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In transportable solid form. The pre-mix positive electrode material may also comprise an alkall metal salt either dissolved or

dispersed In the mixture. The Iinvention also provides making a cathode film from the transportable solid pre-mix of positive
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Cathode material for polymer batteries and method of preparing same

Field of invention

The present invention relates generally to polymer batteries and more

specifically to the preparation of cathode materials for polymer batteries.

Background of the invention

Lithium/polymer electrolyte batteries are manufactured by superposing three
main types of films : a film of metallic lithium, a film of an electrolyte

comprising a polymer and a lithium salt, and a film of a positive electrode.

Each of these films has a thickness between 5 and 200 ym, for a total

thickness of 100 to 300 um for the elementary film of battery.

The film of positive electrode is typically prepared by coating or extrusion, on
a support film or directly on an aluminum foil or metalized plastic film, used as
an electrical current collector, a dispersion containing an electrochemically
active material such as a transitional metal oxide, carbon black and/or
graphite to ensure electronic conduction, a polymersalt electrolyte to ensure
ionic conduction and the mechanical bond between the solid particles
mentioned above and most often appropriate solvent or solvent mixtures

which are evaporated totally or partially during the coating process or

extrusion process.

In the coating process, the mixing and blending of the electrochemically active

material, the electronic conduction additives, the polymer binder and the
lithium salt forming the positive electrode is done in a compatible solvent or
solvent mixtures that will dissolve the salt and the polymer immediately prior

to coating. The solution is then coated through a

MONTREAL:3516863.1
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coating head in the form of a thin film. The solvent is then evaporated
and recovered, usually by condensation, for obvious environmental

reQsorns.

In the extrusion process, the mixing and blending of the electrochemically
active material, the electronic conduction additives, the polymer binder
and the lithium salt forming the positive electrode material is carried out by
the screw or screws of the extruder itself. The polymer and lithium salt are
generadlly introduced first in the extruder and melted followed by the
infroduction downstream from the polymer-salt melt of the
electrochemically active material and the electronic conduction additives
which are mixed and dispersed in the polymer-salt melt by the screw or
screws of the extruder. Frequently, an appropriate solvent or solvent
mixtures is added to reduce the viscosity of the melt and to help in the
mixing of the solid particles of active material and electronic conduction
additives, the solvent(s) which must be evaporated after the positive
electrode material is extruded onto a support film, directly on a current
- collector or as a free-standing film. Preferably, a twin screw extruder is
used for ifs superior ability over a single screw extruder for mixing and

blending the various components of the positive electrode material.

However, even with a twin screw extruder, the mixing and blending of the
various components of positive electrode material is sometime
Inadequate.  Specifically, the solid particles (active material and
electronic conduction additive particles) are not properly mixed and
dispersed, resulting in a less homogenous positive electrode material
resulting in poor electrochemical performance of the electrochemical
cells. In addition, the use of a twin screw extruder involves high shear
events which may poftentially degrade the polymer thereby further
decreasing the electrochemical performance of the cell during the cycles

of charge and discharge.
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Thus there is a need for a method or process of mixing and bilending the
various components of a positive electrode material to improve the
dispersion and consistency of mixing of the solid particles as well as @
positive electrode material with homogenous dispersion of its solid particles

consttfuents.

Statement of the invention

It is therefore an object of the present invention to provide a method for
mixing the various components of a positive electrode material having

solid content for a polymer battery.

It is another object of the present invention to provide an improved
positive electrode material having dispersed solid content for a lithium

polymer battery.

As embodied and broadly described, the invention provides a pre-mix of
positive electrode maternial in solid transportable form comprising @
polymer and solid particles of electrochemically active material and
preferably an electronic conductive additive. Preferably, the pre-mix of
positive electrode matenal in solid transportable form comprises a polymer
and at least 40% of solid particles of electrochemically active material and
electronic conductive additives. Also preferably, the pre-mix of positive
electrode material comprises a alkali metal salt either dissolved or
dispersed in the polymer. Preferably, the pre-mix of positive electrode
material is in the form of small to medium size chunks, pucks, carrots,
stripes, etc. or in pellet, granule, powder or flake form. Preferably, the pre-
mix of positive electrode material in solid transportable form comprises @

polymer and between 40%/wt and 80%/wt of solid particles of
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electrochemically active material and electronic conductive addifives.
The polymer of the pre-mix of positive electrode material may contain a

small amount of water within the range of 1000ppm to 10,000ppm.

The active material of the cathode may be selected from lithium
cobalt/nickel oxide, lithium manganese oxide (LiMn204), layered lithium
manganese nickel oxide and their derivatives, mixtures and analogs for so-
called 4V cathodes or among cathodes discharging below 4V such as
phosphates or other polyanions of transition metals such as LiFePO4 and
Nasicon structures, also including V20s, and LixV308. The alkali metal salt(s)
may be for example salts based on lithium trifluorosulfonimide (LiTFSi) as
described in U.S. Pat. No. 4,505,997, LIPFe, LiBF4, LISO3CFs, LiCIO4, and LiISCN,
etc. and combinations thereof. The nature of the salt or of the active

material i1s not a limitation of the present invention.

As embodied and broodly described, the invention aiso provides a process
for preparing a pre-mix positive electrode in solid transportable form
comprising the steps of:

(a)In a mixing device, mixing together a polymer, at least one solvent and
solid particles.otf electrochemically active material to form an mixture of
polymer-solid particles;

(b)evaporating the at least one solvent present in the mixture of polymer-
solid particies; and

(c)transforming the polymer-solid particles mixture into a transportable solid
selected from the group consisting of chunks, pucks, carrots, stripes, pellets,

granules, powder, flakes and combinations thereof.

As embodied and broadly described, the invention also provides for a

process for preparing a pre-mix positive electrode in transportable solid

form comprising the steps of:
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S

([a)in a mixing device, mixing together a polymer, at least one solvent. an
alkali metal salt and solid particles of electrochemically active material to
form an mixture of polymer-salt-solid particles;

(b)evaporating the at least one solvent present in the mixture of polymer-
sali-solid particles; and

(C)transforming the polymer-salt-solid particles mixture into g transportable
solid selected from the group consisting of chunks, pucks, carrots, stripes,

pellets, granules, powder, flakes and combinations thereof

As embodied and broadly described, the invention also provides a process
for extruding a thin positive electrode sheet having at least 40% /wt solid
content for a lithium polymer battery through a single or twin screw
extruder, said process comprises the steps of;

(a)intfroducing a pre-mix of positive electrode material in solid form
comprising a polymer and solid particles of electrochemically active
cathode material, into a first feed throat of the extruder:

(OJmelting the polymer and mixing said pre-mix of positive electrode
material in the extruder:;

(C) infroducing in a second feed throat of the extruder an alkali metal salt
which is dissolved in the polymer of the pre-mix of positive electrode
material;

(a)extruding the positive electrode material through a die in the form of @

thin sheet.

As embodied and broadly described, the invention also provides a process
for extruding a thin positive electrode sheet having at least 40% /wt of solid
content for a lithium polymer battery through a single or twin screw
extruder, the process comprises the steps of:

(@) infroducing into a first feed throat of the extruder an alkali metal sait;

(b)introducing into a second feed throat of the exiruder a pre-mix of
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positive electrode matenal in solid form comprising a polymer and solid
particles of electrochemically active cathode matenal;

(b)meiting and mixing said pre-mix of positive electrode material in the
extruder and dissolving said alkali metal salt in the melted polymer; and

(c) extruding the positive electrode material through a die in the form of a

thin sheet.

As embodied and broadly described, the invention also provides a process
for extruding a thin positive electrode sheet having at least 40% /wt of solid
content for a lithium polymer battery through a single or twin screw
extruder, the process comprises the steps of:

(a)introducing a pre-mix of positive electrode material in solid form
comprising a polymer, an alkali metal salt and solid particles of
electrochemically active cathode material and electronically conductive
additives, into a first feed throat of the extruder;

(b)melting the polymer and mixing said pre-mix of positive electrode
material in the extruder; and

(C)extruding the positive electrode material through a die in the form of a

thin sheet.

As embodied and broadly described, the invention also provides a process
for making a positive electrode having at least 40% /wt of solid content for
a lithium polymer battery, the process comprising the steps of:

(a)in a mixing device, mixing together a polymer, a solvent, and solid
particles of electrochemically active material to form an mixture of
polymer-solid particles;

(b)evaporating the solvent present in the mixture of polymer-solid particles;
(C)introducing the mixture of polymer-solid particles into a first feed throat

of the extruder:;

(b)melting the polymer and blending said mixture of polymer-solid particles

In the extruder to form a positive electrode material: and
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(c)extruding the positive electrode material through a die in the form of @

thin sheet.

As embodied and broadly described, the invention further provides an
electrochemical generator having a electrode thin film obtained by the

process of extruding pre-mix positive electrode material.
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:

Figure 1 is a flow chart illustrating the various step for preparing the

cathode material according to one embodiment of the invention; and

Figure 2 is a flow chart illustrating the various step for preparing the

cathode material according to a second embodiment of the invention.
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Detailed description of the invention

With reterence to Figure 1, a solution of polymer in solvent or mixture of
solvents Is mixed with solid particles of active cathode material and
electronic conductive additives. The polymer solution could be obtained
by the dissolution of a polymer in a solvent(s) or directly at the outlet of a
polymernization reactor if the polymer is already in solution. In a preferred
embodiment the active cathode material and electronic conductive
additives have been blended together prior to Iinfroduction into the
polymer solution. However, the active cathode material and the
electronic conductive additives may be introduced separately into the
polymer solution. The polymer solution and the solid particles are mixed in
any type of mixing device(s) capable of proper dispersion for a sufficient '
time to obtain a good dispersion of the solid particles in the polymer
solution and/or In any equipment that homogenize the mixture in order to
achteve the same dispersion. The mixing process may be done in one step
INn a single mixing device or through multiple steps through a two or more
mixing device with different mixing properties. Further solvent may be
added It necessary to the mixture to facilitate the dispersion of the solid
particles. Solvent typically used in this process are polar or non-polar
solvents Into which the polymer is soluble such as Toluene, Acetonitrile,
Methanol, Acetone, Benzene, and Methyl Ethyl Ketone (MEK) to name a
few. The polymer may be an homo- or co-polymer, may comprise two or
more polymers, and may be cross linkable or not. Anti-oxidants and other
additives such as stabillizers, dispersion agents and fillers may be added to

the polymer solution as necessary.

Thereafter, the solvent or solvents are evaporated by any means known to
those skilled in the art such as an evaporator or spray dryer amongst

others, to obtain a polymer-solid particles mixture adapted for a coating
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process or an extrusion process. The polymer-solid particles mixture is then
fransformed Into a transportable solid such as small or medium size chunks,
carrots pucks or stripes, or granules, powder, pellets or flakes. There are no
imitation to the geometric shapes the polymer-solid particles mixture may
take. In one specific embodiment, the polymer-solid particles mixture is
introduced In a melting and pumping device such as extruder, where the
polymer is melted and the compaosite is further mixed, then pumped into a
cooling device where it hardens. This hardened mixture is brought to
mechanical cutting device that transtorms the hardened polymer-solid
particles mixture Into the desired shape such as a pelletizer which
transtorms the hardened polymer-solid particles mixture into pellets of @
few millimeters in length and width or diome’rer.. In another embodiment
the polymer-solid particies mixture still in solution in the solvent is spay dried
through a nozzle which yields a polymer-solid particles mixture in the form
of granules, powder or flakes. The pre-mix cathode material in chunks,
carrots, pucks, granules, pellets or powder form is then ready for shipment
or tor processing by extrusion or coating to be transformed into thin films.
In the present text the term solid transportable form includes solids of any
shapes which can be safely shipped in containers such as chunks, pucks,

carrots, stripes, pellets, granules, powder and flakes.

Preferably, the pre-mix cathode material in transportable solid form is
stored and/or transported in a controlled environment. Specificolly, It is
preferable to maintain the temperature of the pre-mix cathode material in
fransportable solid form below 30 °C to prevent unwanted degradation of

the performance of the cathode material.

In the extrusion process, the pre-mixed cathode material is introduced in a
first feed throat of either a single (reciprocating or non-reciprocating) or
twin screw extruder where it begins to melt. In a second feed throat

downstream from the first feed throat is added an alkali metal salt which is
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dissolved and mixed in the melted cathode material. As a variant of the
process, the alkali metal salt may be intfroduced first and the pre-mix
cathode material second. The alkali metal salt provides ionic conductivity
to the cathode material. The cathode material including the dissolved

alkall metal salt is extruded through a die as a thin sheet of between 5 and

200 Om thick, either directly onto a substrate support such as a metal foll
current collector or a plastic film, or as a self-supporting sheet which is iater
on laminated onto a current collector. The alkali metal salt{s) may be for
example salts based on lithium trifluorosulfonimide [LiTFSi) as described in
U.S. Pat. No. 4,505,997, LIPFs, LiBF4, LISO3CF3, LICIO4, and LISCN, etc. and
combination thereof. The nature of the salt is not a limitation of the present

invention.

In the extruder, the pre-mixed solid particles (active material and
electronic conduction additive particles) are further mixed and blended
and are therefore thoroughly mixed and dispersed resulting in an
homogenous positive electrode material having a optimal energy content
and excellent electrochemical performance or improved cyclability of the
electrochemical cells produced thereafter. In addition, the fact that the
cathode material has been previously mixed and blended allows the use
of an extruder having a screw designed to produce low shear as opposed
to the high shear previously required to thoroughly mix and blend the
cathode material. This resulis in a less energetic mixing and melting of the
polymer that avoids potential degradation of the polymer with the result of
improving the electrochemical performance of the electrochemical cells
produced thereafter during the cycles of charge and discharge. The pre-
mixing of the solid particles into a polymer solution also enables an
iIncreased proportion of solid particles and specifically of active material

Into the resulting cathode which may contain up to 80%/wt of active

material.
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The polymer included in the pre-mixed cathode material in solid form may
comprise a small amount of water such as between 1000ppm and
10,000ppm and preferably within the range of 2000ppm 1o 5000ppm, in
order to adjust the rheological properties of the pre-mixed cathode
material, for example, by lowering the viscosity of the material and
therefore improving the processability the pre-mixed cathode material

through an extruder.

Figure 2 illustrates a variant of the process previously described where the
oolymer solution is prepared with a polar solvent into which both the
oolymer and the alkali metal salt are soluble as is well known in the art.
Polar solvents typically used in this process are Acetonitrile, Methanol,
Acetone, and Methyl Ethyl Ketone (MEK) to name a few. To this polymer
solution is added all solid particles of active cathode material and
electronic conductive additives already pre-blended together and a alkall
metal salt soluble in the polar solvent. The mixture of polymer-salt and solid
oarticles is mixed in any type of mixing device(s) or homogenizer capable
of proper dispersion for a sufficient time to obtain a good dispersion of the
solid particles- in the polymer-salt solution. Thereafter the solvent is
removed through evaporation or other means from the mixture, and the
remaining polymer-salt/solid particles mixture is transformed Into a
transportable solid such as small to medium size chunks pucks, carrofs,
stripes, granules, powder, pellets or flakes as previously described. I
necessary, to prevent the transportable solid pre-mix cathode material
which now includes an alkali metal salt from partially melting and
agglomerating during transport or storage, rendering it difficult to further
process, the transportable solid pre-mix cathode material may be mixed
info a substance like fumed silica which is compatible with the
electrochemistry of the cells and microscopically separates the

transportable solid, especially the pellets, granules, powder or flakes 10

inhibit their adhesion to each other.
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When brought to the extruder, or any types of melting and pumping device, for
processing into thin sheets of between 5 and 200 um thick, the pre-mix
polymer-salt/solid particles (active material and electronic conduction additive
particles) are further mixed and blended and are therefore thoroughly
dispersed resulting in excellent electrochemical performance or improved
cyclability of the electrochemical cells produced thereafter. The pre-mixed
cathode material in solid form is introduced into a feed throat of either a single
(reciprocating or nonreciprocating) or twin screw extruder where it is melted
and extruded through a die as a thin sheet of between 5 and 200 ym thick,
either directly onto a substrate support such as a metal foil current collector or
a plastic film, or as a self-supporting or free-standing sheet which is later on

laminated onto a current collector.

The solid particles are therefore thoroughly mixed resulting in an homogenous
positive electrode material having a optimal energy content in terms of volume
as well as of mass. In addition, as previously stated, the fact that the cathode
material has been previously mixed and blended allows the use of an extruder
having a screw designed to produce low shear as opposed to the high shear
previously required to thoroughly mix and blend the cathode material. This
results in a less energetic mixing and melting of the polymer that avoids
potential degradation of the polymer with the result of improving the
electrochemical performance of the electrochemical cells produced thereafter

during the cycles of charge and discharge.

As a further variant of the process described with reference to Figure 2, the
polymer solution is prepared with a solvent or solvent mixture, into which the
polymer is soluble but the alkali metal salt is not soluble, such as a nonpolar

solvent like Toluene or Benzene. To this polymer solution is added all

MONTREAL:351068066.1
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solid particles of active cathode material and electronic conductive additives
already pre-blended together and the alkali metal salt. The alkali metal salt is
not dissolved but dispersed into the polymer solution. The mixture of polymer,
salt and solid particles is mixed in any type of mixing device or devices (one
or more) capable of good dispersion for a sufficient time to obtain solid
particles and salt particles that are thoroughly dispersed within the polymer
solution. Thereafter the solvent is removed through evaporation or other
means from the mixture, and the remaining polymer/salt/solid particles
mixture is transformed into a transportable solid such as the shapes or forms

previously described.

In some cases, and under certain conditions, the alkali metal salt may be
dissolved in the non-polar solvent. For example, raising the temperature of the
mixture of polymer, salt and solid particles in solution in the non-polar solvent
may enable the salt to dissolve in the polymer solution. The mixture of
polymer, salt and solid particles in solution in the non-polar solvent may be
heated to a temperature of about 40 °C or more during mixing to enable the
salt to dissolve in the polymer solution. Also, a combination of two or more
solvents, one of which being a non-polar solvent, may enable the salt to
dissolve in the polymer solution. Thereafter the solvent (s) is/are removed
through evaporation or other means from the mixture, and the remaining
polymer/salt/solid particles mixture is transformed into a transportable solid

such as the shapes or forms previously described.

When brought to the extruder for processing into thin sheets of between 5 and
200 um thick, the pre-mix polymer/salt/solid particles (active material and
electronic conduction additive particles) are further mixed and blended and
are therefore thoroughly mixed and dispersed resulting in excellent
electrochemical performance or improved cyclability of the electrochemical
cells produced thereafter. The pre-mixed cathode material is introduced in a

feed throat of either a single (reciprocating or

MONTREAL:3516867.1
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non-reciprocating) or twin screw extruder where the polymer is melted, the
alkali metal salt is dissolved in the polymer and the solid particles are re-
dispersed into the polymer-salt solution. The cathode material is extruded
through a die as a thin sheet of between 5 and 200 um thick, either directly
onto a substrate support such as a metal foil current collector or a plastic film,
or as a self-supporting sheet which is later on laminated onto a current

collector.

As a further variant of the process illustrated in Figure 1, a solution of polymer
in solvent is mixed with solid particles of active cathode material only. The
mixture of polymer and solid particles of active cathode material is mixed in
any type of mixing device (s) capable of good dispersion for a sufficient time
to obtain solid particles that are thoroughly dispersed within the polymer
solution. Thereafter the solvent is removed through evaporation or other
means from the mixture, and the remaining polymer/solid particles of active
cathode material mixture is transformed into a transportable solids as
previously described. When brought to the extruder for processing into thin
sheets of between 5 and 200 um thick, the pre-mix polymer/solid particles
(active material only) in solid form is introduced into a feed throat of the
extruder, the alkali metal salt and the electronic conduction additive are fed
into other feed throat (s); the various components are mixed and dispersed or
dissolved in the molten polymer. The alkali metal salt is dissolved in the
polymer and the solid particles (active material and electronic conductive
additives) are redispersed into the polymer-salt solution. The cathode material
Is extruded through a die as a thin sheet of between 5 and 200 um thick,
either directly onto a substrate support such as a metal foil current collector or

a plastic film, or as a self-supporting sheet which is later on laminated onto a
current collector.

MONTREAL:3316868. 1
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As yet another variant of the process illustrated in Figure 1, a solution of
polymer in solvent is mixed with solid particles of electronic conductive
additives material only. The mixture of polymer and solid particles of
electronic conductive additives is mixed in any type of mixing device(s)
capable of good dispersion for a sufficient time to obtain solid particles of
electronic conductive additives that are thoroughly dispersed within the
polymer solution. Thereafter the solvent is removed through evaporation or
other means from the mixture, and the remaining polymer/solid particles of
electronic conductive additives mixture is transformed into a transportable
solid as previously described. When brought to the extruder for processing
into thin sheets of between 5 and 200 um thick, the pre-mix polymer/solid
particles (electronic conductive additives only) in solid transportable form is
introduced into a feed throat of the extruder, the alkali metal salt and the
active cathode material are fed into other feed throat (s); the various

components are mixed and dispersed or dissolved in the molten polymer.

The alkali metal salt is dissolved in the polymer and the solid particles (active
cathode material and electronic conductive additives) are redispersed into the
polymer-salt solution. The cathode material is extruded through a die as a thin
sheet of between 5 and 200 um thick, either directly onto a substrate support
such as a metal foil current collector or a plastic film, or as a self-supporting

sheet which is later on laminated onto a current collector.

For each of the above variants or embodiments described, if the pre-mix
cathode material is prepared within the vicinity of the extruder, the solvent or
solvents of the solution of the pre-mix cathode material may be evaporated or
dried just prior to the introduction of the pre-mix cathode material into the
extruder such that the pre-mix cathode material remains in a fluid state and is
never transformed into a transportable solid. The premix cathode material is
introduced directly into the extruder while still in a fluid state and processed as

described in the previous variants or

MONTREAL:3516869.1
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embodiments thereby eliminating the necessity to transform it into @

fransportable solid.

In a pretered embodiment, the polymer 15 a polyether such as
polyethylene oxide based polymer, the alkal metal salt is a lithium salt such
as LiTFSI, the active matenal is a transition metal oxide such as lithium
vanadium oxide (LixV3Os), the electronic conductive additive is carbon
black or a binary mixture of carbon black and graphite. The posifive
electrode material includes between 15%/wt and 45%/wt of polyether ;
between 40%/wt and 80%/wt of lithiated vanadium oxide; between
1.0%/wt and 57%/wt of Carbon black and Graphite particles and between
2%/wt and 15%/wt of lithium salt. An antioxidant and other additives in

minute proportion may also be added to the mixiure.

it the transformation of the solid pre-mix cathode material is done by
coating process, the process is simplified since most if not all the
components of the cathode are already pre-mixed, permitting reduction

of mixing time, energy and hardware thereby reducing production cost.

An electrochemical generator comprising a plurality of electrochemical
laminates is then constructed; each laminates comprises an anode film
which is preferably a lithium metal sheet or a lithium alloy sheet, an
electrolyte separator capable of Lithium ion ’rronsﬁor’r, and a cathode thin
film obtained by the process of extruding or coating pre-mixed positive

electrode materials.

Although the present invention has been described in relation to particular
vanations thereof, other variations and modifications are contemplated
and are within the scope of the present invention. Therefore the present

invention is not to be limited by the above description but is defined by the

appended claims.
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We claim:

1. A pre-mix ot positive electrode material comprising a polyether polymer, solid
particles of electrochemically active material, an electronically conductive additive,
and an alkali metal salt, wherein the pre-mix positive electrode material is hardened
and shaped into transportable solids and thereafter mixed with a sufficient amount of
fumed silica to microscopically separate the transportable solids to inhibit their

adhesion to each other during transport and storage.

2. A pre-mix of positive electrode material as defined in claim 1, wherein the

alkali metal salt 1s dispersed in the pre-mix of positive electrode material.

3. A pre-mix of positive electrode material as defined in claim 1, wherein the
alkali metal salt is dissolved in the polymer of the pre-mix of positive electrode

material.

4. A pre-mix of positive electrode material as defined in claim 1, wherein the
electronic conductive additive is selected from the group consisting of carbon,

graphite and combinations thereof.

5. A pre-mix of positive electrode material as defined in claim 1, wherein the
transportable solids are in a form selected from the group consisting of chunks, pucks,

carrots, stripes, pellets, granules, powder, flakes and combinations thereof.

6. A pre-mix of positive electrode material as defined in claim 1, wherein the
pre-mix of positive electrode material further comprises a small amount of water in

the range of 1000ppm to 10000ppm.

7. A process for preparing a pre-mix of positive electrode comprising the steps
of:
a) 1n a mixing device, mixing together a polymer, at least one solvent, solid
particles of electrochemically active material, an electronic conductive
additive and an alkali metal salt to form a mixture of polymer-salt-solid

particles;

MONTREAL:3527017.]
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(b) evaporating the at least one solvent present in the mixture of polymer-salt-
solid particles;

(¢) transforming the polymer-salt-solid particles mixture into transportable
solids selected from the group consisting of chunks, pucks, carrots, stripes
pellets, granules, powder, flakes and combinations thereof; and

(d) mixing the transportable solids with fumed silica to inhibit adhesion of the

transportable solids during transport or storage.

8. A process as defined in claim 7, wherein the dried polymer-salt-solid particles
mixture resulting from step (b) is transformed into transportable solids by melting the
polymer-salt-solid particles mixture through a melting and pumping device, thereatter
cooling and hardening the melted polymer-salt-solid particles mixture and thereafter
breaking down the hardened polymer-salt-solid particles mixture into transportable

solids through a mechanical cutting device.

9. A process as defined in claim 7, wherein the at least one solvent 1s evaporated
and the polymer-salt-solid particles mixture is transformed into transportable solids by
spray drying the polymer-salt-solid particles mixture still in solution in the at least one
solvent through a nozzle thereby yielding a pre-mix positive electrode 1nto
transportable solids having a shape selected from the group consisting of granules,

powder and flakes.

MONTREAL:3527017.1
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