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EP 2 196 479 B9
Description
TECHNICAL FIELD

[0001] The present invention relates to a vinylidene fluoride based polymer powder for use in a binder solution that is
used to form an electrode of a nonaqueous cell such as a lithium cell, and use thereof.

BACKGROUND ART

[0002] A vinylidene fluoride based polymer is a crystalline polymer, and as having excellent mechanical strength, it is
used in various articles. When a vinylidene fluoride based polymer is used as a binder solution for forming an electrode
of a nonaqueous cell such as a lithium cell, the solubility of the polymer becomes an issue. For example, when a non-
uniform solution in which a vinylidene fluoride, based polymer is not completely dissolved is used as a binder for forming
an electrode of a nonaqueous cell, powder electrode materials (powder materials such as an electrode active material
and a conductive auxiliary agent) cannot be bound sufficiently and, furthermore, when a mixture of the powder electrode
materials and a binder is applied to a charge collector, protrusions and depressions are formed to make it impossible
to form a flat surface.

[0003] In cases of using a vinylidene fluoride based polymer as a binder for cells, those having an inherent viscosity
of greater than 2.0 dl/g are excellent in binding capacity and the like (Patent Publication 2). An inherent viscosity is an
alternate index of a molecular weight (degree of polymerization) of a polymer. The solubility of a polymer powder in an
organic solvent decreases with increasing inherent viscosity to take time to dissolve.

[0004] Conventionally, a "good" solvent having adequate dissolving power with respect to a vinylidene fluoride based
polymer is selected and the mixture is stirred with heating, as necessary, to prepare a uniform solution. However, since
the vinylidene fluoride based polymer powders are aggregated during the stirring to form ball-like lumps that hinder the
solvent to permeate into aggregate resin, it requires a long time to completely dissolve the powders to obtain a uniform
solution. This tendency is stronger in a vinylidene fluoride based polymer with a higher degree of polymerization, which
is useful as a binder for an electrode of a nonaqueous cell. For example, stirring for a long period of time of 2 days at
70°C is required to prepare a solution with a concentration of 10% by weight by dissolving in N-methyl-2-pyrrolidone a
vinylidene fluoride based polymer having an inherent viscosity (a logarithmic viscosity at 30°C of a solution in which 4
g of resin is dissolved in 1 liter of N,N-dimethylformamide) of 2.1 dl/g. It may be a possible way to introduce a vinylidene
fluoride based polymer by extremely small amounts to prevent formation of ball-like lumps, but this is not practical in
view of workability and low efficiency.

[0005] The low solubility of vinylidene fluoride based polymers is attributed to dense surfaces of vinylidene fluoride
based polymer powder particles that make it difficult for an organic solvent to permeate into inside the powder particles.
Solution polymerization, emulsion polymerization, and suspension polymerization are known as methods for preparation
of vinylidene fluoride based polymers. Solution polymerization is normally carried out at a polymerization temperature
of 20°C to 80°C and arelatively low pressure (for example, 1.5 MPa or below), and is employed in production of relatively
low-molecular-weight (for example, a number average molecular weight of 100,000 or below) vinylidene fluoride based
polymers for use in paint. Emulsion polymerization is carried out using a chemically stable fluorine based emulsifier and
a buffer to obtain a latex product with a small particle size of 0.1 um to 1 uwm, and the latex product is precipitated with
an aggregating agent or the like and then subjected to granulation treatment and then formed into powder particles.
Emulsion polymerization has disadvantages of complicated operations and high cost, because it requires use of an
expensive emulsifier, separation of powder by aggregation/precipitation operations, removal of ionic substances con-
tained in a aggregating agent, and so on. Suspension polymerization is a method that came into use since polymerization
at a temperature of 30.1°C (critical temperature of vinylidene fluoride monomer) or lower became possible as a result
of development of an initiator capable of initiation at low temperatures. Vinylidene fluoride monomers, either alone or in
combination with a copolymerizable monomer, are dispersed in water by use of a suspension agent to produce monomer
droplets, and polymerization is developed in the presence of a polymerization initiator soluble in the droplets. The present
Applicant proposed a suspension polymerization method comprising supplying a monomer dominantly comprising vi-
nylidene fluoride first at a pressure below a critical pressure Pcr of vinylidene fluoride and then supplying at a pressure
of at least Pcr (Patent Publication 1). In such a method of suspension polymerization with batch supply, an excess
pressure increase in a polymerization system can be inhibited, and the resulting vinylidene fluoride based polymer has
coloring resistance at a high-temperature, which is important for an appearance of a melt molded article.

[0006] However, vinylidene fluoride based polymers obtainable by the foregoing improved polymerization methods
are used mainly to obtain a melt molded article having an inherent viscosity of 1.5 dl/g or below, and a problem regarding
the solubility of the resulting polymers in an organic solvent and a solution to such a problem are not discussed.
[0007] Further, Patent Publication 1 discloses as a comparative example a polymerization example in which no ad-
ditional monomer dominantly comprising vinylidene fluoride was added, but an inherent viscosity of the polymer obtained
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by this polymerization method was 1.1 dI/g. No vinylidene fluoride based polymer powder having an inherent viscosity
of 2.0 dl/g or greater and excellent solubility was known in the past.

Patent Publication 1: WO 2006/061988

Patent Publication 2: Japanese patent No. 3703582

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0008] An object of the present invention is to provide a vinylidene fluoride based polymer powder with a high degree
of polymerization which is useful as an electrode binder for a nonaqueous cell and has excellent solubility in an organic
solventand, as a use thereof, a method for the production of a cell binder and a cell electrode mixture using such a powder.

MEANS FOR SOLVING THE PROBLEM

[0009] The present inventors found that a vinylidene fluoride based polymer powder with a volume of pores having a
pore diameter of 0.03 um to 1.0 um, as measured by a mercury porosimeter, of 77 vol% to 93 vol% with respect to a
total pore volume and an inherent viscosity of 2.0 dI/g to 5.0 dI/g has excellent solubility in an organic solvent.

[0010] Specifically, the present invention provides a vinylidene fluoride based polymer powder characterized in that
a volume of pores having a pore diameter of 0.03 um to 1.0 wm, as measured by a mercury porosimeter, is 77 vol% to
93 vol%, preferably 82 vol% to 90 vol%, of a total pore volume, and an inherent viscosity (logarithmic viscosity at 30°C
of a solution comprising 4 g of polymer powder dissolved in 1 liter of N,N-dimethylformamide) is 2.0 dl/g to 5.0 dl/g,
preferably 2.0 dl/g to 4.0 dl/g, more preferably 2.1 dl/g to 3.5 dl/g.

[0011] Preferably, a vinylidene fluoride based polymer powder of the present invention has (a volume of pores of 0.03
pm to 1.0 wm and an inherent viscosity within the above range) a volume of pores having a pore diameter of 0.003 wm
to 1.0 um, as measured by a mercury porosimeter, of 85 vol% or greater, preferably 89 vol% or greater, more preferably
93 vol% or greater, with respect to a total pore volume.

[0012] Preferably, a vinylidene fluoride based polymer powder of the present invention has a total pore volume of 1.7
ml/g to 2.2 ml/g, preferably 1.8 ml/g to 2.1 ml/g, more preferably 1.8 ml/g to 2.0 ml/g, as measured by a mercury
porosimeter.

[0013] Preferably, a vinylidene fluoride based polymer powder of the present invention has a powder bulk density of
0.20 g/ml to 0.30 g/ml, preferably 0.22 g/ml to 0.27 g/ml, more preferably 0.23 g/ml to 0.25 g/ml. A vinylidene fluoride
polymer normally has a density of 1.78 g/ml. At a temperature below a critical temperature of a vinylidene fluoride
monomer, the vinylidene fluoride monomer exists in the form of droplets and has a density of about 0.7 g/ml. When a
vinylidene fluoride monomer is in a supercritical state, the vinylidene fluoride monomer exists in the form of droplets but
has a density of 0.4 g/ml, which is about 1/2 comparing with the case of below a critical temperature. A polymer obtained
by suspension polymerization in a supercritical state has aninner bulk density of 0.4/1.78 = about 0.23 g/ml. In suspended
particles of the droplets, pores are formed as a polymer with a high density is produced. It is considered that when
suspension polymerization is carried out in a supercritical state, since the density of monomers in the system is low,
particles with a higher degree of porosity are formed. It is considered that as the degree of porosity of the particles
increases, i.e., as an inner pore volume of particles of a suspension polymer increases, and as pores are also formed
in a surface of the particles, permeability of a solvent into the particle pores increases to thereby increase the solubility
of the resulting powder in an organic solvent.

[0014] When 2 parts by weight of a vinylidene fluoride based polymer powder of the present invention is introduced
into 70 parts by weight of N-methyl-2-pyrrolidone at a room temperature, the powder dissolves within 260 seconds,
preferably 200 seconds.

[0015] The present invention further provides a supercritical suspension polymerization method for producing the
foregoing vinylidene fluoride based polymer powders, comprising: a suspension step of adding a vinylidene fluoride
monomer, a suspension agent, a chain transfer agent, and a polymerization initiator to an aqueous dispersion medium,
followed by stirring to form a suspended particulate monomer droplet having a diameter of about 200 pm; and a super-
critical polymerization step of polymerizing a suspension containing the suspended particulate monomer droplet at a
temperature above 30.1°C and a pressure greater than 4.38 MPa.

[0016] Preferably, a vinylidene fluoride based polymer powder of the present invention is obtained by the supercritical
suspension polymerization described above. Emulsion polymerization is not preferred, because to recover a polymer
from an emulsion after polymerization, the polymer is precipitated with a aggregating agent or the like and subjected to
granulation treatment and then formed into powder particles, or the emulsion is sprayed to evaporate an aqueous
medium, so that an inner structure of particles is strongly affected by a subsequent step for the recovery of the particles,
rather than the forming of the particles by polymerization.
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[0017] Preferably, a maximum temperature in the supercritical polymerization step is in the range of 31°C to 100°C,
preferably in the range of 45°C to 65°C. A length of time from 10°C to the maximum temperature may be any length
within an extent that a polymerization initiator does not decompose to lose activity. Preferably, the length of time is set
to preferably 30 minutes to 300 minutes, more preferably 150 minutes to 180 minutes.

[0018] Preferably, a maximum pressure in the supercritical polymerization step is in the range of 4.4 MPa to 12 MPa,
more preferably in the range of 6.0 MPa to 8.0 MPa. In the supercritical polymerization step, when a temperature of a
suspension is elevated in a pressurized vessel in accordance with a temperature elevation profile until the predetermined
maximum temperature and the predetermined maximum pressure are reached and then polymerization is continued at
a predetermined temperature, the pressure in the system decreases as the polymerization of vinylidene fluoride mon-
omers is developed. In view of the polymer yield, termination of the polymerization is preferably at a point when at least
70% of the polymerization of introduced monomers is completed. Specifically, the polymerization is terminated when,
for example, the pressure in the system is reduced to 2.5 MPa or below, and unreacted monomer gas is discharged
and the polymer slurry is withdrawn, dehydrated, washed with water, dehydrated and then dried.

[0019] Vinylidene fluoride monomers to be used in a supercritical suspension polymerization method of the present
invention include a homopolymer of vinylidene fluoride and a copolymer comprising vinylidene fluoride as a main com-
ponent, preferably 50% by weight or greater, more preferably 65% by weight or greater, of vinylidene fluoride, and a
copolymerizable monomer with vinylidene fluoride. Examples of preferred monomers copolymerizable with vinylidene
fluoride include vinyl fluoride, trifluoroethylene, tetrafluoroethylene, chlorotrifluoroethylene, hexafluoropropylene, per-
fluoroalkylvinyl ether, ethylene, monomethyl maleate, and allyl glycidyl ether, but the copolymerizable monomer is not
limited to these monomers.

[0020] A polymerization initiator to be used in a supercritical suspension polymerization method of the presentinvention
is a polymerization initiator with a ten-hour half-life temperature T,, of about 30.1°C to 90°C, which is a critical temperature
of vinylidene fluoride. Examples include diisopropylperoxydicarbonate (T,4 = 40.5°C), dinormalpropylperoxydicarbonate
(T40= 40.3°C) and tert-butylperoxypivalate (T;q = 54.6°C).

[0021] Examples of preferred suspension agents to be used in a supercritical suspension polymerization method of
the present invention include methylcellulose, hydroxyethylcellulose, hydroxypropylcellulose, hydroxypropylmethylcel-
lulose, partially saponified polyvinyl acetate and acrylic acid based polymers.

[0022] Examples of preferred chain transfer agents to be used in a supercritical suspension polymerization method
of the present invention include ethyl acetate, propyl acetate, acetone and diethyl carbonate. A chain transfer agent is
used to adjust a molecular weight of a polymer to be obtained.

[0023] As a pH adjuster to inhibit corrosion, an alkali metal salt of phosphate, such as sodium pyrophosphate and
acidic sodium pyrophosphate, may be added as necessary. These pH adjusters are effective for not only inhibition of
corrosion in a device that is used but also stabilization of suspended polymerized particles, inhibition of combination of
particles, and inhibition of polymerization of monomers in an aqueous phase.

[0024] In a supercritical suspension polymerization method of the present invention, preferably 100-500 parts by
weight of an aqueous solvent, 0.001-2 parts by weight of a polymerization initiator, and 0.01-2 parts by weight of a
suspension agent are added with respect to 100 parts by weight of a vinylidene fluoride monomer. To obtain an inherent
viscosity of about 2 dl/g, in the cases of using a pH adjuster such as sodium pyrophosphate and acidic sodium pyro-
phosphate, preferably 1 part by weight or less of a pH adjuster is added with respect to 100 parts by weight of a vinylidene
fluoride monomer and in the cases of using a chain transfer agent, preferably 5 parts by weight or less of a chain transfer
agent is added with respect to 100 parts by weight of a vinylidene fluoride monomer. When the amount of an aqueous
solventis less than 100 parts by weight or greater than 500 parts by weight, formation of suspended polymerized particles
becomes unstable to impair powder properties. When the amount of a polymerization initiator is greater than 0.5 parts
by weight, low-molecular-weight components are readily formed during the polymerization reaction. Thus, when the
resulting polymer is used as a binder for a cell, there may be components dissolving in a nonaqueous electrolytic solution
to impair cell properties. When the amount of a suspension agent is outside the above range, suspended particles are
not formed well to impair powder properties. When the amount of a chain transfer agent is greater than 5 parts by weight,
the polymerization time is excessively prolonged due to the chain transfer action, or it is not possible to obtain a polymer
with a desired molecular weight.

[0025] Note that a supercritical suspension polymerization method of the present invention is significantly different
from a supercritical suspension polymerization method disclosed in Patent Publication 1 in that no additional monomer
is subsequently added. An additionally added monomer is polymerized in voids in powder particles and clogs pores to
thereby increase a powder bulk density; therefore, it is not possible to obtain a powder bulk density of 0.23 g/ml to 0.25
g/ml of a vinylidene fluoride based polymer powder of the present invention. The present invention and Comparative
Example 1 of Patent Publication 1, in which no monomer is subsequently added, are significantly different in types and
quantitative ratios of a polymerization initiator and a chain transfer agent, and a pore structure and an inherent viscosity
of the resulting polymer powder (refer to Comparative Example 9 below). A relation between a mechanism of causing
different pore structures and a polymerization process is not clear, but that is considered as a consequence of complex
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interactions of a combination of types and amounts of a polymerization initiator and a chain transfer agent and the
presence of a pH adjuster, which is an auxiliary agent.

[0026] A polymer polymerized by a supercritical suspension polymerization method of the present invention is dehy-
drated with a centrifugal dewaterer, a press dewaterer or the like and then dried by a common method using a heated
gas stream or pressure reduction to evaporate water content, and can be obtained as a vinylidene fluoride based polymer
powder. The resulting vinylidene fluoride based polymer in the form of powder can be used directly as a cell binder. A
solution type cell binder in which the vinylidene fluoride based polymer is dissolved in the foregoing organic solvent is
also preferably used.

[0027] The present invention provides methods for producing a cell binder and a cell electrode mixture using the
vinylidene fluoride based polymer powder having increased solubility in the foregoing organic solvent.

[0028] A specific method for producing a solution type cell binder comprises introducing the foregoing organic solvent
into a dissolution tank equipped with a stirrer, gradually adding a polymer powder of the present invention with stirring,
and continuously stirring at room temperature to dissolve the powder. A method in which after addition of powder, the
mixture is brought into a heated state of 30-70° C and stirred continuously to dissolve the powder is also preferred. A
polymer powder of the present invention is dissolved in an amount of 1-20 parts by weight, preferably 1.5-15 parts by
weight, more preferably 2-10 parts by weight, with respect to 100 parts by weight of the organic solvent described above.
A dissolution time varies according to stirring power of a dissolution tank and a polymer concentration, but while a
polymer powder having an inherent viscosity of 2.0 dl/g or more normally requires 3 hours to 48 hours to dissolve, a
polymer powder of the present invention can be dissolved in a shorter time under the same conditions, which is 1/40-1/4
of the dissolution time of a polymer powder having an inherent viscosity of 2.0 dl/g or more.

[0029] A specific method of producing a cell electrode mixture comprises adding in a kneading stirrer (a stirrer such
as a planetary mixer and a homogenizer) at least an active material of a positive or negative electrode and, a conductive
auxiliary agent such as carbon black (if needed), a vinylidene fluoride polymer powder of the present invention, and N-
methyl-2-pyrrolidone (hereinafter "NMP"), and adequately stirring and mixing the mixture to obtain a cell electrode
mixture. NMP may be added to adjust a viscosity and a solid component concentration of the mixture slurry for coating.
The mixture slurry thus prepared is preferred in view of coating properties on a charge collector and cell properties,
because the polymer is dissolved in a short period of time and the powder of the active material or the conductive auxiliary
agent is adequately dispersed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Figure 1isagraph showingintegral pore volumes of vinylidene fluoride polymer powders of the presentinvention
prepared in Examples 1-4 and in Comparative Example 1.

Figure 2 is a graph showing integral pore volume distributions (ml/g) of vinylidene fluoride polymer powders of
Examples 1-4 and Comparative Examples 1-9.

Figure 3 is a graph showing logarithmic differentiation pore volume distributions (g/ml) of vinylidene fluoride polymer
powders of Example 1 and Comparative Example 9.

Figure 4 is a graph showing solubilities of vinylidene fluoride polymer powders of Examples 1-4 and Comparative
Examples 1-9 in comparison.

Figure 5 are visual observation photographs of solubilities of mixtures for use in electrodes using vinylidene fluoride
polymer powders of Example 1 and Comparative Examples 1-4.

EXAMPLES

[0031] The present invention is described in more detail in the following non-limiting Examples.

[0032] In the following Examples, inherent viscosities are values obtained by adding 4 g of vinylidene fluoride based
polymer to 1L of N,N-dimethylformamide and dissolving it at 80°C for 8 hours to prepare a solution, and determining a
logarithmic viscosity with a Ub-belohde viscometer while maintaining the solution at 30°C.

[0033] Pore distributions of the resulting vinylidene fluoride polymer powders were determined by drying 0.3-0.4 g of
a vinylidene fluoride polymer powder sample at 105°C plus or minus 2°C for 4 hours and then determining a pore
distribution in the pore range of 3 nm to 22500 nm using "Auto pore 9520" (available from Micrometric) in accordance
with JIS R1655 mercury porosimetry with a cell volume of 5 ml (cell for powder).
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<Preparation of vinylidene fluoride based polymer>
[Example 1]

[0034] In an autoclave having an inner volume of 2 liters, 1040 g of ion-exchanged water, 0.4 g of methylcellulose,
400 g of vinylidene fluoride monomer, 0.32 g of tert-butylperoxypivalate, 0.4 g of sodium pyrophosphate, 0.4 g of acidic
sodium pyrophosphate and 2.0 g of diethyl carbonate were charged, and the mixture was stirred at 10°C for 30 minutes
and then warmed to 45°C over 120 minutes. A maximum pressure in the autoclave reached 6,1 MPa. The polymerization
was terminated when the pressure in the autoclave was reduced to 2.5 MPa, which was 14.25 hours after the initiation
of the warming.

[0035] After the polymerization was completed, the polymer slurry was withdrawn, dehydrated, washed with water,
dehydrated and then dried at 80°C for 20 hours to obtain a vinylidene fluoride polymer powder having an inherent
viscosity of 2.16 dI/g and a bulk density of 0.233 g/ml at a yield of 75.5%.

[Example 2]

[0036] The polymerization of Example 1 was repeated, except that 1.52 g of diethyl carbonate was used and the
warming was from 10°C to 55°C over 180 minutes. A maximum pressure in the autoclave reached 7.1 MPa. The
polymerization was terminated when the pressure in the autoclave was reduced to 2.5 MPa, which was 10.25 hours
after the initiation of the warming.

[0037] After the polymerization was completed, the polymer slurry was withdrawn, dehydrated, washed with water,
dehydrated and then dried at 80°C for 20 hours to obtain a vinylidene fluoride polymer powder having an inherent
viscosity of 2.27 dl/g and a bulk density of 0.236 g/ml at a yield of 84.5%.

[Example 3]

[0038] The polymerization of Example | was repeated, except that 0.28 g of tert-butylperoxypivalate and 1.67 g of
diethyl carbonate were used and the warming was from 10°C to 60°C over 180 minutes. A maximum pressure in the
autoclave reached 7.7 MPa. The polymerization was terminated when the pressure in the autoclave was reduced to 2.5
MPa, which was 10.33 hours after the initiation of the warming.

[0039] After the polymerization was completed, the polymer slurry was withdrawn, dehydrated, washed with water,
dehydrated and then dried at 80°C for 20 hours to obtain a vinylidene fluoride polymer powder having an inherent
viscosity of 2.18 dlI/g and a bulk density of 0.238 g/ml at a yield of 85.5%.

[Example 4]

[0040] The polymerization of Example 1 was repeated, except that 0.60 g of tert-butylperoxypivalate and 1.20 g of
diethyl carbonate were used and the warming was from 10°C to 65°C over 180 minutes. A maximum pressure in the
autoclave reached 7.9 MPa. The polymerization was terminated when the pressure in the autoclave was reduced to 2.5
MPa, which was 6.85 hours after the initiation of the warming.

[0041] After the polymerization was completed, the polymer slurry was withdrawn, dehydrated, washed with water,
dehydrated and then dried at 80°C for 20 hours to obtain a vinylidene fluoride polymer powder having an inherent
viscosity of 2.33 dl/g and a bulk density of 0.246 g/ml at a yield of 84.5%.

[Example 5]

[0042] The polymerization of Example 1 was repeated, except that 0.26 g of tert-butylperoxypivalate was used and
no diethyl carbonate was used. A maximum pressure in the autoclave reached 6.7 MPa. The polymerization was ter-
minated when the pressure in the autoclave was reduced to 2.5 MPa, which was 23.0 hours after the initiation of the
warming.

[0043] After the polymerization was completed, the polymer slurry was withdrawn, dehydrated, washed with water,
dehydrated and then dried at 80°C for 20 hours to obtain a vinylidene fluoride polymer powder having an inherent
viscosity of 3.46 dl/g and a bulk density of 0.250 g/ml was obtained at a yield of 85.0%.

[Comparative Example 1]

[0044] This Comparative Example was the preparation of a vinylidene fluoride polymer powder by a common suspen-
sion polymerization method.
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[0045] In an autoclave having an inner volume of 2 liters, 1040 g of ion-exchanged water, 0.4 g of methylcellulose,
400 g of vinylidene fluoride monomer, 2.5 g of diisopropylperoxy dicarbonate and 5.0 g of ethyl acetate were charged,
and suspension polymerization was carried out at 26°C for 20 hours.

[0046] After the polymerization was completed, the polymer slurry was withdrawn, dehydrated, washed with water,
dehydrated and then dried at 80°C for 20 hours to obtain a vinylidene fluoride polymer powder having an inherent
viscosity of 2.10 dl/g and a bulk density of 0.430 g/ml at a yield of 91%.

[Comparative Example 2]

[0047] This Comparative Example was the preparation of a vinylidene fluoride polymer powder by a common suspen-
sion polymerization method.

[0048] In an autoclave having an inner volume of 2 liters, 1040 g of ion-exchanged water, 0.4 g of methylcellulose,
400 g of vinylidene fluoride monomer, 2.0 g of normalpropylperoxy dicarbonate and 8.0 g of ethyl acetate were charged,
and suspension polymerization was carried out at 25°C for 13 hours.

[0049] After the polymerization was completed, the polymer slurry was withdrawn, dehydrated, washed with water,
dehydrated and then dried at 80°C for 20 hours to obtain a vinylidene fluoride polymer powder having an inherent
viscosity of 1.10 dl/g and a bulk density of 0.426 g/ml at a yield of 91 %.

[0050] As Comparative Examples 3-8, inherent viscosities and bulk densities of commercially-available vinylidene
fluoride polymer powders were determined.

[Comparative Example 3]

[0051] "Solef 6020" (manufactured by Solvay Solexis) prepared by suspension polymerization was used.
[Comparative Example 4]

[0052] "Kynar HSV900" (manufactured by ARKEMA) was used.

[Comparative Example 5]

[0053] "KF polymer#1300" (manufactured by Kureha Corporation) prepared by suspension polymerization was used.
[Comparative Example 6]

[0054] "Solef 6010" (manufactured by Solvay Solexis) was used.

[Comparative Example 7]

[0055] "Solef 1010" (manufactured by Solvay Solexis) prepared by suspension polymerization was used.
[Comparative Example 8]

[0056] "Kynar 761" (manufactured by ARKEMA) prepared by emulsion polymerization was used.

[Comparative Example 9]

[0057] This Comparative Example was the preparation of a vinylidene fluoride monomer powder by the supercritical
suspension polymerization disclosed in Patent Publication 1, Comparative Example 1.

[0058] In an autoclave having an inner volume of 2 liters, 1040 g of ion-exchanged water, 0.2 g of methylcellulose,
400 g of vinylidene fluoride monomer, 0.40 g of diisopropylperoxy dicarbonate and 7.2 g of ethyl acetate were charged,
and the mixture was stirred at 10°C for 30 minutes and then warmed to 60°C over 144 minutes. A maximum pressure
in the autoclave reached 7.1 MPa. The polymerization was terminated when the pressure in the autoclave was reduced
to 2.0 MPa, which was 5.75 hours after the initiation of the warming.

[0059] After the polymerization was completed, the polymer slurry was withdrawn, dehydrated, washed with water,
dehydrated and then dried at 80°C for 20 hours to obtain a vinylidene fluoride polymer powder having an inherent
viscosity of 1.11 dl/g and a bulk density of 0.238 g/ml at a yield of 89%.

[0060] The inherent viscosities and bulk densities determined in Examples 1-5 and Comparative Examples 1-9 are
summarized in Table 1.
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[0061] The pore distributions determined in Examples 1-5 and Comparative Examples 1-9 are shown in Table 2.
[0062] Graphs illustrating the results obtained in Examples 1-4 and Comparative Examples 1-9 are shown in Figures
1-3.

<Solubility of vinylidene fluoride polymer powder>

[0063] Seventy grams of N-methyl-2-pyrrolidone was charged into a mixing stirrer "Awatorirentaro MX201" (manu-
factured by THINKY), and the temperature was set to 26°C. Then, 2 g of vinylidene fluoride polymer powders of Examples
1-4 and Comparative Examples 1-9 were added at once, covered with a lid, and mixed by stirring with a stirrer for 3
minutes (180 seconds). Insoluble residues were recovered with a 15-mesh wire net at time points of 0 second, 20
seconds, 140 seconds, 200 seconds and 260 seconds after the initiation of the stirring. The recovered insoluble residues
were dried at 130°C for 4 hours and then weighted out to determine insoluble residue percentages (%). The insoluble
residue percentages were determined by the formula (dry mass of insoluble residues)/(initial amount of introduced
powder) x 100. The results are collectively shown in Table 1 and Figure 4.

[0064] [Table 1]

Table 1: Comparison of inherent viscosities, bulk densities and insoluble residue percentages

Insoluble residue percentage (%)
Inherent viscosity Powder bulk density o
Sample (dfg) (g/mi) Stirring time (seconds)
0 20 | 140 | 200 | 260
Example 1 2.16 0.233 100 | 88.3 | 36.6 0 0
Example 2 227 0.236 100 | 925 | 631 | 4.3 0
Example 3 2.18 0.238 100 | 95.7 | 63.0 | 21.7 0
Example 4 2.33 0.246 100 | 932 | 73.0 | 31.4 0
Example 5 3.46 0.250 100 | 951 | 763 | 326 0
Comparative 2.10 0.430 100 | 96.4 | 953 | 94.7 | 72.9
Example 1
Comparative 1.10 0.426 100 | 93.2 - 70.8 | 19.6
Example 2
Comparative 1.88 0.560 100 | 100 - 96.7 | 86.2
Example 3
Comparative 171 0.331 100 | 836 | - | 656 | 54.9
Example 4
Comparative 1.30 0.423 100 | 97.2 | 86.3 | 745 -
Example 5
Comparative 1.03 0.542 100 | 932 | 50.0 | 44.2 -
Example 6
Comparative 103 0.556 100 | 872 | 223 | 50 ;
Example 7
Comparative 1.13 0.338 100 | 57.6 | 12.1 - -
Example 8
Comparative 1.11 0.238 100 | 3.7 - - -
Example 9

*""indicates that no determination was conducted.

[0065] Itcan be understood from Table 1 that although the vinylidene fluoride polymer powders of the presentinvention
had a high molecular weight and an inherent viscosity of greater than 2.0 dl/g, they had excellent solubility in N-methyl-
2-pyrrolidone.

[0066] [Table 2]
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Percentage Percentage Percentage
Integral . Integral . .
of integral of integral Integral of integral
volume V1 volume V2
volume of volume of volume V3 volume of
Total pore (ml/g) of i (ml/g) of . .
pores with a . pores with a (ml/g) of pores witha
Sample Volume V pores ) pores with . . .
(milg) diameter diameter of adiameter diameter of | poreswitha | diameter of
9 of 0.3-1 0.3-1 wm of 0.03-1 0.03-1 um diameterof | 0.003-1 pm
- VAVX 100 - V2/x100 | 0.003-1 pm | V3/Vx100
B (vol%) B (vol%) (vol%)
Example 1 1.9864 0.753 37.9 1.684 84.8 1.844 03.2
Example 2 1.9515 0.723 37.1 1.683 86.2 1.825 03.7
Example 3 1.9386 0.800 413 1.669 86.1 1.803 03.7
Example 4 1.8309 0.870 44.1 1.633 89.2 1.714 93.9
Example 5 1.8273 0.891 48.8 1.615 88.4 1.701 93.1
Comparative | g7q 0.086 9.0 0.695 72.9 0.803 84.5
Example 1
Comparative | ;54q 0.125 16.6 0.575 76.5 0.668 88.9
Example 2
Comparative | 24, 0.081 10.2 0.585 74.0 0.668 88.9
Example 3
Comparative | /7,4 0.002 05 0.073 16.1 0.277 61.1
Example 4
Comparative | ,qq 0.370 30.6 0.577 47.8 0.640 53.0
Example 5
Comparative | £5)q 0.008 1.4 0.375 63.3 0.469 79.2
Example 6
Comparative | /o7 0.072 6.9 0.845 80.5 0.931 88.7
Example 7
Comparative | 4, 0.228 20.2 0.561 49.5 0.622 54.9
Example 8
Comparative 1.828 0.871 47.6 1.387 75.8 1.480 80.9
Example 9

<Preparation of mixtures for lithium nonaqueous cell electrode and evaluation of solubility of vinylidene fluoride polymer
powders>

[0067] Two hundred grams of lithium cobaltate ("Cellseed C-8G" (manufactured by Nippon Chemical Industrial Co.,
Ltd.)) and 4.17 g of conductive carbon black ("DENKA BLACK" (manufactured by Denki Kagaku Kogyo Kabushiki
Kaisha)) were charged into a kneading stirrer planetary mixer "T.K. HIVIS MIX f model 03" (manufactured by PRIMIX
Corporation) for use in preparation of mixture, and the powders were mixed at 50 rpm for 10 minutes. Then, 4.17 g of
the vinylidene fluoride polymer powder that was prepared in Example 1 and 138.89 g of N-methyl-2-pyrrolidone were
added, and the mixture was mixed by stirring at 50 rpm for 10 minutes. The solid component concentration was 60%.
This mixture was introduced into a mixing stirrer "Awatorirentaro MX201" (manufactured by THINKY) and subjected to
defoaming treatment for 10 seconds to obtain a mixture for evaluation. This mixture was visually observed. Mixtures for
evaluation were also prepared using the products of Comparative Examples 1-4 and visually observed. The observation
photographs thereof are shown in Figure 5.

[0068] Figure5(1)is anobservation photograph of Example 1. Figure 5(2) is an observation photograph of Comparative
Example 1. Figure 5(3) is an observation photograph of Comparative Example 2. Figure 5(4) is an observation photograph
of Comparative Example 3. Figure 5(5) is an observation photograph of Comparative Example 4. Figure 5(1) indicates



10

15

20

25

30

35

40

45

50

55

EP 2 196 479 B9

a uniform dissolution state. Figure 5(2) indicates that large ball-like lumps of insoluble residues were observed. Figure
5(3) indicates that several ball-like lumps of insoluble residues were observed. Figure 5(4) indicates that large ball-like
limps of insoluble residues were observed. Figure 5(5) indicates that small ball-like lumps of insoluble residues were
observed. It is obvious from these observation photographs that while the vinylidene fluoride polymer powder of the
present invention was completely dissolved to form a uniform solution, ball-like lumps were present in the cases of
Comparative Examples 1-4 to indicate that the dissolution was incomplete and a uniform solution was not obtained.

Claims

A vinylidene fluoride based polymer powder, wherein:

a volume of pores having a pore diameter of 0.03 um to 1.0 wm, as measured by a mercury porosimeter, is 77
vol% to 93 vol% of a total pore volume; and

an inherent viscosity (logarithmic viscosity at 30°C of a solution comprising 4 g of polymer powder dissolved in
1 liter of N,N-dimethylformamide) is 2.0 dl/g to 5.0 dl/g.

The vinylidene fluoride based polymer powder of Claim 1, wherein a volume of pores having a pore diameter of
0.003 pm to 1.0 um, as measured by a mercury porosimeter, is 85 vol% or greater.

The vinylidene fluoride based polymer powder of Claim 1 or 2, wherein the total pore volume is 1.7 ml/g to 2.2 ml/g,
as measured by the mercury porosimeter.

The vinylidene fluoride based polymer powder of any one of Claims 1 to 3 having a powder bulk density of from
0.20 g/ml to 0.30 g/ml.

The vinylidene fluoride based polymer powder of any one of Claims 1 to 4, wherein when 2 parts by weight of the
powder is introduced in 70 parts by weight of N-methyl-2-pyrrolidone at a room temperature, the powder dissolves
within 260 seconds.

A supercritical suspension polymerization method for producing the vinylidene fluoride based polymer powder of
any one of Claims 1-5, comprising:

a suspension step of adding a vinylidene fluoride monomer, and at least a suspension agent, a chain transfer
agent, and a polymerization initiator to an aqueous dispersion medium and stirring the mixture to form a sus-
pended particulate monomer droplet having a diameter of about 200 pm; and

a supercritical polymerization step of polymerizing a suspension containing the suspended particulate monomer
droplet at a temperature higher than 30.1°C and a pressure greater than 4.38 MPa.

A method for producing a binder for a cell, comprising dissolving the vinylidene fluoride based polymer powder of
any one of Claims 1 to 5 in an organic solvent.

A method for producing an electrode mixture for a cell, comprising mixing an electrode active material, the vinylidene
fluoride based polymer powder of any one of Claims 1 to 5, and an organic solvent to produce a paste of the mixture.

Patentanspriiche

Polymerpulver basierend auf Vinylidenfluorid, wobei:

gemessen mit einem Quecksilber-Porosimeter, 77 Vol.-% bis 93 Vol.-% des Gesamtporenvolumens ein Poren-
volumen mit einem Porendurchmesser von 0,03 pm bis 1,0 pm ist; und

eine inharente Viskositat (logarithmische Viskositat einer Lésung bei 30 °C, welche 4 g eines Polymerpulvers
enthalt, das in 1 Liter N,N-Dimethylformamid aufgeldst ist) 2,0 dl/g bis 5,0 dl/g ist.

2. Polymerpulver basierend auf Vinylidenfluorid gemaR Anspruch 1, wobei, gemessen mit einem Quecksilber-Poro-

simeter, 85 Vol.-% oder mehr des Gesamtporenvolumens ein Porenvolumen mit einem Porendurchmesser von
0,003 pm bis 1,0 pm ist.

10
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3. Polymerpulver basierend auf Vinylidenfluorid gemaR Anspruch 1 oder 2, wobei, gemessen mit dem Quecksilber-
Porosimeter, das Gesamtporenvolumen 1,7 ml/g bis 2,2 ml/g ist.

4. Polymerpulver basierend auf Vinylidenfluorid gemafR einem der Anspriiche 1 bis 3, wobei das Pulver eine Schiitt-
dichte von 0,20 g/ml bis 0,30 g/ml aufweist.

5. Polymerpulver basierend auf Vinylidenfluorid gemaR einem der Anspriiche 1 bis 4, wobei sich das Pulver innerhalb
von 260 Sekunden auflést, wenn 2 Gewichtsteile Pulver in 70 Gewichtsteile N-Methyl-2-pyrollidon bei Raumtem-
peratur eingeflihrt werden.

6. Superkritisches Suspensions-Polymerisationsverfahren zur Herstellung des Polymerpulvers basierend auf Vinyli-
denfluorid gemaR einem der Anspriiche 1 bis 5, enthaltend:

einen Suspensionsschritt, wobei ein Vinylidenfluoridmonomer, und zumindest ein Suspensionsmittel, ein Ket-
tenubertréger, und ein Polymerisationsinitiator zu einem wassrigen Dispersionsmedium gegeben werden und
die Mischung gerihrt wird um ein suspendiertes, partikuldres Monomertrépfchen mit einem Durchmesser von
ungeféhr 200 pwm zu bilden; und

einen superkritischen Polymerisationsschritt, in welchem eine Suspension bei einer Temperatur groRRer als 30,1
°C und einem Druck gréRer als 4,38 MPa polymerisiert wird, wobei die Suspension das suspendierte, partikulare
Monomertrépchen enthalt.

7. Verfahren zur Herstellung eines Bindemittels fiir eine Zelle, umfassend die Auflésung des Polymerpulvers basierend
auf Vinylidenfluorid gemaR einem der Anspriiche 1 bis 5 in einem organischen Lésungsmittel.

8. Verfahren zur Herstellung eines Elektrodengemischs flir eine Zelle, umfassend das Mischen von einem aktiven
Elektrodenmaterial, dem Polymerpulver basierend auf Vinylidenfluorid gemaR einem der Anspriiche 1 bis 5 und
einem organischen Losungsmittel um eine Paste der Mischung herzustellen.

Revendications
1. Poudre de polymeére a base de fluorure de vinylidéne, dans laquelle :

un volume de pores ayant un diamétre de pore de 0,03 pm a 1,0 wm, comme mesuré par un porosimétre au
mercure, est de 77 % en volume a 93 % en volume d’un volume total de pores ; et

une viscosité inhérente (viscosité logarithmique a 30°C d’'une solution comprenant 4 g de poudre de polymére
dissous dans 1 litre de N,N-dirnéthylformamide) est de 2,0.dl/g a 5,0 dl/g.

2. Poudre de polymére a base de fluorure de vinylidéne selon la revendication 1, dans laquelle un volume de pores
ayant un diamétre de pore de 0,003 pm a 1,0 pm, comme mesuré par un porosimétre au mercure, est de 85 % en
volume ou supérieur.

3. Poudre de polymére a base de fluorure de vinylidéne selon la revendication 1 ou 2, dans laquelle le volume total
de pores est de 1,7 ml/g a 2,2 ml/g, comme mesuré par le porosimetre au mercure.

4. Poudre de polymére a base de fluorure de vinylidéne selon I'une quelconque des revendications 1 a 3 ayant une
masse volumique apparente de poudre de 0,20 g/ml a 0,30 g/ml.

5. Poudre de polymere a base de fluorure de vinylidene selon I'une quelconque des revendications 1 a 4, dans laquelle
lorsque 2 parties en masse de la poudre sont introduites dans 70 parties en masse de N-méthyl-2-pyrrolidone a
température ambiante, la poudre se dissout en I'espace de 260 secondes.

6. Procédé de polymérisation en suspension supercritique pour la production de la poudre de polymére a base de
fluorure de vinylidéne selon 'une quelconque des revendications 1-5, comprenant :

une étape de mise en suspension consistant a ajouter un monomeére de fluorure de vinylidene, et au moins un

agent de suspension, un agent de transfert de chaine, et un initiateur de polymérisation a un milieu de dispersion
aqueux et a agiter le mélange pour former une gouttelette de monomére particulaire mise en suspension ayant

11
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un diameétre d’environ 200 um ; et

une étape de polymérisation supercritique consistant a polymériser une suspension contenant la gouttelette
de monomere particulaire mise en suspension a une température supérieure a 30,1°C et a une pression supé-
rieure a 4,38 MPa.

Procédé de production d’un liant pour une pile comprenant la dissolution de la poudre de polymeére a base de fluorure
de vinylidéne selon I'une quelconque des revendications 1 a 5 dans un solvant organique.

Procédé de production d’'un mélange d’électrode pour une pile comprenant le mélange d’'une matiére active d’'élec-

trode, de la poudre de polymére a base de fluorure de vinylidéne selon I'une quelconque des revendications 1 a 5,
et d’'un solvant organique pour produire une pate du mélange.

12



EP 2 196 479 B9

Figure 7
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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