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What is claimed is: 

1. A non-aqueous electrolyte battery, comprising: a positive electrode having a positive active

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

negative active material capable of intercalating and deintercalating lithium ions; a separator

interposed between the positive electrode and the negative electrode; and a non-aqueous electrolyte;

wherein

a heat generation starting temperature of the positive electrode is 180°C or higher in the 

presence of the non-aqueous electrolyte in a charged state, and the separator satisfies the following 

relational expression: 

Ws × (100 - AT)/100 > Wa, 

wherein in the above expression, Ws represents a width of the separator, AT represents a thermal 

shrinkage ratio in a width direction of the separator at T (°C), T (°C) represents the heat generation 

starting temperature -10°C when the heat generation starting temperature of the positive electrode 

is 200°C or lower, and 200°C when the heat generation starting temperature of the positive electrode 

exceeds 200°C, and Wa represents a width of the negative electrode. 

2. A non-aqueous electrolyte battery, comprising: a positive electrode having a positive active

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

negative active material capable of intercalating and deintercalating lithium ions; a separator

interposed between the positive electrode and the negative electrode; and a non-aqueous electrolyte;

wherein

a heat generation starting temperature of the positive electrode is 180°C or higher in the 

presence of the non-aqueous electrolyte in a charged state, and the separator is composed of a 

plurality of layers and satisfies the following relational expression: 

Ws × (100 - A'T)/100 > Wa, 

 wherein in the above expression, Ws represents a width of the separator, A'T represents a 

thermal shrinkage ratio in a width direction at T (°C) of a layer with a smaller thermal shrinkage 

ratio among the layers constituting the separator, T (°C) represents the heat generation starting 

temperature -10°C when the heat generation starting temperature of the positive electrode is 200°C 

or lower, and 200°C when the heat generation starting temperature of the positive electrode exceeds 

200°C, and Wa represents a width of the negative electrode. 

3. The non-aqueous electrolyte battery according to claim 1 or 2, wherein the separator exhibits

UKWVGQYP RHTIQTODPFH DV *)) VQ *.)e'

4. The non-aqueous electrolyte battery accoriding to any of claims 1 to 3, wherein the positive

active material of the positive electrode is at least one compound selected from the group consisting

of a spinel-type lithium-containing composite oxide represented by a general formula LiMnxM1
(1-x)

O4 (where M1 is at least one element selected from the group consisting of Fe, Ni, Mg, Zn, Co, Cr,

4N% 5% A% ?L% ?P% =E% @D% 6W% <Q% @L% DPG B% DPG ) ] Z ] )'*#% DP QNLXLPH&V[RH NLVKLWO&FQPVDLPLPJ

composite oxide represented by a general formula LiM2PO4 (where M2 is Co, Ni, Mn, or Fe), 

lithium-containing composite oxides having a layered crystal structure represented by a general 

formula Li(1+a)M3
2bMn(0.5-b)Ni(0.5-b)O2 (where M3 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 0 

] E ] )').#% DPG D NLVKLWO&FQPVDLPLPJ FQORQULVH QZLGH THRTHUHPVHG E[ D JHPHTDN IQTOWND ;L"*$[$`#Ni(1-

[&\$a#(+Mn"*&[&\&a#(+M4
zO2 (where M4 is at least one element selected from the group consisting of Ti, 
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6T% 8H% 6Q% 6W% CP% 4N% 9H% ?P% <J% DPG CT% ) ] [ ] )').% &)'). ] ` ])').% ) ] \ 2 )'-.% DPG &)'+- ]

a ] )'+-#'

5. The non-aqueous electrolyte battery according to any of claims 1 to 4, wherein the separator

includes a heat-resistant layer containing fine particles having a heat-resistant temperature of 200°C

or higher and a binder, and a shutdown layer containing a thermoplastic resin.

6. The non-aqueous electrolyte battery according to claim 5, wherein the fine particles having the

heat-resistant temperature of 200°C or higher are inorganic fine particles.

7. The non-aqueous electrolyte battery according to claim 6, wherein the inorganic fine particles

comprise fine particles of at least one selected from the group consisting of alumina, silica, and

boehmite.

8. The non-aqueous electrolyte battery according to claim 6 or 7, wherein the inorganic fine

particles comprise plate-like particles.

9. The non-aqueous electrolyte battery according to any of claims 5 to 8, wherein the shutdown

layer comprises polyolefin as a main component.

10. The non-aqueous electrolyte battery according to claim 9, wherein the shutdown layer

comprises polyolefin particles as the main component.

11. The non-aqueous electrolyte battery according to claim 9, wherein the shutdown layer is a

porous film made of the polyolefin.

12. The non-aqueous electrolyte battery according to any of claims 5 to 11, wherein the shutdown

layer of the separator is arranged on the negative electrode side.

13. The non-aqueous electrolyte battery according to any of claims 5 to 12, wherein at least one of

the heat-resistant layer and the shutdown layer in the separator is integrated with at least one of the

positive electrode and the negative electrode.
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DESCRIPTION 

[TITLE OF INVENTION] NON-AQUEOUS ELECTROLYTE BATTERY 

[TECHNICAL FIELD] 

[0001] 

 The present invention relates to a non-aqueous electrolyte battery that is safe against being left 

at a high temperature. 

[BACKGROUND ART] 

[0002] 

 A non-aqueous electrolyte battery such as a lithium ion battery is widely used as a power source 

for a portable device such as a mobile phone or a notebook PC due to its high energy density. In 

recent years, along with a higher performance of such a portable device, a capacity of the non-

aqueous electrolyte battery has tended to increase further, and in parallel with this, it is also 

important to ensure safety. 

[0003] 

In a current non-aqueous electrolyte battery, for example, a polyolefin-based microporous film 

KDXLPJ D VKLFMPHUU QI DEQWV +) VQ ,) cO LU WUHG DU D UHRDTDVQT LPVHTRQUHG EHVYHHP D RQULVLXH

electrode and a negative electrode. However, the separator that is currently widely used is likely to 

shrink when the temperature inside of the battery becomes extremely high, which may cause short-

circuit. Therefore, as one of means to improve the safety of the non-aqueous electrolyte battery, it 

is conceivable to improve a heat resistance of the separator. 

[0004] 

In addition, for example, when a non-aqueous electrolyte battery in a charged state is placed in 

a high temperature environment, heat may be generated from the positive electrode, causing a 

further temperature rise inside the battery. Therefore, as the means to improve the safety of the non-

aqueous electrolyte battery, a positive active material with a high thermal stability can be considered 

to use. 

[0005] 

For example, Patent Document 1 and Patent Document 2 propose a non-aqueous electrolyte 

battery in which a positive active material with a high thermal stability and a separator with a good 

heat resistance are used in combination. 

[0006] 

However, in a technique disclosed in Patent Document 1, since a nonwoven fabric or paper is 

used for the separator, there is a limit to reducing a thickness, for example, in the case that the 

VKLFMPHUU LU ODGH ,) cO QT NHUU DPG DP DFVLXH ODVHTLDN UWFK DU D JTDRKLVH LU WUHG IQT D PHJDVLXH

electrode, short-circuit is likely to occur. 

[0007] 

A technique disclosed in Patent Document 2 focuses only on thermal shrinkage of the separator 

at 120°C, and it is difficult to guarantee the safety at a higher temperature.

[0008] 

Patent Document 1: JP 2004-296325 A 

Patent Document 2: JP 2004-303474 A. 

[DISCLOSURE OF THE INVENTION] 
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[Problem to be Solved by the Invention] 

[0009] 

 With the foregoing in mind, it is an object of the present invention to provide a non-aqueous 

electrolyte battery excellent in safety in a high temperature environment. 

[Means for Solving the Problem] 

[0010] 

 A non-aqueous electrolyte battery of the present invention that has achieved the above object 

includes: a positive electrode having a positive active material capable of intercalating and 

deintercalating lithium ions; a negative electrode having a negative active material capable of 

intercalating and deintercalating lithium ions; a separator interposed between the positive electrode 

and the negative electrode; and a non-aqueous electrolyte; wherein a heat generation starting 

temperature of the positive electrode is 180°C or higher in the presence of the non-aqueous 

electrolyte in a charged state, and the separator satisfies the following Expression (1): 

Ws × (100 - AT)/100 > Wa (1) 

[0011] 

 In Expression (1), Ws represents a width of the separator, AT represents a thermal shrinkage 

ratio in a width direction of the separator at T (°C), T (°C) represents the heat generation starting 

temperature -10°C when the heat generation starting temperature of the positive electrode is 200°C 

or lower, and 200°C when the heat generation starting temperature of the positive electrode exceeds 

200°C, and Wa represents a width of the negative electrode. 

[0012] 

 Another non-aqueous electrolyte battery of the present invention includes: a positive electrode 

having a positive active material capable of intercalating and deintercalating lithium ions; a negative 

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

a separator interposed between the positive electrode and the negative electrode; and a non-aqueous 

electrolyte; wherein a heat generation starting temperature of the positive electrode is 180°C or 

higher in the presence of the non-aqueous electrolyte in a charged state, and the separator is 

composed of a plurality of layers and satisfies the following Expression (2): 

Ws × (100 - A'T)/100 > Wa (2) 

[0013] 

 In Expression (2), Ws and Wa are the same as those in Expression (1), A'T represents a thermal 

shrinkage ratio in a width direction at T (°C) of a layer with a smaller thermal shrinkage ratio among 

the layers constituting the separator, and T (°C) represents the heat generation starting temperature 

-10°C when the heat generation starting temperature of the positive electrode is 200°C or lower, and

200°C when the heat generation starting temperature of the positive electrode exceeds 200°C.

[0014]

In the non-aqueous electrolyte battery of the present invention, the heat generation starting 

temperature of the positive electrode is raised to 180°C or higher to prevent heat generated from the 

positive electrode when the battery is placed in a high temperature environment, and the width of 

the separator is set, in advance, larger than the width of the negative electrode even in the case that 

the thermal shrinkage occurs at the T°C to reliably prevent the short-circuit due to contact between 

the positive electrode and the negative electrode at a high temperature lower than the heat generation 

starting temperature of the positive electrode, and these actions improve the safety. 
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[EFFECT OF THE INVENTION] 

[0015] 

 According to the present invention, the non-aqueous electrolyte battery excellent in the safety 

in a high temperature environment can be provided. 

[BEST MODE FOR CARRYING OUT THE INVENTION] 

[0016] 

 The positive electrode of the non-aqueous electrolyte battery of the present invention has a heat 

generation starting temperature of 180°C or higher, preferably 200°C or higher. 

[0017] 

 The heat generation starting temperature of the positive electrode means a temperature of an 

intersection of a straight line and a tangent line in a DSC curve. The straight line is acquired by 

extending a base line on a high temperature side, the tangent line is drawn at a point where a gradient 

is maximized on a curve on a low temperature side of a heat generation peak, and the DSC curve is 

acquired by measuring the positive electrode in a charged state with a differential scanning 

calorimetry (DSC) at a heating rate of 10°C/min from 30°C in the presence of a non-aqueous 

electrolyte solution (described later) used for the battery. The "charged state" of the positive 

electrode refers to a fully charged state in a design of the battery, and more specifically, refers to a 

case where when a battery voltage at full charge is Vmax, Vmax is set as a constant voltage, and 

charging is performed with constant current/constant voltage charging and is performed by setting 

a current value 1/10 of a current value (1C) based on a rated capacity as a charging end current. 

[0018] 

 As for the positive electrode of the battery of the present invention, for example, a positive 

electrode is used, which has a positive electrode material mixture layer formed by a positive 

electrode material mixture, in which a positive active material, a conductive auxiliary agent, a binder, 

etc., are mixed, on one side or both sides of a current collector. 

[0019] 

 In order to raise the heat generation starting temperature of the positive electrode to 180°C or 

higher, it is preferable to use a positive active material having a good thermal stability and a high 

heat generation starting temperature. Specifically, it is preferable to use at least one compound 

selected from the group consisting of a spinel-type lithium-containing composite oxide represented 

by a general formula LiMnxM1
(1-x) O4 (where M1 is at least one element selected from the group 

FQPULUVLPJ QI 8H% =L% <J% CP% 6Q% 6T% 4N% 5% A% ?L% ?P% =E% @D% 6W% <Q% @L% DPG B% DPG ) ] Z ] )'*#%

an olivine-type lithium-containing composite oxide represented by a general formula LiM2PO4

(where M2 is Co, Ni, Mn, or Fe), a lithium-containing composite oxide having a layered crystal 

structure represented by a general formula Li(1+a)M3
2bMn(0.5-b)Ni(0.5-b)O2 (where M3 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, 

@L% DPG B% &)'* 2 D 2)'*% DPG ) ] E 2 )').#% DPG D NLVKLWO&FQPVDLPLPJ FQORQULVH QZLGH THRTHUHPVHG

by a general formula Li"*$[$`#Ni"*&[&\$a#(+Mn"*&[&\&a#(+M4
zO2 (where M4 is at least one element selected 

ITQO VKH JTQWR FQPULUVLPJ QI @L% 6T% 8H% 6Q% 6W% CP% 4N% 9H% ?P% <J% DPG CT% ) ] [ ])').% &)'). ] `

])').% ) ] \ 2 )'-.% DPG &)'+- ] a ] )'+-#'

[0020] 

 As the positive active material, the above-exemplified compounds can be only used, but a 

compound such as LiCoO2, which has a low heat generation starting temperature, can be used in 
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combination with the above-exemplified compounds as long as the heat generation starting 

temperature of the positive electrode does not fall below 180°C. 

[0021] 

4 RDTVLFNH UL\H QI VKH RQULVLXH DFVLXH ODVHTLDN LU RTHIHTDEN[ )')* VQ ,) cO'

[0022] 

 A carbon material such as carbon black is used as the conductive auxiliary agent for the positive 

electrode, and fluororesin such as polyvinylidene fluoride (PVDF) is used as the binder for the 

positive electrode. 

[0023] 

 As a current collector of the positive electrode, a foil of a metal such as aluminum, a punched 

metal, a net, or an expandable metal can be used, but usually, aluminum foil having a thickness of 

*) VQ ,) cO LU RTHIHTDEN[ WUHG'

[0024] 

 A lead portion on the positive electrode side is provided generally by keeping a portion of the 

current collector as an exposed portion without forming the positive electrode material mixture layer 

during production of the positive electrode. However, the lead portion is not necessarily integrated 

with the current collector at the beginning, and it can be provided by connecting later a foil of 

aluminum or the like to the current collector. 

[0025] 

 A composition of the positive electrode material mixture layer of the positive electrode 

preferably includes 80 to 98 mass % of the positive active materials, 1 to 18 mass % of the 

conductive auxiliary agents, and 1 to 10 mass % of the binders. A thickness of the positive electrode 

ODVHTLDN OLZVWTH ND[HT "D VKLFMPHUU RHT ULGH QI VKH FWTTHPV FQNNHFVQT# LU RTHIHTDEN[ +) VQ *)) cO'

[0026] 

 The separator of the non-aqueous electrolyte battery of the present invention preferably has a 

small thermal shrinkage and shutdown performance, specifically, has a multi-layer structure 

including a heat-resistant layer for preventing the thermal shrinkage and separating the positive 

electrode and the negative electrode at a high temperature, and a shutdown layer for ensuring the 

shutdown performance. 

[0027] 

 A shutdown temperature (a temperature at which the shutdown effectively works due to 

melting of a resin constituting the shutdown layer) of the separator is preferably 100°C or higher 

since in the case that the shutdown temperature of the separator is too low, the shutdown may work 

during normal use of the battery and an internal impedance of the battery may increase. In addition, 

in the case that the shutdown temperature of the separator is too high, when the battery suddenly 

generates heat due to an internal short-circuit or the like, a current cutoff due to the shutdown may 

not be in time, and the temperature inside the battery may rise to be close or higher than a 

temperature at the heat generation peak of the positive active material, leading to thermal runaway, 

and thus, the shutdown temperature of the separator is preferably 20°C or more lower than the 

temperature at the heat generation peak (the temperature of the heat generation peak in the DSC 

curve acquired by measuring the heat generation starting temperature described above) of the 

positive electrode, and more preferably 150°C or less. 

[0028] 

As a guideline for a state where the shutdown is working effectively in the separator, in the 
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separator (in a case of a single film separator with a structure such that a heat-resistant layer and a 

shutdown layer are integrated) or the shutdown layer (a case of a separator with a structure in which 

the heat-resistant layer and the shutdown layer are not integrated), an air permeability expressed by 

a Gurley value, which is the number of seconds that 100 ml of air passes through the film under a 

pressure of 0.879 g/mm2 according to JIS P 8117, is preferably 5 times or more, more preferably 10 

times or more, and further preferably 100 times or more the air permeability before heating. 

[0029] 

 The heat-resistant layer related to the separator is preferably a porous layer having fine particles 

with a heat-resistant temperature of 200°C or higher and a binder as ingredients. The "heat-resistant 

temperature" here refers to a temperature that does not cause substantial physical changes such as 

thermal deformation. 

[0030] 

 The fine particles with the heat-resistant temperature of 200°C or higher (hereinafter, referred 

to as "heat-resistant fine particles") are not particularly limited as long as they are electrically stable 

and have electrical insulation, but are preferably inorganic fine particles. Specifically, examples 

include fine particles of inorganic oxides such as iron oxides, silica (SiO2), alumina (Al2O3), TiO2, 

and BaTiO2; fine particles of inorganic nitrides such as aluminum nitride and silicon nitride; fine 

particles of hardly-soluble ionic crystals such as calcium fluoride, barium fluoride, and barium 

sulfate; fine particles of covalent crystals such as silicon and diamond; and the like. Here, the fine 

particles of the inorganic oxides can be fine particles of materials derived from mineral resources 

such as boehmite, zeolite, apatite, kaolin, mullite, spinel, olivine, and mica, or artificial products 

thereof. In addition, the inorganic fine particles can be particles with the electrical insulation by 

coating a material with the electrical insulation (for example, the above-mentioned inorganic oxides) 

on a surface of a conductive material including metals, conductive oxides such as SnO2 and tin-

indium oxide (ITO), carbonaceous materials such as carbon black and graphite, and the like. 

[0031] 

 Organic fine particles can also be used as the heat-resistant fine particles. Specific examples of 

organic fine particles include fine particles of crosslinked polymers such as polyimide, melamine-

based resin, phenol-based resin, crosslinked polymethyl methacrylate (crosslinked PMMA), 

crosslinked polystyrene (crosslinked PS), polydivinylbenzene (PDVB), benzoguanamine-

formaldehyde condensation product; and fine particles of heat-resistant polymers such as 

thermoplastic polyimide. The organic resins (polymers) forming these organic fine particles may be 

mixtures, modifications, modification products, derivatives, copolymers (random copolymers, 

alternating copolymers, block copolymers, graft copolymers), or crosslinked bodies (in a case of the 

heat-resistant polymers) of the above-exemplified materials. 

[0032] 

 The above-exemplified heat-resistant fine particles may be used alone or in a combination of 

two or more thereof. Among the above-exemplified heat-resistant fine particles, the fine particles of 

the inorganic oxides are more preferable, and alumina, silica, and boehmite are even more preferable. 

[0033] 

A particle size of the heat-resistant fine particles is an average particle size, preferably 0.001 

cO QT OQTH% OQTH RTHIHTDEN[ )'* cO QT OQTH% RTHIHTDEN[ *. cO QT NHUU% DPG OQTH RTHIHTDEN[ * cO

or less. The average particle size of the heat-resistant fine particles can be defined as, for example, 

a number-average particle size which is acquired by using a laser scattering particle size distribution 
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analyzer (for example, "LA-920" manufactured by HORIBA) to measure the heat-resistant fine 

particles dispersed in an insoluble medium. 

[0034] 

 A shape of the particles may be spherical (true spherical, substantially spherical), rugby ball-

like, plate-like, and the like, but the plate-like is more preferable. By using the plate-like particles 

as the heat-resistant fine particles, in the case that a porous film made of a thermoplastic resin 

described latter is used for the shutdown layer, even when the shutdown layer causes a shutdown, 

or causes the thermal shrinkage in a state of exceeding the shutdown temperature, for example, 

reaching 165°C, the thermal shrinkage of the entire separator can be effectively prevented when a 

separator has a structure in which the heat-resistant layer and the shutdown layer are integrated, for 

example, it becomes easy to reduce the thermal shrinkage ratio at 165°C measured by a method 

described later to 5% or less, and the thermal shrinkage of the heat-resistant layer can also be 

effectively prevented when a separator has a structure in which the heat-resistant layer and the 

shutdown layer are not integrated. It is unclear why it is easy to prevent the thermal shrinkage of 

the separator and the heat-resistant layer when plate-like heat-resistant fine particles are used, but it 

is estimated that due to performance of the particle shape, the flat plate surface of the particles tends 

to be oriented in a direction parallel to the surface direction of the separator, and such orientation 

makes the particles more densely filled, such that there is an action as a resistance to shrinkage. 

[0035] 

 The heat-resistant layer preferably contains a binder in order to integrate the heat-resistant layer 

with the shutdown layer and the electrode, and to bind the heat-resistant fine particles of the heat-

resistant layer to each other. Examples of the binder include ethylene-vinyl acetate copolymers (EVA 

and those having a structural unit of 20 mol% to 35 mol % derived from vinyl acetate), ethylene-

acrylic acid copolymers such as ethylene-ethylacrylate copolymers (EEA), fluorine-based rubber, 

styrene-butadiene rubber (SBR), carboxymethyl cellulose (CMC), hydroxyethyl cellulose (HEC), 

polyvinyl alcohol (PVA), polyvinyl butyral (PVB), polyvinyl pyrrolidone (PVP), poly-n-

vinylacetamide, a crosslinked acrylic resin, polyurethane, and an epoxy resin. These binders can be 

used alone or in a combination of two or more. 

[0036] 

 Among the above-exemplified binders, a heat-resistant resin having a heat resistance of 150°C 

or higher is preferable, and a highly flexible material such as an ethylene-acrylic acid copolymer, 

fluorine-based rubber, or SBR is particularly preferable. Specific examples of these materials 

include “EVAFLEX series (EVA, trade name)” manufactured by Du Pont-Mitsui Polychemical Co., 

Ltd., EVA manufactured by Nippon UniCar Co., Ltd., “EVAFLEX-EEA series (an ethylene-acrylic 

acid copolymer, trade name)” manufactured by Du Pont-Mitsui Polychemical Co., Ltd., EEA 

manufactured by Nippon UniCar Co., Ltd., “DAI-EL latex series (fluoro-rubber, trade name)” 

manufactured by DAIKIN INDUSTRIES, Ltd., “TRD-2001 (SBR, trade name)” manufactured by 

JSR Corporation, and “EM-400B (SBR, trade name)” manufactured by ZEON Corporation. The 

crosslinked acrylic resin (self-crosslinked acrylic resin) with a low glass transition temperature is 

also preferable. The self-crosslinked acrylic resin contains butyl acrylate as a main component and 

has a crosslinked structure. 

[0037] 

 When using the any of binders, the binder can be dissolved in a medium (solvent) of a 

composition (slurry and the like) for forming the heat-resistant layer described below. Alternatively, 
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the binder can be used in a dispersed emulsion form. 

[0038] 

 As the heat-resistant layer, a porous-based material (porous base material) may be used as long 

as the heat resistance is not impaired. Examples of the porous base material include a porous film 

formed of a heat-resistant resin, a clean cloth or a nonwoven fabric formed of a heat-resistant fiber, 

and the like. Examples of the ingredients of the porous base material include resins such as cellulose, 

cellulose modification products (carboxymethyl cellulose, and the like), polypropylene (PP), 

polyester [polyethylene terephthalate (PET), polyethylene naphthalate (PEN), polybutylene 

terephthalate (PBT) and the like], polyacrylonitrile (PAN), polyaramid, polyamideimide, polyimide; 

inorganic materials (inorganic oxides) such as glass, alumina, and silica; and the like. In the porous 

base material, only one of these ingredients can be used, or two or more of these ingredients can be 

used in combination. In addition, as the ingredient, in addition to the above ingredients, various 

well-known additives (for example, an antioxidant in a case of a resin) can be contained, if necessary. 

[0039] 

 The amount of the heat-resistant fine particles in the heat-resistant layer is preferably 20% by 

volume or more, more preferably 50% by volume or more, and further preferably 80% by volume 

or more, based on the total volume of the ingredients of the heat-resistant layer. By setting the heat-

resistant fine particles in the heat-resistant layer to a high content as described above, the thermal 

shrinkage of the heat-resistant layer and the thermal shrinkage of the entire separator can be 

effectively prevented. As described above, the heat-resistant layer preferably contains a binder. 

From such a viewpoint, a preferable upper limit of the amount of the heat-resistant fine particles in 

the heat-resistant layer is, for example, 99% by volume in the total volume of the ingredients of the 

heat-resistant layer. In the case that the amount of heat-resistant fine particles in the heat-resistant 

layer is too small, for example, when it is necessary to increase the amount of binder in the heat-

resistant layer, pores of the heat-resistant layer may be filled with the binder, and the function as a 

separator may be impaired, for example; in addition, when the particles are made porous by using a 

pore-forming agent, a distance between the heat-resistant fine particles becomes too large, and the 

effect of preventing the thermal shrinkage is reduced. 

[0040] 

 The amount of the binder in the heat-resistant layer is preferably 1 to 20% by volume based on 

the total volume of the ingredients of the heat-resistant layer. 

[0041] 

 When the heat-resistant layer contains a porous base material made of the heat-resistant resin 

or heat-resistant fiber, an amount of the heat-resistant resin or heat-resistant fiber constituting the 

porous base material in the heat-resistant layer is preferably 10% by volume or more, more 

preferably 30% by volume or more, and preferably 90% by volume or less, and more preferably 

70% by volume or less, based on the total volume of the ingredients of the heat-resistant layer. 

[0042] 

 The materials constituting the shutdown layer related to the separator are not particularly 

limited as long as they are electrochemically stable and stable with respect to the non-aqueous 

electrolyte of the battery, and preferably can secure the above-mentioned shutdown temperature. 

Among the materials, a thermoplastic resin having a softening point, such as a melting point or a 

glass transition point, of 100 to 150°C is preferable, and polyethylene (polyethylene, polypene 

pyrene, ethylen-propylene copolymers, and the like) is more preferable. Also, polyester can be used. 
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[0043] 

 A form of the shutdown layer may be any form as long as it has enough ion conductivity to 

obtain the required battery performance, and examples can include a porous film, more specifically, 

a porous film in a form of aggregated fine particles, an ion-permeable porous film (microporous 

film) having a large number of pores formed by such as a well-known solvent extraction method 

and dry or wet stretching method, and the like. Therefore, a polypropylene porous film, a 

polypropylene porous film, a polyester porous film, or the like which is in the form described above 

is suitable as the shutdown layer. 

[0044] 

 In the case that the shutdown layer is formed by, for example, aggregating fine particles of the 

thermoplastic resin, the shutdown layer can contain a binder in order to bind the fine particles 

together or to integrate the shutdown layer with the heat-resistant layer or electrode, if necessary. 

As for the binder, the same binders as various binders exemplified as those that can be contained in 

the heat-resistant layer can be used alone or in a combination of two or more. When using the binder, 

as in the case of the heat-resistant layer, it may be used in a form of an emulsion dissolved or 

dispersed in a medium (solvent) of a composition (slurry or the like) for forming a shutdown layer 

described later. 

[0045] 

 When the above-mentioned binder is used for the shutdown layer, an amount of the fine 

particles of the thermoplastic resin is preferably 70 to 99% by volume based on the total volume of 

the ingredients of the shutdown layer, and an amount of the binder is preferably 1 to 30% by volume 

in the total volume of the ingredients of the shutdown layer. 

[0046] 

 The separator can have one heat-resistant layer and one shutdown layer, but for example, the 

separator can also have a plurality of heat-resistant layers which are provided on both sides of the 

shutdown layer, or can have a plurality of shutdown layers. However, increasing the number of 

layers increases the thickness of the separator, which leads to an increase in the internal impedance 

and a decrease in an energy density, and thus, it is not preferable to increase the number of layers 

too much, and the number of layers (the heat-resistant layer and the shutdown layer) constituting 

the separator is preferably 5 layers or less, and more preferably 2 layers. 

[0047] 

 When the separator has a multi-layer structure having a heat-resistant layer and a shutdown 

layer, the heat-resistant layer and the shutdown layer may be integrated to form the separator, or the 

heat-resistant layer and the shutdown layer may not be integrated and exist as independent films, or 

the heat-resistant layer or the shutdown layer may be individually integrated with the electrode. In 

the case that the heat-resistant layer and the shutdown layer are not integrated in the separator, the 

separator is formed by overlapping the heat-resistant layer and the shutdown layer in the non-

aqueous electrolyte battery. 

[0048] 

@KH VKLFMPHUU QI VKH UHRDTDVQT LU RTHIHTDEN[ / cO QT OQTH% OQTH RTHIHTDEN[ *) cO QT OQTH%

from the viewpoint of more reliably separating the positive electrode and the negative electrode. 

When the thickness of the separator is too large, the energy density of the battery may decrease, and 

VKWU% VKH VKLFMPHUU LU RTHIHTDEN[ .) cO QT NHUU% DPG OQTH RTHIHTDEN[ ,) cO QT NHUU'

[0049] 
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BKHP VKH VKLFMPHUU QI VKH UKWVGQYP ND[HT FQPUVLVWVLPJ VKH UHRDTDVQT LU 4 "cO#% DPG VKH

VKLFMPHUU QI VKH KHDV&THULUVDPV ND[HT LU 5 "cO#% D TDVLQ 4(5 QI 4 VQ 5 LU RTHIHTDEN[ . QT NHUU% OQTH

preferably 4 or less, more preferably 1/4 or more, and further preferably 1/2 or more. In the separator 

according to the present invention, as described above, even when the thickness ratio of the 

shutdown layer is increased and the heat-resistant layer is made thinner, occurrence of the short-

circuit due to the therrmal shrinkage of the separator can be effectively prevented in the non-aqueous 

electrolyte battery. In the separator, when there are a plurality of shutdown layers, the thickness A 

is the total thickness, and when there are a plurality of heat-resistant layers, the thickness B is the 

total thickness. 

[0050] 

Expressed as a specific value, the thickness of the shutdown layers (the total thickness in the 

FDUH VKDV D RNWTDNLV[ QI UKWVGQYP ND[HTU DTH RTQXLGHG# LU RTHIHTDEN[ . cO QT OQTH% DPG RTHIHTDEN[ ,)

cO QT NHUU' @KH VKLFMPHUU QI VKH KHDV&THULUVDPV ILNOU "VKH VQVDN VKLFMPHUU LP VKH FDUH VKDV D RNWTDNLV[

QI KHDV&THULUVDPV ND[HTU DTH RTQXLGHG# LU RTHIHTDEN[ * cO QT OQTH% OQTH RTHIHTDEN[ + cO QT OQTH%

DPG IWTVKHT RTHIHTDEN[ - cO QT OQTH' @KH VKLFMPHUU QI VKH KHDV&THULUVDPV ILNOU LU OQTH RTHIHTDEN[ +)

cO QT NHUU DPG IWTVKHT RTHIHTDEN[ *) cO QT NHUU' :P VKH FDUH VKDV VKH UKWVGQYP ND[HTU DTH VQQ VKLP%

the shutdown performance may be weakened, and in the case that the shutdown layers are too thick, 

in addition to causing the decrease in the energy density of the battery, a force that tries to perform 

the thermal shrinkage may increase, and the effect of preventing the thermal shrinkage of the entire 

separator may be reduced in the separator with a structure in which the heat-resistant layers and the 

shutdown layers are integrated. In the case that the heat-resistant layers are too thin, the function of 

separating the positive electrode and the negative electrode at the high temperature may be reduced, 

and the effect of preventing the thermal shrinkage of the entire separator may be reduced in the 

separator with a structure in which the heat-resistant layers and the shutdown layers are integrated. 

In the case that the heat-resistant layers are too thick, the thickness of the entire separator may be 

increased. 

[0051] 

4P DXHTDJH RQTH UL\H QI VKH UHRDTDVQT LU RTHIHTDEN[ )')* cO QT OQTH% OQTH RTHIHTDEN[ )'). cO

QT OQTH% RTHIHTDEN[ * cO QT NHUU% DPG OQTH RTHIHTDEN[ )'. cO QT NHUU' 4P DXHTDJH RQTH UL\H QI VKH

UKWVGQYP ND[HT LU RTHIHTDEN[ )')* VQ )'. cO% DPG DP DXHTDJH RQTH UL\H QI VKH KHDV&THULUVDPV ND[HT LU

RTHIHTDEN[ )'). VQ * cO' :P D EDVVHT[ WULPJ D YQWPG HNHFVTQGH DUUHOEN[ LP YKLFK D RQULVLXH HNHFVTQGH

and a negative electrode are spirally wound via a separator, the separator bends as the electrode 

assembly is wound, and thus, the heat-resistant layer may crack. However, in the case that the 

average pore size is made (especially in the case that the average pore size of the shutdown layer 

has the above-mentioned average pore size), even when the heat-resistant layer is cracked, piercing 

due to lithium dendrite can be prevented in such a portion. In the case that the battery is constructed 

by using a laminated type electrode assembly formed by laminating a positive electrode, a negative 

electrode, and a separator without using the wound electrode assembly, the average pore sizes of the 

separator, the shutdown layer, and the heat-resistant layer do not have to, but more preferably satisfy 

the suitable values. 

[0052] 

 A porosity of the entire separator is preferably 30% or more in a dry state in order to ensure a 

liquid capacity of the non-aqueous electrolyte and improve the ionic permeability. From the 

viewpoint of ensuring strength of the separator and preventing the internal short-circuit, the porosity 
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of the separator is preferably 70% or less in a dry state. The porosity P (%) of the separator can be 

calculated based on the total for the respective ingredients "i" using the following Equation (3) 

according to the thickness, a mass per area, and a density of the ingredients of the separator. 

>3*))&"_Di(di) × (m/t) (3)

Here, in Equation, ai: ratio of the ingredient "i" expressed with mass %; di: density (g/cm3) of

the ingredient "i"; m: mass per unit area (g/cm2) of the separator; and t: separator thickness (cm).

[0053] 

 It is also possible to acquire a porosity P (%) of the shutdown layer by using Equation (3), 

assuming that m is a mass per unit area (g/cm2) of the shutdown layer, and t is a thickness (cm) of 

the shutdown layer in Equation (3). The porosity of the shutdown layer acquired by this method is 

preferably in a range of 30 to 70%. 

[0054] 

 It is also possible to acquire a porosity P (%) of the heat-resistant layer by using Equation (3), 

assuming that m is a mass per unit area (g/cm2) of the heat-resistant layer, and t is a thickness (cm) 

of the heat-resistant layer in Equation (3). The porosity of the heat-resistant layer acquired by this 

method is preferably in a range of 20 to 60%. 

[0055] 

 The separator according to the present invention desirably has a Gurley value of 30 to 300 sec. 

The Gurley value is expressed in seconds that 100 ml air passes through a film under a pressure of 

0.879 g/mm2 according to JIS P 8117. When the air permeability is too large, the ionic permeability 

is decreased. When the air permeability is too small, the strength of the separator may be decreased. 

Furthermore, the strength of the separator is preferably 50 g or more with respect to a piercing 

strength in the case of using a needle having a diameter of 1 mm. In the case that the piercing 

strength is too small, a short-circuit caused by piercing in the separator may occur when a dendrite 

crystal of the lithium is formed. By using the above-mentioned multi-layer structure separator, the 

air permeability and piercing strength can be ensured. 

[0056] 

 In the separator according to the present invention, the thermal shrinkage ratios AT in Equation 

(1), that is, the thermal shrinkage ratio at the heat generation starting temperature -10°C in the case 

where the heat generation starting temperature of the positive electrode is 200°C or less or the 

thermal shrinkage ratio at 200°C in the case where the heat generation starting temperature of the 

positive electrode exceeds 200°C are preferably 10% or less, more preferably 5% or less. For 

example, by forming the structure in which the shutdown layer and the heat-resistant layer are 

integrated, a separator having such a small thermal shrinkage ratio can be made, and the occurrence 

of the short-circuit due to the shrinkage of the separator when the battery becomes hot can be 

effectively prevented. The smaller the thermal shrinkage AT is, the more preferable it is, and 0% is 

particularly preferable. 

[0057] 

 In the case of the structure in which the heat-resistant layer and the shutdown layer are not 

integrated, such as when the separator has the heat-resistant layer and the shutdown layer and each 

exists as an independent film, the thermal shrinkage ratios A'T in Equation (2), that is, the thermal 

shrinkage ratio at the heat generation starting temperature -10°C in the case where the heat 

generation starting temperature of the positive electrode is 200°C or less or the thermal shrinkage 

ratio at 200°C in the case where the heat generation starting temperature of the positive electrode 
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exceeds 200°C are preferably 10% or less, more preferably 5% or less. For example, by forming the 

heat-resistant layer having a structure described above, the thermal shrinkage ratio can be ensured, 

such that the occurrence of the short-circuit due to the shrinkage of the shutdown layer when the 

battery becomes hot can be effectively prevented. The smaller the thermal shrinkage A'T is, the more 

preferable it is, and 0% is particularly preferable. 

[0058] 

 In the present specification, the thermal shrinkage ratios of the separator or the heat-resistant 

layer are determined in the following manner. The separator or the heat-resistant layer is cut into 3 

cm × 3 cm and then interposed between two glass plates, each of which had a thickness of 5 mm. 

This sample is allowed to stand in a thermostatic bath at a high temperature for 1 hour and heated. 

The thermal shrinkage ratio is determined based on dimensional changes of the sample before and 

after heating. 

[0059] 

 The separator according to the present invention can be manufactured by a method of, for 

example, dispersing the heat-resistant fine particles and binders, that forms the heat-resistant layer, 

in a medium such as water or an organic solvent such as N-methyl-2-pyrrolidone (NMP), preparing 

a slurry or paste-like composition for forming the heat-resistant layer composition for forming the 

heat-resistant layer (the binder may be dissolved in a medium), coating the composition on the 

surface of the shutdown layer, and then drying the composition. 

[0060] 

 When the shutdown layer is configured with a microporous film made of a thermoplastic resin, 

the composition for forming the heat-resistant layer can be coated on the surface of the shutdown 

layer by coating the composition for forming the heat-resistant layer on the surface of the 

microporous film by a well-known coating device or impregnating the microporous film into the 

composition for forming the heat-resistant layer. 

[0061] 

 In the case that the shutdown layer is formed by aggregating the fine particles of the 

thermoplastic resin, the fine particles of the thermoplastic resin forming the shutdown layer and the 

binder used as needed are dispersed in a medium such as water or an organic solvent to prepare a 

slurry or paste-like composition for forming the shutdown layer (the binder can be dissolved in the 

medium), this composition is coated to the base material and dried to form the shutdown layer, and 

then the composition for forming the heat-resistant layer can be coated to the surface of the 

shutdown layer by the same method as in the case of the microporous film. On the contrary, the 

composition for forming the heat-resistant layer is coated to the base material and dried to once 

form a heat-resistant layer, and the composition for forming the shutdown layer can be coated to the 

surface of the heat-resistant layer and dried to manufacture the separator. 

[0062] 

 Further, either the composition for forming the heat-resistant layer or the composition for 

forming the shutdown layer described above is applied to the base material, and before the 

composition is completely dried, other compositions can be coated to form a shutdown layer and a 

heat-resistant layer at the same time. 

[0063] 

 When the porous base material is used for the heat-resistant layer, the porous base material can 

be coated or impregnated with the composition for forming the heat-resistant layer and then dried 
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to form a heat-resistant layer. 

[0064] 

 As described above, the heat-resistant layer and the shutdown layer do not necessarily have to 

be integrated, but may be provided as independent films by overlapping them in the battery. In 

addition, one or both of the heat-resistant layer and the shutdown layer may be integrated with the 

electrode (the positive electrode or the negative electrode). The method of integrating with the 

electrode can use a well-known method such as a method of laminating a shutdown layer or a heat-

resistant layer which is an independent film, or a method of forming a heat-resistant layer or a 

shutdown layer by coating the composition for forming the heat-resistant layer or composition for 

forming the shutdown layer on an electrode. It should be noted that it is preferable to integrate the 

heat-resistant layer with the shutdown layer because a well-known manufacturing process can be 

applied in manufacturing a battery. 

[0065] 

 The negative electrode of the battery of the present invention is not particularly limited as long 

as it is used in the non-aqueous electrolyte battery. Examples of the negative active material include 

one or 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 microbeads, and a carbon fiber. Moreover, examples of the negative active material 

also include: alloys of Si, Sn, Ge, Bi, Sb, and In; compounds that can be charged and discharged at 

a low voltage close to lithium metal such as a lithium-containing nitride and a lithium-containing; 

a lithium metal; and an Li/Al alloy. The negative electrode may be produced 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. An 

alloy or lithium metal foil may be used alone, or a foil formed on a current collecting base material, 

such as a copper foil, may be used.  

[0066] 

 In the present invention, when the current collector is used for the negative electrode, a foil, a 

punched metal, a net, an expanded metal, or the like made of copper or nickel can be used as the 

current collector, but the copper foil is used generally. In the case of reducing the total thickness of 

the negative electrode in order to obtain a high energy density battery, an upper limit thickness is 

RTHIHTDEN[ ,) cO% DPG D NQYHT NLOLV LU RTHIHTDEN[ . cO'

[0067] 

 A lead portion on the negative electrode side is provided generally by keeping a portion of a 

copper current collector as an exposed portion without forming the negative electrode material 

mixture layer during production of the negative electrode. However, the lead portion on the negative 

electrode side is not necessarily integrated with the current collector at the beginning, and it can be 

provided by subsequently connecting a foil of copper or the like to the current collector. 

[0068] 

 The non-aqueous electrolyte according to the present invention uses a non-aqueous electrolyte 

(non-aqueous electrolyte solution) prepared by dissolving at least one selected from lithium salts in 

an organic solvent. The lithium salts include such as LiClO4, LiPF6, LiBF4, LiAsF6, LiSbF6, 

LiCF3SO3, LiCF3CO2, Li2C2F4(SO3)2, LiN(CF3SO2)2, LiC(CF3SO2)3, LiCnF2n+1SO3 "P ^ +#%

LiN(RfOSO2)2 [where Rf is a fluoroalkyl group], and the organic solvent includes such as dimethyl 
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carbonate, diethyl carbonate, methyl ethyl carbonate, methyl propionate, ethylene carbonate, 

propylene carbonate, butylene carbonate, gamma-butyrolactone, ethylene glycol sulfite, 1,2-

dimethoxyethane, 1,3-dioxolane, tetrahydrofuran, 2-methyl-tetrahydrofuran, and diethyl ether. A 

concentration of the ion salts in the electrolyte is preferably 0.5 to 1.5 mol/l, and more preferably 

0.9 to 1.25 mol/l. 

[0069] 

 A form of the non-aqueous electrolyte battery of the present invention includes a tubular shape 

(square tubular shape, cylindrical shape, and the like) using a steel can, an aluminum can, or the like 

as an outer can. 

[0070] 

 The electrode can be used in the form of a laminated electrode assembly in which the positive 

electrode and the negative electrode are laminated via the separator, or a wound electrode assembly 

in which the positive electrode and the negative electrode are spirally wound. In this case, for 

example, when the separator is a single film (including the case where the heat-resistant layer and 

the shutdown layer are integrated to form a separator), in the above electrode assembly, the width 

Ws of the separator and the width Wa of the negative electrode are made to satisfy the relation of 

Expression (1). As a result, even when the battery is placed at a high temperature and the separator 

shrinks by heating, the width of the separator is larger than the width of the negative electrode, such 

that that the short-circuit due to contact between the negative electrode and the positive electrode 

can be prevented. 

[0071] 

 When the separator is configured with a plurality of layers and each layer is independent (such 

as the separator with the structure in which the heat-resistant layer and the shutdown layer are not 

integrated), in the electrode assembly, the width Ws of the separator and the width Wa of the negative 

electrode are made to satisfy the relation of Expression (2). As a result, even when the battery is 

placed at a high temperature and the thermally shrinkable layer (shutdown layer) shrinking by 

heating, the width of the layer hard to shrinking by heating (heat-resistant layer) is larger than the 

width of the negative electrode, and thus, the short-circuit due to contact between the negative 

electrode and the positive electrode can be prevented. 

[0072] 

 In the case that the battery is configured such that an active material, such as LiCoPO4, 

LiNi0.5Mn1.5O4, LiCo0.33Ni0.33Mn0.33O2, which can be charged up to 4.5 V or higher with respect to 

lithium potential is used as the positive active material to make a maximum charging potential as 

4.5 V or higher, when using the separator configured with the shutdown layer and the heat-resistant 

layer, in particular, when the shutdown layer is made of a material having slightly inferior oxidation 

resistance such as polyolefin, it is preferable to provide the shutdown layer on the negative electrode 

side. With such a configuration, oxidative deterioration of the separator can be prevented, and the 

charge and discharge cycle life of the battery and a storage performance at a high temperature can 

be improved. 

[0073] 

 The non-aqueous electrolyte battery of the present invention can be used for the same purposes 

as the well-known non-aqueous electrolyte batteries. 

[EXAMPLE] 

[0074] 
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 The present invention will be described in detail below by referring to Examples, However, the 

present invention will not be limited to the following Examples. 

[0075] 

Example 1 

<Production of Positive Electrode> 

 90 mass parts of LiCo0.33Ni0.33Mn0.33O2 as a positive active material, 7 mass parts of acetylene 

black as a conductive auxiliary agent, and 3 mass parts of PVDF as a binder were mixed 

homogeneously in a solvent of NMP so as to prepare a positive electrode material mixture-

containing paste. This paste was applied intermittently on both faces of an aluminum foil with a 

VKLFMPHUU QI *. cO DU D FWTTHPV FQNNHFVQT UWFK VKDV VKH NHPJVK QI VKH DRRNLHG RDUVH YDU +0) OO QP

the surface and 210 mm on the back face, followed by drying, and then calendering was later carried 

out for adjusting the thickness of the positive electrode material mixture layer such that the total 

VKLFMPHUU YQWNG EH *.) cO% YKLFK YDU VKHP FWV VQ EH -, OO LP YLGVK% DPG D RQULVLXH HNHFVTQGH YDU

produced. Further, a tab was attached to an exposed portion of the l of this positive electrode. 

[0076] 

<Production of Negative Electrode> 

 95 mass parts of graphite as a negative active material and 5 mass parts of PVDF as a binder 

were mixed homogeneously in the solvent of NMP so as to prepare a negative electrode material 

mixture-containing paste. This paste was applied intermittently on both faces of a current collector 

YLVK D VKLFMPHUU QI *) cO ODGH QI D FQRRHT IQLN UWFK VKDV D NHPJVK QI VKH DRRNLHG RDUVH YDU +1) OO

on a surface and 230 mm on a back face, followed by drying, and then calendering was carried out 

for adjusting a thickness of the negative mixture layer such that the total thickness would be 142 

cO% YKLFK YDU VKHP FWV VQ EH -. OO LP YLGVK% DPG D PHJDVLXH HNHFVTQGH YDU RTQGWFHG' 8WTVKHT% D

tab was attached to an exposed portion of the copper foil of this negative electrode. 

[0077] 

<Production of Separator> 

 200 g of self-crosslinking acrylic resin emulsion (solid content ratio 40 mass %) as a binder 

and 4000 g of water were added in a container, and were stirred at the room temperature until the 

binder was homogeneously dissolved in water. Then, 4000 g of boehmite powder (an average 

RDTVLFNH UL\H * cO% DP DURHFV TDVLQ *)% DPG RNDVH&NLMH#% YKLFK YDU D KHDV&THULUVDPV ILPH RDTVLFNH% YDU

added for 4 times, and was dispersed in a disperser (2800 rpm) for 5 hours to prepare a homogeneous 

UNWTT[' @KLU UNWTT[ YDU FQDVHG QPVQ D RQN[HVK[NHPH OLFTQRQTQWU ILNO "VKLFMPHUU */ cO# E[ WULPJ D

microgravure coater, and then dried to obtain a separator including a heat-resistant layer containing 

EQHKOLVH DPG KDXLPJ D VKLFMPHUU QI +) cO% DPG D UKWVGQYP ND[HT FQPILJWTHG YLVK D RQN[HVK[NHPH

microporous film. The obtained separator was cut to a width of 47 mm and used for producing a 

battery. 

[0078] 

<Production of Battery> 

 The positive electrode and the negative electrode were stacked while interposing the shutdown 

layer of the separator so as to face the negative electrode side, and wound spirally to form a wound 

electrode assembly. This wound electrode assembly was crushed into a flat shape, placed in an 

aluminum square outer can, further injected with a non-aqueous electrolyte (in which LiPF6 was 

dissolved at a concentration of 1.2 M in a solvent in which ethylene carbonate and ethyl methyl 

carbonate were mixed in a volume ratio of 1:2), and then vacuum-sealed to obtain a non-aqueous 
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electrolyte battery. 

[0079] 

Example 2 

 A positive electrode was produced in the same manner as in Example 1 except that the positive 

active material was changed to LiMn1.9Al0.1O4. 

[0080] 

Next, 200 g of self-crosslinking acrylic resin emulsion (solid content ratio 40 mass %) as a 

binder and 4000 g of water were added in a container, and were stirred at the room temperature until 

the binder was homogeneously dissolved in water. Then, 4000 g of boehmite powder (an average 

RDTVLFNH UL\H * cO% DP DURHFV TDVLQ *)% DPG RNDVH&NLMH#% YKLFK YDU D KHDV&THULUVDPV ILPH RDTVLFNH% YDU

added for 4 times, and was dispersed in a disperser (2800 rpm) for 5 hours to prepare a homogeneous 

UNWTT[' @KLU UNWTT[ YDU FQDVHG QPVQ D >7@ PQPYQXHP IDETLF "D VKLFMPHUU *. cO DPG D EDULU YHLJKV

10 g/m2) by using a microgravure coater, and then dried to obtain a separator including a heat-

THULUVDPV ND[HT KDXLPJ D VKLFMPHUU QI *0 cO' 4P DSWHQWU GLURHTULQP "DP DXHTDJH RDTVLFNH UL\H * cO%

a melting point 125°C, and a solid content ratio 20 mass %) of polyethylene fine particles was 

applied to the surface of this heat-resistant layer using a die coater, and then dried to form a 

UKWVGQYP ND[HT VQ QEVDLP D UHRDTDVQT' @KH QEVDLPHG UHRDTDVQT KDG D VKLFMPHUU QI +, cO'

[0081] 

 A non-aqueous electrolyte battery was produced in the same manner as in Example 1 except 

that the positive electrode and the separator were used. 

[0082] 

Example 3 

 A positive electrode was produced in the same manner as in Example 1 except that the positive 

active material was changed to LiFePO4. 

[0083] 

Next, 600 g of an NMP solution of PVDF as a binder (solid content ratio: 15% by mass) and 

1000 g of NMP were put in a container and stirred at the room temperature until homogeneous. 

@KHP% ,))) J QI DNWOLPD RQYGHT "DP DXHTDJH RDTVLFNH UL\H )'- cO# YKLFK YDU D KHDV&THULUVDPV ILPH

particle, was added for 4 times, and was dispersed with a disperser (2800 rpm) for 1 hour to prepare 

a homogeneous slurry. This slurry was coated onto the positive electrode by using a die coater and 

GTLHG VQ IQTO D KHDV&THULUVDPV ND[HT KDXLPJ D VKLFMPHUU QI - cO'

[0084] 

 A non-aqueous electrolyte battery was produced in the same manner as in Example 1 except 

that the positive electrode having the heat-resistant layer, the same negative electrode as that 

RTQGWFHG LP 7ZDORNH *% DPG VKH >7 OLFTQRQTQWU ILNO KDXLPJ VKH VKLFMPHUU QI */ cO YHTH WUHG VQ

configure the wound electrode assembly such that the polyethylene microporous film was 

interposed between 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) correspond to the separator. 

[0085] 

 Comparative Example 1 

A non-aqueous electrolyte battery was produced in the same manner as in Example 1 except that 

VKH UHRDTDVQT YDU FKDPJHG VQ VKH RQN[HVK[NHPH OLFTQRQTQWU ILNO YLVK VKH VKLFMPHUU QI */ cO'

[0086] 
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Comparative Example 2 

 A non-aqueous electrolyte battery was produced in the same manner as in Example 1 except 

that the positive active material was changed to LiCoO2. 

[0087] 

Comparative Example 3 

A non-aqueous electrolyte battery was produced in the same manner as in Example 1 except 

VKDV VKH UHRDTDVQT YDU FKDPJHG VQ VKH >7@ PQPYQXHP IDETLF "D VKLFMPHUU *. cO DPG D EDULU YHLJKV

10 g/m2). 

[0088] 

[Measurement of Heating Performance] 

 The separators used in the non-aqueous electrolyte batteries of Examples 1 to 3 and 

Comparative Examples 1 to 3 were left in a thermostatic chamber T °C (Example 1, Example 3, 

Comparative Example 1, and Comparative Example 3 at 200°C, Example 2 at 190°C, and 

Comparative Example 2 at 151°C) for 1 hour, and thermal shrinkage ratios of the separators were 

measured. The thermal shrinkage ratios were measured by the above-mentioned method, and the 

thermal shrinkage ratios of the separators in the TD direction were measured. 

[0089] 

Gurley values of the separators used in the non-aqueous electrolyte batteries of Examples 1 to 

3 and Comparative Examples 1 and 2 were measured after leaving the separators in the thermostatic 

chamber set in increments of 100°C to 5°C for 10 minutes, a change in the Gurley values before 

and after heating in the thermostatic chamber was acquired, and the temperature at which the Gurley 

values were 10 times or more the temperature before heating was defined as the shutdown 

temperature. For the Garley value, the number of seconds that 100 ml of air passes through the film 

was measured under a pressure of 0.879 g/m2 by a method according to JIS P 8117. 

[0090] 

 In the separator according to Example 3, regarding a heat-resistant layer which is produced by 

coating a slurry for forming a heat-resistant layer onto the PET film that had been peeled off, and 

followed by drying to form a heat-resistant layer, and peeling it off from the PET film and the 

polyethylene microporous film used in Example 3, the thermal shrinkage ratios and the change of 

Gurley values were acquired. The smaller value was used as for the thermal shrinkage ratio as the 

thermal shrinkage ratio of the separator, and the larger value was used for the change in the Garley 

value as the shutdown temperature of the separator, respectively. 

[0091] 

 Furthermore, the heat generation starting temperatures of the positive electrodes were also 

measured for the non-aqueous electrolyte batteries of Examples 1 to 3 and Comparative Examples 

1 to 3. For the measurement, DSC ("Pyris1" manufactured by PerkinElmer Inc.) was used, each of 

the non-aqueous electrolyte batteries charged to 4.25 V was disassembled in a glove box with an Ar 

DVOQURKHTH% VKH THOQXHG RQULVLXH HNHFVTQGH YDU RWPFKHG LPVQ D UKDRH QI b ,'. OO DPG YHLJKHG%

and then the surfaces were placed in a gold-plated sample van with a pressure resistance of 150 atm 

and sealed, and were heated from 30 to 400°C at a heating rate of 10°C/min. 

[0092] 

Results of the heating test described above are shown in Table 1. Table 1 also shows the widths 

[“Ws × (100 - AT)/100” in (1)] of the separators after shrinking by heating at T°C (Examples 1 and 

2 and Comparative Examples 1 to 3), the width [“Ws × (100 - A'T)/100” in (2)] of the heat-resistant 
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layer after shrinking by heating at T°C (Example 3), and the widths of the negative electrodes. 

[0093] 

[Table 1] 

Heat generation 

starting 

temperature (°C) 

of positive 

electrode 

Shutdown 

temperature (°C) 

Thermal 

shrinkage ratio 

at T°C (%) 

Width (mm) of separator or 

heat-resistant layer after 

shrinking by heating at T°C 

Width of negative 

electrode (mm) 

Example 1 229 135 2 46.1 45 

Example 2 200 135 0 47 45 

Example 3 229 135 0 47 45 

Comparative 

Example 1 
229 140 35 30.6 45 

Comparative 

Example 2 
161 135 1 46.5 45 

Comparative 

Example 3 
229 — 0 47 45 

[0094] 

[Charging and Discharging Performance] 

 The non-aqueous electrolyte batteries of Examples 1 to 3 and Comparative Examples 1 to 3 

were initially charged with a constant current/constant voltage, in which constant current charging 

is performed at 25°C and a current value of 150 mA, and when a voltage reaches 4.2 V, constant 

voltage charging with a constant voltage of 4.2 V is continued. The charging end time (total charging 

time) of the initial charging was set to 12 hours. Subsequently, these batteries were subjected to 

constant current discharge with a current value of 150 mA and an end voltage of 3.0 V. Furthermore, 

each of the discharged batteries was charged with a constant current/constant voltage in which the 

constant current charging is performed with a current value of 500 mA, and when the voltage reaches 

4.2 V, the constant voltage charging with a voltage of 4.2 V is continued (charging end time is 2.5 

hours), and a constant current discharging with the end voltage of 3.0 V was performed at the current 

value of 500 mA to evaluate charging and discharging performance of each of the batteries. 

[0095] 

As a result of the above charging and discharging performance evaluation, the batteries of 

Examples 1 to 3 and Comparative Examples 1 and 2 show a good charging and discharging 

performance, but the battery of Comparative Example 3 cannot be charged due to a short-circuit 

during the initial charging. Therefore, the subsequent evaluation of the battery of Comparative 

Example 3 was stopped. 

[0096] 

[Heat Test] 

 The non-aqueous electrolyte batteries of Examples 1 to 3 and Comparative Examples 1 and 2 

were charged to 4.25 V with a constant current of 0.2 C, and then charged with a constant voltage 

of 4. 25 V. The charging end time of the constant current/constant voltage charging was set to 8 

hours. Each of the charged batteries was left in the thermostatic chamber heated to 165°C for 3 

hours, and temperatures of the battery surfaces were observed. Results are shown in Table 2. 
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[0097] 

[Table 2] 

State when heating at 165°C 

Example 1 Normal 

Example 2 Normal 

Example 3 Normal 

Comparative 

Example 1 
Temperature rise 

Comparative 

Example 2 
Temperature rise 

[0098] 

As can be seen from Table 2, no abnormality was confirmed in the non-aqueous electrolyte 

batteries of Examples 1 to 3 in the heat test at 165°C. Therefore, it can be seen that the batteries of 

Examples 1 to 3 are superior in safety when left at a high temperature as compared with the batteries 

of Comparative Examples 1 and 2.
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[Abstract] 

[Problem to be Solved] To provide a non-aqueous electrolyte battery excellent in safety in a high 

temperature environment. 

[Solution to Problem] A heat generation starting temperature of a positive electrode is 180°C or 

higher in the presence of a non-aqueous electrolyte in a charged state, and a separator satisfies the 

following relational expression: 

Ws × (100 - AT)/100 > Wa. 

 In the above expression, Ws represents a width of the separator, AT represents a thermal 

shrinkage ratio in a width direction of the separator at T (°C), T (°C) represents the heat generation 

starting temperature -10°C when the heat generation starting temperature of the positive electrode 

is 200°C or lower, and 200°C when the heat generation starting temperature of the positive electrode 

exceeds 200°C, and Wa represents a width of a negative electrode. 

[SELECTED DRAWINGS] None 
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