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ABSTRACT

An electrochemical cell sub-assembly and a method for manufacturing same. The
electrochemical cell sub-assembly includes a current collector sheet having a pair of opposite
surfaces and a pair of opposite edges, each surface being coated with a respective layer of
electrode material. A layer of polymer electrolyte envelopes both layers of electrode material
and one of the pair of edges of the current collector sheet, thereby encapsulating the one edge ot

the current collector sheet while leaving exposed the other edge of the current collector sheet.
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Thin film electrochemical cell for lithium polymer batteries and manufacturing

method therefor

Field of invention

The present invention relates generally to lithium polymer batteries and more

specifically to the design and method of manufacturing of the electrochemical cells

making up a lithium polymer battery.
Background of the invention

Rechargeable batteries manufactured from laminates of solid polymer electrolytes
and sheet-like anodes and cathodes display many advantages over conventional
liquid electrolyte batteries. These advantages include having a lower overall
battery weight, a high power density, a high specific energy and a longer service
life, as well as being environmentally friendly since the danger of spilling toxic

liquid into the environment is eliminated.

The components of a solid polymer electrochemical cell include positive

electrodes, negative electrodes and separators capable of permitting 10niC
conductivity, such as solid polymer electrolytes, sandwiched between each anode
and cathode. The anodes (or negative electrodes) and cathodes {or positive
electrodes) are made of material capable of reversible insertion of alkali metal
ions. The polymer electrolyte .Separat.ors electrically isolate the anode from the

cathode to prevent short circuits therebetween,  which  would render the

electrochemical cell useless.

The cathodes are typically formed of a mixture of active material capable of
occluding and releasing li-thium, such as transitional metal oxides or phosphates, an
electronically conductive filler, usually carbon or graphite or combinations thereof,
and an ionically conductiye polymer binder. Cathode materials are usually paste-

like and require a current collector, usually a thin sheet of electrically conductive
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material such as aluminum foil. The anodes are typically made of light-weight
metal foils, such as alkali metals and alloys, typically lithium metal, lithium oxide,
lithium-aluminum alloys and the like. The anodes may also be composite paste-like
material comprising, for example, carbon-based int.ercalation compounds in a

polymer binder, in which case the anode also requires a current collector support,

preferably a thin sheet of copper.

Composite cathode thin films are usually obtained by solvent coating onto a current
collector or by melt extrusion. Similarly, the polymer electrolyte separator layer is

typically produced by solvent coating or by melt extrusion.

Solid lithium polymer electrochemical cells are typically manufactured by
successive layering of the positive electrode, the electrolyte separator and the
negative electrode. The positive electrode material is initially coated or extruded
onto a metallic foil (for example aluminum) or onto a metallized plastic film, which
serves as a current collector. The polymer electrolyte separator is thereafter
preferably coated or extruded directly onto the previously coated cathode material
and the negative electrode is finally laminated onto the electrolyte to form an
electrochemical cell. To increase the energy density of an electrochemical cell, a
bi-face design is preferred wherein positive electrode material is laminated,

coated or extruded onto both sides of the current collector.

Electrochemical cells as previously described are assembled in an offset pattern:

the metallic anode or negative current collector extends from one side of the
electrochemical cell, while the cathode current collector extends from the other
side of the electrochemical cell. The electrolyte separator (or separators in the
case of bi-face designs) is positioned in between the anode and the cathode but
does not extend the entire width of the electrochemical cell because a portion of
the metallic anode or negative current collector on one side and a portion of the
cathode current collector on the other side must remain exposed for lateral
collection of current (i.e. to allow for connection in parallel to other
electrochemical cells and to the positive and negative terminals of the

electrochemical generator of which it is a constituent of). The exposed anodes and
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cathodes may in some circumstances touch each other when the electrochemical
Cells are assembled and pressed together, resulting in a short circuit which renders
the cells useless. Short circuits may also occur through misplacement or
misalignment of the various layers of the electrochemical cells or through

misplacement or misalisnment of a stack of electrochemical cells.

To alleviate this potential problem, US Patent No. 5,360,684 disclosed the addition
of an insulating band of polypropylene or other plastic material between the
exposed ends of the anode and the cathode current collector, for the sole purpose
of eliminating potential short circuit. US patent application No. 09/876,567
(publication No. U52002/0197535A1) discloses a variant of the same concept, in

‘which an insulating edge material is coated or extruded at the end of the cathode

material to prevent a potential short circuit between the. exposed ends of the
anode and the cathode layer. US Patent No. 2,670,273 discloses a method of
fabricating electrochemical cells, wherein the successive anode and cathode layers
are separated by a polymeric electrolyte layer having a protruding polymer edge
that reduces the likelihood of inadvertent contact between the anode and cathode

current collectors.

The above described solutions all fulfill their purpose, however at the cost of

either adding steps to the manufacturing process of the electrochemical cells or
having protruding separators that hinder proper parallel connections of the current

collectors and may cause potential weight penalties.

Thus, there is a need for an electrochemical cell configuration that prevents
Inadvertent short circuits between the anode and cathode, as well as for a reliable

method and apparatus for the production of electrochemical cell sub-assemblies

for lithium polymer batteries.
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It is therefore an object of the present invention to provide an electrochemical cell

configuration that prevents inadvertent short circuits between the anode and
5 cathode.

It is another object of the present invention to provide a method of manufacturing
sub-assembly components for a thin film electrochemical cell.

10 It is a further object of the present invention to provide an electrochemical
generator comprising a plurality of electrochemical cells configured to prevent

inadvertent short circuits between the anodes and cathodes.

As embodied and broadly described, the present invention provides a method for
15 manufacturing an electrochemical cell sub-assembly for a tithium polymer battery,

the method including:

(a)  providing a current collector sheet having a pair of opposite surfaces and a

pair of opposite edges, where each surface is coated with a respective layer

of electrode materiat;

20 (b) extruding a layer of polymer electrolyte over the current collector sheet
such that the layer of polymer electrolyte envelopes both layers of electrode
material and one of the pair of edges of the current collector sheet, thereby

encapsulating the one edge of the current collector sheet while leaving
exposed the other edge of the current collector sheet.

25
As embodied and broadly described, the present invention also provides an
electrochemical cell including:
(@)  a positive electrode including:
- a current collector sheet having a pair of opposite surfaces and a pair of
0 opposite edges;

- a layer of positive electrode materiat disposed on each surface of the
current collector sheet:
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a polymer electrolyte separator encapsulating both layers of positive

electrode material and one of the pair of edges of the current collector

sheet, thereby leaving the other edge of the current collector sheet

exposed; and

at least one negative electrode disposed over said polymer electrolyte

separator.

As embodied and broadly described, the present invention further provides an

electrochemical cell sub-assembly including:

(a)

(b)

a current collector sheet having a pair of opposite surfaces and a pair of

opposite edges, each surface being coated with a respective layer of

electrode material;

a layer of polymer electrolyte enveloping both layers of electrode material
and one of the pair of edges of the current collector sheet, thereby
encapsulating the one edge of the current collector sheet while leaving

exposed the other edge of the current collector sheet.

As embodied and broadly described, the present invention also provides a system

for manufacturing an electrochemical cell sub-assembly, the system including:

(a)

(b)

a conveyor mechanism transporting a current collector sheet having a pair of
opposite surfaces and a pair of opposite edges, each surface of the current
collector sheet being coated with a respective layer of electrode material;

an extrusion die having a pair of distinct discharge nozzles and a passageway

disposed generally in between the distinct discharge nozzles, the
passageway operative to receive the current collector sheet from the

conveyor mechanism, each discharge nozzle operative to discharge a film of
polymer electrolyte onto a respective surface of the current collector sheet

when the current collector sheet travels through the passageway, thereby
encapsulating both layers of electrode material and one of the pair of edges
of the current collector sheet, while leaving exposed the other edge of the

current collector sheet.
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As embodied and broadly described, the present invention also provides a method
for manufacturing an electrochemical cell sub-assembly for a lithium polymer
battery, said method comprising:

(a) providing a current collector sheet haviﬁg a pair of opposite surfaces and a
pair of opposite edges, where each surface is coated with a respective layer
of electrode material;

(b) laminating a layer of polymer electrolyte over each surface of the current
collector sheet such that the layers of polymer electrolyte envelope both
layers of electrode material and one of the pair of edges of the current
collector sheet, thereby encapsulating the one edge of the current collector
sheet while leaving exposed the other edge of the current collector sheet.

As embodied and broadly described, the present invention also provides a system
for manufacturing an electrochemical cell sub-assembly for a lithium polymer
battery, said system comprising:

(a) a conveyor mechanism transporting a current collector sheet having a pair of
opposite surfaces and a pair of opposite edges, each surface of said current
collector sheet being coated with a respective layer of electrode material;

(b) alamination apparatus having a pair of pressure rollers, said pressure rollers
defining a passageway therebetween for receiving said current collector
sheet from said conveyor mechanism, each pressure roller operative to
laminate a polymer electrolyte layer onto a respective surface of said
current collector sheet when said current collector sheet travels through
said passageway, thereby encapsulating both said layers of electrode

material and one of the pair of edges of said current collector sheet, while

leaving exposed the other edge of said current collector sheet.

Brief description of the drawings

The invention will be better understood and other advantages will appear by means

of the following description and the following drawings in which:
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Figure 1 is a schematic cross-sectional view of a electrochemical cell sub-assembly,

in accordance with an embodiment of the present invention,

Figure 2 is a schematic cross-sectional view of an electrochemical cell, in

accordance with an embodiment of the present invention;

Figure 3 is a schematic side elevational view of an extrusion process for
encapsulating the electrode layers previously deposited on a current collector with

a polymer electrolyte, in accordance with an example of implementation of the

present invention,;

Figure 4 is a schematic top plan view of the extrusion process illustrated in Figure
3, showing a current collector and electrode assembly traveling through the

extrusion die;

Figure 5 is a schematic cross-sectional view of the extrusion die of Figure 3
applying an electrolyte layer on both sides of a current collector and electrode

assembly;

Figure 6 is a schematic cross-sectional view of an electrochemical cell sub-

assembly resulting from the proCess illustrated in Figure 3;

Figure 7 is a schematic cross-sectional view of an extrusion process for

encapsulating the electrode layers previously deposited on a current collector, in

accordance with another example of implementation of the present invention;

Figure 8 is a schematic top cross sectional view of the opposing extrusion dies of
Figure 7 applying an electrolyte layer on a both sides of a current collector and

electrode assembly;

Figsure 9 is a schematic cross-sectional view of an electrochemical cell sub-

assembly resulting from the process itlustrated in Figure /;
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Figure 10 is a schematic side elevational view of an extrusion process for
encapsulating the electrode layers previously deposited on a current collector, in

accordance with yet another example of implementation of the present invention;

Figure 11 is a schematic side elevational view of an extrusion process for

encapsulating the electrode layers previously deposited on a current collector, in

accordance with another example of implementation of the present invention;

Figure 12 is a schematic side elevational view of an extrusion process for
encapsulating the electrode layers previously deposited on a current collector, in

accordance with another example of implementation of the present invention;

Figure 13 is a schematic cross sectional view of the first extrusion dies of Figures
10, 11 and 12 depositing a first layer of polymer electrolyte onto a first side of a

current collector and electrode assembly;

Figure 14 is a schematic cross sectional view of the second eitrusion dies of Figures
10, 11 and 12 depositing a second layer of polymer electrolyte onto a second side

of a current collector and electrode assembly;

Figure 15 is a schematic cross-sectional view of an electrochemical cell sub-

assembly resulting from the process illustrated in each of Figures 10, 11 and 12;

/

Figure 16 is a schematic side elevational view of a lamination process for
encapsulating the electrode layers previously deposited on a current collector, in

accordance with yet another example of implementation of the present invention:

Figure 17 is a schematic cross-sectional view taken at line 17-17 of Figure 16;
Figure 18 is a schematic cross-sectional view taken at line 18-18 of Figure 16:

Figure 19 is a schematic cross-sectional view of a dual electrochemical cell sub-

assembly, in accordance with a variant embodiment of the present invention:
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Figure 20 is a schematic cross-sectional view of a pre-assembly of a large current

collector previously coated with layers of electrode material, in accordance with

another variant embodiment of the present invention;

Figure 21 is a schematic cross-sectional view of the pre-assembly illustrated in

Figure 20 after being cut; and

Figure 22 is a schematic cross-sectional view of the pre-assemblies illustrated In

Figure 21, encapsulated with polymer electrolyte envelopes.

Detailed description

With reference to Figure 1, there is shown a cross-section of an electrochemical
cell sub-assembly 10, in accordance with an embodiment of the present invention.
The electrochemical cell sub-assembly 10 includes a central current collector
element 12, a layer of electrode material 14 coated on each surface of the central

current collector element 12 and a polymer electrolyte 16. The polymer
electrolyte 16 completely envelopes the layers of electrode material 14 coated on

the surfaces of the central current collector element 12, as well as one edge 13 of

the current collector element 12. In this example, the layer of electrode material
14 consists of a cathode or positive electrode material. The polymer electrolyte
envelope 16 is ionically conductive but electrically non-conductive, as is well
known in the art, in order to allow ionic exchanges between the positive and
negative electrodes but inhibit the formation of electrical current pathway
between the positive and negative electrodes of the electrochemical cell. As
shown in Figure 1, the electrode layers 14 and one edge 13 of the central current
collector 12 are completely enclosed within the polymer electrolyte envelope 16
and therefore are completely isolated electrically. Only edge 15 of the central
current collector 12 remains exposed for the purpose of electrical connection to -

other electrochemical cells or to the electrical post of the generator having at

least one electrochemical cell.
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Figure 2 illustrates a complete electrochemical cell 20, in accordance with an
embodiment of the present invention. The electrochemical cell 20 is formed of the

sub-assembly 10, which includes the central current collector element 12, the

layers of electrode material 14 coated on each surface of the central current

collector element 12 and the polymer electrolyte envelope 16, which completely
envelopes the layers of electrode material 14. A negative electrode 18 is disposed
on each side of the polymér electrolyte envelope 16 facing the layers of positive
electiode material 14, thereby sandwiching the polymer electrolyte envelope 16
and completing the electrochemical cell 20. As illustrated, the layers of positive
electrode material 14 and edge 13 of the central current collector element 12 are
completely isolated electrically from the negative electrodes 18, thereby reducing
the risks of short circuits between the negative electrodes 18 and either the
positive electrode material 14 or the edge 13 of the central current collector
element 12. In this particular configuration, the positive and negative electrical
contact points are offset. More specifically, the current collector element 12 of
the positive electrode extends to one side of the electrochemical cell 20, while the
negative electrodes 18 extend to the other side of the electrochemical cell 20,

such that the electrical contact points are on opposite sides of the electrochemical
cell 20. As is well known in the art, a plurality of electrochemical cells may be

stacked together, their positive electrodes connected together in parallel and their

negative electrodes also connected in parallel, to increase their overall capacity

(Amp/hr).

The electrochemical cells described herein are typically formed of extremely thin

constituents. For example:
» the thickness of the central current collector element 12 may range from 12

pm to 50 ym;

e the thickness of one layer of positive electrode material 14 may range from 15
pm to 100 pm;

o the thickness of one side of the polymer electrolyte envelope 16 may range

from 15 pm to 50 ym; and
* the thickness of the negative electrode 18 may range from 20 pm to 80 pym.

10
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The above thickness ranges are given only as an example, in order to illustrate the
difficulty of producing such an assembly. Other thickness ranges for each of the
central current collector element 12, the positive electrode material 14, the
polymer electrolyte envelope 16 and the negative electrode 18 are also possible

and included within the scope of the present invention.

Figures 3 and 4 illustrate an example implementation of an apparatus and method
for overlaying a central current collector element having layers of electrode
material on both its surfaces with a polymer electrolyte envelope, in order to form
the electrochemical cell sub-assembly 10 illustrated in Figure 1, in accordance with
an embodiment of the present invention. A pre-assembly 22, including a current
collector element 12 that was previously coated on both its surfaces with layers of
electrode material 14, is delivered via a conveyor mechanism, in this example a
series of cylindrical rollers 34, to a dual extrusion die 30, where thin layers of
polymer electrolyte 24 are overlaid onto each side of the pre-assembly 22. A single

screw or twin screw extruder 31 feeds polymer electrolyte material to the dual

extrusion die 30.

As illustrated in Figures 3 and 4, the pre-assembly 22 travels through dual extrusion
die 30, where a thin layer of polymer electrolyte 24 is applied simultaneously to
both sides of the pre-assembly 22. As seen more clearly in Figure 4, the layers of
polymer electrolyte 24 are wider than the layers of electrode material 14, such

that the two layers of polymer electrolyte 24 completely encapsulate the layers of

electrode material 14 and also circumvent one edge 13 of the current collector 12.
The pre-assembly 22 with its polymer electrolyte envelope 16 is then redirected by
a series of cylindrical rollers 32A and 32B, which are preferably maintained at a
cool temperature in order to accelerate the solidification of the polymer
electrolyte envelope 16 and to prevent unwanted adhesion of the polymer to the

rollers. The complete electrochemical cell sub-assembly 10 (Figure 1) is then

routed towards other stations for further processing or storage.

Figure 5 illustrates schematically a cross-sectional view of the dual extrusion die 30
of Figures 3 and 4, when the pre-assembly 22 travels directly therethrough.

11
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Extrusion die 30 includes two discharge nozzles 35 and 37, itlustrated in dotted

lines, which determine the path that the polymer electrolyte follows inside the
extrusion die 30 before being discharged as a thin sheet onto both sides of the pre-
assembly 22. The polymer electrolyte material is fed to the extrusion die 30 under
pressure from the extruder 31 (Figures 3 and 4) through a cylindrical channel 39.
Upon entering the extrusion die 30, the polymer electrolyte material is divided by
a flow divider 44 into two separate internal channels 41 and 43, leading to the
discharge nozzles 35 and 37, respectively. When entering the discharge nozzles 35
and 37, the polymer electrolyte material is shaped into a wide but thin film. This
film is discharged over an area that covers the layers of electrode material 14, the
entire edge 13 of the current collector element 12 and a portion of the other end
15 of the current collector element 12. Accordingly, the two layers of electrode

material 14 are enveloped and electrically isolated.

Figure 6 illustrates schematically a cross sectional view of the electrochemical cell
sub-assembly 10 exiting the dual extrusion die 30, where it can be seen that the
two layers of polymer electrolyte 24 merge together at a meeting point 45 beyond
the end of the edge 13 of current collector 12, thereby forming the polymer

electrolyte envelope 16.

Figure 7 illustrates another example of implementation of an apparatus and
method for overlaying a central current collector element having layers of

electrode material on both its surfaces with a polymer electrolyte envelope; in

order to form the electrochemical cell sub-assembly 10 illustrated in Figure 1. A
pre-assembly 22 fdrmed of a current collector element 12 that was previously
coated on both its surfaces with layers of electrode materiat 14 is delivered via a
series of cylindrical rollers 48 (only one shown) to a pair of extrusion dies 50 and
60, where thin layers of polymer electrolyte 52 and 62 are overlaid simultaneously
onto respective sides of the pre-assembly 22. Since both layers 52 and 62 of
polymer electrolyte are wider than the layers of electrode material 14, they
completely encapsulate the layers of electrode material 14. The pre-assembly 22
with its layers 52 and 62 of polymer electrolyte is next guided by cylindrical rotler
55, which is preferably maintained at a cool temperature in order to accelerate the

12
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solidification of the polymer electrolyte layers and prevent any unwanted adhesion

thereof. The complete electrochemical cell sub-assembly 10 is routed towards

other stations for further processing or storage.

Figure 8 illustrates schematically a top cross sectional view of the pair of opposing
extrusion dies 50 and 60 of Figure 7, when the pre-assembly 22 including its layers
of electrode material 14 travels directly in front of the discharge ends of extrusion
dies 50 and 60. The internal channels 54 and 64 of extrusion dies 50 and 60,
respectively, are illustrated in dotted lines and determine the path that the
polymer electrolyte follows inside each extrusion die 50 and 60 before being
discharged as thin sheets onto the surfaces of the pre-assembly 22. The polymer
electrolyte sheets 52 and 62 are spread over an area covering the layers of
electrode material 14 and extending marginally beyond edge 13 of the current
collector element 12, in order to envelop and electrically isolate the end of edge
13. The polymer electrolyte sheets 52 and 62 also extend over a portion of the
other end 15 of the current collector element 12, thereby enveloping and

electrically isolating the two layers of electrode material 14.

Figure 9 illustrates the electrochemical cell sub-assembly 10 resulting from the
apparatus and method of extrusion shown in and described with regard to Figures 7/
and 8. As previously mentioned, the polymer electrolyte sheets 52 and 62 are
discharged over an area that extends marginally beyond edge. 13 of the current
collector element 12, such that the polymer electrolyte sheets 52 and 62 merge
beyond the edge 13 thereby enclosing the edge 13 and forming the polymer

electrolyte envelope 16.

Although Figure 7 illustrates extrusion dies.'50 and 60 directly opposed to- each -

- other, they may be offset relative to one another.

Figsure 10 illustrates a variant example of implementation of the apparatus and
method for overlaying a central current collector element having layers of
electrode material on both its surfaces with a polymer electrolyte envelope, in

order to form the electrochemical cell sub-assembly 10 illustrated in Figure 1. In

13
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this example, the extrusion dies 70 and 80 are offset relative to each other. The
pre-assembly sheet 22 is preferably supported by cylindrical rollers 74 and 84 when
the layers of polymer electrolyte 72 and 82 are applied onto the traveling pre-
assembly sheet 22. The polymer electrolyte layers or sheets 72 and 82 are
discharged over an area that extends marginally beyond the edge 13 of the current
collector element 12. Accordingly, the polymer electrolyte sheets 72 and 82
completely overlay the layers of electrode material 14 and merge beyond the edge
13, thereby enclosing the edge 13 and forming the polymer electrolyte envelope

16 as iltustrated with more detail in Flgure 15.

Figure 11 illustrates another variant example of implementation of the apparatus
and method for overlaying a central current collector element having layers of
electrode material on both its surfaces with a polymer electrolyte envelope, in
order to form the electrochemical cell sub-assembly 10 illustrated in Figure 1. In
this example, the extrusion dies 90 and 100 are disposed in a marginally different
configuration than that illustrated in Figure 10, although the extrusion dies 90 and

100 are still offset relative to each other. The pre-assembly sheet 22 is supported
by cylindrical rollers 94 and 104 when the tayers of polymer electrolyte 92 and 102
are applied onto the traveling pre-assembly sheet 22. As previously described with

reference to Figure 8, the polymer electrolyte layers or sheets 92 and 102 are
discharged over an area that extends marginally béyond the edge 13 of the current
collector element 12. Accordingly, the polymer electrolyte sheets 92 and 102
completely overlay the layers.of'electrode material 14 and merge beyond the edge

13, thereby enclosing the edge 13 and forming the polymer electrolyte envelope

16, as illustrated with more detail in Figure 15.

Figure 12 illustrates yet another variant example of implementation of the
apparatus and method for overlaying a central current collector element having
layers of electrode material on both its surfaces with a polymer electrolyte
envelope, in order to form the electrochemical cell sub-assembly 10 illustrated in
Figure 1. In this example, the pre-assembly 22 is delivered via a series of
cylindrical rollers 112 {(only one shown) to a first extrusion die 110, where a thin

layer of polymer electrolyte 24 is overlaid onto a first side of the pre-assembly 22.

14
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As previously described, the layer of polymer electrolyte 24 is wider than the layer
of electrode material, such that it completely encapsulates the layer of electrode
material. The pre-assembly 22 with the added layer of polymer electrolyte 24 on

one of its surfaces is then redirected by a cylindrical roller 114, which is preferably
maintained at a cool temperature in order to accelerate the solidification of the
polymer electrolyte layer 24. The pre-assembly 22 with the added layer of
polymer electrolyte 24 is then delivered via another series of cylindrical rollers 116

{only one shown) to a second extrusion die 120, where another thin layer of

polymer electrolyte 24 is overlaid onto the second side of the pre-assembly 22.
Again, the layer of polymer electrolyte 24 being applied on the second side of the
pre-assembly 22 is wider than the layer of electrode material, such that it

completely encapsulates the layer of electrode material. The pre-assembly 22

with both layers of polymer electrolyte 24 forming an envelope 16 is supported by

~cylindrical roller 118, which is also preferably maintained at a cool temperature in

order to accelerate the solidification of the second polymer electrolyte layer 24
and to prevent unwanted adhesion of the first layer of polymer electrolyte 24. The
complete electrochemical cell sub-assembly 10 is routed towards other stations via

another series of cylindrical rollers 122 (only one shown) for further processing or

storage.

Figure 13 illustrates schematically a cross sectional view of each of the first

extrusion dies 70, 90 and 110 of Figures 10, 11 and 12, respectively, when the pre-
assembly 22 travels directly in front of the discharge end of the extrusion die. The

internal channel 125 of the extrusion die 70, 90, 110 is illustrated in dotted lines
and determines the path that the polymer electrolyte follows inside the extrusion
die 70, 90, 110 before being discharged as a thin film onto a first side of the pre-
assembly 22. The polymer electrolyte sheet 24 is spread over an area that covers
the first layer of electrode material 14, the entire edge 13 of the current collector
element 12 and a portion of the other edge 15 of the current collector element 12,

thereby enveloping and electrically isolating the first layer of electrode material
14.

15
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Figure 14 illustrates schematically a cross sectional view of each of the second
extrusion dies 80, 100 and 120 of Figures 10, 11 and 12, respectively, when the
pre-assembly 22 including the first added polymer electrolyte layer 24 travels

directly in front of the discharge end of the extrusion die with the second side or
surface of the pre-assembly 22 facing the extrusion die. The internal channel 127
‘of the extrusion die 80, 100, 120 is illustrated in dotted lines and determines the
path that the polymer electrolyte follows inside the extrusion die 80, 100, 120
before being discharged as a thin film onto the second side or surface of the pre-
assembly 22. The polymer electrolyte sheet 26 is spread over an area that covers
the second layer of electrode material 14 and extends marginally beyond edge 13
of the current collector element 12, in order to envelop and electrically isolate the
-end of edge 13. The polymer electrolyte sheet 26 also extends over -a portion of
the other end 15 of the current collector element 12, thereby enveloping and

electrically isolating the second layer of electrode material 14.

Figure 15 illustrates the electrochemical cell sub-assembly 10 resulting from the
apparatuses and methods of extrusion shown in and described with regard to
Figures 10 to 14. As previously described, the polymer electrolyte sheet 26 is
discharged over an area that extends marginally beyond edge 13 of the current
collector element 12. As such, it folds over the edge 13 by capill;rity to enclose
the edge 13 and adhere to previously applied polymer electrolyte layer 24, for

forming the polymer electrolyte envelope 16.

Figure 16 illustrates another variant example of implementation of the apparatus

and method for overlaying a central current collector element having layers of
electrode material on both its surfaces with a polymer electrolyte envelope, in
order to form the electrochemical cell sub-assembly 10 illustrated in Figure 1. In
this example, the polymer electrolyte envelope 16 is formed by laminating polymer
electrolyte films 24 onto the electrode layers 14 of each surface of the central

current collector 12. As illustrated in Figure 16, a pre-assembly 22, including a
current collector element 12 that was previously coated on both its surfaces with
tayers of electrode material 14, is delivered via any conveyor system to a first pair

of rollers 200, where thin films of polymer electrolyte 24 are overlaid onto each

16
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side of the pre-assembly 22. Alternatively, the polymer electrolyte films 24 may
be overlaid onto the respective sides of the pre-assembly 22 at different locations

and in successive steps, as opposed to the simultaneous application illustrated in

Figure 16.

In a specific example, each thin film of polymer electrolyte 24 has been previously
laid onto a plastic support film 202, covered by another protective plastic film 204
and wound into a roll 201, 203 for storage. As illustrated in Figure 16, the
protective plastic films 204A and 204B are peeled off of the thin films of polymer
electrolyte 24, routed away from the rollers 200 and wound onto recuperation rolls
205 and 207, in order to expose the polymer electrolyte films 24 to the layers of
electrode material 14 prior to lamination. The polymer electrolyte films 24 are
then brought into contact with the layers of electrode material 14 such that they
are offset to one side of the pre-assembly 22, as seen in Figure 17. More
specifically, both polymer electrolyte films 24 extend over one edge 206 of the
pre-assembly 22, and thus over one edge of the central current collector 12 of the
pre-assembly 22, such that the extensions 210 of the polymer electrolyte layers 24
may be brought into contact with each other when the entire assembly is pressed
together. The ends 208 of the polymer electrolyte films 24 also extend past the

ends of the layers of electrode material 14, in order to encapsulate them when the

entire assembly is pressed together.

The laminate 212 formed of a central current collector 12, two layers of electrode
material 14, as well as a layer of polymer electrolyte 24 and a plastic support film
202 on each side thereof, next enters a heating zone 215. In this heating zone 215,
the two layers of polymer electrolyte 24 are heated to a temperature sufficient to
promote adhesion of the polymer electrolyte layers 24 onto the electrode layers
14, as well as adhesion of the extensions 210 of the polymer electrolyte layers 24

to each other. The heat may be generated by any means known to those skilled in

the art.

The heated laminate 212 then passes through a pair of lamination rollers 216, at

least one of which is covered with a layer of rubber or other flexible material n
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order to conform to the profile of the laminate 212 and exert a pressure P onto the entire
surtface of the respective polymer electrolyte film 24. Accordingly, the extensions 210 of
the polymer electrolyte layers 24 adhere to each other and envelop the edge of the
central current collector 12, while the ends 208 of the polymer electrolyte layers 24
enclose the ends of the electrode material layers 14. As a result, the polymer electrolyte
layers 24 encapsulate the entire electrode layers 14 and one edge of the central current

collector 12. as illustrated in Figure 18.

Thereafter, the laminate 212 1s routed through a series of cooling rollers 217 and 219
The cooling rollers 217 and 219 are maintained at a temperature below room
temperature (10 to 15 C). The laminate 212 is maintained in contact with the cooling
rollers 217, 219 as it travels over an arc of the circumference of each roller 217, 219, this
being sufficiently long for the laminate 212 to dissipate its residual heat via the cooling
rollers 217, 219

The laminate 212 is then routed to a peeling station, where the plastic support films 202
are removed from the laminate 212 and wound onto recuperation rolls 221 and 223. To
prevent any damage to the polymer electrolyte films 24 encapsulating the electrode
layers 14 while the plastic support films 202 are being removed, a suitable solvent is
introduced at each peeling point 222 and 224. This solvent reduces the adhesion forces
between the polymer electrolyte Layers 24 and the plastic support films 202, thus
preventing any ripping of portions or segments of the polymer electrolyte films 24. As
Hustrated in Figure 16, the peeling angles are less than 90%. In this manner, each pair

of plastic support film 202 and polymer electrolyte film 24, once separated, forms a small

pool where the solvent can remain and act on the interface between the plastic support

film 202 and polymer electrolyte film 24.

Note that a small quantity of solvent may remain on the surface of each polymer
electrolyte film 24. As such, the laminate 10 is next passed through a drying station 226,

where the excess or remaining solvent is evaporated.

18
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In order to store the encapsulated laminate 10, a new protective film 230 having a

weak adherence to the polymer electrolyte is app(ied thereto in order to prevent
adhesion of adjacent layers of polymer electrolyte 24 when the laminate 10 is
wound onto a roll 229, as well as to ease peeling when the laminate 10 is brought
for final assembly with the anode portions of the electrochemical cell. Of course,
the laminate 10 may alternatively be brought directly to a further processing

station for assembly into a complete electrochemical cell.

Figure 19 illustrates a variant embodiment of the present invention, in which a
large current collector element 150 is coated on each of its surfaces with two

separate layers of electrode material. More specifically, layers 152 and 153 coat

the first surface of the current collector element 150, while layers 154 and 155
coat the second surface of the current collector element 150. The layers of
electrode material 152, 153 and 154, 155 are then encapsulated by’ two distinct
polymer electrolyte envelopes 158 and 159, which also circumvent the edges 160
and 161, respectively, of the current collector element 150 to form a dual sub-
assembly 175. As shown in Figure 19, the electrode layers 152, 153 and 154, 155,
as well as the two edges 160 and 161 of the current collector element 150, are
completely enclosed and thus electrically isolated within the two polymer
electrolyte envelopes 158 and 159. Only the intermediate portion 165 of the
current cotlector element 150 remains exposed. In a subsequent step in the
manufacturing process, the current collector element 150 is slit along the axis A-A
at the midpoint of the intermediate portion 165, in order to form two separate
electrochemical cell sub-assemblies 10 as illustrated in Figure 1. The exposed
edges of the previously slit current collector element 150 allows for electrical
connection to other electrochemical cells or to the electrical post of the generator

formed of a series of stacked electrochemical cells.

Any of the apparatuses previously described and shown in Figures 3, 7, 10, 11, 12
and 16 are suitable to produce the dual sub-assembly 175 shown in Figure 19.
However, the apparatuses which extrude polymer etectrolyte layers will include
extrusion dies having two separate internal channels, one for each polymer

electrolyte layer, such that the layers of polymer electrolyte can be extruded to
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form the polymer electrolyte envelopes 158 and 159 shown in FIG. 19. Furthermore, the
apparatuses which laminate the polymer electrolyte layers onto the pre-assembly 22 will
be fed with two pairs of parallel polymer electrolyte films, in order to cover both

electrode layers and both edges of the central current collector 150 prior to slitting. The

slitting of the sub-assembly 175 may be done by any conventional method.

In another variant embodiment of the present invention, FIG. 20 illustrates a large current
collector element 250 coated with a large layer of electrode material 252 on each of its
surfaces, leaving both edges 253 and 254 of the large current collector element 250
exposed. In a subsequent step of the manufacturing process, the pre-assembly formed of
current collector element 250 and electrode layers 252 is slit or cut along the axis A-A at
the midpoint, in order to form the two separate pre-assemblies 255 shown in FIG. 21. The
ends of the current collector element 250 and of the electrode layers 252 on the cut sides
256 of the pre-assemblies 255 are therefore even, while the edges 253 and 254 remain

exposed.

In a final step of the manufacturing process illustrated in FIG. 22, polymer electrolyte
layers 258 and 259 are coated onto pre-assemblies 255 by any method previously
described, such that the polymer electrolyte layers 258 and 259 encapsulate the entire
electrode layers 252, as well as the ends 256, with a polymer electrolyte envelope 260.
Thus, the ends 256 are electrically insulated to prevent any potential short circuit, while
the edges 253 and 254 of the current collector element 250 remain exposed to allow for
electrical connection to other electrochemical cells or to the electrical post of a generator

formed of a series of stacked electrochemical cells.

Although the present invention has been described in relation to particular variations

thereof, the present invention is not to be limited by the above description but 1s defined

by the appended claims.

20
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We claim:

l.

10

15

An electrochemical cell comprising:
a. a positive electrode including:
1. a current collector sheet having a pair of opposite surfaces and a pair ot
opposite edges:
11. a layer of positive electrode material disposed on each surface of the
current collector sheet; one of the opposite edges of the current collector
sheet extending to one side of the two layers of positive electrode material;
b. an 10onically conductive polymer electrolyte completely enveloping both layers
of positive electrode material and the other edge of the current collector sheet,
thereby encapsulating the other edge of the current collector and leaving exposed
the one edge of the current collector sheet extending to one side of the two layers
of positive electrode material; and
c. at least one negative electrode disposed over said polymer electrolyte and
having one edge extending in the opposite direction of the exposed edge of the

current collector sheet.

An electrochemical cell as defined in claim 1, comprising a pair of negative
clectrodes, each negative electrode being disposed adjacent a respective surface of
said current collector sheet, over said polymer electrolyte, thereby forming a bi-face

electrochemaical cell.

An electrochemical cell sub-assembly comprising:

a. a current collector sheet having a pair of opposite surfaces and a pair of
opposite edges, each surface being coated with a respective layer of electrode
material; and

b. a layer of polymer electrolyte completely enveloping both layers of electrode
material and one of the pair of opposite edges of said current collector sheet,
thereby encapsulating the one edge of said current collector sheet while leaving

exposed the other edge of said current collector sheet.
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