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PROCESS FOR THE DEGRADATION OF A POLY(ALKENE CARBONATE),
USES FOR PREPARING A LITHIUM-ION BATTERY ELECTRODE AND THE
SINTERING OF CERAMICS

The present invention relates to a process for the degradation
of at least one polymer of an alkene carbonate, to a polymeric composition for
a lithium-ion battery electrode comprising a degradation residue obtained by
this process, to a process for the preparation of this composition, to such an
electrode, to a lithium-ion battery incorporating it and to another use of this
degradation process for the sintering of ceramics.

There exist two main types of lithium storage batteries: lithium
metal batteries, where the negative electrode is composed of lithium metal
(which material presents safety problems in the presence of a liquid electrolyte),
and lithium-ion batteries, where the lithium remains in the ionic state.

Lithium-ion batteries are composed of at least two conductive
faradaic electrodes of different polarities, the negative electrode or anode and
the positive electrode or cathode, between which electrodes is found a
separator which consists of an electrical insulator impregnated with an aprotic
electrolyte based on Li* cations ensuring the ionic conductivity. The electrolytes
used in these lithium-ion batteries usually consist of a lithium salt, for example
of formula LiPFs, LiAsFs, LICF3SO3 or LiClO4, which is dissolved in a mixture of
nonaqueous solvents, such as acetonitrile, tetrahydrofuran or most often a
carbonate, for example ethylene carbonate or propylene carbonate.

A lithium-ion battery is based on the reversible exchange of the
lithium ion between the anode and the cathode during the charging and
discharging of the battery, and it has a high energy density for a very low weight
by virtue of the physical properties of the lithium. The active material of the
anode of a lithium-ion battery typically consists of graphite or, in an alternative
form, of mixed metal oxides, among which are listed lithium titanium oxides.
With regard to the active material of the cathode, it usually consists of an oxide
of a transition metal or of a lithium iron phosphate. These active materials thus

make possible a reversible insertion/deinsertion of lithium in the electrodes, and
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the greater their fractions by weight therein, the greater the capacity of the
electrodes. These electrodes also have to contain an electrically conductive
filler and, in order to confer a sufficient mechanical cohesion thereon, a
polymeric binder.

The electrodes of lithium-ion batteries are generally
manufactured by a process successively comprising a stage of dissolution or of
dispersion of the ingredients of the electrode in a solvent, a stage of spreading
the solution or dispersion obtained over a metal current collector and then,
finally, a stage of evaporation of the solvent. The processes using an organic
solvent (such as that presented in the document US-A1-2010/0112441) exhibit
disadvantages in the environmental and safety fields, in particular owing to the
fact that it is necessary to evaporate large amounts of these solvents, which are
toxic or flammable. With regard to the processes using an aqueous solvent,
their major disadvantage is that the electrode has to be dried very thoroughly in
order to be able to be used, the traces of water limiting the working lifetime of
the lithium batteries. Mention may be made, for example, of the document EP-
B1-1 489 673 for the description of a process for the manufacture of an anode
based on graphite, on an elastomeric binder and using an aqueous solvent.

Attempts have thus been made in the past to manufacture
electrodes for lithium-ion batteries without use of solvents, in particular by melt
processing techniques (for example by extrusion). Unfortunately, these melt
processes cause major difficulties in the case of these batteries, which require
a fraction by weight of active material in the polymeric mixture of the electrode
of at least 85% in order for the latter to exhibit a sufficient capacity within the
battery. In point of fact, at such contents of active material, the viscosity of the
mixture becomes very high and leads to risks of overheating of the mixture and
of loss of mechanical cohesion after it has been processed.

The document WO-A2-2015/124835 on behalf of the
Applicant Company presents electrode compositions for a lithium-ion battery
which are prepared by the molten route and without evaporation of solvent,
using a sacrificial polymeric phase which can comprise at least one

poly(alkene carbonate) which is mixed with an active material, an elastomer
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binder and a conductive filler and which is then degraded, preferably by
thermal decomposition under air. An improved plasticization and an improved
fluidity during the processing of the molten mixture, despite a fraction by
weight of active material which can be used in the composition of greater
than 80%, and a controlled porosity of the latter, which confers a satisfactory
electrode capacity on it, are thus obtained.

The electrode compositions presented in this document are
satisfactory overall for a lithium-ion battery. However, the Applicant Company
has aimed, during its recent research studies, to further improve their
electrochemical properties by degrading, in another way, this sacrificial
polymeric phase.

It is known, from the paper by Cupta M., Jayachandran P.
and Khol P., Photoacid Generators for Catalytic Decomposition of
Polycarbonate, Journal of Applied Polymer Science, 2007, Vol. 105, pp.
2655-2662, to decompose a sacrificial polymer formed of a poly(propylene
carbonate) by an acid catalyst generated by UV irradiation of the polymer, for
a microelectromechanical or microfluidic system. The use of this catalytic
decomposition photoacid generator, while it makes it possible to reduce the
degradation temperature of this polymer, exhibits the disadvantages of
complicating the degradation process, of being damaging to its cost and of
requiring irradiation of the polymer, which limits the thicknesses of films
obtained and thus does not speak in favour of the use of this process for
manufacturing a lithium-ion battery electrode.

Furthermore, it is known, from the documents US 4 686 274
A and US 5 015 753, to modify a poly(alkene carbonate) polyol by reacting it
under hot conditions in a stirred flask under a nitrogen atmosphere with a
modifying agent which can be a primary amine, preferably with an
organometallic transesterification catalyst (e.g., sodium stannate trihydrate).
The desired aim in these documents was not to degrade the poly(alkene
carbonate) polyol but to modify its structure by grafting the amine to the

chains, still polymeric, of the polyol.
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One aim of the present invention is to provide a novel
process for the degradation of at least one polymer of an alkene carbonate
which makes it possible to degrade it even more efficiently while conferring
improved electrochemical properties on an electrode composition
incorporating the product of this degradation, and this aim is achieved in that
the Applicant Company has just discovered, surprisingly, that if a poly(alkene
carbonate) polyol is reacted under hot conditions and under air with a primary
amine, then it is possible to rapidly depolymerize it at a relatively low
temperature and substantially completely (i.e., with a loss in weight of close
to 100%), which makes it possible to use this process to decompose a
sacrificial phase comprising at least one poly(alkene carbonate) polyol, in
particular in order to obtain an electrode composition for a lithium-ion battery
prepared by the molten route or for the sintering of ceramics comprising this
sacrificial phase as binder to be degraded.

More specifically, the degradation process according to the
invention is carried out at a temperature of between 120°C and 270°C and is
such that it comprises a reaction under air of a primary amine with the said
at least one polymer which is a poly(alkene carbonate) polyol, the said
reaction depolymerizing the said at least one polymer in order to obtain a
non-polymeric degradation residue.

The term “primary amine” is understood to mean, in a known
way, in the present description, an amine compound comprising at least one
nitrogen atom bonded to two hydrogen atoms (primary amine NHz group).

The said reaction according to the invention is carried out in
an oven in communication with a stream of air exterior to the oven, this
stream of air being capable of extracting the said at least one poly(alkene
carbonate) polyol as it is degraded and preferably being formed of ambient
air at atmospheric pressure of 1.013 x 10° Pa.

It should be noted that this reaction under air, which forms a
semi-open reaction medium, makes it possible to decompose the said at
least one poly(alkene carbonate) polyol both by the chemical route via the

said primary amine, and thermal route via the said oven, and by this stream
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of air (with which the interior of the oven is in contact, which oven is held
open to the ambient air which is, for example, at a temperature of between
20°C and 30°C) which removes this polyol during decomposition, contrary to
the reaction for modifying the polyol in a closed medium presented in US 4
686 274 or US 5 015 753.

It should also be noted that the chemical decomposition
reaction of the said at least one poly(alkene carbonate) polyol is rendered
possible by the hydroxyl end groups of this polyol, with which the said primary
amine interacts in order to depolymerize it.

Advantageously, the said at least one poly(alkene
carbonate) polyol can be a linear aliphatic diol, more than 50 mol% and
preferably more than 80 mol% of the end groups of which are hydroxyl
groups with which the said primary amine interacts.

More advantageously still, the said at least one poly(alkene
carbonate) polyol can exhibit a weight-average molecular weight of between
500 g/mol and 5000 g/mol, preferably being chosen from poly(ethylene
carbonate) diols and poly(propylene carbonate) diols with a weight-average
molecular weight of between 700 g/mol and 2000 g/mol. By way of example
and without implied limitation, use may advantageously be made of a

poly(propylene carbonate) diol of following formula:

Also advantageously, the said primary amine can
depolymerize the said at least one poly(alkene carbonate) polyol by the said
reaction in order to obtain the said non-polymeric degradation residue which
is vaporizable, the ratio by weight of the said residue to the said initial
poly(alkene carbonate) polyol(s) being between 0.2% and 5% and preferably
between 0.5% and 2%. In other words, the loss in weight of the said at least
one poly(alkene carbonate) polyol thus degraded by this reaction can vary
from 95% to 99.8% and preferably from 98% to 99.5%.
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It should be noted that this degradation according to the
invention advantageously makes it possible to dispense with any
organometallic catalyst for depolymerizing the said at least one poly(alkene
carbonate) polyol, the primary amine and the reaction conditions under air
and under hot conditions being sufficient to implement this depolymerization.

Advantageously, the said reaction can be carried out
between 130°C and 260°C for at most 2 hours only, in order to obtain the
said non-polymeric degradation residue.

According to another characteristic of the invention given by
way of example, the said non-polymeric degradation residue can be a
liquid/solid mixture comprising:

- between 10% and 90% (preferably less than 75%) by
weight of a first residue comprising a carbonate of the said alkene and/or
oligomeric traces of the said at least one poly(alkene carbonate) polyol, and

- between 90% and 10% (preferably more than 25%) by
weight of a second residue comprising a degradation product of the said
primary amine (this amine being present in the degradation residue in an
oxidized form due to the said reaction).

Generally, the primary amine can optionally be chosen from
aliphatic or aromatic monoamines and polyamines exhibiting:

- in the case where the primary amine is a monomer (first
embodiment of the invention), a boiling point of greater than 180°C and
preferably equal to or greater than 200°C at atmospheric pressure of 1.013
x 10% Pa, and

- in the case where the primary amine is an oligomer or a
polymer (second embodiment of the invention), a weight-average molecular
weight of less than or equal to 2000 g/mol and preferably of less than or equal
to 1000 g/mol.

It should thus be noted that, preferaby, the said primary
amine is not volatile (excluding, for example, ethyleneamine) in accordance
with the said first embodiment and is not composed of a polymer with an

excessively high molecular weight in accordance with the said second
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embodiment, in order to efficiently depolymerize the said at least one
poly(alkene carbonate) polyol.

According to afirst example of the said first embodiment, the
primary amine is a monomeric aliphatic monoamine chosen from non-volatile
alkylamines, preferably an alkylamine with a C12 to C1s alkyl group, such as
n-dodecylamine and n-hexadecylamine.

According to a second example of the said first embodiment,
the primary amine is a monomeric aromatic monoamine chosen from anilines
and aniline derivatives, preferably from alkylanilines, such as toluidines and
dimethylanilines.

According to a third example of the said first embodiment,
the primary amine is a monomeric aliphatic polyamine, for example a
diamine, such as triethylenetetramine (TETA, comprising two NH> groups).

With reference to the said second embodiment of the
invention, the primary amine can be an oligomeric or polymeric aliphatic
polyamine of polyetheramine type, preferably chosen from diamines and
triamines of a polyoxyalkene, for example:

- an oligomeric diamine corresponding to the formula I

YN
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.»""C- e

g
o 3 (%\w Q:ﬁ 3
,, § N

i i
g 3,
e P, R ., ot g .,
St 3 T R i v

:
b
T £

g u (\"-.v o~ I

< ¢ "Nt & o

i % ' ; H 5.

HalN ¥ i = N
2 X N
-~

.,A“

Generally, with reference to all of the abovementioned

characteristics of the degradation process according to the invention, the
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primary amine/poly(alkene carbonate) polyol(s) ratio by weight for the said
reaction can advantageously be less than or equal to 10% and more
advantageously still less than or equal to 5%, for example of between 1%
and 4% inclusive.

It should be noted that this reduced ratio which can be used
testifies to the small amount of primary amine required to efficiently
decompose the said at least one poly(alkene carbonate) polyol, i.e. for the
substantially complete and rapid depolymerization thereof at a moderate
temperature. The result of this is that this degradation of the polyol(s)

according to the invention can be carried out at a reduced cost.

Another aim of the present invention is to provide a novel
polymeric composition according to the invention for a lithium-ion battery
electrode containing an active material according to a very high fraction by
weight, an electrically conductive filler and a polymeric binder, while being
capable of conferring, on the electrode, a capacity and a cyclability which are
further improved with respect to those of WO0O-A2-2015/124835.

This aim is achieved in that the Applicant Company has just
discovered, unexpectedly, that, if the said active material, the said filler and
the said binder are melt blended with a sacrificial polymeric phase which
comprises at least one poly(alkene carbonate) polyol, then, if this sacrificial
phase is decomposed according to the said degradation process according
to the invention presented above, then an electrode composition is obtained
which comprises the said degradation residue (which comprises the product
of the said depolymerization reaction) and which exhibits, after deposition of
the composition on a metal current collector, capacities at ten cycles which
are markedly greater than 130 mAh/g of electrode (in particular greater than
200, indeed even greater than 250 mAh/g of electrode in the case of an
anode), with a degree of retention after ten cycles with respect to the first
cycle which is greater than 90%.

Thus, a polymeric composition according to the invention for

a lithium-ion battery electrode, the composition comprising:
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- an active material capable of producing a reversible
insertion/deinsertion of lithium in the said electrode,

- an electrically conductive filler,

- a polymeric binder, and

- a residue from the degradation, under air at a degradation
temperature of between 120°C and 270°C, of a sacrificial polymeric phase
which comprises at least one polymer of an alkene carbonate and which has
been melt blended beforehand with the said active material, with the said
filler and with the said binder in order to obtain a precursor mixture of the
composition, the said sacrificial polymeric phase exhibiting a thermal
decomposition temperature lower by at least 20°C than that of the said
binder,

is characterized in that the said degradation residue
comprises the product of a depolymerization reaction in an oven in
communication with a stream of air exterior to the oven, the said stream of
air being capable of extracting the said at least one poly(alkene carbonate)
polyol as it is degraded, by a primary amine which the said precursor mixture
comprises, of the said at least one polymer of an alkene carbonate which is
a poly(alkene carbonate) polyol.

Advantageously, the said degradation residue present in the
said composition is a liquid/solid mixture which can comprise:

- between 10% and 90% (preferably less than 75%) by weight
of a first residue comprising a carbonate of the said alkene and/or oligomeric
traces of the said poly(alkene carbonate) polyol, and

- between 90% and 10% (preferably more than 25%) by weight
of a second residue comprising a degradation product of the said primary
amine.

More advantageously still, the said composition can comprise
the said degradation residue according to a fraction by weight of less than 5%
and preferably of between 0.1% and 2%.

Preferably, the said composition is such that the said sacrificial

polymeric phase present in the said precursor mixture comprises:
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- according to a fraction by weight in the said phase of greater
than 50%, the said at least one poly(alkene carbonate) polyol, which is a linear
aliphatic diol, more than 50 mol% and preferably more than 80 mol% of the end
groups of which are hydroxyl groups with which the said primary amine
interacts, and which exhibits a weight-average molecular weight of between 500
g/mol and 5000 g/mol, and

- according to a fraction by weight in the said phase of less than
50%, another said polymer of an alkene carbonate with a weight-average
molecular weight of between 20 000 g/mol and 400 000 g/mol.

According to another aspect of the invention, the said
composition is such that the said degradation residue can comprise the said
product of the said reaction which is carried out without organometallic catalyst
in an oven in contact with a stream of air at atmospheric pressure of 1.013 x
10° Pa, preferably with a primary amine/poly(alkene carbonate) polyol(s) ratio
by weight which is less than or equal to 10.

Mention may in particular be made, as active material
advantageously present in the said composition according to a fraction by
weight equal to or greater than 85% and preferably greater than 90%, of:

- for a cathode composition, a lithium polyanionic compound or
complex, such as a lithium metal M phosphate of formula LIMPO4 coated with
carbon (e.g. C-LiFePO4) or a lithium metal oxide, for example of vanadium or of
cobalt, without implied limitation, and

- for an anode composition, an artificial or natural graphite of Li-
ion batteries grade, or else a mixed metal oxide, such as a lithium titanium oxide,
for example.

It should be noted that this very high fraction by weight of the
active material in the said electrode composition makes it possible to confer a
high performance on the lithium-ion battery incorporating it.

Mention may in particular be made, as electrically conductive
filler, which is present in the said composition according to a fraction by weight

preferably of between 1% and 8%, of carbon blacks of high purity, conductive



10

15

20

25

30

11

purified expanded graphites, carbon nanofibres, carbon nanotubes, graphenes
and their mixtures.

Mention may in particular be made, as polymeric binder, which
is present in the said composition according to a fraction by weight preferably
of between 1% and 8%, of any elastomer (crosslinked or non-crosslinked)
compatible with the said at least one poly(alkene carbonate) polyol with which
it is intended to be melt blended. This binder is more preferably still chosen from
hydrogenated or non-hydrogenated copolymers of butadiene and of acrylonitrile
(HNBR or NBR), copolymers of ethylene and of an acrylate, polyisoprenes and
their mixtures. In an alternative form, other elastomers can be used, it being
specified that it is preferable to use a binder which provides a continuity in
elastic properties over a temperature range extending substantially from -20°C
to 80°C, hence the preferred use of elastomers such as HNBRs or copolymers
of ethylene and of acrylate, in particular. The homogeneous distribution of the
binder in the composition makes it possible to provide the mechanical strength
of the electrode.

Generally, it is possible to add, to the compositions of the
invention, specific additives in order to improve or optimize the process for the
manufacture thereof. It is also possible to add compounds which make possible
the crosslinking of the binder and also coagents capable of helping in the
crosslinking and in the homogenization of this.

An electrode according to the invention capable of forming a
lithium-ion battery anode or cathode is such that the electrode comprises at
least one film consisting of the said composition and a metal current collector in
contact with the said at least one film.

A lithium-ion battery according to the invention, comprising at
least one cell comprising an anode, a cathode and an electrolyte based on a
lithium salt and on a non-aqueous solvent, is such that the said anode and/or
the said cathode consists of the said electrode.

As indicated above in the preamble, another use according to

the invention of the said degradation process relates to the sintering of ceramics
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comprising a powder of a ceramic material and the said at least one poly(alkene

carbonate) polyol as binder to be degraded.

A process for the preparation according to the invention of the
said electrode polymeric composition successively comprises:

a) melt blending, without evaporation of solvent, the said active
material, the said binder, the said electrically conductive filler and the said
sacrificial polymeric phase which exhibits a thermal decomposition temperature
lower by at least 20°C than that of the said binder, in order to obtain a precursor
mixture of the said composition,

b) depositing, in the film form, the said precursor mixture on a
metal current collector, then

c) degrading the said sacrificial polymeric phase at the said
temperature of between 120°C and 270°C, comprising the said reaction under
air of the said primary amine with the said at least one polymer of an alkene
carbonate, in an oven in communication with a stream of air exterior to the oven,
the said stream of air being capable of extracting the said at least one
poly(alkene carbonate) polyol as it is degraded.

Advantageously, stage c¢) can be carried out without
organometallic catalyst between 140°C and 250°C for a period of time of
between 30 minutes and 1 hour inclusive in an oven, in contact with a stream
of air preferably consisting of ambient air at atmospheric pressure of 1.013 x
10° Pa.

Preferably, the said sacrificial polymeric phase is present in the
said precursor mixture according to a fraction by weight of between 20% and
45% and comprises:

- according to a fraction by weight in the said phase of greater
than 50% and preferably of at least 60%, the said at least one poly(alkene
carbonate) polyol, which is a linear aliphatic diol, more than 50 mol% and
preferably more than 80 mol% of the end groups of which are hydroxyl groups
with which the said primary amine interacts, and which exhibits a weight-

average molecular weight of between 500 g/mol and 5000 g/mol, and
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- according to a fraction by weight in the said phase of less than
50% and preferably of at most 40%, another said polymer of an alkene
carbonate of or not of poly(alkene carbonate) polyol type with a weight-average
molecular weight of between 20 000 g/mol and 400 000 g/mol.

Advantageously, the mixing stage a) can be carried out in an
internal mixer or an extruder without macroseparation of phases between the
binder and the sacrificial polymeric phase in the said precursor mixture, where
the binder is homogeneously dispersed in the sacrificial phase which is
continuous or else forms a phase cocontinuous with this sacrificial phase.
Reference may be made to WO-A1-2015/124835 for the implementation of
stages a) and b) above, it being recapitulated that the sacrificial phase makes
it possible in particular to control the porosity within the composition by the
amount of sacrificial phase introduced by regulating it in terms of size, of amount

and of morphology of the pores.

Other characteristics, advantages and details of the present
invention will emerge on reading the following description of several exemplary
embodiments of the invention, given by way of illustration and without limitation,
in connection with the appended drawings, among which:

Figure 1 is a graph showing the change in the degree by weight
of degradation of a poly(alkene carbonate) polyol (abbreviated to PAC) as a
function of the amine/PAC ratio by weight for two reaction durations, by a
degradation at 140°C according to the invention using a primary amine
according to the said second embodiment,

Figure 2 is a graph showing the change in the degree by weight
of degradation of the same PAC as a function of the amine/PAC ratio by weight
for these same durations, by a degradation at 170°C according to the invention
using the same primary amine,

Figure 3 is a graph showing the change in the degree by weight
of degradation of the same PAC as a function of the amine/PAC ratio by weight
for three reaction durations, by a degradation at 140°C according to the

invention using a primary amine according to the said first embodiment, and
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Figure 4 is a graph showing the change in the degree by weight
of degradation of the same PAC as a function of the amine/PAC ratio by weight
for two reaction durations, by a degradation at 140°C not in accordance with

the invention using a secondary amine.

Examples according to the invention and not in

accordance with the invention of degradation of a poly(alkene

carbonate) polyol respectively by two primary amines and by a

secondary amine:

Thermal degradation tests were carried out in an oven under
air at a temperature in the oven of 140°C (Figures 1, 3 and 4) or 170°C (Figure
2) on mixtures consisting:

- of approximately 5 g of a poly(propylene carbonate) polyol
having the Converge® Polyol 212-10 name (sold by Novomer, abbreviated to
PPC below) which is liquid at 25°C and exhibits a weight-average molecular
weight Mw of approximately 1000 g/mol, and

- of a variable weight of a primary amine (Figures 1-3) or
secondary amine (Figure 4) mixed with this polymer in a Haake Polylab OS
internal mixer (capacity of 69 cm?®) at a temperature between 60°C and 75°C.

The degradation of the PPC was quantified under isothermal
conditions by measuring its loss in weight at different times.

With reference to Figure 1, a mixture according to the invention
of PPC and of primary amine having the Jeffamine® T-403 name (Huntsman,
oligomeric triamine according to the abovementioned formula Il of
polyetheramine type with three NH> groups at the ends of aliphatic chains) was
subjected to heating at 140°C for 30 min and 1 h in the oven open to ambient
air, on each occasion for different T-403/ PPC ratios by weight ranging from 0%
(control tests without T-403) to 10%. These tests show that T-403 used
according to a ratio of only 2% virtually completely degraded the PPC (loss in
weight of approximately 100%) after 1 h at 140°C, whereas the heat treatment

alone (zero ratio) had shown virtually no degradation of the PPC.
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With reference to Figure 2, this same PPC/ Jeffamine® T-403
mixture was subjected to heating at 170°C for 30 min and 1 h in the same oven
open to ambient air, on each occasion for different T-403/PPC ratios by weight
ranging from 0% (control tests without T-403) to 10%. These tests show that T-
403 used according to a ratio of only 2% virtually completely degraded the PPC
after only 30 min at 170°C, whereas the heat treatment alone had only slightly
degraded the PPC.

With reference to Figure 3, another mixture according to the
invention, PPC/TETA (Merck, triethylenetetramine), was subjected to heating at
140°C for 30 min, 1 h and 1 h 45 min in the same oven open to ambient air, on
each occasion for different TETA/PPC ratios by weight ranging from 0% (control
tests without TETA) to 3%. These tests show that TETA used according to a
ratio of only 1% virtually completely degraded the PPC (loss in weight of
approximately 100%) after 1 h 45 min at 140°C, whereas the heat treatment
alone had shown virtually no degradation of the PPC.

With reference to Figure 4, a mixture not in accordance with the
invention, PPC/Dusantox 86 (Duslo, secondary amine, abbreviated to Du86),
was subjected to heating at 140°C for 1 h and 2 h in the same oven open to
ambient air, on each occasion for different Du86/PPC ratios by weight ranging
from 0% (control tests without Du86) to 0.06%. These tests show that Du86 has
shown virtually no degradation of the PPC at 140°C, even after 2 h (loss in
weight still less than or equal to 8%, whatever the ratio chosen), like the heat

treatment alone (zero ratio).

“Control” examples and examples according to the

invention of the production of electrodes for a lithium-ion battery:

A “control” anode composition C and an anode composition
according to the invention | were prepared by means of the following ingredients:

- Active material: artificial graphite of lithium-ion battery grade.

- Binder: HNBR Zetpol® 0020 (Zeon Chemicals L.P, comprising
50% of acrylonitrile units by weight).
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- Conductive filler: purified expanded graphite.

- sacrificial polymeric phase: blend of two propylene carbonate
polymers (PPCs) having the names:

* Converge® Polyol 212-10 (Novomer): abovementioned liquid
poly(propylene carbonate) polyol, and

* QPAC® 40 (Empower Materials): poly(propylene carbonate)
which is solid at 25°C (average molecular weight Mw greater than 50 000 g/mol).

The composition | additionally comprised the primary amine
having the Jeffamine® T-403 name, in contrast to the composition C, which was
devoid of any amine.

Each of the anode compositions C and | was prepared by the
molten route using an internal mixer of Haake Polylab OS type with a capacity
of 69 cm? at a temperature between 60°C and 75°C.

The mixtures thus obtained were calendered at ambient
temperature using a Scamex external roll mill until a thickness of 200 ym was
achieved. They were subsequently again calendered at 50°C in order to obtain
films of mixtures with a thickness of 50 um, which were deposited on a copper
collector using a sheet calendar at 70°C.

Each collector/film assembly thus obtained was then placed in
an oven under ambient air in order to extract, from each film, the sacrificial
polymeric phase (solid and liquid PPC). This sacrificial phase was degraded by
subjecting each film to a temperature gradient from 50°C to 250°C and then to
an isotherm for 30 min at 250°C, in order to obtain, after extraction of this phase,
an anode composition film.

The formulations of the precursor mixtures (before extraction)
and of the compositions obtained (after extraction), in terms of fractions by
weight in each mixture and in each composition respectively, are given in detail

in Table 1 below.

Table 1:
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Control anode film C

Mixture C Composition C
before after extraction
extraction (m/m, (m/m, %)
%)
Binder: HNBR (Zetpol® 0020) 1.8
Conductive filler: 1.8
purified expanded graphite
Converge® Polyol 212-10 256 =
Polypropylene carbonate QPAC® 40 13.8 =
Active material: artificial graphite 57.0 94

Anode film according to the invention |

Mixture | before | Composition |

extraction after extraction
(m/m, %) (m/m, %)
Binder: HNBR (Zetpol® 0020) 1.8 3
Conductive filler: 1.8 3
expanded purified graphite
Converge® Polyol 212-10 256 =0
QPAC® 40 13.8 =0
Primary amine: Jeffamine® T-403 0.4 traces
Active material: artificial graphite 57.0 94

The composition | according to the invention exhibited,
according to a fraction by weight of less than 1%, a degradation residue in
the form of a liquid/solid mixture, the product of the depolymerization reaction
of the sacrificial polymers by the primary amine, and comprised, in this
example, after analysis:

- between 50% and 75% by weight of a propylene carbonate

and of oligomeric traces of the sacrificial polymers, and
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- between 25% and 50% by weight of an oxidized residue of the

primary amine.

Each C and | anode obtained was characterized by the
following electrochemical protocol.

The C and | anodes were cut out with a hollow punch (diameter
16 mm, surface area2.01 cm?) and were weighed. The weight of active material
was determined by subtracting the weight of the bare current collector prepared
according to the same conditions (heat treatments). They were placed in an
oven directly connected to a glovebox. They were dried at 100°C under vacuum
for 12 hours and then they were transferred into the glovebox (argon
atmosphere: 0.1 ppm H20 and 0.1 ppm Oy).

The button cells (CR1620 format) were subsequently
assembled using a lithium metal counterelectrode, a Cellgard 2500 separator
and an LiPFs EC/DMC (50/50 as ratio by weight) battery-grade electrolyte. The
cells were characterized on a Biologic VMP3 potentiostat, by carrying out
constant-current charge/discharge cycles between 1 V and 10 mV. The
conditions were C/5, while considering the weight of active material and a
theoretical capacity of 372 mAh/g. In order to compare the performances of the
different systems, the capacities (expressed in mAh/g of anode) during the first
discharge for the deinsertion of lithium (initial capacity after the first cycle) and
at the tenth discharge (capacity at ten cycles) were evaluated. In addition, the
degree of retention R (%) for the ratio of the capacity at ten cycles to the
capacity at the first cycle was calculated.

The results of this characterization are given below in Table 2.

Table 2:
Anodes Initial capacity Capacity at 10 cycles (mAh/g)
(mAh/g) - % retention/1t cycle
“Control” C 200 210 -105%
Invention | 260 260 — 100%
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These results show that the incorporation of the primary amine
in the anode film mixture | makes it possible, after degradation according to the
invention of the propylene carbonate polymers present in this mixture as
sacrificial phase, to obtain, by this both thermal and chemical degradation, a
composition which confers, on the anode:

- a markedly improved initial capacity, which is 30% greater
than that of the anode C obtained without incorporation of primary amine in the
mixture (i.e., by an exclusively thermal degradation of the sacrificial polymers),
and

- a capacity at ten cycles which remains very high, which is 25%
greater than that of the anode C and which testifies to complete maintenance

of the capacity between the first and tenth cycles.
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Patenttivaatimukset

1. Menetelmé& ainakin yhden alkeenikarbonaatin polymeerin hajottamiseksi
lampétilassa, joka on 120°C:n ja 270°C:n valilla, tunnettu siita, ettd mene-
telméa kasittaa primaarisen amiinin ja mainitun ainakin yhden polymeerin, joka
on poly(alkeenikarbonaatti)polyoli, iimassa tapahtuvan reaktion, jossa reak-
tiossa mainittu ainakin  yksi polymeeri pilkkoutuu ei-polymeerisen
hajoamisjdédnndksen saamiseksi, ja reaktio toteutetaan uunissa, joka on
yhteydessa uunin ulkopuoliseen ilmavirtaukseen, joka ilmavirtaus pystyy
vetdmaan pois mainitun ainakin yhden poly(alkeenikarbonaatti)polyolin sen
hajotessa.

2. Patenttivaatimuksen 1 mukainen menetelmad, jossa mainittu ilmavirtaus on
muodostettu ympardivasta iimasta ilmakehan paineessa 1,013 10° Pa.

3. Patenttivaatimuksen 1 tai 2 mukainen menetelma, jossa mainittu primaari-
nen amiini pilkkoo mainitun ainakin yhden poly(alkeenikarbonaatti)polyolin
mainitun reaktion avulla ilman organometallista katalyyttid mainitun hajoamis-
jaannoksen saamiseksi, joka on haihtuva, jolloin mainitun jdannéksen ja mai-
nitun lahtéaineen poly(alkeenikarbonaatti)polyolin (-polyolien) painosuhde on
0,2-5 % ja edullisesti 0,5-2 %,

jossa menetelméassa edullisesti mainittu hajoamisjdédnnds on nesteen ja

kiintedn aineen seos, joka kasittaa:

— 10-90 paino-% ensimmaista jaadnndsta, joka kasittda mainitun alkee-

nin karbonaatin ja/tai oligomeerijgdmia mainitusta ainakin yhdesta

poly(alkeenikarbonaatti)polyolista, ja

— 90-10 paino-% toista jaanndsta, joka kasittdd mainitun primaarisen

amiinin hajoamistuotteen,

ja jossa menetelmassa edullisesti mainitun hajoamisjdédnnéksen saa-

miseksi mainittu reaktio toteutetaan 130-260°C:n lampdtilassa enin-

taan 2 tunnin ajan.

4. Jonkin edellisen patenttivaatimuksen mukainen menetelmé, jossa mainittu
primaarinen amiini on valittu alifaattisista tai aromaattisista monoamiineista ja
polyamiineista, joilla:
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— Jos mainittu primaarinen amiini on monomeeri, on kiehumispiste vyli
180°C ja edullisesti yhta suuri tai suurempi kuin 200°C ilmakehan pai-
neessa 1,013 10° Pg, ja

— jos mainittu primaarinen amiini on oligomeeri tai polymeeri, on pai-
nokeskimaarainen molekyylipaino pienempi tai yhtd suuri kuin
2000 g/mol ja edullisesti pienempi tai yhta suuri kuin 1000 g/mol.

5. Patenttivaatimuksen 4 mukainen menetelmd, jossa mainittu primaarinen
amiini on monomeerinen alifaattinen monoamiini, joka on valittu haihtumatto-
mista alkyyliamiineista, edullisesti alkyyliamiini, jossa on C12—C1s-alkyyliryhma,
kuten n-dodekyyliamiini ja n-heksadekyyliamiini.

6. Patenttivaatimuksen 4 mukainen menetelmd, jossa mainittu primaarinen
amiini on monomeerinen aromaattinen monoamiini, joka on valittu aniliineista
ja aniliinijohdannaisista, edullisesti alkyylianiliineista, kuten toluidineeista ja
dimetyylianiliineista.

7. Patenttivaatimuksen 4 mukainen menetelmd, jossa mainittu primaarinen
amiini on oligomeerinen tai polymeerinen alifaattinen polyeetteriamiinityyppia
oleva polyamiini, joka on edullisesti valittu polyoksialkeenin diamiineista ja
triamiineista.

8. Jonkin edellisen patenttivaatimuksen mukainen menetelma, jossa mainittu
ainakin yksi poly(alkeenikarbonaatti)polyoli on lineaarinen alifaattinen dioli,
jonka paateryhmista yli 50 mol-% ja edullisesti yli 80 mol-% on hydroksyyli-
rynmia, joiden kanssa mainittu primaarinen amiini reagoi,

ja jossa edullisesti mainitulla ainakin yhdella poly(alkeenikarbonaatti)polyolilla
on painokeskimaarainen molekyylipaino 500-5000 g/mol, ja poly(alkeeni-
karbonaatti)polyoli on edullisesti valittu poly(eteenikarbonaatti)dioleista ja
poly(propeenikarbonaatti)dioleista, joilla on painokeskimaarainen molekyyli-
paino 700-2000 g/mol.

9. Jonkin edellisen patenttivaatimuksen mukainen menetelmé&, jossa primaari-
sen amiinin ja poly(alkeenikarbonaatti)polyolin (-polyolien) painosuhde maini-
tussa reaktiossa on pienempi tai yhtad suuri kuin 10 % ja edullisesti 1-4 %,
nama raja-arvot mukaan lukien.
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10. Polymeerikoostumus litium-ioniakun elektrodia varten, joka koostumus
kasittaa:

— aktiivisen materiaalin, joka pystyy tuottamaan mainitussa elektrodissa
litiumin palautuvan lisayksen/poistumisen,

— sahko6a johtavan tayteaineen,

— polymeerisideaineen, edullisesti elastomeerin, seka

— hajoamisjadnndksen, joka on jaanyt hajoamisesta ilmassa ja 120-
270°C :n hajoamislampdtilassa kulutetusta polymeerifaasista, joka
kasittda alkeenikarbonaatin ainakin yhden polymeerin ja joka on sula-
sekoitettu etukadteen mainittuun aktiiviseen materiaaliin, mainittuun
tayteaineeseen ja mainittuun sideaineeseen koostumuksen esiseoksen
saamiseksi, ja jolla kulutetulla polymeerifaasilla on ainakin 20°C mata-
lampi ldampoéhajoamislampétila kuin mainitulla sideaineella,

tunnettu siita, ettd mainittu hajoamisjaannds kasittéa tuotteen, joka on
saatu hajoamisreaktiosta uunissa, joka on yhteydessa mainitun uunin
ulkopuoliseen ilmavirtaukseen, joka ilmavirtaus pystyy vetdmé&an pois
mainitun ainakin yhden poly(alkeenikarbonaatti)polyolin sen hajotessa
alkeenikarbonaatin mainitun ainakin yhden polymeerin primaarisen
amiinin avulla, joka sisaltyy mainittuun esiseokseen ja joka on
poly(alkeenikarbonaatti)polyoli,

ja edullisesti siita, ettd mainittu hajoamisjdédnnds on nesteen ja kiinteadn
aineen seos, joka kasittaa:

— 10-90 paino-% ensimmaista jaadnndsta, joka kasittda mainitun alkee-
nin karbonaatin ja/tai oligomeerijgdmia mainitusta ainakin yhdesta
poly(alkeenikarbonaatti)polyolista, ja

— 90-10 paino-% toista jaanndsta, joka kasittdd mainitun primaarisen
amiinin hajoamistuotteen.

11. Patenttivaatimuksen 10 mukainen koostumus, jossa koostumus kasittaa
mainitun hajoamisjdanndksen, jonka painon mukainen osuus on alle 5 % ja
edullisesti 0,1-2 %,

jossa edullisesti mainittu kulutettu polymeerifaasi kasittaa:

— painon mukaisen osuuden mainitussa faasissa yli 50 % mainittua
ainakin yhta poly(alkeenikarbonaatti)polyolia, joka on lineaarinen ali-
faattinen dioli, jonka paateryhmista yli mol-50 % ja edullisesti yli 80 mol-
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% on hydroksyyliryhmia, joiden kanssa mainittu primaarinen amiini rea-
goi, ja jonka painokeskimaarainen molekyylipaino on 500-5000 g/mol,
ja

— painon mukaisen osuuden mainitussa faasissa alle 50 % toista mai-
nittua alkeenikarbonaatin polymeeria, jonka painokeskimaarainen
molekyylipaino on 20 000—400 000 g/mol,

ja jossa edullisesti mainittu hajoamisjaannds kasittda mainittua tuotetta,
joka on saatu mainitusta reaktiosta, joka toteutetaan ilman organo-
metallista katalyyttid mainitussa uunissa, joka on yhteydessa mainittuun
iimavirtaukseen ilmakehan paineessa 1,013 10° Pa, edullisesti primaa-
risen amiinin ja poly(alkeenikarbonaatti)polyolin (-polyolien) paino-
suhteessa, joka on pienempi tai yhta suuri kuin 10.

12. Elektrodi, joka kykenee muodostamaan litium-ioniakun anodin tai katodin,
tunnettu siitd, ettd elektrodi kasittda ainakin yhden kalvon, joka koostuu jonkin
edellisen patenttivaatimuksen mukaisesta koostumuksesta ja mainitun ainakin
yhden kalvon kanssa kosketuksessa olevasta metallisesta kollektorista.

13. Litium-ioniakku, joka kasittaa ainakin yhden kennon, joka kasittéda anodin,
katodin sek& elektrolyytin, jonka pohjana on litiumsuola ja liuotin, joka ei ole
vesi, tunnettu siita, ettd mainittu anodi ja/tai mainittu katodi on muodostettu
patenttivaatimuksen 12 mukaisesta elektrodista.

14. Jonkin patenttivaatimuksen 1-9 mukaisen menetelman kaytté keramiikan
sintraukseen, joka keramiikka koostuu keraamimateriaalijauheesta ja maini-
tusta ainakin yhdesta poly(alkeenikarbonaatti)polyolista hajotettavana side-
aineena.

15. Menetelma patenttivaatimuksen 10 tai 11 mukaisen koostumuksen valmis-
tamiseksi, tunnettu siita, ettd menetelma kasittda seuraavat perakkaiset vai-
heet:
a) sulasekoitetaan — ilman liuottimen haihduttamista — mainittu aktiivi-
nen materiaali, mainittu sideaine, mainittu sahkoa johtava tayteaine ja
mainittu kulutettava polymeerifaasi, jonka terminen hajoamislampétila
on ainakin 20°C matalampi kuin mainitulla sideaineella, mainitun koos-
tumuksen esiseoksen saamiseksi,
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b) kerrostetaan mainittu esiseos kalvomuodossa metallisen kollektorin
pintaan, minka jalkeen

c) hajotetaan mainittu kulutettava polymeerifaasi mainitussa 120-
270°C:n lampdtilassa, mika kasittda ilmassa tapahtuvan mainitun pri-
maarisen amiinin ja alkeenikarbonaatin mainitun ainakin yhden poly-
meerin reaktion uunissa, joka on yhteydessa uunin ulkopuolisen ilma-
virtauksen kanssa, joka ilmavirtaus kykenee vetdmaan pois mainitun
ainakin yhden poly(alkeenikarbonaatti)polyolin sen hajotessa,
edullisesti siitd, ettd vaihe c) suoritetaan ilman organometallista kata-
lyyttia 140-250°C:n ldmpétilassa 30 minuutin —1 tunnin ajan mainitussa
uunissa, ja mainittu ilmavirtaus koostuu edullisesti ympardéivasta ilmasta
iimakehan paineessa 1,013 10° Pa,

ja edullisesti siitd, ettd mainittua kulutettavaa polymeerifaasia on maini-
tussa esiseoksessa paino-osuus 20-45 % ja se kasittaa:

— painon mukaisen osuuden mainitussa faasissa yli 50 % mainittua
ainakin yhta poly(alkeenikarbonaatti)polyolia, joka on lineaarinen ali-
faattinen dioli, jonka paateryhmista yli mol-50 % ja edullisesti yli 80 mol-
% on hydroksyyliryhmia, joiden kanssa mainittu primaarinen amiini rea-
goi, ja jonka painokeskimaarainen molekyylipaino on 500-5000 g/mol,
ja

— painon mukaisen osuuden mainitussa faasissa alle 50 % ja edullisesti
yli 40% toista mainittua alkeenikarbonaatin polymeeria, joka on tai ei
ole poly(alkeenikarbonaatti)polyolityyppid ja jonka painokeskimaarai-
nen molekyylipaino on 20 000—-400 000 g/mol.
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