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(57) ABSTRACT 

A slurry for a lithium ion secondary battery porous mem­
brane, including non-conductive particles, a water-soluble 
polymer containing an acidic group-containing monomer 
unit, and a particulate polymer, wherein: an amount of the 
water-soluble polymer is 0.05 parts by weight to 2 parts by 
weight relative to 100 parts by weight of the non-conductive 
particles; and a BET specific surface area of the non-conduc­
tive particles is 5 m2/g to 10 m2/g. 
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SLURRY FOR LITHIUM ION SECONDARY 
BATTERY POROUS FILM, PRODUCTION 
METHOD THEREFOR, SEPARATOR FOR 

LITHIUM ION SECONDARY BATTERY, AND 
LITHIUM ION SECONDARY BATTERY 

FIELD 

[0001] The present invention relates to a slurry for a lithium 
ion secondary battery porous membrane and a production 
method thereof, as well as a separator for a lithium ion sec­
ondary battery and a lithium ion secondary battery using the 
slurry. 

BACKGROUND 

[0002] Among practically used batteries, a lithium ion sec­
ondary battery exhibits high energy density and has been 
widely used particularly in small sized electronic devices. In 
addition to such small sized usage, the lithium ion secondary 
battery has been expected for expanding its usage in automo­
biles. In general, the lithium ion secondary battery includes a 
positive electrode and a negative electrode, as well as a sepa­
rator and an electrolytic solution. The separator to be used 
usually includes an organic separator layer formed of a resin 
such as a stretched polyethylene resin. 
[0003] In general, operation of a battery is accompanied 
with heat generation. As a result, the organic separator layer is 
also heated. In most of cases, the organic separator layer 
formed of the resin tends to cause shrinkage even at a tem­
perature of 150° C. or lower, thereby easily causing short 
circuit of a battery. In order to prevent the short circuit caused 
by such heat generation, there has been proposed a separator 
that includes a porous membrane containing non-conductive 
particles such as an inorganic filler (Patent Literature 1 ). 

CITATION LIST 

Patent Literature 

[0004] Patent Literature 1: International Publication 20091 
096528 

SUMMARY 

Technical Problem 

[0005] In recent years, levels of the requirements for the 
properties of the lithium ion secondary battery are becoming 
increasingly higher, and, e.g., a technique capable ofimprov­
ing high temperature cycle property of the lithium ion sec­
ondary battery is being demanded. Further, as for a separator, 
it is required to realize prevention of short circuit of the 
lithium ion secondary battery for the purpose of improving 
safety. 
[0006] The present invention has been made in view of the 
aforementioned problems, and an object of the invention is to 
provide: a slurry for a lithium ion secondary battery porous 
membrane and a production method thereof that are capable 
of realizing a lithium ion secondary battery excellent in both 
high temperature cycle property and safety; a separator for a 
lithium ion secondary battery that is capable of realizing a 
lithium ion secondary battery excellent in both high tempera­
ture cycle property and safety; and a lithium ion secondary 
battery excellent in both high temperature cycle property and 
safety. 
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Solution to Problem 

[0007] In order to solve the aforementioned problem, the 
present inventor has performed intensive studies. As a result, 
it has been found out that there can be obtained a lithium ion 
secondary battery excellent in both high temperature cycle 
property and safety by forming a porous membrane using a 
slurry that includes non-conductive particles, a water-soluble 
polymer having an acidic group-containing monomer unit, 
and a particulate polymer, wherein the amount of the water­
soluble polymer is set within a predetermined range and a 
BET specific surface area of the non-conductive particles is 
set within a predetermined range, and thus the present inven­
tion has been completed. 
[0008] Accordingly, the present invention is as follows. 
(1) A slurry for a lithium ion secondary battery porous mem­
brane, comprising non-conductive particles, a water-soluble 
polymer containing an acidic group-containing monomer 
unit, and a particulate polymer, wherein: 
[0009] an amount of the water-soluble polymer is 0.05 parts 
by weight to 2 parts by weight relative to 100 parts by weight 
of the non-conductive particles; and 
[0010] a BET specific surface area of the non-conductive 
particles is 5 m 2lg to 10 m 2lg. 
(2) The slurry for a lithium ion secondary battery porous 
membrane according to { 1 ), wherein, in an accumulated par­
ticle size distribution of the non-conductive particles, a par­
ticle diameter D 1 that is a cumulative volume of particle of 
10% from a small diameter side, a particle diameter D50 that 
is a cumulative volume of particle of 50% from the small 
diameter side, and a particle diameter D90 that is a cumulative 
volume of particle of 90% from the small diameter side are as 
follows: 
[0011] Dl0 is 0.2 µm to 0.4 µm; 
[0012] D50 is 0.5 µm to 0.9 µm; and 
[0013] D90 is 1.0 µm to 3.0 µm. 
(3) The slurry for a lithium ion secondary battery porous 
membrane according to { 1) or (2) having an iron ion concen­
tration of 5 ppm to 500 ppm. 
(4) The slurry for a lithium ion secondary battery porous 
membrane according to any one of (1) to (3), wherein the 
particulate polymer is a particulate acrylic polymer. 
(5) The slurry for a lithium ion secondary battery porous 
membrane according to any one of (1) to (4) having a solid 
content concentration of35% by weight to 50% by weight. 
(6) A method for producing the slurry for a lithium ion sec­
ondary battery porous membrane according to any of (1) to 
(5), comprising the steps of: 
[0014] mixing the non-conductive particles, the water­
soluble polymer containing the acidic group-containing 
monomer unit, and water having an electrical conductivity of 
0.5 µSiem to 30 µSiem to obtain a dispersion of the non­
conductive particles having a solid content concentration of 
40% by weight to 60% by weight; 
[0015] dispersing the dispersion of the non-conductive par­
ticles under a condition of 2 Wh/kg to 8 Wh/kg; and 
[0016] mixing the dispersion of the non-conductive par­
ticles with the particulate polymer. 
(7) A separator for a lithium ion secondary battery, compris­
ing: an organic separator layer; and a porous membrane 
obtained by applying onto the organic separator layer the 
slurry for a lithium ion secondary battery porous membrane 
according to any one of (1) to ( 5) and drying the slurry. 
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(8) A lithium ion secondary battery comprising: a positive 
electrode, a negative electrode, the separator for a lithium ion 
secondary battery according to (7), and an electrolytic solu­
tion. 

Advantageous Effects oflnvention 

[0017] With the slurry for a lithium ion secondary battery 
porous membrane of the present invention, there can be 
achieved a lithium ion secondary battery excellent in both 
high temperature cycle property and safety. 
[0018] According to the production method for a slurry for 
a lithium ion secondary battery porous membrane of the 
present invention, there can be produced a slurry for a lithium 
ion secondary battery porous membrane, capable of achiev­
ing a lithium ion secondary battery excellent in both high 
temperature cycle property and safety. 
[0019] According to the separator for a lithium ion second­
ary battery of the present invention, there can be achieved a 
lithium ion secondary battery excellent in both high tempera­
ture cycle property and safety. 
[0020] The lithium ion secondary battery of the present 
invention is excellent in both high temperature cycle property 
and safety. 

DESCRIPTION OF EMBODIMENTS 

[ 0021] The present invention will be described hereinbelow 
in detail by way of embodiments and illustrations. However, 
the present invention is not limited to the following embodi­
ments and illustrations and may be implemented with any 
optional modification without departing from the scope of 
claims and equivalents thereto. 
[0022] In the following description, (meth)acrylic acid 
means acrylic acidormethacrylic acid. (Meth)acrylate means 
acrylate or methacrylate. Furthermore, (meth)acrylonitrile 
means acrylonitrile or methacrylonitrile. 
[0023] In addition, a substance being water-soluble means 
that less than 1.0% by weight of the substance remains 
insoluble when 0.5 g of the substance is dissolved in 100 g of 
water at 25° C. On the other hand, a substance being water­
insoluble means that not less than 90% by weight of the 
substance remains insoluble when 0.5 g of the substance is 
dissolved in 100 g of water at 25° C. If solubility of a sub­
stance in water varies depending on pH of the water, the 
substance is considered to be water soluble as long as there is 
a range of pH where the substance is water soluble. 
[0024] Unless otherwise specified, in a polymer produced 
by copolymerizing a plurality of types of monomers, the ratio 
of a structural unit formed by polymerizing a given monomer 
in the polymer is usually the same as the ratio of the given 
monomer in the total monomers used for polymerization of 
the polymer ( charging ratio). 
[0025] [1. Overview of Porous Membrane Slurry] 
[0026] The slurry for a lithium ion secondary battery 
porous membrane of the present invention (this may appro­
priately be referred to hereinbelow as "porous membrane 
slurry") includes non-conductive particles, a water-soluble 
polymer, and a particulate polymer. Further the porous mem­
brane slurry usually includes a solvent. When the porous 
membrane slurry includes a solvent, the non-conductive par­
ticles and the particulate polymer are usually dispersed in the 
solvent and the water-soluble polymer is dissolved in the 
solvent. 
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[0027] [1.1. Non-Conductive Particles] 
[0028] As the non-conductive particles, non-conductive 
particles having a BET specific surface area in the porous 
membrane slurry of usually 5 m2/g or more, and of usually 10 
m2/g or less, preferably 9 m2/g or less, and more preferably 8 
m2/g or less are used. By using the non-conductive particles 
having the BET specific surface area of not lower than the 
lower limit value of the aforementioned range, it becomes 
possible to fill the non-conductive particles densely, and thus 
mechanical strength of the porous membrane can be 
improved, and further heat resistance thereof can also be 
usually improved. As a result, safety of the lithium ion sec­
ondary battery can be improved. On the other hand, by using 
the non-conductive particles having the BET specific surface 
area of not higher than the upper limit value of the aforemen­
tioned range, electric properties such as the high temperature 
cycle property of the lithium ion secondary battery can be 
improved. As such, by confining the BET specific surface 
area of the non-conductive particles within the aforemen­
tioned range, it becomes possible to improve safety and bat­
tery properties such as high temperature cycle property of the 
lithium ion secondary battery well in balance. 
[0029] The BET specific surface area of the non-conductive 
particles in the porous membrane slurry can be measured by 
a wet-type specific surface area measuring apparatus. 
[0030] Although means for confining the BET specific sur­
face area of the non-conductive particles within the afore­
mentioned range is not limited, examples thereof may include 
appropriately adjusting the particle diameter, the particle 
shape, and the degree of aggregation of the non-conductive 
particles. 
[0031] Further, the non-conductive particles in the porous 
membrane slurry have D 10 of preferably 0.2 µm or more and 
more preferably 0.3 µm or more, and preferably 0.4 µm or 
less. The Dl0 herein represents a diameter of the particle at 
the cumulative volume of 10% from the small diameter side in 
an accumulated particle size distribution of the non-conduc­
tive particles. By adjusting the Dl0 of the non-conductive 
particles to the lower limit value or more of the aforemen­
tioned range, the amount of the non-conductive particles hav­
ing extremely small sizes can be reduced, and battery prop­
erties such as high temperature cycle property can thereby be 
improved. On the other hand, by adjusting it to the upper limit 
value or less, the amount of the non-conductive particles 
having extremely large sizes can be reduced, and mechanical 
strength of the porous membrane can thereby be improved. 
Further, heat resistance can usually be improved as well. 
[0032] Further, the non-conductive particles in the porous 
membrane slurry have D50 of preferably 0.5 µm or more and 
more preferably 0.7 µm or more, and preferably 0.9 µm or 
less. The D50 herein represents a diameter of the particle at 
the cumulative volume of 50% from the small diameter side in 
the accumulated particle size distribution of the non-conduc­
tive particles. By adjusting the D50 of the non-conductive 
particles to the lower limit value or more of the aforemen­
tioned range, the amount of the non-conductive particles hav­
ing extremely small sizes can be reduced, and battery prop­
erties such as high temperature cycle property can thereby be 
improved. On the other hand, by adjusting it to the upper limit 
value or less, the amount of the non-conductive particles 
having extremely large sizes can be reduced, and mechanical 
strength of the porous membrane can thereby be improved. 
Further, heat resistance can usually be improved as well. 
[0033] Further, the non-conductive particles in the porous 
membrane slurry have D90 of preferably 1.0 µm or more and 
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more preferably 1.2 µm or more, and preferably 3.0 µm or 
less, more preferably 2.0 µm or less, and further preferably 
1.5 µm or less. The D90 herein represents a diameter of the 
particle at the cumulative volume of 90% from the small 
diameter side in the accumulated particle size distribution of 
the non-conductive particles. By adjusting the D90 of the 
non-conductive particles to the lower limit value or more of 
the aforementioned range, the amount of the non-conductive 
particles having extremely small sizes can be reduced, and 
battery properties such as high temperature cycle property 
can thereby be improved. On the other hand, by adjusting it to 
the upper limit value or less, the amount of the non-conduc­
tive particles having extremely large sizes can be reduced, and 
mechanical strength of the porous membrane can thereby be 
improved. Further, heat resistance can usually be improved as 
well. 
[0034] It is not exactly known why such a reduction in the 
amount of the particles having extremely small sizes can 
improve the battery properties. However, according to the 
studies of the present inventor, the reason can be speculated as 
follows. Specifically, by reducing the amount of the particles 
having extremely small sizes, resistance against the passage 
of ions through the porous membrane can be reduced. Fur­
ther, by reducing the amount of the particles having extremely 
small sizes, surface area of the porous membrane including 
the particles can be reduced, and the water content adsorbed 
by the surface of the porous membrane can also be reduced. 
This water can be decomposed by charging and discharging 
to produce hydrogen, resulting in corrosion of electrodes and 
an increase in the resistance, and thus by reducing the amount 
of the particles having extremely small sizes, electric proper­
ties of the lithium ion secondary battery, especially those at 
high temperatures, can be improved. That is speculated to be 
the reason why the battery property can be improved by 
reducing the amount of the particles having extremely small 
sizes. 
[0035] Similarly, it is not exactly known why such a reduc­
tion in the amount of the particles having extremely large 
sizes can improve mechanical strength and heat resistance of 
the porous membrane. However, according to the studies of 
the present inventor, the reason can be speculated as follows. 
Specifically, by reducing the amount of the particles having 
extremely large sizes, the non-conductive particles can be 
densely filled in the porous membrane. The non-conductive 
particles usually has excellent mechanical strength, heat 
resistance, and electrical insulation, and thus it is considered 
that the mechanical strength and the heat resistance of the 
porous membrane would be improved as described above if 
dense filling of the non-conductive particles is achieved. That 
is speculated to be the reason why reduction in the amount of 
the particles having extremely large sizes results in enhance­
ment in mechanical strength of the porous membrane with 
which heat resistance can usually be improved as well. 
[0036] The Dl0, D50, and D90 of the non-conductive par­
ticles in the porous membrane slurry may be obtained by 
measuring the accumulated particle size distribution of the 
non-conductive particles. Further, the accumulated particle 
size distribution of the non-conductive particles in the porous 
membrane may be measured by a laser diffraction method. 
[0037] Although means for confining the Dl0, D50, and 
D90 of the non-conductive particles within the aforemen­
tioned ranges is not limited, examples thereof may include 
appropriately adjusting the particle diameter, the particle 
shape, and the degree of aggregation of the non-conductive 
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particles. It is also possible to confine the Dl0, D50, and D90 
within the aforementioned ranges by classifying any non­
conductive particles including, e.g., commercially available 
ones. 
[0038] As such non-conductive particles, any of inorganic 
particles and organic particles may be used. 
[0039] Inorganic particles have excellent dispersion stabil­
ity in solvents, and thus have low tendency to precipitate in 
the porous membrane slurry. Therefore the inorganic par­
ticles can maintain uniform slurry state for a long period of 
time. Further, use of inorganic particles can usually increase 
heat resistance of the porous membrane effectively. As the 
materials of the non-conductive particles, electrochemically 
stable materials are preferable. From such a viewpoint, pref­
erable examples ofinorganic materials of the non-conductive 
particles may include particles of oxides such as aluminum 
oxide (alumina), aluminum oxide hydrates (boehmite 
(AlOOH), aluminum hydroxide (Al(OH)3)), silicon oxide, 
magnesium oxide (magnesia), magnesium hydroxide, cal­
cium oxide, titanium oxide (titania), BaTiO3, ZrO, and an 
alumina-silica complex oxide; particles of nitrides such as 
aluminum nitride and boron nitride; particles of covalent 
crystals such as silicon and diamond; crystal particles of 
insoluble ions such as barium sulfate, calcium fluoride, and 
barium fluoride; and particles of clays such as talc and mont­
morillonite. Of these, particles of oxides are preferable from 
the viewpoint of stability in an electrolytic solution and elec­
tropotential stability. In particular, barium sulfate, titanium 
oxide, aluminum oxide, aluminum oxide hydrate, magne­
sium oxide, and magnesium hydroxide are more preferable 
from the viewpoint oflow water absorption and excellent heat 
resistance (for example, resistance to high temperature of 
180° C. or more); barium sulfate, aluminum oxide, aluminum 
oxide hydrate, magnesium oxide, and magnesium hydroxide 
are still more preferable; and barium sulfate and aluminum 
oxide are particularly preferable. 
[0040] As the organic particles, polymer particles are usu­
ally used. The affinity of the organic particles to water can be 
controlled by adjusting the type and amount of a functional 
group( s) on the surface of the organic particles, thus to control 
the water content in the porous membrane. The organic par­
ticles usually have an advantage of small amount of metal ion 
elution. Preferable examples of organic materials of the non­
conductive particles may include a variety of polymers such 
as polystyrene, polyethylene, polyimide, melamine resin, and 
phenol resin. The polymers forming the particles may be used 
even in a form of, e.g., mixtures, modified bodies, derivatives, 
random copolymers, alternating copolymers, graft copoly­
mers, block copolymers, and crosslinked forms. The organic 
particles may be formed by a mixture of two or more poly­
mers. 
[0041] When the organic particles are used as the non­
conductive particles, the organic particles need not have a 
glass transition temperature. When the polymer forming the 
organic particles has a glass transition temperature, the glass 
transition temperature is preferably 150° C. or higher, more 
preferably 200° C. or higher, and particularly preferably 250° 
C. or higher, and is usually 500° C. or lower. 
[0042] The non-conductive particles may be optionally 
subjected to, e.g., element substitution, surface treatment, and 
solid solution formation. A single non-conductive particle 
may contain one of the aforementioned materials solely or 
may contain two or more of the aforementioned materials in 
combination at any ratio. In addition, the non-conductive 
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particles may be used in combination of two or more types of 
particles made of different materials. Therefore, the inorganic 
particles and the organic particles may be used in combina­
tion as non-conductive particles. However, it is particularly 
preferable to use the inorganic particles. 
[0043] The aspect ratio of the non-conductive particles is 
usually 1 or more, and is preferably 5 or less and more 
preferably 3 or less. By confining the aspect ratio of the 
non-conductive particles within the aforementioned range, it 
becomes possible to form pores uniformly in the porous 
membrane, and degradation of the battery can be suppressed. 
[0044] Examples of the shape of the non-conductive par­
ticles may include a spherical shape, an oval spherical shape, 
and a polygonal shape. Among them, for the purpose of 
confining the BET specific surface area of the non-conductive 
particles within the aforementioned range, the polygonal 
shape is preferable. 
[0045] It is preferable that the amount of the non-conduc­
tive particles is set so as to confine the amount of the non­
conductive particles in the porous membrane within a prede­
termined range. The specific range of the amount of the non­
conductive particles in the porous membrane is preferably 
86% by weight or more, more preferably 88% by weight or 
more, and particularly preferably 90% by weight or more, and 
is preferably 99% by weight or less, more preferably 97% by 
weight or less, and particularly preferably 95% by weight or 
less. By adjusting the amount of the non-conductive particles 
in the porous membrane to the lower limit value or more of the 
aforementioned range, heat resistance of the porous mem­
brane can be effectively improved. 
[0046] [1.2. Water-Soluble Polymer] 
[0047] As the water-soluble polymer, a water-soluble poly­
mer having an acidic group-containing monomer unit is used. 
The acidic group-containing monomer unit herein refers to a 
structural unit having a structure formed by polymerizing an 
acidic group-containing monomer. Further, the acidic group­
containing monomer refers to a monomer having an acidic 
group. 
[0048] Regarding the water-soluble polymer having the 
acidic group-containing monomer unit, the water-soluble 
polymer itself also includes an acidic group. By the action of 
the acidic group, dispersibility of the non-conductive par­
ticles in the porous membrane slurry can be improved. It is not 
exactly known why such advantage is attained. However, 
according to the studies of the present inventor, the reason can 
be speculated as follows. In general, the Dl0, D50, and D90 
of the non-conductive particles before the porous membrane 
slurry is prepared are different from those of the non-conduc­
tive particles contained in the porous membrane slurry. This 
appears to be because the non-conductive particles tend to 
aggregate in the porous membrane slurry. On the other hand, 
in the porous membrane slurry of the present invention, the 
water-soluble polymers can be adsorbed on the surface of the 
non-conductive particles. That is speculated to be the reason 
why the dispersibility of the non-conductive particles in the 
porous membrane slurry can be improved, and in tum the 
dispersibility of the non-conductive particles in the porous 
membrane can be improved. Specifically, when the porous 
membrane slurry includes an aqueous solvent such as water, 
the water-soluble polymer is dissolved in the aqueous solvent 
in the porous membrane slurry. In this process, part of the 
water-soluble polymer is liberated into the aqueous solvent, 
however another part is adsorbed on the surface of the non­
conductive particles, so that the surface of the non-conductive 
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particles is covered with a stable layer of the water-soluble 
polymer. It is speculated that, by the action of this stable layer, 
the dispersibility of the non-conductive particles can be 
improved. 
[0049] In the porous membrane slurry of the present inven­
tion, the non-conductive particles exhibit excellent dispers­
ibility in such a manner, and thereby aggregation of the non­
conductive particles can be prevented. Thus it is possible to 
easily confine the BET specific surface area, and the DlO, 
D50 and D90 of the non-conductive particles in the porous 
membrane slurry within the aforementioned preferable 
ranges. Further, since the aggregation of the non-conductive 
particles can be prevented, the porous membrane and an 
organic separator layer are prevented from being damaged by 
large particles that would be generated by the aggregation. 
Consequently, safety of the lithium ion secondary battery can 
be improved by preventing occurrence of the short circuit. 
[0050] Examples of the acidic group may include----COOH 
group (carboxylic acid group); -SO3H group (sulfonic acid 
group); and phosphoric acid groups such as -PO3 H2 group 
and -PO(OH)(OR) group (R represents a hydrocarbon 
group). Accordingly, examples of the acidic group-contain­
ing monomer may include a monomer having such an acidic 
group. Examples of the acidic group-containing monomer 
may further include monomers capable of generating the 
aforementioned acidic group by hydrolysis. Specific 
examples of such an acidic group-containing monomer may 
include an acid anhydride capable of generating a carboxylic 
acid group by hydrolysis. 
[0051] Examples of the monomer having a carboxylic acid 
group may include monocarboxylic acids, dicarboxylic 
acids, anhydrides of dicarboxylic acids, and derivatives 
thereof. Examples of the monocarboxylic acids may include 
acrylic acid, methacrylic acid, crotonic acid, 2-ethylacrylic 
acid, andisocrotonic acid. Examples of the dicarboxylic acids 
may include maleic acid, fumaric acid, itaconic acid, and 
methyl maleic acid. Examples of the anhydrides of dicar­
boxylic acids may include maleic anhydride, acrylic anhy­
dride, methyl maleic anhydride, and dimethyl maleic anhy­
dride. Among them, the monocarboxylic acids are preferable, 
and acrylic acid and methacrylic acid are more preferable. 

[0052] Examples of the monomer having a sulfonic acid 
group may include vinylsulfonic acid, methyl vinylsulfonic 
acid, (meth)allylsulfonic acid, styrenesulfonic acid, (meth) 
acrylic acid-2-ethyl sulfonate, 2-acrylamide-2-methylpro­
panesulfonic acid, 3-allyloxy-2-hydroxypropanesulfonic 
acid, and 2-(N-acryloyl)amino-2-methyl-1,3-propane-disul­
fonic acid. Among them, 2-acrylamide-2-methylpropane­
sulfonic acid is preferable. 

[0053] Examples of the monomer having a phosphoric acid 
group such as -PO31 -12 group and-PO(OH)(OR) group 
(R represents a hydrocarbon group) include 2-(meth)acryloy­
loxyethyl phosphate, methyl 2-(meth)acryloyloxyethyl phos­
phate, and ethyl (meth)acryloyloxyethyl phosphate. 

[0054] In addition, salts of the aforementioned monomers 
may also be used as the acidic group-containing monomer. 

[0055] Among the aforementioned acidic group-contain­
ing monomers, the monomer having a carboxylic acid group 
and the monomer having a sulfonic acid group are preferable. 
By using them, adsorption of the water-soluble polymer on 
the non-conductive particles is effectively improved, and thus 
the dispersibility of the non-conductive particles can be fur­
ther improved. 
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[0056] As the acidic group-containing monomers, one type 
thereof may be solely used, and two or more types thereof 
may also be used in combination at any ratio. For example, 
different types of monomers including the same type of acidic 
group may be used in combination. Alternatively, for 
example, the monomers including different types of acidic 
groups may be used in combination. Among them, it is par­
ticularly preferable to use the monomer having a sulfonic acid 
group and the monomer having a carboxylic acid group in 
combination since the dispersibility of the non-conductive 
particles can thereby be effectively improved. 
[0057] When the monomer having a sulfonic acid group 
and the monomer having a carboxylic acid group are used in 
combination, the weight ratio represented by "monomer hav­
ing a sulfonic acid group/monomer having a carboxylic acid 
group" is preferably 1/999 or more and more preferably 0.01 
or more, and is preferably 1 or less, more preferably 0.5 or 
less, and particularly preferably 0.3 or less. Therefore, it is 
preferable that the weight ratio between the structural unit 
having a sulfonic acid group and the structural unit having a 
carboxylic acid group in the water-soluble polymer is con­
fined within the aforementioned range. By adjusting the 
weight ratio to the lower limit value or more of the aforemen­
tioned range, an increase in viscosity caused by the aggrega­
tion of the water-soluble polymer can be suppressed, and 
stability of the non-conductive particles can thereby be 
improved. On the other hand, by adjusting it to the upper limit 
value or less, the adsorption of the water-soluble polymer 
onto the non-conductive particles can be improved, and dis­
persibility of the non-conductive particles can thereby be 
improved. 
[0058] Further, the water-soluble polymer may include 
optional structural units other than the acidic group-contain­
ing monomer unit. Examples of monomers constituting the 
optional structural units may include (meth)acrylic acid alkyl 
esters such as methyl (meth)acrylate, ethyl (meth)acrylate, 
butyl (meth)acrylate, and 2-ethylhexyl (meth)acrylate; a,~­
unsaturatednitrile compounds such as acrylonitrile andmeth­
acrylonitrile; hydroxyalkyl acrylates such as 2-hydroxyethyl 
acrylate, 2-hydroxyethyl methacrylate, and 2-hydroxypropyl 
acrylate; monoallylethers of ally! alcohols and polyhydric 
alcohols; and hydroxyl group-containing monomers such as 
vinyl alcohols. Even when the water-soluble polymer 
includes the optional structural units, the ratio of the acidic 
group-containing monomer unit in the water-soluble polymer 
is preferably 40% by weight or more, more preferably 60% by 
weight or more, and particularly preferably 80% by weight or 
more, and is usually 100% by weight or less. 
[0059] As the water-soluble polymer, one type thereof may 
be solely used, and two or more types thereof may also be 
used in combination at any ratio. 
[0060] The weight average molecular weight of the water­
soluble polymer is preferably 1,000 or more and more pref­
erably 1,500 or more, and is preferably 15,000 or less and 
more preferably 10,000 or less. By adjusting the weight aver­
age molecular weight of the water-soluble polymer to the 
lower limit value or more of the aforementioned range, the 
adsorption of the water-soluble polymer onto the non-con­
ductive particles can be improved, and dispersibility of the 
non-conductive particles can thereby be improved. On the 
other hand, by adjusting it to the upper limit value or less, 
viscosity increase caused by the aggregation of the water­
soluble polymer can be suppressed, and stability of the non­
conductive particles can thereby be improved. 
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[0061] The weight average molecular weight of the water­
soluble polymer herein can be measured as a value in terms of 
polystyrene by a gel permeation chromatography (GPC) 
using N,N-dimethylformamide (DMF) as a developing sol­
vent. 
[0062] The method for producing the water-soluble poly­
mer having the acidic group-containing monomer unit is not 
particularly limited and any methods such as a solution poly­
merization method, a suspension polymerization method, 
and an emulsion polymerization method may be used. Among 
them, the emulsion polymerization method and the suspen­
sion polymerization method are preferable since these meth­
ods allow polymerization in water and the resulting product 
as it is can be used as materials for the porous membrane 
slurry. When the water-soluble polymer is produced, the reac­
tion system preferably includes a dispersant. Specifically, the 
water-soluble polymer can be produced by performing addi­
tion polymerization of a monomer composition having the 
acidic group-containing monomer and, if necessary, the 
monomers constituting the optional structural units in an 
aqueous solvent. 
[0063] By performing the addition polymerization reaction 
in the aqueous solvent in this manner, an aqueous dispersion 
containing in the aqueous solvent the water-soluble polymer 
having the acidic group-containing monomer unit can be 
obtained. From the aqueous dispersion thus obtained, the 
water-soluble polymer may be isolated for use. Alternatively, 
the dispersion as it is may be used for preparing the porous 
membrane slurry. 
[0064] The aqueous dispersion containing in the aqueous 
solvent the water-soluble polymer having the acidic group­
containing monomer unit is usually acidic. Thus the disper­
sion may be alkalized to pH 7 to pH 13, if necessary. This 
alkalization can improve handling property of the solution 
and can also improve coating property of the porous mem­
brane slurry. Examples of methods for alkalizing to pH 7 to 
pH 13 may include a method of mixing the dispersion with an 
alkaline aqueous solution that includes: an alkali metal aque­
ous solution such as a lithium hydroxide aqueous solution, a 
sodium hydroxide aqueous solution, and a potassium hydrox­
ide aqueous solution; an alkaline earth metal aqueous solu­
tion such as a calcium hydroxide aqueous solution and a 
magnesium hydroxide aqueous solution; and an aqueous 
ammonia solution. As the alkaline aqueous solution, one type 
thereof may be solely used, and two or more types thereof 
may also be used in combination at any ratio. 
[0065] The amount of the water-soluble polymer is usually 
0.05 parts by weight or more and preferably 0.1 parts by 
weight or more, and is usually 2 parts by weight or less, 
preferably 1 part by weight or less, and more preferably 0.8 
parts by weight or less, relative to 100 parts by weight of the 
non-conductive particles. By adjusting the amount of the 
water-soluble polymer to the lower limit value or more of the 
aforementioned range, the adsorption of the water-soluble 
polymers onto the non-conductive particles can be improved, 
and dispersibility of the non-conductive particles can be 
improved. On the other hand, by adjusting it to the upper limit 
value or less, viscosity increase caused by the aggregation of 
the water-soluble polymers can be suppressed, and stability 
of the non-conductive particles can be improved. 
[0066] [1.3. Particulate Polymer] 
[0067] The particulate polymer is usually dispersed in a 
particulate form in the porous membrane slurry. Thus, when 
the porous membrane slurry contains an aqueous solvent such 
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as water as a solvent, the particulate polymer is usually a 
water-insoluble polymer. Further, the particulate polymer can 
function as a binder in the porous membrane. Thus, the par­
ticulate polymer in the porous membrane usually exerts a 
function of binding the non-conductive particles with each 
other, and also a function of binding the non-conductive par­
ticles with an organic separator layer. 
[0068] Preferable examples of the particulate polymer may 
include a styrene-butadiene copolymer (SBR), an acryloni­
trile-butadiene copolymer (NBR), a hydrogenated SBR, a 
hydrogenated NBR, a styrene-isoprene-styrene block 
copolymer (SIS), and an acrylic polymer. Among them, the 
acrylic polymer is more preferable since it can be used in the 
porous membrane both on the positive and negative electrode 
sides and is excellent in versatility. That is, the particulate 
polymer is preferably a particulate acrylic polymer. 
[0069] The acrylic polymer refers to a polymer including a 
(meth)acrylic acid ester monomer unit. The (meth)acrylic 
acid ester monomer unit herein refers to a structural unit 
having a structure formed by polymerizing a (meth)acrylic 
acid ester monomer. Examples of the (meth)acrylic acid ester 
monomer may include compounds represented by 
CH2=CR 2 --COOR 2 . In this formula, R 2 represents a hydro­
gen atom or a methyl group and R3 represents an alkyl group 
or a cycloalkyl group. By using the particulate polymer 
including the (meth)acrylic acid ester monomerunit, flexibil­
ity of the porous membrane can be improved. Further, swell­
ing of the porous membrane in an electrolytic solution can be 
reduced. 
[0070] Examples of the (meth)acrylic acid ester monomer 
may include: acrylates such as methyl acrylate, ethyl acrylate, 
n-propyl acrylate, isopropyl acrylate, n-butyl acrylate, isobu­
tyl acrylate, t-butyl acrylate, n-amyl acrylate, isoamyl acry­
late, n-hexyl acrylate, 2-ethylhexyl acrylate, 2-methoxyethyl 
acrylate, 2-ethoxyethyl acrylate, hexyl acrylate, nonyl acry­
late, lauryl acrylate, stearyl acrylate, and benzyl acrylate; and 
methacrylates such as methyl methacrylate, ethyl methacry­
late, propyl methacrylate, isopropyl methacrylate, n-butyl 
methacrylate, isobutyl methacrylate, t-butyl methacrylate, 
n-amyl methacrylate, isoamyl methacrylate, n-hexyl meth­
acrylate, 2-ethylhexyl methacrylate, octyl methacrylate, iso­
decyl methacrylate, lauryl methacrylate, tridecyl methacry­
late, stearyl methacrylate, and benzyl methacrylate. Among 
them, acrylates are preferable and n-butyl acrylate and 2-eth­
ylhexyl acrylate are particularly preferable since strength of 
the porous membrane can therewith be improved. One type of 
them may be solely used, and two or more types thereof may 
also be used in combination at any ratio. 
[0071] The ratio of the (meth)acrylic acid ester monomer 
unit in the acrylic polymer is preferably 35% by weight or 
more and more preferably 45% by weight or more, and is 
preferably 99% by weight or less and more preferably 98% by 
weight or less. By adjusting the ratio of the (meth)acrylic acid 
ester monomer unit to the lower limit value or more of the 
aforementioned range, flexibility of the porous membrane 
can be improved. This reduces the possibility of causing 
cracking on the porous membrane when the porous mem­
brane is pressurized in manufacturing process of the lithium 
ion secondary battery. On the other hand, by adjusting it to the 
upper limit value or less, dispersibility of the porous mem­
brane slurry can be improved. 
[0072] The acrylic polymer preferably includes a nitrile 
group-containing monomer unit. The nitrile group-contain­
ing monomer unit herein refers to a structural unit having a 
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structure formed by polymerizing a monomer containing a 
nitrile group. The acrylic polymer including the (meth)acrylic 
acid ester monomer unit and the nitrile group-containing 
monomer unit in combination is stable against an oxidation­
reduction reaction, and thus a battery having a long service 
life can be easily obtained. 
[0073] Examples of the nitrile group-containing monomer 
may include acrylonitrile, methacrylonitrile, fumaronitrile, 
a-chloroacry lonitrile, and a-cyanoethylacry lonitrile. Among 
them, acrylonitrile is preferable since it can effectively 
enhance binding capability of the acrylic polymer. As the 
nitrile group-containing monomer, one type thereof may be 
solely used, and two or more types thereof may also be used 
in combination at any ratio. 
[0074] The ratio of the nitrile group-containing monomer 
unit in the acrylic polymer is preferably 1 % by weight or more 
and more preferably 2% by weight or more, and is preferably 
30% by weight or less and more preferably 25% by weight or 
less. By adjusting the ratio of the nitrile group-containing 
monomer unit to the lower limit value or more of the afore­
mentioned range, strength of the acrylic polymer can be 
improved and tendency of causing removal of the porous 
membrane from the organic separator layer can be reduced, 
and thus it becomes possible to improve high temperature 
cycle property of the lithium ion secondary battery by pre­
venting an increase in the distance between electrodes due to 
the removal of the porous membrane. On the other hand, by 
adjusting it to the upper limit value or less, the acrylic poly­
mer can be suppressed from being polarized and swelling of 
the porous membrane in the electrolytic solution can be 
reduced, and thus it becomes possible to reduce tendency to 
cause removal of the porous membrane from the organic 
separator layer. 
[0075] The acrylic polymer may include an ethylenically 
unsaturated acid monomer unit. The ethylenically unsatur­
ated acid monomer unit refers to a structural unit having a 
structure formed by polymerizing an ethylenically unsatur­
ated acid monomer. Further, the ethylenically unsaturated 
acid monomer refers to a monomer having an ethylenically 
unsaturated bond as well as an acidic group. By having the 
ethylenically unsaturated acid monomer unit in the acrylic 
polymer, slurry properties of the porous membrane slurry can 
be improved. This makes it possible to produce a porous 
membrane having excellent dispersibility of components 
such as the non-conductive particles and the particulate poly­
mer, and thus a lithium ion secondary battery having low 
resistance can be obtained. 
[0076] Examples of the ethylenically unsaturated acid 
monomer may include the same examples as those of the 
acidic group-containing monomer mentioned in the afore­
mentioned section describing the water-soluble polymer. 
Among them, a monomer having a carboxylic acid, a mono­
mer having a sulfonic acid group, and a monomer having a 
phosphoric acid group are preferable, and the monomer hav­
ing a carboxylic acid and the monomer having a sulfonic acid 
group are more preferable. These monomers can effectively 
improve slurry properties of the porous membrane slurry. As 
the ethylenically unsaturated acid monomer unit, one type 
thereof may be solely used, and two or more types thereof 
may also be used in combination at any ratio. 
[0077] The ratio of the ethylenically unsaturated acid 
monomer unit in the acrylic polymer is preferably 0.5% by 
weight or more and more preferably 1 % by weight or more, 
and is preferably 10% by weight or less and more preferably 
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5% by weight or less. By adjusting the ratio of the ethyleni­
cally unsaturated acid monomer unit to the lower limit value 
or more of the aforementioned range, swelling of the acrylic 
polymer in the electrolytic solution can be reduced, and 
thereby tendency of causing removal of the porous membrane 
from the organic separator layer can be reduced. On the other 
hand, by adjusting it to the upper limit value or less, flexibility 
of the porous membrane can be improved, which in turn 
reduces possibility of causing cracking on the porous mem­
brane when the porous membrane is pressurized in manufac­
turing process of the lithium ion secondary battery. 
[0078] The acrylic polymer may include a crosslinkable 
monomer unit. The crosslinkable monomer unit herein refers 
to a structural unit having a structure formed by polymerizing 
a crosslinkable monomer. Further, the crosslinkable mono­
mer refers to a monomer capable of forming a cross-linking 
structure by heating or energy ray irradiation during or after 
polymerization. By having the crosslinkable monomer unit in 
the acrylic polymer, mechanical strength of the acrylic poly­
mer can be improved and swelling of the acrylic polymer in 
the electrolytic solution can be reduced. 
[0079] Examples of the crosslinkable monomer may 
include a thermal crosslinkable monomer. Specific examples 
thereof may include: a mono functional crosslinkable mono­
mer having one olefinic double bond per molecule and the 
thermal crosslinkable group; and a polyfunctional crosslink­
able monomer having two or more olefinic double bonds per 
molecule. 
[0080] Examples of the thermal crosslinkable group may 
include an epoxy group, an N-methylolamide group, an 
oxetanyl group, an oxazoline group, and combinations 
thereof. Among them, an epoxy group is more preferable 
since therewith crosslinking and crosslinking density are eas­
ily adjustable. One type of them may be solely used, and two 
or more types thereof may also be used in combination at any 
ratio. 
[0081] Examples of the crosslinkable monomer containing 
the epoxy group as the thermal crosslinkable group and the 
olefinic double bond may include: unsaturated glycidyl ethers 
such as vinylglycidyl ether, allylglycidyl ether, butenylgly­
cidyl ether, and o-allylphenylglycidyl ether; monoepoxides 
of dienes or polyenes such as butadiene monoepoxide, chlo­
roprene monoepoxide, 4,5-epoxy-2-pentene, 3,4-epoxy-l­
vinylcyclohexene, and 1,2-epoxy-5,9-cyclododecadiene; 
alkenyl epoxides such as 3,4-epoxy-l-butene, 1,2-epoxy-5-
hexene, and 1,2-epoxy-9-decene; and glycidyl esters of 
unsaturated carboxylic acids such as glycidyl acrylate, gly­
cidyl methacrylate, glycidyl crotonate, glycidyl-4-hep­
tenoate, glycidyl sorbate, glycidyl linoleate, glycidyl-4-me­
thyl-3-pentenoate, glycidyl ester of3-cyclohexenecarboxylic 
acid, and glycidyl ester of 4-methyl-3-cyclohexenecarboxy­
lic acid. 
[0082] Examples of the crosslinkable monomer containing 
an N-methylolamide group as the thermal crosslinkable 
group and the olefinic double bond may include (meth)acry­
lamides having a methylol group such as N-methylol(meth) 
acrylamide. 
[0083] Examples of the crosslinkable monomer having an 
oxetanyl group as the thermal crosslinkable group and the 
olefinic double bond may include 3-((meth)acryloyloxym­
ethyl) oxetane, 3-((meth)acryloyloxymethyl)-2-trifluorom­
ethyl oxetane, 3-((meth)acryloyloxymethyl)-2-phenyl oxet­
ane, 2-((meth)acryloyloxymethyl) oxetane, and 2-((meth) 
acryloyloxymethyl)-4-trifluoromethyl oxetane. 
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[0084] Examples of the crosslinkable monomer containing 
an oxazoline group as the thermal crosslinkable group and the 
olefinic double bond may include 2-vinyl-2-oxazoline, 2-vi­
nyl-4-methyl-2-oxazoline, 2-vinyl-5-methyl-2-oxazoline, 
2-isopropeny 1-2-oxazoline, 2-isopropeny 1-4-methyl-2-ox­
azoline, 2-isopropenyl-5-methyl-2-oxazoline, and 2-isopro­
penyl-5-ethyl-2-oxazoline. 

[0085] Examples of the crosslinkable monomer containing 
two or more olefinic double bonds per molecule may include 
ally! (meth)acrylate, ethylene di(meth)acrylate, diethylene 
glycol di(meth)acrylate, triethylene glycol di(meth)acrylate, 
tetraethylene glycol di(meth)acrylate, trimethylolpropane-tri 
(meth)acrylate, dipropylene glycol diallyl ether, polyglycol 
diallyl ether, triethylene glycol divinyl ether, hydroquinone 
diallyl ether, tetraallyloxyethane, trimethylolpropane-diallyl 
ether, ally! or vinyl etherof polyfunctional alcohols other than 
the foregoing, triallylamine, methylenebisacrylamide, and 
divinylbenzene. 
[0086] Among them, as the crosslinkable monomer, N-me­
thylol acrylamide, ally! methacrylate, ethylene dimethacry­
late, allylglycidyl ether, and glycidyl methacrylate are par­
ticularly preferable. 
[0087] As the crosslinkable monomer, one type thereof 
may be solely used, and two or more types thereof may also be 
used in combination at any ratio. 

[0088] The ratio of the crosslinkable monomer unit in the 
acrylic polymer is preferably 0.5% by weight or more, more 
preferably 0.7% by weight or more, and particularly prefer­
ably 1 % by weight or more, and is preferably 10% by weight 
or less, more preferably 8% by weight or less, and particularly 
preferably 6% by weight or less. By adjusting the ratio of the 
crosslinkable monomer unit to the lower limit value or more 
of the aforementioned range, mechanical strength of the 
acrylic polymer can be improved and swelling of the acrylic 
polymer in the electrolytic solution can be reduced. On the 
other hand, by adjusting it to the upper limit value or less, the 
acrylic polymer can be flexible, and thus binding property 
thereof can be improved. 

[0089] The acrylic polymer may contain optional structural 
units other than the aforementioned structural units. 
Examples of monomers corresponding to the optional struc­
tural units may include an aromatic vinyl monomer and an 
ethylenically unsaturated carboxylic acid amide monomer. 
By using them, slurry properties of the porous membrane 
slurry can be improved, thus making it possible to produce a 
porous membrane having excellent dispersibility of the com­
ponents such as the non-conductive particles and the particu­
late polymer, and to obtain a lithium ion secondary battery 
having low resistance. 

[0090] Examples of the aromatic vinyl monomer may 
include styrene, a-methylstyrene, vinyltoluene, chlorosty­
rene, and hydroxymethylstyrene. Further, examples of the 
ethylenically unsaturated carboxylic acid amide monomer 
may include ( meth )a cry !amide and N-methoxymethy I ( meth) 
acrylamide. One type of them may be solely used, and two or 
more types thereof may also be used in combination at any 
ratio. Further, the ratio of the optional structural units in the 
acrylic polymer is preferably 10% by weight or less, more 
preferably 8% by weight or less, and particularly preferably 
5% by weight or less. 

[0091] As the particulate polymer, one type thereof may be 
solely used, and two or more types thereof may also be used 
in combination at any ratio. 
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[0092] Theweightaveragemolecularweightoftheparticu­
late polymer is preferably 10,000 or more and more prefer­
ably 20,000 or more, and is preferably 1,000,000 or less and 
more preferably 500,000 or less. When the weight average 
molecular weight of the particulate polymer falls within the 
aforementioned range, strength of the porous membrane and 
dispersibility of the non-conductive particles can be easily 
improved. The weight average molecular weight of the par­
ticulate polymer herein may be measured as a value in terms 
of polystyrene by a gel permeation chromatography (GPC) 
using tetrahydrofuran as a developing solvent. 

[0093] The glass transition temperature of the particulate 
polymer is preferably -60° C. or higher, more preferably 
-55° C. or higher, and particularly preferably -50° C. or 
higher, and is preferably 20° C. or lower, more preferably 15° 
C. or lower, and particularly preferably 5° C. or lower. By 
adjusting the glass transition temperature of the particulate 
polymer to the lower limit value or more of the aforemen­
tioned range, strength of the particulate polymer can be 
improved, and thereby strength of the porous membrane can 
be improved. On the other hand, by adjusting it to the upper 
limit value or less, flexibility of the porous membrane can be 
improved. 

[0094] As described above, the particulate polymer can 
function as a binder in the porous membrane. Further, since 
the particulate polymer is formed in a particulate shape, the 
particulate polymer can be bound to the non-conductive par­
ticles not through a face contact but through a point contact. 
Thereby the space between the non-conductive particles in 
the porous membrane can be made large, and thus the porosity 
of the porous membrane can be large. That in turn facilitate 
passage of ions through the porous membrane, and resistance 
of the lithium ion secondary battery can thereby be reduced. 

[0095] The volume average particle diameter of the particu­
late polymer in the porous membrane slurry is preferably 50 
nm or larger and more preferably 70 nm or larger, and is 
preferably 500 nm or smaller and more preferably 400 nm or 
smaller. By confining the volume average particle diameter of 
the particulate polymer within the aforementioned range, the 
porous membrane having excellent strength and flexibility 
can be obtained. The volume average particle diameter herein 
refers to a diameter of the particle at the cumulative volume of 
50% from the small diameter side in an accumulated particle 
size distribution. 

[0096] The amount of the particulate polymer is preferably 
0.1 parts by weight or more, preferably 0.5 parts by weight or 
more, and particularly preferably 1 part by weight or more, 
and is preferably 10 parts by weight or less, preferably 8 parts 
by weight or less, and particularly preferably 6 parts by 
weight or less, relative to 100 parts by weight of the non­
conductive particles. By adjusting the amount of the particu­
late polymer to the lower limit value or more of the afore­
mentioned range, the non-conductive particles can be 
strongly bound to each other through the particulate polymer, 
and falling of the non-conductive particles from the porous 
membrane can be prevented. Further, high temperature cycle 
property of the lithium ion secondary battery can also be 
improved. On the other hand, by adjusting it to the upper limit 
value or less, porosity of the porous membrane can be 
increased. That in turn facilitate passage of ions through the 
porous membrane, and resistance of the lithium ion second­
ary battery can thereby be reduced. Consequently, by confin­
ing the amount of the particulate polymer in the aforemen-
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tioned range, both ion penetrability and binding property of 
the porous membrane can be improved. 
[0097] The method for producing the particulate polymer is 
not particularly limited and any methods such as a solution 
polymerization method, a suspension polymerization 
method, and an emulsion polymerization method may be 
used. Among them, the emulsion polymerization method and 
the suspension polymerization method are preferable since 
these methods allow polymerization in water and the result­
ing product as it is can be used as materials for the porous 
membrane slurry. When the particulate polymer is produced, 
the reaction system preferably includes a dispersant. 
[0098] [1.4. Solvent] 
[0099] As the solvent, it is preferable to use an aqueous 
solvent. Examples of the aqueous solvent may include: water; 
ketones such as diacetone alcohol and y-butyrolactone; alco­
hols such as ethyl alcohol, isopropyl alcohol, and normal 
propyl alcohol; glycol ethers such as propylene glycol 
monomethyl ether, methyl cellosolve, ethyl cellosolve, eth­
ylene glycol tertiary butyl ether, butyl cellosolve, 3-methoxy-
3-methyl-1-butanol, ethylene glycol monopropyl ether, 
diethylene glycol monobutyl ether, triethylene glycol 
monobutyl ether, and dipropylene glycol monomethyl ether; 
and ethers such as 1,3-dioxolane, 1,4-dioxolane, and tetrahy­
drofuran. As the solvent, one type thereof may be solely used, 
and two or more types thereof may also be used in combina­
tion at any ratio. Among them, water is preferable because it 
is not flammable and use thereof can reduce cost for recy­
cling. 
[0100] The amount of the solvent is adjusted so that solid 
content concentration of the porous membrane slurry is pref­
erably 35% by weight or more and more preferably 38% by 
weight or more, and is preferably 50% by weight or less and 
more preferably 48% by weight or less. By confining the 
amount of the solvent in this range, dispersibility of the non­
conductive particles in the porous membrane slurry can be 
particularly improved. The solid content in a composition 
herein refers to a component that is not evaporated and 
remains after the composition is dried for removing the sol­
vent. 
[0101] [1.5. Other Components] 
[0102] The porous membrane slurry may contain optional 
components in addition to the aforementioned non-conduc­
tive particles, water-soluble polymer, particulate polymer, 
and solvent. As such optional components, one type thereof 
may be solely used, and two or more types thereof may also be 
used in combination at any ratio. 
[0103] For example, the porous membrane slurry may con­
tain a thickener. By containing the thickener, the porous 
membrane slurry can have high viscosity and can have 
improved coating properties. Further the thickener usually 
remains in the porous membrane and can exert a function of 
binding of the non-conductive particles. 
[0104] Examples of the thickener may include water­
soluble polysaccharides, and among them, a cellulose-based 
semi-synthetic polymeric compound is preferable. Examples 
of the cellulose-based semi-synthetic polymeric compound 
may include a nonionic cellulose-based semi-synthetic poly­
meric compound, an anionic cellulose-based semi-synthetic 
polymeric compound, and a cationic cellulose-based semi­
synthetic polymeric compound. 
[0105] Examples of the nonionic cellulose-based semi­
synthetic polymeric compound may include: alkyl celluloses 
such as methyl cellulose, methylethyl cellulose, ethyl cellu-
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lose, and microcrystalline cellulose; and hydroxyalkyl cellu­
loses such as hydroxyethyl cellulose, hydroxybutyl methyl 
cellulose, hydroxypropyl cellulose, hydroxypropyl methyl 
cellulose, hydroxyethyl methyl cellulose, hydroxypropyl 
methyl cellulose stearoxy ether, carboxymethyl hydroxy ethyl 
cellulose, alkyl hydroxyethyl cellulose, and nonoxynyl 
hydroxyethyl cellulose. 

[0106] Examples of the anionic cellulose-based semi-syn­
thetic polymeric compound may include substituted alkyl 
celluloses obtained by substituting the aforementioned non­
ionic cellulose-based semi-synthetic polymeric compounds 
with a variety of derivative groups, as well as sodium salts and 
ammonium salts thereof. Specific examples thereof may 
include sodium cellulose sulfate, methyl cellulose, methyl 
ethyl cellulose, ethyl cellulose, carboxymethyl cellulose 
(CMC), and salts thereof. 

[0107] Examples of the cationic cellulose-based semi-syn­
thetic polymeric compound may include low nitrogen 
hydroxyethyl cellulose dimethyl diallylammonium chloride 
(polyquaternium-4 ), O-[2-hydroxy-3-(trimethylammonio) 
propyl]hydroxyethyl cellulose chloride (polyquaternium-
10), and O-[2-hydroxy-3-(lauryldimethylammonio )propyl] 
hydroxyethyl cellulose chloride (polyquaternium-24). 

[0108] As the thickener, one type thereof may be solely 
used, and two or more types thereof may also be used in 
combination at any ratio. 

[0109] The etherification degree of the cellulose-based 
semi-synthetic polymeric compound is preferably 0.5 or 
more and more preferably 0.6 or more, and is preferably 1.0 
or less and more preferably 0.8 or less. The etherification 
degree herein refers to a degree of substitution of (three) 
hydroxyl groups with a substituent such as a carboxymethyl 
group per one anhydrous glucose unit in cellulose. Theoreti­
cally the etherification degree may have a value of O to 3. 
When the etherification degree falls within the aforemen­
tioned range, the cellulose-based semi-synthetic polymeric 
compound is adsorbed on the surface of the non-conductive 
particles while keeping compatibility to water, and thus high 
dispersibility can be obtained and the non-conductive par­
ticles can be dispersed at a high dispersing degree. 

[0110] Further, when a polymer is used as the thickener, the 
average polymerization degree of the thickener, which is 
calculated from a limiting viscosity obtained with an Ubbel­
lohde viscometer, is preferably 500 or more and more pref­
erably 1,000 or more, and is preferably 2,500 or less, more 
preferably 2,000 or less, and particularly preferably 1,500 or 
less. The average polymerization degree of the thickener may 
affect fluidity of the porous membrane slurry, uniformity of 
the porous membrane, and production processes. By confin­
ing the average polymerization degree within the aforemen­
tioned range, it becomes possible to improve stability of the 
porous membrane slurry over the lapse of time and perform 
coating without causing aggregates or thickness unevenness. 

[0111] The amount of the thickener is preferably 0.03 parts 
by weight or more, more preferably 0.05 parts by weight or 
more, and particularly preferably 1 part by weight or more, 
and is preferably 5 parts by weight or less, more preferably 4 
parts by weight or less, and particularly preferably 3 parts by 
weight or less, relative to 100 parts by weight of the non­
conductive particles. By adjusting the amount of the thick­
ener to the lower limit value or more of the aforementioned 
range, mechanical strength of the porous membrane can be 
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improved. On the other hand, by adjusting it to the upper limit 
value or less, flexibility of the porous membrane can be 
improved. 
[0112] The weight ratio of the thickener and the water­
soluble polymer (thickener/water-soluble polymer) is prefer­
ably 0.5 or more, more preferably 0.8 or more, and particu­
larly preferably 1 or more, and is preferably 5 or less, more 
preferably 4 or less, and particularly preferably 3 or less. By 
adjusting the weight ratio to the lower limit value or more of 
the aforementioned range, heat resistance of the porous mem­
brane can be further improved. On the other hand, by adjust­
ing it to the upper limit value or less, dispersibility of the 
non-conductive particles can be further improved. 
[0113] Further, the porous membrane slurry may contain, 
e.g., a surfactant. By containing the surfactant in the porous 
membrane slurry, coating properties of the porous membrane 
slurry can be improved, and thus it becomes possible to pre­
vent repelling of the porous membrane slurry during coating 
and improve smoothness of the porous membrane. 
[0114] Examples of the surfactant may include alkyl-based 
surfactants, silicon-based surfactants, fluorine-based surfac­
tants, and metal-based surfactants. Among them, the alkyl­
based surfactants and the fluorine-based surfactants are pref­
erable, the alkyl-based surfactants are more preferable, and 
nonionic alkyl-based surfactants are particularly preferable. 
[0115] Examples of the nonionic alkyl-based surfactants 
may include polyoxyethylene nonyl phenyl ether, polyethyl­
ene glycol monostearate, ethylene oxide-propylene oxide 
copolymer, and sorbitan monostearate. 
[0116] As the surfactant, one type thereof may be solely 
used, and two or more types thereof may also be used in 
combination at any ratio. 
[0117] The amount of the surfactant is preferably 0.01 parts 
by weight or more, more preferably 0.05 parts by weight or 
more, and particularly preferably 0.1 parts by weight or more, 
and is preferably 2 parts by weight or less, preferably 1 part by 
weight or less, and particularly preferably 0.7 parts by weight 
or less, relative to 100 parts by weight of the non-conductive 
particles. By adjusting the amount of the surfactant to the 
lower limit value or more of the aforementioned range, coat­
ing properties of the porous membrane slurry can be 
improved. On the other hand, by adjusting it to the upper limit 
value or less, heat resistance of the porous membrane can be 
improved. 
[0118] Further, the porous membrane slurry may contain, 
e.g., a chelate agent. The chelate agent is a chemical com­
pound containing a ligand (usually a multidentate ligand) 
capable of forming a chelate compound by binding to a metal 
ion. By containing the chelate agent in the porous membrane 
slurry, a transition metal ion in the porous membrane slurry 
can be captured, and thus iron ion concentration in the porous 
membrane slurry can be easily reduced. 
[0119] Examples of the chelate agent may include amino 
carboxylic acid-based chelate compounds, phosphonic acid­
based chelate compounds, gluconic acid, citric acid, malic 
acid, and tartaric acid. Among them, it is particularly prefer­
able that the chelate agent can selectively capture the transi­
tion metal ion without capturing a lithium ion, and the amino 
carboxylic acid-based chelating compounds and the phos­
phonic acid-based chelate compounds are particularly pref­
erable. 
[0120] Examples of the amino carboxylic acid-based che­
late compounds may include ethylenediaminetetraacetic acid 
(EDTA), nitrilotriacetic acid (NTA), trans-1,2-diaminocyclo-
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hexanetetraacetic acid (CyDTA), diethylene-triaminepen­
taacetic acid (DPTA), bis-(aminoethyl)glycolether-N,N,N', 
N'-tetraacetic acid (EGTA), N-(2-hydroxyethyl) 
ethylenediamine-N,N',N'-triacetic acid (HEDTA), and 
dihydroxyethyl glycine (DHEG). 
[0121] Examples of the phosphonic acid-based chelate 
compounds may include l-hydroxyethane-1,1-diphosphonic 
acid (HEDP). 
[0122] As the chelate agent, one type thereof may be solely 
used, and two or more types thereof may also be used in 
combination at any ratio. 
[0123] The amount of the chelate agent is preferably O parts 
by weight or more, and is preferably 10 parts by weight or 
less, more preferably 5 parts by weight or less, and particu­
larly preferably 3 parts by weight or less, relative to 100 parts 
by weight of the non-conductive particles. By adjusting the 
amount of the chelate agent to the upper limit value or less of 
the aforementioned range, deterioration of the high tempera­
ture cycle property caused by the chelate agent can be pre­
vented. 
[0124] [1.6. Physical Properties of Porous Membrane 
Slurry] 
[0125] The porous membrane slurry of the present inven­
tion has excellent dispersibility of the non-conductive par­
ticles. Thus it can prevent formation oflarge particles caused 
by aggregation of the non-conductive particles. Since the 
organic separator layer can be prevented from being damaged 
by the large particles, it becomes possible to improve safety of 
the lithium ion secondary battery by preventing the short 
circuit thereof. 
[0126] The iron ion concentration in the porous membrane 
slurry is preferably 500 ppm or less, more preferably 100 ppm 
or less, and particularly preferably 50 ppm or less on a weight 
basis. On the other hand, the lower limit is preferably 5 ppm 
or more, more preferably 6 ppm or more, and particularly 
preferably 7 ppm or more. By adjusting the iron ion concen­
tration to the lower limit value or more of the aforementioned 
range, stabilization on electrode surfaces in an initial charg­
ing and discharging period can be proceeded effectively, and 
thus cycle property of the lithium ion secondary battery can 
be improved. On the other hand, by adjusting it to the upper 
limit value or less, dispersion stability of the porous mem­
brane slurry can be improved. As a result, by confining the 
iron ion concentration in the porous membrane slurry within 
the aforementioned range, both the cycle property of the 
lithium ion secondary battery and the dispersibility of the 
porous membrane slurry can be improved. Further, by reduc­
ing the iron ion concentration in the porous membrane slurry 
as described above, the separator is prevented from being 
damaged due to the deposition of iron, and thus safety of the 
lithium ion secondary battery can be further improved. 
[0127] [2. Method for Producing Porous Membrane Slurry] 
[0128] The porous membrane slurry of the present inven­
tion may be produced by, e.g., mixing the non-conductive 
particles, the water-soluble polymer, the particulate polymer, 
and, if necessary, a solvent and optional components, simul­
taneously or in arbitrary order. Especially when the porous 
membrane slurry includes water as the solvent, it is preferable 
that the porous membrane slurry is produced by a method 
including the steps of: (i) mixing the non-conductive par­
ticles, the water-soluble polymer, and water to obtain a dis­
persion of the non-conductive particles having a predeter­
mined concentration; (ii) dispersing the dispersion of the 
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non-conductive particles in a predetermined condition; and 
(iii) mixing the dispersion of the non-conductive particles and 
the particulate polymer. 
[0129] In the step of mixing the non-conductive particles, 
the water-soluble polymer, and water to obtain the dispersion 
of the non-conductive particles, water having an electrical 
conductivity of preferably 30 µSiem or less, more preferably 
20 µSiem or less, and particularly preferably 15 µSiem or less 
is used as the water. By using the water having such low 
electrical conductivity, resistance of the porous membrane 
can be reduced. Further the iron ion concentration in the 
porous membrane slurry can also be reduced. Although there 
is no lower limitation of the electrical conductivity of water, 
the electrical conductivity is usually 0.5 µSiem or more. By 
adjusting the electrical conductivity of water to the lower 
limit value or more of the aforementioned range, dispersibil­
ity of the non-conductive particles can be further improved by 
virtue of electrostatic repulsive interaction of ions. 
[0130] Further, the state of the water-soluble polymerupon 
mixing with the non-conductive particles and water may be, 
e.g., an aqueous solution state wherein the water-soluble 
polymer is dissolved in water, or a solid state without water. 
However, the water-soluble polymer is usually produced in a 
state of an aqueous solution. Thus, from the viewpoint of 
enhancing production efficiency by omitting a step of isolat­
ing the water-soluble polymer from the aqueous solution, it is 
preferable that the water-soluble polymer is mixed with the 
non-conductive particles and water in the state of the aqueous 
solution. 
[0131] The dispersion of the non-conductive particles can 
be obtained by mixing the non-conductive particles, the 
water-soluble polymer, and water. The solid content concen­
tration of the dispersion of the non-conductive particles is 
preferably 40% by weight or more, more preferably 43% by 
weight or more, and particularly preferably 45% by weight or 
more, and is preferably 60% by weight or less, more prefer­
ably 55% by weight or less, and particularly preferably 50% 
by weight or less. By adjusting the solid content concentra­
tion of the dispersion of the non-conductive particles to the 
lower limit value or more of the aforementioned range, in the 
step of dispersing the dispersion of the non-conductive par­
ticles, collision of the aggregated non-conductive particles 
with each other can be effected to crush the particles, and thus 
dispersibility of the non-conductive particles can be effec­
tively improved. On the other hand, by adjusting it to the 
upper limit value or less, sufficient force can be applied to 
each of aggregated masses of the non-conductive particles, 
and this limitation can also give effective improvement in 
dispersibility of the non-conductive. 
[0132] After obtaining the dispersion of non-conductive 
particles, the dispersion is further dispersed. By this process, 
the aggregated masses of the non-conductive particles can be 
crushed and the non-conductive particles can be dispersed. 
This dispersion treatment is preferably performed under the 
condition of 2 Wh/kg to 8 Wh/kg. More specifically, the 
dispersion treatment is performed with energy of preferably 2 
Wh or more, more preferably 3 Wh or more, and particularly 
preferably 4 Wh or more, and is preferably 8 Wh or less and 
more preferably 7 Wh or less, per 1 kg of the dispersion of the 
non-conductive particles. By adjusting the energy used for 
dispersing the dispersion of the non-conductive particles to 
the lower limit value or more of the aforementioned range, the 
non-conductive particles can be effectively dispersed. On the 
other hand, by adjusting it to the upper limit value or less, the 
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non-conductive particles can be prevented from being 
crushed, and thus the surface area of the non-conductive 
particles can be prevented from being excessively increased. 
As a result, high temperature cycle property of the lithium ion 
secondary battery can be improved. Further by performing 
the dispersion treatment with such low energy, elution of the 
iron ion from the dispersion device can be suppressed, and 
thus the iron ion concentration in the porous membrane slurry 
can be kept at a low level. 
[0133] The dispersion device for use in the dispersion treat­
ment may be any dispersion device that can disperse the 
non-conductive particles by crushing the aggregated masses 
of the non-conductive particles. Examples of the dispersion 
devices may include a ball mill, a bead mill, a sand mill, a 
media-less dispersing device, a pigment-dispersing device, a 
grinding machine, an ultrasonic dispersing device, a homog­
enizer, a planetary mixer, and a Hobart mixer. Among them, 
the media-less dispersing device is preferable since shearing 
force can be mildly applied and the specific surface area of the 
non-conductive particles can thereby be confined in a prede­
termined range. 
[0134] After the dispersing is performed in this manner, the 
dispersion of non-conductive particles is mixed with the par­
ticulate polymer, to thereby obtain the porous membrane 
slurry. Further, in this production method, there is no limita­
tion to the timing of mixing the optional components. 
[0135] The method for producing the porous membrane 
slurry may further include optional steps other than the afore­
mentioned steps. For example, a step for confining the iron 
ion concentration in the porous membrane slurry within a 
predetermined range may be performed. 
[0136] The step for confining the iron ion concentration in 
the porous membrane slurry within the predetermined range 
is not particularly limited. For example, a step of magneti­
cally removing a magnetic substance is preferable, a step of 
removing the magnetic substance by a magnet is more pref­
erable, and among these, a step of removing the magnetic 
substance by a bar magnet is further preferable. In this step, 
magnetic force of the bar magnet and number of the bar 
magnet may be appropriately adjustable in accordance with 
the magnetic substance to be removed. For example, by pass­
ing the bar magnet through the porous membrane slurry, the 
magnetic substance in the porous membrane slurry is 
attached to the bar magnet, and thus the magnetic substance 
can be removed from the porous membrane slurry. A mag­
netic substance-removing device using a bar magnetic is 
available, e.g., under the name of Magnetic Separator sold by 
Nippon Magnetics, Inc. and Magnet Filter sold by TOK Engi­
neering Co., Ltd. 
[0137] The magnet to be used may be a magnet capable of 
forming a magnetic field having a sufficient magnetic flux 
density for capturing a magnetic substance potentially con­
taminated in: the porous membrane slurry; and raw material 
liquids for the porous membrane slurry such as the dispersion 
of the non-conductive particles, the aqueous solution of the 
water-soluble polymer, the aqueous dispersion of the particu­
late polymer, and solvents. The specific magnetic flux density 
is preferably 100 gauss or higher from the viewpoint of appro­
priately adsorbing and removing the magnetic substance 
when it is included in the porous membrane slurry and the raw 
material liquids thereof. Further, from the viewpoint of 
increasing removal efficiency of the magnetic substance, the 
magnetic flux density is more preferably 1,000 gauss or 
higher. Further, from the viewpoint of removing a substance 
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with weak magnetism, the magnetic flux density is further 
preferably 5,000 gauss or higher and particularly preferably 
8,000 gauss or higher. 
[0138] [3. Separator] 
[0139] The separator for a lithium ion secondary battery of 
the present invention (this may appropriately be referred to 
hereinbelow as a "separator") includes an organic separator 
layer and a porous membrane. 
[0140] [3.1. Organic Separator Layer] 
[0141] As the organic separator layer, e.g., a porous sub­
strate having micropores may be used. By using such organic 
separator layer, short circuit of electrodes in a secondary 
battery can be prevented without hindering charging and dis­
charging of the battery. Examples of the organic separator 
layer may include microporous membranes or nonwoven fab­
rics that contain polyolefin resins such as polyethylene resin 
and polypropylene resin, and aromatic polyamide resins. 
[0142] The thickness of the organic separator layer is pref­
erably 0.5 µm or more and more preferably 1 µm or more, and 
is preferably 40 µm or less, more preferably 30 µm or less, and 
particularly preferably 10 µm or less. Within this range, the 
resistance caused by the organic separator layer in the sec­
ondary battery is decreased, and excellent workability is pro­
vided in the production of the battery. 
[0143] [3.2. Porous Membrane] 
[0144] The porous membrane is obtained by applying onto 
the organic separator layer the porous membrane slurry of the 
present invention and drying the slurry. In this process, the 
porous membrane may be formed on either one side or both 
sides of the organic separator layer. 
[0145] Examples of methods of applying the porous mem­
brane slurry may include a doctor blade method, a dipping 
method, a die coating method, a reverse roll coating method, 
a direct roll coating method, a gravure coating method, an 
extrusion coating method, and a brush coating method. The 
application amount of the porous membrane slurry is usually 
set in a range such that the porous membrane having a desired 
thickness can be obtained. By the application of the porous 
membrane slurry on the organic separator layer, a layer of the 
porous membrane slurry is formed on the organic separator 
layer. 
[0146] After the layer of the porous membrane slurry is 
formed on the organic separator layer, the layer is dried. By 
the drying, the solvent in the layer of the porous membrane 
slurry is removed and the porous membrane can be obtained. 
Examples of drying methods may include: drying using an air 
such as warm air, hot air, and low-humidity air; vacuum 
drying; and drying using irradiation of energy ray such as 
infrared ray, far infrared ray, and electron beam. 
[0147] The drying temperature is preferably 30° C. or 
higher, more preferably 40° C. or higher, and particularly 
preferably 45° C. or higher, and is preferably 90° C. or lower, 
more preferably 80° C. or lower, and particularly preferably 
70° C. or lower. By adjusting the drying temperature to the 
lower limit value or more of the aforementioned range, the 
solvent can be efficiently removed from the porous mem­
brane slurry. On the other hand, by adjusting it to the upper 
limit value or less, shrinkage of the organic separator layer 
due to heat can be suppressed. 
[0148] The drying time is preferably 5 seconds or longer, 
more preferably 10 seconds or longer, and particularly pref­
erably 15 seconds or longer, and is preferably 5 minutes or 
shorter, more preferably 4 minutes or shorter, and particularly 
preferably 3 minutes or shorter. By adjusting the drying time 
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to the lower limit value or more of the aforementioned range, 
the solvent can be sufficiently removed from the porous mem­
brane, and thus output property of the battery can be 
improved. On the other hand, by adjusting it to the upper limit 
value or less, production efficiency can be improved. 
[0149] When the porous membrane is produced, optional 
operations in addition to the aforementioned ones may be 
performed. For example, the porous membrane may be sub­
jected to a pressurizing treatment by pressing methods such 
as a die press and a roll press. By performing the pressurizing 
treatment, binding property between the organic separator 
layer and the porous membrane can be enhanced. However, 
when the pressurizing treatment is excessively performed, 
porosity of the porous membrane may be deteriorated, and 
thus it is preferable that pressure and pressurizing time are 
appropriately controlled. Further, it is preferable to perform 
drying in vacuum or in a dry room for removing residual 
moisture. It is also preferable to perform a heat treatment, by 
which thermal cross-linking groups in the binder are cross­
linked, and thereby the binding force is further enhanced. 
[0150] In the porous membrane thus obtained, pores are 
formed in the space between the non-conductive particles. 
Thus the porous membrane has a porous structure. Thereby 
the porous membrane exhibits liquid permeability, and 
accordingly ion movement is not hindered by the porous 
membrane. As a result, in the lithium ion secondary battery, 
battery reaction is not inhibited by the porous membrane. 
Further, since the non-conductive particles do not have elec­
tric conductivity, the porous membrane exhibits insulating 
property. 
[0151] Further the porous membrane thus obtained has 
excellent mechanical strength. Thus, the resulting separator is 
not easily damaged even when some external force is applied 
to the battery. Further such a porous membrane is hardly 
broken even when it is pressurized or bent during the produc­
tion processes. Further, even when the organic separator layer 
shrinks by temperature changes, the porous membrane is able 
to resist the shrinkage stress, and thus deformation of the 
separator can be prevented. 
[0152] Furthermore, the porous membrane usually exhibits 
excellent heat resistance. Thus the separator of the present 
invention provided with the porous membrane can stably 
prevent short circuit even in higher temperatures. 
[0153] Consequently, safety of the secondary battery can 
be improved by having the porous membrane. 
[0154] Further the porous membrane usually has low mois­
ture content. Therefore deterioration of the battery properties 
such as high temperature cycle property of the lithium ion 
secondary battery caused by the moisture is less likely to 
occur, it is possible to realize a lithium ion secondary battery 
having high performance. 
[0155] The thickness of the porous membrane is preferably 
0.1 µm or more, more preferably 0.2 µm or more, and par­
ticularly preferably 0.3 µm or more, and is preferably 20 µm 
or less, more preferably 15 µm or less, and particularly pref­
erably 10 µm or less. By adjusting the thickness of the porous 
membrane to the lower limit value or more of the aforemen­
tioned range, heat resistance of the porous membrane can be 
further improved. On the other hand, by adjusting it to the 
upper limit value or less, reduction of ion permeability caused 
by the porous membrane can be reduced. 
[0156] [ 4. Lithium Ion Secondary Battery] 
[0157] The lithium ion secondary battery of the present 
invention includes a positive electrode, a negative electrode, 
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the separator of the present invention, and an electrolytic 
solution. Specifically, the lithium ion secondary battery of the 
present invention includes a positive electrode, the separator 
of the present invention, and a negative electrode in this order, 
and further includes an electrolytic solution. The lithium ion 
secondary battery of the present invention is excellent in both 
safety and high temperature cycle property. 
[0158] [ 4.1. Positive Electrode and Negative Electrode] 
[0159] Each of the positive and negative electrodes as elec­
trodes usually includes a current collector and an electrode 
active material layer provided on the current collector. 
[0160] As the current collector, materials having electrical 
conductivity and electrochemical durability may be used. In 
particular, preferable examples thereof in view of having heat 
resistance may include metallic materials such as iron, cop­
per, aluminum, nickel, stainless steel, titanium, tantalum, 
gold, and platinum. Of these, aluminum is particularly pref­
erable for positive electrode current collectors, and copper is 
particularly preferable for negative electrode current collec­
tors. 
[0161] The shape of the current collector is not particularly 
limited, but the current collector is preferably in a sheet shape 
with a thickness of 0.001 mm or more and 0.5 mm or less. 
[0162] The current collector is preferably subjected to a 
surface roughening process before use for increasing adhe­
sive strength to the electrode active material layer. Examples 
of the surface roughening method may include a mechanical 
polishing method, an electrolytic polishing method, and a 
chemical polishing method. In the mechanical polishing 
method, e.g., a coated abrasive having abrasive particles 
bonded thereto, a grinding stone, an emery wheel, and a wire 
brush having steel wires may be used. 
[0163] To increase conductivity and adhesive strength to 
the electrode active material layer, an intermediate layer may 
be formed on the surface of the current collector. 
[0164] The electrode active material layer is a layer con­
taining an electrode active material. As the electrode active 
material, materials that permit reversible intercalation and 
deintercalation of lithium ions by application of electropo­
tential in the electrolyte solution may be used. For the elec­
trode active material, any of inorganic compounds and 
organic compounds may be used. 
[0165] The positive electrode active materials are roughly 
classified into materials made of inorganic compounds and 
materials made of organic compounds. Examples of the posi­
tive electrode active materials made of inorganic compounds 
may include transition metal oxides, complex oxides of 
lithium and transition metals, and transition metal sulfides. As 
the transition metals, e.g., Fe, Co, Ni, and Mn are used. 
Specific examples of the inorganic compounds used for the 
positive electrode active material may include lithium-con­
taining complex metal oxides such as LiCoO2 , LiNiO2 , 

LiMnO
2

, LiMn
2

O
4

, LiFePO
4

, andLiFeVO
4

; transition metal 
sulfides such as TiS2 , TiS3 , and amorphous MoS2 ; and tran­
sition metal oxides such as Cu2V2O3 , amorphous V2O­
P2O5 , MoO3 , V2 O5 , andV6O1y On the other hand, examples 
of the positive electrode active materials made of organic 
compounds may include electroconductive polymers such as 
polyacetylene and poly-p-phenylene. 
[0166] Furthermore, positive electrode active materials 
made of composite materials containing inorganic com­
pounds and organic compounds in combination may also be 
used. 
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[0167] For example, iron-based oxides are subjected to 
reduction firing in the presence of carbon source materials to 
produce composite materials covered with carbon materials, 
and these composite materials may be used as the positive 
electrode active material. Iron-based oxides tend to have low 
electrical conductivity. However, when the iron-based oxides 
are formulated in a form of the aforementioned composite 
materials, they can be used as the positive electrode active 
material with high performance. 

[0168] Furthermore, materials obtained by partial element 
substitution of the aforementioned compounds may also be 
used as the positive electrode active material. 

[0169] One type of these positive electrode active materials 
may be used alone, or two or more types thereof may be used 
in combination at any ratio. Moreover, mixtures of the afore­
mentioned inorganic compounds and organic compounds 
may also be used as the positive electrode active material. 

[0170] The particle diameter of the positive electrode active 
material is appropriately selected in conformity with other 
constituents of the secondary battery. From the viewpoint of 
improvement in battery properties, such as load property and 
cycle property, the volume average particle diameter of the 
positive electrode active material is preferably 0.1 µm or more 
and more preferably 1 µm or more, and is preferably 50 µm or 
less and more preferably 20 µm or less. When the volume 
average particle diameter of the positive electrode active 
material is in this range, a battery with large charging/dis­
charging capacity can be obtained, and handling during the 
production of the active material layer slurry and the elec­
trode can be easily performed. 

[0171] Examples of the negative electrode active material 
may include carbonaceous materials such as amorphous car­
bon, graphite, natural graphite, mesocarbonmicrobeads, and 
pitch-based carbon fiber; and conductive polymers such as 
polyacene. Examples also may include metals such as silicon, 
tin, zinc, manganese, iron, and nickel, and alloys thereof; 
oxides of the metals and alloys; and sulfates of the metals and 
alloys. In addition, metal lithium; lithium alloys such as 
Li-Al, Li-Bi-Cd, and Li-Sn-Cd; lithium transition 
metal nitrides; silicon, and others may be used. Furthermore, 
electrode active materials in which a conductive material is 
attached to the surface by mechanical reforming may also be 
used. One type of the negative electrode active material may 
be used alone, or two or more types thereof may be used in 
combination at any ratio. 

[0172] The particle diameter of the negative electrode 
active material is appropriately selected in conformity with 
other constituents of the lithium ion secondary battery. From 
the viewpoint of improvement in battery properties, such as 
initial efficiency, load property, and cycle property, the vol­
ume average particle diameter of the negative electrode active 
material is preferably 1 µm or more and more preferably 15 
µm or more, and is preferably 50 µm or less and more pref­
erably 30 µm or less. 

[0173] The electrode active material layer preferably con­
tains a binder for an electrode in addition to the electrode 
active material. By containing the binder for an electrode, 
binding property of the electrode active material layer in the 
electrode is improved to increase strength against mechanical 
force which is applied during production steps such as elec­
trode winding process. The binder also prevents detachment 
of the electrode active material layer in the electrode to reduce 
a risk of short circuit, etc. due to detached materials. 
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[0174] As the binder for an electrode, e.g., polymers may 
be used. Example thereof for use may include polyethylene, 
polytetrafluoroethylene (PTFE), polyvinylidene fluoride 
(PVDF), tetrafluoroethylene-hexafluoropropylene copoly­
mer (FEP), polyacrylic acid derivatives, and polyacrylonitrile 
derivatives. Further, the same polymers as those for the bind­
ers for a porous membrane may also be used. As the binder for 
electrode, one type thereof may be solely used, and two or 
more types thereof may also be used in combination at any 
ratio. 
[0175] The amount of the binder for electrodes in the elec­
trode active material layer is preferably 0.1 parts by weight or 
more, more preferably 0.2 parts by weight or more, and 
particularly preferably 0.5 parts by weight or more, and is 
preferably 5 parts by weight or less, more preferably 4 parts 
by weight or less, and particularly preferably 3 parts by 
weight or less, relative to 100 parts by weight of the electrode 
active material. When the amount of the binder for electrodes 
is in the aforementioned range, falling of the electrode active 
material from the electrode can be prevented without inhib­
iting the battery reactions. 
[0176] The electrode active material layer may contain 
optional components, in addition to the electrode active mate­
rial and the binder for electrodes unless the optional compo­
nents significantly impair the effects of the present invention. 
Examples of the optional components may include conduc­
tive materials and reinforcing materials. As the optional com­
ponent, one type thereof may be solely used, and two or more 
types thereof may also be used in combination at any ratio. 
[0177] Examples of the conductive material may include 
conductive carbons such as acetylene black, Ketjen black, 
carbon black, graphite, vapor-grown carbon fiber, and carbon 
nanotube; carbon powders such as black lead; and fibers and 
foils of a variety of metals.Use of the conductive material can 
improve electrical contact between the electrode active mate­
rials and can improve battery properties such as cycle prop­
erty. 
[0178] As the reinforcing material, e.g., a variety of inor­
ganic and organic spherical, plate-shaped, rod-shaped, or 
fibrous fillers may be used. 
[0179] The amounts of the conductive material used and the 
reinforcing agent used are each usually O parts by weight or 
more and preferably 1 part by weight or more, and is prefer­
ably 20 parts by weight or less and more preferably 10 parts 
by weight or less, relative to 100 parts by weight of the 
electrode active material. 
[0180] The thickness of the electrode active material layer 
in both the positive and negative electrodes is preferably 5 µm 
or more and more preferably 10 µm or more, and is preferably 
300 µm or less and more preferably 250 µm or less. 
[0181] There is no particular limitation on the method for 
producing the electrode active material layer. The electrode 
active material layer may be produced by, e.g., applying onto 
the current collector the active material layer slurry contain­
ing the electrode active material, a solvent, and if necessary 
the binder for electrodes and optional components, and dry­
ing the slurry. As the solvent, any of water and organic sol­
vents may be used. 
[0182] [ 4.2. Electrolyte Solution] 
[0183] As the electrolyte solution, e.g., a solution of a 
lithium salt as a supporting electrolyte in a non-aqueous sol­
vent may be used. Examples of the lithium salt may include 
lithium salts such as LiPF 6 , LiAsF 6 , LiBF 4 , LiSbF 6 , LiA1Cl4 , 

LiC1O4 , CF3 SO3 Li, C4 F9 SO3Li, CF3 COOLi, (CF3CO)2NLi, 
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(CF3 SO2 ) 2NLi, and (C2 F5 SO2)NLi. In particular, LiPF6 , 

Li Cl 0 4 , and CF 3 SO3 Li are preferably used because they are 
easily dissolved in solvents to exhibit high degree of disso­
ciation. One type of them may be solely used, and two or more 
types thereof may also be used in combination at any ratio. 

[0184] The amount of the supporting electrolyte is prefer­
ably 1 % by weight or more and more preferably 5% by weight 
or more, and is preferably 30% by weight or less and more 
preferably 20% by weight or less relative to the electrolyte 
solution. By confining the amount of the supporting electro­
lyte within this range, it becomes possible to increase ionic 
conductivity to obtain favorable charging property and dis­
charging property of the lithium ion secondary battery. 

[0185] As a solvent for the electrolyte solution, solvents 
that are capable of dissolving the supporting electrolyte may 
be used. Examples of the solvent to be used may include alkyl 
carbonates such as dimethyl carbonate (DMC), ethylene car­
bonate (EC), diethyl carbonate (DEC), propylene carbonate 
(PC), butylene carbonate (BC), and methyl ethyl carbonate 
(MEC); esters such as y-butyrolactone and methyl formate; 
ethers such as 1,2-dimethoxyethane and tetrahydrofuran; and 
sulphur-containing compounds such as sulfolane and dim­
ethyl sulfoxide. In particular, dimethyl carbonate, ethylene 
carbonate, propylene carbonate, diethyl carbonate, and 
methyl ethyl carbonate are preferable because therewith high 
ion conductivity can be easily obtained and they have wide 
operating temperature range. As the solvent, one type thereof 
may be solely used, and two or more types thereof may also be 
used in combination at any ratio. 

[0186] The electrolyte solution may also optionally contain 
an additive. Preferable examples of the additive may include 
carbonate compounds such as vinylene carbonate (VC). As 
the additive, one type thereof may be solely used, and two or 
more types thereof may also be used in combination at any 
ratio. 

[0187] [ 4.3. Production Method] 

[0188] Examples of the method for producing a lithium ion 
secondary battery may include a method in which electrodes 
and a separator are stacked in suitable combination, then 
rolled, bent, or so in conformity with the battery shape, placed 
in a battery container, and an electrolyte solution is injected 
into a battery container, followed by sealing of the battery 
container. If necessary, overcharging/overdischarging and 
pressure increase inside a battery may be prevented by install­
ing overcurrent protection elements such as a fuse and a PTC 
element, or a lead plate, expanded metal, or others. Examples 
of the shape of the battery may be any of a coin shape, a button 
shape, a sheet shape, a cylindrical shape, a square shape, and 
a flat shape. 

EXAMPLES 

[0189] The present invention will be describedhereinbelow 
in detail by way of Examples. However, the present invention 
is not limited to the following Examples and may be option­
ally modified for implementation without departing from the 
scope of the claims and equivalents thereto. 

[0190] Unless otherwise specified,"%" and "part" express­
ing the quantity in the following description are based on 
weight. Unless otherwise specified, the procedures described 
in the following were carried out under the conditions of 
normal temperature and normal pressure. 
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[0191] [Evaluation Methods] 
[0192] (Method for Measuring BET Specific Surface Area 
of Non-Conductive Particles) 
[0193] The BET specific surface area is a value obtained by 
a BET method. The BET specific surface area of the non­
conductive particles was measured by a wet-type specific 
surface area measuring apparatus ("FlowSorb III 2305" 
manufactured by Shimadzu Corp.). 
[0194] (Method for Measuring Dl0, D50 and D90 ofNon­
Conductive Particles) 
[0195] The porous membrane slurry was measured by a 
laser diffraction particle size distribution measuring appara­
tus ("SALD-2000" manufactured by Shimadzu Corp.) to 
obtain Dl0, D50, and D90 of the non-conductive particles. 
[0196] (Method for Measuring Aspect Ratio of Non-Con­
ductive Particles) 
[0197] Fifty particles in a photograph image taken by a 
transmission electron microscope (SEM) were selected for an 
image analysis to measure an aspect ratio of each particle. The 
average value thereof was then calculated to obtain the aspect 
ratio of the non-conductive particles. Specifically, the fifty 
particles were selected in an order from the one with the 
largest size from the entire image of the non-conductive par­
ticles with 100 magnifications. Then, each of the particles was 
observed one by one with 1,000 magnifications, and the 
aspect ratio of the non-conductive particles was measured 
using printed photographs. 
[0198] (Method for Measuring Iron Ion Concentration in 
Porous Membrane Slurry) 
[0199] The porous membrane slurry obtained in Examples 
and Comparative Examples was filtered through a magnetic 
filter ( manufactured by TOK Engineering Co., Ltd.) under the 
conditions of room temperature and magnetic flux density of 
16,000 gauss, and particulate metal remaining in the mag­
netic filter was dissolved with an acid to obtain a sample 
solution. This sample solution was subjected to ICP (Induc­
tively Coupled Plasma) to measure the iron ion concentration 
contained in the porous membrane slurry. 
[0200] (Method for Measuring Moisture Content of Sepa­
rator) 
[0201] The separator having the porous membrane was cut 
out in a size of 10 cm widthxl0 cm length to obtain a test 
piece. This test piece was left to stand for 24 hours at the 
temperature of 25° C. and the humidity of 50%. Subse­
quently, the moisture content of the test piece was measured 
by a Karl Fischer method (JIS K-0068 (2001) water evapo­
ration method, vaporization temperature of 150° C.) using a 
coulometric titration moisture analyzer. This moisture con­
tent was represented by (Wl ). 
[0202] Subsequently, the moisture content of a test piece, 
which had been left to stand for 24 hours at the temperature of 
25° C., the dew point of -60° C., and the humidity of0.05%, 
was measured in the same manner as described above. This 
moisture content was represented by (W2). 
[0203] From the values of the moisture content Wl and W2 
thus obtained, a ratio Wl/W2 was calculated. 
[0204] The calculated ratio Wl/W2 was evaluated in accor­
dance with the following standards. Smaller value of the 
difference between Wl and W2 is indicative of smaller mois­
ture content of the porous membrane. When the moisture 
content of the porous membrane is small, curling of the sepa­
rator in a dry room for producing the battery can be reduced. 
Further, smaller moisture content in the porous membrane is 
preferable since thereby a side reaction in the secondary 
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battery due to the moisture is prevented and the battery prop­
erties such as the high temperature cycle property are not 
deteriorated. 
[0205] A: Wl/W2 is less than 1.5. 
[0206] B: Wl/W2 is 1.5 or more but less than 2.0. 
[0207] C: Wl/W2 is 2.0 or more but less than 2.5. 
[0208] D: Wl/W2 is 2.5 or more but less than 3.0. 
[0209] E: Wl/W2 is 3.0 or more. 
[0210] (Method for Evaluating Powder Falling Property) 
[ 0211] The separator having the porous membrane was cut 
out in 1 cm widthx5 cm length to obtain a test piece. The test 
piece was placed on a table with the porous membrane-side 
surface facing upward, and a stainless steel rod having a 
diameter of 1 mm was laid on the organic separator layer-side 
surface at the center of the long length direction (a location 
2.5 cm away from both ends) with the direction of the stain­
less steel rod being along the short length direction. The test 
piece was then bent by 180° around the stainless steel rod in 
such a way that the porous membrane-side surface became an 
outer side. After performing the aforementioned test with ten 
test pieces, the bent portion of the porous membrane of each 
test piece was observed as to whether cracks or powder falling 
occurred and evaluated in accordance with the following 
criteria. The powder falling herein refers to falling of the 
non-conductive particles from the porous membrane. Less 
frequent occurrence of the cracks and the powder falling is 
indicative of better powder falling property of the porous 
membrane formed on the organic separation layer. 
[0212] A: No cracks or powder falling observed in any 10 
pieces. 
[0213] B: Crack or powder falling observed in 1 to 3 pieces 
out of 10 pieces. 
[0214] C: Crack or powder falling observed in 4 to 6 pieces 
out of 10 pieces. 
[0215] D: Crack or powder falling observed in 7 to 9 pieces 
out of 10 pieces. 
[0216] E: Crackorpowderfallingobservedinall l0pieces. 
[0217] (Method for Evaluating Dispersibility of Porous 
Membrane Slurry) 
[0218] By using a laser diffraction particle size distribution 
measuring apparatus ("SALD-2000" manufactured by Shi­
madzu Corp.), D50 of the non-conductive particles in the 
porous membrane slurry after preparation was obtained. The 
dispersibility of the porous membrane slurry was evaluated 
by classifying the D50 in accordance with the following 
criteria. The D50 of the non-conductive particles in the 
porous membrane slurry being closer to the primary particle 
diameter of the non-conductive particles is indicative ofbetter 
dispersibility of the porous membrane slurry. 
[0219] A: D50 of non-conductive particles in porous mem­
brane slurry is not 1.2 or more times larger than primary 
particle diameter of non-conductive particles. 
[0220] B: D50 of non-conductive particles in porous mem­
brane slurry is 1.2 or more times larger but not 1.4 or more 
times larger than primary particle diameter of non-conductive 
particles. 
[0221] C: D50 of non-conductive particles in porous mem­
brane slurry is 1 .4 or more times larger but not 1.6 or more 
times larger than primary particle diameter of non-conductive 
particles. 
[0222] D: D50 of non-conductive particles in porous mem­
brane slurry is 1.6 or more times larger but not 1.8 or more 
times larger than primary particle diameter of non-conductive 
particles. 
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[0223] E: D50 of non-conductive particles in porous mem­
brane slurry is 1.8 or more times larger than primary particle 
diameter of non-conductive particles. 
[0224] Further, the primary particle diameter of the non­
conductive particles was measured by performing SEM 
observation as follows. Specifically, the non-conductive par­
ticles were photographed by a field emission scanning elec­
tron microscope ("Hitachi S-4700" manufactured by Hitachi 
High Technologies, Inc.) with a magnification of25,000, and 
200 particles were selected arbitrarily from the photographed 
images. The longest diameter of each particle on the images is 
denoted by La and the shortest diameter of each particle on 
the images is denoted by Lb, and a particle diameter was 
defined as (La+Lb)/2. A number average particle diameter 
was calculated as an average value of the 200 particles. The 
number average particle diameter value thus obtained was 
used as the primary particle diameter of the non-conductive 
particles. 
[0225] (Method for Evaluating High Temperature Cycle 
Property of Secondary Battery) 
[0226] Using a laminate-type lithium ion secondary bat­
tery, charging and discharging were repeated for 100 cycles, 
wherein charging was performed from 3V to 4.3V at 0.2 Cat 
45° C. and discharging was performed from 4.3V to 3V at 0.2 
C. A ratio of a discharging capacity at the 100th cycle with 
respect to the discharging capacity at the 2nd cycle was cal­
culated as percentage to obtain a capacity maintenance ratio. 
The capacity maintenance ratio was evaluated in accordance 
with the following criteria. It can be determined that the 
battery having larger value of the capacity maintenance ratio 
has smaller reduction in the discharging capacity and better 
high temperature cycle property. 
[0227] A: Capacity maintenance ratio is 95% or more. 
[0228] B: Capacity maintenance ratio is 90% or more but 
less than 95%. 
[0229] C: Capacity maintenance ratio is 85% or more but 
less than 90%. 
[0230] D: Capacity maintenance ratio is 80% or more but 
less than 85%. 
[0231] E: Capacity maintenance ratio is less than 80%. 

Example 1 

1.1. Production of Alumina Particles 

[0232] Aluminum hydroxide having a volume average par­
ticle diameter of2.8 µm was obtained by a Bayer method and 
charged into a box-type sagger with a charging density of0.61 
g/cm3

. The box-type sagger was placed in a stationary electric 
furnace ("Siliconit Furnace" manufactured by Siliconit 
Konetsu Kogyo Co., Ltd.) and sintered at a sintering tempera­
ture of 1,180° C. for 10 hours. Subsequently a-alumina par­
ticles produced were taken out of the furnace. 
[0233] A vibrating ball mill ("Vibrational Mill" manufac­
tured by Chuo Kakohki Co., Ltd.) containing 7.8 kg of alu­
mina balls with a diameter of 15 mm in a 6-liter volume pot 
was prepared. 1.0 kg of the a-alumina particles and 15 g of 
ethanol were put in this pot, and crushing was performed for 
36 hours to obtain a-alumina particles having a volume aver­
age particle diameter of0.6 µm. The volume average particle 
diameter of the a-alumina particles was measured by a nano­
particle distribution measurement apparatus ("SALD-7100" 
manufactured by Shimadzu Corp.). 
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[0234] The aspect ratio and the primary particle diameterof 
the a-alumina particles thus obtained were measured in the 
aforementioned manners. 

1.2. Production of Particulate Polymer a 

[0235] To a reaction vessel equipped with a stirrer, 70 parts 
of ion exchange water, 0.15 parts of sodium lauryl sulfate 
("EMAL 2F" manufactured by Kao Chemicals) as an emul­
sifier, and 0.5 parts of ammonium persulfate were supplied, 
and a gas phase portion was replaced with a nitrogen gas. 
Then the mixture was heated to 60° C. 
[0236] In the meantime, in another vessel, 50 parts of ion 
exchange water, 0.5 parts of sodium dodecylbenzene sul­
fonate, 2 parts of acrylonitrile as a nitrile group-containing 
monomer, 93.8 parts of butyl acrylate as a (meth)acrylic ester 
monomer, 2 parts of methacrylic acid as an ethylenically 
unsaturated acid monomer, 1 part of ally! glycidyl ether and 
1.2 parts ofN-methylolacrylamide as a crosslinkable mono­
mers, and 0.15 parts of a chelate agent ("CHELEST400G" 
( sodium ethylenediaminetetraacetic acid tetrahydrate) manu­
factured by CHELEST Corp.) were mixed to obtain a mono­
mer mixture. This monomer mixture was continuously added 
to the reaction vessel over 4 hours to perform polymerization. 
During the addition, the reaction was performed at 60° C. 
After the completion of the addition, the reaction mixture was 
stirred for another 3 hours at 70° C., and then the reaction was 
terminated. As a result, an aqueous dispersion of particulate 
polymer A was produced. 

1.3. Production of Water-Soluble Polymer a 

[0237] 50parts of water, 80parts ofacrylic acid, 19.92 parts 
of acrylamide-2-methylpropanesulfonic acid, and 0.08 parts 
of 2-(N-acryloyl)amino-2-methyl-1,3-propane-disulfonic 
acid were mixed to obtain a monomer composition. 
[0238] To a four-necked flask equipped with a thermom­
eter, a stirrer, and a reflux condenser, 150 parts of water was 
charged and the temperature was raised to 80° C. Then, while 
stirring, the aforementioned monomer composition and 10 
parts of30% aqueous solution of sodium persulfate were each 
continuously supplied dropwise to the flask by a constant 
volume pump over 3 hours and polymerization reaction was 
performed at 80° C. After the completion of the dropwise 
addition, the temperature of the system was maintained at 80° 
C. for another 1 hour for maturation, to complete the poly­
merization reaction. Then, 120 parts of32% aqueous solution 
of sodium hydroxide were added to the flask to completely 
neutralize the reaction mixture. An aqueous solution of water­
soluble polymer A was thus obtained. The weight average 
molecular weight of the water-soluble polymer A was 6,000. 

1 .4. Preparation of Dispersion of Non-Conductive 
Particles 

[0239] 100 parts of the a-alumina particles obtained in the 
aforementioned step [1.1 ], 0.5 parts of the aqueous solution of 
water-soluble polymer A obtained in the aforementioned step 
[1.3] in terms of the amount of the water-soluble polymer A, 
and 37.5 parts of 4% aqueous solution of carboxymethyl 
cellulose (1.5 parts in terms of the amount of the carboxym­
ethyl cellulose) were mixed and the solid content concentra­
tion of the mixture was adjusted to 50% by weight by adding 
water having an electrical conductivity of 10 µSiem. A dis­
persion of non-conductive particles was thus obtained. 
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1.5. Dispersing Dispersion of Non-Conductive 
Particles 

[0240] The dispersion of non-conductive particles obtained 
in the aforementioned step [1.4] was dispersed by a media­
less dispersing device ("Inline Mill MKO" manufactured by 
IKA Works) under the conditions of 4,000 rotations and 5.4 
Wh/kg energy for 1 hour. 

1.6. Production of Porous Membrane Slurry 

[0241] The dispersion of non-conductive particles that had 
been subjected to the dispersion treatment in the aforemen­
tioned step [1.5], 13.3 parts of the aqueous dispersion of 
particulate polymer A obtained in the aforementioned step 
[1.2] ( 6 parts in terms of the amount of the particulate polymer 
A), and0.5 parts ofanaqueous solution of nonionic surfactant 
in terms of solid content were mixed to obtain a dispersion. 
The nonionic surfactant is a surfactant produced by polymer­
izing propylene oxide and ethylene oxide at a polymerization 
ratio of 50:50. 

[0242] The dispersion thus obtained was filtered through a 
pre-filter (mesh size of 20 µm) and then filtered through a 
magnetic filter ( manufactured by TOK Engineering Co., Ltd.) 
under the conditions of the room temperature and the mag­
netic flux density of8,000 gauss to obtain a porous membrane 
slurry. 

[0243] Using the porous membrane slurry thus obtained, 
the D 10, D50, and D90, and the BET specific surface area of 
the non-conductive particles, as well as the dispersibility of 
the porous membrane slurry were measured in the aforemen­
tioned manners. Further, the iron ion concentration in the 
porous membrane slurry was measured in the aforementioned 
manner. 

1. 7. Production of Separator 

[0244] An organic separator layer comprising a porous sub­
strate made of polypropylene (thickness of 16 µm, Gurley 
value of 210 s/100 cc) was prepared. The porous membrane 
slurry was applied onto both surfaces of the prepared organic 
separator layer and dried at 50° C. for 3 min. In this manner, 
a separator including the organic separator layer and the 
porous membrane having a thickness of3 µm was produced. 
Using the separator thus obtained, the moisture content of the 
separator and the powder falling property of the porous mem­
brane were evaluated. 

1.8. Method for Producing Positive Electrode 

[0245] To 95 parts ofLiCoO2 as a positive electrode active 
material, 3 parts of PVDF (polyvinylidene fluoride, "KF-
1100" manufactured by Kureha Kagaku Corp.) in terms of 
solid content was added as a binder for the positive electrode, 
then 2 parts of acetylene black as a conductivity material and 
20 parts of N-methylpyrrolidone as a solvent were further 
added to the mixture, and the resulting mixture was mixed 
using a planetary mixer to obtain a positive electrode slurry. 
The positive electrode slurry was coated onto one surface of 
an aluminum foil having a thickness of 18 µm and dried at 
120° C. for 3 hours. The resultant was then rolled by a roll 
press to obtain a positive electrode having a positive electrode 
active material having a total thickness of 100 µm. 
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1.9. Method for Producing Negative Electrode 

[0246] Ina reaction vessel equipped with a stirrer, 4 parts of 
sodium dodecylbenzenesulfonate, 0.5 parts of potassium per­
sulfate, and as monomers 33 parts ofl ,3-butadiene, 63 .5 parts 
of styrene, and 3.5 parts of itaconic acid, as well as 200 parts 
of ion exchange water were put and mixed. The mixture was 
polymerized at 50° C. for 12 hours. Subsequently, unreacted 
monomers were removed by introducing steam. In this man­
ner, as a binder for negative electrode, an aqueous dispersion 
containing a polymer for negative electrode in a particulate 
form was obtained. 

[0247] In a planetary mixer with a <lisper, 70 parts of arti­
ficial graphite having a specific surface area of 4 m2/g (vol­
ume average particle diameter: 24.5 µm) and 30 parts ofSiOx 
(manufactured by Shin-Etsu Chemical Co., Ltd; volume aver­
age particle diameter of 5 µm) as negative electrode active 
materials, and 1 part of 1 % aqueous solution of carboxym­
ethyl cellulose ("BSH-12" manufactured by Dai-ichi Kogyo 
Seiyaku Co., Ltd.) in terms of solid content as a dispersant 
were put, and the solid content concentration of the mixture 
was adjusted to 55% by adding ion exchange water. Subse­
quently the mixture was mixed at 25° C. for 60 min. Subse­
quently, the solid content concentration of the mixture was 
adjusted to 52% by ion exchange water. The mixture was then 
stirred at 25° C. for another 15 min to obtain a liquid mixture. 
To the liquid mixture, 1.0 part by weight of the aqueous 
dispersion containing the polymer for negative electrode in 
terms of solid content was added and the final solid content 
concentration of the mixture was adjusted to 50% by adding 
ion exchange water. The mixture was then stirred for another 
10 min. The mixture was subjected to a defoaming treatment 
under reduced pressure to obtain a negative electrode slurry 
having excellent fluidity. 

[0248] The negative electrode slurry was applied onto a 
copper foil as the current collector having a thickness of 20 
µm by using a comma coater so as to have a layer thickness 
after drying ofabout 150 µm, and then the coated material was 
dried. The drying step was performed by conveying the cop­
per foil through an oven at 60° C. for 2 minutes at a speed of 
0.5 m/min. The dried slurry was then heated at 120° C. for 2 
min to obtain a master roll for negative electrode. The master 
roll for negative electrode was rolled by a roll press to obtain 
a negative electrode having a negative electrode active mate­
rial layer of 80 µm thickness. 

1.10. Method for Producing Lithium Ion Secondary 
Battery 

[0249] The positive electrode obtained in the aforemen­
tioned step [ 1.8] was cut out in 40 mm widthx40 mm length 
to obtain a positive electrode having a square shape. The 
negative electrode obtained in the aforementioned step [1.9] 
was cut out in 42 mm widthx42 mm length to obtain a nega­
tive electrode having a square shape. Further the separator 
obtained in the aforementioned step [1.7] was prepared, and 
the separator was cut out in 46 mm widthx46 mm length to 
obtain a separator having a square shape. 

[0250] On a positive electrode active material layer-side 
surface of the positive electrode having a square shape, the 
separator having a square shape was disposed. Further, the 
negative electrode having a square shape was disposed on the 
separator in such manner that a negative electrode active 
material layer-side surface is opposed to the separator. In this 
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manner, a stacked body having the positive electrode, the 
separator, and the negative electrode in this order was 
obtained. 

[0251] The stacked body was disposed in an aluminum 
exterior package. An electrolytic solution was poured into the 
aluminum exterior package with no air remaining inside. 
Further, heat sealing was performed at 150° C. for sealing the 
opening of the aluminum exterior package, to thereby pro­
duce a laminate-type lithium ion secondary battery. As the 
electrolytic solution, a solution prepared by adding 2 vol. % 
of vinylene carbonate (VC) to an I .OM solution of LiPF 6 was 
used. As the solvent of the LiPF 6 solution, a mixed solvent of 
ethylene carbonate (EC) and diethyl carbonate (DEC) at a 
volume ratio ofEC/DEC=l/2 was used. 

[0252] Using the lithium ion secondary battery thus pro­
duced, the high temperature cycle property was evaluated in 
the aforementioned manner. 

Example 2 

[0253] In the aforementioned step [1.5], the level of the 
energy applied for dispersing the dispersion of the non-con­
ductive particles was changed to 6 Wh/kg. 

[0254] Other than this matter, a lithium ion secondary bat­
tery was produced and evaluated in the same manner as in 
Example 1. 

Example 3 

[0255] An aqueous dispersion of particulate polymer B was 
produced in the same manner as in the step [ 1.2] of Example 
1, except that the amount of acrylonitrile was changed to 
19.85 parts, 77 .95 parts of 2-ethylhexyl acrylate was used in 
place of butyl acrylate as the (meth)acrylic ester monomer, 
ally! glycidyl ether was not used, and 0.2 parts of ally! meth­
acrylate was used in place ofN-methylolacrylamide. 

[0256] In the aforementioned step [1.6], this aqueous dis­
persion of particulate polymer B was used in place of the 
aqueous dispersion of particulate polymer A. Other than this 
matter, a lithium ion secondary battery was produced and 
evaluated in the same manner as in Example 1. 

Example 4 

[0257] An aqueous dispersion of particulate polymer C was 
produced in the same manner as in the step [ 1.2] of Example 
1, except that the amount of acrylonitrile was changed to 20 
parts, the amount of butyl acrylate was changed to 73 .8 parts, 
and the amount ofmethacrylic acid was changed to 4 parts. 

[0258] In the aforementioned step [1.6], this aqueous dis­
persion of particulate polymer C was used in place of the 
aqueous dispersion of particulate polymer A. Other than this 
matter, a lithium ion secondary battery was produced and 
evaluated in the same manner as in Example 1. 

Example 5 

[0259] In the aforementioned step [1.4], 10 wt% aqueous 
solution of polycarboxylic acid polymer ("SB Dispersant 
5020" manufactured by San Nopco Ltd.) was used in place of 
the aqueous dispersion of water-soluble polymer A. Other 
than this matter, a lithium ion secondary battery was produced 
and evaluated in the same manner as in Example 1. 
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Example 6 

[0260] To a four-necked flask having internal volume ofl L 
equipped with a reflux condenser, 142 g of pure water was 
charged, and while stirring the water at 90° C., 600 g of30% 
aqueous solution of sodium acrylate, 38 g of 60% aqueous 
solution of sodium 3-allyloxy-2-hydroxypropanesulfonate, 
and 200 g of 3% aqueous solution of ammonium persulfate 
were each added dropwise to the water over 3.5 hours to 
perform a copolymerization reaction. An aqueous solution of 
water-soluble polymer B was thus obtained. The amount of 
unreacted monomers was measured with a bromine addition 
method and a polarographic method. As a result, it was found 
out that the polymerization rate was 96%. The number aver­
age molecular weight of the water-soluble polymer B mea­
sured by the gel permeation chromatography was 6,000. 
[0261] In the aforementioned step [1 .4], this aqueous solu­
tion of water-soluble polymer B was used in place of the 
water-soluble polymer A. Other than this matter, a lithium ion 
secondary battery was produced and evaluated in the same 
manner as in Example 1. 

Example 7 

[0262] To a reaction vessel equipped with a stirrer, 70 parts 
of ion exchange water, 0.15 parts of sodium lauryl sulfate 
("EMAL 2F" manufactured by Kao Chemicals) as an emul­
sifier, and 0.5 parts of ammonium persulfate were each sup­
plied, and a gas phase portion was replaced with a nitrogen 
gas. Then the mixture was heated to 60° C. 
[0263] In the meantime, in another vessel, 50 parts of ion 
exchange water, 0.5 parts of sodium dodecylbenzene sul­
fonate, and as polymerizable monomers 35 parts of ethyl 
acrylate, 34.2 parts of butyl acrylate, 30 parts of methacrylic 
acid, and 0.8 parts of etyleneglycol dimethacrylate ester, as 
well as 0.15 parts of a chelate agent ("CHELEST400G" 
manufactured by CHELEST Corp.) were mixed to obtain a 
monomer mixture. This monomer mixture was continuously 
added to the reaction vessel over 4 hours to perform polymer­
ization. During the addition, the reaction was performed at 
60° C. After the completion of the addition, the reaction 
mixture was stirred for another 3 hours at 70° C., and then the 
reaction was terminated. As a result, an aqueous dispersion of 
particulate polymer was produced. To this aqueous disper­
sion, an aqueous solution of sodium hydroxide was added to 
adjust pH to 8, thereby dissolving the particulate polymer in 
water. Consequently, an aqueous solution of water-soluble 
polymer C was obtained. 
[0264] In the aforementioned step [1 .4], this aqueous solu­
tion of water-soluble polymer C was used in place of the 
water-soluble polymer A. Other than this matter, a lithium ion 
secondary battery was produced and evaluated in the same 
manner as in Example 1. 

Example 8 

[0265] In the aforementioned step [1 .4], the amount of the 
aqueous solution of water-soluble polymer A was changed to 
2 parts in terms of the amount of the water-soluble polymer A. 
Other than this matter, a lithium ion secondary battery was 
produced and evaluated in the same manner as in Example 1. 

Example 9 

[0266] An aqueous solution of water-soluble polymer D 
was obtained in the same manner as in the aforementioned 
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step [1.3] except that the amount of the 30% aqueous solution 
of sodium persulfate was changed to 1.0 part in terms of the 
amount of sodium persulfate. The weight average molecular 
weight of the water-soluble polymer obtained was 12,000. 
[0267] In the aforementioned step [1 .4], this aqueous solu­
tion of water-soluble polymer D was used in place of the 
water-soluble polymer A. Other than this matter, a lithium ion 
secondary battery was produced and evaluated in the same 
manner as in Example 1. 

Example 10 

[0268] In the aforementioned step [1 .4], the a-alumina par­
ticles were mixed after the a-alumina particles were classi­
fied. 
[0269] Other than this matter, a lithium ion secondary bat­
tery was produced and evaluated in the same manner as in 
Example 1. 

Example 11 

[0270] In the aforementioned step [1 .4], water having an 
electrical conductivity of 100 µSiem was used in place of the 
water having an electrical conductivity of 10 µSiem. 
[0271] Other than this matter, a lithium ion secondary bat­
tery was produced and evaluated in the same manner as in 
Example 1. 

Example 12 

[0272] An aqueous dispersion of particulate polymer D was 
produced in the same manner as in the step [ 1.2] of Example 
1, except that butyl acrylate, acrylonitrile, ally! glycidyl ether, 
and N-methylolacrylamide were not used, and in place 
thereof 46.7 parts of styrene, 49.5 parts ofbutadiene, and 0.5 
parts of acrylic acid were used, and the amount of methacrylic 
acid was changed to 3.3 parts. 
[0273] In the aforementioned step [1.6], this aqueous dis­
persion of particulate polymer D was used in place of the 
aqueous dispersion of particulate polymer A. Other than this 
matter, a lithium ion secondary battery was produced and 
evaluated in the same manner as in Example 1. 

Example 13 

[0274] In the aforementioned step [1 .4], barium sulfate 
(primary particle diameter: 0.5 µm, specific surface area: 3.5 
glm2

) was used in place of the a-alumina particles. 
[0275] Other than this matter, a lithium ion secondary bat­
tery was produced and evaluated in the same manner as in 
Example 1. 

Example 14 

[0276] In the aforementioned step [1 .4], barium sulfate 
(primary particle diameter: 0.6 µm, specific surface area: 3.0 
glm2

) was used in place of the a-alumina particles. 
[0277] Other than this matter, a lithium ion secondary bat­
tery was produced and evaluated in the same manner as in 
Example 1. 

Comparative Example 1 

[0278] In the aforementioned step [1.5], the level of the 
energy applied for dispersing the dispersion of the non-con­
ductive particles was changed to 1 Wh/kg. 
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[0279] Other than this matter, a lithium ion secondary bat­
tery was produced and evaluated in the same manner as in 
Example 1. 

[0286] Monomer III: Ethylenically unsaturated acid mono­
mer 

Comparative Example 2 

[0280] In the aforementioned step [1.5], the level of the 
energy applied for dispersing the dispersion of the non-con­
ductive particles was changed to 9 Wh/kg. 

[0287] Monomer IV: Crosslinkable monomer 
[0288] BA: Butyl acrylate 
[0289] 2EHA: 2-Ethylhexyl acrylate 
[0290] MAA: Methacrylic acid 
[0291] NMA: N-Methylol acrylamide 
[0292] AMA: Ally! (meth)acrylate 
[0293] AGE: Allylglycidyl ether 
[0294] PCA: Polycarboxylic acid polymer 
[0295] PVA: Polyvinyl alcohol 

[0281] Other than this matter, a lithium ion secondary bat­
tery was produced and evaluated in the same manner as in 
Example 1. 

Comparative Example 3 

[0296] Ratio of acid components: Weight ratio of sulfonic 
acid/carboxylic acid in water-soluble polymer 
[0297] Mw: Weight average molecular weight 
[0298] CMC: Carboxymethyl cellulose 
[0299] PO: Propylene oxide 
[0300] EO: Ethylene oxide 

[0282] In the aforementioned step [1.4], 10 wt% aqueous 
solution of polyvinyl alcohol ("PVA102" manufactured by 
K.K. Kuraray) was used as a polymer having no acidic group 
in place of the aqueous solution of water-soluble polymer A. 
Other than this matter, a lithium ion secondary battery was 
produced and evaluated in the same manner as in Example 1. 

[0301] Electrical conductivity: Electrical conductivity of 
water mixed with non-conductive particles and water-soluble 
polymer 

RESULTS 

[0283] The results of Examples and Comparative 
Examples are shown in Tables 1 to 4. The meanings of the 
abbreviations in the tables are as follows. 

[0302] Solid content concentration of dispersion: Solid 
content concentration of dispersion of non-conductive par­
ticles 
[0303] Dispersion condition: Level of energy applied for 
dispersing dispersion of non-conductive particles 

[0284] Monomer I: Nitrile group-containing monomer 
[0285] Monomer II: (Meth)acrylate monomer 

[0304] Iron ion concentration: Iron ion concentration in 
porous membrane slurry 

TABLE 1 

Results ofExam12les 1 to 4 

Ex.1 Ex. 2 Ex. 3 Ex. 4 

Non-conductive particles 

Amount (parts) 100 100 100 100 
BET specific surface area (m2/g) 5.5 7.8 5.5 5.5 
Dl0 (µrn) 0.39 0.33 0.39 0.39 
D50 (µrn) 0.87 0.71 0.87 0.87 
D90 (µrn) 1.38 1.25 1.38 1.38 
Aspect ratio 1.2 1.2 1.2 1.2 
Type of particulate polymer A A B C 
Amount of particulate 
polymer (parts) 
Amount of monomer I (parts) 19.85 20 
Type of monomer II BA BA 2EHA BA 
Amount of monomer II (parts) 93.8 93.8 77.95 73.8 
Type of monomer III MAA MAA MAA MAA 
Amount of monomer III (parts) 2 2 4 
Type of monomer IV AGE/NMA AGE/NMA AMA AGE/NMA 
Amount of monomer IV (parts) 1/1.2 1/1.2 0.2 1/1.2 
Type of water-soluble polymer A A A A 
Amount of water-soluble 0.5 0.5 0.5 0.5 
polymer (parts) 
Ratio of acid components 0.25 0.25 0.25 0.25 
Mw of water-soluble polymer 6000 6000 6000 6000 
Type of thickener CMC CMC CMC CMC 
Amount of thickener (parts) 1.5 1.5 1.5 1.5 
Ratio of thickener/water-
soluble polymer 
Type of surfactant PO/EO- PO/EO- PO/EO- PO/EO-

50/50 50/50 50/50 50/50 
Amount of surfactant (parts) 0.5 0.5 0.5 0.5 
Electrical conductivity (µSiem)* 10 10 10 10 
Solid content concentration of 50 50 50 50 
dispersion (wt%) 
Dispersion condition (Wh/kq) 5.4 5.4 5.4 
Solid content concentration 40 40 40 40 
of slurry (wt%) 
Iron ion concentration (ppm) 18 18 18 18 
Water content of separator A A A A 
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TABLE I-continued 

Results of Examples 1 to 4 

Ex.1 Ex. 2 Ex. 3 Ex. 4 

Powder falling property A B B A 
Dispersibility A A A A 
High temperature cycle property A A A B 

.i- Electrical conductivity: Electrical conductivity of water mixed with non-conductive particles and water­
soluble polymer. 

TABLE2 

Results of Examples 5 to 8 

Ex. 5 Ex. 6 Ex. 7 Ex. 8 

Non-conductive particles 

Amount (parts) 100 100 100 100 
BET specific surface area (m2/g) 5.5 5.5 5.5 5.5 
Dl0 (µrn) 0.39 0.39 0.39 0.39 
D50 (µrn) 0.87 0.87 0.87 0.87 
D90 (µrn) 1.38 1.38 1.38 1.38 
Aspect ratio 1.2 1.2 1.2 1.2 
Type of particulate polymer A A A A 
Amount of particulate 
polymer (parts) 
Amount of monomer I (parts) 
Type of monomer II BA BA BA BA 
Amount of monomer II (parts) 93.8 93.8 93.8 93.8 
Type of monomer III MAA MAA MAA MAA 
Amount of monomer III (parts) 
Type of monomer IV AGE/NMA AGE/NMA AGE/NMA AGE/NMA 
Amount of monomer IV (parts) 1/1.2 1/1.2 1/1.2 1/1.2 
Type of water-soluble polymer PCA B C A 
Amount of water-soluble 0.5 0.5 0.5 
polymer (parts) 
Ratio of acid components 0.13 0.25 
Mw of water-soluble polymer 6000 6000 6000 6000 
Type of thickener CMC CMC CMC CMC 
Amount of thickener (parts) 1.5 1.5 1.5 1.5 
Ratio of thickener/water-
soluble polymer 
Type of surfactant PO/EO- PO/EO- PO/EO- PO/EO-

50/50 50/50 50/50 50/50 
Amount of surfactant (parts) 0.5 0.5 0.5 0.5 
Electrical conductivity (µSiem) * 10 10 10 10 
Solid content concentration 50 50 50 50 
of dispersion (wt%) 
Dispersion condition (Wh/kq) 5.4 5.4 5.4 5.4 
Solid content concentration 40 40 40 40 
of slurry (wt%) 
Iron ion concentration (ppm) 18 18 18 18 
Water content of separator C B A B 
Powder falling property A A A A 
Dispersibility A A B A 
High temperature cycle property 13 A A A 

* Electrical conductivity: Electrical conductivity of water mixed with non-conductive particles and water-soluble 
polymer. 

TABLE3 

Results of Examples 9 to 12 

Ex. 9 Ex.10 Ex.11 Ex. 12 

Non-conductive particles 

Amount (parts) 100 100 100 100 
BET specific surface area (m2/g) 5.5 10 5.5 5.5 
Dl0 (µrn) 0.39 0.31 0.39 0.39 
D50 (µrn) 0.87 0.72 0.87 0.87 
D90 (µrn) 1.38 1.01 1.38 1.38 

Jan. 14, 2016 
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TABLE 3-continued 

Results ofExam12les 9 to 12 

Ex. 9 Ex.10 Ex.11 Ex. 12 

Aspect ratio 1.2 1.2 1.2 1.2 
Type of particulate polymer A A A D 
Amount of particulate 
polymer (parts) 
Amount of monomer I (parts) 
Type of monomer II BA BA BA 
Amount of monomer II (parts) 93.8 93.8 93.8 
Type of monomer III MAA MAA MAA MAA 
Amount of monomer III (parts) 3.3 
Type of monomer IV AGE/NMA AGE/NMA AGEINMA 
Amount of monomer IV (parts) 111.2 111.2 111.2 
Type of water-soluble polymer D A A A 
Amount of water-soluble 0.5 0.5 0.5 0.5 
polymer (parts) 
Ratio of acid components 0.25 0.25 0.25 0.25 
Mw of water-soluble polymer 12000 6000 6000 6000 
Type of tbickener CMC CMC CMC CMC 
Amount of tbickener (parts) 1.5 1.5 1.5 1.5 
Ratio oftbickenerlwater-
soluble polymer 
Type of surfactant POIEO- POIEO- POIEO- POIEO-

50150 50150 50150 50150 
Amount of surfactant (parts) 0.5 0.5 0.5 0.5 
Electrical conductivity (µSiem) * 10 10 100 10 
Solid content concentration of 50 50 50 50 
dispersion (wt%) 
Dispersion condition (Wh/kq) 5.4 5.4 5.4 5.4 
Solid content concentration of 40 40 40 40 
slurry (wt%) 
Iron ion concentration (ppm) 18 18 800 18 
Water content of separator A C B B 
Powder falling property A B B D 
Dispersibility B B B B 
High temperature cycle property A A C B 

* Electrical conductivity: Electrical conductivity of water mixed with non-conductive particles and water-
soluble polymer. 

TABLE4 

Results ofExam12les 13 and 14 

Ex. 13 Ex. 14 

Non-conductive particles 

Amount (parts) 100 100 
BET specific surface area (m2lg) 5.8 8.5 
Dl0(µm) 0.38 0.32 
D50 (µm) 0.88 0.72 
D90 (µm) 1.41 1.22 
Aspect ratio 1.3 1.3 
Type of particulate polymer A A 
Amount of particulate polymer 
(parts) 
Amount of monomer I (parts) 
Type of monomer II BA BA 
Amount of monomer II (parts) 93.8 93.8 
Type of monomer III MAA MAA 
Amount of monomer III (parts) 2 2 
Type of monomer IV AGE/NMA AGE/NMA 
Amount of monomer IV (parts) 111.2 111.2 
Type of water-soluble polymer A A 
Amount of water-soluble polymer 0.5 0.5 
(parts) 
Ratio of acid components 0.25 0.25 
Mw of water-soluble polymer 6000 6000 
Type oftbickener CMC CMC 
Amount of thickener (parts) 1.5 1.5 
Ratio oftbickenerlwater-soluble 
polymer 
Type of surfactant POIEO- POIEO-

50150 50150 

TABLE 4-continued 

Results ofExam12les 13 and 14 

Ex. 13 Ex. 14 

Amount of surfactant (parts) 
Electrical conductivity (µSiem)* 
Solid content concentration of 
dispersion (wt%) 
Dispersion condition (Wh/kq) 
Solid content concentration of 
slurry (wt%) 
Iron ion concentration (ppm) 
Water content of separator 
Powder falling property 
Dispersibility 
High temperature cycle property 

0.5 
10 
50 

5.4 
40 

18 
A 
A 
A 
A 

0.5 
10 
50 

5.4 
40 

18 
A 
A 
A 
A 

* Electrical conductivity: Electrical conductivity of water mixed with non-conductive par­
ticles and water-soluble polymer. 

TABLES 

Results of Com12arative Exam12les 1 to 3 

Comp. Comp. Comp. 
Ex.1 Ex. 2 Ex. 3 

Non-conductive particles 

Amount (parts) 100 100 100 
BET specific surface area (m2lg) 4.8 11 5.5 
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TABLE 5-continued 

Results of Comparative Examples 1 to 3 

Comp. Comp. Comp. 
Ex.1 Ex. 2 Ex. 3 

Dl0 (µrn) 0.39 0.39 0.39 
D50 (µrn) 0.87 0.87 0.87 
D90 (µrn) 1.38 1.38 1.38 
Aspect ratio 1.2 1.2 1.2 
Type of particulate polymer A A A 
Amount of particulate polymer 
(parts) 
Amount of monomer I (parts) 
Type of monomer II BA BA BA 
Amount of monomer II (parts) 93.8 93.8 93.8 
Type of monomer III MAA MAA MAA 
Amount of monomer III (parts) 
Type of monomer IV AGE/NMA AGE/NMA AGE/NMA 
Amount of monomer IV (parts) 1/1.2 1/1.2 1/1.2 
Type of water-soluble polymer A A PVA 
Amount of water-soluble polymer 0.5 0.5 0.5 
(parts) 
Ratio of acid components 0.25 0.25 
Mw of water-soluble polymer 6000 6000 6000 
Type of tbickener CMC CMC CMC 
Amount of tbickener (parts) 1.5 1.5 1.5 
Ratio oftbickener/water-soluble 
polymer 
Type of surfactant PO/EO- PO/EO- PO/EO-

50/50 50/50 50/50 
Amount of surfactant (parts) 0.5 0.5 0.5 
Electrical conductivity (µSiem) * 10 10 10 
Solid content concentration of 50 50 50 
dispersion (wt%) 
Dispersion condition (Wh/kq) 5.4 
Solid content concentration of 40 40 40 
slurry (wt%) 
Iron ion concentration (ppm) 18 18 18 
Water content of separator A D B 
Powder falling property D C C 
Dispersibility D D D 
High temperature cycle property C D D 

* Electrical conductivity: Electrical conductivity of water mixed with non-conductive par­
ticles and water-soluble polymer. 

DISCUSSION 

[0305] In Examples, all of the lithium ion secondary bat­
teries obtained had excellent high temperature cycle property. 

[0306] Further, in Examples, all of the non-conductive par­
ticles had excellent dispersibility. Thus, it was confirmed that 
the porous membrane can be densely filled with the non­
conductive particles, and thereby the heat resistance and the 
mechanical strength of the porous membrane can be 
enhanced and safety of the lithium ion secondary battery can 
be improved. 

[0307] Further, since the non-conductive particles have 
high dispersibility, the non-conductive particles can be pre­
vented from being aggregated into large particles in the 
porous membrane, thereby making it possible to prevent the 
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occurrence of the short circuit caused by the large particles 
breaking through the organic separator layer. 

1. A slurry for a lithium ion secondary battery porous 
membrane, comprising non-conductive particles, a water­
soluble polymer containing an acidic group-containing 
monomer unit, and a particulate polymer, wherein: 

an amount of the water-soluble polymer is 0.05 parts by 
weight to 2 parts by weight relative to 100 parts by 
weight of the non-conductive particles; and 

a BET specific surface area of the non-conductive particles 
is 5 m2lg to 10 m2lg. 

2. The slurry for a lithium ion secondary battery porous 
membrane according to claim 1, wherein, in an accumulated 
particle size distribution of the non-conductive particles, a 
particle diameter D 1 that is a cumulative volume of particle of 
10% from a small diameter side, a particle diameter D50 that 
is a cumulative volume of particle of 50% from the small 
diameter side, and a particle diameter D90 that is a cumulative 
volume of particle of 90% from the small diameter side are as 
follows: 

Dl0 is 0.2 µm to 0.4 µm; 
D50 is 0.5 µm to 0.9 µm; and 
D90 is 1.0 µm to 3.0 µm. 
3. The slurry for a lithium ion secondary battery porous 

membrane according to claim 1 having an iron ion concen­
tration of 5 ppm to 500 ppm. 

4. The slurry for a lithium ion secondary battery porous 
membrane according to claim 1, wherein the particulate poly­
mer is a particulate acrylic polymer. 

5. The slurry for a lithium ion secondary battery porous 
membrane according to claim 1 having a solid content con­
centration of35% by weight to 50% by weight. 

6. A method for producing the slurry for a lithium ion 
secondary battery porous membrane according to claim 1, 
comprising the steps of: 

mixing the non-conductive particles, the water-soluble 
polymer containing the acidic group-containing mono­
mer unit, and water having an electrical conductivity of 
0.5 µSiem to 30 µSiem to obtain a dispersion of the 
non-conductive particles having a solid content concen­
tration of 40% by weight to 60% by weight; 

dispersing the dispersion of the non-conductive particles 
under a condition of 2 Wh/kg to 8 Wh/kg; and 

mixing the dispersion of the non-conductive particles with 
the particulate polymer. 

7. A separator for a lithium ion secondary battery, compris­
ing: an organic separator layer; and a porous membrane 
obtained by applying onto the organic separator layer the 
slurry for a lithium ion secondary battery porous membrane 
according to claim 1 and drying the slurry. 

8. A lithium ion secondary battery comprising: 
a positive electrode, a negative electrode, the separator for 

a lithium ion secondary battery according to claim 7, a 
nd an electrolytic solution. 

* * * * * 




