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MANUFACTURING PROCESS AND APPARATUS FOR ELECTRICALLY
INSULATING LAYERS OF ELECTROCHEMICAL CELL LAMINATES

FIELD OF THE INVENTION

The present invention generally relates to alkali metal

polymer electrochemical cell laminates and, more

specifically, to the electrical insulation of positive and

negative lavers of electrochemical cell laminates.

BACKGROUND OF THE INVENTION

Rechargeable batteries manufactured from laminates of

solid polymer electrolytes and sheet-like electrodes display

many advantages over conventional liguid electrolyte

batteries. These advantages i1nclude: lower overall battery

weilight, high power density, high specific energy, and longer

sexrvice life. In addition, they are more environmentally

friendly since the danger of spilling toxic liquid into the

environment is eliminated.

Solid  polymer cell components typically include

positive electrodes (also referred to as cathodes), negative
electrodes (also referred to as anodes), and a separator
material capable of permitting ionic conductivity, such as a

solid polymer electrolyte, sandwiched therebetween.

Moreover, a current collector can also be associated with

either one of the electrodes, especially the cathode.

Typical electrochemical generators comprise a plurality

of individual electrochemical cells stacked or bunched

together to form a battery. The electrochemical cells may

be of a mono-face configuration or a bi-face configuration.

Ag illustrated 1in Figure 1, an electrochemical cell 10

having a mono-face configuration is a laminate including a
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current collector 18, a cathode 16, an electrolyte separator

14, and an anode 12, which is covered with an insulating

polypropylene film 15 to insulate the electrochemical cell

from an adjacent electrochemical cell in order to prevent

short circuilts. The current collector 18 is typically a

15-25pum thick carbon coated aluminum foil; the cathode laver

16 1s typically a 10-100um thick composite; the electrolyte

separator 14 1is typically a 20-80um thick polvmer and alkali
metal salt layer; the anode layer 12 is typically a lithium

or lithium alloy metal foil 15-80um thick; and the

polypropylene film 15 is typically 12-26um thick.

As illustrated in Pigure 2, an electrochemical cell 20

having a bi-face configuration is a laminate including a

central current collector 18 having a cathode 16 on both of

its sides, an electrolyte separator 14 adijacent each cathode

16, and an anode 12 adjacent each electrolyte separator 14.

The typical thickness of each of the components i1s similar

to that of the mono-face cell laminate previously described.

In a Dbi-face configuration, the insulating polypropylene

film is eliminated since the anode of a first cell is not

piy.

adjacent to the cathode of a second cell and therefore

cannot short circuit directly.

Ag 1llustrated in figures 1 and 2, the thin film anodes
12 and cathodes 16 are laminated in an offset pattern, the
anodes 12 protruding on one side of the laminate and the
cathode current collectors 18 protruding on the other sgide

of the laminate such that when a series of laminates are

stacked into an electrochemical cell, all protruding anodes

12 can be connected together and all protruding cathode

current collectors 18 can be connected together. The

electrolyte separator 14 isg positioned and sized in such a
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manner that 1t completely separates the anodes from the

cathodes to prevent short circuiting between the two.

One manufacturing process consists  in laminating the

thin films of anode, electrolvte separator, cathode and

cathode current collector into mono-face or bi-face

configurations using a continuous manufacturing procesgs and

cutting the  laminates to size prior to stacking. The

laminates are

cut perpendicular to their longitudinal axis.

The cutting operation 1g delicate because it exposes the
edges of each layer of the laminate; the electrolyte

separator no longer extending beyond the anode layer and the

cathode current collector laver to ensure adequate

electrical insulation. Furthermore, the cutting operation

may cause burring of the anode layers or of the current

collector with the effect that the burred metal edges may

extend over the el

T

ectrolyte separator and contact the

opposite anode or cathode thereby causing a short circuit
which renders the laminate unusable. At the very least, the
cutting operation ‘results in the precarious situation of
having the exposed edges of the anode and cathode/current

collector layers only 15-25um apart; any mechanical

deformation of any of the layérs (anode, cathode, current
collector and separator) ©potentially causing a short

circuit. Since there may be variationg in the volume (e.g.,

the thickness) of .the laminate, and specifically that of the

b

the cathode, 1in the charge and discharge modes of the

'

battery, 1leaving the exposed edges of the laminates

unattended represents a risk of future short circuit.

Another manufacturing process consgists 1in stacking

previously cut thin films of anode and previously cut mono-

face or bi-face half-cells comprising a current collector,
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cathode and ‘electrolyte separator. Again, the cutting

pima

operations may have caused burring of the edges of the anode

films and/or of the metal current collector foil causing the

burred metal edges to extend over the electrolyte separator

after lamination into electrochemical <cells potentially

resulting in short circuits.

Once the various layers of the laminates are stacked to

form an electrochemical c¢ell Dbundle, the ends of the
electrochemical cell bundle are a series of freshly cut and
exposed anode, separator and cathode edges which can easily

cauee short circuits during assembly of the electrochemical

generator or later on when the generator 1is put into

gervice.

Thug there 1s a need in the manufacturing of

electrochemical generators and bundles, for a process and

apparatus for preventing short circuits between the edges of

the various layers of an electrochemical cell Ilaminate or

laminates.

SUMMARY OF THE INVENTION

Under a first broad aspect, the invention seeks to

provide a process for assembling an alkalli metal polymer

r—
—

electrochemical generator comprising stacking a plurality of

electrochemical cell laminates to form a bundle having a

pair of sides. Each electrochemical cell laminate includes

an alkali metal anode, an electrolyte separator, a cathode

and a cathode current collector. The process also comprises

applying reactive fluid onto at least one side of the bundle

g

such as to oxidize an exposed edge of at least one of the

alkali metal anodes and thereby dissolve a portion of the

exposed edge. The exposed edge recedes away from the at



10

15

20

25

30

CA 02518059 2005-09-02
WO 2004/079836 PCT/CA2004/000331

least. one side of the bundle for preventing electrical

contact Dbetween the alkali metal anodes and adjacent

cathodes or cathode current collectors.

Preferably, the bundle of laminates isg covered at least

1n part with a protective layer adapted to seal the bundle

with the exception of the at least one side.

Advantageously, the protective layer is a protective casing

having at least one opening for alignment with the at least

one side.

Under a second broad aspect, the invention also seeks

to provide an apparatus for electrically insulating at least

one side of an electrochemical bundle which includes a

plurality of electrochemical «cell laminates. Each

electrochemical cell Ilaminate includes an alkali ‘metal

anode, an electrolyte separator, a cathode and a cathode

current collector. The apparatus comprises a first nozzle

for applying a reactive fluid onto at least one gide of the
bundle for oxidizing an exposed edge of at least one of the
alkalili metal anode layers. The apparatus also comprises a
second nozzle for applying an air stream to dry the at least
one gide of the bundle, and means for transporting the
bundle such that the at least one side of the bundle 1is
éxposed to the second nozzle after first being exposed to

the first nogzle.

Advantageously, the apparatus further comprises a

containment cover enclosing the first and second nozzles.

The contalnment cover includes a ventilation aperture

connected to a wventilation pump whereby the oxidation and

drying of the at least one side of the bundle may be carried

out under ventilation.
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Preferably the apparatus further comprises a protective
layer covering at least in part the bundle for sealing the

bundle with the exception of the at least one side.

5 Advantageously, the protective layer is a protective casing

comprising at least one opening at one extremity thereof for

exposing the at least one side of the bundle while sealing

the remaining portion of the bundle.

10 Under a third broad aspect, the invention also seeks to

provide a  process for electrically insulating arn

electrochemical bundle including a stack of electrochemical

cell laminates. Each electrochemical cell laminate includes

an alkali metal anode, an electrolyte separator, a cathode

15 and a cathode current collector. The process comprises

applying reactive fluid onto at least one side of the bundle

such as to oxidize an exposed edge of at least one of the

alkali metal anodes for preventing electrical contact

be

R

cween the at least one alkali metal anode and adjacent

20 cathodes or cathode current collectors. The process also

comprises drying the at least one side of the bundle.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of preferred embodiments of the

25 present invention i1s provided herein below with reference to

the following drawings, in which:

Figure 1 1ig8 a schematic view of a typical mono-face

electrochemical cell laminate;

30 Figure 2 1s a schematic view of a typical bi-face

electrochemical cell laminate;
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" Figure 3A 1s a schematic side elevational view of a

plurality of electrochemical c¢ell 1laminates stacked and

connected together such as to form an EC bundle;

Figure 3B 1s a schematic top wview of the EC bundle

shown in Figure 3A4;

Figure 4 1s a schematic perspective wview of an

apparatus for oxidizing the edges of an EC bundle according

to one embodiment of the invention;

Figure 5 1s a cross-sectional view showing the sgide of

an EC bundle after having been oxidized;

Figure 6 1s a partial perspective view of one extremity

of a protective casing adapted to protect the EC bundle; and

Figure 7 1is a schematic top plan view of an apparatus

for oxidizing the edges of EC bundles according to a second

embodiment of the invention.

In the drawings, preferred embodiments of the invention
are illustrated by way of examples. It 1s to be expressly

understood that the descripﬁion and the drawings are only

for the purpose of illustration and as an aid to

understanding. They are not intended to be a definition of

the limits of the invention.

DETAILED DESCRIPTION

Figure 3a and 3b schematically illustrate an embodiment

of an electrochemical cell bundle 24 (EC bundle) comprising

a plurality of mono-face or bi-face laminate cellgs stacked

together. The protruding ends of the anode lavers 12 of the
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EC cells are electrically connected together by any suitable

means to form a negative pole 26 of the EC bundle 24.

Similarly, the protruding ends of each cathode current

collector 18 are electrically connected together by any

suitable means to form the positive pole 28 of the bundle

24 .

As shown in Figure 3b, the sides 30 and 32 of EC bundle
24 consists of the cut portions of each laminate. This
leaves the freshly cut anode layer 12 exposed. In addition,

every other layer of the EC cell, such as electrolyte
separator 14, cathode layer 16 and current collectors 18,

are similarly exposed. As previously described, the cutting

operation may have burred the sides of the anode layers 12,

and of the current collectors 18 in such a way that

electrical contacts between the negative elements (anode)

and adjacent positive elements (cathodes and/or current

collectors) may occur. This can cause localized short

circuits, and significantly reduce the performance of the

stacked EC bundle 24.

To eliminate or at least reduce the occurrence of

damaging localized short circuits, a manufacturing process

and an apparatus to carry out this process have been

developed. In this process, the sides 30 and 32 of EC

bundle 24 and, more specifically, the anode edges of sides

30 and 32 of EC bundle 24 are cauterized by oxidation. This

causes the anode edges to be electrically insulated from

adjacent cathodes and/or current collectors.

Figure 4 1i1llustrates one possible embodiment of an

apparatus 40 adapted to oxidize the sides 30 and 32 of an EC

bundle 24. Apparatus 40 comprisgses a containment cover 50
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having a ventilation aperture 52 (all shown in dashed lines

for clarity), a pair of fluid spraying nozzles 54, a pair of

alir stream nozzles 56, and a wheeled platform 44 mounted on

a railing system 45 which is actuated back and forth by

reciprocating means 58 such as a pneumatic or hydraulic

piston-cylinder assembly, an endless screw oOr a rack and

pinion mechanism.

The EC bundle 24 is installed 1n a protective casing 42

which 1is adapted to seal the entire EC bundle 24 with the

it

exception of its sides 30 and 32. As shown 1n Filgure 6, the

protective casing 42 comprises an opening 43 at each

extremity thereof for exposing the sides 30 and 32 of EC

I

bundle 24 while sealing the main body of EC bundle 24.

Protective casihg 42 includes two sections 47 and 49 which

are shaped such as to be able to sandwich EC bundle 24. A

band of foam or rubber 61 and 63 1s positioned along the

lips of opening 43 to hermetically seal EC bundle 24 and

only leave each side 30 and 32 exposed.

Again referring to Figure 4, the protective casing 42

enclosing EC bundle 24 is securely mounted on wheeled

platfo:fm 44 via a quick release fastener 46, or any other

suitable fastening means. Once 1nstalled, the EC bundle 24

is connected to a voltmeter (not shown) so that its voltage

may be monitored through the cauterization process. The

reciprocating means 58 1s then activated and the wheeled

platform 44 carrying EC bundle 24 moves 1into containment

cover 50 through a door 60 at a constant speed along a path

defined by railing system 45. The path of the railing

system 45 1s such that the openings 43 of protective casing

42 will pass directly in front of the pair of sprayving

nozzles 54. The spraving nozzles 54 are activated by a
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sensor 53 triggered as wheeled platform 44 enters the

R

1%

fluid, such as pressurized water particles, directly onto

which are exposed

through openings 43 of protective casing 42, as the platform

44 travels at constant speed. The entire exposed surface of

sideg 30 and 32 is therefore sprayed with water particles.

The sprayed water particles in contact with the exposed

edges of the anode layers, which generally comprise lithium

or a lithium alloy, results in the fairly rapid oxidation of

the anode edges. As shown in figure 5, which i1llustrates a

cross-sectional view of side 30 of an EC bundle 24 after

having been sprayed with water particles, the edges of the

of the anode layers 12 have been oxidized by the water

particles. The"edges have partly dissolved and have receded

from the side 30 thereby leaving a void or cavity 19 in 1its

stead‘ such that any electrical contact between the receded
edge of each anode layer 12 and the adjacent cathode 16 or
current collector 18 becomes impossible since the edges of
the electrolyvte separator layers 14 located on both sides of

the void 19 effectively prevent any such electrical contact.

When the oxidation reaction is completed, the sides 30 and

32 of EC bundle 24 can no longer cause localized short

circuits since the anode side edges have receded
sufficiently beyond reach of the adjacent cathodes 16 and

current collectors 18 to render them effectively

electrically insulated.

The wheeled platform 44 carrying bundle 24 continues

its course until the entire length of each opening 43 has

been spraved. At this point, the reciprocating means 58

stops the movement of platform 44 and the water spaying

10
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nozzles 54 are shut down. The platform 44 carrying: bundle

24 may rest at the end of its course for a length of time

sufficient to allow the edges of the anodes 12 to c:;hemically

react with the water particles and to recede sufficiently.

Afterward, the reciprocating means 58 moves platform 44

in the opposite direction towards door 60 at which time, the

palr of alr stream nozzles 56 are activated. A high

velocity ailr Jjet 1s directed towards each opening 43 and

thus toward the sides 30 and 32 of EC bundle 24, thereby

sweepling the remaining water particles off the sides 30 and

32 and completely drying EC bundle 24 as it exits
containment cover 50. The water particles as well as any
lithium oxides generated by the chemical reaction process

are evacuated through the wventilation aperture 52 which is

connected to an air pump (not shown) that creates an air

flow under the containment cover 50. Platform 44 activates

‘a sgensor (not shown) as it exits the ailr stream nozzles 56

range thereby relaying a signal that shuts off the air

stream nozzlegs 56.

When the edges of the anodes 12 are initially sprayed,

a noticeable voltage drop occurs at the poles of EC bundle

24 as the water particles are electrically conductive and

temporarily create short circuits. However when the anode

edges have receded and have dried, the voltage at the poles

of EC bundle 24 rises back up to its initial wvoltage or

higher since localized short-circults that may have been

present initially have been eliminated.

The entire sequence (oxidation, rest and drving) is

carried out under the containment cover 50 and i1s therefore

ventilated.

11
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The automation of the process outlined above is simple
and well within the grasp of a person skilled in the art of

automation. The spaying nozzles 54 are fully adjustable.

The pressure, velocity and shape of the jets may be modified

and adjusted as any typical sprayving device. As well, the

alr stream nozzles 56 are also fully adjustable; the

pressure, velocity and shape of the air jets may be modified

and adjusted as any typical spraving device.

It should Dbe expressly noted that although the

preferred fluid for oxidizing the anode edges is water oxr

distilled water, other fluids and combinations thereof may

be used as well. Examples 1include alcohols such as

methanol, halogenated compounds, sulphured compounds and

oxygenated compounds. Moreover, although the anode laver
described 1n the above embodiments generally comprises
lithium or a lithium alloy, it should be expressly noted
that anode layers comprising other tvpes of materials such

as other alkali metals remain within the scope of the

present invention.

In addition, it should be understood that the above-

g

described apparatus i1is but one example of implementation of

the manufacturing process of cauterizing and electrically

insulating the sides of an EC bundle 24. 1In this particular

example of implementation, a single EC bundle- igs oxidized

per cycle. Figure 7 1llustrates another example of

implementation of the invention in which the manufacturing

process 1s carried out continuously. The EC bundlegs 24 are

enclosed 1in a protective casing similar to protective casing

42. An endless belt 70 is used to carry a plurality of EC

bundles one after the other through an oxidation station

12
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defined by a pailr of water spaying nozzles 54 and then

through a drying station defined by a pair of air stream

nozzles 56 before exiting. The distance between nozzleg 54

and 56 act as a resting period to allow the sides of the EC

bundle to oxidize and the anode edges to recede

sufficiently. The oxidation station and the drying station

are enclosed within a containment cover 72 (illustrated in

dotted 1lines for clarity) that comprises a wventilation

system such that process is ventilated to evacuate excess

water particle and lithium oxides generated by the chemical

reactions. The two stations may be isolated from each other

with a partition 74 such that the oxidation process doeg not

interfere with the drying process. As well sensors may be

positioned along the path of the protective casing 42 to

activate and deactivate the water spaying nozzles 54 and the

alr stream nozzles 56.

In another embodiment (not shown)' of the oxidation

apparatuses and processes described herein, the reactive

fluid may be applied directly onto the sgides 30 and 32 of

the EC bundle 24 by means of a wet dispenser brought into
contact with the sides 30 and 32 of the EC bundle 24.

Examples of such a wet dispenser include a wet brush, a wet
felt, a wet broom, a wet sponge and a wet tissue, fabric,

cloth or wad. The wet dispenser applies a layer of reactive

fluid onto the sides 30 and 32 of the EC bundle 24 through

friction of the wet dispenser against the sides 30 and 32 of

the EC bundle 24, which oxidizes the anode edges.

Although Figure 7 illustrates an implementation of the

manufacturing process carried out along a substantially

horizontal plane, the process may alternatively be carried

13
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out vertically or on different levels without departing from

the scope and spirit of the invention.

Although wvariougs embodiments have been illustrated,

this was for the purpose of describing, but not limiting,

the invention. Various modifications will become apparent

to those skilled in the art and are within the scope of this
invention, which is defined moxe particularly by the

attached claims.

14
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What is claimed is:

1. A process for assembling an alkali metal polymer

electrochemical generator comprising:

5 -stacking a plurality of electrochemical cell

laminates to form a bundle having a pair of sides,

each of sald electrochemical cell laminates
including:

a) an alkalil metal anode;

10 b) an electrolyte separator;

c) a cathode;

d) a cathode current collector;

-applying reactive fluid onto at least one side of

said bundle such as to oxidize an exposed edge of

15 at least one of gaid alkali metal anodes and

thereby dissolve a portion of saild exposed edge,

said exposed edge receding away from said at least
one side of said bundle for preventing electrical

contact between said alkali metal anodes and

20 adjacent cathodes or cathode current collectors.

2. A process as defined in claim 1, wherein said bundle of

laminates is covered at least in part with a protective

layer for sealing said bundle with the exception of

25 agaid at least one side.

3. A process as defined in claim 2 wherein said protective

layer 1is a protective casing having at least one

opening for alignment with said at least one side.

30

4. A process as defined in claim 1 wherein said fluid is

applied in the form of a jet spray.

-

15
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5. A process as defined in claim 1, wherein said alkali1l

me

6. A

alloys.

tal anode comprises lithium metal or Jlithium metal

process as defined in claim 1, wherein said fluid is

selected from the group consisting of watex, distilled

water,

7. A process as

alcohol, methanol, halogenated compounds,

sulphured compounds and oxygenaﬁed compounds .

defined in claim 6, wherein sa

id fluid is

water or distilled water.

8. A process as defined in claim 6, wherein said fluid is

methanol.

9. A process as defined in claim 1, further comprising

10.

11.

12.

drying said at least one side of said bundle using an

air stream jet.

comprising

A process as defined in claim 1, further

monitoring the “Voltage of said Dbundle

throughout said process.

A process as defined in claim 1, wherein said

process is carried out in a ventilated area to evacuate

said fluid and particles from the oxidized portion of

sald exposed edge.

one gilde

including

laminates,

of

a

ea

An apparatus for electrically insulating at least

an electrochemical bundle, the bundle

plurality of electrochemical cell

ch laminate including an alkali metal

16
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anode, an electrolyte separator, a cathode and a

cathode current collector, said apparatus comprising:

- a first nozzle for applying a reactive fluid onto

at least one side of the bundle for oxidizing an

exposed edge of at least one of the alkali metal

anode lavers;

- a second nozzle for applyving an air stream to dry

e

said at least one side of said bundle;

- means for transporting the bundle such that the at

least one gide of the bundle 1s exposed to said

second nozzle after first being exposed to said first

nozzle.

13. An apparatus as defined in claim 12, further

comprising a containment cover enclosing said first and

second nozzles, said containment cover including a

ventilation aperture connected to a wventilation pump
" whereby the oxidation and drying of the at least one

side of the bundle may Dbe ca'r'"r"ired out under

ventilation.

14 . An apparatus as defined in claim 12, <further

comprising a protective layer covering at least in

part the Dbundle for sealing the bundle with the

exception of the at least one side.

15. An apparatus as defined in claim 14, wherein said
protective layer is a protective casing comprising at
least one opening at one extremity thereof for exposing
the at least one side of the bundle while sealing the

remaining portion of the bundle.

17
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16 . An apparatus as defined in claim 12, wherein said
means for transporting the bundle comprises a

reciprocating mechanism.

17. An apparatus as defined in claim 12, wherein said

means for transporting the bundle comprises an endless

belt.

18. An apparatus as defined in claim 12, wherein said

apparatus comprises:

- a pair of first nozzles for applying fluid on a

palr of sides of the bundle;

g

- a pair of second nozzles for applylng an air stream

on each of the pair of sides of the bundle for drying

each side.

19. A process for electrically insulating an

electrochemical\bundle, the bundle including a stack of

electrochemical cell laminates, each laminate including

an alkali metal anode, an electrolyte separator, a
cathode and a cathode current collector, said process

comprising: !

- applying reactive fluid onto at least one side
of the bundle such as to oxidize an exposed edge

of at least one of the alkali metal anodes for

preventing electrical contact between the at least

one alkali metal ancde and adjacent cathodes or
cathode current collectors;

- dryving the at least one side of the bundle.

18
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