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(57) ABSTRACT 

A porous membrane for a secondary battery including non 
electroconductive particles and a binder for a porous mem 
brane, wherein the non-electroconductive particles are par 
ticles of a polymer, an arithmetic mean value of a shape factor 
of the non-electroconductive particles is 1.05 to 1.60, a varia 
tion coefficient of the shape factor is 16% or less, and a 
variation coefficient of a particle diameter of the non-electro 
conductive particles is 26% or less; manufacturing method 
thereof, and an electrode, a separator and a battery having the 
SaC. 
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5.0 kV 12.7 m x 50.0 k SE (M) 
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5.0 kV 14.0 mm x 10.0 k SE (M) 
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POROUS MEMBRANE FOR SECONDARY 
BATTERY, PRODUCTION METHOD 
THEREFOR, AND USE THEREOF 

FIELD 

0001. The present invention relates to a porous membrane 
for a secondary battery and a manufacturing method therefor, 
as well as an electrode, a separator, and a secondary battery 
using the porous membrane. 

BACKGROUND 

0002. A lithium ion secondary battery has the highest 
energy density among practical batteries and has been widely 
used particularly in compact electronic products. In addition, 
use in automobiles is also expected. For use in these applica 
tions, there has been a demand for a lithium ion secondary 
battery having larger capacity, longer life, and higher safety. 
0003 Generally, in the lithium ion secondary battery, an 
organic separator is used for preventing short circuit between 
a positive electrode and a negative electrode. An ordinary 
organic separator is composed of polyolefin materials such as 
polyethylene and polypropylene, and has physical property of 
melting at 200° C. or less. Accordingly, when an internal 
and/or external stimulus causes high temperature of the bat 
tery, the organic separator may undergo volume changes Such 
as contraction and melting. Such a phenomenon may cause, 
e.g., short circuit between a positive electrode and a negative 
electrode, and discharge of electrical energy, which in turn 
may cause, e.g., explosion of the battery. 
0004. In order to solve these problems, there has been 
proposed an organic separator and/or an electrode (a positive 
electrode and/or a negative electrode) having a porous mem 
brane provided thereon containing non-electroconductive 
particles such as inorganic fine particles. The inorganic fine 
particles have excellent thermal resistance and have ability to 
form a porous membrane with high strength (for example, 
Patent Literature 1 and Patent Literature 2). 
0005. However, a preparation of the inorganic fine par 

ticles inevitably contains moisture and metal ions, and it is 
difficult to reduce the content thereof. Contamination of the 
porous membrane by moisture and metal ions causes an 
adverse effect on battery performance, so that there is a limi 
tation for further improvement in battery performance with 
the inorganic fine particles. 
0006. In order to solve such a problem, it has been pro 
posed to use organic fine particles in place of the inorganic 
fine particles (Patent Literature 3 and Patent Literature 4). 
Since the Surface of the organic fine particles can be hydro 
phobized by selecting monomer species to be used, moisture 
contamination in the porous membrane can be kept lower 
than the inorganic fine particles. Further, since the organic 
fine particles enables metal-ion-free manufacture, contami 
nation amount of metalions can also be reduced. Therefore, it 
is expected that use of the organic fine particles realizes 
further improvement in battery performance. 

CITATION LIST 

Patent Literature 

0007 Patent Literature 1: Japanese Patent Application 
Laid-Open No. 2007-294437 A 

0008 Patent Literature 2: Japanese Patent Application 
Laid-Open No. 2005-327680 A 

May 23, 2013 

0009 Patent Literature 3: Japanese Patent Application 
Laid-Open No. 2006-139978 A 

0010 Patent Literature 4: Japanese Patent Application 
Laid-Open No. 2009-64566A 

SUMMARY 

Technical Problem 

0011. However, the porous membrane containing the 
organic fine particles has problems of low strength and low 
ability of preventing short circuit of the battery in the envi 
ronment of use at high temperatures. 
0012. In addition, the porous membrane containing the 
organic fine particles also has a problem in that it is difficult to 
attain uniform distribution of the membrane thickness and 
uniform distribution of the strength. Non-uniform distribu 
tion of the membrane thickness and the strength induces 
partial cracking or powder falling upon cutting the porous 
membrane in manufacture process (when the porous mem 
brane having a large area is cut into a suitable size for use, 
powdered fine fragments are generated), which reduces per 
formance of the battery. 
0013. Accordingly, it is an object of the present invention 
to provide a porous membrane for a secondary battery which 
has low contamination amount of moisture and metal ions, 
has a capability to realize uniform distribution of the mem 
brane thickness and uniform distribution of the strength, and 
has a capability to give a secondary battery with high safety 
and long life; a manufacturing method thereof; as well as 
components of the secondary battery and the secondary bat 
tery containing Such a porous membrane. 

Solution to Problem 

0014. In order to solve the aforementioned problems, the 
present inventors have focused on the point that performance 
of the porous membrane differs depending on the shape of the 
non-electroconductive particles contained in the porous 
membrane for a secondary battery. 
0015 The idea of employing a certain shape of particles 
itself has already been described in Patent Literatures 1 and 2 
in which inorganic fine particles have been studied. However, 
there has beenhitherto considered that the preferable shape is 
non-spherical shapes such as a plate-like shape and a shape of 
linked particles. 
0016. However, as a result of studies by the present inven 
tors, there has unexpectedly been found out that, in the case of 
organic fine particles, particles having a shape that is not 
spherical but close to the spherical shape can bring about 
particularly good effect, which is different from the case of 
the inorganic fine particles. As a result of further studies 
examining what cases provide such a good effect, it was 
found that, in addition to the shape of the particles, variation 
in the shape factor thereof and variation in the particle size 
largely affect the degree of the effect, and that a desired effect 
is obtainable when the particles have low variation coeffi 
cients that are not more than specific values. The present 
invention was accomplished based on the aforementioned 
findings. 
0017. That is, according to the present invention, the fol 
lowing is provided. 
(1) A porous membrane for a secondary battery comprising 
non-electroconductive particles and a binder for a porous 
membrane, wherein 
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0018 the non-electroconductive particles are particles of a 
polymer, 
0019 an arithmetic mean value of a shape factor of the 
non-electroconductive particles is 1.05 to 1.60, 
0020 a variation coefficient of the shape factor is 16% or 
less, and 
0021 a variation coefficient of a particle diameter of the 
non-electroconductive particles is 26% or less. 
(2) The porous membrane for a secondary battery according 
to (1), wherein: 
0022 the binder for a porous membrane is a (meth)acrylic 
polymer; and 
0023 a content ratio of the (meth)acrylic polymer in the 
porous membrane for a secondary battery is 3% to 20% by 
weight. 
(3) The porous membrane for a secondary battery according 
to (1) or (2), wherein a number mean particle diameter of the 
non-electroconductive particles is 100 to 1000 nm. 
(4) The porous membrane for a secondary battery according 
to any one of (1) to (3), wherein a temperature at which a ratio 
of reduced amount of the non-electroconductive particles 
reaches 10% by weight when heated in a thermobalance at a 
heating rate of 10°C/minute under a nitrogen atmosphere is 
360° C. or more. 
(5) A method for manufacturing the porous membrane for a 
secondary battery according to any one of (1) to (4), compris 
1ng: 
0024 polymerizing a polymerizable monomer composi 
tion to obtain non-electroconductive particles having an arith 
metic mean value of a shape factor of 1.05 to 1.60, a variation 
coefficient of the shape factor of 16% or less, and a variation 
coefficient of a particle diameter of 26% or less; 
0025 mixing the non-electroconductive particles, a 
binder for a porous membrane, and a medium to obtain a 
slurry for a porous membrane containing these; 
0026 applying the slurry for a porous membrane onto a 
Substrate to obtain a slurry layer, and 
0027 drying the slurry layer. 
(6) The method according to (5), wherein 
0028 the binder for a porous membrane is a (meth)acrylic 
polymer, 
0029 the medium is a water-based medium, and 
0030 the step of obtaining the slurry for a porous mem 
brane includes obtaining the slurry for a porous membrane as 
an aqueous dispersion. 
(7) An electrode for a secondary battery, comprising: 
0031 a current collector; 
0032 an electrode mixed material layer which includes an 
electrode active material and a binding agent for an electrode 
mixed material layer, the electrode mixed material layer 
adhering on the current collector, and 

0033 the porous membrane according to any one of (1) 
to (4) which is formed on the surface of the electrode 
mixed material layer. 

(8) A separator for a secondary battery comprising an organic 
separator layer and the porous membrane according to any 
one of (1) to (4) which is formed on the organic separator 
layer. 
(9) A secondary battery comprising a positive electrode, a 
negative electrode, a separator, and an electrolytic solution, in 
which at least any of the positive electrode, the negative 
electrode, and the separator has the porous membrane accord 
ing to any one of (1) to (4). 
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Advantageous Effects of Invention 
0034. The porous membrane for a secondary battery of the 
present invention contains as the non-electroconductive fine 
particles the organic fine particles having low contamination 
amount of moisture and metal ions while having uniform 
distribution of the membrane thickness and uniform distribu 
tion of the strength, and yet does not interfere with movement 
of ions, thereby providing a secondary battery with high 
safety and long life. Thus, the porous membrane for a sec 
ondary battery of the present invention as well as the electrode 
and the separator of the present invention comprising the 
porous membrane can provide a secondary battery having 
high Safety and long life. According to the method for manu 
facturing the porous membrane for a secondary battery of the 
present invention, Such a porous membrane for a secondary 
battery of the present invention can be easily manufactured. 

BRIEF DESCRIPTION OF DRAWINGS 

0035 FIG. 1 is a scanning electron microscopic photo 
graph image showing the shape of the non-electroconductive 
fine particles manufactured in Example 1. 
0036 FIG. 2 is a scanning electron microscopic photo 
graph image showing the shape of the non-electroconductive 
fine particles manufactured in Comparative Example 3. 
0037 FIG. 3 is a scanning electron microscopic photo 
graph image showing the shape of the non-electroconductive 
fine particles manufactured in Example 2. 

DESCRIPTION OF EMBODIMENTS 

Summary 

0038. The present invention will be described in detail by 
way of embodiments, illustrations, and others. However, the 
present invention is not limited to the embodiments, the illus 
trations and others that will be described hereinbelow and 
may be optionally modified and practiced without departing 
from the scope of the claims of the present application and the 
Scope of their equivalents. 
0039. The porous membrane for a secondary battery of the 
present invention includes non-electroconductive particles 
and a binder for a porous membrane. In the porous membrane 
for a secondary battery of the present invention, the non 
electroconductive particles are particles of a polymer having 
a specific shape. 
0040 Shape of Non-Electroconductive Particles 
0041. In the present invention, the non-electroconductive 
particles have an arithmetic mean value of shape factor, a 
variation coefficient of the shape factor, and a variation coef 
ficient of a particle diameter within specific ranges. The lower 
limit of the arithmetic mean value of the shape factor is 1.05 
or more, preferably 1.07 or more, and more preferably 1.09 or 
more. On the other hand, the upper limit of the arithmetic 
mean value of the shape factor is 1.60 or less, preferably 1.45 
or less, and more preferably 1.35 or less. The upper limit of 
the variation coefficient of the shape factor is 16% or less, 
preferably 13% or less, and more preferably 10% or less. The 
lower limit of the variation coefficient of the shape factor is 
not particularly limited, but may be 0% or more. The upper 
limit of the variation coefficient of the particle diameter is 
26% or less, preferably 23% or less, and more preferably 20% 
or less. The lower limit of the variation coefficient of the 
particle diameter is not particularly limited, but may be 0% or 
O. 
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0042. The shape factor of the particle indicates how far the 
observed shape of the particle is different from a disc shape. 
The arithmetic mean value of the shape factor is obtained by 
observing the shapes of the particles to determine the shape 
factor for each particle in accordance with the following 
formula (A), and then calculating the arithmetic mean value 
thereof. Furthermore, in addition to the arithmetic mean 
value, the standard deviation is obtained and the variation 
coefficient is obtained therefrom. 

Shape factor=(Maximum Diameter/2)^xt/Projected 
Area Formula (A) 

0043. In the formula, the maximum diameter refers to the 
particle width of the maximum distance between parallel 
lines when a projection image of the non-electroconductive 
particle on a plane Surface is sandwiched by two parallel lines. 
The projected area refers to the area of the projection image of 
the non-electroconductive particles on a plane Surface. 
0044) The shape of the particles is observed by photo 
graphing an image of the non-electroconductive particles 
magnified with a scanning electron microscope (for example, 
a field emission scanning electron microscope (Hitachi 
S-4700: produced by Hitachi High-Technologies Corpora 
tion)). The observation magnification may be appropriately 
adjusted in accordance with the diameter of the particles, but 
may be, e.g., 50000 times. The noise of the obtained image is 
removed and the image is analyzed using an image analysis 
software (for example, analysIS Pro: produced by Olympus 
Corporation) to thereby calculate the arithmetic mean value 
and the variation coefficient of the shape factor. 
0045. The number mean particle diameter of the non-elec 
troconductive particles is measured using a laser diffraction 
scattering particle size distribution analyzer (for example, a 
trade name “LS230', produced by Beckman Coulter, Inc.). 
The number mean particle diameter herein refers to a particle 
diameter at 50% of the cumulative distribution in the particle 
diameter-number cumulative distribution. The variation coef 
ficient of the particle diameter is calculated from the number 
mean particle diameter and the standard deviation. 
0046. The non-electroconductive particles having the 
arithmetic mean value of the shape factor, the variation coef 
ficient of the shape factor, and the variation coefficient of the 
particle diameter of within the aforementioned respective 
ranges enable production of a porous membrane with uniform 
membrane thickness, high strength, and less inhibition 
against movement of ions. Without being bound to any spe 
cific theory, the reason may be supposed to be as follows. 
0047 That is, with respect to the shape factor, the shape far 
different from a spherical shape has been supposed to be 
favorable so far (e.g., Patent Literatures 1 and 2). In the case 
of polymer particles, however, the shape which is greatly 
different from that shape and closer to a spherical shape but is 
still a non-spherical shape can ensure the area for contact 
between the particles to enhance the ability to prevent short 
circuit of the battery at high temperatures. However, when the 
variation coefficient of the shape factor and the variation 
coefficient of the particle diameter are too large in that case, 
the packing density of the particles is increased, which in turn 
causes narrower gap between particles and force concentra 
tion at a weak portion in the layer. As a result, the resulting 
porous membrane is easily cracked (causing undesired cracks 
or powder falling at the time of cutting) and easily inhibits 
movement of ions. If, in addition to the shape factor, the 
variation coefficient of the shape factor and the variation 
coefficient of the particle diameter are set to values which are 
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as low as the specific values or less, it is possible to obtain a 
porous membrane with few short circuit at high temperatures, 
uniform distribution of the strength, and less inhibition 
against movement of ions. Further, by employing the particles 
of a polymer, the contamination amount of moisture and 
metal ions can be reduced compared to the case of adopting 
the inorganic particles, which also enhances the performance 
of the battery. 
0048. In addition, when the shape factor is not less than a 
certain order, it becomes difficult to avoid generation of fluc 
tuations in the shape of the particles, so that the variation 
coefficient of the shape factor and the variation coefficient of 
the particle diameter are inevitably increased to high values. 
However, in the case of this application, by adopting the 
non-spherical shape that is closer to a spherical shape than the 
shape that is conventionally supposed to be favorable, it is 
possible to set the variation coefficient of the shape factor and 
the variation coefficient of the particle diameter to be within 
the respective ranges which can attain a desired effect. 
0049. The lower limit of the number mean particle diam 
eter of the non-electroconductive particles is preferably 100 
nm or more, whereas the upper limit thereof is preferably 
1000 nm or less. By setting the number mean particle diam 
eter of the non-electroconductive particles to be within such a 
range, the non-electroconductive particles can have the por 
tions for contacting with each other and can form the gap 
between the non-electroconductive particles to Such an extent 
that movement of ions is not inhibited. Therefore, it is pref 
erable that the mean particle diameter of the non-electrocon 
ductive particles is within the aforementioned range because 
thereby the strength of the porous membrane is improved and 
the short circuit of the battery can be prevented as well. 
0050. As for more preferable range of the number mean 
particle diameter, the lower limit is preferably 200 nm or 
more, and more preferably 300 nm or more. On the other 
hand, the upper limit is preferably 800 nm or less, and more 
preferably 700 nm or less. 
0051. In the present invention, the mean particle diameter 
may be the mean value of the particle diameters obtained by 
measuring 100 particles with the electron microscope photo 
graph (magnification of 25,000 times). 
0.052 By setting the mean particle diameter of the non 
electroconductive particles to be within the aforementioned 
range, the non-electroconductive particles can have the por 
tions for contacting with each other and can form the gap 
between the non-electroconductive particles to Such an extent 
that movement of ions is not inhibited, in a range of the 
thickness (3 to 10 um) that is preferable as the porous mem 
brane of a secondary battery. Therefore, as long as the mean 
particle diameter of the non-electroconductive particles is 
within the aforementioned range, any mean particle diameter 
allows uniform thickness of the obtained porous membrane, 
thereby contributing to improvement in the strength of the 
porous membrane, prevention of the short circuit of the bat 
tery, and improvement in cycle property of the battery. 
0053 A too large mean particle diameter may result in less 
contact portions between the non-electroconductive particles 
and non-uniform thickness in the range of the thickness (3 to 
10 um) that is preferable as the porous membrane of a sec 
ondary battery. Therefore Such a too large mean particle 
diameter may result in insufficient porous membrane strength 
and tendency to cause short circuit of the battery, and is thus 
not preferable. On the other hand, a too small mean particle 
diameter may give Small gap between the non-electroconduc 
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tive particles, so that movement of ions is inhibited and the 
cycle property of the battery may be deteriorated, and is thus 
not preferable. 
0054 The non-electroconductive particles of which the 
arithmetic mean value of the shape factor, the variation coef 
ficient of the shape factor, and the variation coefficient of the 
particle diameter are within the aforementioned range may be 
manufactured by appropriately adjusting the conditions in the 
method for manufacturing the non-electroconductive par 
ticles which will be described later. In particular, by control 
ling the composition and the molecular weight of seed par 
ticles, these values can be adjusted in desired ranges. 
0055 Materials of Non-Electroconductive Particles 
0056. In the present invention, the non-electroconductive 
particles are particles of a polymer. Such a polymer may be 
obtained by polymerizing a polymerizable monomer compo 
sition to be in a shape of particles. The monomer constituting 
the polymerizable monomer composition may be appropri 
ately selected so that desired properties can be obtained. A 
preferable monomer composition is those containing the 
monomers described below. 
0057 Polar Group-Containing Monomer 
0058. The polymerizable monomer composition prefer 
ably contains a polar group-containing monomer. The polar 
group-containing monomer is a monomer which contains a 
polar group in its molecular structure and capable of being 
copolymerized with one or more species of other monomers 
in the polymerizable monomer composition, especially with 
divinylbenzene and ethylvinylbenzene. The polar group 
refers to a functional group which is capable of dissociating in 
water or a functional group which has polarization, and spe 
cific examples of the polar group may include a carboxyl 
group, a Sulfonic acid group, a hydroxyl group, an amido 
group, a cationic group, a cyano group, and an epoxy group. 
0059 Examples of the polar group-containing monomer 
may include a monomer containing a carboxyl group, a 
monomer containing a Sulfonic acid group, a monomer con 
taining a hydroxyl group, a monomer containing an amido 
group, a cationic monomer, a monomer containing a cyano 
group, a monomer containing an epoxy group, and salts 
thereof. 
0060 Examples of the monomer containing a carboxyl 
group may include monocarboxylic acid, dicarboxylic acid, 
anhydrides of dicarboxylic acid, and derivatives thereof. 
0061 Examples of monocarboxylic acid may include 
acrylic acid, methacrylic acid, crotonic acid, 2-ethylacrylic 
acid, isocrotonic acid, C.-acetoxy acrylic acid, B-trans-ary 
loxy acrylic acid, C-chloro-B-E-methoxy acrylic acid, and 
3-diaminoacrylic acid. 
0062) Examples of dicarboxylic acid may include maleic 
acid, fumaric acid, itaconic acid, methylmaleic acid, dimeth 
ylmaleic acid, phenylmaleic acid, chloromaleic acid, dichlo 
romaleic acid, and fluoromaleic acid. 
0063 Examples of the dicarboxylic acid derivative may 
include maleate esters such as methylallyl maleate, diphenyl 
maleate, nonyl maleate, decyl maleate, dodecyl maleate, 
octadecyl maleate, and fluoroalkyl maleate. 
0064. Examples of the acid anhydride ofdicarboxylic acid 
may include a maleic anhydride, an acrylic acid anhydride, a 
methyl maleic anhydride, and a dimethyl maleic anhydride. 
0065. Examples of the monomer containing a sulfonic 
acid group may include vinylsulfonic acid, methylvinylsul 
fonic acid, (meth)allylsulfonic acid, styrenesulfonic acid, 
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(meth)acrylic acid-2-ethyl Sulfonate, 2-acrylamide-2-meth 
ylpropanesulfonic acid, and 3-allyloxy-2-hydroxypropane 
Sulfonic acid. 
0.066 Examples of the monomer containing a hydroxyl 
group may include ethylenically unsaturated alcohols such as 
(meth)allyl alcohol, 3-buten-1-ol, and 5-hexen-1-ol; alkanol 
esters of ethylenically unsaturated carboxylic acid Such as 
2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 2-hy 
droxyethyl methacrylate, 2-hydroxypropyl methacrylate, 
di-2-hydroxyethyl maleate, di-4-hydroxybutyl maleate, and 
di-2-hydroxypropyl itaconate; esters of polyalkylene glycol 
and (meth)acrylic acid represented by a general formula of 
CH=CR' COO (CnH2nO) m-H (m represents an inte 
ger of 2 to 9, n represents an integer of 2 to 4, and R' 
represents hydrogen or a methyl group); mono(meth)acrylate 
esters of dihydroxy ester of dicarboxylic acid such as 2-hy 
droxyethyl-2'-(meth)acryloyloxy phthalate, and 2-hydroxy 
ethyl-2'-(meth)acryloyloxy Succinate, vinyl ethers such as 
2-hydroxyethyl vinyl ether and 2-hydroxypropyl vinyl ether; 
mono(meth)allyl ethers of alkylene glycol Such as (meth) 
allyl-2-hydroxyethyl ether, (meth)allyl-2-hydroxypropyl 
ether, (meth)allyl-3-hydroxypropyl ether, (meth)allyl-2-hy 
droxybutyl ether, (meth)allyl-3-hydroxybutyl ether, (meth) 
allyl-4-hydroxybutyl ether, and (meth)allyl-6-hydroxyhexyl 
ether, polyoxyalkylene glycol mono(meth)allyl ethers such 
as diethylene glycol mono(meth)allyl ether and dipropylene 
glycol mono(meth)allyl ether; mono(meth)allyl ethers of a 
halogenated or hydroxylated product of (poly)alkylene gly 
col such as glycerol mono(meth)allyl ether, (meth)allyl-2- 
chloro-3-hydroxypropyl ether, and (meth)allyl-2-hydroxy-3- 
chloropropyl ether; mono(meth)allyl ethers of polyhydric 
phenol Such as eugenol and isoeugenol and halogenated prod 
ucts thereof; and (meth)allyl thioethers of alkylene glycol 
such as (meth)allyl-2-hydroxyethyl thioether and (meth)al 
lyl-2-hydroxypropylthioether. 
0067 Examples of the monomer containing an amido 
group may include acrylamide, methacrylamide, N-methy 
lolacrylamide, and N-methylolmethacrylamide. 
0068 Examples of the cationic monomer may include 
dimethylaminoethyl(meth)acrylate and dimethylaminopro 
pyl(meth)acrylate. 
0069. Examples of the monomer containing a cyano group 
may include vinyl cyanide compounds such as acrylonitrile 
and methacrylonitrile. 
0070. Examples of the monomer containing an epoxy 
group may include glycidyl acrylate and glycidyl methacry 
late. 
0071 Examples of the salts of the monomer containing a 
carboxyl group, the monomer containing a Sulfonic acid 
group, the monomer containing a hydroxyl group, the mono 
mer containing an amido group, the cationic monomer, and 
the monomer containing a cyano group may include alkali 
metal salts such as sodium salts and potassium salts, alkaline 
earth metal salts such as calcium salts and magnesium salts, 
organic amine salts such as ammonium salts, monoethanola 
mine salts, and triethanolamine salts, comprising the mono 
mers listed above and suitable ions to be combined therewith. 
0072 The polar group-containing monomer is preferably 
the monomer containing a carboxyl group or the monomer 
containing an amido group, and particularly preferably 
acrylic acid, methacrylic acid, itaconic acid, or acrylamide. 
(0073 Divinylbenzene and Ethylvinylbenzene 
0074 The polymerizable monomer composition prefer 
ably contains divinylbenzene and ethylvinylbenzene. As divi 
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nylbenzene and ethylvinylbenzene constituting the polymer 
izable monomer composition, any isomers (ortho-, meta-, 
para-isomers) may be used, and a mixture of a plurality of 
isomers may also be used. 
0075 Divinylbenzene and ethylvinylbenzene are com 
mercially available as a preparation of a mixture with a spe 
cific ratio, and these may be obtained at lower cost than 
purified divinylbenzene alone or ethylvinylbenzene alone. In 
the present invention, the monomer composition containing 
both divinylbenzene and ethylvinylbenzene is used, so that a 
manufacturing cost can be reduced by utilizing such an inex 
pensive preparation product as a material. 
0076) Optional Monomer 
0077. In addition to the aforementioned three species of 
monomers, if necessary, the polymerizable monomer compo 
sition may contain an optional monomer. Examples of Such 
an optional monomer may include a monomer which does not 
contains a polar group, is a monomer other than divinylben 
Zene and ethylvinylbenzene, and may copolymerize with the 
polar group-containing monomer, divinylbenzene, and eth 
ylvinylbenzene. 
0078 Specific examples of the optional monomer may 
include the crosslikable monomers and the non-crosslinkable 
monomers described below. 
0079. Examples of the crosslikable monomer as the 
optional monomer may include a diacrylate compound, a 
triacrylate compound, a tetraacrylate compound, a 
dimethacrylate compound, and a trimethacrylate compound. 
0080 Examples of the diacrylate compound may include 
polyethylene glycol diacrylate, 1,3-butylene glycol diacry 
late, 1.6-hexaneglycol diacrylate, neopentyl glycol diacry 
late, polypropylene glycol diacrylate, 2,2'-bis(4-acrylox 
ypropyloxyphenyl)propane, and 2,2'-bis(4- 
acryloxydiethoxyphenyl)propane. 
0081 Examples of the triacrylate compound may include 
trimethylolpropane triacrylate, trimethylolethane triacrylate, 
and tetramethylolmethane triacrylate. 
0082 Examples of the tetraacrylate compound may 
include tetramethylolmethane tetraacrylate. 
0083. Examples of the dimethacrylate compound may 
include ethylene glycol dimethacrylate, diethylene glycol 
dimethacrylate, triethylene glycol dimethacrylate, polyethyl 
ene glycol dimethacrylate, 1,3-butylene glycol dimethacry 
late, 1,4-butylene glycol dimethacrylate, 1.6-hexane glycol 
dimethacrylate, neopentyl glycol dimethacrylate, dipropy 
lene glycol dimethacrylate, polypropylene glycol 
dimethacrylate, and 2,2'-bis(4-methacryloxydiethoxyphe 
nyl)propane. 
0084 Examples of the trimethacrylate compound may 
include trimethylolpropane trimethacrylate and trimethylole 
thane trimethacrylate. 
0085 Examples of the non-crosslinkable monomeras an 
optional monomer may include aromatic monovinyl com 
pounds such as styrene, C.-methylstyrene, fluorostyrene, and 
vinylpyridine; acrylate ester monomers such as methyl acry 
late, butyl acrylate, and 2-ethylhexylethyl acrylate; meth 
acrylate ester monomers such as methyl methacrylate, butyl 
methacrylate, and 2-ethylhexyl methacrylate; conjugated 
double bond compounds Such as butadiene and isoprene; 
vinyl ester compounds such as vinyl acetate; and C-olefin 
compounds such as 4-methyl-1-pentene. 
I0086. As the aforementioned optional monomers, any one 
species thereof may be used alone, or two or more species 
thereof may be used in combination. Among the aforemen 
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tioned optional monomers, particularly, Styrene, methyl 
methacrylate, or a combination thereof is preferable in terms 
of good reactivity with divinylbenzene and ethylvinylben 
Z. 

0087 
I0088. The polymerizable monomer composition prefer 
ably includes 0.05% to 4% by weight of the polar group 
containing monomer, 20% to 80% by weight of divinylben 
Zene, and 3.2% to 48% by weight of ethylvinylbenzene as the 
ratios relative to the total weight of the monomers. The total 
weight of the monomers herein refers to the total weight of the 
polar group-containing monomer, divinylbenzene, and eth 
ylvinylbenzene, as well as the optional monomer other than 
these if present. 
I0089. When the ratio of the polar group-containing mono 
mer is more than the aforementioned upper limit, the water 
content on the Surface of the non-electroconductive particle 
surface is increased, which leads to deterioration of battery 
property, and decrease in the adhesiveness between the non 
electroconductive particles and the binder for a porous mem 
brane, thus not being preferable. On the other hand, when the 
ratio of the polar group-containing monomer is less than the 
aforementioned lower limit, the dispersibility of the non 
electroconductive particles is deteriorated, which leads to 
decreasing the strength of the porous membrane and deterio 
rating the membrane uniformity, thus not being preferable. 
(0090. When the ratio of divinylbenzene is more than the 
aforementioned upper limit, the crosslinking density of the 
non-electroconductive particles is excessively increased so 
that the adhesiveness between the non-electroconductive par 
ticles and the binder for a porous membrane is deteriorated 
and the strength of the porous membrane is decreased, which 
may cause high tendency of generating the short circuit of the 
battery, thus not being preferable. On the other hand, when 
the ratio of divinylbenzene is less than the aforementioned 
lower limit, the thermal resistance of the non-electroconduc 
tive particles is deteriorated so that the thermal resistance of 
the porous membrane is deteriorated, which may cause high 
tendency of generating the short circuit of the battery, thus not 
being preferable. 
(0091. When the ratio of ethylvinylbenzene is more than 
the aforementioned upper limit, the thermal resistance of the 
non-electroconductive particles is deteriorated due to the 
plasticizing effect of ethylvinylbenzene to deteriorate the 
thermal resistance of the porous membrane, which may cause 
high tendency of generating the short circuit of the battery, 
thus not being preferable. In addition, the non-electroconduc 
tive particles are fused with each other when a charging and 
discharging cycle is repeated at high temperatures. Such 
fusion decreases the Void ratio of the porous membrane and 
therefore deteriorates cycle property, thus not being prefer 
able. On the other hand, when the ratio of ethylvinylbenzene 
is less than the aforementioned lower limit, the crosslinking 
density of the non-electroconductive particles is excessively 
increased so that the adhesiveness between the non-electro 
conductive particles and the binder for a porous membrane is 
deteriorated and the strength of the porous membrane is 
decreased, which may cause high tendency of generating the 
short circuit of the battery, thus not being preferable. 
0092. As for the range of more preferable content ratio of 
the polar group-containing monomer in 100 parts by weight 
of the polymerizable monomer composition, the lower limit 
is preferably 0.1 parts by weight or more, and more preferably 

Ratio of Monomers 
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0.2 parts by weight or more. On the other hand, the upper limit 
is preferably 3 parts by weight or less, and more preferably 2 
parts by weight or less. 
0093. As for the range of more preferable content ratio of 
divinylbenzene in 100 parts by weight of the polymerizable 
monomer composition, the lower limit is preferably 25 parts 
by weight or more, and more preferably 30 parts by weight or 
more. On the other hand, the upper limit is preferably 70 parts 
by weight or less, and more preferably 60 parts by weight or 
less. 
0094. As for the range of more preferable content ratio of 
ethylvinylbenzene in 100 parts by weight of the polymeriz 
able monomer composition, the lower limit is preferably 3.2 
parts by weight or more, and more preferably 10 parts by 
weight or more. On the other hand, the upper limit is prefer 
ably 48 parts by weight or less, and more preferably 40 parts 
by weight or less. 
0095. The ratio of the containing amount of divinylben 
Zene to ethylvinylbenzene (divinylbenzene/ethylvinylben 
Zene) which are contained in the polymerizable monomer 
composition is preferably 1.0 to 5.25. When the ratio of the 
containing amount is more than the aforementioned upper 
limit, the crosslinking density of the non-electroconductive 
particles is excessively increased, and the adhesiveness 
between the non-electroconductive particles and the binder 
for a porous membrane is thereby deteriorated, to cause 
decrease in strength of the porous membrane, which may 
cause high tendency of generating the short circuit of the 
battery, thus not being preferable. On the other hand, when 
the ratio of the containing amount is less than the aforemen 
tioned lower limit, the thermal resistance of the non-electro 
conductive particles is deteriorated due to the plasticizing 
effect of ethylvinylbenzene, to deteriorate the thermal resis 
tance of the porous membrane, which may cause high ten 
dency of generating the short circuit of the battery, thus not 
being preferable. In addition, such a low ratio is not preferable 
also because the non-electroconductive particles are fused 
with each other when a charging and discharging cycle is 
repeated at high temperatures, thereby decreasing the Void 
ratio of the porous membrane and deteriorating cycle prop 
erty. 
0096. The lower limit of the ratio of the containing amount 
of divinylbenzene to ethylvinylbenzene is more preferably 
1.25 or more. On the other hand, the upper limit is more 
preferably 4.75 or less. 
0097. When the polymerizable monomer composition 
contains optional ingredient monomers other than the afore 
mentioned three species of monomers (i.e., the polar group 
containing monomer, divinylbenzene, and ethylvinylben 
Zene) which are preferably contained, the amount of the 
optional monomers may be appropriately determined as the 
remainder. In particular, when styrene and/or methyl meth 
acrylate are contained as optional ingredient monomers, the 
preferable content ratio thereof is 4.5% to 76.5% by weight 
based on the total amount of the monomers in the polymer 
izable monomer composition. When both styrene and methyl 
methacrylate are contained, the total thereof is preferably 
within this range. By setting the ratio of styrene and/methyl 
methacrylate to the aforementioned upper limit or less, the 
dispersibility of the particles is prevented from being deterio 
rated, so that the strength of the porous membrane can be 
increased and the membrane uniformity can be attained. On 
the other hand, by setting the ratio of styrene and/methyl 
methacrylate to the aforementioned lower limit or more, the 
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thermal resistance of the non-electroconductive particles can 
be improved, so that the thermal resistance of the porous 
membrane can be improved, which lead to reduction in gen 
eration of the short circuit of the battery at high temperatures. 
0.098 Method for Manufacturing Non-Electroconductive 
Particles 
0099. The method for polymerizing the polymerizable 
monomer composition to obtain the non-electroconductive 
particles is not particularly limited, but preferable examples 
thereof may include a method wherein the polymerizable 
monomer composition and, if necessary, other optional ingre 
dients are dissolving or dispersing in a dispersion medium, 
and polymerized in the dispersion liquid. 
0100. In emulsion polymerization, it is preferable that 
polymerization is carried out in a divided manner in a plural 
ity of stages for obtaining a desired shape. For example, a part 
of the monomer constituting the polymerizable monomer 
composition is polymerized in advance to form a seed poly 
mer, and Subsequently another monomer is adsorbed to the 
seed polymer, followed by polymerization keeping that state, 
to manufacture the non-electroconductive particles. More 
over, in forming the seed polymer, polymerization may be 
further divided into a plurality of stages to be carried out. 
0101 More specifically, a part of the monomer constitut 
ing the polymerizable monomer composition may be used for 
forming seed polymer A, and then the seed polymer A and 
another monomer constituting the polymerizable monomer 
composition may be used for forming larger seed polymer B. 
and then the seed polymer Band the remainder of the mono 
mer constituting the polymerizable monomer composition 
may be used for forming the non-electroconductive particles. 
By forming the seed polymer in two stages of the reaction and 
further forming the non-electroconductive particles therewith 
in this manner, it is possible to enjoy an advantage in that the 
polymer particles having a desired particle diameter and 
shape factor can be stably obtained. 
0102. In this case, it is preferable that a part or all (prefer 
ably all) of the polar group-containing monomer in the poly 
merizable monomer composition is used in forming of the 
seed polymer for ensuring the stability of the particles. More 
over, Styrene which is an optional ingredient monomer is 
preferably used as a monomer for forming the seed polymer 
for ensuring the seed polymer’s ability to absorb the mono 
C. 

0103) Accordingly, since the polymerization may be car 
ried out in a divided manner in a plurality of stages, the 
polymerizable monomer composition upon polymerization 
does not have to be in the state of a mixture of all components 
of the monomers. When polymerization is carried out in a 
divided manner in a plurality of stages, it is preferable that the 
composition of the monomers from which the polymerization 
units constituting the finally obtained non-electroconductive 
particles are derived is in the aforementioned preferable 
range. 

0104 Examples of the medium to be used for polymeriza 
tion of the polymerizable monomer composition may include 
water, an organic solvent, and mixtures thereof. As the 
organic solvent, one which is inactive for radical polymeriza 
tion and does not inhibit polymerization of the monomer may 
be used. Specific examples of the organic solvent may include 
alcohols such as methanol, ethanol, propanol, cyclohexanol, 
and octanol; esters such as dibutyl phtalate and dioctyl phtha 
late; ketones Such as cyclohexanone; and mixtures thereof. 
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Preferably, aqueous medium such as water is used as a dis 
persion medium, and emulsion polymerization is performed 
as polymerization. 
0105. As for the quantitative ratio of the seed polymer and 
the monomer in performing their reaction, the ratio of the 
monomer with respect to 1 part by weight of the seed polymer 
particles is preferably 2 to 19 parts by weight, more prefer 
ably 3 to 16 parts by weight, and still more preferably 4 to 12 
parts by weight. By setting the using amount of the monomer 
to 2 parts by weight or more, the mechanical strength and the 
thermal resistance of the obtained particles can be increased. 
By setting the using amount of the monomer to 19 parts by 
weight or less, the quantitative ratio results in the range Such 
that the seed polymer particles has a Sufficient capacity to 
absorb the monomer, whereby the monomer which is not 
absorbed by the seed polymer particles can be kept in a range 
of small amount and the particle diameter can be controlled in 
a favorable manner to prevent generation of coarse particles 
and a large amount offine particles which cause wide particle 
diameter distribution. 
0106 Specific examples of the polymerization procedure 
may include a method wherein the monomer is poured at a 
time in an aqueous dispersion of the seed polymer particles, 
and a method wherein the monomer is added in a divided or 
continuous manner during performing polymerization. It is 
preferable to allow the seed polymer particles to absorb the 
monomer before crosslinking is Substantially taken place as a 
result of initiation of polymerization in the seed polymer 
particles. 
0107. When the monomer is added after the middle stage 
of polymerization, the monomer is not absorbed by the seed 
polymer particles, so that a large amount of fine particles are 
generated to deteriorate polymerization stability and a poly 
merization reaction may not be maintained. Accordingly, it is 
preferable that all of the monomer is added to the seed poly 
mer particles before polymerization is initiated or all of the 
monomer is completely added before the polymerization con 
version rate reaches about 30%. It is particularly preferable 
that the monomer is added to the aqueous dispersion of the 
seed polymer particles and stirred before polymerization is 
initiated to allow the seed polymer to absorb the monomer, 
and thereafter polymerization is initiated. 
0108. In addition to the polymerizable monomer compo 
sition and the medium, the reaction system for polymeriza 
tion may contain an optional ingredient. Specifically, ingre 
dients such as a polymerization initiator, a chain transfer 
agent, a Suspension protective agent, and a Surfactant may be 
added. As the polymerization initiator, a general water 
soluble radical polymerization initiator oran oil-soluble radi 
cal polymerization initiator may be used, but it is preferable to 
use the water-soluble polymerization initiator because the 
monomer which is not absorbed by the seed polymer particles 
hardly initiates polymerization in an aqueous phase. 
Examples of the water-soluble radical initiator may include 
potassium persulfate, sodium persulfate, cumene hydroper 
oxide, hydrogen peroxide, and redox initiators that are com 
binations of these reducing agents. Examples of the oil 
soluble polymerization initiator may include benzoyl 
peroxide, O.C.'-azobisisobutyronitrile, t-butylperoxy-2-ethyl 
hexanoate, and 3.5.5-trimethylhexanoyl peroxide. Among 
the oil-soluble polymerization initiators, t-butylperoxy-2- 
ethylhexanoate may be preferably used. It is preferable to add 
a small amount of water-soluble polymerization inhibitor 
Such as potassium dichromate, ferric chloride, and hydro 
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quinone in the polymerization reaction because thereby gen 
eration of fine particles can be suppressed. 
0109 For the purpose of adjusting the molecular weight of 
the resin, a chain transfer agent which is generally used may 
be used. Examples of the chain transfer agent for use may 
include, but are not limited to, mercaptain such as octylmer 
captan, dodecyl mercaptan, and tert-dodecyl mercaptan; 
n-octyl-3-mercaptopropionic acid ester, terpinolene, carbon 
tetrabromide, and C.-methylstyrene dimer. 
0110. As a surfactant, ordinary one may be used, and 
examples thereof may include anionic emulsifiers such as 
Sodium dodecylbenzenesulfonate, sodium laurylsulfate, 
Sodium dialkylsulfo Succinate, and a naphthalenesulfonic 
acid-formalin condensate. Furthermore, nonionic Surfactants 
Such as polyoxyethylene nonylphenyl ether, polyethylene 
glycol monostearate, and Sorbitan monostearate may be used 
in combination. Examples of a preferable Suspension protec 
tive agent may include polyvinyl alcohol, carboxylmethyl 
cellulose, Sodium polyacrylate, and fine powders of inorganic 
compounds. 
0111. In the present invention, as for the most preferable 
combination of the polymerization initiator and a stabilizer 
for obtaining the non-electroconductive particles having a 
target particle diameter and narrow particle diameter distri 
bution with being reproducibly controlled while ensuring the 
stability of the system during polymerization, the water 
soluble polymerization initiator is used as a polymerization 
initiator, and a surfactant is used as the stabilizer at a concen 
tration that is not more than the C.M.C. concentration and is 
near the C.M.C. concentration (specifically, 0.3 to 1.0 times 
the C.M.C. concentration) in the polymerization system. 
0112. By polymerizing the polymerizable monomer com 
position in an ordinary method Such as the aforementioned 
method to manufacture the non-electroconductive particles, 
the non-conducting particles Substantially consisting of the 
polymer having the polymerization unit based on the mono 
mers constituting the polymerization monomer composition 
(the polar group-containing monomer, divinylbenzene, eth 
ylvinylbenzene, and other optional monomers) may be 
obtained. Usually, the ratio of the polymerization unit in the 
polymer constituting the non-electroconductive particles is 
approximately inaccordance with the ratio of the monomer in 
the polymerizable monomer composition. That is, in the non 
electroconductive particles, the ratio of each of the polymer 
ization unit based on the polar group-containing monomer, 
the polymerization unit based on divinylbenzene, the poly 
merization unit based on ethylvinylbenzene, and the poly 
merization unit based on other optional monomers is approxi 
mately in accordance with the ratio of each of the polar 
group-containing monomer, divinylbenzene, ethylvinylben 
Zene, and other optional monomers in the polymerizable 
monomer composition. 
0113 T10 Value of Non-Electroconductive Particles 
0114. As for the non-electroconductive particles used in 
the present invention, the temperature at which the ratio of 
reduced amount of the non-electroconductive particles 
reaches 10% by weight when heated in a thermobalance at a 
heating rate of 10°C/minute under a nitrogen atmosphere 
(this temperature is referred to hereinbelow as a T10 value) is 
preferably 360° C. or more. By setting the T10 value of the 
non-electroconductive particles in this range, the thermal 
resistance of the porous membrane is improved and the ability 
to prevent the short circuit at high temperatures is further 
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improved. The upper limit of the T10 value is not particularly 
limited, but may be 700° C. or less. 
0115 Content Ratio of Non-Electroconductive Particles 
in Porous Membrane 
0116. As for the range of the content ratio of the non 
electroconductive particles based on the total weight of the 
porous membrane for a secondary battery of the present 
invention, the lower limit is preferably 70% by weight or 
more, and more preferably 80% by weight or more. On the 
other hand, the upper limit is preferably 97% by weight or 
less, and more preferably 95% by weight or less. By setting 
the content ratio of the non-electroconductive particles of the 
porous membrane for a secondary battery within this range, 
the non-electroconductive particles can have portions for 
contacting with each other and can form the gap between the 
non-electroconductive particles to such an extent that move 
ment of ions is not inhibited. Therefore, it is preferable that 
the mean particle diameter of the non-electroconductive par 
ticles is within the aforementioned range because thereby the 
strength of the porous membrane is improved and the short 
circuit of the battery can be prevented as well. 
0117 Binder for Porous Membrane 
0118. The porous membrane for a secondary battery of the 
present invention includes the binder for a porous membrane. 
0119. As the binder for a porous membrane used in the 
present invention, a variety of binders may be used as long as 
the binders have a binding property. Examples of the binder 
may include a diene polymer, a (meth)acrylic polymer, a 
fluorine polymer, and a silicon polymer. Especially, the 
(meth)acrylic polymer is preferable because it brings about 
excellent retentivity of the non-electroconductive particles 
and flexibility of the resulting porous membrane and it facili 
tates production of the battery which is stable in oxidation and 
reduction and has excellent life property. The (meth)acrylic 
polymer may be particularly preferably used in the present 
invention because the aforementioned property is particularly 
excellent in the porous membrane in which not inorganic 
particles Such as alumina but organic polymer particles are 
used as the non-electroconductive particles. 
0120. The (meth)acrylic polymer is a polymer including 
the polymerization unit of an acrylate ester and/or methacry 
late ester monomer. In this application, the “(meth)acrylic' 
means acrylic and/or methacrylic and the “(meth)acrylate' 
means acrylate and/or methacrylate. 
0121 Examples of the acrylate ester and/or methacrylate 
ester monomer may include alkyl acrylates such as methyl 
acrylate, ethyl acrylate, n-propylacrylate, isopropyl acrylate, 
n-butyl acrylate, t-butyl acrylate, penty1 acrylate, hexyl acry 
late, heptyl acrylate, octyl acrylate, 2-ethylhexyl acrylate, 
nonyl acrylate, decyl acrylate, lauryl acrylate, n-tetradecyl 
acrylate, and Stearyl acrylate; alkyl methacrylates Such as 
methyl methacrylate, ethyl methacrylate, n-propyl methacry 
late, isopropyl methacrylate, n-butyl methacrylate, t-butyl 
methacrylate, pentyl methacrylate, hexyl methacrylate, hep 
tyl methacrylate, octyl methacrylate, 2-ethylhexyl methacry 
late, nonyl methacrylate, decyl methacrylate, lauryl meth 
acrylate, n-tetradecyl methacrylate, and Stearyl methacrylate. 
Among them, heptyl acrylate, octyl acrylate, 2-ethylhexyl 
acrylate, nonyl acrylate, decyl acrylate, and lauryl acrylate, 
which are alkyl acrylates having an alkyl group having 7 to 13 
carbon atoms bonded to a non-carbonyl oxygen atom, are 
preferable because they show lithium ion conductivity due to 
moderate Swelling in an electrolytic solution without being 
eluted to the electrolytic solution and have low tendency to 

May 23, 2013 

cause polymer crosslinking flocculation in dispersion of an 
active material. Octyl acrylate, 2-ethylhexyl acrylate, and 
nonyl acrylate, which have an alkyl group having 8 to 10 
carbon atoms bonded to a non-carbonyl oxygen atom are 
more preferable. 
0.122 The content ratio of the polymerization unit of the 
(meth)acrylate ester monomer in the (meth)acrylic polymeris 
preferably 50% to 98% by weight, more preferably 60% to 
97.5% by weight, and particularly preferably 70% to 95% by 
weight. 
I0123. The (meth)acrylic polymer may preferably include 
an optional polymerization unit of another monomer in addi 
tion to the polymerization unit of the (meth)acrylate ester 
OOC. 

0.124 Examples of the optional polymerization unit of a 
monomer may include a polymerization unit of a vinyl mono 
mer having an acidic group, a polymerization unit of an 
C.f3-unsaturated nitrile monomer, and a polymerization unit 
of a monomer having a crosslinkable group. 
0.125 Examples of the vinyl monomer having an acidic 
group may include a monomer having a -COOH group 
(carboxylic acid group), a monomer having an —OH group 
(hydroxyl group), a monomer having a —SOH group (Sul 
fonic acid group), a monomer having a —POH group, a 
monomer having a —PO(OH)(OR) group (R represents a 
hydrocarbon group), and a monomer having a lower polyoxy 
alkylene group. In addition, an acid anhydride which gener 
ates a carboxylic acid group through hydrolysis may be simi 
larly used. 
0.126 Examples of the monomer having a carboxylic acid 
group may include monocarboxylic acid, dicarboxylic acid, 
anhydrides of dicarboxylic acid, and derivatives thereof. 
Examples of monocarboxylic acid may include acrylic acid, 
methacrylic acid, crotonic acid, 2-ethylacrylic acid, isocro 
tonic acid, C.-acetoxy acrylic acid, B-trans-aryloxy acrylic 
acid, C-chloro-B-E-methoxy acrylic acid, and B-diami 
noacrylic acid. Examples of dicarboxylic acid may include 
maleic acid, fumaric acid, itaconic acid, methylmaleic acid, 
dimethylmaleic acid, phenylmaleic acid, chloromaleic acid, 
dichloromaleic acid, and fluoromaleic acid, and maleate 
esters such as methylallyl maleate, diphenyl maleate, nonyl 
maleate, decyl maleate, dodecyl maleate, octadecyl maleate, 
and fluoro alkyl maleate. Examples of the acid anhydride of 
dicarboxylic acid may include a maleic anhydride, an acrylic 
acid anhydride, a methylmaleic anhydride, and a dimethyl 
maleic anhydride. 
I0127 Examples of the monomer having a hydroxy group 
may include ethylenically unsaturated alcohols such as 
(meth)allyl alcohol, 3-buten-1-ol, and 5-hexen-1-ol; alkanol 
esters of ethylenically unsaturated carboxylic acid Such as 
2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, 2-hy 
droxyethyl methacrylate, 2-hydroxypropyl methacrylate, 
di-2-hydroxyethyl maleate, di-4-hydroxybutyl maleate, and 
di-2-hydroxypropyl itaconate; esters of polyalkylene glycol 
and (meth)acrylic acid represented by a general formula of 
CH=CR' COO (CnH2nO) m-H (m represents an inte 
ger of 2 to 9, n represents an integer of 2 to 4, and R' 
represents hydrogen or a methyl group); mono(meth)acrylate 
esters of dihydroxy ester of dicarboxylic acid such as 2-hy 
droxyethyl-2'-(meth)acryloyloxy phthalate, and 2-hydroxy 
ethyl-2'-(meth)acryloyloxy Succinate, vinyl ethers such as 
2-hydroxyethyl vinyl ether and 2-hydroxypropyl vinyl ether; 
mono(meth)allyl ethers of alkylene glycol Such as (meth) 
allyl-2-hydroxyethyl ether, (meth)allyl-2-hydroxypropyl 
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ether, (meth)allyl-3-hydroxypropyl ether, (meth)allyl-2-hy 
droxybutyl ether, (meth)allyl-3-hydroxybutyl ether, (meth) 
allyl-4-hydroxybutyl ether, and (meth)allyl-6-hydroxyhexyl 
ether, polyoxyalkylene glycol mono(meth)allyl ethers such 
as diethylene glycol mono(meth)allyl ether and dipropylene 
glycol mono(meth)allyl ether; mono(meth)allyl ethers of a 
halogenated or hydroxylated product of (poly)alkylene gly 
col such as glycerol mono(meth)allyl ether, (meth)allyl-2- 
chloro-3-hydroxypropyl ether, and (meth)allyl-2-hydroxy-3- 
chloropropyl ether; mono(meth)allyl ethers of polyhydric 
phenol Such as eugenol and isoeugenol and halogenated prod 
ucts thereof; and (meth)allylthioethers of alkylene glycol 
such as (meth)allyl-2-hydroxyethyl thioether and (meth)al 
lyl-2-hydroxypropylthioether. 
0128. Examples of the monomer having a sulfonic acid 
group may include vinylsulfonic acid; methylvinylsulfonic 
acid, (meth)allylsulfonic acid, styrenesulfonic acid, (meth) 
acrylic acid-2-ethyl sulfonate, 2-acrylamide-2-methylpro 
panesulfonic acid, and 3-allyloxy-2-hydroxypropanesulfonic 
acid. 
I0129. Examples of the monomer having a POH group 
and/or a —PO(OH)(OR) group (R represents a hydrocarbon 
group) may include 2-(meth)acryloyloxyethyl phosphate, 
methyl-2-(meth)acryloyloxyethyl phosphate, and ethyl 
(meth) acryloyloxyethyl phosphate. 
0130. Examples of the monomer having a lower polyoxy 
alkylene group may include poly(alkylene oxide) Such as 
polyethylene oxide). 
0131. Among them, the monomer having a carboxylic 
acid group is preferable because it has excellent adhesion to 
an electrode mixed material layer or an organic separator 
layer which will be described below and it efficiently scav 
enges transition metal ions eluted from a positive electrode 
active material. Especially preferable are monocarboxylic 
acids of 5 or less carbonatoms having a carboxylic acid group 
Such as acrylic acid and methacrylic acid, and dicarboxylic 
acids of 5 or less carbon atoms having two carboxylic acid 
groups per molecule Such as maleic acid and itaconic acid. 
Furthermore, acrylic acid, methacrylic acid, and itaconic acid 
are preferable in view of high preservation stability of the 
produced slurry. 
0132) The content ratio of the polymerization unit of the 
vinyl monomer having an acidic group in the binder for a 
porous membrane is preferably 1.0% to 3.0% by weight, and 
more preferably 1.5% to 2.5% by weight. 
0.133 Examples of the C.B-unsaturated nitrile monomer 
may include acrylonitrile, methacrylonitrile, C-chloroacry 
lonitrile, C.-ethylacrylonitrile, and mixtures thereof. Among 
them, acrylonitrile and methacrylonitrile are preferable in 
view of improvement in mechanical strength of the porous 
membrane and binding capacity in the porous membrane. 
0134. The content ratio of the polymerization unit of the 
C.f3-unsaturated nitrile monomer in the binder for a porous 
membrane is preferably 1.0% to 50% by weight, more pref 
erably 1.0% to 40% by weight, and particularly preferably 
1.0% to 30% by weight. 
0135 Examples of the monomer having a crosslinkable 
group may include a monofunctional monomer having a 
crosslinkable group and one olefinic double bond per mol 
ecule and a polyfunctional monomer having two or more 
olefinic double bonds per molecule. 
0136. As the crosslinkable group included in the mono 
functional monomer having a crosslinkable group and one 
olefinic double bond per molecule, at least one species 
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selected from the group consisting of an epoxy group, an 
N-methylolamido group, anoxetanyl group, and an oxazoline 
group is preferable. An epoxy group is more preferable since 
thereby crosslinking and crosslinking density can be easily 
adjusted. 
0.137 Examples of the monomer containing an epoxy 
group, which is included in the monomer having a crosslink 
able group, may include a monomer containing a carbon 
carbon double bond and an epoxy group and a monomer 
containing a halogen atom and an epoxy group. 
0.138 Examples of the monomer containing a carbon-car 
bon double bond and an epoxy group may include unsatur 
ated glycidyl ethers such as vinylglycidyl ether, allylglycidyl 
ether, butenyl glycidyl ether, and o-allyl phenyl glycidyl 
ether; monoepoxides of diene or polyene Such as butadiene 
monoepoxide, chloroprene monoepoxide, 4.5-epoxy-2-pen 
tene, 3,4-epoxy-1-vinylcyclohexene, and 1.2-epoxy-5.9-cy 
clododecadiene; alkenyl epoxides Such as 3,4-epoxy-1- 
butene, 1.2-epoxy-5-hexene, and 1.2-epoxy-9-decene; and 
glycidyl esters of unsaturated carboxylic acid Such as gly 
cidyl acrylate, glycidyl methacrylate, glycidylcrotonate, gly 
cidyl-4-heptenoate, glycidyl Sorbate, glycidyllinoleate, gly 
cidyl-4-methyl-3-pentenoate, glycidyl ester of 
3-cyclohexenecarboxylic acid, and glycidyl ester of 4-me 
thyl-3-cyclohexenecarboxylic acid. 
0.139 Examples of the monomer having a halogen atom 
and an epoxy group may include epihalohydrins such as 
epichlorohydrin, epibromohydrin, epiiodohydrin, epifluoro 
hydrin, and B-methyl epichlorohydrin; p-chlorostyrene 
oxide; and dibromophenylglycidyl ether. 
0140. Examples of the monomer containing an N-methy 
lol amido group may include (meth)acrylamides having a 
methylol group. Such as N-methylol(meth)acrylamide. 
0141 Examples of the monomer containing an oxetanyl 
group may include 3-((meth)acryloyloxymethyl)oxetane, 
3-((meth)acryloyloxymethyl)-2-trifluoromethyloxetane, 
3-((meth)acryloyloxymethyl)-2-phenyloxetane, 2-((meth) 
acryloyloxymethyl)oxetane, and 2-((meth)acryloyloxym 
ethyl)-4-trifluoromethyloxetane. 
0142. Examples of the monomer containing an oxazoline 
group may include 2-vinyl-2-oxazoline, 2-vinyl-4-methyl-2- 
oxazoline, 2-vinyl-5-methyl-2-oxazoline, 2-isopropenyl-2- 
oxazoline, 2-isopropenyl-4-methyl-2-oxazoline, 2-isoprope 
nyl-5-methyl-2-oxazoline, and 2-isopropenyl-5-ethyl-2- 
oxazoline. 
0.143 Preferable examples of the polyfunctional mono 
mer having two or more olefinic double bonds per molecule 
may include allyl acrylate orallyl methacrylate, trimethylol 
propane-triacrylate, trimethylolpropane-methacrylate, 
dipropylene glycol diallyl ether, polyglycol diallyl ether, tri 
ethylene glycol divinyl ether, hydroquinone diallyl ether, 
tetra allyloxy ethane, other allyl or vinyl ether of polyfunc 
tional alcohol, tetraethylene glycol diacrylate, triallylamine, 
trimethylolpropane-diallyl ether, methylenebisacrylamide, 
and/or divinylbenzene. Particular examples may be allyl 
acrylate, allyl methacrylate, trimethylolpropane-triacrylate, 
and/or trimethylolpropane-methacrylate. 
0144. Among them, the polyfunctional monomer having 
two or more olefinic double bonds per molecule is preferable 
because therewith crosslinking density can be easily 
improved. Especially, acrylate or methacrylate having an 
allyl group, Such as allyl acrylate or allyl methacrylate, is 
preferable in view of crosslinking density improvement and 
its high copolymerization property. 
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0145 The content ratio of the polymerization unit of the 
monomer having a crosslinkable group in the binder for a 
porous membrane is in the range of preferably 0.01% to 2.0% 
by weight, more preferably 0.05% to 1.5% by weight, and 
particularly preferably 0.1% to 1.0% by weight. By setting 
the content ratio of the polymerization unit of the monomer 
having a crosslinkable group in the binder for a porous mem 
brane in the aforementioned range, elution to an electrolytic 
Solution can be suppressed because of the aforementioned 
range, and excellent porous membrane strength and long 
term cycle property can be obtained. 
0146 In addition to the polymerization units based on the 
aforementioned monomers, the binder for a porous mem 
brane used in the present invention may also include a poly 
merization unit based on a monomer copolymerizable there 
with. Examples of the monomer copolymerizable therewith 
may include halogen atom-containing monomers such as 
vinyl chloride and vinylidene chloride; vinyl esters such as 
vinyl acetate, vinyl propionate, and vinyl butyrate; Vinyl 
ethers such as methyl vinyl ether, ethyl vinyl ether, and butyl 
vinyl ether, vinyl ketones such as methyl vinyl ketone, ethyl 
vinyl ketone, butyl vinyl ketone, hexyl vinyl ketone, and 
isopropenyl vinyl ketone; heterocycle-containing vinyl com 
pounds such as N-Vinylpyrrolidone, vinylpyridine, and 
vinylimidazole; and acrylamide. These monomers are Sub 
jected to graft copolymerization by a proper technique to 
obtain the binder having the aforementioned constitution. 
0147 As for the range of the content ratio of the binder for 
a porous membrane on the basis of the total weight of the 
porous membrane for a secondary battery of the present 
invention, the lower limit thereof is preferably 3% by weight 
or more, and more preferably 5% by weight or more. On the 
other hand, the upper limit is preferably 20% by weight or 
less, and more preferably 15% by weight or less. When the 
content ratio of the binder for a porous membrane in the 
porous membrane for a secondary battery is the aforemen 
tioned lower limit or less, the strength of the porous mem 
brane may become insufficient and the short circuit of the 
battery may be easily generated. When the content ratio of the 
binder for a porous membrane in the porous membrane for a 
secondary battery is the aforementioned upper limit or more, 
the void ratio of the porous membrane may be decreased and 
sufficient battery performance may not be obtained. 
0148. In the porous membrane for a secondary battery of 
the present invention, the ratio of the content of the non 
electroconductive particles and the content of the binder for a 
porous membrane is preferably within the range of 5 to 30 as 
the ratio of (the weight of the non-electroconductive par 
ticles)/(the weight of the binder for a porous membrane). By 
setting the ratio in this range, both resistance to short circuitat 
high temperatures and excellent cycle property can be main 
tained. 

014.9 The binder for a porous membrane used in the 
present invention is usually dispersed in a dispersion medium 
(water oran organic solvent) to be prepared and preserved as 
a dispersion liquid, and this dispersion liquid is used as a 
material for manufacturing a slurry for a porous membrane. 
In the present invention, water is preferably used as a disper 
sion medium in view of less environmental load and a rapid 
drying rate. When an organic solvent is used as a dispersion 
medium, an organic solvent such as N-methylpyrrolidone 
(NMP) is used. 
0150. When the binder for a porous membrane is dis 
persed in a particle form in the dispersion medium, the num 
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ber mean particle diameter (dispersed particle diameter) of 
the binder dispersed in a particle form is preferably 50 to 500 
nm, more preferably 70 to 400 nm, and most preferably 100 to 
250 nm. When the number mean particle diameter of the 
binder for a porous membrane is in this range, good strength 
and flexibility of the resulting porous membrane can be 
achieved. 
0151. When the binder for a porous membrane is dis 
persed in a particle form in the dispersion medium, the Solid 
content concentration thereof in the dispersion liquid is usu 
ally 15% to 70% by weight, preferably 20% to 65% by 
weight, and more preferably 30% to 60% by weight. When 
the Solid content concentration is in this range, good work 
ability can be achieved in the manufacturing of the slurry for 
a porous membrane which will be described below. 
0152 The glass transition temperature (Tg) of the binder 
for a porous membrane used in the present invention is pref 
erably -50° C. to 25°C., more preferably -45° C. to 15° C., 
and particularly preferably -40°C. to 5° C. When the Tg of 
the binder for a porous membrane is in the aforementioned 
range, the porous membrane of the present invention has 
excellent strength and flexibility. As a result, output property 
of the secondary battery using the porous membrane can be 
improved. The glass transition temperature of the binder for a 
porous membrane may be adjusted by combining a variety of 
OOCS. 

0153. The method for manufacturing the polymer which is 
a binder for use in the present invention is not particularly 
limited, and any methods such as a solution polymerization 
method, a Suspension polymerization method, a bulk poly 
merization method, and an emulsion polymerization method 
may be used. As the polymerization reaction, any reactions 
Such as ionic polymerization, radical polymerization, and 
living radical polymerization may be used. Examples of the 
polymerization initiator for polymerization may include 
organic peroxides Such as lauroyl peroxide, diisopropyl per 
oxydicarbonate, di-2-ethylhexyl peroxydicarbonate, t-butyl 
peroxy pivalate, 3.3,5-trimethylhexanoyl peroxide, azo com 
pounds such as C.C.'-aZobisisobutyronitrile; ammonium per 
Sulfate, and potassium persulfate. 
0154 Heavy Metal-Scavenging Compound 
0155 The porous membrane for a secondary battery of the 
present invention preferably includes a heavy metal-scaveng 
ing compound in addition to the non-electroconductive par 
ticles and the binder for a porous membrane. 
0156 When the porous membrane for a secondary battery 
of the present invention contains the heavy metal-scavenging 
compound, transition metal ions eluted into the electrolytic 
Solution can be scavenged during charging and discharging of 
the secondary battery using the porous membrane. Thereby it 
is possible to prevent deterioration in cycle property and in 
safety of the secondary battery caused by transition metal 
1O.S. 

0157. The heavy metal-scavenging compound is not par 
ticularly limited as long as the compound has heavy metal 
Scavenging function, but it is preferably selected from the 
group consisting of aminocarboxylic acid chelate com 
pounds, phosphonic acid chelate compounds, gluconic acid, 
citric acid, malic acid, and tartaric acid. Among them, the 
chelate compounds which can selectively scavenge transition 
metal ions without scavenging lithium ions are particularly 
used and the aminocarboxylic acid chelate compounds and 
phosphonic acid chelate compounds such as those described 
in the following are particularly preferably used. 



US 2013/O 1301.23 A1 

0158. The aminocarboxylic acid chelate compound is 
preferably selected from the group consisting of ethylenedi 
aminetetraacetic acid (which may be referred to hereinbelow 
as “EDTA), nitrilotriacetic acid (which may be referred to 
hereinbelow as “NTA'), trans-1,2-diaminocyclohexane tet 
raacetic acid (which may be referred to hereinbelow as 
“DCTA), diethylene-triaminepentaacetic acid (which may 
be referred to hereinbelow as "DTPA), bis-(aminoethyl)gly 
col ether-N.N.N',N'-tetraacetic acid (which may be referred 
to hereinbelow as “EGTA), N-(2-hydroxyethyl)ethylenedi 
amine-N,N',N'-triacetic acid (which may be referred to here 
inbelow as “HEDTA), and dihydroxyethyl glycine (which 
may be referred to hereinbelow as “DHEG'). 
0159. As the phosphonic acid chelate compound, 1-hy 
droxyethane-1,1-diphosphonic acid (which may be referred 
to hereinbelow as “HEDP) is preferable. 
0160 The content of the heavy metal-scavenging com 
pound is preferably 0.001 to 1.0 parts by weight, more pref 
erably 0.005 to 0.5 parts by weight, and particularly prefer 
ably 0.01 to 0.3 parts by weight with respect to 100 parts by 
weight of the binder for a porous membrane (based on the 
solid content). When the content of the heavy metal-scaveng 
ing compound is less than 0.001 parts by weight, Scavenging 
capacity with respect to transition metal ions may become 
poor so that cycle property of the secondary battery may be 
deteriorated, thus not being preferable. On the other hand, 
when the content of the heavy metal-scavenging compound is 
more than 1.0 part by weight, further improvement in the 
effect of scavenging transition metals cannot be expected, and 
cycle property of the secondary battery using the porous 
membrane of the present invention may be deteriorated, thus 
not being preferable. 
(0161 
0162. In addition to the aforementioned ingredients, the 
porous membrane may further include optional ingredients. 
Examples of such optional ingredients may include a dispers 
ant, a leveling agent, an antioxidant, a binding agent other 
than the aforementioned binder for a porous membrane, a 
thickener, a defoaming agent, and an electrolytic Solution 
additive having a function of, e.g., Suppressing electrolytic 
Solution decomposition. Such optional ingredients are not 
particularly limited as long as they do not affect a battery 
reaction. 

0163 Examples of the dispersant may include an anionic 
compound, a cationic compound, a nonionic compound, and 
a polymer compound. The dispersant is selected depending 
on the non-electroconductive particles for use. The content 
ratio of the dispersant in the porous membrane is preferably in 
the range which does not affect battery property, and it is 
specifically 10% by weight or less. 
0164. Examples of the leveling agent may include surfac 
tants such as an alkyl Surfactant, a silicon Surfactant, a fluo 
roSurfactant, and a metal Surfactant. When the Surfactant is 
added, possible repelling during coating can be prevented, 
and Smoothness of the electrode can be improved. 
0.165 Examples of the antioxidant may include a phenol 
compound, a hydroquinone compound, an organic phospho 
rus compound, a Sulfur compound, a phenylenediamine com 
pound, and a polymer type phenol compound. The polymer 
type phenol compound is a polymer having a phenol structure 
in the molecule. It is preferable to use a polymer type phenol 
compound having a weight mean molecular weight of 200 to 
1,000, and preferably 600 to 700. 

Other Optional Ingredients of Porous Membrane 
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0166 Examples of the binding agent to be used other than 
the aforementioned binder for a porous membrane may 
include polytetrafluoroethylene (PTFE), polyvinylidene 
fluoride (PVDF), polyacrylic acid derivatives, polyacryloni 
trile derivatives, and soft polymers, which are used for the 
binding agent for the electrode mixed material layer which 
will be described below. 
0.167 Examples of the thickener may include cellulose 
based polymers such as carboxymethyl cellulose, methyl cel 
lulose, and hydroxypropyl cellulose, and ammonium salts 
and alkali metal salts thereof (modified) poly(meth)acrylic 
acid and ammonium salts and alkali metal salts thereof; poly 
vinyl alcohols such as (modified) polyvinyl alcohol, a copoly 
mer of acrylic acid or acrylate and vinyl alcohol, and a 
copolymer of maleic anhydride or maleic acid, or fumaric 
acid and vinyl alcohol; polyethylene glycol, polyethylene 
oxide, polyvinylpyrrolidone, modified polyacrylic acid, oxi 
dized Starch, starch phosphate, casein, various modified 
starch, and acrylonitrile-butadiene copolymer hydrides. 
When the amount of the thickener used is in this range, good 
coating property and good adhesion to the electrode mixed 
material layer and the organic separator can be achieved. In 
the present invention, “(modified) poly’ means “unmodified 
poly” or “modified poly”. 
0168 Other examples may include nanoparticles such as 
fumed silica and fumed alumina. By adding the aforemen 
tioned nanoparticles, the thixotropy of the slurry for a porous 
membrane can be controlled and the leveling property of the 
porous membrane obtained therefrom can be improved. 
0169. The content ratio of the aforementioned optional 
ingredients in the porous membrane is preferably in the range 
which does not affect battery property. Specifically, the con 
tent ratio of each ingredient is 10% by weight or less, and the 
total content ratio of the optional ingredients is 40% by 
weight or less, and more preferably 20% by weight or less. 
However, when the total of the non-electroconductive par 
ticles, the aforementioned specific binder for a porous mem 
brane, and the optional ingredients (except for the binding 
agent other than the binder for a porous membrane) is less 
than 100% by weight, the content ratio of the binding agent 
other than the binder for a porous membrane as an optional 
ingredient can be appropriately increased to obtain the com 
position. 
(0170 Method for Manufacturing Porous Membrane 
0171 Examples of the method for manufacturing the 
porous membrane of the present invention may include 1) a 
method wherein the slurry for a porous membrane including 
the non-electroconductive particles, the binder for a porous 
membrane, and the medium is applied onto a specific Sub 
strate to obtain a slurry layer, and Subsequently the slurry 
layer is dried; and 2) a method wherein the substrate is 
immersed in the slurry for a porous membrane including the 
non-electroconductive particles, the binder for a porous 
membrane, and the medium, and thereafter this is dried. 
Among them, the method 1) is the most preferable because 
the thickness of the porous membrane is easily controlled. 
This method will be described hereinbelow as the method for 
manufacturing the porous membrane for a secondary battery 
of the present invention. 
(0172 Slurry for Porous Membrane 
0173 The slurry for a porous membrane for use in the 
manufacturing method of the present invention includes the 
non-electroconductive particles, the binder for a porous 
membrane, and the medium. Examples of the non-electro 
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conductive particles and the binder for a porous membrane 
may include the same ones in the explanation of the porous 
membrane. 
0.174. The medium is not particularly limited as long as the 
aforementioned Solid content (the non-electroconductive par 
ticles, the binder for a porous membrane, and the aforemen 
tioned optional ingredients) can be uniformly dispersed. 
0.175. As the medium used for the slurry for a porous 
membrane, both water and an organic solvent may be used. 
Examples of the organic solvent may include cyclic aliphatic 
hydrocarbons such as cyclopentane and cyclohexane; aro 
matic hydrocarbons such as toluene, Xylene, and ethylben 
Zene, ketones Such as acetone, ethyl methyl ketone, diisopro 
pyl ketone, cyclohexanone, methylcyclohexane, and 
ethylcyclohexane: chlorine-based aliphatic hydrocarbons 
Such as methylene chloride, chloroform, and carbon tetra 
chloride; esters such as ethyl acetate, butyl acetate, Y-butyro 
lactone, and S-caprolactone; acylonitriles such as acetonitrile 
and propionitrile; ethers such as tetrahydrofuran and ethylene 
glycol diethyl ether; alcohols such as methanol, ethanol, iso 
propanol, ethylene glycol, and ethylene glycol monomethyl 
ether; and amides such as N-methylpyrrolidone and N.N- 
dimethylformamide. 
0176). As to these media, one species may be used alone or 
two or more species thereof may be mixed and used as a 
mixed medium. Among them, particularly the medium which 
provides excellent dispersibility of the non-electroconductive 
particles and has a low boiling point and high Volatility is 
preferable because it can be removed at low temperature for a 
short period of time. Specifically, acetone, toluene, cyclohex 
anone, cyclopentane, tetrahydrofuran, cyclohexane, Xylene, 
water, or N-methylpyrrolidone, or mixed media thereof is 
preferable. 
0177. In particular, when the (meth)acrylic polymer 
described above is used as the binder for a porous membrane, 
it is preferable that a water-based medium such as water is 
used as a medium to obtain the slurry for a porous membrane 
as an aqueous dispersion in order to reduce manufacturing 
processes and process load. 
0.178 The solid content concentration in the slurry for a 
porous membrane can be appropriately adjusted to the con 
centration of the degree which allows application of the slurry 
and immersion into the slurry and attains viscosity allowing 
fluidity. The solid content may be generally about 10% to 
50% by weight. 
0179 The ingredients other than the solid content are to be 
Volatilized by a drying step and include the aforementioned 
medium as well as, for example, a dissolvent in which the 
non-electroconductive particles and the binder for a porous 
membrane have been dissolved or dispersed in preparation 
and addition thereof. 
0180. The slurry for a porous membrane of the present 
invention is for forming the porous membrane of the present 
invention. Therefore, the content ratio of the non-electrocon 
ductive particles, the binder for a porous membrane, and the 
optional ingredients (the aforementioned ingredients as 
optional ingredients of the porous membrane) in the total 
amount of the Solid content of the slurry for a porous mem 
brane may be as stated above for the porous membrane of the 
present invention. 
0181. In addition to the non-electroconductive particles, 
the binder for a porous membrane, the medium, and the 
aforementioned optional ingredients as optional ingredients 
of the porous membrane, the slurry for a porous membrane 
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may further include optional ingredients such as a dispersant 
and an electrolytic Solution additive having a function of, e.g., 
Suppressing electrolytic solution decomposition. Such 
optional ingredients are not particularly limited as long as 
they do not affect the battery reaction. 
0182 Method for Producing Slurry for Porous Mem 
brane 
0183 The method for producing the slurry for a porous 
membrane is not particularly limited, and the slurry for a 
porous membrane may be obtained by mixing the aforemen 
tioned non-electroconductive particles, the binder for a 
porous membrane, the medium, and optional ingredients that 
may be added if necessary. 
0184. In the present invention, by using the aforemen 
tioned ingredients, the slurry for a porous membrane in which 
the non-electroconductive particles are highly dispersed can 
be obtained regardless of a mixing method or a mixing order. 
The device for mixing is not particularly limited as long as it 
is a device which can uniformly mix the aforementioned 
ingredients, and a homomixer, a ball mill, a sand mill, a 
pigment disperser, a grinding machine, an ultrasonic dis 
perser, a homogenizer, a planetary mixer, and others may be 
used. Among them, it is particularly preferable to use the 
homomixer which can add a moderate dispersion shear. 
0185. The viscosity of the slurry for a porous membrane is 
preferably 10 mPa's to 10,000 mPa's, more preferably 50 to 
500 mPa is in view of uniform coating ability and slurry sta 
bility over the lapse of time. The aforementioned viscosity is 
a value measured using a Brookfield viscometer at 25°C. and 
the number of revolutions of 60 rpm. 
0186. In the present invention, the porous membrane has a 
membranous shape. The porous membrane may be an article 
which can keep the shape as a membrane independently (i.e., 
without support by a substrate). However, the porous mem 
brane may be a layer formed on a Substrate, which does not 
independently keep the shape as a membrane. In the present 
invention, the porous membrane may usually be the latter. A 
complex of the porous membrane and the substrate used for 
forming the porous membrane as it is may be used in the 
battery as, e.g., a separator. 
0187. In an aspect of the method for manufacturing the 
porous membrane of the present invention, the Substrate is a 
component in the battery and a component which preferably 
has the porous membrane. Specifically, it is preferable that an 
electrode for a secondary battery or a separator is used as the 
Substrate for forming thereon the porous membrane. 
0188 In the method for manufacturing the porous mem 
brane of the present invention, the porous membrane may be 
formed on the substrate other than the electrode or the organic 
separator layer. When the porous membrane of the present 
invention is formed on the substrate other than the electrode 
or the organic separator layer, the porous membrane may be 
peeled off from the substrate and directly laminated on the 
electrode or the organic separator layer in assembling of the 
battery. In this case, a suitable peelable film such as a publicly 
known peelable film may be used as the substrate. 
0189 The method for applying the slurry for a porous 
membrane onto the substrate is not particularly limited. 
Examples of the method may include a doctor blade method, 
a dip method, a reverse roll method, a direct roll method, a 
gravure method, an extrusion method, and a brush application 
method. Among them, the dip method and the gravure method 
are preferable since thereby a uniform porous membrane can 
be obtained. 
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0190. Examples of the method for drying the slurry layer 
obtained by application may include drying with hot air, 
warm air, and low humid air, Vacuum drying, and drying 
methods with (far-)infrared ray and electron beam. The dry 
ing temperature may be changed in accordance with the spe 
cies of the medium to be used. When a low-volatile medium 
such as N-methylpyrrolidone is used, it is preferable that 
drying is performed at a high temperature of 120° C. or more 
with a blast-type dryer for complete removal of the medium. 
On the other hand, when a high-volatile medium is used, 
drying may also be performed at a low temperature of 100° C. 
or less. When the porous membrane is formed on the organic 
separator which will be described below, it is preferable to 
perform drying at a low temperature of 100° C. or less 
because drying has to be performed without causing contrac 
tion of the organic separator. 
0191 Subsequently, if necessary, a press treatment using, 

e.g., mold press, or roll press may be performed for improving 
adhesion between the electrode mixed material layer and the 
porous membrane. However, in this case, an excessive pres 
Sure treatment may reduce the Void ratio of the porous mem 
brane, and accordingly, pressure and a pressing time are 
appropriately controlled. 
(0192 Shape of Porous Membrane 
0193 The thickness of the porous membrane is not par 

ticularly limited and appropriately set depending on the use or 
the technical field for application of the porous membrane. 
When it is too thin, a uniform membrane cannot be formed. 
On the other hand, when it is too thick, the capacity per 
Volume (weight) in the battery is decreased. Accordingly, the 
thickness is preferably 1 to 10um, and more preferably 2 to 7 
lm. 
0194 The porous membrane of the present invention is 
formed on the surface of the electrode mixed material layer or 
the organic separator layer of the secondary battery electrode, 
and is particularly preferably used as a protective membrane 
for the electrode mixed material layer or a separator. The 
secondary battery electrode on which the porous membrane is 
formed is not particularly limited, and the porous membrane 
of the present invention may be formed onto electrodes hav 
ing a variety of constitutions. In addition, the porous mem 
brane may be formed on the surface of either the positive 
electrode or the negative electrode of the secondary battery, or 
may be formed on the surfaces of both the positive electrode 
and the negative electrode. 
(0195 Electrode for Secondary Battery 
0196. The electrode for a secondary battery of the present 
invention comprises a current collector, an electrode mixed 
material layer which includes an electrode active material and 
a binding agent for an electrode mixed material layer and 
adheres on the current collector, and the porous membrane of 
the present invention which is formed on the surface of the 
electrode mixed material layer. 
0.197 Current Collector 
0198 The current collector is not particularly limited as 
long as it is a material which has electroconductivity and 
electrochemical durability. In view of having thermal resis 
tance, metal materials such as iron, copper, aluminum, nickel, 
stainless Steel, titanium, tantalum, gold, and platinum are 
preferable. Among them, aluminum is particularly preferable 
for the positive electrode of the lithium ion secondary battery 
and copper is particularly preferable for the negative elec 
trode of the lithium ion secondary battery. The shape of the 
current collector is not particularly limited, but is preferably 
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in the shape of a sheet having a thickness of about 0.001 to 0.5 
mm. It is preferable that the current collector is previously 
Subjected to a Surface roughening treatment before use for 
increasing the adhesive strength of the electrode mixed mate 
rial layer. Examples of the Surface roughening method may 
include a mechanical polishing method, an electrolytic pol 
ishing method, and a chemical polishing method. In the 
mechanical polishing method, polishing cloth and or paper 
having abrasive particles adhering thereon, grinding Stone, 
emery buff, wire brush provided with, e.g., steel wire, and 
others are used. 

(0199 Furthermore, in order to increase the adhesive 
strength and the electroconductivity of the electrode mixed 
material layer, an intermediate layer may be formed on the 
surface of the current collector. 

0200 Electrode Active Material 
0201 The electrode active material for use in the electrode 
for a secondary battery of the present invention may be 
selected depending on the secondary battery in which the 
electrode is used. Examples of the secondary battery may 
include a lithium ion secondary battery and a nickel metal 
hydride secondary battery. 
0202. When the electrode for a secondary battery of the 
present invention is used for the positive electrode of the 
lithium ion secondary battery, the electrode active material 
for the positive electrode of the lithium ion secondary battery 
(positive electrode active material) is roughly classified into 
those composed of an inorganic compound and those com 
posed of an organic compound. 
0203 Examples of the positive electrode active material 
composed of an inorganic compound may include a transition 
metal oxide, a complex oxide of lithium and transition metal, 
and a transition metal sulfide. As the aforementioned transi 
tion metal, Fe, Co, Ni, Mn, and others are used. Specific 
examples of the inorganic compound used for the positive 
electrode active material may include lithium-containing 
complex metal oxides such as LiCoO, LiNiO, LiMnO, 
LiMnO, LiFePO, and LiFeVO, transition metal sulfides 
such as TiS, TiS, and amorphous MoS, and transition 
metal oxides such as CuVO, amorphous VO-POs, 
MoO.V.O.s, and VO. These compounds may have partial 
elemental substitution. As the positive electrode active mate 
rial composed of an organic compound, electroconductive 
polymer compounds such as polyacetylene and poly-p-phe 
nylene may be used. An iron-based oxide having poor elec 
troconductivity may be used as an electrode active material 
covered with a carbon material by reduction firing with the 
existence of a carbon source Substance. These compounds 
may have partial elemental Substitution. 
0204 The positive electrode active material for the lithium 
ion secondary battery may be a mixture of the aforemen 
tioned inorganic compound and organic compound. The par 
ticle diameter of the positive electrode active material is 
appropriately selected from the viewpoint of optional con 
stituents of the battery. In view of improvement in battery 
properties such as rate property and cycle property, the 50% 
cumulative volume diameter thereof is usually 0.1 to 50 and 
preferably 1 to 20 Lum. When the 50% cumulative volume 
diameter is in this range, it is possible to obtain a secondary 
battery with large charge and discharge capacity and to enable 
easy handling in the manufacturing process of the slurry for 
an electrode and the electrode. The 50% cumulative volume 
diameter can be obtained by measuring particle size distribu 
tion with laser diffraction. 
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0205 When the electrode for a secondary battery of the 
present invention is used for the negative electrode of the 
lithium ion secondary battery, examples of the electrode 
active material for the negative electrode for the lithium ion 
secondary battery (negative electrode active material) may 
include carbonaceous materials such as amorphous carbon, 
graphite, natural graphite, mesocarbon microbeads, and 
pitch-based carbon fiber; and electroconductive polymer 
compounds such as polyacene. As the negative electrode 
active material, metals such as silicon, tin, Zinc, manganese, 
iron, and nickel, and alloys thereof, and oxides and Sulfates of 
the aforementioned metals or alloys may also be used. In 
addition, metal lithium, lithium alloys Such as Li-Al. 
Li Bi-Cd and Li Sin Cd, lithium transition metal 
nitrides, silicon, and others may also be used. As an electrode 
active material, a material having a surface to which an elec 
troconductivity imparting material adheres by a mechanical 
modifying method may also be used. The particle diameter of 
the negative electrode active material is appropriately 
selected from the viewpoint of other constituents of the bat 
tery. In view of improvement in battery properties such as 
initial efficiency, rate property, and cycle property, the 50% 
cumulative volume diameter thereof is usually 1 to 50 and 
preferably 15 to 30 um. 
0206 When the electrode for a secondary battery of the 
present invention is used for a positive electrode of a nickel 
metal hydride secondary battery, examples of an electrode 
active material for the positive electrode for the nickel metal 
hydride secondary battery (positive electrode active material) 
may include nickel hydroxide particles. The nickel hydroxide 
particles may contain cobalt, Zinc, cadmium, or others in a 
solid solution state. The nickel hydroxide particles may have 
a Surface coated with an alkaline-heat-treated cobalt com 
pound. Further, the nickel hydroxide particles may contain an 
additive Such as cobalt compounds such as cobalt oxide, 
metal cobalt, and cobalt hydroxide; Zinc compounds such as 
metal Zinc, Zinc oxide, and Zinc hydroxide; and rare earth 
compounds Such as erbium oxide in addition to yttrium oxide. 
0207. When the electrode for a secondary battery of the 
present invention is used for the negative electrode of the 
nickel metal hydride secondary battery, as an electrode active 
material for the negative electrode for the nickel metal 
hydride secondary battery (negative electrode active mate 
rial), hydrogen-absorption alloy particles may be any of those 
which can absorb hydrogen that has been electrochemically 
generated in an alkali electrolytic solution during battery 
charging and can easily release the absorbed hydrogen during 
discharging, and are not particularly limited. The particles 
composed of AB5 type, TiNi-based, and TiFe-based hydro 
gen-absorbing alloys are preferable. Specific examples 
thereof may include LaNi5, MmNi5 (Mm is a misch metal), 
and LimNi5 (Lm is at least one species selected from rare earth 
elements including La), as well as multielement-type hydro 
gen-absorption alloy particles in which a part of Ni in these 
alloys is substituted with one or more species of element 
selected from the group consisting of, e.g., Al, Mn, Co., Ti, Cu, 
Zn, Zr, Cr, and B. In particular, hydrogen-absorption alloy 
particles having a composition represented by a general for 
mula: LimNiwCoxMny Alz (the total of the atomic ratios w.x. 
y, and Z satisfies 4.80sw-X+y+Zs5.40) is suitable since 
micronization with the progress of charge-discharge cycle is 
Suppressed and thereby the charge-discharge cycle life is 
improved. 
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0208 Binding Agent for Electrode Mixed Material 
Layer 
0209. In the present invention, the electrode mixed mate 
rial layer includes a binding agent (binding agent for an 
electrode mixed material layer) in addition to the electrode 
active material. By including the binding agent, the binding 
property of the electrode mixed material layer in the electrode 
is improved, the strength against mechanical force applied 
during, e.g., winding process of the electrode is increased, 
and detachment of the electrode mixed material layer in the 
electrode is Suppressed, resulting in reduced risk of, e.g., the 
short circuit caused by the detached object. 
0210. As the binding agent for the electrode mixed mate 
rial layer, a variety of resin ingredients may be used. For 
example, polyethylene, polytetrafluoroethylene (PTFE), 
polyvinylidene fluoride (PVDF), a tetrafluoroethylene 
hexafluoropropylene copolymer (FEP), polyacrylic acid 
derivatives, and polyacrylonitrile derivatives may be used. 
One of them may be used alone, or two or more species 
thereof may be used in combination. 
0211 Furthermore, the soft polymers exemplified below 
may also be used as the binding agent for the electrode mixed 
material layer. 
0212. Examples of the soft polymer may include acrylic 
Soft polymers which are homopolymers of acrylic acid or 
methacrylic acid derivatives, or copolymers of such a mono 
mer with another monomer copolymerizable therewith, such 
as polybutyl acrylate, polybutyl methacrylate, polyhydroxy 
ethyl methacrylate, polyacrylamide, polyacrylonitrile, a 
butyl acrylate-styrene copolymer, a butyl acrylate-acryloni 
trile copolymer and a butyl acrylate-acrylonitrile-glycidyl 
methacrylate copolymer; 
0213 isobutylene-based soft polymers such as polyisobu 
tylene, isobutylene-isoprene rubber and an isobutylene-sty 
rene copolymer; 
0214 diene-based soft polymers such as polybutadiene, 
polyisoprene, abutadiene-styrene random copolymer, an iso 
prene-styrene random copolymer, an acrylonitrile-butadiene 
copolymer, an acrylonitrile-butadiene-styrene copolymer, a 
butadiene-styrene-block copolymer, a styrene-butadiene-sty 
rene-block copolymer, an isoprene-styrene-block copolymer, 
and a styrene-isoprene-styrene-block copolymer; 
0215 silicon-containing soft polymers such as dimeth 
ylpolysiloxane, diphenylpolysiloxane, and dihydroxypolysi 
loxane; 
0216 olefin-based soft polymers such as liquid polyeth 
ylene, polypropylene, poly-1-butene, an ethylene-C-olefin 
copolymer, a propylene-C-olefin copolymer, an ethylene 
propylene-diene copolymer (EPDM), and an ethylene-propy 
lene-styrene copolymer; 
0217 vinyl-based soft polymers such as polyvinyl alco 
hol, polyvinyl acetate, polyvinyl Stearate, and a vinyl acetate 
styrene copolymer; 
0218 epoxy-based soft polymers such as polyethylene 
oxide, polypropylene oxide, and epichlorhydrin rubber, 
0219 fluorine-containing soft polymers, such as 
vinylidene fluoride-based rubber and tetrafluoroethylene 
propylene rubber; and 
0220 other soft polymers such as natural rubber, polypep 
tide, protein, polyester-based thermoplastic elastomer, vinyl 
chloride-based thermoplastic elastomer, and polyamide 
based thermoplastic elastomer. These soft polymers may 
have a crosslinked structure or may have a functional group 
introduced by modification. 
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0221) The amount of the binding agent for an electrode 
mixed material layer in the electrode mixed material layer is 
preferably 0.1 to 5 parts by weight, more preferably 0.2 to 4 
parts by weight, and particularly preferably 0.5 to 3 parts by 
weight with respect to 100 parts by weight of the electrode 
active material. When the amount of the binding agent for an 
electrode mixed material layer in the electrode mixed mate 
rial layer is in the aforementioned range, the active material 
can be prevented from falling off the electrode without inhib 
iting battery reaction. 
0222. The binding agent for an electrode mixed material 
layer is prepared as a Solution or a dispersion liquid for 
manufacturing the electrode. The Viscosity at that time is 
usually in the range of 1 mPa is to 300,000 mPas, and pref 
erably 50 mPa's to 10,000 mPa's. The aforementioned vis 
cosity is a value measured using a Brookfield viscometer at 
25°C. and the number of revolutions of 60 rpm. 
0223) In the present invention, the electrode mixed mate 

rial layer may contain an electroconductivity imparting mate 
rial and a reinforcing material. As the electroconductivity 
imparting material, electroconductive carbon Such as acety 
lene black, Ketjenblack, carbon black, graphite, vapor-grown 
carbon fiber, and carbon nanotube may be used. Examples 
may include carbon powders such as black lead; and fiberand 
foil of a variety of species of metals. As the reinforcing 
material, a variety of species of inorganic and organic spheri 
cal, plate-like, rod-like or fibrous fillers may be used. By 
using the electroconductivity imparting material, electrical 
contact between the electrode active materials can be 
improved. Particularly when it is used in the lithium ion 
secondary battery, discharge rate property can be improved. 
The amount of the electroconductivity imparting material or 
the reinforcing agent used is usually 0 to 20 parts by weight, 
and preferably 1 to 10 parts by weight with respect to 100 
parts by weight of the electrode active material. 
0224. The electrode mixed material layer may be formed 
by pasting a slurry including the binding agent for an elec 
trode mixed material layer, the electrode active material, and 
the medium (which may be referred to hereinbelow as a 
“slurry for forming an electrode mixed material layer') to the 
current collector. 

0225. The medium may be any of those which dissolve the 
aforementioned binding agent for an electrode mixed mate 
rial layer or disperse it in a particle form. Those which dis 
Solve the binding agent for an electrode mixed material layer 
are preferable. When the medium which dissolves the binding 
agent for an electrode mixed material layer is used, the bind 
ing agent for an electrode mixed material layer is adsorbed 
onto the Surface, and dispersion of e.g., the electrode active 
material is thereby stabilized. 
0226. As the medium for the slurry for forming an elec 
trode mixed material layer, any of water and an organic Sol 
vent may be used. Examples of the organic Solvent may 
include cyclic aliphatic hydrocarbons such as cyclopentane 
and cyclohexane; aromatic hydrocarbons such as toluene and 
Xylene; ketones such as ethyl methyl ketone and cyclohex 
anone; esters such as ethyl acetate, butyl acetate, Y-butyrolac 
tone, and e-caprolactone; acylonitriles such as acetonitrile 
and propionitrile; ethers such as tetrahydrofuran and ethylene 
glycol diethyl ether; alcohols such as methanol, ethanol, iso 
propanol, ethylene glycol, and ethylene glycol monomethyl 
ether; and amides such as N-methylpyrrolidone and N.N- 
dimethylformamide. These media may be appropriately 
selected in view of drying rate or environmental aspects, and 
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one species thereof may be used alone, or a mixture of two or 
more species may also be used. 
0227. The slurry for forming an electrode mixed material 
layer may contain a thickener. A polymer soluble in the 
medium used for the slurry for forming an electrode mixed 
material layer may be used. As the thickener, the thickeners 
exemplified in the description of the porous membrane of the 
present invention may be used. The using amount of the 
thickener is preferably 0.5 to 1.5 parts by weight with respect 
to 100 parts by weight of the electrode active material. When 
using amount of the thickener is in this range, good coating 
property and good adhesion to the current collector can be 
achieved. 
0228. Moreover, in order to enhance the stability and the 
life of the battery, other ingredients than the aforementioned 
ones, such as trifluoropropylene carbonate, vinylene carbon 
ate, catechol carbonate, 1,6-dioxaspiro4.4nonane-2,7-di 
one, and 12-crown-4-ether, may also be used. Furthermore, 
these ingredients may be used as a constituent of the electro 
lytic solution which will be described below. 
0229. The amount of the medium in the slurry for forming 
an electrode mixed material layer is adjusted depending on 
the species of, e.g., the electrode active material and the 
binding agent for an electrode mixed material layer so as to 
obtain a viscosity of the slurry suitable for coating. Specifi 
cally, adjustment is effected so that the concentration of the 
solid content that is the total amount of the electrode active 
material, the binding agent for an electrode mixed material 
layer, and the optional additives such as the electroconduc 
tivity imparting material in the slurry for forming an electrode 
mixed material layer is preferably 30% to 90% by weight, and 
more preferably 40% to 80% by weight. 
0230. The slurry for forming an electrode mixed material 
layer may be obtained by mixing using a mixer the electrode 
active material, the binding agent for an electrode mixed 
material layer, the optional additives that are added if neces 
sary, such as the electroconductivity imparting material, and 
the medium. The mixing may be performed by Supplying the 
aforementioned ingredients together into the mixer. When the 
electrode active material, the binding agent for an electrode 
mixed material layer, the electroconductivity imparting mate 
rial, and the thickener are used as constituents of the slurry for 
forming an electrode mixed material layer, it is preferable to 
mix the electroconductivity imparting material and the thick 
ener in the medium to allow the electroconductivity imparting 
material to be dispersed in a fine particle form, and Subse 
quently add the binding agent for an electrode mixed material 
layer and the electrode active material thereto and mix them, 
since thereby the dispersibility of the obtained slurry can be 
improved. The mixer for use may be, e.g., a ball mill, a sand 
mill, a pigment disperser, a grinding machine, an ultrasonic 
disperser, a homogenizer, a planetary mixer, and a Hobart 
mixer. It is preferable to use a ball mill since thereby aggre 
gation of the electroconductivity imparting material and the 
electrode active material can be suppressed. 
0231. The particle size of the slurry for forming an elec 
trode mixed material layer is preferably 35 um or less, more 
preferably 25um or less. When the particle size of the slurry 
is in the aforementioned range, high dispersibility of the 
electric conduction material can be achieved and a uniform 
electrode can be obtained. 
0232. The method for manufacturing the electrode mixed 
material layer may be a method wherein the electrode mixed 
material layer is attached in a form of a layer to at least one 
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side, preferably both sides of the aforementioned current 
collector. For example, the aforementioned slurry for forming 
an electrode mixed material layer is applied onto the current 
collector and dried, and a heat treatment is then performed at 
120° C. or more for 1 hour or more, to form the electrode 
mixed material layer. The method for applying the slurry for 
forming an electrode mixed material layer onto the current 
collector is not particularly limited. Examples of the method 
may include a doctor blade method, a dip method, a reverse 
roll method, a direct roll method, a gravure method, an extru 
sion method, and a brush applying method. Examples of the 
drying method may include drying with hot air, warm air, and 
low humid air, Vacuum drying, and drying methods with 
(far-)infrared ray and electron beam. 
0233. It is preferable to subsequently perform a press 
treatment using, e.g., mold press and roll press, for decreasing 
the void ratio of the electrode mixed material layer of the 
electrode. The void ratio is preferably in the range of 5% to 
15%, and more preferably 7% to 13%. Excessively high void 
ratio results in lower charging efficiency and discharging 
efficiency. Too low void ratio causes problems such as diffi 
culty in obtaining high Volume capacity, and high tendency to 
cause peel-off of the electrode mixed material layer to induce 
defects. 
0234. Furthermore, when a curable polymer is used, it is 
preferable to cure the polymer. 
0235. The thickness of the electrode mixed material layer 

is usually 5 to 300 um, and preferably 10 to 250 um in both the 
positive electrode and the negative electrode. 
0236 Separator for Secondary Battery 
0237. The separator for a secondary battery of the present 
invention comprises an organic separator layer and the afore 
mentioned porous membrane of the present invention formed 
on the separator layer. 
0238. As the organic separator layer, publicly known ones 
Such as a separator including polyolefin resin Such as poly 
ethylene and polypropylene, and aromatic polyamide resin 
are used. 
0239. As the organic separator layer used in the present 
invention, a porous membrane which does not have electron 
conductivity but has ion conductivity, has high resistance to 
an organic solvent, and has a fine pore diameter is used. 
Examples of the porous membrane may include microporous 
membranes composed of resins such as polyolefins (polyeth 
ylene, polypropylene, polybutene, polyvinyl chloride) and 
mixtures or copolymers thereof, microporous membranes 
composed of resins such as polyethylene terephthalate, poly 
cycloolefin, polyetherSulfone, polyamide, polyimide, poly 
imidoamide, polyaramide, polycycloolefin, nylon, and poly 
tetrafluoroethylene, or woven fibers of polyolefins, or 
nonwoven fabrics thereof, and aggregate of insulating mate 
rial particles. Among them, the microporous membranes 
composed of polyolefin resins are preferable because thereto 
the aforementioned slurry for a porous membrane can be 
applied in an excellent manner so that the membrane thick 
ness of the entire separator can be reduced to increase the ratio 
of the active material in the battery and increase the capacity 
per Volume. 
0240. The thickness of the organic separator layer is usu 
ally 0.5 to 40 um, preferably 1 to 35um, and more preferably 
5 to 30 Lum. The thickness in this range results in less resis 
tance caused by the separator in the battery and good work 
ability during coating operation onto the organic separator 
layer. 
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0241. In the present invention, examples of the polyolefin 
resin as the material of the organic separator layer may 
include homopolymers and copolymers of, e.g., polyethylene 
and polypropylene, as well as mixtures thereof. Examples of 
polyethylene may include low-density, medium-density, and 
high-density polyethylenes, and the high-density polyethyl 
ene is preferable in view of Sticking strength and mechanical 
strength. Two or more species of these polyethylenes may be 
mixed for the purpose of imparting flexibility. The polymer 
ization catalyst used for these polyethylenes is not particu 
larly limited, and examples thereof may include a Ziegler 
Natta catalyst, a Phillips catalyst, and a metallocene catalyst. 
In view of achieving both mechanical strength and high per 
meability, the Viscosity mean molecular weight of polyethyl 
ene is preferably 100,000 to 12,000,000, and more preferably 
200,000 to 3,000,000. Examples of polypropylene may 
include homopolymers, random copolymers, and block 
copolymers. They may be used alone or as a mixture of two or 
more species. The polymerization catalyst is also not particu 
larly limited, and examples thereof may include a Ziegler 
Natta catalyst and a metallocene catalyst. Tacticity is also not 
particularly limited, and isotactic, syndiotactic or atactic 
polypropylene may be used. It is desired to use isotactic 
polypropylene in view of low cost. Furthermore, the polyole 
fin may contain properamount of polyolefin other than poly 
ethylene or polypropylene and additives Such as an antioxi 
dant and a nucleating additive in the range which does not 
impair the effects of the present invention. 
0242. The method for producing a polyolefin organic 
separator layer may be those that are publicly known and 
publicly used. Examples of the method to be selected may 
include a dry method wherein polypropylene or polyethylene 
is melt-extruded to form a film, Subsequently annealing is 
performed at low temperature for growing crystal domain, 
and then stretching is performed in this state to extend an 
amorphous region, to thereby form a microporous membrane; 
and a wet method wherein a hydrocarbon solvent and other 
low-molecular materials are mixed with polypropylene or 
polyethylene, Subsequently a film is formed, and then, when 
the solvent and the low molecules has begun to gather in an 
amorphous phase to form an island phase, the solvent and the 
low molecules is removed from the film with another easily 
volatized solvent, to thereby form a microporous membrane. 
Among them, the dry method is preferable since thereby large 
voids are easily obtained for the purpose of lowering the 
resistance. 

0243 The organic separator layer used in the present 
invention may optionally include a filler and fiber compound 
for the purpose of controlling the strength, the hardness, and 
the heat shrinkage rate. In addition, in the formation of the 
aforementioned porous membrane, for the purpose of 
improving the adhesion or lowering the Surface tension with 
the electrolytic solution to improve impregnation of the solu 
tion, the organic separator may previously be coated with a 
low-molecular compound or a polymer compound, or be 
Subjected to a treatment with electromagnetic radiation Such 
as ultraviolet radiation, or a plasma treatment with, e.g., a 
corona discharge/plasma gas. In particular, it is preferable 
that the organic separator is coated with a polymer compound 
containing a polar group Such as a carboxylic acid group, a 
hydroxyl group and a sulfonic acid group since it can be well 
impregnated with the electrolytic solution and therewith 
adhesion to the aforementioned porous membrane is easily 
obtained. 
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0244. The separator of the present invention may have the 
porous membrane only on one side of the organic separator 
layer, or may have the porous membrane on both sides of the 
organic separator layer. 
0245 
0246 The secondary battery of the present invention com 
prises a positive electrode, a negative electrode, a separator, 
and an electrolytic Solution, in which at least any one of the 
positive electrode, the negative electrode, and the separator 
has the aforementioned porous membrane of the present 
invention. 

0247 Examples of the secondary battery may include a 
lithium ion secondary battery and a nickel metal hydride 
secondary battery, and the lithium ion secondary battery is 
preferable because its improvement in safety is the most 
required and introduction of the porous membrane is there 
fore the most effective, and because improvement in rate 
property is a problem to be solved. The case of use in the 
lithium ion secondary battery will be described hereinbelow. 
0248 
0249. As the electrolytic solution for the lithium ion sec 
ondary battery, an organic electrolytic solution in which a 
Supporting electrolyte is dissolved in an organic Solvent is 
used. As the Supporting electrolyte, a lithium salt is used. The 
lithium salt is not particularly limited, and examples thereof 
may include LiPF LiAsF LiBF, LiSbF5, LiAlCl4, 
LiCIO, CFSOL, CFSO, Li, CFCOOLi, (CFCO)NLi, 
(CFSO)NLi, and (CFSO)NLi. Among them, LiPF, 
LiClO and CFSO, Li are preferable since they are easily 
dissolved in a solvent and show high degree of dissociation. 
Two or more species of them may be used in combination. 
Use of the Supporting electrolyte having higher degree of 
dissociation results in higher lithium ion conductivity. There 
fore, the lithium ion conductivity can be controlled by select 
ing the species of the Supporting electrolyte. 
0250. The organic solvent for the electrolytic solution of a 
lithium ion secondary battery is not particularly limited as 
long as it candissolve the Supporting electrolyte. Examples of 
the preferable organic solvent for use may include carbonates 
such as dimethyl carbonate (DMC), ethylene carbonate (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-con 
taining compounds such as Sulfolane and dimethylsulfoxide. 
Furthermore, a mixture of these solvents may also be used. 
Among them, carbonates are preferable because of their high 
permittivity and wide range of stable potential. Use of the 
Solvent having lower viscosity results in higher lithium ion 
conductivity. Therefore, the lithium ion conductivity can be 
controlled by selecting the species of the solvent. 
0251. The concentration of the supporting electrolyte in 
the electrolytic solution for the lithium ion secondary battery 
is usually 1% to 30% by weight, and preferably 5% by weight 
to 20% by weight. The electrolyte is usually used at a con 
centration of 0.5 to 2.5 mol/L depending on the species of the 
Supporting electrolyte. When the concentration of the Sup 
porting electrolyte is either excessively low or excessively 
high, the ion conductivity tends to be decreased. Use of the 
electrolytic solution having lower concentration results in 
higher Swelling degree of the polymer particles. Therefore, 
the lithium ion conductivity can be controlled by the concen 
tration of the electrolytic solution. 

Secondary Battery 

Electrolytic Solution 
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0252 Separator and Electrode 
0253) As the separator, the separator of the present inven 
tion having the porous membrane may be used. However, 
other separators may be used as well. For example, those 
exemplified above as the organic separator layer as they are 
may be used as the separator. 
0254 As the positive electrode and the negative electrode, 
the electrode for a secondary battery of the present invention 
which has the porous membrane may be used, but other 
electrodes may be used as well. For example, the aforemen 
tioned multilayer product composed of the current collector 
and the electrode mixed material layer adhering thereon as it 
is may be used as the electrode. 
0255. However, in the secondary battery of the present 
invention, at least any one of the positive electrode, the nega 
tive electrode, and the separator has the porous membrane. 
0256 Examples of the specific method for manufacturing 
the lithium ion secondary battery may include a method in 
which the positive electrode and the negative electrode are 
stacked via the separator, which is then wound or folded in 
accordance with the battery shape and installed into the bat 
tery container, then the electrolytic solution is injected into 
the battery container, and the battery container is sealed. The 
porous membrane of the present invention is formed on any of 
the positive electrode, the negative electrode, and the separa 
tor. Alternatively, it is also possible to laminate an indepen 
dent porous membrane. If necessary, pressure increase inside 
the battery and overcharge? overdischarge can be prevented by 
installing expanded metal, overcurrent protection elements 
such as a fuse and a PTC element, and a lead plate, etc. 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 

(0257. The present invention will be described hereinbelow 
in more detail with reference to Examples, but the present 
invention is not limited thereto. In the description about the 
quantitative ratio in Examples, "'6' and “part represent 
weight ratio unless otherwise specified. 
0258. In Examples and Comparative Examples, evalua 
tion of properties was performed as follows. 
(0259 (Number Mean Particle Diameter and Variation 
Coefficient of Particle Diameter of Non-Electroconductive 
Particles) 
0260 A laser diffraction scattering particle size distribu 
tion analyzer (LS230: produced by Beckman Coulter, Inc.) 
was used for measurement. The number mean particle diam 
eter herein refers to a particle diameter at 50% of the cumu 
lative distribution in the particle diameter-number cumulative 
distribution. The variation coefficient of the particle diameter 
was calculated from the number mean particle diameter and 
the standard deviation. 
0261 (Arithmetic Mean Value of Shape Factor and Varia 
tion Coefficient of Shape Factor of Non-Electroconductive 
Particles) 
0262 An image of the non-electroconductive particles 
magnified by 50000 times was photographed with the field 
emission scanning electron microscope (Hitachi S-4700: pro 
duced by Hitachi High-Technologies Corporation). Then the 
measurement was performed by analyzing the photographed 
image using the image analysis software (analysIS Pro: pro 
duced by Olympus Corporation) based on this photograph. 
Upon this measurement, the noise in the image was removed, 
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and 100 non-electroconductive particles were arbitrary 
selected. The shapes of the selected particles were observed 
and the shape factor was calculated in accordance with the 
following formula (A). 

Shape factor=(Maximum Diameter/2)^xt)/Projected 
Area Formula (A) 

0263. In the formula, the maximum diameter refers to the 
particle width with the maximum distance between parallel 
lines when a projection image of the non-electroconductive 
particle on a plane Surface is sandwiched by two parallel lines. 
The projected area refers to the area of the projection image of 
the non-electroconductive particle on a plane Surface. 
0264 (T10 Value of Non-Electroconductive Particles) 
0265 Under a nitrogen atmosphere, the temperature (C.) 
at which the reduced ratio of the non-electroconductive par 
ticles reaches 10% by weight was observed by heating at a 
heating rate of 10° C./minute from 30° C. with the thermo 
gravimetry/differential thermal analyzer (EXSTAR 
TG/DTA6000: produced by SII NanoTechnology Inc.). 
0266 (Measurement of Metal Ion Content of Non-Elec 
troconductive Particles) 
0267. The metal ions included in the non-electroconduc 
tive particles were quantitatively analyzed using inductively 
coupled plasma-atomic emission spectrometer ICP-AES 
(SPS-5100: produced by SII NanoTechnology Inc.). 
0268. The non-electroconductive particles was inciner 
ated in an electric furnace at 550° C. and dissolved in a nitric 
acid aqueous Solution, and alumina was dissolved in aqua 
regia for measurement. 
0269. The metal ions to be quantitatively analyzed were 
Ca, Co, Cr, Cu, Fe, Mg, Ni, and Zn which may affect battery 
performance, and the total amount of these ions was taken as 
the metal ion content of the non-electroconductive particles. 
The obtained metal ion content was evaluated based on the 
following criteria. 

(Evaluation Criteria) 
(0270 Good: less than 50 ppm 
(0271 Poor: 50 ppm or more 
(0272 (Powder Falling Property of Electrode with Porous 
Membrane or Separator with Porous Membrane) 
0273. The electrode with the porous membrane or the 
separator with the porous membrane was punched out in a 
form of a disc having a diameter of 19 mm with an electrode 
punching machine, and the presence or absence of adhesion 
of a porous membrane piece to a punching edge was visually 
observed and graded in accordance with the following crite 
ria. Occurrence of adhesion of the porous membrane piece to 
the punching edge at a later stage is indicative of better 
powder falling property of the porous membrane layer 
formed on the electrode mixed material layer or the organic 
separator layer. The presence or absence of adhesion of the 
porous membrane piece was checked every 100 times of 
punching up to 1000 times. 

(Evaluation Criteria) 
0274 A: no adhesion of the porous membrane piece was 
observed even after 1000 times of punching. 
0275 B: adhesion of the porous membrane piece occurred 
after 501 to 999 times of punching. 
0276 C: adhesion of the porous membrane piece occurred 
after 101 to 500 times of punching. 
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0277 D: adhesion of the porous membrane piece occurred 
after 100 or less times of punching. 
(0278 (Water Content of Electrode with Porous Membrane 
or Separator with Porous Membrane) 
0279. The electrode or the separator is cut into 10 cm 
width x10 cm length to prepare a test sample. The test sample 
is left stand in a dry room (temperature: 25°C., dew point: 
-60° C. or less) for 1 hour. Subsequently, the water content of 
the test sample is measured based on the water evaporation 
method (vaporization temperature; 150°C.) using a coulom 
etric moisture titrator, and the water content per unit volume 
of the electrode or the separator is calculated. 
0280 A: less than 200 g/cc 
0281 B: 200 ug/cc or more and less than 500 g/cc 
0282 C: 500 ug/cc or more and less than 1000 ug/cc 
(0283 D: 1000 ug/cc or more 
(0284 (Cycle Property) 
0285 Each of ten coin-type battery cells is repeatedly 
charged and discharged by the constant current method of 0.2 
C wherein charging is performed to 4.3 V and discharging is 
performed to 3.0 V, and the electric capacity is measured. The 
mean value of 10 cells is taken as a measured value. The 
charge-discharge capacity retention ratio represented by the 
ratio (%) of the electric capacity after completing 60 cycles 
relative to the electric capacity after completing 5 cycles is 
calculated, and the cycle property is evaluated in accordance 
with the following criteria. Higher value of this ratio is indica 
tive of better cycle property. 

(Evaluation Criteria) 

0286 A: 80% or more 
0287 B: 70% or more and less than 80% 
0288 C: 60% or more and less than 70% 
0289 D: less than 60% 
0290 (Reliability Test of Separator with Porous Mem 
brane) 
0291. The separator with the porous membrane was 
punched out in a form of a disc having a diameter of 19 mm, 
immersed in a methanol solution containing 3% by weight of 
the nonionic Surfactant (produced by Kao Corporation; 
Emulgen 21OP), and then dried in the air. This disc-shaped 
separator was impregnated with an electrolytic solution, and 
sandwiched between a pair of disc-shaped SUS plates (diam 
eter, 15.5 mm) to form a layered structure of (SUS plate)/ 
(disc-shaped separator)/(SUS plate). As the electrolytic solu 
tion in this procedure, a solution was used in which 1 mol/L of 
LiPF was dissolved in a mixed solvent of ethylene carbonate 
(EC) and diethyl carbonate (DEC) at EC:DEC=1:2 (volume 
ratio at 20° C.). This was enclosed in a 2032-type coin cell. 
The coin cell was connected to a lead wire, which was then 
attached to a thermocouple and placed in an oven. While 
applying an alternating current having an amplitude of 10 mV. 
and a frequency of 1 kHz, the temperature was raised to 200° 
C. at a heating rate of 1.6°C./minute, and the cell resistance 
was measured during this period to check the status of short 
circuit occurrence. This test was repeated 10 times and evalu 
ated in accordance with the following evaluation criteria. 

(Evaluation Criteria) 

0292 
0293 

Good: without occurrence of short circuit 
Poor: with occurrence of short circuit 
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0294 (Reliability Test of Electrode with Porous Mem 
brane) 
0295) A separator (monolayer separator made of polypro 
pylene, porosity; 55%, thickness; 25um, the same as the one 
used as the “organic separator layer” in Example 1) was 
punched out in a form of a disc having a diameter of 19 mm, 
immersed in a methanol solution containing 3% by weight of 
the nonionic Surfactant (produced by Kao Corporation; 
Emulgen 210P), and then dried in the air. On the other hand, 
the electrode to be measured was punched out in a form of a 
disc having a diameter of 19 mm. They were impregnated 
with an electrolytic solution and Stacked. This was then sand 
wiched between a pair of disc-shaped SUS plates (diameter; 
15.5 mm) to form a layered structure of (SUS plate)/(disc 
shaped separator)/(disc-shaped electrode)/(SUS plate). The 
disc-shaped electrode was placed so that the porous mem 
brane side surface thereof was on the separator side. As the 
electrolytic Solution in this procedure, a solution was used in 
which 1 mol/L of LiPF was dissolved in a mixed solvent of 
ethylene carbonate (EC) and diethyl carbonate (DEC) at 
EC:DEC=1:2 (volume ratio at 20°C.). This was enclosed in a 
2032-type coin cell. The coin cell was connected to a lead 
wire, which was then attached to a thermocouple and placed 
in an oven. While applying an alternating current having an 
amplitude of 10 mV and a frequency of 1 kHz, the tempera 
ture was raised to 200°C. at a heating rate of 1.6°C./minute, 
and the cell resistance was measured during this period to 
check the status of short circuit occurrence. This test was 
repeated 10 times and evaluated in accordance with the fol 
lowing evaluation criteria. 

(Evaluation Criteria) 

0296 Good: with occurrence of short circuit 
0297 Poor: without occurrence of short circuit 
0298 (Uniformity of Electrode with Porous Membrane or 
Separator with Porous Membrane) 
0299 The separator with the porous membrane or the 
electrode with the porous membrane was cut into 6 cm 
width:X1 m length, and the thickness of the cut separator with 
the porous membrane or electrode with the porous membrane 
was measured at 60 points, i.e., 3 points in the width direc 
tionx20 points every 5 cm in the length direction. From the 
standard deviation and the mean value of the membrane 
thickness, the fluctuation was calculated based on the follow 
ing formula and evaluated in accordance with the following 
criteria. 

Standard deviation of membrane thickness O = 2 
it. 

Fluctuation of membrane thickness = Of x x 100(%) 

0300. In this formula, X represents the mean value of the 
membrane thickness, and n represents the number of mea 
Surement. 

(Evaluation Criteria) 

0301 A: less than 3% 
0302 B: 3% or more and less than 10% 
0303 C: 10% or more 
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Example 1 

1-1. Manufacture of Seed Polymer Particles A) 
0304. In a reactor equipped with a stirrer, 95.0 parts of 
styrene, 5.0 parts of acrylic acid, 1.0 part of sodium dodecyl 
benzenesulfonate, 100 parts of ion exchange water, and 0.5 
parts of potassium persulfate were placed and polymerization 
was performed at 80°C. for 8 hours. 
0305 An aqueous dispersion of seed polymer particles A 
having a number mean particle diameter of 58 nm was 
thereby obtained. 

1-2. Manufacture of Seed Polymer Particles B) 
0306 In a reactor equipped with a stirrer, 2 parts in terms 
of the solid content (i.e., based on the weight of seed polymer 
particles A) of the aqueous dispersion of the seed polymer 
particles A which was obtained in step (1-1), 0.2 parts of 
Sodium dodecylbenzenesulfonate, 0.5 parts of potassium per 
Sulfate, and 100 parts of ion exchange water were placed and 
mixed to obtain a mixture A, and the temperature was raised 
to 80° C. Separately in a different container, 82 parts of 
styrene, 15.3 parts of methyl methacrylate, 2.0 parts of ita 
conic acid, 0.7 parts of acrylamide, 0.5 parts of sodium dode 
cylbenzenesulfonate, and 100 parts of ion exchange water 
were mixed to prepare a dispersion of monomer mixture 1. 
This dispersion of monomer mixture 1 was continuously 
added to the mixture A obtained above over 4 hours for 
performing polymerization. The temperature of the reaction 
system was maintained at 80° C. during continuous addition 
of the dispersion of monomer mixture 1 to perform the reac 
tion. After the completion of the continuous addition, the 
reaction was further continued at 90° C. for 3 hours. 
0307 An aqueous dispersion of seed polymer particles B 
having a number mean particle diameter of 198 nm was 
thereby obtained. 

1-3. Manufacture of Non-Electroconductive 
Particles) 

0308 Subsequently, in a reactor equipped with a stirrer, 20 
parts in terms of the solid content (i.e., based on the weight of 
seed polymer particles B) of the aqueous dispersion of seed 
polymer particles B which was obtained in step (1-2), 100 
parts of the monomer mixture 2 (mixture of divinylbenzene 
and ethylvinylbenzene, monomer mixing ratio: divinylben 
Zene/ethylvinylbenzene=60/40, produced by Nippon Steel 
Chemical Co., Ltd., product name: DVB-570), 0.5 parts of 
Sodium dodecylbenzenesulfonate, 4 parts oft-butylperoxy-2- 
ethylhexanoate (produced by NOF CORPORATION, trade 
name: Perbutyl O) as a polymerization initiator. 540 parts of 
ion exchange water, and 60 parts of ethanol were placed and 
stirred at 35° C. for 12 hours to allow the seed polymer 
particles B to completely absorb the monomer mixture 2 and 
the polymerization initiator. Subsequently, the resultant was 
polymerized at 90° C. for 7 hours. Then, steam was intro 
duced thereto to remove unreacted monomers and ethanol. 
0309 An aqueous dispersion of non-electroconductive 
particles was thereby obtained. 
0310. The obtained non-electroconductive particles were 
measured for the number mean particle diameter, the varia 
tion coefficient of the particle diameter, the arithmetic mean 
value of the shape factor, the variation coefficient of the shape 
factor, the T10 value, and the metal ion content. The results 
are shown in Table 1. In addition, the image of the obtained 
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non-electroconductive particles photographed with a scan 
ning electron microscope is shown in FIG. 1. 

1-4. Manufacture of Binder for Porous Membrane) 
0311. In a reactor equipped with a stirrer, 70 parts of ion 
exchange water, 0.4 parts of Sodium dodecylbenzene 
Sulfonate, and 0.3 parts of potassium persulfate were placed 
and mixed to obtain a mixture B, and the temperature was 
raised to 60° C. Separately in a different container, 50 parts of 
ion exchange water, 0.8 parts of Sodium dodecylbenzene 
sulfonate, 77.7 parts of 2-ethylhexyl acrylate, 19.85 parts of 
acrylonitrile, 2 parts of methacrylic acid, and 0.2 parts of allyl 
methacrylate were mixed to obtain a monomer mixture 3. 
This monomer mixture 3 was continuously added to the mix 
ture B obtained above over 4 hours for performing polymer 
ization. The temperature of the reaction system was main 
tained at 60° C. during continuous addition to perform the 
reaction. After the completion of the continuous addition, the 
reaction was further continued at 70° C. for 3 hours to obtain 
an aqueous dispersion liquid containing a binder. 
0312 The obtained binder aqueous dispersion liquid was 
cooled to 25° C. and then aqueous ammonia was added 
thereto to adjust pH to 7, and Subsequently steam was intro 
duced to remove unreacted monomers. Immediately thereaf 
ter, 0.25 parts of EDTA was added with respect to 100 parts of 
the solid content of the binder and mixed. The obtained mix 
ture was filtrated through a stainless steel cloth of 200 meshes 
(aperture size; about 77 um) while further adjusting the solid 
content concentration of the mixture with ion exchange water 
to obtain an aqueous dispersion liquid of a binder for a porous 
membrane, which has an mean particle diameter of 100 nm 
and a solid content concentration of 40%. 

1-5. Manufacture of Slurry for Porous Membrane) 
0313 The aqueous dispersion of the non-electroconduc 

tive particles obtained in step (1-3), the aqueous dispersion 
liquid of the binder for a porous membrane obtained in step 
(1-4), and carboxymethylcellulose (produced by Daicel Cor 
poration, trade name: Daicel 1220) were mixed in water at a 
solid content weight ratio of 83.1:12.3:4.6 to obtain a slurry 
for a porous membrane. 

1-6. Manufacture of Positive Electrode) 
0314) To 95 parts of LiCoO, as a positive electrode active 
material, 3 parts in terms of the solid content of PVDF (poly 
vinylidene fluoride, produced by Kureha Corporation, trade 
name: KF-1100) as a binder was added, and 2 parts of acety 
lene black and 20 parts of N-methylpyrrolidone were further 
added and mixed by a planetary mixer to obtain an electrode 
composition for a positive electrode in a slurry form. This 
positive electrode composition was applied onto one side of 
aluminum foil having a thickness of 18 um and dried at 120° 
C. for 3 hours. Then roll press was performed, to thereby 
obtain a positive electrode having a positive electrode mixed 
material layer and having an overall thickness of 100 um. 

1-7. Manufacture of Negative Electrode) 
0315 98 parts of graphitehaving a particle diameter of 20 
um and a specific Surface area of 4.2 m/g as a negative 
electrode active material and 1 part in terms of the solid 
content of SBR (styrene-butadiene rubber, glass transition 
temperature: -10°C.) as a binder were mixed. To this mix 
ture, 1.0 part of carboxymethylcellulose was further added 
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and mixed by a planetary mixer to prepare an electrode com 
position for a negative electrode in a slurry form. This com 
position for a negative electrode was applied onto one side of 
copper foil having a thickness of 18 um and dried at 120° C. 
for 3 hours. Then roll press was performed, to thereby obtain 
a negative electrode having a negative electrode mixed mate 
rial layer and having an overall thickness of 100 um. 

1-8. Manufacture of Separator with Porous 
Membrane) 

0316 A monolayer separator made of polypropylene (po 
rosity: 55%, thickness; 25 um) manufactured by the dry 
method was prepared as an organic separator layer. The slurry 
for a porous membrane obtained in step (1-5) was applied 
onto one side of this organic separator layer so that the thick 
ness after drying was 5um, thereby obtaining a slurry layer. 
The slurry layer was dried at 50° C. for 10 minutes to form a 
porous membrane. Subsequently, the porous membrane was 
formed similarly on the other side of the organic separator 
layer. A separator with the porous membrane, which has the 
porous membranes on both sides, was thus obtained. 

1-9. Manufacture of Secondary Battery Having 
Separator with Porous Membrane) 

0317. The positive electrode obtained in step (1-6) was cut 
out in a form of a disc having a diameter of 13 mm to obtain 
a disc-shaped positive electrode. The negative electrode 
obtained in step (1-7) was cut out in a form of a disc having a 
diameter of 14 mm to obtain a disc-shaped negative electrode. 
The separator with the porous membrane obtained in step 
(1-8) was cut out in a form of a disc having a diameter of 18 
mm to obtain a disc-shaped separator with the porous mem 
brane. 

0318. The disc-shaped positive electrode was placed on 
the inner bottom of a coin-type outer container made of stain 
less steel equipped with a gasket made of polypropylene, the 
disc-shaped separator with the porous membrane was placed 
thereon, and the disc-shaped negative electrode was further 
placed thereon, to accommodate them in a container. The 
disc-shaped positive electrode was placed so that the alumi 
num foil side surface thereof was directed to the bottom of the 
outer container and the positive electrode mixed material 
layer side surface was directed upwardly. The disc-shaped 
negative electrode was placed so that the negative electrode 
mixed material layer side surface thereof was directed to the 
disc-shaped separator with the porous membrane and the 
copper foil side surface was directed upwardly. 
0319. An electrolytic solution was injected into the con 
tainer Such that air did not remain, and the outer container was 
covered with a stainless steel cap having a thickness of 0.2 
mm via a gasket made of polypropylene and fastened to seal 
a battery can, thereby manufacturing a lithium ion secondary 
battery having a diameter of 20 mm and a thickness of about 
3.2 mm (coin cell CR2032). As the electrolytic solution, a 
solution was used in which 1 mol/L of LiPF was dissolved in 
a mixed solvent of ethylene carbonate (EC) and diethyl car 
bonate (DEC) at EC:DEC=1:2 (volume ratio at 20° C.) 

1-10. Evaluation 

0320. The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
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mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 1. 

Example 2 

2-1. Manufacture of Seed Polymer Particles B 
0321) An aqueous dispersion of seed polymer particles B 
was manufactured by the same procedure as step (1-2) of 
Example 1 except for the following points. 

0322. In preparing a dispersion of monomer mixture 1, 
in place of 82 parts of styrene, 15.3 parts of methyl 
methacrylate, 2.0 parts of itaconic acid, and 0.7 parts of 
acrylamide, 92 parts of styrene, 4.0 parts of methacrylic 
acid, and 4 parts of t-dodecyl mercaptan were added 
(that is, the dispersion of monomer mixture 1 comprises 
92 parts of styrene, 4.0 parts of methacrylic acid, 4 parts 
oft-dodecyl mercaptan, 0.5 parts of sodium dodecylben 
Zenesulfonate, and 100 parts of ion exchange water). 

2-2. Manufacture of Non-Electroconductive Particles 

0323. An aqueous dispersion of non-electroconductive 
particles was obtained by the same procedure as step (1-3) of 
Example 1 except for the following points. 

0324. As an aqueous dispersion of seed polymer par 
ticles B, in place of the one obtained in step (1-2) of 
Example 1, the aqueous dispersion obtained in the afore 
mentioned (2-1) was used. 

0325 Instead of adding 100 parts of the monomer mix 
ture 2 (product name: DVB-570), 55 parts of the mono 
mer mixture 2 and 45 parts of styrene were added. 

0326. The obtained non-electroconductive particles were 
measured for the number mean particle diameter, the varia 
tion coefficient of the particle diameter, the arithmetic mean 
value of the shape factor, the variation coefficient of the shape 
factor, the T10 value, and the metal ion content. The results 
are shown in Table 1. In addition, the image of the obtained 
non-electroconductive particles photographed with a scan 
ning electron microscope is shown in FIG. 3. It can be 
observed that the non-electroconductive particles obtained in 
this Example are a little more spherical than the non-electro 
conductive particles obtained in Example 1 (arithmetic mean 
value of shape factor; 1.16) but obviously have a rougher 
Surface structure than the non-electroconductive particles 
obtained in Comparative Example 3 (arithmetic mean value 
of shape factor; 1.04). 

2-3. Manufacture of Secondary Battery 

0327 Non-electroconductive particles, a separator with a 
porous membrane, and a secondary battery were manufac 
tured by the same procedure as steps (1-4) to (1-9) of Example 
1 except for the following points. 

0328. In manufacture of the slurry for a porous mem 
brane in step (1-5), in place of the aqueous dispersion of 
the non-electroconductive particles obtained in step 
(1-3), the aqueous dispersion of the non-electroconduc 
tive particles obtained in the aforementioned step (2-2) 
was used. 

2-4. Evaluation 

0329. The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
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mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 1. 

Example 3 

3-1. Manufacture of Seed Polymer Particles B 
0330. An aqueous dispersion of seed polymer particles B 
was manufactured by the same procedure as step (1-2) of 
Example 1 except for the following points. 

0331. In preparing a dispersion of monomer mixture, 1, 
76 parts of Styrene, 4 parts oft-dodecyl mercaptan, and 
2 parts of the monomer mixture 2 (product name: DVB 
570) were added in place of 82 parts of styrene. 

3-2. Manufacture of Secondary Battery 

0332 A separator with a porous membrane and a second 
ary battery were manufactured by the same procedure as steps 
(1-3) to (1-9) of Example 1 except for the following points. 

0333. In manufacture of the non-electroconductive par 
ticles in step (1-3), in place of the seed polymer particles 
B obtained in step (1-2), the aqueous dispersion of seed 
polymer particles B obtained in the aforementioned step 
(3-1) was used. 

3-3. Evaluation 

0334. The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 1. 
0335 Moreover, the obtained non-electroconductive par 
ticles were measured for the number mean particle diameter, 
the variation coefficient of the particle diameter, the arith 
metic mean value of the shape factor, the variation coefficient 
of the shape factor, the T10 value, and the metal ion content. 
The results are shown in Table 1. 

Example 4 

4-1. Manufacture of Non-electroconductive Particles 

0336 An aqueous dispersion of non-electroconductive 
particles was obtained by the same procedure as step (1-3) of 
Example 1 except for the following points. 

0337. In place of 5 parts of t-butylperoxy-2-ethylhex 
anoate, 0.8 parts of potassium persulfate was added. 

0338. The obtained non-electroconductive particles were 
measured for the number mean particle diameter, the varia 
tion coefficient of the particle diameter, the arithmetic mean 
value of the shape factor, the variation coefficient of the shape 
factor, the T10 value, and the metal ion content. The results 
are shown in Table 1. 

4-2. Manufacture of Secondary Battery 

0339 Non-electroconductive particles, a separator with a 
porous membrane, and a secondary battery were manufac 
tured by the same procedures as steps (1-4) to (1-9) of 
Example 1 except for the following points. 

0340. In manufacture of the slurry for a porous mem 
brane in step (1-5), in place of the aqueous dispersion of 
the non-electroconductive particles obtained in Step 
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(1-3), the aqueous dispersion of the non-electroconduc 
tive particles obtained in the aforementioned step (4-1) 
was used. 

4-3. Evaluation 

0341 The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 1. 

Example 5 

5-1. Manufacture of Non-Electroconductive Particles 

0342. In a reactor equipped with a stirrer, 20 parts in terms 
of the solid content (i.e., based on the weight of seed polymer 
particles B) of the aqueous dispersion of seed polymer par 
ticles B which was obtained in step (2-1) of Example 2, 100 
parts of the monomer mixture 2 (mixture of divinylbenzene 
and ethylvinylbenzene, monomer mixing ratio: divinylben 
Zene/ethylvinylbenzene=60/40, produced by Nippon Steel 
Chemical Co., Ltd., product name: DVB-570), 1.0 part of 
Sodium dodecylbenzenesulfonate, 4 parts oft-butylperoxy-2- 
ethylhexanoate (produced by NOF CORPORATION, trade 
name: Perbutyl O) as a polymerization initiator. 540 parts of 
ion exchange water, 60 parts of isoamyl alcohol, and 200 parts 
of decane were placed and stirred at 35° C. for 12 hours to 
allow the seed polymer particles B to completely absorb the 
monomer mixture 2, the polymerization initiator, and decane. 
Subsequently, the resultant was polymerized at 90° C. for 7 
hours. Then, Steam was introduced thereto to remove unre 
acted monomers, isoamyl alcohol, and decane. 
0343 An aqueous dispersion of non-electroconductive 
particles was thereby obtained. 
0344) The obtained non-electroconductive particles were 
measured for the number mean particle diameter, the varia 
tion coefficient of the particle diameter, the arithmetic mean 
value of the shape factor, the variation coefficient of the shape 
factor, the T10 value, and the metal ion content. The results 
are shown in Table 1. 

5-2. Manufacture of Secondary Battery 
0345. Non-electroconductive particles, a separator with a 
porous membrane, and a secondary battery were manufac 
tured by the same procedures as steps (1-4) to (1-9) of 
Example 1 except for the following points. 

0346. In manufacture of the slurry for a porous mem 
brane in step (1-5), in place of the aqueous dispersion of 
the non-electroconductive particles obtained in step 
(1-3), the aqueous dispersion of the non-electroconduc 
tive particles obtained in the aforementioned step (5-1) 
was used. 

5-3. Evaluation 

0347 The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 1. 

Example 6 

6-1. Manufacture of Non-Electroconductive Particles 

0348. In a reactor equipped with a stirrer, 20 parts in terms 
of the solid content (i.e., based on the weight of seed polymer 
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particles B) of the aqueous dispersion of seed polymer par 
ticles B which was obtained in step (2-1) of Example 2, 100 
parts of the monomer mixture 2 (mixture of divinylbenzene 
and ethylvinylbenzene, monomer mixing ratio: divinylben 
Zene/ethylvinylbenzene=60/40, produced by Nippon Steel 
Chemical Co., Ltd., product name: DVB-570), 1.0 part of 
Sodium dodecylbenzenesulfonate, 4 parts oft-butylperoxy-2- 
ethylhexanoate (produced by NOF CORPORATION, trade 
name: Perbutyl O) as a polymerization initiator. 540 parts of 
ion exchange water, and 260 parts of isoamyl alcohol were 
placed and stirred at 35°C. for 12 hours to allow seedpolymer 
particles B to completely absorb monomer mixture 2 and the 
polymerization initiator. Subsequently, the resultant was 
polymerized at 90° C. for 7 hours. Then, steam was intro 
duced thereto to remove unreacted monomers and isoamyl 
alcohol. 
0349 An aqueous dispersion of non-electroconductive 
particles was thereby obtained. 
0350. The obtained non-electroconductive particles were 
measured for the number mean particle diameter, the varia 
tion coefficient of the particle diameter, the arithmetic mean 
value of the shape factor, the variation coefficient of the shape 
factor, the T10 value, and the metal ion content. The results 
are shown in Table 1. 

6-2. Manufacture of Secondary Battery 

0351. A separator with a porous membrane and a second 
ary battery were manufactured by the same procedures as 
steps (1-4) to (1-9) of Example 1 except for the following 
points. 

0352. In manufacture of the slurry for a porous mem 
brane in step (1-5), in place of the aqueous dispersion of 
the non-electroconductive particles obtained in Step 
(1-3), the aqueous dispersion of the non-electroconduc 
tive particles obtained in the aforementioned step (6-1) 
was used. 

6-3. Evaluation 

0353. The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 1. 
0354 Moreover, the obtained non-electroconductive par 
ticles were measured for the number mean particle diameter, 
the variation coefficient of the particle diameter, the arith 
metic mean value of the shape factor, the variation coefficient 
of the shape factor, the T10 value, and the metal ion content. 
The results are shown in Table 1. 

Example 7 

7-1. Manufacture of Non-Electroconductive Particles 

0355 An aqueous dispersion of non-electroconductive 
particles was obtained by the same procedure as step (1-3) of 
Example 1 except for the following points. 

0356. In place of 5 parts of t-butylperoxy-2-ethylhex 
anoate, 1.6 parts of potassium persulfate was added. 

0357 The obtained non-electroconductive particles were 
measured for the number mean particle diameter, the varia 
tion coefficient of the particle diameter, the arithmetic mean 
value of the shape factor, the variation coefficient of the shape 
factor, the T10 value, and the metal ion content. The results 
are shown in Table 1. 
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7-2. Manufacture of Secondary Battery 
0358 Non-electroconductive particles, a separator with a 
porous membrane, and a secondary battery were manufac 
tured by the same procedures as steps (1-4) to (1-9) of 
Example 1 except for the following points. 

0359. In manufacture of the slurry for a porous mem 
brane in step (1-5), in place of the aqueous dispersion of 
the non-electroconductive particles obtained in step 
(1-3), the aqueous dispersion of the non-electroconduc 
tive particles obtained in the aforementioned step (7-1) 
was used. 

7-3. Evaluation 

0360. The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 1. 

Example 8 

8-1. Manufacture of Slurry for Porous Membrane 
0361. The aqueous dispersion of the non-electroconduc 

tive particles obtained in step (1-3) of Example 1, an aqueous 
dispersion of SBR (produced by Zeon Corporation, product 
name: BM-400B), and carboxymethylcellulose (produced by 
Daicel Corporation, trade name: Daicel 1220) were mixed in 
waterata solid content weight ratio of 83.1:12.3:4.6 to obtain 
a slurry for a porous membrane. 

8-2. Manufacture of Secondary Battery 
0362. A separator with a porous membrane and a second 
ary battery were manufactured by the same procedures as 
steps (1-6) to (1-9) of Example 1 except for the following 
points. 

0363. In manufacture of the separator with the porous 
membrane in step (1-8), in place of the slurry for a 
porous membrane obtained in step (1-5), the slurry for a 
porous membrane obtained in the aforementioned step 
(8-1) was used. 

8-3. Evaluation 

0364 The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 1. 

Example 9 

9-1. Manufacture of Dried Non-Electroconductive 
Particles 

0365. The aqueous dispersion of the non-electroconduc 
tive particles obtained in step (1-3) of Example 1 was spray 
dried by a spray dryer (produced by Fujisaki Electric Co. Ltd., 
trade name: MDL-050M model, inlet temperature: 70° C., 
outlet temperature: 50°C., amount offeed liquid: 0.6 kg/h) to 
obtain non-electroconductive particles. The water content of 
the obtained non-electroconductive particles was measured 
by the Karl Fischer moisture meter (produced by Kyoto Elec 
tronics Manufacturing Co., Ltd., product name: MKC-610) 
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and it was confirmed that the water content was 0.1% or less 
and the non-electroconductive particles were sufficiently 
dried. 

9-2. Manufacture of Slurry for Porous Membrane 
0366. The dried non-electroconductive particle obtained 
in step (9-1) and PVDF (polyvinylidene fluoride, produced by 
Kureha Corporation, trade name: KF-1100) were mixed in 
NMP at a solid content weight ratio of 86.0:14.0 and dis 
persed by a planetary mixer to prepare a slurry for a porous 
membrane. 

9-3. Manufacture of Secondary Battery 
0367 A separator with a porous membrane and a second 
ary battery were manufactured by the same procedures as 
steps (1-6) to (1-9) of Example 1 except for the following 
points. 

0368. In manufacture of the separator with the porous 
membrane in step (1-8), in place of the slurry for a 
porous membrane obtained in step (1-5), the slurry for a 
porous membrane obtained in the aforementioned step 
(9-2) was used. 

9-4. Evaluation 

0369. The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 2. 

Example 10 

10-1. Manufacture of Seed Polymer Particles C 
0370. In a reactor equipped with a stirrer, 10 parts in terms 
of the solid content (i.e., based on the weight of the seed 
polymer particles B) of the aqueous dispersion of seed poly 
mer particles B which was obtained in step (1-2), 0.2 parts of 
Sodium dodecylbenzenesulfonate, 1 part of potassium persul 
fate, and 100 parts of ion exchange water were placed and 
mixed to obtain a mixture C, and the temperature was raised 
to 80° C. Separately in a different container, 82 parts of 
styrene, 15.3 parts of methyl methacrylate, 2.0 parts of ita 
conic acid, 0.7 parts of acrylamide, 0.3 parts of sodium dode 
cylbenzenesulfonate, and 100 parts of ion exchange water 
were mixed to prepare a dispersion of monomer mixture 5. 
This dispersion of monomer mixture 5 was continuously 
added to the mixture C obtained above over 4 hours for 
performing polymerization. The temperature of the reaction 
system was maintained at 80° C. during continuous addition 
of the dispersion of the monomer mixture 5 to perform the 
reaction. After the completion of the continuous addition, the 
reaction was further continued at 90° C. for 3 hours. 
0371. An aqueous dispersion of seed polymer particles C 
having a number mean particle diameter of 370 nm was 
thereby obtained. 

10-2. Manufacture of Non-Electroconductive 
Particles 

0372 Subsequently, in a reactor equipped with a stirrer, 10 
parts in terms of the solid content (i.e., based on the weight of 
the seed polymer particles C) of the aqueous dispersion of 
seed polymer particles C which was obtained in step (10-1), 
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90 parts of the monomer mixture 2 (mixture of divinylben 
Zene and ethylvinylbenzene, monomer mixing ratio: divinyl 
benzene/ethylvinylbenzene=60/40, produced by Nippon 
Steel Chemical Co., Ltd., product name: DVB-570), 1 part of 
sodium dodecylbenzenesulfonate, 5 parts oft-butylperoxy-2- 
ethylhexanoate (produced by NOF CORPORATION, trade 
name: Perbutyl O) as a polymerization initiator, 270 parts of 
ion exchange water, and 30 parts of ethanol were placed and 
stirred at 35° C. for 12 hours to allow the seed polymer 
particles C to completely absorb the monomer mixture 2 and 
the polymerization initiator. Subsequently, the resultant was 
polymerized at 90° C. for 7 hours. Then, steam was intro 
duced thereto to remove unreacted monomers and ethanol. 
0373) An aqueous dispersion of non-electroconductive 
particles was thereby obtained. 
0374. The obtained non-electroconductive particles were 
measured for the number mean particle diameter, the varia 
tion coefficient of the particle diameter, the arithmetic mean 
value of the shape factor, the variation coefficient of the shape 
factor, the T10 value, and the metal ion content. The results 
are shown in Table 2. 

10-3. Manufacture of Secondary Battery 
0375. Non-electroconductive particles, a separator with a 
porous membrane, and a secondary battery were manufac 
tured by the same procedures as steps (1-4) to (1-9) of 
Example 1 except for the following points. 

0376. In manufacture of the slurry for a porous mem 
brane in step (1-5), in place of the aqueous dispersion of 
the non-electroconductive particles obtained in step 
(1-3), the aqueous dispersion of the non-electroconduc 
tive particles obtained in the aforementioned step (10-2) 
was used. 

10-4. Evaluation 

0377 The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 2. 

Example 11 

11-1. Manufacture of Negative Electrode with 
Porous Membrane 

0378. The slurry for a porous membrane obtained in step 
(1-5) of Example 1 was applied onto the negative electrode 
mixed material layer side surface of the negative electrode 
obtained in step (1-7) of Example 1 so that the negative 
electrode mixed material layer was completely covered and 
the thickness of the porous membrane after drying was 5um, 
thereby obtaining a slurry layer. The slurry layer was dried at 
50° C. for 10 minutes to form a porous membrane, thereby 
obtaining the negative electrode with the porous membrane. 
The obtained negative electrode with the porous membrane 
had a layer structure of (porous membrane)/(negative elec 
trode mixed material layer)/(copper foil). 

11-2. Manufacture of Secondary Battery 
0379 A secondary battery was manufactured by the same 
procedures as steps (1-6), (1-8) and (1-9) of Example 1 except 
for the following points. 

0380. In manufacture of the battery in step (1-9), in 
place of the separator with the porous membrane, an 
organic separator layer (monolayer separator made of 
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polypropylene, porosity; 55%, thickness; 25 um, the 
same as the one used as the organic separator layer in 
step (1-8) of Example 1) was used as a separator as it 
WaS. 

0381. In manufacture of the battery in step (1-9), in 
place of the negative electrode, the negative electrode 
with the porous membrane obtained in the aforemen 
tioned step (11-1) was used. A disc-shaped negative 
electrode with the porous membrane was placed in an 
outer container so that the porous membrane side Sur 
face thereof was directed to a disc-shaped separator and 
the copper foil side surface was directed upwardly. 

11-3. Evaluation 

0382. The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 2. 

Comparative example 1 

C1-1. Manufacture of Non-Electroconductive 
Particles 

0383. In a container equipped with a stirrer, 400 parts of 
ion exchange water, 0.4 parts of Sodium dodecylbenzene 
sulfonate, 100 parts of the monomer mixture 2 (mixture of 
divinylbenzene and ethylvinylbenzene, monomer mixing 
ratio: divinylbenzene/ethylvinylbenzene=60/40, produced 
by Nippon Steel Chemical Co., Ltd., product name: DVB 
570), and 5 parts of t-butylperoxy-2-ethylhexanoate (pro 
duced by NOF CORPORATION, trade name: Perbutyl O) as 
a polymerization initiator were placed and stirred until rough 
droplets generated were stabilized. 
0384. This mixture was subjected to high-speed shear stir 
ring at the number of revolutions of 15,000 rpm for 1 minute 
using the in-line type emulsification disperser (produced by 
Pacific Machinery & Engineering Co., Ltd., trade name: 
CAVITRON) to obtain a dispersion liquid of a polymerizable 
monomer composition. 
0385. The obtained dispersion liquid was transferred to a 
reactor equipped with a stirrer and polymerization was per 
formed at 90° C. for 12 hours. Then, steam was introduced 
thereto to remove unreacted monomers. 
0386. An aqueous dispersion of non-electroconductive 
particles having a number mean particle diameter of 2400 nm 
was thereby obtained. This aqueous dispersion was processed 
by a media-type disperser (produced by Willy A. Bachofen, 
product name: DYNO-MILL) to crush the non-electrocon 
ductive particles. An aqueous dispersion of non-electrocon 
ductive particles having a number mean particle diameter of 
750 nm was thereby obtained. 
0387. The obtained non-electroconductive particles were 
measured for the number mean particle diameter, the varia 
tion coefficient of the particle diameter, the arithmetic mean 
value of the shape factor, the variation coefficient of the shape 
factor, the T10 value, and the metal ion content. The results 
are shown in Table 2. 

C1-2. Manufacture of Secondary Battery 
0388. Non-electroconductive particles, a separator with a 
porous membrane, and a secondary battery were manufac 
tured by the same procedures as steps (1-4) to (1-9) of 
Example 1 except for the following points. 

0389. In manufacture of the slurry for a porous mem 
brane in step (1-5), in place of the aqueous dispersion of 
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the non-electroconductive particles obtained in step 
(1-3), the aqueous dispersion of the non-electroconduc 
tive particles obtained in the aforementioned step (C1-1) 
was used. 

C1-3. Evaluation 

0390 The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 2. 

Comparative Example 2 

C2-1. Centrifugation Treatment of 
Non-Electroconductive Particles 

0391 The aqueous dispersion of the non-electroconduc 
tive particles having a number mean particle diameter of 750 
nm which was obtained in step (C1-1) of Comparative 
Example 1 was centrifuged to remove fine powders, thereby 
obtaining an aqueous dispersion of non-electroconductive 
particles having a number mean particle diameter of 880 nm. 
0392 The obtained non-electroconductive particles were 
measured for the number mean particle diameter, the varia 
tion coefficient of the particle diameter, the arithmetic mean 
value of the shape factor, the variation coefficient of the shape 
factor, the T10 value, and the metal ion content. The results 
are shown in Table 2. 

C2-2. Manufacture of Secondary Battery 

0393. Non-electroconductive particles, a separator with a 
porous membrane, and a secondary battery were manufac 
tured by the same procedures as steps (1-4) to (1-9) of 
Example 1 except for the following points. 

0394. In manufacture of the slurry for a porous mem 
brane in step (1-5), in place of the aqueous dispersion of 
the non-electroconductive particles obtained in step 
(1-3), the aqueous dispersion of the non-electroconduc 
tive particles obtained in the aforementioned step (C2-1) 
was used. 

C2-3. Evaluation 

0395. The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 2. 

Comparative Example 3 

C3-1. Manufacture of Non-Electroconductive 
Particles 

0396. In a reactor equipped with a stirrer, 99 parts of the 
monomer mixture 2 (product name: DVB-570, mixture of 
divinylbenzene and ethylvinylbenzene, the same as the one 
used in step (1-3) of Example 1), 1.0 part of methacrylic acid, 
20 parts of polyvinylpyrrolidone, 1 part of potassium persul 
fate, 1 part of t-butylperoxy-2-ethylhexanoate (produced by 
NOF CORPORATION, trade name: Perbutyl O), and 900 
parts of ethanol were placed and polymerization was per 
formed at 70° C. for 24 hours. 
0397. An ethanol dispersion of non-electroconductive 
particles having an mean particle diameter of 550 nm was 
thereby obtained. 
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0398. The obtained non-electroconductive particles were 
measured for the number mean particle diameter, the varia 
tion coefficient of the particle diameter, the arithmetic mean 
value of the shape factor, the variation coefficient of the shape 
factor, the T10 value, and the metal ion content. The results 
are shown in Table 2. In addition, the image of the obtained 
non-electroconductive particles photographed with a scan 
ning electron microscope is shown in FIG. 2. It can be 
observed that the non-electroconductive particles obtained in 
this Comparative Example (arithmetic mean value of shape 
factor; 1.04) obviously has a more spherical structure than the 
non-electroconductive particles obtained in Example 1 (arith 
metic mean value of shape factor, 1.16). 

C3-2. Manufacture of Secondary Battery 
0399. Non-electroconductive particles, a separator with a 
porous membrane, and a secondary battery were manufac 
tured by the same procedures as steps (1-4) to (1-9) of 
Example 1 except for the following points. 

0400. In manufacture of the slurry for a porous mem 
brane in step (1-5), in place of the aqueous dispersion of 
the non-electroconductive particles obtained in Step 
(1-3), the aqueous dispersion of the non-electroconduc 
tive particles obtained in the aforementioned step (C3-1) 
was used. 

C3-3. Evaluation 

04.01 The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 2. 

Comparative Example 4 

C4-1. Manufacture of Slurry for Porous Membrane 
0402 Alumina having a number mean particle diameter of 
0.68 um, the particles of the binder for a porous membrane, 
and carboxymethylcellulose (produced by Daicel Corpora 
tion, trade name: Daicel 1220) were mixed in water at a solid 
content weight ratio of 94.8:3.8:1.4, and dispersed by a plan 
etary mixer to prepare a slurry for a porous membrane. 
0403. For alumina used, the variation coefficient of the 
particle diameter, the arithmetic mean value of the shape 
factor, the variation coefficient of the shape factor, the T10 
value, and the metal ion content are as shown in Table 2. 

C4-2. Manufacture of Secondary Battery 
0404 A separator with a porous membrane and a second 
ary battery were manufactured by the same procedures as 
steps (1-6) to (1-9) of Example 1 except for the following 
points. 

0405. In manufacture of the separator with the porous 
membrane in step (1-8), in place of the slurry for a 
porous membrane obtained in step (1-5), the slurry for a 
porous membrane obtained in the aforementioned step 
(C4-1) was used. 

C4-3. Evaluation 

0406. The obtained separator with the porous membrane 
was evaluated for the powder falling property of the porous 
membrane, the water content, the reliability, and the unifor 
mity. In addition, the obtained secondary battery was evalu 
ated for the cycle property. The results are shown in Table 2. 
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Arithmetic 
mean value 
of shape 
factor 
Variation 
coefficient 
of shape 
factor 
Variation 
coefficient 
of particle 
diameter 
Binder 
species 
Number 

le:8 

particle 
diameter 
Particle 
T10 
Object 
for 
porous 
membrane 
formation 

Ex. 1 

1.16 

4.0% 

14.5% 

Acryl 

352 mm 

380° C. 

Separator 

Good 

Good 

Ex. 9 

1.16 

4.0% 

14.5% 

PVDF 

352 mm 

380° C. 

Separator 

Ex. 2 

1.11 

2.7% 

12.5% 

Acryl 

358 mm 

380° C. 

Separator 

Good 

Good 

Ex. 10 

1.16 

4.0% 

14.5% 

Acryl 

698 mm 

380° C. 

Separator 

TABLE 1. 

Ex. 3 Ex. 4 

1.21 1.17 

9.5% S.1% 

13.8% 18.0% 

Acryl Acryl 

355 nm. 338 mm 

380° C. 380° C. 

Separator Separator 

Good Good 

A. A. 

A. A. 

B A. 

Good Good 

A. B 

TABLE 2 

Comp. 
Ex. 11 Ex. 1 

1.16 1.65 

4.0% 21% 

14.5% 45% 

Acryl Acryl 

352mm 750 mm 

380° C. 380° C. 

Negative Separator 
electrode 

Ex. S 

1.55 

14.5% 

14.2% 

Acryl 

360 mm 

380° C. 

Separator 

Good 

Good 

Comp. 
Ex. 2 

1.65 

21% 

20% 

Acryl 

880 mm 

380° C. 

Separator 
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Ex. 6 

140 

11.7% 

11.8% 

Acryl 

366 mm 

380° C. 

Separator 

Good 

Good 

Comp. 
Ex. 3 

1.04 

2.0% 

5.8% 

Acryl 

920 mm 

380° C. 

Separator 

Ex. 7 

1.15 

4.6% 

25.0% 

Acryl 

328 mm 

380° C. 

Separator 

Good 

Good 

Comp. 
Ex. 4 

2.07 

23.1% 

27.9% 

Acryl 

680 mm 

<1100° C. 

Separator 

Ex. 8 

1.16 

4.0% 

14.5% 

SBR 

352 mm 

380° C. 

Separator 

Good 

Good 
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TABLE 2-continued 

Comp. Comp. 
Ex. 9 Ex. 10 Ex. 11 Ex. 1 Ex. 2 

Metalion Good Good Good Good Good 
amount 
Water A. A. A. A. A. 
content 
Porous A. B A. C B 
membrane 
uniformity 
Powder C A. A. D D 
falling 
High Good Good Good Poor Poor 
temperature 
short 
circuit 
test 
Battery C A. A. B B 
cycle 
property 

0407. The meaning of each of the abbreviations in Tables 
is as follows. 
0408 Arithmetic mean value of shape factor: Arithmetic 
mean value of shape factor of non-electroconductive par 
ticles. 
04.09 Variation coefficient of shapefactor: Variation coef 
ficient of shape factor of non-electroconductive particles. 
0410 Variation coefficient of particle diameter: Variation 
coefficient of particle diameter of non-electroconductive par 
ticles. 
0411 Binder species: Species of binder for porous mem 
brane. Acryl: Acrylic polymer, SBR: Aqueous dispersion of 
SBR (produced by ZEON Corporation, product name: 
BM-400B), PVDF: Polyvinylidene fluoride. 
0412) Number mean particle diameter: Number mean par 

ticle diameter of non-electroconductive particles. 
0413 Particle T10: T10 value of non-electroconductive 
particles (temperature ( C.) at which the reduced ratio 
reaches 10% by weight when heated in a thermobalance 
under a nitrogen atmosphere at a heating rate of 10° 
C./minute.). 
0414 Object for porous membrane formation: Object on 
which porous membrane was formed. Separator or Negative 
electrode. 
0415 Metal ion amount: Metal ion content of non-elec 
troconductive particles. The results evaluated as stated above. 
0416 Water content: Water content of electrode with 
porous membrane or separator with porous membrane. The 
results evaluated as stated above. 
0417 Porous membrane uniformity: Uniformity of elec 
trode with porous membrane or separator with porous mem 
brane. The results evaluated as stated above. 
0418 Powder falling: Evaluation results of powderfalling 
property of electrode with porous membrane or separator 
with porous membrane. 
0419 High temperature short circuit test: Evaluation 
results of reliability test of electrode with porous membrane 
or separator with porous membrane. 
0420 Battery cycle property: Evaluation results of cycle 
property test of battery. 
0421. As shown in the results of Table 1 and Table 2, in 
Examples 1 to 11 which satisfy the requirements of the 
present invention, by using as non-electroconductive par 
ticles the particles of a polymer of which the arithmetic mean 
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Comp. Comp. 
Ex. 3 Ex. 4 

Good Poor 

A. D 

A. C 

A. C 

Poor Good 

C D 

value of the shape factor, the variation coefficient of the shape 
factor, and the variation coefficient of the particle diameter 
fall within respective specific ranges, good results were 
obtained for the metalion amount and the water content, and 
well-balanced good results were obtained as to the porous 
membrane uniformity, the powder falling, the high tempera 
ture short circuit test, and the battery cycle property. 
0422. In contrast thereto, in the case of using as non 
electroconductive particles the particles of a polymer of 
which the arithmetic mean value of the shape factor, the 
variation coefficient of the shape factor, and the variation 
coefficient of the particle diameter were out of the specific 
ranges (Comparative Example 1), the case of using the par 
ticles of a polymer of which the mean value of the shapefactor 
and the variation coefficient of the shapefactor were out of the 
specific ranges (Comparative Example 2), and the case of 
using the particles of a polymer of which the arithmetic mean 
value of the shape factor was out of the specific range (Com 
parative Example 3), although good results were obtained in 
the metalion amount and the water content, a poor result was 
obtained in at least one of the porous membrane uniformity, 
the powderfalling, the high temperature short circuit test, and 
the battery cycle property. In the case of using as non-elec 
troconductive particles the alumina particles of which the 
arithmetic mean value of the shape factor, the variation coef 
ficient of the shape factor, and the variation coefficient of the 
particle diameter fall within the specific ranges (Comparative 
Example 4), although a good result was obtained in the high 
temperature short circuit test, poor results were obtained in 
the metal ion amount, the water content, the porous mem 
brane uniformity, the powder falling, and the battery cycle 
property. 

Example 12 

12-1. Manufacture of Seed Polymer Particles A 
0423. In a reactor equipped with a stirrer, 100 parts of 
styrene, 1.0 part of sodium dodecylbenzenesulfonate, 100 
parts of ion exchange water, and 0.5 parts of potassium per 
sulfate were placed and polymerization was performed at 80° 
C. for 8 hours. 
0424. An aqueous dispersion of seed polymer particles A 
having a number mean particle diameter of 60 nm was 
thereby obtained. 
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12-2. Manufacture of Seed Polymer Particles B 
0425. In a reactor equipped with a stirrer, 2 parts in terms 
of the solid content (i.e., based on the weight of seed polymer 
particles A) of the aqueous dispersion of seed polymer par 
ticles A which was obtained in step (12-1), 0.2 parts of sodium 
dodecylbenzenesulfonate, 0.5 parts of potassium persulfate, 
and 100 parts of ion exchange water were placed and mixed to 
obtain a mixture A, and the temperature was raised to 80°C. 
Separately in a different container, 97 parts of styrene, 3 parts 
of methacrylic acid, 4 parts oft-dodecyl mercaptan, 0.5 parts 
of sodium dodecylbenzenesulfonate, and 100 parts of ion 
exchange water were mixed to prepare a dispersion of mono 
mer mixture 1. This dispersion of monomer mixture 1 was 
continuously added to the mixture A obtained above over 4 
hours for performing polymerization. The temperature of the 
reaction system was maintained at 80° C. during continuous 
addition of the dispersion of monomer mixture 1 to perform 
the reaction. After the completion of the continuous addition, 
the reaction was further continued at 90° C. for 3 hours. 
0426. An aqueous dispersion of seed polymer particles B 
having a number mean particle diameter of 200 nm was 
thereby obtained. 

12-3. Manufacture of Non-Electroconductive 
Particles 

0427 Subsequently, in a reactor equipped with a stirrer, 10 
parts in terms of the solid content (i.e., based on the weight of 
the seed polymer particles B) of the aqueous dispersion of the 
seed polymer particles B which was obtained in step (12-2), 
90 parts of the monomer mixture 2 (mixture of divinylben 
Zene and ethylvinylbenzene, monomer mixing ratio: divinyl 
benzene/ethylvinylbenzene=60/40, produced by Nippon 
Steel Chemical Co., Ltd., product name: DVB-570), 1 part of 
sodium dodecylbenzenesulfonate, 5 parts oft-butylperoxy-2- 
ethylhexanoate (produced by NOF CORPORATION, trade 
name: Perbutyl O) as a polymerization initiator, and 200 parts 
of ion exchange water were placed and stirred at 35°C. for 12 
hours to allow the seed polymer particles B to completely 
absorb the monomer mixture 2 and the polymerization initia 
tor. Subsequently, the resultant was polymerized at 90° C. for 
4 hours. Then, Steam was introduced thereto to remove unre 
acted monomers. 

0428. An aqueous dispersion of non-electroconductive 
particles having a number mean particle diameter of 400 nm 
was thereby obtained, and properties thereof were measured. 
0429. The weight ratio of each monomer with respect to 
the total of the monomers (styrene, methacrylic acid which is 
a polar group-containing monomer, divinylbenzene, and eth 
ylvinylbenzene) which were used from formation of the seed 
polymer to production of the non-electroconductive particles 
is as follows. 9.7% of styrene, 0.3% of methacrylic acid, 54% 
of divinylbenzene, and 36% of ethylvinylbenzene. The T10 
value of the non-electroconductive particles was 380° C. 
0430. The variation coefficient of the particle diameter of 
the non-electroconductive particles was 16.0%, the arith 
metic mean value of the shape factor was 1.17, the variation 
coefficient of the shape factor was 5.2%, and the metal ion 
content was less than 50 ppm. 

12-4. Manufacture of Binder for Porous Membrane 

0431. In the same manner as in (1-4) of Example 1, an 
aqueous dispersion liquid of a binder for a porous membrane, 
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which has an mean particle diameter of 100 nm and a solid 
content concentration of 40%, was obtained. 

12-5. Manufacture of Slurry for Porous Membrane 
0432. The aqueous dispersion of the non-electroconduc 
tive particles obtained in step (12-3), the aqueous dispersion 
liquid of the binder for a porous membrane obtained in step 
(12-4), and carboxymethylcellulose (produced by Daicel 
Corporation, trade name: Daicel 1220) were mixed in water at 
a solid content weight ratio of 83.1:12.3:4.6 to obtain a slurry 
for a porous membrane. 

12-6. Manufacture of Positive Electrode 

0433) To 95 parts of LiCoO as a positive electrode active 
material, 3 parts in terms of the solid content of PVDF (poly 
vinylidene fluoride, produced by Kureha Corporation, trade 
name: KF-1100) as a binder was added, and 2 parts of acety 
lene black and 20 parts of N-methylpyrrolidone were further 
added thereto and mixed by a planetary mixer to obtain an 
electrode composition for a positive electrode in a slurry 
form. This positive electrode composition was applied onto 
one side of aluminum foil having a thickness of 18 um and 
dried at 120°C. for 3 hours. Then roll press was performed, to 
thereby obtain a positive electrode having a positive electrode 
mixed material layer and having an overall thickness of 100 
lm. 

12-7. Manufacture of Negative Electrode 
0434 In the same manner as in (1-7) of Example 1, a 
negative electrode having a negative electrode mixed material 
layer and having an overall thickness of 100 Lum and was 
obtained. 

12-8. Manufacture of Separator with Porous 
Membrane 

0435 A monolayer separator made of polypropylene (po 
rosity: 55%, thickness; 25 um) manufactured by the dry 
method was prepared as an organic separator layer. The slurry 
for a porous membrane obtained in step (12-5) was applied 
onto one side of this organic separator layer so that the thick 
ness after drying was 5um, thereby obtaining a slurry layer. 
The slurry layer was dried at 50° C. for 10 minutes to form a 
porous membrane. Subsequently, the porous membrane was 
also formed similarly on the other side of the organic separa 
tor layer. A separator with the porous membrane, which has 
the porous membranes on both sides, was thus obtained. 

12-9. Manufacture of Secondary Battery Having 
Separator with Porous Membrane 

0436 The positive electrode obtained in step (12-6) was 
cut out in a form of a disc having a diameter of 13 mm to 
obtain a disc-shaped positive electrode. The negative elec 
trode obtained in step (12-7) was cut out in a form of a disc 
having a diameter of 14 mm to obtain a disc-shaped negative 
electrode. The separator with the porous membrane obtained 
in step (12-8) was cut out in a form of a disc having a diameter 
of 18 mm to obtain a disc-shaped separator with the porous 
membrane. 
0437. The disc-shaped positive electrode was placed on 
the inner bottom of a coin-type outer container made of stain 
less steel equipped with a gasket made of polypropylene, the 
disc-shaped separator with the porous membrane was placed 
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thereon, and the disc-shaped negative electrode was further 
placed thereon, to accommodate them in a container. The 
disc-shaped positive electrode was placed so that the alumi 
num foil side surface thereof was directed to the bottom of the 
outer container and the positive electrode mixed material 
layer side surface was directed upwardly. The disc-shaped 
negative electrode was placed so that the negative electrode 
mixed material layer side surface thereof was directed to the 
disc-shaped separator with the porous membrane and the 
copper foil side surface was directed upwardly. 
0438 An electrolytic solution was injected into the con 
tainer Such that air did not remain, and the outer container was 
covered with a stainless steel cap having a thickness of 0.2 
mm via a gasket made of polypropylene and fastened to seal 
a battery can, thereby manufacturing a lithium ion secondary 
battery having a diameter of 20 mm and a thickness of about 
3.2 mm (coin cell CR2032). As the electrolytic solution, a 
solution was used in which 1 mol/L of LiPF was dissolved in 
a mixed solvent of ethylene carbonate (EC) and diethyl car 
bonate (DEC) at EC:DEC 1:2 (volume ratio at 20° C.) 

12-10. Evaluation 

0439. The obtained slurry for a porous membrane, sepa 
rator with the porous membrane, and secondary battery were 
evaluated for a variety of properties. 
0440 The obtained slurry for a porous membrane was left 
stand for 24 hours, and the storage stability of the slurry was 
visually checked. As a result, no aggregation nor sedimenta 
tion of a filler was observed. It was thus found out that the 
slurry has good storage stability. 
0441 The uniformity of the porous membrane on the 
obtained separator with the porous membrane was evaluated 
as A (less than 3%). 
0442. The reliability of the obtained separator with the 
porous membrane was evaluated as good (without generation 
of short circuit). 
0443) The powder falling of the porous membrane on the 
obtained separator with the porous membrane was evaluated 
as A (no adhesion of a porous membrane piece was observed 
even after 1000 times of punching). 
0444 The water content of the porous membrane on the 
obtained separator with the porous membrane was measured 
and evaluated as A (less than 200 ug/cc). 
0445. The obtained coin type secondary battery was 
repeatedly charged and discharged, in which a procedure of 
charging to 4.3 V with a constant current of 0.2 C and then 
discharging to 3.0 V with a constant current of 0.2 Cat 20°C. 
was defined as one cycle. The ratio of the discharge capacity 
at the 100th cycle with respect to the discharge capacity at the 
2nd cycle was calculated by percentage, and found out to be 
95% or more. 

1. A porous membrane for a secondary battery comprising 
non-electroconductive particles and a binder for a porous 
membrane, wherein 

the non-electro conductive particles are particles of a poly 
mer, 
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an arithmetic mean value of a shape factor of the non 
electroconductive particles is 1.05 to 1.60, 

a variation coefficient of the shapefactor is 16% or less, and 
a variation coefficient of a particle diameter of the non 

electro conductive particles is 26% or less. 
2. The porous membrane for a secondary battery according 

to claim 1, wherein: 
the binder for a porous membrane is a (meth)acrylic poly 

mer, and 
a content ratio of the (meth)acrylic polymer in the porous 
membrane for a secondary battery is 3% to 20% by 
weight. 

3. The porous membrane for a secondary battery according 
to claim 1, wherein a number mean particle diameter of the 
non-electroconductive particles is 100 to 1000 nm. 

4. The porous membrane for a secondary battery according 
to claim 1, wherein a temperature at which a ratio of reduced 
amount of the non-electroconductive particles reaches 10% 
by weight when heated in a thermobalance at a heating rate of 
10° C./minute under a nitrogen atmosphere is 360° C. or 
O. 

5. A method for manufacturing the porous membrane for a 
secondary battery according to claim 1, comprising: 

polymerizing a polymerizable monomer composition to 
obtain non-electroconductive particles having an arith 
metic mean value of a shape factor of 1.05 to 1.60, a 
variation coefficient of the shape factor of 16% or less, 
and a variation coefficient of a particle diameter of 26% 
or less; 

mixing the non-electroconductive particles, a binder for a 
porous membrane, and a medium to obtain a slurry for a 
porous membrane containing these; 

applying the slurry for a porous membrane onto a substrate 
to obtain a slurry layer; and 

drying the slurry layer. 
6. The method according to claim 5, wherein 
the binder for a porous membrane is a (meth)acrylic poly 

mer, 
the medium is a water-based medium, and 
the step of obtaining the slurry for a porous membrane 

includes obtaining the slurry for a porous membrane as 
an aqueous dispersion. 

7. An electrode for a secondary battery, comprising: 
a current collector; 
an electrode mixed material layer which includes an elec 

trode active material and a binding agent for an electrode 
mixed material layer, the electrode mixed material layer 
adhering on the current collector, and 

the porous membrane according to claim 1 which is formed 
on the surface of the electrode mixed material layer. 

8. A separator for a secondary battery comprising an 
organic separator layer and the porous membrane according 
to claim 1 which is formed on the organic separator layer. 

9. A secondary battery comprising a positive electrode, a 
negative electrode, a separator, and an electrolytic solution, in 
which at least any of the positive electrode, the negative 
electrode, and the separator has the porous membrane accord 
ing to claim 1. 


