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A nonaqueous electrolyte battery of the present invention 

1-1. includes a positive electrode having a positive active material 
(22) PCT Filed: Sep. 30, 2008 capable of intercalating and deintercalating a lithium ion, a 

negative electrode having a negative active material capable 
of intercalating and deintercalating a lithium ion, a separator 

(86). PCT No.: PCT/UP2008/0677S7 interposed between the positive electrode and the negative 
electrode, and a nonaqueous electrolyte. The heat generation 

S371 (c)(1), starting temperature of the positive electrode is 180° C. or 
(2), (4) Date: Feb. 17, 2010 higher. The separator includes heat-resistant fine particles and 

a thermoplastic resin. The proportion of particles with a par 
O O ticle size of 0.2 um or less in the heat-resistant fine particles is 

(30) Foreign Application Priority Data 10 vol% or less and the proportion of particles with a particle 
size of 2 um or more in the heat-resistant fine particles is 10 

Oct. 3, 2007 (JP) ................................. 2007-2595.75 vol% or less. The separator effects a shutdown in the range of 
Feb. 21, 2008 (JP) ................................. 2008-0395.27 100° C. to 150° C. 
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BATTERY SEPARATOR AND NONAQUEOUS 
ELECTROLYTE BATTERY 

TECHNICAL FIELD 

0001. The present invention relates to a nonaqueous elec 
trolyte battery that is safe from being allowed to stand at high 
temperatures. 

BACKGROUND ART 

0002. A nonaqueous electrolyte battery such as a lithium 
ion battery is characterized by a high energy density and thus 
has been widely used as a power source for portable equip 
ment such as a portable telephone and a notebook personal 
computer. In recent years, the capacity of the nonaqueous 
electrolyte battery is likely to increase further as the perfor 
mance of the portable equipment becomes higher. In parallel 
with this, it is also important to ensure safety. 
0003. In the current nonaqueous electrolyte battery, e.g., a 
polyolefin microporous film with a thickness of about 20 to 30 
um is used as a separator that is interposed between a positive 
electrode and a negative electrode. However, the commonly 
used separator easily shrinks when the temperature in the 
battery becomes extremely high, and can causea short circuit. 
Therefore, as a means of improving the safety of the nonaque 
ous electrolyte battery, the heat resistance of the separator 
may be improved. 
0004. On the other hand, e.g., when the nonaqueous elec 
trolyte battery in a charged State is placed in a high-tempera 
ture environment, heat can be generated from the positive 
electrode to raise the temperature in the battery further. 
Therefore, as a means of improving the safety of the nonaque 
ous electrolyte battery, a positive active material having high 
thermal stability also may be used. 
0005 For example, Patent Documents 1 and 2 propose a 
nonaqueous electrolyte battery that uses a positive active 
material having high thermal stability along with a separator 
having good heat resistance. However, in the technology as 
disclosed in Patent Document 1, there is a limit to the reduc 
tion in thickness of the separator because a nonwoven fabric 
or paper is used for the separator. For example, if the separator 
has a thickness of 30 Lim or less and an active material Such as 
graphite is used for the negative electrode, a short circuit may 
be likely to occur. Moreover, the technology as disclosed in 
Patent Document 2 focuses only on thermal shrinkage of the 
separator at 120°C. Thus, it is difficult to ensure the safety of 
the battery at temperatures higher than this. 
0006 Patent Documents 3 to 7 propose a multilayer sepa 
rator that includes a high heat-resistant layer as a technology 
for preventing a short circuit due to thermal shrinkage of the 
separator. However, the separator needs to be further 
improved to achieve the safety of the battery at even higher 
temperatures. 
0007 For example, in the case of an electrode body 
obtained by winding the positive electrode and the negative 
electrode with the separator interposed between them, a short 
circuit can occur due to thermal shrinkage of the separator in 
the width direction. Thus, it is necessary to Suppress the 
thermal shrinkage in the width direction. 
0008 Patent Document 1: JP 2004-296325 A 
0009 Patent Document 2: JP 2004-303474. A 
0010 Patent Document 3: JP 2006-351386 A 
0011 Patent Document 4: WO 2007/66768 
0012 Patent Document 5:JP 2007-273123 A 
0013 Patent Document 6: JP 2007-273443 A 
0014 Patent Document 7:JP 2007-280911 A 
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DISCLOSURE OF INVENTION 

0015 Therefore, with the foregoing in mind, it is an object 
of the present invention to provide a battery separator that can 
constitute a nonaqueous electrolyte battery having excellent 
safety in a high-temperature environment, and a nonaqueous 
electrolyte battery using the battery separator. 
0016. Abattery separator of the present invention includes 
heat-resistant fine particles and a thermoplastic resin. The 
proportion of particles with a particle size of 0.2 um or less in 
the heat-resistant fine particles is 10 vol% or less and the 
proportion of particles with a particle size of 2 um or more in 
the heat-resistant fine particles is 10 vol% or less. A shutdown 
is effected in the range of 100° C. to 150° C. 
0017. A nonaqueous electrolyte battery of the present 
invention includes the following: a positive electrode having 
a positive active material capable of intercalating and deinter 
calating a lithium ion; a negative electrode having a negative 
active material capable of intercalating and deintercalating a 
lithium ion; a separator interposed between the positive elec 
trode and the negative electrode; and a nonaqueous electro 
lyte. A heat generation starting temperature of the positive 
electrode is 180° C. or higher. The separator includes heat 
resistant fine particles and a thermoplastic resin. The propor 
tion of particles with a particle size of 0.2 um or less in the 
heat-resistant fine particles is 10 vol% or less and the pro 
portion of particles with a particle size of 2 um or more in the 
heat-resistant fine particles is 10 vol% or less. The separator 
effects a shutdown in the range of 100° C. to 150° C. 
(0018. In the nonaqueous electrolyte battery of the present 
invention, the heat generation starting temperature of the 
positive electrode is as high as 180° C. or higher. This can 
Suppress heat to be generated from the positive electrode 
when the battery is placed in a high-temperature environ 
ment. Moreover, the nonaqueous electrolyte battery uses the 
battery separator that includes a thermoplastic resin and heat 
resistant fine particles containing particles with a particle size 
of 0.2 Lum or less in a proportion of 10 vol% or less and 
particles with a particle size of 2 um or more in a proportion 
of 10 vol% or less, and that effects a shutdown in the range of 
100° C. to 150° C. This can reliably prevent a short circuit due 
to contact between the positive electrode and the negative 
electrode at high temperatures. As a result of these effects, it 
is possible to provide a nonaqueous electrolyte battery having 
excellent safety in a high-temperature environment. 

BRIEF DESCRIPTION OF DRAWINGS 

0019 FIG. 1A is a schematic plan view of a nonaqueous 
electrolyte battery of the present invention. FIG. 1B is a 
schematic cross-sectional view of a nonaqueous electrolyte 
battery of the present invention. 
0020 FIG. 2 is schematic diagram showing the appear 
ance of a nonaqueous electrolyte battery of the present inven 
tion. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0021. The heat generation starting temperature of the posi 
tive electrode of the nonaqueous electrolyte battery of the 
present invention is 180°C. or higher, and preferably 200° C. 
or higher. 
0022. In the present specification, the heat generation 
starting temperature of the positive electrode is determined as 
follows. First, a DSC curve is obtained by measuring the 
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positive electrode in a charged State with a differential scan 
ning calorimeter (DSC) from 30° C. at a rate of temperature 
rise of 10°C/min in the presence of a nonaqueous electrolyte 
used for the battery (as will be described later). In this DSC 
curve, the heat generation starting temperature indicates a 
temperature at an intersection point of two lines: one is an 
extension line of the base line on the high temperature side; 
and the other is a tangent to the curve of the exothermic peak 
on the low temperature side at a point where the curve has the 
maximum slope. The “charged state' of the positive electrode 
indicates a full-charge State according to the battery design. 
Specifically, assuming that the rated charging Voltage of the 
battery is V, a constant-current and constant-voltage 
charge is performed in Such a manner that the battery is 
charged at a constant current until the battery Voltage reaches 
the V, and subsequently charged at a constant Voltage of 
V. The battery is considered in the full-charge state when 
the current value during the constant-voltage charge is 
reduced to /10 of a current value (1 C) based on the rated 
capacity of the battery. 
0023 The positive electrode of the present invention 
includes a current collector and a positive electrode mixture 
layer formed on one side or both sides of the current collector. 
The positive electrode mixture layer is composed of a positive 
electrode mixture that is obtained by mixing a positive active 
material, a conductive assistant, a binder, etc. 
0024. To set the heat generation starting temperature of the 
positive electrode at 180° C. or higher, it is preferable to use 
the positive active material having good thermal stability and 
a high heat generation starting temperature. Specifically, it is 
preferable to use at least one compound selected from the 
following: a spinel-type lithium-containing complex oxide 
expressed as a general formula LiMn2-M'O4 (where 
M' is at least one element selected from the group consisting 
of Fe, Ni, Mg., Zn, Co, Cr,Al, B.V. Si, Sn, Nb, Ta, Cu, Mo, Ti, 
and W. -0.1sts 0.1, and Osxs0.6); an olivine-type lithium 
containing complex oxide expressed as a general formula 
LiMPO (where M is Co, Ni, Mn, or Fe); a lithium-contain 
ing complex oxide having a layered crystal structure 
expressed as a general formula Li, M 2.Mncos-Nicosa) 
O, (where M is at least one element selected from the group 
consisting of Fe, Mg., Zn, Co, Cr,Al, B. V. Si, Sn, Nb, Ta, Cu, 
Mo, Ti, and W. -0.1<a-0.1, and Osbs0.05); and a lithium 
containing complex oxide expressed as a general formula 
LiceNi---s2Mn---o2M.O. (where M is at 
least one element selected from the group consisting of Ti, Cr, 
Fe, Co, Cu, Zn, Al, Ge, Sn, Mg, and Zr, -0.1 sys0.1, 
-0.05sC.s0.05, Osz<0.45, and -0.24sÖs0.6). In particu 
lar, the lithium-containing complex oxide expressed as the 
general formula Lil Ni---is-Mn---o-MO, is 
preferred, in which 0sys0.05 is more preferred,0szs0.4 is 
more preferred, -0.1 s6 is more preferred, and Ös0.24 is 
more preferred. 
0025. Although only the above compounds can be used as 
the positive active material, another compound Such as 
LiCoO having a low heat generation starting temperature 
may be used with the above compounds unless the heat gen 
eration starting temperature of the positive electrode is below 
180° C. The particle size of the positive active material is 
preferably 0.01 to 30 um. 
0026. The conductive assistant of the positive electrode 
may be a carbon material such as carbon black. The binder of 
the positive electrode may be a fluorocarbon resin such as 
polyvinylidene fluoride (PVDF). 
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0027. The current collector of the positive electrode may 
be, e.g., a foil, a punched metal, a mesh, oran expanded metal, 
which are made of aluminum or the like. In general, an alu 
minum foil with a thickness of 10 to 30 um can be suitably 
used. 
0028. A lead portion of the positive electrode is generally 
provided in the following manner. A part of the current col 
lector remains exposed without forming the positive elec 
trode mixture layer when the positive electrode is produced, 
and this exposed portion can serve as the lead portion. How 
ever, the lead portion does not necessarily need to be inte 
grated with the current collector from the beginning and may 
be provided by connecting an aluminum foil or the like to the 
current collector afterward. 
0029. The composition of the positive electrode mixture 
layer of the positive electrode is preferably 80 to 98 mass % of 
the positive active material, 1 to 18 mass % of the conductive 
assistant, and 1 to 10 mass % of the binder. The thickness of 
the positive electrode mixture layer (per one side of the cur 
rent collector) is preferably 20 to 100 um. 
0030 To suppress thermal shrinkage and provide a shut 
down property, it is preferable that the separator of the non 
aqueous electrolyte battery of the present invention has a 
multilayer structure. Specifically, the multilayer structure 
includes a heat-resistant layer for Suppressing the thermal 
shrinkage and isolating the positive electrode from the nega 
tive electrode at high temperatures and a shutdown layer for 
ensuring the shutdown property. 
0031. In the present specification, a shutdown is effected 
in Such a manner that the resin constituting the separator is 
melted at a temperature not more than the thermal runaway 
(abnormal heat generation) temperature of the battery and the 
pores of the separator are filled with the molten resin, thereby 
increasing the internal resistance of the battery to interrupt the 
Current. 

0032. A temperature at which the separator effects a shut 
down (i.e., a shutdown temperature) is preferably 100° C. or 
higher, since if the shutdown temperature is too low, a shut 
down is effected during the normal operation of the battery, 
and thus can increase the internal resistance of the battery. On 
the other hand, if the shutdowntemperature of the separator is 
too high, the current interruption does not succeed by a shut 
down when heat is rapidly generated due to, e.g., an internal 
short circuit of the battery. Therefore, the temperature in the 
battery is raised to a temperature close to or higher than the 
exothermic peak temperature of the positive active material, 
which may result in thermal runaway. Thus, the shutdown 
temperature is preferably at least 20° C. lower than the exo 
thermic peak temperature of the positive electrode (i.e., the 
temperature at an apex of the exothermic peak of the DSC 
curve that is obtained to determine the heat generation start 
ing temperature, as described above), and more preferably 
150° C. or lower. 
0033. The separator has a structure in which the heat 
resistant layer may be either integrated with the shutdown 
layer (i.e., a single film separator) or not integrated with the 
shutdown layer. In both cases, the shutdown temperature in 
the present specification is defined as a temperature at which 
a Gurley value obtained by a method according to the Japa 
nese Industrial Standards (JIS) P 8117 and expressed as the 
length of time (seconds) it takes for 100 ml air to pass through 
a membrane at a pressure of 0.879 g/mm is at least ten times 
as large as the Gurley value at room temperature before heat 
1ng. 
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0034. The heat-resistant layer of the separator is prefer 
ably a porous layer including heat-resistant fine particles and 
a binder as components. In the present specification, the 
“heat-resistant fine particles' are fine particles with a heat 
resistant temperature of 200° C. or higher, and the “heat 
resistant temperature' is a temperature at which a substantial 
physical change such as a thermal deformation does not 
OCCU. 

0035. The heat-resistant fine particles are not particularly 
limited as long as they are electrochemically stable and have 
electrical insulation, but are preferably inorganic fine par 
ticles. Specific examples of the inorganic fine particles 
include the following: fine particles of inorganic oxides Such 
as an iron oxide, silica (SiO), alumina (AlO4), TiO, and 
BaTiO, fine particles of inorganic nitrides such as an alumi 
num nitride and a silicon nitride; fine particles of hardly 
soluble ionic crystals such as a calcium fluoride, a barium 
fluoride, and a barium sulfate; and fine particles of covalent 
crystals such as silicon and diamond. The inorganic oxide fine 
particles may be fine particles of materials derived from the 
mineral resources Such as boehmite, Zeolite, apatite, kaoline, 
mullite, spinel, olivine, and mica or artificial products of these 
materials. Moreover, the inorganic fine particles may be elec 
trically insulating particles obtained by covering the Surface 
of a conductive material with a material having electrical 
insulation (e.g., any of the above inorganic oxides). Examples 
of the conductive material include conductive oxides such as 
a metal, SnO, and an indium tin oxide (ITO) and carbon 
aceous materials such as carbon black and graphite. 
0036 Organic fine particles also can be used as the heat 
resistant fine particles. Specific examples of the organic fine 
particles include the following: fine particles of cross-linked 
polymers such as polyimide, a melamine resin, a phenol resin, 
cross-linked polymethyl methacrylate (cross-linked 
PMMA), cross-linked polystyrene (cross-linked PS), polydi 
vinylbenzene (PDVB), and a benzoguanamine-formalde 
hyde condensation product; and fine particles of heat-resis 
tant polymers such as thermoplastic polyimide. The organic 
resin constituting these organic fine particles may be a mix 
ture, a modified product, a derivative, a copolymer (a random 
copolymer, an alternating copolymer, a block copolymer, or a 
graft copolymer), or a cross-linked product (in the case of the 
heat-resistant polymer) of the above polymeric materials 
0037. The above examples of the heat-resistant fine par 

ticles may be used individually or in combination of two or 
more. Among the above heat-resistant fine particles, the inor 
ganic oxide fine particles are more Suitable, and alumina, 
silica, and boehmite are even more suitable. This is because 
these materials have a high heat-resistant temperature as well 
as high electrochemical stability. 
0038. The heat-resistant fine particles contain particles 
with a particle size of 0.2 m or less in a proportion of 10 vol 
% or less and particles with a particle size of 2 um or more in 
a proportion of 10 vol% or less, and also have a narrow 
particle size distribution and a uniform particle size. This 
configuration can Suppress thermal shrinkage of the separator 
at a temperature T (C.) that is closeto, e.g., 10°C. lower than 
the heat generation starting temperature of the positive elec 
trode (in this case, the upper limit of T is 200°C., and T does 
not exceed 200° C. even if the heat generation starting tem 
perature of the positive electrode is higher than 210° C.). 
Thus, it is possible to prevent the electrode body from being 
short-circuited due to the thermal shrinkage of the separator 
in the width direction. 
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0039. To make the proportions of particles with a particle 
size of 0.2 Lum or less and particles with a particle size of 2 um 
or more in the heat-resistant fine particles not more than 10 
vol%, respectively, the particle size of the material particles 
may be controlled in the range of 0.2 to 2 um. If the particle 
size of the material particles is too large, the material particles 
can be pulverized with a grinder Such as a ball mill, a sand 
mill, a jet mill, or a cyclone mill to reduce the particle size. If 
the particle size of the material particles is too small, the 
particles size can be increased with a granulator Such as 
mechanofusion or a spray drier. Moreover, the particles with 
aparticle size of 0.2um or less and the particles with a particle 
size of 2 um or more may be filtered out with various types of 
classifiers such as a sieve, a classification cyclone, and a filter, 
so that the remaining particles are used. 
0040. The thermal shrinkage ratio of the separator of the 
present invention is preferably 10% or less, and more prefer 
ably 5% or less at the temperature T. Specifically, the thermal 
shrinkage ratio of the separator in the width direction is pref 
erably 10% or less at 200° C. By controlling the particle size 
of the heat-resistant fine particles, the separator with Such a 
small thermal shrinkage ratio can be achieved even if the 
separator has a structure in which the heat-resistant layer is 
integrated with the shutdown layer. Thus, it is possible to 
Sufficiently suppress the occurrence of a short circuit due to 
shrinkage of the separator when the temperature in the battery 
becomes high. The thermal shrinkage ratio is preferably as 
small as possible, and particularly preferably 0%. 
0041. When the separator has a structure in which the 
heat-resistant layer and the shutdown layer are not integrated, 
but separated from each other, the thermal shrinkage ratio of 
the heat-resistant layer is preferably 10% or less, and more 
preferably 5% or less at the temperature T. Specifically, the 
thermal shrinkage ratio of the heat-resistant layer in the width 
direction is preferably 10% or less at 200°C. In this case, the 
above thermal shrinkage ratio also can be ensured by control 
ling the particle size of the heat-resistant fine particles. Thus, 
it is possible to sufficiently Suppress the occurrence of a short 
circuit due to shrinkage of the shutdown layer when the 
temperature in the battery becomes high. Needless to say, the 
thermal shrinkage ratio is preferably as Small as possible, and 
particularly preferably 0%. 
0042. By ensuring the above thermal shrinkage ratio, the 
separator can be maintained to have a width larger than, e.g., 
the width of the negative electrode at the temperature T when 
actually incorporated into the battery. Therefore, the occur 
rence of a short circuit can be sufficiently suppressed. 
0043. The average particle size of the heat-resistant fine 
particles is in the range of preferably 0.3 um, more preferably 
0.4 um, most preferably 0.5um to preferably 1.5 lum, more 
preferably 1.2 Lum, most preferably lum. The average particle 
size of the heat-resistant fine particles can be defined as a 
number average particle size that is measured with a laser 
diffraction particle size analyzer (e.g., LA-920 manufactured 
by Horiba, Ltd.) by dispersing the heat-resistant fine particles 
in a medium, in which the particles are insoluble. 
0044) The heat-resistant fine particles can have any shape 
Such as a sphere (true sphere or Substantial sphere), a rugby 
ball, a polyhedron, or a plate-like particle. However, it is more 
preferable that the heat-resistant fine particles are in the form 
of plate-like particles. The use of plate-like particles as the 
heat-resistant fine particles makes it easier to form a heat 
resistant layer that is less Susceptible to thermal shrinkage. 
Therefore, even if the separator has a structure in which the 



US 2011/0052987 A1 

heat-resistant layer is integrated with the shutdown layer that 
is a porous film made of athermoplastic resin, thermal shrink 
age of the whole separator caused by thermal shrinkage of the 
shutdown layer can be effectively suppressed. For example, 
the thermal shrinkage ratio of the separator can be 5% or less 
at 165° C., which is measured by a method as will be 
described later. Although the reason the thermal shrinkage of 
the separator or the heat-resistant layer is easily Suppressed 
by using the heat-resistant fine particles in the form of plate 
like particles is not clear, it is considered that the plane Sur 
faces of the individual particles are likely to be oriented in the 
direction parallel to the plane direction of the separator, and 
the particles are more closely packed because of Such orien 
tation, thereby resisting the shrinkage. 
0045. In the present specification, the thermal shrinkage 
ratios of the separator and the heat-resistant layer are deter 
mined in the following manner. The separator or the heat 
resistant layer is cut into 3 cmx3 cm, and then interposed 
between two glass plates, each of which has a thickness of 5 
mm. This sample is allowed to stand in a thermostatic bath at 
a predetermined temperature for 1 hour and heated. Subse 
quently, dimensional changes of the sample are measured. 
That is, the thermal shrinkage ratio is defined as a ratio of 
decrease in the width of the separator after heating to that of 
the separator at room temperature before heating. When the 
thermal shrinkage ratio involves directivity, it is defined as a 
ratio of decrease in the width of the separator in the direction 
in which the separator shrinks the most. 
0046. In the present invention, it is preferable that the 
heat-resistant layer includes a binder to integrate the heat 
resistant layer with the shutdown layer or the electrode, or to 
bind the heat-resistant fine particles constituting the heat 
resistant layer. Examples of the binder include the following: 
an ethylene-vinyl acetate copolymer (EVA having 20 to 35 
mol % of a structural unit derived from vinyl acetate); an 
ethylene-acrylic acid copolymer Such as an ethylene-ethyl 
acrylate copolymer (EEA); fluoro-rubber; styrene-butadiene 
rubber (SBR); carboxymethyl cellulose (CMC); hydroxy 
ethyl cellulose (HEC); polyvinyl alcohol (PVA); polyvinyl 
butyral (PVB); polyvinyl pyrrolidone (PVP); poly-N-viny 
lacetamide; a cross-linked acrylic resin; polyurethane; and an 
epoxy resin. The above examples of the binder may be used 
individually or in combinations of two or more. 
0047 Among the above binders, the heat-resistant resins 
having heat resistance at 150° C. or higher are suitable. In 
particular, highly flexible materials such as the ethylene 
acrylic acid copolymer, the fluoro-rubber, and the SBR are 
more suitable. Specific examples of the highly flexible mate 
rials include the following: EVA, “EVAFLEX series (trade 
mane) manufactured by DUPONT-MITSUI POLYCHEMI 
CALS CO.,LTD.; EVA manufactured by NIPPON UNICAR 
CO.,LTD.; an ethylene-acrylic acid copolymer, “EVAFLEX 
EEA series (trade name)' manufactured by DUPONT-MIT 
SUI POLYCHEMICALS CO.,LTD.; EEA manufactured by 
NIPPON UNICAR CO., LTD.; fluoro-rubber, “DAI-EL 
LATEX series (trade name)' manufactured by DAIKIN 
INDUSTRIES, Ltd.; SBR, “TRD-2001 (trade name)' manu 
factured by JSR Corporation; and SBR, “EM-400B (trade 
name)' manufactured by ZEON CORPORATION. More 
over, the cross-linked acrylic resin (self-cross-linking acrylic 
resin) that has a low glass transition temperature is also Suit 
able, and includes butyl acrylate as the main component and 
has cross-linking of the butyl acrylate. 
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0048. When the binder is used, it may be dissolved or 
emulsified in a medium (solvent) of a composition (slurry 
etc.) for forming the heat-resistant layer, as will be described 
later. 
0049. The heat-resistant layer may further include a 
porous base material as long as the heat resistance is not 
impaired. The porous base material may be, e.g., a porous film 
made of a heat-resistant resin, or a woven or nonwoven fabric 
made of heat-resistant fibers. Examples of the constituents of 
the porous base material includes the following: cellulose and 
a modified product of the cellulose such as carboxymethyl 
cellulose; polypropylene (PP); polyesters such as polyethyl 
ene terephthalate (PET), polyethylene naphthalate (PEN), 
and polybutylene terephthalate (PBT); resins such as poly 
acrylonitrile (PAN), aramid, amide-imide, and polyimide: 
and inorganic materials (inorganic oxides) such as glass, alu 
mina, and silica. The porous base material may include either 
one type or more than one type of these constituents. The 
porous base material also may include various types of addi 
tives (e.g., an antioxidant when the resin is used) as needed in 
addition to the above constituents. 
0050. The content of the heat-resistant fine particles in the 
heat-resistant layer is preferably 20 vol% or more, more 
preferably 50 vol% or more, and further preferably 80 vol% 
or more of the total Volume of components in the heat-resis 
tant layer. By increasing the content of the heat-resistant fine 
particles in the heat-resistant layer, thermal shrinkage of the 
heat-resistant layer or the whole separator can be favorably 
Suppressed. As described above, the heat-resistant layer pref 
erably includes a binder. In view of this, the preferred upper 
limit of the content of the heat-resistant fine particles in the 
heat-resistant layer is, e.g., 99 vol% of the total volume of 
components in the heat-resistant layer. If the content of the 
heat-resistant fine particles in the heat-resistant layer is too 
Small, e.g., the content of the binder in the heat-resistant layer 
should be increased. In Such a case, however, the pores of the 
heat-resistant layer are filled with the binder, which may 
impair, e.g., the function of the separator. On the other hand, 
if a hole-opening agent or the like is used to provide a porous 
heat-resistant layer, the space between the heat-resistant fine 
particles becomes extremely large, so that the effect of Sup 
pressing thermal shrinkage may be reduced. 
0051. The content of the binder in the heat-resistant layer 

is preferably 1 to 20 vol% of the total volume of components 
in the heat-resistant layer. 
0052. When the heat-resistant layer includes the porous 
base material composed of the heat-resistant resin or the 
heat-resistant fibers, the content of the heat-resistant resin or 
the heat-resistant fibers of the porous base material in the 
heat-resistant layer is in the range of preferably 10 vol%. 
more preferably 30 vol% to preferably 90 vol %, more 
preferably 70 vol% of the total volume of components in the 
heat-resistant layer. 
0053. The material of the shutdown layer of the separator 

is not particularly limited as long as it is a thermoplastic resin 
that is electrochemically stable, also stable to the nonaqueous 
electrolyte of the battery, and preferably able to ensure the 
shutdown temperature. In particular, polyolefin (polyethyl 
ene, polypropylene, an ethylene-propylene copolymer, etc.) 
having a softening point (melting point, glass transition point, 
etc.) of 100 to 150° C. is suitable. Moreover, polyester also 
can be used. 
0054 The shutdown layer may be in any form as long as it 
has sufficient ionic conductance to obtain necessary battery 
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characteristics. As the shutdown layer, porous films can be 
used, including a porous film that is formed by aggregating 
fine particles and an ion-permeable porous film (microporous 
film) that has many pores and is formed by a conventional 
Solvent extraction method, a dry or wet drawing method, or 
the like. More specifically, a polyethylene porous film, a 
polypropylene porous film, a polyester porous film, etc. are 
suitable for the shutdown layer. 
0055 When the shutdown layer is formed, e.g., by aggre 
gating thermoplastic resin fine particles, the shutdown layer 
may include a binder as needed to bind the fine particles or to 
integrate the shutdown later with the heat-resistant layer or 
the electrode. The various types of binders that may be 
included in the heat-resistant layer also can be used for the 
shutdown layer. These binders may be used individually or in 
combinations of two or more. Like the heat-resistant layer, 
when the binder is used, it may be dissolved or emulsified in 
a medium (solvent) of a composition (slurry etc.) for forming 
the shutdown layer, as will be described later. 
0056. When the shutdown layer includes the binder, it is 
preferable that the content of the thermoplastic resin fine 
particles is 70 to 99 vol% of the total volume of components 
in the shutdown layer, and the content of the binder is 1 to 30 
vol% of the total volume of components in the shutdown 
layer. 
0057 Although the separator can have one heat-resistant 
layer and one shutdown layer, it may have a plurality of 
heat-resistant layers that are disposed, e.g., on both sides of 
the shutdown layer or a plurality of shutdown layers. How 
ever, the thickness of the separator increases with the number 
of layers, which may lead to an increase in the internal resis 
tance or a reduction in the energy density. Therefore, the 
separator should not include too many layers, and the total 
number of layers (the heat-resistant layer and the shutdown 
layer) constituting the separator is preferably five layers or 
less, and more preferably two layers. 
0058 When the separator has a multilayer structure of the 
heat-resistant layer and the shutdown layer, the heat-resistant 
layer may be integrated with the shutdown layer. Alterna 
tively, the heat-resistant layer and the shutdown layer are not 
integrated, but may be provided as independent films, or the 
heat-resistant layer or the shutdown layer may be individually 
integrated with the electrode. When the heat-resistant layer 
and the shutdown layer are not integrated, the separator may 
be configured by laminating the heat-resistant layer and the 
shutdown layer together in the nonaqueous electrolyte bat 
tery. 
0059. In terms of isolating the positive electrode from the 
negative electrode more reliably, the thickness of the separa 
tor is preferably 6 um or more, and more preferably 10 Lum or 
more. On the other hand, if the separator is too thick, the 
energy density of the battery may be reduced. Therefore, the 
thickness of the separator is preferably 50 um or less, and 
more preferably 30 um or less. 
0060. When the thicknesses of the shutdown layer and the 
heat-resistant layer of the separator are represented by A (Lm) 
and B (um), respectively, the ratio A/B of A to B is in the range 
of preferably 4, more preferably /2 to preferably 5, more 
preferably 4. As described above, in the separator of the 
present invention, even if the thickness ratio is increased by 
reducing the thickness of the heat-resistant layer, the occur 
rence of a short circuit due to thermal shrinkage of the sepa 
rator can be highly suppressed in the nonaqueous electrolyte 
battery. When the separator has a plurality of shutdown lay 
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ers. A represents the total thickness of the plurality of shut 
down layers. When the separator has a plurality of heat 
resistant layers, B represents the total thickness of the 
plurality of heat-resistant layers. 
0061 Specific values of A and B areas follows. The thick 
ness of the shutdown layer (the total thickness in the case of a 
plurality of shutdown layers) is preferably 5um to 30 um. The 
thickness of the heat-resistant layer (the total thickness in the 
case of a plurality of heat-resistant layers) is in the range of 
preferably 1 um, more preferably 2 um, even more preferably 
4 um to preferably 20 Lum, more preferably 10 Lum. If the 
shutdown layer is too thin, the shutdown property may be 
weakened. If the shutdown layer is too thick, the energy 
density of the battery may be reduced, and also the effect of 
Suppressing thermal shrinkage of the whole separator may be 
reduced because the force of the thermal shrinkage is 
increased when the separator has a structure in which the 
heat-resistant layer is integrated with the shutdown layer. 
Moreover, if the heat-resistant layer is toothin, the function of 
isolating the positive electrode from the negative electrode at 
high temperatures may be reduced, and also the effect of 
Suppressing thermal shrinkage of the whole separator may be 
reduced when the separator has a structure in which the heat 
resistant layer is integrated with the shutdown layer. If the 
heat-resistant layer is too thick, the thickness of the whole 
separator is increased. 
0062. The average pore diameter of the separator is in the 
range of preferably 0.01 um, more preferably 0.05 um to 
preferably 1 um, more preferably 0.5um. The average pore 
diameter of the shutdown layer is preferably 0.01 to 5um. The 
average pore diameter of the heat-resistant layer is preferably 
0.05 to 1 Lum. In the case of the battery that includes a wound 
electrode body obtained by winding the positive electrode 
and the negative electrode via the separatorina spiral fashion, 
the separator is bent while the electrode body is wound, and 
thus can cause a crack or the like in the heat-resistant layer. 
However, when the separator has the above average pore 
diameter (particularly, the shutdown layer has the above aver 
age pore diameter), even if the heat-resistant layer has a crack 
or the like, it is possible to prevent lithium dendrites from 
passing through the crack of the heat-resistant layer. In the 
case of the battery that includes a so-called laminated elec 
trode body obtained by laminating the positive electrode, the 
negative electrode, and the separator, instead of the wound 
electrode body, the average pore diameters of the separator, 
the shutdown layer, and the heat-resistant layer do not have to 
meet the above suitable values, but more preferably fall in the 
respective ranges. 
0063 Interms of improving the ion permeability by ensur 
ing the retention of the nonaqueous electrolyte, the porosity 
of the whole separator is preferably 30% or more in a dry 
state. On the other hand, in terms of ensuring the strength of 
the separator and preventing an internal short circuit, the 
porosity of the whole separator is preferably 70% or less in a 
dry state. The porosity P (%) of the separator can be calcu 
lated from the thickness of the separator, the mass per unit 
area of the separator, and the densities of the components of 
the separator by obtaining a Summation for each component i 
with the following formula (1). 

0064 where a represents the ratio of a component i 
expressed as a mass percentage, p, represents the density 
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(g/cm) of the componenti, m represents the mass (g/cm) per 
unit area of the separator, and t represents the thickness (cm) 
of the separator. 
0065. In the formula (1), when m represents the mass 
(g/cm) per unit area of the shutdown layer and t represents 
the thickness (cm) of the shutdown layer, the porosity P (%) 
of the shutdown layer can be determined. The porosity of the 
shutdown layer obtained in this manner is preferably 30 to 
70%. 

0066. In the formula (1), when m represents the mass 
(g/cm) per unit area of the heat-resistant layer and t repre 
sents the thickness (cm) of the heat-resistant layer, the poros 
ity P (%) of the heat-resistant layer also can be determined. 
The porosity of the heat-resistant layer obtained in this man 
ner is preferably 20 to 60%. 
0067. It is desirable that the separator of the present inven 
tion has an air permeability of 30 to 300 sec, which is indi 
cated by the Gurley value. The Gurley value is obtained by a 
method according to JISP8117 and expressed as the length of 
time (seconds) it takes for 100 ml air to pass through a mem 
brane at a pressure of 0.879 g/mm. If the air permeability is 
too large, the ion permeability can be reduced. On the other 
hand, if the air permeability is too small, the strength of the 
separator can be reduced. It is desirable that the strength of the 
separator is penetrating strength measured using a 1 mm 
diameter needle, and that the penetrating strength is 50 g or 
more. If the penetrating strength is too small, lithium dendrite 
crystals may penetrate the separator when they are produced, 
thus leading to a short circuit. The separator having the mul 
tilayer structure as described above can ensure the air perme 
ability and the penetrating strength. 
0068. The separator of the present invention can be pro 
duced in the following manner. For example, the heat-resis 
tant fine particles, the binder, etc. constituting the heat-resis 
tant layer are dispersed in a dispersion medium, namely an 
organic solvent Such as water or N-methyl-2-pyrrolidone 
(NMP) to prepare a slurry or paste-like composition for form 
ing the heat-resistant layer (the binder may be dissolved in the 
dispersion medium). This composition is applied to the Sur 
face of the shutdown layer and dried. 
0069. When the shutdown layer is a microporous film 
made of a thermoplastic resin, the composition for forming 
the heat-resistant layer can be applied to the surface of the 
shutdown layer, e.g., by coating the Surface of the 
microporous film with the composition using a coater or by 
immersing the microporous film in the composition. 
0070. When the shutdown layer is composed of aggre 
gated thermoplastic resin fine particles, the thermoplastic 
resin fine particles, the binder used as needed, etc. constitut 
ing the shutdown layer are dispersed in a dispersion medium 
Such as water or an organic solvent to prepare a slurry or 
paste-like composition for forming the shutdown layer (the 
binder may be dissolved in the dispersion medium). This 
composition is applied to a substrate and dried, so that a 
shutdown layer is formed beforehand. Subsequently, the 
composition for forming the heat-resistant layer can be 
applied to the surface of this shutdown layer in the same 
manner as the microporous film. The separator also can be 
produced in a manner contrary to the above. That is, the 
composition for forming the heat-resistant layer is applied to 
a Substrate and dried, so that a heat-resistant layer is formed 
beforehand. Subsequently, the composition for forming the 
shutdown layer is applied to the surface of this heat-resistant 
layer and dried. 
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0071. The heat-resistant layer and the shutdown layer can 
be simultaneously formed by applying one of the composi 
tions for forming the heat-resistant layer and the shutdown 
layer to a Substrate, and then applying the other composition 
before the previously applied composition is completely 
dried. 

0072. When the heat-resistant layer includes the porous 
base material, the composition for forming the heat-resistant 
layer may be applied to the porous base material or the porous 
base material may be immersed in the composition, and then 
the composition is dried to form the heat-resistant layer. 
0073. As described above, the heat-resistant layer and the 
shutdown layer are not necessarily integrated, but can be 
independent of each other and laminated together in the bat 
tery. Moreover, one or both of the heat-resistant layer and the 
shutdown layer may be integrated with the electrode (positive 
electrode or negative electrode). To integrate the heat-resis 
tant layer or the shutdown layer with the electrode, e.g., the 
heat-resistant layer or the shutdown layer serving as an inde 
pendent film can be laminated with the electrode, or the 
composition for forming the heat-resistant layer or the shut 
down layer can be applied to the electrode, thereby forming 
the heat-resistant layer or the shutdown layer. It is preferable 
that the heat-resistant layer is integrated with the shutdown 
layer because a conventional manufacturing process can be 
used to produce a battery. 
0074 The negative electrode of the battery of the present 
invention is not particularly limited as long as it can be used 
for the nonaqueous electrolyte battery. Examples of the nega 
tive active material include mixtures of two or more carbon 
materials capable of intercalating and deintercalating lithium 
Such as graphite, pyrolytic carbon, coke, glassy carbon, a 
calcined organic polymer compound, mesocarbon micro 
beads, and a carbon fiber. Moreover, examples of the negative 
active material also include the following: alloys of Si, Sn, 
Ge, Bi, Sb, and In; compounds that can be charged/discharged 
at a low Voltage close to lithium metal Such as a lithium 
containing nitride and a lithium-containing oxide; a lithium 
metal; and a Li/Ai alloy. The negative electrode may be pro 
duced in Such a manner that a negative electrode mixture is 
obtained by adding the conductive assistant or the binder 
(e.g., PVDF) appropriately to the negative active material, 
and then formed into a compact (a negative electrode mixture 
layer) while a current collector Such as a copper foil is used as 
a core material. Alternatively, foils of the above alloys or 
lithium metal can be used individually or in the form of a 
laminate with the current collector (e.g., a copper foil) as the 
negative electrode. 
0075 When the negative electrode of the present invention 
includes a current collector, the current collector may be, e.g., 
a foil, a punched metal, a mesh, or an expanded metal, which 
are made of copper, nickel, or the like. In general, a cooper 
foil is used. If the thickness of the whole negative electrode is 
reduced to achieve a battery with high energy density, the 
current collector of the negative electrode preferably has a 
thickness of 5 to 30 um. 
0076. A lead portion of the negative electrode is generally 
provided in the following manner. A part of the current col 
lector remains exposed without forming the negative elec 
trode mixture layer when the negative electrode is produced, 
and this exposed portion can serve as the lead portion. How 
ever, the lead portion does not necessarily need to be inte 
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grated with the current collector from the beginning and may 
be provided by connecting a copper foil or the like to the 
current collector afterward. 
0077. The nonaqueous electrolyte of the present invention 
can be a nonaqueous electrolyte (nonaqueous electrolytic 
Solution) produced by dissolving at least one lithium salt 
selected from the group consisting of LiClO, LiPF LiBF 
LiAsF, LiSbF LiCFSO, LiCFCO, Li C.F.(SO), LiN 
(CFSO), LiC(CFSO), LiCriFSO (2sins 5), and 
LiN(RfCSO) (where Rf represents a fluoroalkyl group) in 
an organic solvent such as a dimethyl carbonate, a diethyl 
carbonate, a methyl ethyl carbonate, methyl propionate, an 
ethylene carbonate, a propylene carbonate, a butylene car 
bonate, Y-butyrolactone, ethylene glycol Sulfite, 1.2- 
dimethoxyethane, 1,3-dioxolane, tetrahydrofuran, 2-meth 
yltetrahydrofuran, or diethyl ether. The concentration of the 
lithium salt in the electrolyte is preferably 0.5 to 1.5 mol/l, 
and more preferably 0.9 to 1.25 mol/l. 
0078. The nonaqueous electrolyte battery of the present 
invention may be in the form of a rectangular or circular 
cylinder and have an outer can made of Steel or aluminum. 
Moreover, the nonaqueous electrolyte battery may be a soft 
package battery using a metal-deposited laminated film as an 
outer package. 
007.9 The electrode used in the nonaqueous electrolyte 
battery of the present invention may be in the form of a 
laminated electrode body obtained by laminating the positive 
electrode and the negative electrode via the separator of the 
present invention or in the form of a wound electrode body 
obtained by winding the laminated electrode body. In this 
case, since the thermal shrinkage of a conventional separator 
is large in the width direction, the width W of the separator 
needs to be much larger than the width W, of the negative 
electrode to prevent a short circuit at high temperatures. On 
the other hand, the thermal shrinkage of the separator of the 
present invention in the width direction can be sufficiently 
Suppressed even if the heat-resistant layer is integrated with 
the shutdown layer to form the separator. Therefore, in the 
above wound electrode body, a short circuit due to contact 
between the positive electrode and the negative electrode can 
be prevented only by making the width W of the separator 
slightly larger than the width W of the negative electrode. 
0080 When the shutdown layer is made of a material 
having somewhat inferior resistance to oxidation Such as 
polyolefin, it is desirable to avoid contact between the shut 
down layer and the positive active material so as to prevent 
degradation of the separator caused by oxidation and improve 
the charge-discharge cycle life and the high-temperature Stor 
age characteristics of the battery. In particular, when the 
charging potential is 4.3 V or more, the oxidation action 
becomes prominent. Moreover, when the shutdown layer is 
located on the negative electrode side, particularly is brought 
into contact with the negative electrode mixture layer, a film 
of the thermoplastic resin of the shutdown layer is formed on 
the surface of the negative electrode mixture layer after a 
shutdown is effected. This can Suppress a reaction between 
the air that flows into the battery, e.g., after a cleavable vent 
has opened (as will be described later) and the negative active 
material, and thus can further improve the safety at high 
temperatures. 
0081. Hereinafter, an example of the nonaqueous electro 
lyte battery of the present invention will be described with 
reference to the drawings. FIG. 1A is a schematic plan view of 
the nonaqueous electrolyte battery of the present invention. 
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FIG. 1B is a schematic cross-sectional view of the nonaque 
ous electrolyte battery of the present invention. FIG. 2 is a 
schematic diagram showing the appearance of the nonaque 
ous electrolyte battery of the present invention. 
I0082 In the battery shown in FIGS. 1A, 1B, and 2, a 
negative electrode 1 and a positive electrode 2 are wound via 
a separator 3 of the present invention in a spiral fashion, and 
then pressed into a flat shape, thereby providing a wound 
electrode body 6. The wound electrode body 6, together with 
a nonaqueous electrolyte, is housed in a rectangular cylindri 
cal outer can 20. For the sake of simplicity, FIG. 1B does not 
illustrate a metal foil that is a current collector of the negative 
electrode 1 or the positive electrode 2, a nonaqueous electro 
lyte, etc. and also does not show hatching that indicates the 
cross sections of the center of the wound electrode body 6 and 
the separator 3. 
I0083. The outer can 20 is made of an aluminum alloy, 
serves as an outer package of the battery, and is also used as a 
positive terminal. An insulator 5 made of a polyethylene sheet 
is placed at the bottom of the outer can 20. A negative elec 
trode lead 8 and a positive electrode lead 7 connected to the 
respective ends of the negative electrode 1 and the positive 
electrode 2 are drawn from the wound electrode body 6 
including the negative electrode 1, the positive electrode 2. 
and the separator 3. A stainless steel terminal 11 is attached to 
a cover 9 via a polypropylene insulating packing 10. The 
cover 9 is made of an aluminum alloy and used to seal the 
opening of the outer can 20. A stainless steel lead plate 13 is 
connected to the terminal 11 via an insulator 12. 
I0084. The cover 9 is inserted in the opening of the outer 
can 20, and the joint between them is welded to seal the 
opening, so that the inside of the battery is hermetically 
sealed. Moreover, the cover 9 has an inlet 14 through which 
the nonaqueous electrolyte is injected. The inlet 14 is sealed 
with a sealing member by laser welding or the like. Thus, the 
sealing properties of the battery are ensured. For conve 
nience, in FIGS. 1A, 1B, and 2, the inlet 14 includes the 
sealing member as well as itself. The cover 9 has a cleavable 
vent 15 as a mechanism for discharging the gas contained in 
the battery to the outside at the time the internal pressure is 
raised due to a rise in temperature or the like. 
I0085. In the nonaqueous electrolyte battery shown in 
FIGS. 1A, 1B, and 2, the positive electrode lead 7 is directly 
welded to the cover 9, so that the outer can 20 and the cover 9 
can function as a positive terminal. Moreover, the negative 
electrode lead 8 is welded to the lead plate 13, and thus 
electrically connected to the terminal 11 via the lead plate 13, 
so that the terminal 11 can function as a negative terminal. 
However, the positive and negative electrodes may be 
reversed depending on the material of the outer can 20 or the 
like. 
I0086. The nonaqueous electrolyte battery of the present 
invention can be used in the same application as that of a 
conventional nonaqueous electrolyte battery. 
I0087 Next, the present invention will be described in 
detail by way of examples. However, the present invention is 
not limited to the following examples. 

Example 1 

Production of Positive Electrode 

I0088 A positive electrode mixture containing paste was 
prepared by mixing 90 parts by mass of LiCoo. Nio Mino. 
33O (positive active material), 7 parts by mass of acetylene 
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black (conductive assistant), and 3 parts by mass of PVDF 
(binder) uniformly by using NMP as a solvent. This paste was 
intermittently applied to both surfaces of a current collector 
(aluminum foil) with a thickness of 15um so that the applied 
length was 280 mm on the upper surface and 210 mm on the 
lower surface, which then was dried and calendered. Thus, the 
thicknesses of the positive electrode mixture layers were 
adjusted so that the total thickness was 150 Lum. Subsequently, 
this current collector having the positive electrode mixture 
layers was cut into a length of 300 mm and a width of 43 mm. 
thereby producing a positive electrode. Moreover, a lead por 
tion was formed by welding a tab to the exposed portion of the 
aluminum foil of the positive electrode. 
0089 
0090. A negative electrode mixture containing paste was 
prepared by mixing 95 parts by mass of graphite (negative 
active material) and 5 parts by mass of PVDF (binder) uni 
formly by using NMP as a solvent. This paste was intermit 
tently applied to both surfaces of a current collector (copper 
foil) with a thickness of 10 Lim so that the applied length was 
290 mm on the upper surface and 230 mm on the lower 
surface, which then was dried and calendered. Thus, the 
thicknesses of the negative electrode mixture layers were 
adjusted so that the total thickness was 142 Lum. Subsequently, 
this current collector having the negative electrode mixture 
layers was cut into a length of 300 mm and a width of 45 mm. 
thereby producing a negative electrode. Moreover, a lead 
portion was formed by welding a tab to the exposed portion of 
the copper foil of the negative electrode. 
0091 
0092 200 g of an emulsion of a self-cross-linking acrylic 
resin serving as a binder (with a solid content of 40 mass %) 
and 4000 g of water were put in a container and stirred at room 
temperature until the binder was uniformly dissolved in 
water. Then, 4000 g of a plate-like boehmite powder serving 
as heat-resistant fine particles (an average particle size: 1 um, 
a proportion of particles with a particle size of 0.2 um or less: 
0 vol%, a proportion of particles with a particle size of 2 um 
or more: 4 vol%, and an aspect ratio: 10) was added to this 
solution at four different times, and dispersed with a Disper at 
2800 rpm for 5 hours, resulting in a uniform slurry. Next, the 
slurry was applied to a polyethylene microporous film (with a 
thickness of 16 um, a porosity of 40%, an average pore 
diameter of 0.02 um, and a melting point of 135°C.) using a 
micro-gravure coater and dried, so that cross-links were 
formed by the acrylic resin. Thus, a separator that had a 
thickness of 20 um and included a heat-resistant layer con 
taining boehmite and a shutdown layer formed of the poly 
ethylene microporous film (with a melting point of 135° C.) 
was produced. Then, the separator was cut into a width of 47 
mm and used to produce a battery. 
0093 
0094. The positive electrode and the negative electrode 
were laminated with the separator interposed between them 
so that the shutdown layer faced the negative electrode, and 
then wound in a spiral fashion to form a wound electrode 
body. Next, the wound electrode body was pressed into a flat 
shape and placed in an aluminum rectangular outer can with 
a thickness of 4 mm, a height of 50 mm, and a width of 34 mm. 
Moreover, a nonaqueous electrolyte (obtained by dissolving 
LiPF at a concentration of 1.2 mol/l in a solvent containing 
an ethylene carbonate and an ethyl methyl carbonate at a 
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Volume ratio of 1:2) was injected, and the outer can was 
sealed in a vacuum, resulting in a nonaqueous electrolyte 
battery. 

Example 2 

0.095 A positive electrode was produced in the same man 
ner as Example 1 except that the positive active material was 
changed to LiMno Alo, O. 
0096. The same slurry as that in Example 1 was applied to 
the surface of a PET nonwoven fabric (with a thickness of 15 
um and a weight of 10 g/m) using a dip coater and dried, 
thereby providing aheat-resistant layer with a thickness of 18 
um. Then, a water dispersion of polyethylene fine particles 
(with an average particle size of 1 Jum, a melting point of 125° 
C., and a solid content of 20 mass %) was applied to the 
Surface of the heat-resistant layer using a die coater and dried, 
thereby providing a shutdown layer. Thus, a separator was 
produced. The thickness of the separator was 23 Jum. 
0097. A nonaqueous electrolyte battery was produced in 
the same manner as Example 1 except that the positive elec 
trode and the separator of this example were used. 

Example 3 

0098. A positive electrode was produced in the same man 
ner as Example 1 except that the positive active material was 
changed to LiFePO. 
(0099 Next, 600g of an NMP solution of PVDF serving as 
a binder (with a solid content of 15 mass %) and 1000 g of 
NMP were put in a container and stirred at room temperature 
until the solution was uniform. Then, 3000 g of an alumina 
powder serving as heat-resistant fine particles (an average 
particle size:0.4 um, a proportion of particles with a particle 
size of 0.2 Lum or less: O vol%, and a proportion of particles 
with a particle size of 2 um or more: O vol%) was added to this 
solution at four different times, and dispersed with a Disper at 
2800 rpm for 1 hour, resulting in a uniform slurry. Next, the 
slurry was applied to the surface of the above positive elec 
trode using a die coater and dried, thereby providing a heat 
resistant layer with a thickness of 4 um. 
0100. A nonaqueous electrolyte battery was produced in 
the same manner as Example 1 except that the above positive 
electrode including the heat-resistant layer, the same negative 
electrode as that prepared in Example 1, and a polyethylene 
microporous film with a thickness of 16 um were used, and a 
wound electrode body was formed so that the polyethylene 
microporous film was located between the heat-resistant 
layer of the positive electrode and the negative electrode. In 
this example, the heat-resistant layer formed on the surface of 
the positive electrode and the polyethylene microporous film 
(shutdown layer) corresponded to the separator. 

Example 4 

Production of Negative Electrode 

0101. A negative electrode with a length of 510 mm and a 
width of 45 mm was produced in the same manner as 
Example 1 except that the negative electrode mixture con 
taining paste was intermittently applied so that the applied 
length was 500 mm on the upper surface and 440 mm on the 
lower surface. 
0102 <Production of Positive Electrode> 
0103 90 parts by mass of LiNios Mno CuoO (with a 
number average particle size of 17 um) and 10 parts by mass 
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of LiCoO (with a number average particle size of 5um) were 
dry-mixed, to which 20 parts by mass of an NMP solution 
including 10 mass % of PVDF serving as a binder were 
added, and then further mixed. Next, 1 part by mass of arti 
ficial graphite and 1 part by mass of Ketjenblack were added 
to this mixture as a conductive assistant and kneaded with a 
two-axis kneader. Moreover, NMP was added to adjust the 
Viscosity of the mixture, and thus a positive electrode mixture 
containing paste was prepared. A positive electrode with a 
length of 520 mm and a width of 43 mm was produced in the 
same manner as Example 1 except that the positive electrode 
mixture containing paste was intermittently applied so that 
the applied length was 500 mm on the upper surface and 425 
mm on the lower Surface. 
0104 <Production of Separatord 
0105. A separator with a thickness of 22 um was produced 
in the same manner as Example 1 except that 200 g of the 
emulsion of the self-cross-linking acrylic resin were changed 
to 100 g of an emulsion of SBR (with a solid content of 40 
mass %). The volume ratio of the heat-resistant fine particles 
to the heat-resistant layer of the separator was 91 vol%, and 
the porosity of the heat-resistant layer was 48%. 
0106 <Production of Battery> 
0107. A nonaqueous electrolyte battery was produced in 
the same manner as Example 1 except that an aluminum 
rectangular outer can with a thickness of 6 mm, a height of 50 
mm, and a width of 34 mm was used. 

Comparative Example 1 
0108. A nonaqueous electrolyte battery was produced in 
the same manner as Example 1 except that the separator was 
changed to a polyethylene microporous film with a thickness 
of 16 um. 

Comparative Example 2 
0109. A nonaqueous electrolyte battery was produced in 
the same manner as Example 1 except that the positive active 
material was changed to LiCoO. 

Comparative Example 3 
0110. A nonaqueous electrolyte battery was produced in 
the same manner as Example 1 except that the separator was 
changed to a PET nonwoven fabric (with a thickness of 15um 
and a weight of 10 g/m). 
0111. Measurement of Heat Generation Starting Tem 
perature of Positive Electrode 
0112 The heat generation starting temperature of the posi 

tive electrode in each of the nonaqueous electrolyte batteries 
of Examples 1 to 4 and Comparative Examples 1 to 3 was 
measured using a DSC “Pyris 1” manufactured by Perki 
nElmer Co., Ltd. Each of the nonaqueous electrolyte batteries 
charged to 4.25 V was disassembled in a glove box having an 

Example 1 
Example 2 
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Ar atmosphere, and the positive electrode was taken out and 
punched into a circular shape with a diameter of 3.5 mm. This 
positive electrode was weighed and then sealed in a sample 
pan that had a gold-plated Surface and was able to withstand 
150 atm. Next, the temperature was raised from 30 to 400°C. 
at 10° C./min, and a DSC curve was obtained. In the DSC 
curve, the heat generation starting temperature of the positive 
electrode indicated a temperature at an intersection point of 
two lines: one is an extension line of the base line on the high 
temperature side; and the other is a tangent to the curve of the 
exothermic peak on the low temperature side at a point where 
the curve has the maximum slope. Table 1 shows the results. 
0113 Measurement of Thermal Shrinkage Ratio at TC. 
0114. The separator used in each of the nonaqueous elec 
trolyte batteries of Examples 1 to 4 and Comparative 
Examples 1 to 3 was allowed to standina thermostatic bath at 
TC. that was 10°C. lower than the heat generation starting 
temperature of the positive electrode (where the upper limit of 
T was 200°C.) for 1 hour. Then, the thermal shrinkage ratio 
of the separator was measured by the above-described 
method. Table 1 shows the results along with TC. 
0115 Measurement of Shutdown Temperature 
0116. The separator used in each of the nonaqueous elec 
trolyte batteries of Examples 1 to 4 and Comparative 
Examples 1 to 2 was placed in a thermostatic bath and heated 
by raising the temperature from 100° C. in 5°C. increments 
for 10 minutes, and Subsequently the Gurley value was mea 
sured. Next, changes in the Gurley value before and after the 
heating of the separator in the thermostatic bath were deter 
mined, and a temperature at which the Gurley value was at 
least ten times larger than that before heating was defined as 
the shutdown temperature. The Gurley value was obtained by 
a method according to JISP8117 and expressed as the length 
of time (seconds) it took for 100 ml air to pass through a 
membrane at a pressure of 0.879 g/m. 
0117. With respect to the separator of Example 3, the 
thermal shrinkage ratio and the change of the Gurley value 
were determined for each of the heat-resistant layer and the 
polyethylene microporous film used in Example 3. In this 
case, the heat-resistant layer was prepared in the following 
manner. The slurry for forming the heat-resistant layer was 
applied to a PET film, which had been subjected to a peeling 
treatment, and dried to form a heat-resistant layer. Then, this 
heat-resistant layer was removed from the PET film. Com 
paring the heat-resistant layer and the polyethylene 
microporous film, a smaller value of the thermal shrinkage 
ratios and a larger value of the changes in the Gurley value 
were selected as the thermal shrinkage ratio and the shutdown 
temperature of the separator of Example 3, respectively. 
0118 Table 1 also shows the width of each of the separa 
tors after the thermal shrinkage at TC. in Examples 1, 2, and 
4 and Comparative Examples 1 to 3, and the width of the 
heat-resistant layer after the thermal shrinkage at T. C. in 
Example 3. 

TABLE 1 

Heat generation 
starting Thermal Width of separator 

temperature of Shutdown shrinkage or heat-resistant 
positive electrode temperature ratio at T. C. layer at T. C. 

(° C.) (° C.) To C. (%) (mm) 

229 135 2OO 2 46.1 
200 135 190 O 47 
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TABLE 1-continued 

Heat generation 
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starting Thermal Width of separator 
temperature of Shutdown shrinkage or heat-resistant 

positive electrode temperature ratio at T. C. layer at T. C. 
(° C.) (° C.) To C. (%) (mm) 

Example 3 229 135 200 O 47 
Example 4 220 135 200 1 46.5 
Comparative 229 140 200 35 30.6 
Example 1 
Comparative 161 135 151 1 46.5 
Example 2 
Comparative 229 200 O 47 
Example 3 

0119. As can be seen from Table 1, the heating character- stand in a thermostatic bath at 165° C. for 3 hours, and the 
istics of all the batteries of Examples 1 to 4 were satisfactory. 
On the other hand, the battery of Comparative Example 1 
used the separator including no heat-resistant fine particle, 
and therefore the thermal shrinkage ratio was 35% at T. C., 
and the width of the separator was smaller than 45 mm, which 
was the width of the negative electrode. In the battery of 
Comparative Example 2, the heat generation starting tem 
perature of the positive electrode was below 180° C. More 
over, the battery of Comparative Example 3 used the separa 
tor including no thermoplastic resin, and therefore a 
shutdown was not effected. 
0120 Evaluation of Charge-Discharge Characteristics 
0121 The nonaqueous electrolyte batteries of Examples 1 

to 4 and Comparative Examples 1 to 3 were initially charged 
by performing a constant-current and constant-voltage 
charge so that a constant-current charge was performed at a 
current value of 150 mA at 25°C. until the voltage reached 4.2 
V, and Subsequently a constant-voltage charge was performed 
at a voltage of 4.2V. The duration of the initial charge (i.e., the 
total charge time) was 12 hours. Next, a constant-current 
discharge was performed on these batteries at a current value 
of 150 mA and a final voltage of 3.0 V. Moreover, for each of 
the discharged batteries, a constant-current and constant-volt 
age charge was performed (for a duration of 2.5 hours) so that 
a constant-current charge was performed at a current value of 
500 mA until the voltage reached 4.2 V, and subsequently a 
constant-voltage charge was performed at a Voltage of 4.2 V. 
Further, a constant-current discharge was performed on these 
batteries at a current value of 500 mA and a final voltage of 3.0 
V. Then, the charge/discharge characteristics of each of the 
batteries were evaluated. 
0122. As a result of the evaluation of the charge/discharge 
characteristics, the batteries of Examples 1 to 4 and Compara 
tive Examples 1 to 2 had good charge/discharge characteris 
tics. However, the battery of Comparative Example 3 caused 
a short circuit during the initial charge and could not be 
charged. Therefore, the subsequent evaluation of the battery 
of Comparative Example 3 ceased. 
(0123 Heat Test 
0.124 For the nonaqueous electrolyte batteries of 
Examples 1 to 4 and Comparative Examples 1 to 2, a con 
stant-current and constant-voltage charge was performed in 
Such a manner that each of the batteries was charged at a 
constant current of 0.2C until the voltage reached 4.25 V, and 
Subsequently charged at a constant Voltage of 4.25 V. The 
duration of this constant-current and constant-Voltage charge 
was 8 hours. Each of the charged batteries was allowed to 

surface temperature of the battery was observed. Table 2 
shows the results. 

TABLE 2 

Surface temperature of 
battery after heat test 

Example 1 No anomaly 
Example 2 No anomaly 
Example 3 No anomaly 
Example 4 No anomaly 
Comparative Example 1 
Comparative Example 2 

The temperature was raised. 
The temperature was raised. 

0.125. As can be seen from Table 2, no anomaly was 
observed in the nonaqueous electrolyte batteries of Examples 
1 to 4 during the heat test at 165°C. Accordingly, the batteries 
of Examples 1 to 4 are superior to the batteries of Compara 
tive Examples 1 to 2 in their safety when allowed to stand at 
high temperatures. 
0.126 The invention may be embodied in other forms 
without departing from the spirit or essential characteristics 
thereof. The embodiments disclosed in this application are to 
be considered in all respects as illustrative and not limiting. 
The scope of the invention is indicated by the appended 
claims rather than by the foregoing description, and all 
changes that come within the meaning and range of equiva 
lency of the claims are intended to be embraced therein. 

INDUSTRIAL APPLICABILITY 

I0127. As described above, the present invention can pro 
vide a battery separator that can constitute a nonaqueous 
electrolyte battery having excellent safety in a high-tempera 
ture environment, and a nonaqueous electrolyte battery using 
the battery separator. 

1. A battery separator comprising: 
heat-resistant fine particles; and 
a thermoplastic resin, 
wherein a proportion of particles with a particle size of 0.2 
um or less in the heat-resistant fine particles is 10 vol% 
or less and a proportion of particles with a particle size of 
2 um or more in the heat-resistant fine particles is 10 vol 
% or less, and 

a shutdown is effected in a range of 100° C. to 150° C. 
2. The battery separator according to claim 1, wherein a 

thermal shrinkage ratio in a width direction is 10% or less at 
2000 C. 



US 2011/0052987 A1 

3. The battery separator according to claim 1, wherein the 
heat-resistant fine particles along with a binder constitute a 
heat-resistant layer. 

4. The battery separator according to claim 1, wherein the 
heat-resistant fine particles are inorganic fine particles. 

5. The battery separator according to claim 4, wherein the 
inorganic fine particles are fine particles of at least one 
selected from the group consisting of alumina, silica, and 
boehmite. 

6. The battery separator according to claim 1, wherein the 
heat-resistant fine particles are plate-like particles. 

7. The battery separator according to claim 1, wherein the 
thermoplastic resin constitutes a shutdown layer. 

8. The battery separator according to claim 1, wherein the 
thermoplastic resin includes polyolefin. 

9. The battery separator according to claim 1, wherein the 
heat-resistant fine particles have an average particle size of 1 
um or less. 

10. A nonaqueous electrolyte battery comprising: 
a positive electrode having a positive active material 

capable of intercalating and deintercalating a lithium 
ion; 

a negative electrode having a negative active material 
capable of intercalating and deintercalating a lithium 
ion; 

a separator interposed between the positive electrode and 
the negative electrode; and 

a nonaqueous electrolyte, 
wherein a heat generation starting temperature of the posi 

tive electrode is 180° C. or higher, and 
wherein the separator comprises heat-resistant fine par 

ticles and a thermoplastic resin, 
a proportion of particles with a particle size of 0.2 Lum or 

less in the heat-resistant fine particles is 10 vol% or less 
and a proportion of particles with a particle size of 2 um 
or more in the heat-resistant fine particles is 10 vol% or 
less, and 

the separator effects a shutdown in a range of 100° C. to 
1500 C. 

11. The nonaqueous electrolyte battery according to claim 
10, wherein a thermal shrinkage ratio of the separator is 10% 
or less at a temperature T (C.) that is 10°C. lower than the 
heat generation starting temperature of the positive electrode 
(where an upper limit of T is 200°C.). 

12. The nonaqueous electrolyte battery according to claim 
10, wherein a width of the separator is larger than that of the 
negative electrode at a temperature T (C.) that is 10° C. 
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lower than the heat generation starting temperature of the 
positive electrode (where an upper limit of T is 200° C.). 

13. The nonaqueous electrolyte battery according to claim 
10, wherein the positive active material is at least one selected 
from the group consisting of the following: a spinel-type 
lithium-containing complex oxide expressed as a general for 
mula Li,Mn2-M',O4 (where M' is at least one element 
selected from the group consisting of Fe, Ni, Mg., Zn, Co, Cr, 
Al, B, V. Si, Sn, Nb, Ta, Cu, Mo, Ti, and W. -0.1sts0.1, and 
0sXs:0.6); an olivine-type lithium-containing complex 
oxide expressed as a general formula LiMPO (where M is 
Co, Ni, Mn, or Fe); a lithium-containing complex oxide hav 
ing a layered crystal structure expressed as a general formula 
LiM,Mnos Nicos O (where M is at least one ele 
ment selected from the group consisting of Fe, Mg., Zn, Co. 
Cr,Al, B, V, Si, Sn, Nb, Ta, Cu, Mo, Ti, and W. -0.1<a <0.1, 
and 0.sbs0.05); and a lithium-containing complex oxide 
expressed as a general formula LiNi---is 2Mn 
-8).2MO, (where M is at least one element selected from 
the group consisting of Ti, Cr, Fe, Co, Cu, Zn, Al. Ge, Sn, Mg, 
and Zr, -0.1 sys0.1, -0.05sas0.05, OszsO.45, and 
-0.24sös0.6). 

14. The nonaqueous electrolyte battery according to claim 
10, wherein the heat-resistant fine particles along with a 
binder constitute a heat-resistant layer. 

15. The nonaqueous electrolyte battery according to claim 
10, wherein the heat-resistant fine particles are inorganic fine 
particles. 

16. The nonaqueous electrolyte battery according to claim 
15, wherein the inorganic fine particles are fine particles of at 
least one selected from the group consisting of alumina, 
silica, and boehmite. 

17. The nonaqueous electrolyte battery according to claim 
10, wherein the heat-resistant fine particles are plate-like 
particles. 

18. The nonaqueous electrolyte battery according to claim 
10, wherein the thermoplastic resin constitutes a shutdown 
layer. 

19. The nonaqueous electrolyte battery according to claim 
10, wherein the thermoplastic resin includes polyolefin. 

20. The nonaqueous electrolyte battery according to claim 
18, wherein the shutdown layer is located on a negative elec 
trode side. 




