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sheet onto an electrically conductive support film is provided. The
Im and laminating the at least one electrode sheet onto at least one

& side of the heated electrically conductive support film. An apparatus for laminating at least one electrode sheet onto an electrically
N onductive support film is also provided. The apparatus comprises lamination rollers forming a nip and means for carrying the

electrically conductive support film and the at least one electrode sheet to the nip formed by the lamination rollers. The apparatus
also comprises a heater for heating the electrically conductive support film before the electrically conductive support film reaches
the nip formed by the lamination rollers.
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TITLE: PROCESS AND APPARATUS FOR LAMINATING COMPONENTS
OF AN ELECTROCHEMICAL CELL

Field of invention

The present invention relates generally to lithium

polymer batteries and, more particularly, to 'a process

gr——

and an apparatus for assembling components of thin film

electrochemical cells for lithium polymer batteries.

Background of the invention

Rechargeable batteries manufactured from laminates of

solid polymer electrolytes and sheet-like anodes and

cathodes displays many advantages over conventional

liguid electrolytes batterilies. These advantages include

lower overall Dbattery weight, high power density, high

specific energy, longer service life, and environmental

friendliness since the danger of spilling toxic liquid

into the environment 18 eliminated.

Lithium polymer Dbattery components 1include positive

electrodes, negative electrodes and an electrolyte

separator capable of permitting ionic conductivity, such

r=—c

as an electrolyte consisting of a polymer and a lithium

salt, sandwiched Dbetween the positive and negative

electrodes. The negative electrodes, or anodes, are

usually made of light-weight metals such as alkali metals

and alloys, typically lithium metal, lithium oxide,

lithium-aluminum alloys and the 1like, or of carboneous

material such as coke or graphite intercalated with

lithium ion to form LikC. The composite positive
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electrodes, or cathodes, are usually formed of a mixture

gt

of 1nsertion material, electronic conductive filler,

usually carbon or graphite or mixture thereof, and an

ionically conductive polymer electrolyte material, the

mixture being set on a current collector, for example, a

thin sheet of aluminum.

Composite cathode thin films are wusually obtained by

solvent coating onto a current collector or by melt

extrusion deposited onto the current collector film.
Similarly, the polymer electrolyte separator layer is

typi‘cally produced by solvent coating or Dby melt

extrusion.

Solid lithium polymer electrochemical cells are typically

manufactured by separately preparing the positive

electrode, the electrolyte separator and the negative

electrode and thereafter laminating each component

P

together to form an electrochemical cell. U.S. Patent

no. 5,536,278 to Armand et al. discloses one method of

assembling the various components of a solid lithium

polymer electrochemical cell. The positive electrode thin

film is coated or layered onto a current collector. The

polymer electrolj/te 1s coated onto a plastic substrate

such as a film of polypropylene. The positive electrode

1s thereafter laminated onto one face of the electrolyte,

and the plastic substrate 1s then removed from the other

-

face of the electrolyte and the 1lithium. . negative

electrode 1s applied thereon. Although this

—
—

manufacturing process 1s reasonably efficient for

research and development and small-scale production of

Lithium polymer electrochemical cells, it is inadequate

for large-scale production of such cells.
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U.5. Patent no. 5,100,746 to Gauthier discloses a method

'l

of laminating simultaneously a pluraiity of layers o3

components of an electrochemical cell that is adapted to

F
S

speed up the manu:

acturing process, wherein double-lavyer

solid polymer electrolyte/composite positive electrode

sub—-assemblies are subsequently associated with the other

p—

constituent layers of the electrochemical cell.

Co-pending U.S. Patent Application Publication no.
2003/0215710A1 discloses an efficient method of

manufacturing a positive electrode film through a single

or twin screw extruder and either depositing the positive

electrode film directly onto a moving current collector

film, or handling the positive electrode film through one

or more rollers and thereafter laminating it onto a

moving current collector film. To achieve cost-

effective production levels and to produce a high quality
electrochemical éell, the lamination of the positive

electrode film onto the current collector must be fast

and the positive electrode film must adhere properly onto

a substrate such as a current collector.

In order to improve the efficiency of the production

r—
vt

‘acturing of lithium polymer

process for large-scale manu:

batteries, there is a need for an improved method and

apparatus for laminating a composite positive electrode

onto a substrate support film.
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Summary of the Invention

t is an object of the present invention to provide a

process for laminating and assembling a composite

positive electrode film onto a substrate support f£ilm.

It 1s another object of the present invention to provide

an apparatus for laminating and assembling a composite

positive electrode film onto a substrate support film.

In accordance with a first broad aspect, the invention

provides a process for laminating at least one electrode

sheet onto an electrically conductive support film. The
process comprises heating the electrically conductive

support film and laminating the at least one electrode

sheet onto at least one side of the heated electrically

conductive support f£ilm.

In a specific non-limiting example of implementation, the

at least one electrode sheet is also heated prior to

lamination. Advantageously, a first electrode sheet 1is

—

laminated onto a first side of the heated electrically

conductive support film and a second electrode sheet is

laminated onto a second side of the heated electrically

conductive support film. Furthermore, 1in a specific

embodiment, the first side of the electrically conductive

support film is first brought into contact with the first

electrode sheet and, thereafter, the second side of the

electrically conductive support film is brought into

contact with the second electrode sheet.

In a particular exémple of implementation, the lamination

Oof the electrode sheet or sheets onto the heated
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electrically conductive support film 1s carried out
through the nip of a pair of rollers. In a specific

embodiment, the electrically conductive support film is

passed through

_

a series of stabilizing rollers prior to

5 lamination. Also, 1n a particular embodiment, the at

P

least one electrode sheet is self-supporting.

In accordance with a second broad aspect, the invention

provides an apparatus for Ilaminating at least one

electrode shee

saand

.

onto an electrically conductive support

10 film. The apparatus comprises lamination rollers forming

a nip and means

for carrying the electrically conductive

support film and the at least one electrode sheet to the

nip formed by the lamination rollers. The apparatus also

comprises A

heater for heating the electrically

15 conductive support film before the electrically

conductive support film reaches the nip formed by the

lamination rollers.

In a specific example of 1implementation, the means for

carryving the electrically conductive support film and the

20 at least one electrode sheet to the nip formed by the

lamination rollers comprises means for carrying a first

electrode sheet and a second electrode sheet to the nip.

In a specific embodiment, the means for carrying the

first electrode sheet and the second electrode sheet to

25 the nip 1is adapted to laminate the first electrode sheet

onto a first side of the electrically conductive support

film and to laminate the second electrode sheet onto a

second side of the electrically conductive support film.

Advantageous.ly,

the heater is a first heater and 1s aimed

30 at a contact point between the electrically conductive

support film

apparatus said

-

nd the first electrode sheet, and the

-

further comprises a second heater aimed at
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a contact point between the electrically conductive

support film and the second electrode sheet.

In a particular example of implementation, the apparatus

further comprises means for applying and controlling a

pressure exerted by the lamination rollers at the nip

onto the electrically conductive support film and the at

least one electrode sheet.

These and other aspects and features of the present

invention will now become apparent to those of ordinary

paer

skill 1n the art upon review of the following description

of specific examples of implementation of the invention

in conjunction with the accompanying drawings.

Brief description of the drawings

A detailed description of specific examples of

implementation of the present invention 1is provided

herein below, by way of example only, with reference to

the accompanying drawings, in which:

Figure 1 1s a schematic frontal view of a lamination

apparatus according to a filrst non-limiting example o:

N

implementation of the invention;

Figure 2 1is a schematic frontal view of a lamination

‘]

apparatus according to a second non-limiting example o:

implementation of the invention; and
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a schematic frontal view of a lamination

apparatus according to a third non-limiting example of

of the invention.

In the drawings, the embodiments of the invention are

illustrated by way of examples. It 1is to be exXpressly

understood that the description and drawings are only for

the purpose

understanding.

F

of illustration and are an aid for

They are not intended to be a definition

of the limits of the invention.

Detailed description

In general,

electrode

g

the production of thin sheets of composite

material 1s most efficiently done by melt

extrusion through a slit die. The wvarious constituents

of the composite electrode material are fed from one or

more hoppers

into an extruder where they are melted,

mixed and transported through an air-tight cylinder via a

mixing SCrew.

The molten material is extruded toward the

slit die and discharged through an elongated discharge

port of the slit die adjusted to a desired thickness of

film or sheet at a constant rate. The production of thin

gr—
——

sheets o:

composite electrode material may also be done

by a solvent coating method.

Figure 1

example of

P

111

ustrates a first specific non-limiting

implementation of a lamination apparatus in

which a composite cathode material is extruded through a

instance,

e

—

slot die 12 and into a nip 14 formed by a pair of rollers

le and 18

intained at a certain temperature. For

the temperature at which the rollers 16 and 18

are maintained can be of 12°C or less. The extruded
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or film 20 of a certain thickness.

PCT/CA2005/001138

al is thereby formed into a sheet

For example, the

thickness of the composite"cathode sheet 20 may be in the

range of about 30 um to about 100 um.

The composite

cathode sheet 20 remains 1in contact with the roller 18

for approximately 180° of rotation, during which time it

1s allowed to cool and acquire a solid state.

The composite cathode sheet 20 is then transferred onto

the surface of the roller 22,

a certain temperature,
surface of the roller 2

The composite cathode

lamination rollers 30 and 32.

implementation, the composite cathode sheet 20 is self-

supporting. That is, it

po—

self-supporting and does

which 1s also maintained at

and remalns 1n contact with the

2 for a portion o:

- i1its rotation.

sheet 20 then follows the path
defined by «rollers 24, 26 and 2

-

18 sul

not reqgqulre a

as, for example, a plastic film,

transported from the slot die 12

rollers 30 and 32.

race of the 1le

In contact with the sur:

the composite cathode sheet 20 follows the rotation of

8 which leads to

in

to

In a particular example of

—

ficiently consistent to be

support film, such

order to Dbe

the lamination

mina-

cion roller 30,

the lamination roller 30 and enters into a nip 34 formed

between the lamination rollers 30 and 32.

In the nip 34,

the composite cathode sheet 20 meets and is bonded to an

electrically conductive support  fi

1m

40 under The

pressure exerted by the lamination rollers 30 and 32 to

form a single side or monofs

laminate 42. The position of the lamine

ce cathode/current collector

tion rollers 30

and 32 1s adjustable such that the pressure applied onto

the cathode/current coll

ector laminate 42 being formed is
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also adjustable. Advantageously, the pressure 1is
maintained between about 10 psi and about 30 psi. In a

particular example of implementation, the pressure 1s

maintained at about 20 psi. The cathode/current

collector laminate 42 1s then either rolled up for

storage or transported to another processing station.

In the non-limiting example of implementation shown in

Figure 1, the electrically conductive support film 40 1is

heated by a pair of heaters 45A and 45B prior to entering
the nip 34 and bonding with the composite cathode sheet

20. FEach one of the heaters 45A and 45B may be any type

of heating device adapted to direct heat towards a target

area, such as, for example, an 1infrared 1light or an

electrical resistance element with or without air flow

F

ventilation. The surface temperature of the electrically

conductive support film 40 is railsed by heaters 45A and

g,

45B in order to increase the quality of adhesion between

the composite cathode sheet 20 and the electrically

conductive support f£ilm 40. When the composite cathode

sheet 20 contacts the heated surface of the electrically

conductive support film 40, the surface of the composite

cathode sheet 20 softens to create an intimate interface

with the surface of the electrically conductive support

film 40, thereby forming an intimate bond between the two

sheets 20

'

nd 40. In a particular example of

Q)

implementation, the electrically conductive support f£ilm

40 1is heated to a temperature of approximately 40°C.

However, 1t 1is to be understood that the temperature at

which the electrically conductive support film 40 is

heated may wvary widely depending on the type of material

and thickness of the electrically conductive support film

40,




10

15

20

25

30

CA 02575291 2007-01-26

WO 2006/010250 PCT/CA2005/001138

Advantageously, in the specific example of implementation

shown in Figure 1, the heaters 45A and 45B are aimed

directly at the nip 34 formed by the lamination rollers

30 and 32, thereby heating simultaneously the

electrically conductive support film 40 and the composite
cathode sheet 20. In so doing, the temperature of the
electrically conductive support f£ilm 40 is raised and the

composite cathode sheet 20 1is softened 1in order to

increase the quality of adhesion between the composite

cathode sheet 20 and the electrically conductive support

film 40.

The electrically conductive support film 40 refers to any

type of current collector known to those skilled in the

art of electrochemical cells. For example, suitable

current collectors can Dbe selected from the group

A

consisting of metallic foils in general, and more

specifically metallic foils of aluminum, copper, nickel

and alloys of those metals, conductive plastics, metal

coated polymer sheets, metallic foils or grids coated

with adhesion promoters, anti-corrosion protective

layers, metal oxides, and wvarious other types of

b

conductive member devised over decades of research and

development.

g—

In the non-limiting example of implementation shown in

Figure 1, the electrically conductive support £ilm 40

passes through a series of rollers 47, 48 and 49 prior to

lamination. The combination of the rollers 47, 48 and 49

stabilizes the electrically conductive support film 40

such that 1t does not waver or seesaw when entering the

nip 34 and contacting the composite cathode sheet 20.

10
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Figure 2 illustrates a second specific non-limiting

example of implementation of the lamination apparatus in

which additional stabilizing rollers 51, 52, 53, 54, 55

and 56 define a more 1ntricate path adapted to prevent

lateral wavering and zigzagging of the electrically

conductive support film 40. Furthermore, the 1last

g
—

stabilizing roller 56 1is in an offset position relative

to the nip 58 formed by the lamination rollers 60 and 62.

The offset position of the stabilizing roller 56 directs

the electrically conductive support film 40 such that the

electrically conductive support film 40 meets the

composlite electrode sheet 50 before entering the nip 58.

P

The tension of the electrically conductive support film

40 exerts the 1initial force or pressure which bonds

together the electrically conductive support f£ilm 40 and

the composite electrode sheet 50.

The heaters 45A and 45B are positloned to accommodate the

angular entry of the electrically conductive support £film

40 1nto the nip 58 defined by the lamination rollers 60
and 62. The heater 45A 1s aimed at the meeting point of

the electrically conductive support film 40 and the

composite electrode sheet 50 such that they are heated
simultaneously to promote adhesion at the initial contact

point of the composite electrode sheet 50 and the

electrically conductive support film 40. Thereafter, the

monoface laminate 64, comprising the composite electrode

sheet 50 and the electrically conductive support f£ilm 40,

enters the nip 58 where it is put under pressure applied

by the lamination rollers 60 and 62 to securely bond

g—

together the two layers of the laminate 64. The laminate

11
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64 1s then carried away for storage or transported to

another processing station.

Figure 3 1llustrates a lamination apparatus in accordance

—
p—

with a third specific non-limiting example O:

r—

implementation of the invention. A first electrode sheet

"

gl

70 exiting a slot die 1is routed through a series o:
rollers 71, 72 and 73 and led to a lamination roller 74.

A second electrode sheet 80 exiting another slot die is

routed through a series of rollers 76, 77 and 78 and led

to a lamination roller 75.

An electrically conductive support film 40 is routed

through a series of stabilizing rollers 82, 84, 86, 88,

g

90 and 92 which prevent wavering and zigzagging of the

electrically conductive support film 40, thereby ensuring

that the electrically conductive support film 40 is

stable when 1t i1is bonded to the first electrode sheet 70.

The last stabilizing roller 92 1is in an offset position

relative to a nip 95 formed by the lamination rollers 74

and 75 such that the electrically conductive support film

40 meets and 1s bonded to the first electrode sheet 70 at

an acute angle before entering the nip 95. The tension

of the electrically conductive support film 40 exerts the
initial force or pressure which bonds the electrically

conductive support film 40 to the first electrode sheet

70.

Heaters 45A and 45B are positioned to accommodate the

angular entry of the electrically conductive support film

40 into the nip 95 formed by the lamination rollers 74
and 75. The heaters 45A and 45B are respectively aimed

at the meeting points of the electrically conductive

12
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support film 40 and the first and second electrode sheets
70 and 80 such that they are heated simultaneously to
promote adhesion at the initial contact points of the

electrode sheets 70 and 80 and the electrically

conductive support film 40. The surface temperature of

the electrically conductive support film 40 is raised by

the heaters 45A and 45B and the first and second

electrode sheets 70 and 80 are softened in order *o

increase the quality of adhesion and create an intimate

interface between the electrode sheets 70 and 80 and the

electrically conductive support film 40.

Therefore, one side of the electrically conductive
support film 40 is first laminated onto the first
electrode sheet 70. The second electrode sheet 80 is

g

then laminated onto the other side of the electrically

conductive support film 40 when entering the nip 95. The

lamination rollers 74 and 75 apply pressure onto a

laminate 96, comprising the first and second electrode

sheets 70 and 80 and the electrically conductive support

film 40, in order to increase the adhesion between the

gy

components of the laminate 96 and to prevent any air

bubbles from forming between the electrode sheets 70 and

80 and the electrically conductive support f£ilm 40.

Thereafter, the bi-face laminate 96, which comprises the

electrode sheets 70 and 80 each securely bonded to a

respective side of the electrically conductive support

film 40, is carried away for storage or transported to

another processing station.

The heaters 45A and 45B heat the electrically conductive

support film 40 to a temperature of approximately 40°C.

However, this temperature may vary widely depending on

13
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—

the type of material and thickness of the electrically

conductive support film 40,

The pressure applied by the lamination rollers 74 and 75

‘may vary widely depending on the type of electrode

material being laminated. For instance, in a particular

example of implementation in which the electrode sheets

70 and 80 1include a material comprising transitional

metal oxide as the active material, the pressure exerted

by the lamination rollers 74 and 75 is maintained between

about 10 psi and about 30 psi. Advantageously, the

pressure exerted by the lamination rollers 74 and 75 1is

maintained at about 20 psi. The application and control

of the pressure exerted by the lamination rollers 74 and

75 at the nip 95 is achieved by either an hydraulic or

pneumatic system (not shown) or by a mechanical system

(not shown) with or without sensors.

In the particular examples of implementation i1llustrated

in Figures 1, 2 and 3, the electrode sheets 20, 50, 70

and 80 are self-supporting and do not require a support

film, such as, for example, a plastic film, in order to

be transported to the lamination rollers. However, in

other examples of implementation, a support f£ilm, such as

a plastic support film, may be used for transporting each

of the electrode sheets.

Although wvarious examples of implementation have been

r—

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 the present invention, which 1is

defined more particularly by the attached claims.

14
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Claims:
1. A process for laminating at least one electrode
5 sheet onto an electrically conductive support f£ilm,

sald process comprising:

(a) heating the electrically conductive support

film; and

(b) laminating the at least one electrode sheet

10 onto at least one side of the heated

electrically conductive support film.

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

heating the at least one electrode sheet prior to
15 step (b).

3. A process as defined 1n claim 2, wherein the

electrically conductive support film and the at

least one electrode sheet are heated simultaneously.

20
4 A process as defined in any one of claims 1 to 3,
wherein the electrically conductive support film is
stabilized through a series of stabilizing rollers
before lamination in step (b).
25
5. A process as defined in any one of claims 1 to 4,
whereln pressure 1s applied onto the electrically
conductive support film and the at least one
electrode sheet as they pass through a nip formed by
30 a palr of laminétion rollers.

6. A process as defined in claim 5, wherein the at

lLleast one electrode sheet is laminated onto the

15
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electrically conductive support film prior to

entering the nip formed by the pair of lamination

rollers.

A process as defined 1n any one of claims 1 to 6,
wherein the electrically conductive support £film

meets the at least one electrode sheet at an acute

angle.

A process as defined in any one of claims 1 to 7,

wherein, 1in step (b)), a first electrode sheet of the

at least one electrode sheet 1is laminated onto a

first side of the heated electrically conductive

support film and a second electrode sheet of the at

least one electrode sheet i1s laminated onto a second

gr—

side of the heated electrically conductive support

f1lm.

A process as defined in claim 8, wherein the first

electrode sheet and the second electrode sheet are

heated prior to step (b).

A process as defined 1in claim 8 or 9, wherein the

first side of the electrically conductive support

film is first brought into contact with the first

electrode sheet and the second side of the

electrically conductive support film is thereafter

brought 1into contact with the second electrode

sheet.

A process as defined in any one of claims 1 to 10,

wherein the at least one electrode sheet 1s obtained

through an extrusion process.

16
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12. A process as defined in any one of claims 1 to 11,

wherein the electrically conductive support film is

heated by a heating device selected from the group

5 consisting of an infrared light and an electrical

resistance element.

13. A process as defined in any one of claims 1 to 12,

wherein the electrically conductive support film is

10 a current collector selected from the group

g

consisting of metallic foils of aluminum, copper,

(l

nickel and alloys of these metals, conductive

plastics, metal coated polymer sheets, metallic

foils or grids coated with adhesion promoters,

15 . metallic foils or grids coated with anti-corrosion

protective layers, and metallic foils or grids

coated with metal oxides.

14. A process as defined in any one of claims 1 to 13,

20 wherein the at least one electrode sheet is self- -

supporting.

15. An apparatus for laminating at least one electrode

sheet onto an electrically conductive support film,

25 sald apparatus comprising:

- lamination rollers forming a nip;

- means for carrying the electrically conductive

support film and the at least one electrode sheet
to the nip formed by the lamination rollers; and

30 — a heater for heating the electrically conductive

support film before the electrically conductive

support film reaches the nip formed by the

lamination rollers.

17
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An apparatus as defined 1in

comprising means

the electrically conductive support

claim 15,

PCT/CA2005/001138

further

for carrying a laminate comprising

film and the at

from the lamination

least one electrode sheet away

rollers.

An apparatus as defined in claim 15 or 16, wherein

said means for carrying the electrically conductive

support film and the at least one electrode sheet to

the nip formed by

at least

the lamination rollers comprises

the

roller for

one first guiding

electrically conductive support film to the nip and

at least one second roller for guiding the at least

one electrode sheet to the nip.

An apparatus as defined in claim 17, wherein the at

least one first roller is adapted to prevent lateral

the

wavering and Zz1lgzagging of

electrically

conductive support film.

yf—
P

An apparatus as defined in any one of claims 15 to

the at sheet

18, wherein least electrode

one

sheet second

the

electrode and a

includes a first

electrode sheet, salid means for

carrying

electrically conductive

support film and the at

least one electrode sheet to the nip formed by the

lamination rollers comprising means for carrying the

first electrode sheet and the second electrode sheet

to the nip.

An apparatus as defined in claim 19, wherein said

means for carrying the first electrode sheet and the

18
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23.

second electrode sheet to the nip is adapted to

laminate the first electrode sheet onto a first side

Or the electrically conductive support film and to

laminate the second electrode sheet onto a second

e

side of the electrically conductive support film.

An apparatus as defined in claim 19 or 20, wherein

- sald means for carrying the electrically conductive

support film and the at least one electrode sheet to

the nip formed by the lamination rollers comprises

at least one first —roller for gulding the

electrically conductive support film to the nip, at

least one second roller for guiding the first

electrode sheet to the nip, and at least one third

roller for guiding the second electrode sheet to the

nip.

An apparatus as defined in any one of claims 15 to

21, further comprising means for applying and

controlling a pressure exerted by the lamination

rollers at the nip onto the electrically conductive

support film and the at least one electrode sheet.

An apparatus as defined in any one of claims 15 to

22, wherein said means for carrying the electrically

conductive support film and the at least one

electrode sheet to the nip formed by the lamination

rollers comprises an offset roller for directing the

electrically conductive support film such that the

electrically conductive support film meets the at

least one electrode sheet at an acute angle before

entering the nip formed by the lamination rollers.
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25.

20,

277 .

28.

b

An apparatus as defined in any one of claims 15 to

23, wherein the heater is a heating device selected

from the group consisting of an infrared light and

an electrical resistance element.

An apparatus as defined in any one of claims 15 to

24, wherein the heater is a first heater and is

.

adapted to heat a first side of the electrically

conductive support film, said apparatus further

comprising a second heater adapted to heat a second

side of the electrically conductive support film.

An apparatus as defined in any one of claims 15 to

24, wherein the heater is aimed at a contact point

petween the electrically conductive support film and

the at least one electrode sheet, and is adapted to

heat Dboth the electrically conductive support film

and the at least one electrode sheet.

An apparatus as defined in claim 19, wherein the

heater is a first heater and is aimed at a contact

point between the electrically conductive support

film and the first electrode sheet, said apparatus

further comprising a second heater aimed at a

contact point between the electrically conductive

support £ilm and the second electrode sheet.

An apparatus as defined in any one of claims 15 to

21, wherein the at least one electrode sheet is

P
—

self-supporting.
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