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AIR-ASSISTED ALKALINE CELLS 

AND A SEAL ASSEMBLY THEREFOR 

The present invention relates to air-assisted 
alkaline cells having an improved seal assembly. 

Alkaline cells are well known in the art, and they 

typically include a zinc anode, manganese dioxide as the 

cathode.and an aqueous solution of potassium hydroxide fpr 
the electrolyte. These cells are commercially available 

for use both in industry and in the home. A new type of 

alkaline cell has, however, recently been disclosed by the 
Spanish Company, Cegasa International. The new cell, 
which is referred to as an air-assisted cell, is designed 

to use oxygen in the air to "re-charge" the cathode. The 

cell employs the same basic components as the conventional 

alkaline cell, but it is designed so that the positive 

electrode containing the manganese dioxide (Mn02 l is 

supported about its periphery and along its.full length in 
the cell by a perforated ribbed air distribution grid. 

The bottom or negative end of the cell then has an 
insulating support which allows air to enter the cell and 

pass up along the outside of the su~ported positive 

electrode. 

When the air-assisted cell is put into a circuit, 

the electrochemical reaction depends primarily upon the 
presence of the manganese dioxide cathode. As the 
reaction progresses, and the manganese dioxide cathode is 
electrochemically reduced, air within the cell re-oxidizes 

and re-charges the manganese dioxide. This re-charging of 
the manganese dioxide means that the fixed quantity of 

manganese dioxide in the cathode may be discharged and 
·------------~---·----·-----·-...,---------

;I 



-~ 

-- -- -- - -- ·--~ ·------- -------------------------·-----·--------··· --···-------- -·-----· 

2 

then re-charged numerous times, and thus that the quantity 

of manganese dioxid.e in the cathode is not limiting upon 

the lifetime of the cell. 

During discharge of an air-assisted cell, the 

manganese dioxide in the cathode is reduced to a lower 
oxidation state. The discharged active manganese dioxide 
cathode then undergoes a reaction with the air which is 

alread.Y in, or which enters, the cell to re-oxidize the 

reduced cathode such that the cathode becomes re-charged. 
The oxygen in the air will spontaneously restore or 
regenerate the higher oxidation state over a period of 

time. r·f the cell is subjected to brief periods of high: 

rate discharge, it must then be rested for substantial 
periods of time between each discharge to enable the 

Mn02 to be completely re-charged. However, if the cell 
is continuously discharged at a rate which is less than 
the rate at which the Mno2 is re-charged by the incoming 

air, then the air re-charges the Mno2 as quickly as it 
is discharged. In other words, regardless of the rate at 

which the cell is discharged, if the cell is drained at a 

low rate or is rested for a sufficient period of time, 

then the ability of the cathode to be r~-charged is 
limited only by its access to air. The cathode material 
is regenerated without involving the zinc anode material 

which is oxidized during the discharge but cannot be 
regenerated during a rest period. In view of this, less 
cathode material needs to be added to an air-assisted 
alkaline cell and, in turn, the volume of zinc may be 

increased in the cell to increase the overall capacity of 
the cell, without increasing the overall volume of the 

cell. 

In contrast to air-assisted alkaline cells, the 

ampere hour output of a cathode in a standard alk~line 
battery is limited by· the quantity of manganese dioxide. 
incorporated in the cell when the cell is manufactured. 
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Thus, in a conventional alkaline cell and in an 

air-assisted cell of comparable size, the two cells having 

the same ampere hour input for the cathode, the maximum 

service which is obtainable is greater for the 

air-assisted cell than for the standard alkaline cell. 

In order for an air-assisted cell to function, 

however, it is essential that oxygen be allowed to access 

the cell. Generally, this has been achieved by designing 
a portion of the battery, such as the seal, to allow 
oxygen to flow through and contact the cathode directly. 

Contrary to this, the seal in standard alkaline cells is 
designed to be air tight. 

When designing such a seal, however, consideration 

must also be given to the prevention of the ingress and/or 

egress of undesirable materials into and from the cell, 
respectively. More particularly, the seal must prevent 

the electrolyte from passing out of the cell through the 

seal. A further desirable feature for incorporation into 
a seal for any cell is a safety vent which will rupture 

and release the pressure inside the cell when this 

pressure exceeds a predetermined value. 

The problem of provision of a suitable seal for an 
air-assisted alkaline cell, which seal preferably fulfils 
all of the above requirements, has been addressed in the 

prior art. Thus, US-A-5,051,323 describes a polymeric 

seal for an air-asisted alkaline cell, which seal has 
holes in it to allow for entry of air. In US-A-3,920,475 

a similar system is used, although the seal member 

consists of a gasket formed from a plastics material, a 

metal washer and a metal cap in which the holes are 

present. 

The prior art has provided seals which are designed 
to permit air to enter the cell and to prevent electrolyte 
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from leaving the cell, but none of the prior art addresses 

the additional problem of providing a seal which can also 
function as a safety vent. 

In view of the above, it would be desirable to 

produce an air-assisted alkaline cell with a seal which 

both allows air to enter the cell and prevents electrolyte 

from leaving the cell, which seal should also provide a 
safety vent. 

It is, therefore, an object of the present invention 
to provide a seal for an air-~ssisted cell, which seal may 
effectively permit air to enter the cell whilst preventi?g 

electrolyte from leaving the cell, which seal also 

function~ as a safety vent. 

It is another object of the present invention to 

provide an air permeable seal, functioning also as a 

safety vent, which seal occupies a minimum space within 
the cell thereby allowing the maximum volume for the 
active components of the cell. 

It is further object of the present invention to 

provide a seal and safety vent assembly for an 
air-assisted cell that is easy to make and cost effective 
to produce. 

The present invention provides an air-assisted 

alkaline cell having a seal assembly including a seal 

member so configured as to retain an air-permeable 
multi-layer plastics film, characterised in that the 

multi-layer plastics film comprises at least three layers 
of a plastics material, an inner layer being of a plastics 

material different from and having a higher melting point 

than the outer layers, said at least three layers being 

heat sealed at the peripheries thereof. 
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In ~ preferred embodiment of the present invention, 

the seal assembly itself provides a safety vent for the 

cell. 

In accordance wit~ the present invention, the 

multi-layer plastics film comprises at least three layers 

of plastics material. The exact number of layers in the 

film is not essential to the present invention, although 

the choice of· the number of layers may be influenced by 

the characteristics of the plastics material chosen, for 

example the thickness of the material and its permeability 

properties. Generally, we find that a total of three 

layers is satisfactory, although a multi-layer film 

comprising two or more inner layers, i.e. a total of four 

or more layers, is preferred. 

The overall thickness of the multi-layer film, and 

the thicknesses of the individual component layers, 

depends on various factors, such as the number of layers 

from which the multi-layer film is formed, the choice of 

material for the layers and the particular size and cell 

system employed. The multi-layer film must be 

sufficiently thick to prevent undesirable materials, such 

as the electrolyte, from leaving the cell, but its 

thickness must not be so great that it is unable to 

rupture when the internal pressure of the cell exceeds a 

predetermined value. 

The thicknesses of the individual component layers 

may also vary, and it is not essential that these layers 

are all of the same thickness. It is preferred that the 

thickness of each of the outer layers of the film varies 

between 0.5 mil [0.0127 mm] and 6 mils [0.1524 mm], 

preferably 1 mil [0.0254 mm] to 4 mils [0.1016 mm]. A 

feature which may influence the thickness of an inner 

layer may be the ability of such a layer to rupture when 

the pressure inside the cell exceeds a predetermined 
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value, as .a single layer of a certain thickness may be too 

strong to rupture when the pressure exceeds that value. 

In such cases, it is generally recommended to use two or 

more inner layers, each layer being of a lesser thickness 

than that of a single thick layer, and adding up to the 

desired thickness. In this multi-iayer inner film 

arrangement, the air flow will be approximately the same 

as it will be through a single inner layer arrangement, 

but the rupture will, as discussed above, be considerably 

less. Generally we prefer that each inner layer is of 

from 1 mil [0.0254 mm] to 10 mils [0.254 mm) thick, 

although more preferably, each inner layer is from 3 mils 

[0.076 mm] to 5 mils [0.127 mm) thick. 

In accordance with the present invention, the 

material from which the outer layers and an inner layer 

are made are different from each other, and have different 

melting points. The outer layers both have a higher 

melting point than an inner layer. Whilst the two outer 

layers may be made from different plastics materials, it 

is pref erred that these two layers are made from the same 

material so that successful welding of these films at 

specific areas will ensure an assembled multi·-layer film 

which is particularly suitable for use as an air-permeable 

seal in an air-assisted cell. When the two outer layers 

are made from a different material, it is not essential 

for these materials to have the same melting point, so 

long as the melting point of each layer is lower than that 

of the inner layer(s). It is, however, preferred that 

these two layers are formed from materials which do have 

the same melting point. Each outer layer may, if desired, 

consist of two or more sub-layers, although it is 

pref erred that each outer layer is formed from a single 

layer. 

The inner layer or, when there is more than one 

inner layer, each inner layer, is made from a different 
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material from the outer layers. When there is more than 

one inner layer, these inner layers may themselves be made 

from different materials and these materials may have 

different melting points. It is preferred, however, that 

when there is more than one inner layer, the inner layers 

are made from the same plastics material having the same 

melting point. 

The multi-layer plastics film is formed by heat 

sealing the layers at the peripheries.thereof. Any 

suitable technique for heat sealing may be used, so long 

as this _only results in sealing at the peripheries of the 

layers. In general, we find that ultrasonic welding is 

the most preferred technique. 

As mentioned above, it is preferred that the two 

outer layers are of a material having the same melting 

point, which melting point is lower than that of an inner 

layer. In such a situation, heat sealing, e.g. welding, 

of selected areas results, after cooling, in the formation 

of an integral bond through the inner layer, i.e. 

application of heat to the two outer layers at the 

peripheries thereof will cause those layers to.melt and to 
. . . 

permeate the inner layer(s) of film at the heated areas. 

The inner layer(s) will not melt because it will have a 

higher melting point. In this usage, an integral bond is 

one which is obtained from the flow of the melted outer 

layers towards each other, followed by solidification of 

the melted areas to form a solid unit. 

The material from which the layers are made must be 

air-permeable and, in particular, the inner film must 

retard penetration of electrolyte, whilst simultaneously 

permitting air to pass through. The material must also be 

impermeable to liquids such as the electrolyte used in the 

cell, fo:r;- example potassium hydroxide. Whilst a plastics 

film having only one component layer which is impermeable 

------~------------·-~--::.:----------
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to electrolyte would fulfil the requirements of the 

present invention, for example a film in which the inner 

layer(s) only is so impermeable, it is preferred that each 
of the layers possesses this characteristic. The inner 

layer(s) is preferably constructed from a material having 
a series of interconnected crevices and/or small pores. 

This construction allows the flow of selected gases and 
liquids to be controlled, and is also advantageous for the 

formation of the multi-layer plastics film in that the 
construction will allow a flowable material, such as the 

melted material of the two outer layers, to traverse from 

one side of the inner layer(s) to the other. Because the 
inner layer(s) has a higher melting point than the outer 

layers, the pores existing in the structure will not 

collapse when the muiti-layer film is subjected to 
temperatures which will melt the outer layers. 

Plastics materials which are suitable for formation 

of the outer layers include air-permeable polyalkylenes, 

particularly polypropylene, and those which are suitable 

for formation of the inner layer(s) include air-permeable 
polytetrahaloalkylenes, such as polytetrafluoroethylene. 

Particularly suitable for the outer layers is the 
polypropylene film Celgard 4400TM, which is a trademark 

for a product commercially available from Hoechst Celanese 
Corp., of Somerville, New Jersey, USA. This product is 

particularly suitable because it is a polypropylene film 
made by heat bonding an open mesh of polypropylene, of 3 

mils [0.076 mm] thickness, to a solid layer of 
polypropylene of 1 mil [0.0254 mm] thickness. The open 

mesh provides structural strength to the film whilst the 

solid layer is available for bonding to another 

polypropylene surface. 

In accordance with the embodiment of the invention 
described above, the seal assembly itself provides a 

safety venting function. It is preferred in this 
-·-·---·------~-----~·--------·--.-~----·~·--·--~-~ 
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embodiment that the plastics materials from which the 

multi-layer film is made are so chosen as to allow for 

rupture if the internal pressure of the cell exceeds a 

predetermined value. Features which affect this rupture 

may be, as discussed above, the number and thickness of 

the individual layers, and the choice of materials. In 

particular, the selection of the number of inner layers 

may affect the ability of the film to rupture. When in 

use, it is generally preferred that the multi-layer film 

will expand upwards and outwards when the pressure within 

the cell exceeds a predetermined value, finally rupturing 

to release that pressure. In an alternative embodiment, 

the individual layers of the multi-layer film may be so . 

designed as to promote easy rupture under internally 

abusive qonditions. Thus, for example, the top film may 

include a spoked wheel configuration, a mesh configuration 

or may be designed to have openings at certain intervals. 

In each of these designs, the inner film will be able to 

balloon upwards through the openings in the top film 

without undue restriction, thereby aiding venting. 

In accordance with the present invention, the seal 

assembly includes a seal member which is so configured as 

to retain an air-permeable multi-layer plastics film. It 

is pref erred that this seal member is constructed from an 

organic polymeric material, such as polypropylene. The 

seal member should also be so configured as to allow the 

passage of air therethough and this may be achieved, for 

example, by provision of at least one hole in the seal 

member. 

In a further embodiment, the p~esent invention 

provides an air-assisted cell comprising the active 

components of the cell including an electrolyte, all 

housed within a container closed by a cover having at 

least one opening, and said cover associated with a seal 

assembly comprising an organic polymeric seal member 
___________ .. --. -. ·---.;----· ·-;:···---··------
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having a base with at least one opening and a multi-layer 

plastic film disposed onto the base, said multi-layer 

plastic film comprising at least one inner layer of a 
first plastic film sandwiched between two outer layers of 

a different type of pla~tic film with said two outer 

layers having substantially the same melting temperature 

and said melting temperature being lower than the melting 

temperature of the at least one inner layer of the first 

plastic film; ·said two outer layers and said at least one 

inner layer being porous to permit air to pass through 
with said inner layer preventing the passage of the cell's 
electrolyte; said multi-layer film heat sealed at least at 
its peripheral area so that said two outer layers form an 
integral bond through said inner layer at the peripheral 
area thereby permitting air to enter through the opening 

in the cover and through the multi-layer film into the 

cell and said multi-layer film designed to rupture upon 

the build up of a predetermined internal pressure. 

The seal member is so configured as to retain the 
multi-layer plastics film. As is demonstrated in the 

drawings which accompany this application, the multi-layer 

plastics film may fit inside, or be disposed onto, the 
seal member. In such an arrangement, the seal member may 

consist of a substantially flat base surrounding an inner 
upstanding wall, which wall defines an opening, and a 
peripheral upstanding skirt. At least one opening in the 
base should then be present to permit air to flow into the 
cell. The multi-layer plastics film in this arrangement 

may have an opening at its centre to accommodate the inner 

upstanding wall, i.e. so that it could be disposed onto 
the base member between the inner upstanding wall and the 
peripheral skirt. The multi-layer film may then, if 
desired, be physically retained within the seal member, 
e.g. by use of conventional heat bonding techniques, for 

example using ultrasonic welding, to bond the peripheries 
of the film to the walls onto which they abut. In this 

. ··----------~----·-:---·..--:----------:----------··-··--=-
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manner a secured multi-layer film seal member results. We 

have found that it is particularly advantageous to bond 

the multi-layer film to the seal member. An alternative 

method for retaining the multi-layer plastics film in the 

seal member is the use of an inner top ring of film 
material bendable to the area near the centrally 

upstanding wall, as well as a separate outer top ring of 

film material bendable to the area near the peripheral 

upstanding skirt. In this manner the inner layer or 

layers are firmly secured to the organic polymeric seal 
member. A fatty acid polyamide adhesive, such as the type 
disclosed in U.S. Patent 3,922,178, may if desired be used 
to reinforce the weld and to prevent creepage of 
el~ctrolyte between the seal member and the air-permeable 

multi-layer film. Yet a further method for this retention 

is to provide concentric raised inner and outer ridges on 

the outer wall and/or the base of the seal member, such 
that the multi-layer plastics film is secured between the 

ridges. 

In order to complete the cell, a neutral cover 

having at least one opening may be placed over the 

multi-layer film. An external cover with at ·least one 

opening may then be placed over the neutral cover and 

secured to the container of the cell through the use of 
the peripheral skirt of the seal memeber. 

The cathode in the air-assisted cell of the present 

invention is suitably made from manganese dioxide, 
although any other cathode material which is re-chargeable 

by air during operation of the cell would be appropriate. 

A good source of highly porous manganese dioxide is the 

so-called chemically synthesized manganese dioxide or 

CMD. CMD is usually marketed with a porosity of 25% to 

35%. However, CMD may be prepared in the form of spheres 
with high porosity, for example of approximately 60%. 
These porous spheres are advantageous in that they have a 
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large surface area which is available for reaction with 

oxygen in an air-assisted cell. In order to increase the 

total energy capacity of an air-assisted cell in an 

air-free environment, substantially solid Mn02 must be 

available for the cell reaction. A good source of 

substantially solid Mn02 is electrolytically deposited 

Mn02 , or EMD. EMD may be obtained in the form of dense 
particles after the electrolytically deposited material is 
stripp·ed from the electrodes, crushed and screened. EMD 
has a porosity of approximately 10% - .16% and is, 
therefore, a substantially solid material. As the ratio 
of EMD to CMD increases, the air-free capacity of the cell 
also increases. The amount of CMD and EMD used in the 

cathode of the cell depends on the desired parameters of 

the cell with, for example, more or less CMD being used 

per cathode depending on the energy capacity desired in 

the presence of air. For a good cell capacity in an 

air-free environment, and good re-chargeability in an 
environment containing air, a mixture of 1:5, that is, one 
part by weight of CMD to five parts by weight of EMD, is 

preferred. 

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

Fig. 1 is a cross section of an inverted 
air-assisted alkaline cell according to the present 

invention; 

Fig. 2 is an exploded view of the sub-assembly used 

in assembling the cell of Fig. 1; 

Fig. 2a is a plan view of the air permeable seal 
member used in the sub-assembly of Fig. 2; 

Fig. 3 is a cross section of another embodiment of 
an inverted air-assisted alkaline cell according to the 
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present i~vention; and 

Fig. 4 is an exploded view of .the sub-assembly used 

in assembling the cell of Fig. 3. 

Referring to Fig. 1, the air-assisted alkaline cell 

2 is assembled in a conventional conductive steel 

container 4 which also forms an external terminal for the 

cell. The cathode 6 for the cell 2 is preferably porous 

manganese dioxide for example CMD and/or EMD as described 

above .. 

After the cathode 6 is formed in the container 4 a 

·separator 8 is added to isolate the anode material 10 

physically from the cathode 6 and the container 4, while 

still permitting ion transport between the electrodes. 

The anode mix 10 is then added to the separator lined 

cavity of the cell. The anode mix 10 comprises a mixture 

of zinc powder, a gel forming binder and a liquid 

electrolyte used in the cell. The preferred binder is 

Carbopol 940 which is a carboxy polymethylene polymer 

available from the B. F. Goodrich Company, of Cleveland, 

Ohio, USA. The preferred electrolyte is an aqueous 

solution of potassium hydroxide and is suitably an 

approximately 34% to 37% by weight solution of potassium 

hydroxide in water. The electrolyte from the anode mix 10 

permeates the separator 8, and the cathode 6. An open 

area 12 is left in the cell to provide room for expansion 

of the anode mix 10. 

Referring to Figure 2, a sub-assembly, indicated 

generally by the number 20, is used to close the cell. 

The sub-assembly 20 _consists of an anode current collector 

22, a seal member 24, a multi-layer film 26, a neutral 

cover 28 and a rivet 30 which is used to join the several 

pieces together. The anode current collector 22 is made 

from an electrically conducting metal that is inert to the 

this -$Ji~t m~~p ~Ia.ced 
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caustic environment within the cell. The metal from which 

the collector is made is preferably sheet brass. The 

anode current collector 22 is rolled to have an arcuate 

shape with a top flat surface 32 which fits tightly 

against the bottom of the seal member 24. A nail or pin 

shaped collector would also be suitable. 

The seal member 24 is made of an organic polymeric 
material which is compatible with the components of the 

cell. The preferred material is polypropylene. The seal. 
member 24 has a substantially flat bottom portion 33 

surrounding an inner upstanding wall 34. Below and in 

line with the periphery of the bottom portion 33 is a 
substantially circular projecting first wall portion 36. 

A plural~ty of circumferentially spaced spokes 38 extend 

from the periphery of the bottom portion 33 out to and 
below a peripheral upstanding wall 40 extending upwardly 

away from bottom portion 33. The open spaces 42 between 
the spokes 38 provide a passage for air to pass through 

the seal member 24. 

A multi-layer film 26 fits within the area of the 
seal member 24 bounded by the wall 34 and wall 40. The 

multi-layer film 26 is made of two layers of polytetra­

fluoroethylene 44 sandwiched between two layers of an 
organic polymeric material, such as polypropylene, 46. 
The multi-layer film 26 is ultrasonically welded at 
peripheral area 48 and inner area 50 to produce a sealed 

multi-layer assembly. As stated above, if desired, the 

top layer 46 could have spaced apart openings to permit 
the inner film 44 to expand with minimum resistance or 

restriction. The multi-layer film 26 may be fastened to 
the bottom 33 and the spokes 38 by welding, if desired. 
Preferably, the multi-layer film 26 may be disposed onto 
the bottom 33 and then the layers of the multi-layer film 

26 may be secured together and to the bottom 33 and spokes 

38 by welding, preferably, ultrasonic welding. A fatty 
- ------ ---- -----· -----~--------- - ------
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polyamide .adhesive may then be used to reinforce the weld 

and to prevent creepage of electrolyte between the seal 

member 24 and the air-permeable multi-layer film 26. Two 

beads of the adhesive, for example, may be used such that 

one bead is placed around the periphery of the bottom 33 

where it joins the inside of peripheral wall 40 and the 
second bead is placed on the bottom 33· where it joins the 
inner upstanding wall 34. 

To further ensure that the air-permeable multi-layer 
film 26 stays in position, concentric raised inner and 
outer ridges 52 may be formed on the bottom 33 of the seal 

member 24. If desired and although not shown two inner 
ridges and two outer ridges may be formed on the bottom 33 
of seal member 24. The multi-layer film 26 will then be 
secured between the ridges 52 on the bottom 33 and the 

neutral cover 28. The vented neutral cover 28 is 

preferably made of stainless steel and has at least one 

pair of spaced apertures 54 therein to allow the passage 
of air into the cell. The vented neutral cover 28 will 

fit within the area of the seal member 24 bounded by the 

peripheral wall 40. The rivet 30 is preferably made of 
brass and has a thinned portion 56 which may be easily 

spread to bind all of the parts of the sub-assembly 20 
together as shown in Figure 1. The dimensions of the 
several components of the sub-assembly 20 and of the 
overall cell may be varied to meet the particular size 
requirements for the type of cell being assembled. 

The sub-assembly 20 is inserted into the bottom of 
the inverted cell as shown in Fig. 1. The wall 36 moves 
the top edge of the separator 8 toward the cathode 

material 6. The wall 36 and separator 8 protect the anode 

mix 10 from contact with the air entering the cell. This 
avoids the loss of zinc due to direct reaction with 
oxygen. The peripheral wall 40 of the seal member 24 
insulates the neutral cover 28 from electrical contact 
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with the container 4. To complete assembly of the cell, a 

bottom cover 58 is placed into the steel container 4 and 

is then electrically insulated from contact with the 
container 4 by the peripheral wall 40 of seal member 24. 

The bottom cover 58 makes electrical contact with the 

rivet 30, or other suitable electrically conductive means, 

enabling the bottom cover 58 to become the second external 

terminal for cell 2. The edge of the steel container 4, 
and of the wall 40 of sub-assembly 20 are then rolled to 

hold the upturned portion 60 of the bottom cover 58 locked 

in position on the bottom of the cell 4. A gap 62 
surrounds the bottom cover 58, separating it from contact 

with the container 4. The bottom cover 58 contains three 

small apertures 64, one of which is shown in Fig. 1, 

spaced approximately 120° apart, which provide a passage 
for air to enter into the bottom of the cell 2. The air 

may pass through the sub-assembly 20 and contact the top 

portion of the cathode 6 through the air passage 42. The 
top cover 66 may be fastened to the container by welds 68 

after the cathode is rammed into place. It may be added 

before or after this step as it is merely attached to the 

container 4. 

Figs. 3 and 4 show another embodiment of the present 

invention utilising a seal assembly of a different 
design. Specifically, Figs. 3 and 4 show an air-assisted 

alkaline cell 3 that employs several of the same 
c·omponents shown in cell 2 of Fig. 1 and these components 

are identified with the same reference numbers. A 
sub-assembly 5 as shown in Fig. 4 is used to close cell 3 

as shown in Fig. 3. The sub-assembly 5 consists of an 
anode current collector nail 7 made from an electronically 

conducting metal. A seal member 9 is made of an organic 
polymeric material which is compatible with the components 

of cell 3, with the preferred material being 
polypropylene. The seal member 9 has a substantially flat 
bottom portion 11 surrounding an upstanding inner wall 13. 

~---------------~----------
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A plurality of circumferentially spaced spokes 17 

extend from the periphery of the bottom portion 11 out to 

and below a peripheral upstanding wall 19 extending 

upwardly away from bottom portion 11. The spaces 21 
between the spokes 17 provide a passage for air to pass 
through the seal member 9. 

A multi-layer film 25 fits within the area of the 
seal member 9 bounded by the peripheral wall 19 and inner 

wall 13. The multi-layer film is made of two layers of 
polytetrafluoroethylene 27 sandwiched between two layers 
of an o~ganic polymeric material such as polypropylene 
29. The multi-layer film 25 is ultrasonically welded at 
peripheral area 31 and inner area 33 producing a sealed 

multi-layer assembly. As stated above, if desired, the 

top layer 29 could have spaced apart openings to permit 

the inner film 27 to expand with minimum resistance or 

restriction. The multi-layer film 25 may be fastened to 
the bottom 11 and the spokes 17 by welding, if desired, 

and by use of a fatty acid polyamide adhesive, such as 
hereinabove described. Two beads of the adhesive may be 
used. One bead is placed around the periphery of the 

bottom 11 where it joins the inside of peripheral wall 19 

and the second bead may be placed on the bottom 11 where 
it joins the inner upstanding wall 13. To further ensure 
that the air-permeable multi-layer film 25 stays in 

position, concentric raised ridges 35 may be formed on the 
bottom 11 of the seal 9. The multi-layer film 25 will 
then be secured between ridges 35 on the bottom 11 and the 

neutral cover 37. The vented neutral cover 37 is made of 
. . 

stainless steel and has a pair of spaced apertures 39 
therein to allow the passage of air into the cell. The 
vented neutral cover 37 will fit within the area of the 
seal member 9 bounded by the peripheral wall 19. A 

conductive nail 7, preferably made of brass and having a 
thinned portion 41, may be inserted into and through 
sub-assembly 5 to keep the parts together. The dimensions 
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of the sev.eral components of the sub-assembly 5 and of the 

overall cell may be varied to meet any particular size 

requirements for the type of cell being assembled. 

The sub-assembly 5 is inserted into the bottom of 

the inverted cell as shown in Fig. 3. The peripheral wall 

19 of the seal member 9 insulates the neutral cover 37 

from electrical contact with the container 4. To complete 

assembly of the cell, a bottom cover 58 is placed into the 

steel container 4 and is also insulated from contact with 

the container 4 by the peripheral wall 19 of seal member 

9. The bottom cover 58 makes electrical contact with the 

nail 7, or other suitable electrically conductive means, 

enabling the bottom cover 58 to become the second external 

terminal for cell 3. The edge of the steel container 4, 

and of the sub-assembly 5, are then rolled to hold the 

upturned portion 60 of the bottom cover 58 locked in 

position on the bottom of the cell 3. A gap 62 surrounds 

the bottom cover 58, separating it from contact with the 

container 4. The bottom cover 58 contains three small 

apertures 64, one of which is shown in Fig. 3, spaced 

approximately 120° apart, which provide a passage for air 

to enter into the bottom of the cell 3. The air may pass 

through the sub-assembly 5 and contact the top portion of 

the cathode 6 through the air passage 21. The top cover 

66 may be fastened to the container by welds 68 after the 

cathode is rammed into place. It may be added before or 

after this step as it is merely attached to the container 

4. 

EXAMPLE 

Several lots of D-size air-assisted alkaline cells 

(Sample A), constructed in accordance with the present 

invention and comprising components as illustrated in 

Figure 1, were tested in storage for leakage. The 

multi-layer film seal of each cell consisted of two layers 
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of polytetrafluoroethylene film, each 4 mils [0.1016 mm] 

thick, sandwiched between two layers of polypropylene 

film, each 4 ml.ls [0.1016 mm] thick. The multi-layer film 

was ultrasonically welded as described in conjunction with 

Fig. 1, above. Similar cell lots (Sample B) were produced 

except that the seals for the cells were made with two 

layers of polypropylene ultrasonically welded to the 

polypropylene seal. At 45°C with 90% relative humidity 

(RH) for 12 weeks, the shelf leakage of the cells of 

Sample A and Sample B was observed and the results showed_ 

that the average leakage for the Sample A cells was 95% 

less than the average leakage for the Sample B cells. At 

37°C with 77% RH for 20 weeks, the average leakage for the 

Sample A cells was 60% less than the average leakage -for 

the Samp~e B cells. At 45°C with 50% RH for 12 weeks 

there was no leakage for the Sample A cells while the 

Sample B cells had an average leakage of 20%. At 71°C for 

8 weeks, there was no leakage for the Sample A cells while 

the Sample B cells had an average leakage of 50%. 

--------·--···----.... ------··---.-----------~- -
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CLAIMS: 

1. An air-assisted alkaline cell having a seal assembly 

including a seal member so configured as to retain an 

air-permeable multi-layer plastics film, characterised 

in that the multi-layer plastics film comprises at least 
three layers of a plastics material, an inner layer 
being of a plastics material different from and having a 
higher melting point than the outer layers, said at 

least three layers being heat sealed at thecperipheries 
thereof. 

2. A cell according to claim 1 in which the multi-laye~ 
plastics film consists of a total of three layers. 

3. A cell according to claim 1 in which the multi-layer 

plastics film consists of a total of four layers. 

4. A cell according to any one of claims 1 to 3 in 
which the outer layers are made from the same material. 

5. A cell according to claim 4 in which the outer 

layers are made from polypropylene. 

6. A cell according to any one of claims 1 to 3 in. 
which an inner layer is made from 

polytetrafluoroethylene. 

7. A cell according to any preceding claim in which the 

outer layers are each of from 0.5 mils [0.0127 mm] to 6 

mils [0.1524 mm] thick. 

8. A cell according to claim 7 in which each outer 

layer is from 1 mil [0.0254 mm] to 4 mils ] (0.1016 mm] 

thick. 

9. A cell according to any preceding claim in which an 

I IHlllUill!f'lllll lllll II 1111 
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inner layer is from 1 mil (0.0254 mm] to 10 mils [0.254 
mm) thick. 

10. A cell according to claim 9 in which an inner layer 

is from 3 mils [0.076 mm] to 5 mil~ [0.127 mm] thick. 

11. A cell according to any preceding claim in which at 

least an inner layer is impermeable to electrolyte. 

12. A cell according to any preceding claim in which the 

multi-layer plastics film is so configur~d as to rupture 

when the internal pressure of the cell exceeds a 

predete.rmined value. 

13. A cell according to any preceding claim in which the 

uppermost outer layer is so configured as to allow an 

inner layer to expand upwards and outwards. 

14. A cell accord~ng to any preceding claim in which the 
seal member contains a plurality of spaced apart 
openings in the base thereof. 

15. A cell according to any preceding claim in which the 

multi-layer plastics film is physically retained in the 

seal member. 

16. A cell according to any precedi~g claim in which the 

cathode comprises manganese dioxide. 

17. An air-assisted cell comprising active components of 

the cell, including an electrolyte, all of which are 

assembled within a container closed by a cover having at 

least one opening and said cover associated with a seal 
assembly comprising an organic polymeric seal member 

having a base with at least one opening and a 
multi-layer plastic film disposed onto the base of said 
seal member, said multi-layer plastic film comprising at 

--·--~----------------------
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least one ·inner layer of a first plastic film sandwiched 

between two outer layers of a different type of plastic 

film with said two outer layers having substantially the 

same melting temperature and said melting temperature 
being lower than the melting temperature of the at least 

one inner layer of the first plastic film; said two 
outer layers and said at least one inner layer being 

porous to permit air to pass through with said inner 

layer preventing the passage of electrolyte f~om the 

cell; said multi-layer film heat sealed at least at its 
peripheral area so that said two layers form an integral 

bond through said inner layer at the peripheral area 
thereby permitting air to pass through the multi-layer 
film but preventing the cell's electrolyte from passing 

through. 

---------·-------~---~ ---~-----------------
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