at least one opening and said 

opening in the cover being associated with a film being 
porous to permit air from the opening to pass through 

into the cell and prevent the electrolyte from exiting 

through the opening in the cover; said cathode disposed 
within and electrically connected to said container and 

defining a cathode opening in said cathode; a separator 
member disposed within said cathode oening contacting 
the cathode and defining a separator opening in said 
separator; said anode disposed within said separator 

opening in the separator with the separator extending 

above the anode, said separator being substantially 
nonpervious to the electrolyte and substantially 

pervious to hydrogen; a gel material that is 
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substantially nonpervious to the electrolyte and 
substantially pervious to hydrogen is disposed over the 

exposed area of the anode encased in the separator; and 

said anode contains an effective amount of a surfactant. 


