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TITLE OF THE INVENTION 

Ion-Conductive Composition, Gel Electrolyte, 

Non-Aqueous Electrolyte Battery, 

and Electrical Double-Layer Capacitor 

BACKGRQUND OF THE INVENTION 

Field of the Invention 

10 The present invention relates to ion-conductive 

compositions, gel electrolytes, non-aqueous electrolyte 
batteries, and electrical double-layer capacitors. 

Prior Art 

15 Binder polymers for electrodes used in lithiUID ion 
secondary cells and electrical double-layer capacitors must 

have, among other properties, the ability to bond with 

active materials, strong adhesion to metal foil current 
collectors, and a good strength. Properties required of 

20 ion-conductive compositions include a high ionic 
conductivity, electrochemical stability to non-aqueous 
electrolyte solutions, resistance to electrolyte solutions 

and, when they are to be coated onto a current. collector to 

form an electrode film, ready solubility in a suitable 

25 solvent. 
The ionic conductivity of such ion-conductive 

compositions has a large impact on the internal resistance 

of the cell. In lithium ion secondary cells in partic~lar, 
the lowest possible internal resistance is desired to 

30 improve the discharge characteristics and reduce loss at a 

large current. 

However, it is no easy task to impart all of the above 

required properties. For lack of a better alternative, use 

has generally been made of f luoropolymers such as 

35 polyvinylidene fluoride (PVDF) resins (see, for example, JP­

A 4-249860). 
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Such fluoropolymers, including polyvinylidene fluoride 

resins, have an excellent resistance to polar solvents, yet 

they have a poor ionic conductivity, poor ability to bond 

with active materials, and poor adhesion to the surface of 

5 metal current collectors. One reason for the poor ionic 

conductivity of polyvinylidene fluoride resin is its low 

swelling ratio in electrolyte solutions. 

Reaction-curable binders which contain prepolymers, 

oligomers and monomers of compounds bearing urethane 

10 linkages, urea linkages, epoxy groups, amide groups or imide 

groups, acrylic compounds, (meth)acryloyl compounds, allyl 

compounds and vinyl compounds that react under heating or 

exposure to a suitable form of radiation (e.g., ultraviolet 
light, electron beams, gamma rays) have been described in 

15 JP-A 10-21927 and JP-A 10-255806. When such reaction­
curable binders are used, the swelling ratio in electrolyte 
solutions can be increased and the ionic conductivity 

enhanced by the introduction of structures such as 
polyoxyethylene chains. 

20 Electrode plate production methods that use such 

reaction-curable binders involve coating a metal foil 
current collector with a composition containing as the 
essential constituents an active substance and·a -reaction­

curable binder, ·then reacting and thereby curing the binder 

25 within the composition coated onto the current collector by 
heating or.exposure to suitable radiation such as UV light, 

electron beams or gamma rays so as to form a cured layer of 

the active material. However, because the curing reaction 
is non-uniform, depending on the reaction conditions, the 

30 active material layer may crack, the reaction may stop with 

the binder still in a low-molecular-weight state, and the 

bonding properties may decline. Also, the reaction takes 

too much time, in addition to which substances such as 

reaction catalyst, reaction initiator, unreacted prepolymer, 

35 oligomer and monomer tend to remain behind in the active 
material" layer. 
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SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 

provide ion-conductive compositions h~ving a suitable 
swelling ratio and a high ionic conductivity at ambient and 

5 low temperatures. Another object of the invention is to 
provide gel electrolytes highly suitable for use as 
separators. Further objects of the invention are to provide 
high-performance non-aqueous electrolyte batteries and 
electrical double-layer capacitors which have been built 

10 using an electrode binder composition in which a resin 
constituent bonds well With active materials or activated 
carbon and which has excellent adhesion to current 
collectors. 

We have found that by controlling within a suitable 
15 range of 150 to 800% the swelling ratio in an electrolyte 

solution of a thermoplastic resin used in electrode binder 
compositions and ion-conductive compositions for non-aqueous 
electrolyte batteries and electrical double-layer 
capacitors, there can be obtained separators which have a 

20 high ionic conductivity and thus lower the internal 
resistance of the cell, and electrodes in which the resin 
constituent bonds well with active materials or activated 
carbon and which has excellent adhesion to the current 
collector. These components can be assembled to produce 

25 high-performance non-aqueous electrolyte batteries and 
electrical double-layer capacitors which undergo no loss of 
binder composition from the electrodes, separation of the 
active material (or activated carbon) layer from the current 
collector or cracking in assembly operations and during 

30 repeated charging and discharging, and which have 
outstanding discharge load characteristics. 

That is, the invention provides the ion-conductive 
compositions, the gel electrolyte films, and the non-aqueous 
electrolyte batteries and electrical double-layer capacitors 

35 described below. 

In a first aspect, the invention provides an ion­
conductive composition having an electrolyte solution 
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composed of an ion-conductive salt and a solvent in which 

the ion-conductive salt is soluble, in combination with a 

thermoplastic resin having a swelling ratio, as determined 

from the equation 

swelling ratio = 
(%) 

weight in grams of swollen thennoplastic resin after 
24 hours immersion in electrolyte solution at 20°C (g) 

weight in grams of thermoplastic resin before 
immersion in electrolyte solution at 20°C (g) 

within a range of 150 to 800%. 

x 100 I 

In the ion-conductive composition according to the 

first aspect of the invention, the thermoplastic resin 

preferably contains units of general formula (1) below 

(1) • 

wherein the letter m is a number from 3 to 5, and the letter 

n is 5 or more. The thermoplastic resin preferably conta1ns 
1 to 100 % by weight, based on the overall thermoplastic 
resin, of a thermoplastic polyurethane resin prepared by 

15 reacting a polyol compound with a polyisocyanate compound 
and a chain extender. The polyol compound is typically a 
polyester polyol, a polyester polyether polyol, a polyester 

polycarbonate polyol, a polycaprolactone polyol. or a 

mixture thereof. 
20 In a second aspect, the invention provides a gel 

electrolyte prepared by shaping the thermoplastic resin 
according to the first aspect of the invention, then 

immersing the shaped resin in an electrolyte solution to 

effect swelling. Preferably, the gel electrolyte has an 

25 ionic conductivity al {S/cm), as measured by the AC 

impedance method at 25°C, and an ionic conductivity 02 

(S/cm), similarly measured at -10°c, such that the ratio 

ol/o2 is from 1 to 10. 

-4-



In a third aspect, the invention provides a non­

aqueous electrolyte battery having a positive electrode, a 

negative electrode, a separator disposed between the 

positive and negative electrodes, and an electrolyte 

5 solution. Of the positive electrode and the negative 

electrode, either the positive electrode is made of a 

positive electrode current collector coated with a positive 

electrode binder composition composed primarily of the 

thennoplastic resin according to the first aspect of the 

10 invention and a positive electrode active material, or the 
negative electrode is made of a negative electrode current 

collector coated with a negative electrode binder 
composition composed primarily of the thermoplastic resin 

according to the first aspect of the invention and a 

15 negative electrode active material. 

In a fourth aspect, the invention provides a non­
aqueous electrolyte battery having a positive electrode, a 
negative electrode, a separator disposed between the . 
positive and negative electrodes, and an electrolyte 

20 solution. The positive electrode is made of a positive 

electrode current collector coated with a positive electrode 

binder composition composed primarily of the thermoplastic 
resin according to the first aspect of the invention and a 

positive electrode active material. The negative electrode 
25 is made of a negative electrode current collector coated 

with a negative electrode binder composition composed 
primarily of the thermoplastic resin according to the first 

aspect of the invention and a negative electrode active 
material. 

30 In a fifth aspect, the invention provides a non-
aqueous electrolyte battery having: 

a positive electrode and a negative electrode, each 

comprised of a current collector coated with a binder 

composition composed primarily of a thermoplastic resin and 

35 an active material, 

a separator disposed between the positive and negative 
electrodes, and 
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an electrolyte solution: 
wherein 1 to 20 % by weight of the thermoplastic resin in 

the binder composition is a thermoplastic resin according to 

the first aspect of the invention which has a glass 

s transition temperature lower than the freezing point of the 

electrolyte solution. 

In the non-aqueous electrolyte battery according to 

the fifth aspect of the invention. the thermoplastic resin 
having a glass transition temperature lower than the 

10 freezing point of the electrolyte solution is preferably a 

thermoplastic polyurethane resin prepared by reacting a 
polyol compound with a polyisocyanate compound and a chain 

extender. 

In the non-aqueous electrolyte battery according to 
15 the third to fifth aspects of the invention, the separator 

is preferably composed of either a separator base 

impregnated with an electrolyte solution or of the gel 
electrolyte according to the second aspect of the invention. 

In a sixth aspect. the invention provides an 
20 electrical double-layer capacitor having 

a pair of polarizable electrodes, 
a separator disposed between the polarizable 

electrodes. and 

an electrolyte solution; 

25 wherein one or both of the pair of polarizable electrodes is 

made of a current collector coated with.a polarizable 
electrode binder composition composed primarily of the 
thermoplast~c resin according to the first aspect of the 
invention and activated carbon. 

30 In a seventh aspect, the invention provides an 

electrical double-layer capacitor having: 

a pair of polarizable electrodes, each made of a 

current collector coated with a polarizable electrode binder 

composition composed primarily of a thermoplastic resin and 
35 activated carbon, 

a separator disposed between the polarizable 

electrodes, and 
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an electrolyte solution; 
wherein 1 to 20 % by weight of the thermoplastic resin in 
the binder composition is a thermoplastic resin according to 
the first aspect of the invention which has a glass 

5 transition temperature lower than the freezing point of the 
electrolyte solution. 

In the electrical double-layer capacitor according to 
the seventh aspect of the invention. the thermoplastic resin 
having a glass transition temperature lower than the 

10 freezing point of the electrolyte solution is a 
thermoplastic polyurethane resin prepared by reacting a 
polyol compound with a polyisocyanate compound and a chain 
extender. 

In the electrical double-layer capacitors according to 
1s the sixth and seventh aspects of the invention. the 

separator is preferably composed of either a separator base 
impregnated with the electrolyte solution or of the gel 
electrolyte according to the second aspect of the invention. 

In the invention as described above, the use of a 
20 thermoplastic resin, particularly a thermoplastic resin 

containing polyester units of general formula (1) below 

(1) 
• 

wherein the letter m is a number from 3 to 5 and the letter 
n is 5 or more, and most particularly a thermoplastic 

25 polyurethane resin prepared by reacting a polyol compound 
with a polyisocyanate compound and a chain extender, 
provides a suitable proportion of segments that interact 
with the electrolyte solution, making it possible to control 
the swelling ratio in the electrolyte solution within a 

30 suitable range of 150 to 800%. The resin thus bonds wells 
with active material or activated carbon. allowing the 
amount of binder used to be reduced. In addition. when 
swollen with electrolyte solution, the resin is able to 
confer a high ionic conductivity, lowering the battery 

35 internal resistance. 
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The invention also makes it possible to obtain a 

binder polymer having a high adhesion to current collectors. 

The use, in particular, of a thermoplastic polyurethane 

resin as the thermoplastic resin allows the moisture content 

5 of the resin itself to be dramatically reduced. Moreover, 

because the thermoplastic polyurethane resin is a highly 

flexible resin, when employed as the binder polymer for 

electrodes and in ion-conductive compositions, electrodes 

and gel electrolytes of excellent flexibility can be 

10 produced. Furthermore, the resin has an excellent ionic 

conductivity at ambient and low temperatures, making it 

possible to lower the internal resistance, and it may be 
used to prepare ion-conductive compositions which can easily 

be formed into films. This combination of features enables 
15 the construction of non-aqueous electrolyte batteries and 

electrical double-layer capacitors· which undergo no loss of 
binder composition from the electrodes, separation of the 

active material (or activated carbon) layer from the current 

collector or cracking in assembly operations and during 
20 repeated charging and discharging, and which have 

outstanding discharge load characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS _ 

The objects, features and advantages of the invention 

25 will become more apparent from the following detailed 
description, taken in conjunction with the accompanying 
drawings. 

FIG. 1 is a perspective view of a stacked ·non-aqueous 
electrolyte battery or electrical double-layer capacitor. 

30 FIG. 2 is a perspective view of a fan-folded non-

aqueous electrolyte battery or electrical double-layer 
capacitor. 

FIG. 3 is a perspective view of a coiled non-aqueous 
electrolyte battery or electrical double-layer capacitor. 

35 FIG. 4 is a sectional view of a coin-type non-aqueous 

electrolyte battery or electrical double-layer capacitor of 
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the type produced in the examples and comparative examples 

described later in the specification. 

FIG. 5 is a graph showing the discharge load 

characteristics of the secondary cell produced in Example 5. 

5 FIG. 6 is a graph showing the ambient and low-

10 

temperature characteristics of the secondary cell produced 

in Example 5. 

DETAILED DESCRIPTION OF THE INYENTION 

The ion-conductive composition of the invention 

includes an electrolyte solution containing an ion­

conductive salt and a solvent in which the ion-conductive 
salt is soluble, and a thermoplastic resin having a swelling 

ratio from absorption of the electrolyte solution within a 
15 range of 150 to 800%. 

The ion-conductive salt in the electrolyte solution is 
not subject to any particular limitation. Illustrative 
examples of ion-conductive salts suitable for use in non­

aqueous electrolyte batteries such as lithium secondary 
20 cells and lithium ion secondary cells include LiCl04, LiBF 4 , 

LiAsF 6. LiPF 6. LiSbF 6. LiCF 3S03. LiCF 3COO, NaCl04. NaBF 4. 

NaSCN. KBF4. Mg( Clo,) 2' Mg(BF4 )2. ( c,H,),NBF,. ( C2H5) ,NBF,. 
( C,H,) ,Nc10... LiN (CF 3S02) 2 and ( C2H5) ,NPF 6. Any one o:r. 
combinations of two or more of these may be used. 

25 In the case of electrical double-layer capacitors, any 

io~-conductive salt employed in conventional electrical 
double-layer capacitors may be used without particular 

limitation. Preferred examples include salts obtained by 
combining a quaternary onium cation of the general formula 

30 R1R2R3R4N+ or R1R2R3R4P+ (wherein R1 to R4 are each independently 

alkyls of 1 to 10 carbons) with an· anion such as BF,-, 

N(CF3S02)2-. PF6- or c104-. 

Illustrative examples include ( C2H5 ) 4PBF 4 , ( C3H7 ) 4PBF 4 , 

( C,Hg) ._PBF,. ( C6Hl3) 4PBF4 I (C,Hg) 3CH3PBF,. ( C2H5) 3( Ph-CH2 )PBF 4 

35 (wherein Ph stands for phenyl) , ( C2H5 ) 4PPF 6• ( C2H5 ) PCF 3502 , 

( C2H5 ) 4NBF 4 , ( C4H9 ) 4NBF 4 , ( C6H13 ) 4NBF 4 , ( C2H5 ) 6N~F 6 , LiBF 4 and 
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LiCF3S03 • These may be used alone or as combinations of two 

or more thereof. 

Illustrative examples of the solvent in which the ion­

conductive salt is soluble include chain ethers such as 

5 dibutyl ether, 1,2-dimethoxyethane, 1.2-ethoxymethoxyethane, 

methyl diglyme, methyl triglyme. methyl tetraglyme, ethyl 

glyme, ethyl diglyme. butyl diglyrne, and glycol ethers 

(e.g., ethyl cellosolve. ethyl carbitol, butyl cellosolve, 

butyl carbitol): heterocyclic ethers such as 

10 tetrahydrofuran. 2-methyltetrahydrofuran. l,3-dioxolane and 

4,4-dimethyl-1,3-dioxane: butyrolactones such as y­

butyrolactone, y-valerolactone. &-valerolactone, 3-methyl­

l, 3-oxazolidin-2-one and 3-ethyl-1,3-oxazolidin-2-one; and 
other solvents commonly used in electrochemical devices, 

15 such as amide solvents (e.g., N-methylformamide, N,N­
dimethylformamide, N-methylacetamide and N-

methylpyrrolidinone), carbonate solvents (e.g., diethyl 
carbonate. dimethyl carbonate, ethylmethyl carbonate, 
propylene carbonate, ethylene carbonate, styrene carbonate). 

20 and imidazolidinone solvents (e.g., 1,3-dimethyl-2-
imidazolidinone). These solvents may be used singly or as 

mixtures of two or more thereof. 

In the electrolyte solution of the invention, the 

concentration of ion-conductive salt in the solvent is 
25 preferably 0.5 to 3.0 mol/L, and most preferably 0.7 to 2.2 

mol/L. 

The thermoplastic resin has a swelling ratio, as 

determined from the formula indicated below, within a range 
of 150 to 800%, preferably 250 to 500%, and most preferably 

30 250 to 400%. At too small a swelling ratio, the ionic 

conductivity of the ion-conductive composition becomes 

unacceptably low. On the other hand, at too large a 

swelling ratio. the resin, when swollen with electrolyte 

solution, bonds poorly with active material or activated 

35 carbon and has reduced adhesion to the surface of current 

collectors. as a result of which the electrode binder 
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composition tends to separate from the current collector · 

during assembly or during repeated charging and discharging. 

In working the invention, the specific method used to 

determine the swelling ratio involves first weighing a 

5 thermoplastic resin film formed to a given size, then 

immersing the thermoplastic resin film in an electrolyte 

solution composed of the ion-conductive salt and solvent at 

20°c for 24 hours. The thermoplastic resin film is 

subsequently taken out of the electrolyte solution and 
10 placed between sheets of filter paper to remove solution 

adhering to the film surface. The thermoplastic resin 

swollen with the electrolyte solution it has absorbed is 

then weighed. The results are used to calculate the 

swelling ratio as follows: 

15 

swelling ratio = 
(%) 

weight in grams of swollen thermoplastic resin after 
24 hours immersion in electrolyte solution at 20°C (g) 

weight in grams of thermoplastic resin before 
immersion in electrolyte solution at 20°C (g) 

The thermoplastic resin is preferably one which 

contains units of general formula (1) below 

(1) • 

x 100 

In formula (1), the letter mis a number from 3 to 5, 

20 and preferably 5. The letter n is at least 5, preferably at 

least 10, and most preferably at least 15. While there is 
no particular upper limit for n, a number not higher than 

1,000 is preferred. If n is too small, the effects achieved 

by introducing the polyester units of general formula (1) 

25 may diminish. 

The units represented by formula (1) can be obtained 

by the ring-opening polymerization of a cyclic ester 

(lactone) such as y-butyrolactone, 6-valerolactone or E­

caprolactone. Units obtained by ~he ring-opening 

30 polymerization of cyclic esters { lactones) having al_kyl side 
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chains may also be used. In the practice of-the invention, 

a thermoplastic resin having polycaprolactone segments 

obtained by the ring-opening polymerization of e­

caprolactone, for.which mis 5 in general formula (1), is 

s preferred. 
Thermoplastic resins of polymeric compounds containing 

segments other than the units represented by general formula 

(1) may be used, in which case it is advantageous for the 

proportion of units having formula (1) to be as high as 

10 possible; that is, preferably from 40 to 100 mol%, and most 

preferably from 70 to 100 mol%. 
It is particularly advantageous for the thermoplastic 

resin of the invention to be a thermoplastic polyurethane 
resin prepared by reacting (A) a polyol compound with (B) a 

15 polyisocyanate compounds an~ (C) a chain extender. The 
polyurethane resin may be used in combination with other 

therm~plastic resins, in which case the amount of 

polyurethane resin, based on the overall thermoplastic 
resin, is preferably 1 to 100 % by weight. Even the 

20 addition of a small amount of the polyurethane resin 
relative to the overall thermoplastic resin can impart a 

high ionic conductivity at ambient or low temperatures. 
Illustrative examples of other thermoplastic resins 

that may be used together with the thermoplastic 
25 polyurethane resin include fluoropolymers such as 

polyvinylidene fluoride and polytetrafluoroethylene, 

synthetic rubbers such as styrene elastomers, olefin 

elastomers and styrene-butadiene rubber; polyolefins such as 
polyethylene and polypropylene; and polyethers such as 

30 polyethylene glycol and polypropylene glycol. Any one or 

combinations of two or more of these may be used. 

In the invention, the thermoplastic polyurethane resin 
includes not only polyurethane resins having urethane 

linkages, but also polyurethane-urea resins having both 

35 urethane linkages and urea linkages. 

The polyol compound serving as component (A) above is 

preferably one prepared by the dehydration or dealcoholation 
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of any of compounds (i) to (vi) below, and most preferably a 

polyester polyol, a polyester polyether polyol, a polyester 

polycarbonate polyol, a polycaprolactone polyol, or a 

mixture thereof: 

5 (i) polyester polyols prepared by the ring-opening 

polymerization of one or more cyclic ester (lactone; 

(ii) polyester polyols prepared by reacting at least one of 

the above polyester polyols obtained by the ring-opening 

polymerization of cyclic esters (lactones) with at least one 

10 carboxylic acid and at least one compound selected from the 
group consisting of dihydric aliphatic alcohols, carbonate 

compounds, polycarbonate polyols and polyether polyols; 

(iii) polyester polyols prepared by reacting at least one 

carboxylic acid with at least one dihydric aliphatic 
15 alcohol; 

'civ) polyester polycarbonate polyols prepared by reacting at 
least one carboxylic acid with at least one polycarbonate 
polyol; 

(v) polyester polyether polyols prepared by reacting at 

20 least one carboxylic acid with at least one polyether 
polyol; and 

(vi) polyester polyols prepared by ·reacting at least one 
carboxylic acid with two or more compounds selected from the 

group consisting of dihydric aliphatic alcohols, 
25 polycarbonate polyols and polyether polyols. 

Examples of suitable cyclic esters (lactones) include 

y-butyrolactone, 6-valerolactone and e-caprolactone. 

Examples of suitable carboxylic acids include linear 
aliphatic dicarboxylic acids having 5 to 14 carbons, such as 

30 glutaric acid, adipic acid, pimelic acid, suberic acid, 

azelaic acid, sebacic acid and dodecanedioic acid; branched 

aliphatic dicarboxylic acids having 5 to 14 carbons, such as 

2-methylsuccic acid, 2-methyl~dipic acid, 3-methyladipic 

acid, 3-methylpentanedioic acid, 2-methyloctanedioic acid; 

35 3,8-dimethyldecanedioic acid and 3,7-dimethyldecanedioic 

acid; aromatic dicarboxylic acids such as terephthalic acid, 

isophthalic acid and o-phthalic acid; and ester-forming 
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derivatives thereof. Any one or combinations of two or more 

of the above may be used. Of these, linear or branched 

aliphatic dicarboxylic acids having 5 to 14 carbons are 

preferred. The use of adipic acid, azelaic acid or sebacic 

s acid is especially preferred. 

Examples of suitable divalent aliphatic alcohols 

include linear aliphatic diols of 2 to 14 carbons, such as 

ethylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-

pentanediol, 1,6-hexanediol, 1,7-heptanediol, l,8-

10 octanediol, 1,9-nonanediol and 1."10-decanediol; branched 

aliphatic diols of 3 to 14 carbons, including 2-methyl-1,3-

propanediol, neopentyl glycol, 3-methyl-1,5-pentanediol and 
2-methyl-1,8-octanediol; and alicyclic diols such as 
cyclohexanedimethanol and cyclohexanediol. Any one or 

15 combinations of two or more of the above may be used. Of 

these, branched aliphatic diols of 4 to 10 carbons are 
preferred, and 3-methyl-1,5-pentanediol is especially 

preferred. 
Examples of suitable carbonate compounds include 

20 dialkyl carbonates such as dimethyl carbonate and diethyl 
carbonate, alkylene carbonates such as ethylene carbonate, 

and diaryl carbonates such as diphenyl carbonate. 

Suitable polycarbonate polyols include those prepared 
by a dealcoholation reaction between a polyhydric alcohol 

25 and one or more of the above carbonate compounds. 
Illustrative examples of the polyhydric alcohol include 
ethylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-

pentanediol, 1,6-hexanediol, 1,7-heptanediol, 1,8-
octanediol, 1,9-nonanediol, 1,10-decanediol, diethylene 

30 glycol and 1,4-cyclohexanedimethanol. 

Suitable polyether polyols include polyethylene 

glycol, polypropylene glycol, ethylene oxide/propylene oxide 
copolymers and polyoxytetramethylene glycol. Any one or 

combinations of two or more of these may be used. 

35 The polyol compound serving as component (A) has a 

number-average molecular weight of preferably 1,000 to 

5,000, and most preferably 1,500 to 3,000. A polyol 
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compound having too small a number-average molecular weight 

may lower the physical properties of the resulting 

thermoplastic polyurethane resin film, such as the heat 

resistance and tensile elongation. On the other hand, too 

5 large a number-average molecular weight increases the 

viscosity during synthesis, which may lower the production 

stability of the thermoplastic polyurethane resin being 

prepared. The number-average molecular weights used here in 

connection with polyol compounds are calculated based on the 
10 hydroxyl values measured in accordance with JIS K1577. 

Illustrative examples of the polyisocyanate compound 

serving as above component (B) include aromatic 

diisocyanates such as tolylene diisocyanate, 4 1 4'­

diphenylmethane diisocyanate, p-phenylene diisocyanate, 1,5-
15 naphthylene diisocyanate, 3,3'-dichloro-4,4'-diphenylmethane 

diisocyanate and xylylene diisocyanate: and aliphatic or 
alicyclic diisocyanates such as hexamethylene diisocyanate, 

isophorone diisocyanate, 4,4'-dicyclohexylmethane 
diisocyanate and hydrogenated xylylene diisocyanate. 

20 The chain extender serving as above component (C) is 
preferably a low-molecular-weight compound having a 
molecular weight of not more than 300 and bearing two active 
hydrogen atoms capable of reacting with isocyanate groups. 

Illustrative examples of such low-molecular-weight 
25 compounds include aliphatic diols such as ethylene glycol, 

diethylene glycol, propylene glycol, 1,3-propanediol, 1,4-

butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,7-

heptanediol, 1,8-octanediol and 1,9-nonanediol: aromatic or 

a1icyc1ic diols such as 1,4-bis(~-hydroxyethoxy)benzene, 

30 1,4-cyclohexanediol, bis(~-hydroxyethyl} terephthalate and 

xylylene glycol: diamines such as hydrazine, 

ethylenediamine, hexamethylenediamine, propylenediamine, 

xylylenediamine, isophoronediamine, piperazine, piperazine 

derivatives, phenylenediamine and tolylenediamine~ and amino 

35 alcohols such as adipoyl hydrazide and isophthaloyl 

hydrazide. Any one or combinations of two or more of these 

may be used. 
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In preparing a thermoplastic polyurethane resin for 

use in the invention, it is advantageous to react components 

. (A) to (C) in the follow.ing proport.ions: 

(A}· 100 parts by we.ight of the polyol compound: 

5 (B) 5 to 200 parts by we.ight, and preferably 20 to 100 parts 

by weight, of the poly.isocyanate compound: 

(C} 1 to 200 parts by we.ight, and preferably 5 to 100 parts 

by weight, of the chain extender. 

In addition to above components (A} to (C), a filler 

10 may also be added to the thermoplastic polyurethane resin to 

enhance the ion permeability. 

Any suitable filler which forms, together with the 
polymer making up the separator, a matrix having at the 

filler-polymer interfaces fine pores in which the 
15 electrolyte solution can be impregnated may be used without 

particular limitation. The filler may be either an 
inorganic or organic material, and can have·a broad range of 

physical characteristics such as particle shape and size, 
density and surface state. Exemplary fillers include both 

20 inorganic powders such as various oxides, carbonates and 
sulfates (e.g., silicon dioxide, titanium oxide, aluminum 

oxide, zinc oxide, calcium carbonate, calcium sulfate, tin 
oxide, chromium oxide, iron oxide, magnesium oxide, 

magnesium carbonate and magnesium sulfate), carbides (e.g., 
25 silicon carbide, calcium carbide} and nitrides (e.g., 

silicon nitride, titanium nitride): and organic powders such 

as various types of polymer particles that do not form a 

compatible mixture with the polymer matrix making up the 
separator. 

30 No particular limitation is imposed on the particle 

~ize of the filler, although the particle size is preferably 

not more than 10 µm, more preferably from 0.005 to 1 µm, and 

most preferably from 0.01 to 0.8 µm. The amount in which 

the f.iller is added to the thermoplastic resin varies 

35 depending on the type of thermoplastic resin used and the 

type of filler, although the addition of 5 to 100 parts by 

weight, and especially 30 to 100 parts by weight, of filler 
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per 100 parts· by weight of the thermoplastic resin is 

preferred. 

In the practice of the invention, the process used to 

. prepare the thermoplastic polyurethane resin is not subject 

5 to any particular limitation. Production is typically 

carried out by a prepolymer process or a one-shot process in 

which the polyol compound (component A}, the polyisocyanate 

compound (component B), the chain extender (component C}, 

and any other components that may be needed are added 

10 together and subjected to a known urethane formation 

reaction in the presence of a known urethane formation 
catalyst. A process in which melt polymerization is carried 

out in a substantially solvent-free state is preferred, and 

a process involving continuous melt polymerization using a 

15 multi-screw extruder is especially preferred. 
The resulting thermoplastic polyurethane resin has a 

weight-average molecular weight of preferably 5,000 to 

500,000, and most preferably 10,000 to 300,000. The 

polyurethane resin also has an NCO index ([NCO]/[OH]), which 
20 represents the ratio of overall moles of hydroxyl groups 

(OH), or active hydrogens, on the polyol compound serving as 
component A to overall moles of isocyanate groups (NCO) on 
the polyisocyanate compound serving as component C, of 0.95 
to 1.05, and preferably 1.0 to 1.03. 

25 The thermoplastic polyurethane resin can easily be 

rendered into a film and formed into the shape of a 

separator by a hot melt extrusion (film-forming) process or 
a solvent casting process. Use may be made of either a 
process in which the thermoplastic po1yurethane resin is 

30 directly cast onto a positive or negative electrode plate, 

or a process in which the thermoplastic polyurethane resin 

is melt laminated onto a positive or negative electrode 

plate. 

In the hot melt.extrusion process, a film is formed by 
35 holding the thermoplastic polyurethane resin above the 

melting point of the resin so that ·it melts, extruding the 

molten resin from a T-die or slit nozzle, stretching the 
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extruded resin if necessary, and cooling. Film having a 

thickness of about 20 µm to 1 mm can be produced by this hot 

melt extrusion process. 

In the solvent casting process, the thermoplastic 

5 polyurethane resin is dissolved in a suitable solvent so as 

to form a solution, which is cast onto a flat supporting 

plate with a doctor knife or a bar coater. The solvent is 

then evaporated off, thereby forming a film. 

The gel electrolyte according to another aspect of the 

10 invention is prepared by immersing the resulting 

thermoplastic polyurethane resin film in an electrolyte 

solution composed of the above-described ion-conductive salt 
and a solvent in which the salt is soluble so as to effect 

swelling of the film. The immersion conditions in the 
15 electrolyte solution are not subject to any p_articular 

limitation, although immersion at 20 to 30°C for 24 hours is 
typical. 

The gel electrolyte thus prepared has an ionic 
conductivity, as measured by the AC impedance method at 

20 25° C, of preferably at least 1 x io-3 S/cm, and more 

preferably from 1 x io-3 S/cm to 7 x 10-3 S/cm. Moreover, it 

has an ionic conductivity ol (S/cm), as measured by the AC 

impedance method at 25°C, and an ionic conductivity 02 

(S/cm), as measured by the AC impedance method at -10°c, 

25 such that the ratio crl/o2 is preferably from 1 to 10, and 

more preferably from 1 to 7. That is, the gel electrolyte 

has a sufficient ionic conductivity both at ambient and low 
temperatures. 

As noted above, the ion-conductive composition of the 

30 invention has a swell ratio which is sµitable for the 

preparation of a gel electrolyte, and also has a high ionic 

conductivity. Moreover, the ion-conductive composition can 

be heat-treated to remove volatile components, enabling it 

to be used as a solid polymer electrolyte. 

35 The non-aqueous electrolyte batteries according to 

other aspects of the invention are composed of a positive 
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electrode, a negative electrode, a separator disposed 

between the positive and negative electrodes, and an 

electrolyte solution. 

The positive electrode is produced by coating a 

s current collector with a positive electrode binder 

composition prepared by dispersing primarily a thermoplastic 

resin and a positive electrode active material in a solvent. 

The negative electrode is produced by coating a current 

collector with a negative electrode binder composition 
10 prepared by dispersing primarily a thermoplastic resin and a 

negative electrode active material in a solvent. By 
employing for this purpose a thermoplastic resin having a 

glass transition temperature {Tg) which is lower than the 

freezing point _{Fp) of the non-aqueous electrolyte used in 

15 the battery, electrodes can be produced which have excellent 
discharge characteristics at low temperatures. This in turn 

enables the production of batteries having excellent low­

temperature characteristics. 
The thermoplastic resin used "in the binder composition 

20 is preferably a thermoplastic resin which satisfies the 

condition Fp > Tg. However, it is entirely conceivable that 
there will be cases where, owing to such factors as resin 
cost, handleability and mechanical strength, it may be 

impossible to use a binder composition in which 100 % by 

25 weight of the thermoplastic resin satisfies the condition Fp 

> Tg. In such cases, the low-temperature characteristics 

are improved even with the addition of 1 to 20 % by weight, 
and typically about 5 % by weight, based on the overall 
thermoplastic resin weight in the binder composition, of a 

30 thermoplastic resin which satisfies the condition Fp > Tg. 

Such resins are preferably thermoplastic resins having 

a swelling ratio, as defined above, of 150 to 800% and 

containing units of the formula - (CO{CH2 )mO)n-. 

Thermoplastic polyurethane resins having a swelling ratio of 

35 150 to 800 % and containing units of the formula 

- (CO ( CH2 ) mo) n - are especially preferred. 
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Other resins that may be used include polyalkylene 

oxides having an average molecular weight of up to 1,000 ~nd 

derivatives thereof, as well as polysaccharide derivatives 

having oxyalkylene branches, polyglycidols and polyglycidol 

s derivatives, and polyvinyl alcohols and polyvinyl alcohol 

derivatives. The above-described polyurethanes are 

especially preferred. 

One, or both, of the positive and negative electrodes 

employed in the inventive battery is formed using the above-

10 described thermoplastic resin of the invention as the 
binder. By filling these positive and negative electrodes 

with an electrolyte solution containing an ion-conductive 
salt and a solvent in which the salt is soluble, and thus 

causing the electrodes to absorb the electrolyte solution 

15 and swell, there can be obtained positive and negative 

electrodes having both a high ionic conductivity and 
excellent discharge characteristics at low temperatures. 

The positive electrode is made of a positive electrode 
current collector coated on one or both sides thereof with a 

20 positive electrode binder composition composed primarily of 

a thermoplastic resin and a positive electrode active 

material. The thermoplastic resin is preferably one having 
a glass transition temperature (Tg) lower than the freezing 

point (Fp) of the non-aqueous electrolyte used in the 
25 battery. Moreover, use of the above-described thermoplastic 

resin of the invention having a swelling ratio within a 

range of 150 to 800%, particularly a thermoplastic resin 

having specific polyester units, and most particularly a 
thermoplastic polyurethane resin, is advantageous because 

30 the resin has a high ionic conductivity when swollen with 

the electrolyte solution, bonds well with the positive 
electrode active material, increases adhesion of the binder 

composition to the metal surface of the positive electrode 

current collector. and makes it possible to produce a 

35 battery having excellent discharge properties at low 

temperatures. The positive electrode can be produced by 

melting and blending the positive electrode binder 
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composition composed primarily of thermoplastic resin and 

positive electrode active material, and extruding the melt 

as a film. 

The positive electrode current collector may be made 

5 of a suitable material such as stainless steel, aluminum, 

titanium, tantalum or nickel. Of these, aluminum is 

especially preferred both in terms of performance and cost. 

The current collector used may be in any of various forms, 

including foil, expanded metal, sheet, foam, wool, or a 

10 three-dimensional structure such as a net. 

The positive electrode active material is selected as 
appropriate for the electrode application, the type of 

battery and other considerations. For instance, examples of 

positive electrode active materials that are suitable for 

15 use in the positive electrode of a lithium secondary cell 
include group I metal compounds such as cuo, cu20, Ag20, CuS 

and CuS02; group IV metal compounds such as TiS, Si02 and 

SnO; group V metal compounds such as V205, V6013 , Vox, Nb20 5 , 

Bi20 3 and Sb203 ; group VI metal compounds such as Cr03 , Cr20 3 , 

20 Mo03 , MoS2 , W03 and Se02 ; group VII metal compounds such as 
Mn02 and Mn20,; group VIII metal compounds such as Fe203 , FeO, 
Fe304 , Ni20 3 , NiO and Co02: and conductive polymeric compounds 
such as polypyrrole, polyaniline, poly(p-phenylene), 

polyacetylene and polyacene. 

25 Suitable positive electrode active materials that may 
be used in lithium ion secondary cells include chalcogen 

compounds capable of adsorbing and releasing lithium ions, 

and lithium ion-containing chalcogen compounds. 
Examples of such chalcogen compounds capable of 

30 adsorbing and releasing lithium ions include FeS2 , TiS2, 

MOS2, v 205, v 6013 and Mn02. 
Specific ex~ples of lithium ion-containing chalcogen 

compounds include LiCo02, LiMn02 , L.i.Mn20 4 , LiMo:a0.4 , Li V 30 8 , 

LiNi02 and Li,,Ni,.M1-y02 (wherein M is at least one metal 
35 element.selected from among cobalt, manganese, titanium, 

chromium, vanadium, aluminum, tin, lead and zinc; 0.05 s x s 

1.10; and 0.5 sys 1.0). 
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In addition to the thermoplastic polyurethane resin 

and the positive electrode active material described above, 

if necessary, the binder composition for the positive 

electrode may include also a conductive material. 

5 Illustrative examples of the conductive material include 

carbon black, Ketjen black, acetylene black, carbon 

whiskers, carbon fibers, natural graphite, and artificial 

graphite. 

The positive electrode binder composition of the 

10 invention typically includes 1,000 to 5,000 parts by weight, 

and preferably 1,200 to 3,500 parts by weight, of the 

positive electrode active material and 20 to 500 parts by 
weight, and preferably 50 to 400 parts by weight, of the 
conductive material per 100 parts by weight of the 

15 thermoplastic resin. 

Because the positive electrode binder composition of 
the invention provides good bonding of the positive active 

material particles and has a high adhesion to the positive 
electrode current collector, a positive electrode can be 

20 produced with the addition of only a small amount of 
thermoplastic resin (binder polymer). The high ionic 

conductivity of the binder composition when swollen with 
electrolyte solution lowers the internal resistance of the 

battery, thus enhancing the discharge characteristics at low 
25 temperatures. 

The positive electrode binder composition of the 

invention is generally used together with a dispersant in 
the form of a paste. Suitable dispersants include polar 
solvents such as N-methyl-2-pyrrolidone, dimethylformamide, 

30 dimethylacetamide and dimethylsulfamide. The dispersant is 

typically added in an amount of about 30 to 300 parts by 

weight per 100 parts by weight of the positive electrode 

binder composition. 

No particular limitation is imposed on the method of 

35 shaping the positive electrode as a thin film, although it 

is preferable to apply the composition by a suitable means 

such as roller coating with an applicator roll, screen 
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coating, doctor blade coating, spin coating or bar coating 

so as to form an active material layer having a uniform 

thickness when dry of 10 to 200 µm, and especially 50 to 150 

µm. 

The negative electrode is made of a negative elect.rode 

current collector coated on one or both sides thereof with a 

negative electrode binder composition composed primarily of 

a thermoplastic resin and a negative electrode active 

material. The same thermoplastic resin may be used as in 
10 the positive electrode. The negative electrode can be 

15 

produced by melting and blending the negative electrode 

binder composition composed primarily of thermoplastic resin 

and negative electrode active material, then extruding the 

melt as a film. 
The negative electrode current collector may be made 

of a suitable material such as copper, ·stainless steel, 
titanium or nickel. Of these, copper is especially 

preferred both in terms of performance and cost. The 

current collector used may be in any of various forms, 
20 including f oi.l, expanded metal, sheet, foam, wool, or a 

three-dimensional structure such as a net. 
The negative electrode active material is selected as 

appropriate for the electrode application, the type of 
battery and other considerations. Materials suitable for 

25 use in the negative electrode of a lithium secondary cell, 

for example, include alkali metals, alkali metal alloys, 

carbon materials, and the same materials as mentioned above 
for the positive electrode active material. 

Examples of suitable alkali metals include lithium, 
30 sodium and potassium. Examples of suitable alkali metal 

alloys include Li-Al, Li-Mg, Li-Al-Ni, Na-Hg and Na-Zn. 

35 

Examples of suitable carbon materials include 

graphite, carbon black, coke, glassy carbon, carbon fibers, 

and sintered bodies obtained from any of these. 

In a lithium ion secondary cell, use may be made of a 

material which reversibly holds and releases lithium ions. 

Suitable carbon materials capable of reversibly holding and 
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releasing lithium ions include non-graphitizable carbon 

materials and graphite materials. Specific examples include 

pyrolytic carbon, coke (e.g., pitch coke, needle coke, 

petroleum coke), graphites, glassy carbons, fired organic 

5 polymeric materials (materials such as phenolic resins or 

furan resins that have_been carbonized by firing at a 

suitable temperature), carbon fibers, and activated carbon. 

Use can also be made of materials capable of reversibly 

holding and releasing lithium ions, including polymers such 

10 as polyacetylene and polypyrrole, and oxides such as Sn02 • 

In addition to the thermoplastic polyurethane resin 
and the negative electrode active material described above, 
if necessary, the binder composition for the negative 

electrode may include also a conductive material. 

15 Illustrative examples of the conductive material include 
carbon black, Ketjenblack, acetylene black, carbon whiskers, 

carbon fibers. natural graphite, and artificial graphite. 

The negative electrode binder composition of the 
invention typically includes 500 to 1,700 parts by weight, 

20 and preferably 700 to 1,300 parts by weight, of the negative 

electrode active material and O to 70 parts by weight, and 

preferably 0 to 40 parts by weight, of the conductive 
material per 100 parts by weight or the thermoplastic resin.· 

Because the negative electrode binder composition of 
2s the invention provides good bonding of the negative active 

material particles and has a high adhesion to the negative 
electrode current collector, a negative electrode can be 

produced with the addition of only a small amount of 

thermoplastic resin (binder polymer). The high ionic 
30 conductivity of the binder composition when swollen with 

electrolyte solution lowers the internal resistance of the 

battery, thus enhancing the discharge characteristics at low 
temperatures. 

The negative electrode binder composition of the 

35 invention is generally used together with a dispersant in 

the form of a paste. Suitable dispersants include polar 

solvents such as N-methyl-2-pyrrolidone, dimethylformamide, 
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dimethylacetamide and dimethylsulfamide. The dispersant is 

typically added in an amount of about 30 to 300 parts by 

weight per 100 parts by weight of the negative electrode 

binder composition. 

5 No particular limitation is imposed on the method for 

shaping the negative electrode as a thin film, although it 

is preferable to apply the composition by a suitable means 

such as roller coating with an applicator roll, screen 

coating, doctor blade coating, spin coating or bar coating 

10 so as to form an active material layer having a uniform 

thickness after drying of 10 to 200 pm, and especially 50 to 
150 µm. 

It is advantageous for the thermoplastic resins used 

in the binder compositions for the positive electrode and 
15 the negative electrode to be resins having a glass 

transition temperature {Tg) which is lower than the freezing 
point {Fp) of the non-aqueous electrolyte used in the 

battery. Such resins are preferably thermoplastic resins 
having a swelling ratio, as defined above, of 150 to 800% 

20 and containing units of the formula -{CO(CH2 }.mO)n-. 

Thermoplastic polyurethane resins having a swelling ratio of 
150 to 800% and containing units of the formula 
-(CO{CH2 )mO)n- are especially preferred. 

By including the foregoing resin in an amount of 1 to 
25 100 % by weight within the binder compositions for the 

positive and negative electrodes, there can obtained 
electrodes in which the resin bonds well with the active 

material, and which ·exhibit an excellent ionic conductivity 
and a high mechanical strength. Such electrodes in turn 

30 ~ake it possible to produce batteries having good charge­

discharge cycle properties and a good low-temperature 

discharge capability. Even the addition of 1 to 20 % by 

weight of the above resin makes it possible to produce 

electrodes having good discharge characteristics, 

35 particularly at low temperatures, which in turn enables the 

production of batteries having a good low-temperature 

capability. 



The separator disposed between the resulting positive 

and negative electrodes is preferably (1) a separator 

prepared by impregnating a separator base with an 

electrolyte solution, or (2) the above-described gel 

5 electrolyte of the invention. The electrolyte solution used 

may be the same as that described above. 

Suitable examples of the separator base used in the 

first type of separator {1) include the following polymers: 

fluoropolymers, polyethers such as polyethylene oxide and 

10 polypropylene oxide. polyolefins such as polyethylene and 
polypropylene. polyacrylonitrile. polyvinylidene chloride, 

polymethyl methacrylate, polymethyl acrylate, polyvinyl 

alcohol, polymethacrylonitrile. polyvinyl acetate. polyvinyl. 
pyrrolidone, polyethyleneimine, polybutadiene, polystyrene, 

15 polyisoprene, polyurethane, and derivatives thereof. These 

may be used singly or as combinations of two or more 
thereof. A fluoropolymer is especially preferred. 

Illustrative examples of suitable fluoropolymers 
include polyvinylidene fluoride (PVDF), vinylidene fluoride-

20 hexafluoropropylene {HFP) copolymer {P{VDF-HFP)). vinylidene 

fluoride-chlorotrifluoroethylene (CTFE) copolymer {P(VDF­
CTFE)), vinylidene fluoride-hexafluoropropylene fluororubber 

(P{VDF-HFP)), vinylidene fluoride-tetrafluoroethylene­
hexafluoropropylene fluororubber (P(VDF-TFE-HFP)) and 

25 vinylidene fluoride-tetrafluoroethylene-perfluoro(alkyl 

vinyl ether) fluororubber. Vinylidene fluoride polymers 

have a vinylidene fluoride content of preferably at least 50 

wt %, and more preferably at least 70 wt %, but not more 
than about 97 wt %. Of these. polyvinylidene fluoride 

30 (PVDF), copolymers of vinylidene fluoride and 
hexafluoropropylene (P(VDF-HFP)), and copolymers of 

vinylidene fluoride and chlorotrifluoroethylene (P(VDF­

CTFE)) are preferred. The use of a cqpolymer is especially 

desirable because it lowers the crystallinity, thus allowing 

35 for easier impregnation as well as easier retention of the 

electrolyte solution. In the invention, use may be made of 

-26-



either a high-swelling polymer or a low-swelling polymer 

such as polyvinylidene fluoride. 

A filler may be added to the separator base. Any 

suitable filler which forms, together with the polymer 

5 making up the separator, a matrix having at the filler­

polymer interfaces fine pores in which the elec~rolyte 

solution can be impregnated may be used without particular 

limitation. The filler may be either an inorganic or 

organic material, and can have a broad range of physical 

10 characteristics such as particle shape and size, density and 

surface state. Exemplary fillers include both inorganic 

powders such as various oxides, carbonates and sulfates 

(e.g., silicon dioxide, titanium oxide, aluminum oxide, zinc 
oxide, calcium carbonate, calcium sulfate, tin oxide, 

15 chromium oxide, iron oxide, magnesium oxide, magnesium 
carbonate and magnesium sulfate), carbides (e.g., silicon 

carbide, calcium carbide) and nitrides (e.g., silicon 

nitride, titanium nitride); and organic powders composed of 
various types of polymer particles that do not form a 

20 compatible mixture with the polymer matrix. 
No particular limitation is imposed on the particle 

size of the filler, although the particle size is preferably 
not more than 10 µm, more preferably from 0.005 to 1 µm, and 

most preferably from 0.01 to 0.8 µm. The amount in which 

25 the filler is added to the polymer varies depending on the 

type of polymer used and the type of filler, although the 
addition of 5 to 100 parts by weight, and especially 30 to 
100 parts by weight, of filler per 100 parts by weight of 
the polymer is preferred. 

30 Alternatively, the above-described gel electrolyte 

according to the invention may be used as the separator. 

Such a gel electrolyte has a high ionic conductivity and a 

suitable swelling ratio. In addition, the polymer within 

the gel electrolyte has the same composition as the binder 

35 polymer used in the electrodes, thus helping to further 

lower the battery internal resistance. 
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---- ---------- -----------------------

Non-aqueous electrolyte batteries according to the 

invention are assembled by stacking (see FIG. 1), fan­

folding (FIG. 2), winding (FIG. 3) or forming into a coin­

like shape (FIG. 4) a cell assembly composed of a separator 

5 disposed between a positive electrode and a negative 

electrode, each of these components being prepared as 

described above, and placing the cell assembly within a 

battery housing such as a battery can or a laminate pack. 

The cell assembly is then filled with electrolyte solution. 

10 and the battery housing is mechanically sealed if it is a 

can or heat-sealed if it is a laminate pack. 
The electrolyte solution may be one composed of the 

ion-conductive salt and the solvent in which the ion­
conductive salt is soluble. If necessary, a reaction-

15 curable substance such as (meth)acrylate, an epoxy group­

bearing compound or a heat-curable urethane may be added and 
the solution reaction-cured. 

Because the binder compositions used in the positive 
and negative electrodes of the resulting non-aqueous 

20 electrolyte battery of the invention contain a resin 

constituent which bonds well with the active materials, have 
a high adhesion to the metal foil current collectors and are 
endowed with outstanding strength, and because the battery 

uses an ion-conductive composition containing a resin having 
25 a suitable swelling ratio in an electrolyte solution, 

problems such as the loss of binder composition from the 

electrodes and separation of the active material layer from 

the current collectors do not arise in assembly operations 
or during repeated charging and discharging. 

30 The non-aqueous electrolyte battery of the invention 

has excellent discharge load characteristics. Specifically, 

when a positive electrode current collector coated with a 

positive electrode binder composition composed primarily of 

the thermoplastic resin of the invention and a positive 

35 electrode active material is used as the positive electrode, 

metallic lithium is used as the negative electrode, the 

upper limit voltage during charging is set at 4.2 V, the 
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final voltage during discharging is set at 3 V, the current 

during charging is set at 0.5 mA/cm2 {equivalent to 0.2 C), 

and discharging is carried out at current levels of 0.5 

mA/cm2 (0.2 C) and 2.5 mA/cm2 (1.0 C), the battery has a 

5 discharge capacity when discharged at 2.5 mA/cm2 (1.0 C) 

which is at least 90%, and_preferably at least 95%, the 

discharge capacity when discharged at 0.5 mA/cm2 (0.2 C). 

Non-aqueous electrolyte batteries according to the 

·invention, such as lithium secondary cells and lithium ion 

10 secondary cells, are well-suited for use in a broad range of 

applications, including main power supplies and memory 

backup power supplies for portable electronic equipment such 

as camcorders, notebook computers, mobile phones and what 
are known as "personal handyphone systems" (PHS} in Japan, 

15 uninterruptible power supplies for equipment such as 

personal computers, in transport devices such as electric 
cars and hybrid cars, and together with solar cells as 

energy storage systems for solar power generation. 
The electrical double-layer capacitors according to 

20 other aspects of the invention are composed of a pair of 
polarizable electrodes, a separator disposed between the 
polarizable electrodes, and an electrolyte solution. Either 

or both of the pair of polarizable electrodes -~s made of a 

current collector coated with a polarizable electrode binder 

25 composition composed primarily of the thermoplastic resin of 

the invention and activated carbon. 
The above polarizable electrodes are produced by 

coating a current collector with a polarizable electrode 
binder composition prepared by dispersing primarily a 

30 thermoplastic resin and activated carbon in a solvent. By 

employing for this purpose a thermoplastic resin having a 

glass transition point {Tg) which is lower than the freezing 

point {Fp) of the electrolyte solution used in the 

electrical double-layer capacitor, electrodes can be 

35 produced which have excellent discharge characteristics at 

low temperatures. This in turn enables the production of 

-29-



electrical double layer capacitors having excellent low­

temperature characteristics. 

The thermoplastic resin used in the binder composition 

is preferably a thermoplastic resin which satisfies the 

s condition Fp > Tg. However. it is entirely conceivable that 

there will be cases where, owing to such factors as resin 

cost, handleability and mechanical strength, it may be 

impossible to use a binder composition in which 100 % by 

weight of the thermoplastic resin satisfies the condition Fp 
10 > Tg. In such cases, the low-temperature characteristics 

are improved even with the addition of 1 to 20 % by weight, 
and typically about 5 % by weight. based on the overall 

thermoplastic resin weight in the binder composition. of a 
thermoplastic resin which satisfies the condition F~ > Tg. 

15 Such resins are preferably thermoplastic resins having 
. . 

a swelling ratio, as defined above, of 150 to 800% and 

containing uni.ts of the formula -(CO(CH2 )mO)n-. 

Thermoplastic polyurethane resins havi.ng a swelling ratio of 
150 to 800% and containing uni.ts of the formula 

20 - (CO(CH2 )m0ln- are especi.ally preferred. 
Such polyurethanes are pref erred because they have a 

high i.onic conductivity when swollen with the electrolyte 
solution, they bond well with the activated carbon. and they 
increase adhesion of the binder composition to the metal 

25 surface of the current collector. The polari.zable 

electrodes can be produced by melting and blending a 

polarizable electrode bi.nder-composi.tion contai.ning 

primarily a thermoplastic resin and activated carbon, and 
extruding the melt as a film. 

30 Exemplary activated carbons include those manufactured 
from plant-based materials such as wood, sawdust, coconut 

shells and pulp spent liquor; fossil fuel-based materials 

such as coal and petroleum fuel oil, as well as fibers spun 

from coal or petroleum-based pitch obtained by the 

35 hydrolysi.s of such fossil fuel-based materials or from tar 

pitch; and synthetic polymers, phenol resins, furan resins. 

polyvinyl chloride resins, polyvinylidene chloride resins, 
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polyimide resins, polyamide resins, liquid-crystal polymers, 

plastic waste and reclaimed tire rubber. These starting 

materials are carbonized, then activated. There are two 

major kinds of activation processes: gas activation and 

5 chemical activation. In ·gas activation, the carbonized 

feedstock is catalytically reacted at an elevated 

temperature with an oxidizing gas such as steam, carbon 
dioxide or oxygen to form activated carbon. In chemical 

activation, the feedstock is uniformly impregnated with an 

10 activating chemical agent and heated in an inert gas 

atmosphere. The chemical agent induces a dehydrating and 

oxidizing reaction which produces an activated carbon. 

Examples of chemical agents that may be used for this 
purpose include zinc chloride, phosphoric acid, sodium 

15 phosphate, calcium chloride, potassium sulfate, potassium 

hydroxide, sodium hydroxide, potassium carbonate, sodium 
carbonate, sodium sulfate, potassium sulfate and calcium 

carbonate. The activated carbon may be in any of various 
forms, including ground or granulated particles, fibers, 

20 felt, woven fabric or sheet, any of which may be used in the 
present invention. Activated carbons prepared by chemical 
activation using potassium hydroxide are especially 

preferred because they tend to provide a larger · 

electrostatic capacitance than steam-activated product. 

·25 The amount of activated carbon included is 500 to 
10,000 parts by weight, and preferably 1,000 to 4,000 parts 

by weight, per 100 parts by weight of the thermoplastic 
resin. The addition of too much activated carbon may lower 
the bond strength of the polarizable electrode binder 

30 composition, resulting in poor adhesion to the current 

collector. On the other hand, too little activated carbon 

may have the effect of increasing the electrical resistance, 

and thus lowering the electrostatic capacitance, of the 

polarizable electrodes produced from the composition. 

35 In addition to the thermoplastic resin and the 

activated carbon described above, the polarizable electrode 
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binder composition may also include, if necessary, a 

conductive material. 

~he conductive material may be any suitable material 

capable of conferring electrical conductivity to the 

5 polarizable electrode binder composition. Illustrative 

examples include carbon black; Ketjenblack, acetylene black, 

carbon whiskers, carbon fibers, natural graphite, artificial 

graphite, titanium oxide, ruthenium oxide, and metallic 

fibers such as aluminum or nickel. Any one or combinations 
10 of two or more thereof may be used. Of these, Ketjenblack 

and acetylene black, which are both types of carbon black, 

are preferred. The average particle size of the conductive 

material powder is preferably 10 to 100 nm, and especially 

20 to 40 nm. 
15 The amount of conductive material included in the 

binder composition is preferably 0 to 300 parts by weight, 
and especially 50 to 200 parts by weight, per 100 parts by 

weight of the thermoplastic resin. The presence of too much 

conductive material in the composition reduces the 
20 proportion of the activated carbon, which may lower the 

electrostatic capacitance of the polarizable electrodes 
obtained from the composition. On the other hand, the 
addition of too little conductive material may fail to 
confer adequate electrical conductivity. 

25 Because the polarizable electrode binder composition 

of the invention provides good bonding of the activated 
carbon particles and has a high adhesion to the current 

collector, an electrode can be produced with the addition of 
only a small amount of the thermoplastic resin (binder 

30 polymer). The high ionic conductivity of the binder 

composition when swollen with electrolyte solution makes it 

possible to lower the internal resistance of the electrical 

double-layer capacitor. 

The polarizable electrode binder composition of the 

35 invention is generally used together with a diluting solvent 

in the form of a paste. Suitable diluting solvents include 

N-methyl-2-pyrrolidone, acetonitrile, tetrahydrofuran, 
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acetone. methyl ethyl ketone, 1,4-dioxane and ethylene 

glycol dimethyl ether. The diluting solvent is typically 

added in an amount of about 30 to 300" parts by weight per 

100 parts by weight of the polarizable electrode binder 

5 composition. 

No particular limitation is imposed on the method for 
shaping the polarizable electrode as a thin film, although 

it is preferable to apply the composition by a suitable 

means such as roller coating with an applicator roll, screen 

10 coating, doctor blade coating, spin coating or bar coating 

so as to form an activated carbon layer having a uniform 

thickness after drying of 10 to 500 µm, and especially 50 to 
400 µm. 

It is advantageous for the thermoplastic resin used in 

15 the polarizable electrode binder composition to be a resin 

having a glass transition temperature (Tg) which is lower 
than the freezing point (Fp) of the non-aqueous electrolyte 

used in the electrical double-layer capacitor. Such resins 
are preferably thermoplastic resins having a swelling ratio, 

20 as defined above, of 150 to 800% and containing units of the 

formula -(CO(CH2 )mO)n-· Thermoplastic polyurethane resins 
having a swelling ratio of 150 to 800% and containing units 

of the fo!lnuia ·-(CO(CH2 )m0ln- are especially preferred. 

By including the foregoing resin in an amount of 1 to 
25 100 %_by weight within the polarizable electrode binder 

composition, there can be obtained electrodes in which the 
resin bonds well with the activated carbon, and which 

exhibit an excellent ionic conductivity and a high 
mechanical strength. Such electrodes in turn make it 

30 possible to produce electrical double-layer capacitors 

having good charge-discharge cycle properties and a good 

low-temperature discharge capability. Even the addition of 

1 to 20 % by weight of the above resin makes it possible to 

produce electrodes having good discharge characteristics, 

35 particularly at low temperatures, which in turn enables the 

production of electrical double-layer capacitors having a 

good low-temperature capability. 
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The separator disposed between the resulting pair of 

polarizable electrodes is preferably (1) a separator 

prepared by impregnating a separator base with an 

electrolyte solution, or (2) the above-described gel 

5 electrolyte of the invention. 

Suitable examples of the separator base used in the 

first type of separator (1) include materials commonly used 

as a separator base in electrical double-layer capacitors. 

Illustrative examples include polyethylene nonwoven fabric, 

10 polypropylene nonwoven fabric, polyester nonwoven fabric, 
PTFE porous film, kfaft paper, sheet laid from a blend of 

rayon fibers and sisal fibers, manila hemp sheet, glass 

fiber sheet, cellulose-based electrolytic paper, paper made 

from rayon fibers, paper made from a blend of cellulose and 
15 glass fibers, and combinations thereof in the form of 

multilayer sheets. The electrolyte solution used may be the 
same as that in the above-described ion-conductive 
composition of the invention. 

Alternatively, the above-described gel electrolyte 
20 according to the invention may be used as the separator. 

Such a gel electrolyte has a high ionic conductivity and a 
suitable swelling ratio. In addition, the polymer within 
the gel electrolyte has the same composition as the binder 
polymer used in the electrodes, thus helping to further 

25 lower the internal resistance of the capacitor. 

Electrical double-layer capacitors according to the 

invention are assembled by stacking (see FIG. 1), fan­

folding (FIG. 2), winding (FIG. 3) or forming into a coin­
like shape (FIG. 4) an electrical double-layer capacitor 

30 assembly composed of a separator disposed between a pair of 
polarizable electrodes, and placing the assembly within a 

capacitor housing such as a capacitor can or a laminate 

pack. The assembly is then filled with electrolyte 

solution, and the capacitor housing is mechanically sealed 

35 if it is a can or heat-sealed if it is a laminate pack. 

The electrolyte solution may be one composed of the 

ion-conductive salt and the solvent in which the ion-
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conductive salt is soluble. If necessary, a reaction­
curable substance such as (meth)acrylate, an epoxy group­
bearing compound or a heat-curable urethane may be added and 
the solution reaction-cured. 

Because the polarizable electrode binder compositions 
used in the resulting electrical double-layer capacitor of 
the invention contain a resin constituent which bonds well 
with activated carbon and conductive materials, have a high 
adhesion to metal foil current collectors and are endowed 

10 with outstanding strength, and because the capacitor uses an 
ion-conductive composition containing a resin having a 
suitable swelling ratio in an electrolyte solution, problems 
such as the loss of binder composition from the polarizable 
electrodes and separation of the activated carbon layer from 

15 the current collectors do not arise in assembly operations 
or during repeated charging and discharging. 

Electrical double-layer capacitors according to the 
invention are well-suited for use in a broad range of 
applications, including memory backup power supplies for 

20 electronic equipment such as personal computers and wireless 
terminals, uninterruptible power supplies for computers and 
other equipment, in transport devices such as electric cars 
and hybrid cars, together with solar cells as energy storage 
systems for solar power generation, and in combination with 

25 batteries as load-leveling power supplies. 

EXAMPLES 
The following synthesis examples, examples of the 

invention and comparative examples are provided to 
30 illustrate the invention, and are not intended to limit the 

scope thereof. 

Synthesis Example 1 

A reactor equipped with a stirrer, a thermometer and a 
35 condenser was charged with 64.34 parts by weight of 

preheated and dehydrated polycaprolactone diol ( Praccel 
220N, made by Daicel Chemical Industries, Ltd.) and 28.57 
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parts by weight of 4,4'-diphenylmethane diisocyanate. The 

reactor contents were stirred and mixed for 2 hours at 120°C 

under a stream of nitrogen, following which 7.09 parts by 

weight of 1,4-butanediol was added to the mixture and the 

5 reaction was similarly effected at 120°C under a stream of 

nitrogen. When the reaction reached the point where the 

reaction product became rubbery, it was stopped. The 

reaction product was then removed.from the reactor and 

heated at 100°c for 12 hours. Once the isocyanate peak was 
10 confirmed to have disappeared from the infrared red 

absorption spectrum, heating was stopped, yielding a solid 

polyurethane resin. 

The resulting polyurethane resin had a weight-average 

molecular weight (Mw) of 1.71 x 105
• Eight parts by weight 

15 of the polyurethane resin was dissolved in 92 parts by 
weight of N-methyl-2-pyrrolidone to give a polyurethane 
resin solution. 

Synthesis Example 2 

20 A reactor equipped with a stirrer, a thermometer and a 
condensing tube was charged with 90.30 parts by weight of a 

preheated and dehydrated polyethylene glycol 6000 (PEG 6000-
s, made by Sanyo Chemical Industries, Ltd.) and 7.84 parts 
by weight of 4,4'-diphenylmethane diisocyanate. The reactor 

25 contents were stirred and mixed for 2 hours at 120°c under a 
stream of nitrogen, following which 1.86 parts by weight of 

1,4-butanediol was added to the mixture and the reaction was 

similarly effected at 120°C under a stream of nitrogen. 
When the reaction reached the point where the reaction 

30 product became rubbery, it was stopped. The reaction 

product was then removed from the reactor and heated at 

100°c for 12 hours. Once the isocyanate peak was confirmed 

to have disappeared from the inf rared red absorption 

spectrum, heating was stopped, yielding a solid polyurethane 

35 resin. 

The resulting polyurethane resin had a weight-average 

molecular weight {Mw) of 1.05 x 105
• Eight parts by weight 
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of the polyurethane resin was dissolved in 92 parts by 

weight of N-methyl-2-pyrrolidone to give a polyurethane 

resin solution. 

s Synthesis Example 3 

A reactor equipped with a stirrer, a thermometer and a 

condenser was charged with 61.88 parts by weight of a 

preheated and dehydrated ethylene oxide-propylene oxide 

copolymer {Unisafe DC-1800, made by NOF Corporation) and 

10 31.25 parts by weight of 4,4'-diphenylmethane diisocyanate. 

The reactor contents were stirred and mixed for 2 hours at 
120°C under a stream of nitrogen, following which 6.87 parts 
by weight of 1,4-butanediol was added to the mixture and the 

reaction was similarly effected at 120~C under a stream of 

15 nitrogen. When the reaction reached the point where the 
reaction product became rubbery, it was stopped. The 

reaction product was then removed from the reactor and 
heated at 100°c for 12 hours. Once the isocyanate peak was 
confirmed to have disappeared from the infrared red 

20 absorption spectrum, heating was stopped, yielding a solid 
polyurethane resin. 

The resulting polyurethane resin had a weight-average 

molecular weight {Mw) of 5.32 x 104
• Eight parts by weight 

of the polyurethane resin was dissolved in 92 parts by 
25 weight of N-methy1-2~pyrrolidone to give a polyurethane 

resin solution. 

Measurement of Glass Transition Temperature: 
The glass transition temperatures of the polyurethane 

30 resins prepared in Synthesis Examples 1 to 3 and of 

polyvinylidene fluoride {PVDF) were measured using a 

differential scanning calorimeter manufactured by MAC 

Science Co., Ltd. Measurement was carried out while cooling 

the fur~ace with liquid nitrogen. The rate of temperature 

35 rise during measurement was 5°C per minute from an initial 

temperature of -100°c. The polyurethane resin prepared in 

Synthesis Example 1 had a glass transition temperature of -
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39.5°C, the polyurethane resin prepared in Synthesis Example 
2 had a glass transition temperature of 68.3°C, the 
polyurethane resin prepared in Synthesis Example 3 had a 
glass transition temperature of -36.2°C, and the 

5 polyvinylidene fluoride had a glass transition temperature 
of -40°C. The properties of these resins are shown in Table 
1 below. 

10 

15 

Example 1 
The polyurethane resin solution prepared in Synthesis 

Example 1 was coated with a doctor blade so as to give a 
film thickness when dry of 30 µm, then dried under reduced 
pressure at 120°c for 2 hours to form a polyurethane resin 
film. 

The resulting polyurethane resin film was immersed for 
24 hours at 20°C in an electrolyte solution prepared by 
dissolving 1.35 moles of LiPF6 as the supporting salt in 1 
liter of a mixed solvent composed of ethylene carbonate, 
dimethyl carbonate and ethyl methyl carbonate in a 1:1:1 

20 volumetric ratio, thereby forming a gel electrolyte film. 

Measurement of Swelling Ratio: 

The weight of a 3 x 3 cm piece of the polyurethane 
resin film was measured, following which the polyurethane 

25 resin film was immersed in the electrolyte solution at 20°c 
for 24 hours. The polyurethane resin film was then taken 
out of the electrolyte solution and placed between sheets of 
filter paper to remove solution adhering to the film 
surface. The polyurethane resin film swollen with the 

30 electrolyte solution it had absorbed (which swollen film 
serves in the present context as an ion-conductive 
composition or a gel electrolyte film) was then weighed. 
These results were inserted in the following formula to 
calculate the swelling ratio. 
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swelling ratio = 
(%) 

weight in grams of swollen thermoplastic resin after 
24 hours immersion in electrolyte solution at 20°C (g) 

weight in grams of thermoplastic resin before 
immersion in electrolyte solution at 20°C (g) 

x 100 . 

The polyurethane resin film produced in Example 1 had a 
swelling ratio of 320%~ 

5 Measurement of Ionic Conductivity: 
The resulting gel electrolyte film was placed between 

two sheets of copper and the ionic conductivities at 25°C 
and -10°c were measured by the AC impedance method. The 
ionic conductivity at 25° C { crl) was 3. 9 x 10-3 Scm-1

, and the 

io ionic conductivity at -10° c { cr2) was 7. 5 x 10-4 Scm-1
• The 

ratio crl/cr2 was 5.2. 

Comparative Example 1 
The polyurethane resin solution prepared in Synthesis 

15 Example 2 was coated with a doctor blade so as to give a 
film thickness when dry of 30 µm, then dried under reduced 
pressure at 120°c for 2 hours to form a polyurethane resin 
film. 

The resulting polyurethane resin film was immersed for 
20 24 hours at 20°c in an electrolyte solution prepared by 

dissolving 1.35 moles of LiPF6 as the supporting salt in 1 
liter of a mixed solvent composed of ethylene carbonate, 
dimethyl carbonate and ethyl methyl carbonate in a 1:1:1 
volumetric ratio, thereby forming a gel electrolyte film. 

25 The swelling ratio of the polyurethane resin film, 
determined in the same way as for the polyurethane resin 
film produced in Example 1, of 1200%. The ionic 
conductivities of the gel electrolyte film, measured in the 
same way as for the gel electrolyte film in Example l, were 

30 5. o x 10-3 Scm-1 at 25° c ( crl) and 2. 2 x 10-4 Scm-1 at -10°.c 

(cr2). Hence, the ratio crl/cr2 was 22.7. 
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Example 2 

The polyurethane resin solution prepared in Synthesis 
Example 3 was coated with a doctor blade so as to give a 
film thickness when dry of 30 µm, then dried under reduced 

s pressure at 120°C for 2 hours to form a polyurethane resin 
film. 

The resulting polyurethane resin film was inunersed for 
24 hours at 20°c in an electrolyte solution prepared by 
dissolving 1.35 moles of LiPF6 as the supporting salt in 1 

10 liter of a mixed solvent co~posed of ethylene carbonate, 
dimethyl carbonate and ethyl methyl carbonate in a 1:1:1 
volumetric ratio, thereby forming a gel electrolyte film. 

The swelling ratio of the polyurethane resin film, 
determined in the same way as for the polyurethane resin 

15 film produced in Example 1, of 270%. The ~onic 
conductivities of the gel electrolyte film, measured in the 
same way as for the gel electrolyte film in Example 1, were 

20 

2.7 x 10·3 Scm·1 at 2s0 c (ol) and 4.7 x 10·4 Scm·1 at -10°c 

(o2). Hence, the ratio ol/o2 was 5.8. 

Comparative Example 2 
A solution prepared by dissolving 10 parts by weight 

of polyvinylidene fluoride in 90 parts by weight of N­
methyl-2-pyrrolidone was coated with a doctor blade so as to 

25 give a film thickness when dry of 30 µm, then dried under 
reduced pressure at 120°c for 2 hours to form a 
polyvinylidene fluoride resin film. 

The resulting polyvinylidene fluoride resin film was 
immersed for 24 hours at 20°c in an electrolyte solution 

30 prepared by dissolving 1.35 moles of LiPF6 as the supporting 
salt in 1 liter of a mixed solvent composed of ethylene 
carbonate, dimethyl carbonate and ethyl methyl carbonate in 
a 1:1:1 volumetric ratio, thereby forming a gel electrolyte 
film. 

35 The swelling ratio of the polyurethane resin film, 
determined in the same way as for the polyurethane resin 
film produced in Example 1, was 125%. The ionic 
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conductivities of the gel electrolyte film, measured in the 

same way as for the gel electrolyte film in Example 1, were 

4.8 x 10-s Scm-1 at 2s•c {ol) and 3.0 x 10-6 Scm-1 at -10°c 

(o2). Hence, the ratio ol/o2 was 16.0. 

Table 1 

Ionic Ionic 

Tg Swelling conductivity conductivity 
ratio at 25°C at -10° C (° C) (%) (<Jl) (02) 

CS/cm) (S/cm) 

Syn.Ex.1 Polycapro -39.5 320 3.9 x 10-3 7.5 x 10-4 

lactone PU 

Syn.Ex.2 PEG6000 PU 68.3 1200 5.0 x 10-3 2.2 x 10-4 

Syn.Ex.3 EO/PO PU -36.2 270 2.7 x 10-3 4.7 x 10-4 

PVDF -40.0 125 4.8 x 10-s 3.0 x 10-6 

Example 3 

<Jl/<J2 

5.2 

22.7 

5.8 

16.0 

10 Secondary Cell ( 1) 

Fabrication of Positive Electrode: 

Ninety parts by weight of LiCo02 as the positive 
electrode active material, 6 parts by weight of Ketjenblack 

as the conductive material, 50 parts by weight of the 
15 polyurethane resin solution prepared in Synthesis Example 1, 

and 10 parts by weight of N-methyl-2-pyrrolidone were 
stirred and mixed to give a paste-like positive electrode 

binder composition. The composition was coated onto 
aluminum foil with a doctor blade so as to give a film 

20 thickness when dry of 100 µm, then dried at ao•c for 2 hours 

to form a positive electrode. 

Fabrication of Negative Electrode: 

Ninety-four parts by weight of mesocarbon microbeads 

2s {MCMB6-28, produced by Osaka Gas Chemicals Co., Ltd.) as the 

negative electrode active material, 75 parts by weight of 

the polyurethane resin solution prepared in Synthesis 
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Example l, and 20 parts by weight of N-methyl-2-pyrrolidone 
were stirred and mixed to give a paste-like negative 
electrode binder composition. The composition was coated 
onto copper foil with a doctor blade so as to give a film 

5 thickness when dry of 100 µm, then dried at 80°C for 2 hours 
to form a negative electrode. 

A separator was formed by immersing a separator base 
(a film having a three-layer PP/PE/PP structure) in an 
electrolyte solution prepared by dissolving 1.35 moles of 

10 LiPF6 as the supporting salt in 1 liter of a mixed solvent 
composed of ethylene carbonate, dimethyl carbonate and ethyl 
methyl carbonate in a 1:1:1 volumetric ratio. The separator 
was placed between the positive and_ negative electrodes 
fabricated above, following which the resulting cell 

15 assembly was filled with electrolyte solution, giving a 
coin-type secondary cell like that shown in FIG. 4. 

The coin-type secondary cell of Example 3 was 
subjected to a 50-cycle charge/discharge test conducted at a 
constant current density of 0.5 mA/cm2 in which the upper 

20 limit voltage during charging was set at 4.2 V and discharge 
was carried out to a final voltage of 3 v. Following 
completion of the charge/discharge test, the coin-type 
secondary cell showed no loss of binder composition from 
either the positive or negative electrode, and no separation 

· 25 of the active material layers from the current collectors. 

Example 4 

Secondary Cell (2) 
Aside from using the gel electrolyte film fabricated 

30 in Example 1 as the separator, a coin-type secondary cell 
like that shown in FIG. 4 was produced in the same manner as 
in Example 3. 

The coin-type secondary cell of Example 4 was 
subjected to a 50-cycle charge/discharge test conducted at a 

35 constant current density of 0.5 mA/cm2 in which the upper 
limit voltage during charging was set at 4.2 V and discharge 
was carried out to a final voltage of 3 V. Following 
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5 

completion of the charge/discharge test, the coin-type 

secondary cell showed no loss of binder composition from 

either the positive or negative electrode, and no separation 

of the active material layers from the current collectors. 

Example 5 

Secondary Cell (3) 

A coin-type secondary cell was produced as in Example 

3 using the positive electrode fabricated in Example 3 and 

10 using metallic lithium as the negative electrode. 
The discharge load characteristics and low-temperature 

characteristics of the resulting coin-type secondary cell of 

Example 5 wer~ evaluated as described below. 

15 Discharge Load Characteristics: 
The upper limit voltage during charging was set at 4.2 

V, the final voltage during discharging was set at 3 V, the 
current during charging was set at 0.5 mA/cm2 (equivalent to 
0.2 C), and discharging was carried out at current levels of 

20 O • 5 mA/ cm2 
( O . 2 C) and 2. 5 IDA/ cm2 

( 1. O C) • The two discharge 
curves shown in FIG. 5 were obtained for the coin-type 

secondary cell produced in Example 5. These results 

indicate that this secondary cell had a discharge capacity 
when discharged at 2.5 mA/cm2 (1.0 C) which was 96.4% the 

2.5 discharge capacity when discharged at o. 5 mA/ cm2 
( o. 2 c) . 

Low-Temperature Characteristics: 
The coin-type secondary cell of Example 5 was 

subjected to charging and discharging at temperatures of 

30 25°C and -10°C and a constant current density of 0.5 mA/cm2
, 

in which the upper limit voltage during charging was set at 

4.2 V and discharge was carried out to a final voltage of 3 

V. The two discharge curves shown in FIG. 6 were obtained. 

The results indicate that this secondary cell had a 

35 discharge capacity when discharged at -10°c which was 93.4% 

the discharge capacity when discharged at 25°C. 
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Example 6 

Secondary Cell (4) 
Fabrication of Positive Electrode: 

Ninety parts by weight of LiCo02 as the positive 
5 electrode active material, 6 parts by weight of Ketjenblack 

as the conductive material, 25 parts by weight of the 
polyurethane resin solution prepa~ed in Synthesis Example l, 
20 parts by weight of a solution of 10 parts by weight of 
polyvinylidene fluoride in 90 parts by weight of N-methyl-2-

10 pyrrolidone, and 15 parts by weight of N-methyl-2-
pyrrolidone were stirred and mixed to give a paste-like 
positive electrode binder composition. The composition was 
coated onto aluminum foil with a doctor blade so as to give 
a film thickness when dry of 100 µm, then dried at 80°C for 

15 2 hours to form a positive electrode. 

Fabrication of Negative Electrode: 
Ninety-four parts by weight of mesocarbon microbeads 

(MCMB6-28, produced by Osaka Gas Chemicals Co., Ltd.) as the 
20 negative electrode active material, 37.5 parts by weight of 

the polyurethane resin solution prepared in Synthesis 
Example 1, 30 parts by weight of a solution of 10 parts by 
weight of polyvinylidene fluoride in 90 parts by weight of 
N-methyl-2-pyrrolidone, and 28 parts by weight of N-methyl-

25 2-pyrrolidone were stirred and mixed to give a paste-like 
negative electrode binder composition. The composition was 
coated onto copper foil with a doctor blade so as to give a 
film thickness when dry of 100 µm, then dried at ao•c for 2 
hours to form a negative electrode. 

30 A separator was formed by immersing a separator base 
(a film having a three-layer PP/PE/PP structure) in an 
electrolyte solution prepared by dissolving 1.35 moles of 
LiPF6 as the supporting salt in 1 liter of a mixed solvent 
composed of ethylene carbonate, dimethyl carbonate and ethyl 

35 methyl carbonate in .a· 1:1:1 volumetric ratio. The separator 
was placed between the positive and negative electrodes 
fabricated above, following which the resulting cell 
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assembly was filled with electrolyte solution, giving a 
coin-type secondary cell like that shown in FIG. 4. 

The coin-type secondary cell of Example 6 was 
subjected to a 50-cycle charge/discharge test conducted at a 

5 constant current density of 0.5 mA/cm2 in which the upper 
limit voltage during charging was set at 4.2 V and discharge 
was carried out to a final voltage of 3 V. Following 
completion of the charge/discharge test, the coin-type 
secondary cell showed no loss of binder composition from 

10 either the positive or negative electrode, and no separation 
of the active material layers from the current collectors. 

Example 7 
Secondary Cell (5) 

15 Aside from using the gel electrolyte film fabricated 
in Example 1 as the separator, a coin-type secondary cell 
like that shown in FIG. 4 was produced in the same manner as 
in Example 6. 

The coin-type secondary cell of Example 7 was 
20 subjected to a 50-cycle charge/discharge test conducted at a 

constant current density of 0.5 mA/cm2 in which the upper 
limit voltage during charging was set at 4.2 V and discharge 
was carried out to a final voltage of 3 v. Following 
completion of the charge/discharge test, the coin-type 

25 secondary cell showed no loss of binder composition from 
either the positive or negative elect~ode, and no separation 
of the active material layers from the current collectors. 

Example 8 

30 Secondary Cell ( 6) 
Fabrication of Positive Electrode: 

Ninety-two parts by weight of LiCo02 as the positive 
electrode active material, 4 parts by weight of Ketjenblack 
as the conductive material, 2.5 parts by weight of the 

35 polyurethane resin solution prepared in Synthesis Example 1, 
38 parts by weight of a solution of 10 parts by weight of 
polyvinylidene fluoride in 90 parts by weight of N-methyl-2-
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pyrrolidone, and 18 parts by weight of N-methyl-2-
pyrrolidone were stirred and mixed to give a paste-like 
positive electrode binder composition. The composition was 
coated onto aluminum foil with a doctor blade so as to give 

5 a film thickness when dry of 100 µm, then dried at 80°C for 
2 hours to form a positive electrode. 

Fabrication of Negative Electrode: 
Ninety-four parts by weight of mesocarbon microbeads 

10 (MCMB6-28, produced by Osaka Gas Chemicals Co., Ltd.) as the 
negative electrode active material, 3.75 parts by weight of 
the polyurethane resin solution prepared in Synthesis 
Example l, 57 parts by weight of a solution of 10 parts by 
weight of polyvinylidene fluoride in 90 parts by weight of 

15 N-methyl-2-pyrrolidone, and 30 parts by weight of N-methyl-
2-pyrrolidone were stirred and mixed to give a paste-like 
negative electrode binder composition. The composition was 
coated onto copper foil with a doctor blade so as to give a 
film thickness when dry of 100 µm, then dried at 80°C for 2 

20 hours to form a negative electrode. 
A separator was formed by immersing a separator base 

(a film having a three-layer PP/PE/PP structure) in an 
electrolyte solution prepared by dissolving 1.35 moles of 
LiPF6 as the supporting salt in 1 liter of a mixed solvent 

25 composed of ethylene carbonate, dimethyl carbonate and ethyl 
methyl carbonate in a 1:1:1 volumetric ratio. The separator 
was placed between the positive and negative electrodes 
fabricated above, following which the resulting cell 
assembly was filled with electrolyte solution, giving a 

30 coin-type secondary cell like that shown in FIG. 4. 
The coin-type secondary cell of Example 8 was 

subjected to a 50-cycle charge/discharge test conducted at a 
constant current density of 0.5 mA/cm2 in which the upper 
limit voltage during charging was set at 4.2 V and discharge 

35 was carried out to a final voltage of 3 v. Following 
completion of the charge/discharge test, the coin-type 
secondary cell. showed no loss of binder composition from 
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either the positive or negative electrode. and no separation 
of the active material layers from the current collectors. 

Example 9 
5 Secondary Cell (7) 

10 

Aside from using the gel electrolyte film fabricated 
in Example 1 as the separator. a coin-type secondary cell 
like that shown in FIG .. 4 was produced in the same manner as 
in Example 8. 

The coin-type secondary cell of Example 9 was 
subjected to a 50-cycle charge/discharge test conducted at a 
constant current density of 0.5 mA/cm2 in which the upper 
limit voltage during charging was set at 4.2 V and discharge 
was carried out to a final voltage of 3 V. Following 

15 completion of the charge/discharge test. the coin-type 
secondary cell showed no loss of binder composition from 
either the positive or negative electrode. and no separation 
of the active material layers from the current collectors. 

20 Comparative Example 3 

Secondary Cell (8) 
Fabrication of Positive Electrode: 

Ninety parts by weight of LiCo02 as the positive 
electrode active material. 6 parts by weight of Ketjenblack 

25 as the conductive material. 50 parts by weight of the 
polyurethane resin solution prepared in Synthesis Example 2, 
and 10 parts by weight of N-methyl-2-pyrrolidone were 
stirred and mixed to give a paste-like positive electrode 
binder composition. The composition was coated onto 

30 aluminum foil with a doctor blade so as to give a film 
thickness when dry of 100 µm, then dried at 80°C for 2 hours 
to form a positive electrode. 

Fabrication of Negative Electrode: 
35 Ninety-four parts by weight of mesocarbon microbeads 

(MCMB6-28, produced by Osaka Gas Chemicals Co., Ltd.) as the 
negative electrode active material, 75 parts by weight of 
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the polyurethane resin solution prepared in Synthesis 

Example 2, and 20 parts by weight of N-methyl-2-pyrrolidone 

were stirred and mixed to give a paste-like negative 

electrode binder composition. The composition was coated 

5 onto copper foil with a doctor blade so as to give a film 

thickness when dry Of 100 µm, then "dried at 80°C for 2 hours 

to form a negative electrode. 

A separator was formed by immersing a separator base 

(a film having a three-layer PP/PE/PP structure) in an 
10 electrolyte solution prepared by dissolving 1.35 moles of 

LiPF6 as the supporting salt in 1 liter of a mixed solvent 

composed of ethylene carbonate, dimethyl carbonate and ethyl 

methyl carbonate in a 1:1:1 volumetric ratio. The separator 

was placed between the positive and negative electrodes 

15 fabricated above, following which the resulting cell 
assembly was filled with the electrolyte solution, giving a 
coin-type secondary cell like that shown in FIG. 4. 

_The coin-type secondary cell of Comparative Example 3 
was subjected to a 50-cycle charge/discharge test conducted 

20 at a constant current density of 0.5 mA/cm2 in which the 

upper limit voltage during charging was set at 4.2 V and 
discharge was carried out to a final voltage of 3 V. 
Following completion of the charge/discharge test, the coin­

type secondary cell exhibited the loss of a large amount of . 
25 binder composition from the positive and negative electrodes 

and the separation of a large amount of the active material 

layers from the current collectors. 

Example 10 

30 Secondary Cell { 9) 

Positive and negative electrodes were fabricated in 

the same way as in Example 9. A separator was formed by 

immersing a separator base (a film having a three-layer 

PP/PE/PP structure) in an electrolyte solution prepared by 

35 dissolving 1.35 moles of LiPF6 as the supporting salt in 1 

liter of a mixed solvent composed of ethylene carbonate, 

diethyl carbonate. propylene carbonate and vinylene 
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carbonate in a 35:50:13:2 volumetric ratio. The separator 

was placed between the positive and negative electrodes 

fabricated above, following which the resulting cell 

assembly was filled with the electrolyte solution, giving a 

5 coin-type secondary cell like that shown in FIG. 4. 

The coin-type secondary cell of Example 10 was 

subjected to a charge/discharge test conducted at a constant 

current density of 0.5 mA/cm2 in which the upper limit 

voltage during charging was set at 4.2 V and discharge was 

10 carried out to a final voltage of 3 v. In this case. 

discharge was carried out at both 25°C and -10°c. The ratio 

of the discharge capacity when discharged at -10°c to the 

discharge capacity when discharged at 25°C was 87.6%. 

15 Example 11 

Secondary Cell (10) 
Fabrication of Positive Electrode: 

Ninety-two parts by weight of LiCo02 as the positive 
electrode active material, 4 parts by weight of Ketjenblack 

20 as the conductive material, 0.5 part by weight of the 

polyurethane resin solution prepared in Synthesis Example l, 

39.6 parts by· weight of a solution of 10 parts by weight of 
polyvinylidene flu9ride in 90 parts by weight of N-methyl-2-
pyrrolidone, and 19 parts by weight of N-methyl-2-

25 pyrrolidone were stirred and mixed to give a paste-like 

positive electrode binder composition. The composition was 

coated onto aluminum foil with a doctor blade so as to give 

a film thickness when dry of 100 µm. then dried at 80°C for 
2 hours to form a positive electrode. 

30 

Fabrication of Negative Electrode: 

Ninety-four parts by weight of mesocarbon microbeads 

(MCMB6-28, produced by Osaka Gas Chemicals Co., Ltd.) as the 

negative electrode active material, 0.75 part by weight of 

35 the polyurethane resin solution prepared in Synthesis 

Example l, 59.4 parts by weight of a solution of 10 parts by 

weight of polyvinylidene fluoride in 90 parts by weight of 
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N-methyl-2-pyrrolidone, and 30 parts by weight of N-methyl-

2-pyrrolidone were stirred and mixed to give a paste-like 

negative electrode binder composition. The composition was 

coated onto copper foil with a doctor blade· so as to give a 

5 film thickness when dry of 100 µm, then dried at 80°C for 2 

hours to form a negative electrode. 

A separator was formed by imme~sing a separator base 

(a film having a three-layer PP/PE/PP structure) in an 

electrolyte solution prepared by dissolving 1.35 moles of 

10 LiPF6 as the supporting salt in 1 liter of a mixed solvent 

composed of ethylene carbonate, diethyl carbonate, propylene 

carbonate and vinylene carbonate in a 35:50:13:2 volumetric 
ratio. The separator was placed between the positive-and 

negative electrodes fabricated above, following which the 
1s resulting cell assembly was filled with the electrolyte 

solution, giving a coin-type secondary cell like that shown 

in FIG. 4. 

The coin-type secondary cell of Example 11 was 
subjected to a charge/discharge test conducted at a constant 

20 current density of 0.5 mA/cm2 in which the upper limit 

voltage during charging was set at 4.2 V and discharge was 
carried out to a final voltage of 2.75 V. In this case, 
discharge was carried out at both 25°C and -10°c. The ratio 

of the discharge capacity when discharged at -10°c to the 

25 discharge capacity when discharged at 25°C was 75.2%. 

30 

Example 12 

Secondary Cell (11) 
Fabrication of Positive Electrode: 

Ninety-two parts by weight of LiCo02 as the positive 
electrode active material, 4 parts by weight of Ketjenblack 

as the conductive material, 2.5 part by weight of the 

polyurethane resin solution prepared in Synthesis Example 3, 

38 parts by·weight of a solution of 10 parts by weight of 

35 polyvinylidene fluoride in 90 parts by weight of N-methyl-2-

pyrrolidone, and 18 parts by weight of N-methyl-2-

pyrrolidone were stirred and mixed to give a paste-like 
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5 

positive electrode binder composition. The composition was 

coated onto aluminum foil with a doctor blade so as to give 

a film thickness when dry of 100 µm, then dried at 80°C for 

2 hours to form a positive electrode. 

Fabrication of Negative Electrode: 

Ninety-four parts by weight of mesocarbon microbeads 

(MCMB6-28, produced by Osaka Gas Chemicals Co., Ltd.) as the 

negative electrode active material, 3.75 parts by weight of 

10 the polyurethane resin solution prepared in Synthesis 

Example 3, 57 parts by weight of a solution of 10 parts by 

weight of polyvinylidene fluoride in 90 parts by weight of 

N-methyl-2-pyrrolidone, and 30 parts by weight of N-methyl-
2-pyrrolidone were stirred and mixed to give a paste-like 

15 negative electrode binder composition. The composition was 
coated onto copper foil with a doctor blade so as to give a 

film thickness when dry of 100 µm, then dried at 80°C for 2 

hours to form a negative electrode. 

A separator was formed by immersing a separator base 
20 (a film having a three-layer PP/PE/PP structure) in an 

electrolyte solution prepared by dissolving 1.35 moles of 
LiPF6 as the supporting salt in 1 liter of a mixed solvent 
composed of ethylene carbonate, diethyl carbonate, propylene 

carbonate and vinylene carbonate in a 35:50:13:2 volumetric 
25 ratio. The separator was placed between the positive and 

negative electrodes fabricated above, following which the 

resulting cell assembly was filled with the electrolyte 

solution, giving a coin-type secondary cell like that shown 
in FIG. 4. 

30 The coin-type secondary cell of Example 12 was 

subjected to a charge/discharge test conducted at a constant 

current density of 0.5 mA/cm2 in which the upper limit 

voltage during charging was set at 4.2 V and discharge was 

carried out to a final voltage of 2.75 V. In this case, 

35 discharge was carried.out at both 25°C and -10°c. The ratio 

of the discharge capacity when discharged at -10°c to the 

discharge capacity when discharged at 25°C was 81.3%. 
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Comparative Example 4 

Secondary Cell (12) 

Fabrication of Positive Electrode: 

Ninety-two parts by weight of LiCo02 as the positive 

5 electrode active material, 4 parts by weight of Ketjenblack 

as.the conductive material, 40 parts by weight of a solution 

of 10 parts by weight of polyvinylidene fluoride in 90 parts 

by weight of N-methyl-2-pyrrolidone, and 18 parts by weight 

of N-methyl-2-pyrrolidone were stirred and mixed to give a 

10 paste-like positive electrode binder composition. The 

composition was coated onto aluminum foil with a doctor 

blade so as to give a film thickness when dry of 100 µm, 

then dried at so0 c for 2 hours to form a positive electrode. 

Fabrication of Negative Electrode: 
15 Ninety-four parts by weight of mesocarbon microbeads 

(MCMB6-28, produced by Osaka Gas Chemicals Co.~ Ltd.) as the 
negative electrode active material, 60 parts by weight of a 

solution of 10 parts by weight of polyvinylidene fluoride in 
90 parts by weight of N-methyl-2-pyrrolidone, and 30 parts 

20 by weight of N-methyl-2-pyrrolidone were stirred and mixed 
to give a paste-like negative electrode binder composition. 
The composition was coated onto copper foil with a doctor 
blade so as to give a film thickness when dry of 100 µm, 

then dried at ao0 c for 2 hours to form a negative electrode. 
25 A separator was formed by inunersing a separator base 

(a film having a three-layer PP/PE/PP structure) in an 
electrolyte solution prepared by dissolving 1.35 moles of 

LiPF6 as the supporting salt in 1 liter of·a mixed solvent 
composed of ethylene carbonate, diethyl carbonate, propylene 

30 carbonate and vinylene carbonate in a 35:50:13:2 volumetric 

ratio. The separator was pl~ced between the positive and 

negative electrodes fabricated above, following which the 

resulting cell assembly was filled with the electrolyte 

solution, giving a coin-type secondary cell like that shown 

35 in FIG. 4. 

The coin-type secondary cell of Comparative Example 4 

was subjected to a charge/discharge test conducted at a 
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constant current density of 0.5 mA/cm2 in which the upper 

limit voltage during charging was set at 4.2 V and discharge 

was carried out to a final voltage of 2.75 V. In this case, 

discharge was carried out at both 25°C and -10°c. The ratio 

s of the discharge capacity when discharged at -10°c to the 

discharge capacity when discharged at 25°C was 60.8%. 

The composition and properties of the various 

secondary cells produced in the above examples are 

summarized in Table 2 below. 
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Table 2 

Loss of Low 

Positive Negative binder temper- Rate 

electrode Separator electrode Electrolyte composition ature capa-
and capa- bility binder binder electrode bil.ity (t) 

separation (t) 

Example 3 Polycapro Polycapro EC/EMC/DMC (secondary lactone PU PP/PE/PP lactone PU (1:1:1) none 
cell 1) 

Example 4 Polycapro 
Polycapro lactone PU Polycapro EC/EMC/DMC (secondary lactone PU electrolyte lactone PU (1:1:1) none 

cell. 2) film 

Example S None 
Polycapro (lithium EC/BMC/DMC (secondary J.actone PU PP/PE/PP negative (1:1:1) none 93.4 96.4 

cell. 3) electrode) 

Example 6 Polycapro Polycapro 
lactone PU l.actone PU EC/EMC/DMC (secondary (SO wU) + PP/PE/PP (SO wtt) + (1:1:1) none 

cell 4) PVDF (SO wU) PVDF (50 wU) 

Exampl.e 7 Pol.ycapro Polycapro Pol.ycapro 
l.actone PU lactone PU lactone PU EC/EMC/DMC (secondary- (SO wtt) + electrolyte (SO wt%)"+ (1:1:1) none 

cell S) PVDP (50 wU) film PVDP (SO wtt) 

Example 8 Pol.ycapro Pol.ycapro 
lactone PU l.actone PU EC/EMC/DMC (secondary (S wU) + PP/PE/PP (5 wU) + (hl:l) none 

cell 6) PVDF (95 WU) PVDP (95 wU) 

Example 9 Polycapro Polycapro Polycapro 
lactone PU lactone PU lactone PU EC/EMC/DMC (secondary (S wU) + electrolyte (S wt%) + (1:1:1) none 

cell 7) PVDP (9S WU) film PVDP (95 wU) 

Comparative 
Example 3 PEG6000 PU PP/PE/PP PEG6000.PU EC/EMC/DMC yes (secondary (1:1:1) 
cell. 8) 

Example 10 Polycapro Polycapro 
J.actone PU l.actone PU BC/DEC/PC/VC (secondary (5 wt%) + PP/PE/PP (S wtt) + (35:50:13:2) none 87.6 

cell 9) PVDP (95 wU) PVDP (95 wU) 

Example 11 Polycapro Polycapro 
lactone PU lactone PU EC/DBC/PC/VC (secondary (l WU) + PP/PE/PP (1 wU) + (35:50:13:2) none 7S.2 

cell 10) PVDP (99 wt%) PVDF (99 WU) 

Example 12 BO/PO-PU BC/DEC/PC/VC (secondary (5 WU) + PP/PE/PP (35:50:13:2) norie 81.3 
cell. 11) PVdP (95 WU) 

Comparative 
Example 4 PVDF PP/PB/PP PVDF BC/DBC/PC/VC none 60.8 .(secondary (35:50:13:2) 
cell 12) 

Low-temperature capability (%}: (discharge capacity at -lO"C}/ 
(discharge capacity at 2s•c) x 100 

5 Rate capability {%): {Discharge capacity at 1.0 C)/ 
(discharge capacity at 0.2 C) x 100 
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Example 13 

Electrical Double-Layer Capacitor (1) 

Fabrication of Polarizable Electrodes: 

Eighty-five parts by weight of activated carbon 

5 {MSP15, produced by Kansai Netsukagaku KK), 10 parts by 

weight of acetylene black, 62.5 parts by weight of the 

polyurethane resin solution prepared in Synthesis Example 1, 

and 155 parts by weight of N-methyl-2-pyrrolidone were 

stirred and mixed to give a paste-like polarizable electrode 

10 binder composition. The composition was coated onto 

aluminum foil with a doctor blade so as to give a film 

thickness when dry of 200 µm, then dried at 80°C for 2 hours 

to form polarizable electrodes. 
A separator was formed by immersing a separator base 

15 (polytetrafluoroethylene) in an electrolyte solution 
prepared by dissolving 1 mole of tetraethylammonium 
tetrafluoroborate as the supporting salt in 1 liter of 
propylene carbonate. The separator was placed between a 

pair of the polarizable electrodes fabricated above, 
20 following which the resulting capacitor assembly was filled 

with the electrolyte solution, giving a coin-type electrical 

double-layer capacitor like that shown in FIG. 4. 

The coin-type electrical double-layer capacitor of 
Example 13 was subjected to a 50-cycle charge/discharge test 

25 conducted at a constant ?Urrent density of 1.5 mA/cm2 in 
which the upper limit voltage during charging was set at 2.5 

V and discharge was carried out to a final voltage of O V. 
Following completion of the charge/discharge test, the coin­
type electrical double-layer capacitor showed no loss of 

30 binder composition from either of the polarizable 

electrodes, and no separation of the activated carbon layer 

from the current collectors. 

Example 14 

35 Electrical Double-Layer Capacitor (2) 

Aside from using the gel electrolyte film fabricated 

in Example 1 as the separator, a coin-type electrical 
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double-layer capacitor like that shown in FIG. 4 was 

produced in the same manner as in Example 13. 

The coin-type electrical double-layer capacitor of 

Example 14 was subjected to a 50-cycle charge/discharge test 

5 conducted at a constant current density of 1. 5 mA/cm2 in 

which the upper limi·t voltage during charging was set at 2. 5 

V and discharge was carried out to a final voltage of o v. 
Following completion of the charge/discharge test, the coin­

type electrical double-layer capacitor showed no loss of 

10 binder composition from the polarizable electrodes, and no 

separation of the activated carbon layer from the current 
collectors. 

Comparative Example 5 

15 Electrical Double-Layer Capacitor (3) 

Fabrication of Polarizable Electrodes: 
Eighty-five parts by weight of activated carbon 

(MSP15, produced by Kansai Netsukagaku KK), 10 parts by 
weight of acetylene black, 62.5 parts by weight of the 

20 polyurethane resin solution prepared in Synthesis Example 2, 
and 155 parts by weight of N-methyl-2-pyrrolidone were 

stirred and mixed to give a paste-like polarizable electrode 
binder composition. · "The composition was coated onto 

aluminum foil with a doctor blade so as to give a film 
25 thickness when dry of 200 µm, then dried at 80°C for 2 hours 

to form polarizable electrodes. 

A separator was formed by immersing a separator base 

(polytetrafluoroethylene) in an electrolyte solution 
prepared by dissolving 1 mole of tetraethylammonium 

30 tetrafluoroborate as the supporting salt in 1 liter of 
propylene carbonate. The separator was placed between a 

pair of the polarizable electrodes fabricated above, 

following which the resulting capacitor assembly was filled 

with the electrolyte solution, giving a coin-type electrical 

35 double-layer capacitor like that shown in FIG. 4. 

The coin-type electrical double-layer capacitor of 

Comparative Example 5 was subjected to a 50-cycle 
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charge/discharge test conducted at a constant current 

density of·l.5 mA/cm2 in which the upper limit voltage 

during charging was set at 2.5 V and discharge was carried 

out to a final voltage of O v. Following completion of the 

5 charge/discharge test, the coin-type electrical double-la~er 

capacitor exhibited the loss of a large amount of binder 

composition from the polarizable electrodes, and the 

separation of a large amount of the activated carbon layers 

from the current collectors. 
10 

Example 15 

Electrical Double-Layer Capacitor (4) 

Fabrication of Activated Carbon Electrodes: 

Ninety parts by weight of activated carbon (MSP15, 
15 produced by Kansai Netsukagaku KK), 5 parts by weight of 

acetylene black, 3.125 parts by weight of the polyurethane 

resin solution prepared in Synthesis Example l, 47.5 parts 
by weight of a solution of 10 parts by weight of 
polyvinylidene fluoride in 90 parts by weight of N-methyl-2-

20 pyrrolidone, and 155 parts by weight of N-methyl-2-

pyrrolidone were stirred and mixed to give a paste-like 
polarizable electrode binder composition. The composition 

was coated onto aluminum foil with a doctor blade so as to 
give a film thickness when dry of 200 µm, then dried at ao•c 

25 for 2 hours to form a polarizable electrode. 

A separator was formed by immersing a separator base 

(polytetrafluoroethylene} in an electrolyte solution 

prepared by dissolving 1 mole of tetraethylammonium 
tetrafluoroborate as the supporting salt in 1 liter of 

30 propylene carbonate. The separator was placed between a 

pair of the polarizable electrodes fabricated above, 

following which the resulting capacitor assembly was filled 

with the electrolyte solution, giving a coin-type electrical 

double-layer capacitor like that shown in FIG. 4. 

35 The coin-type electrical double-layer capacitor of 

Example 15 was subjected to a charge/discharge test 

conducted at a constant current density of 1.5 mA/cm2 in 
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which the upper limit voltage during charging was set at 2.5 

V and _discharge was carried out to a final voltage of O v. 
In this case, discharge was carried out at both 25°C and 

-10°c. The ratio of the discharge energy when discharged at 

5 -10°c to the discharge energy when discharged at 25°C was 

80.2%. 

Comparative Example 6 

Electrical Double-Layer Capacitor (5) 

10 Fabrication of Activated Carbon Electrodes: 
Ninety parts by weight of activated carbon (MSP15, 

produced by Kansai Netsukagaku KK), 5 parts by weight of 

acetylene black, 50 parts by weight of a solution of 10 
parts by weight of polyvinylidene fluoride in 90 parts by 

15 weight of N-methyl-2-pyrrolidone. and 155 parts by weight of 

N-methyl-2-pyrrolidone were stirred and mixed to give a 
paste-like polarizable electrode binder composition. The 

composition was coated onto aluminum foil with a doctor 
blade so as to give a film thickness when dry of 200 µm, 

20 then dried at 80°C for 2 hours to form polarizable 
electrodes. 

A separator was formed by immersing a separator base 

(polytetrafluoroethylene) in an electrolyte solution 

prepared by dissolving 1 mole of tetraethylammonium 
25 tetrafluoroborate as the supporting salt in 1 liter of 

propylene carbonate. The separator was placed between a 
pair of· the polarizable electrodes fabri_cated above, 

following which the resulting capacitor assembly was filled 
with the electrolyte solution, giving a coin-type electrical 

30 double-layer capacitor like that shown in FIG. 4. 

The coin-type electrical double-layer capacitor of 

Comparative Example 6 was subjected to a charge/discharge 

test conducted at a constant current density of 1.5 mA/cm2 

in which the upper limit voltage during charging was set at 

35 2.5 V and discharge was carried out to a final voltage of 0 

V. In this case, discharge was carried out at both 25°C and 

-10°c. The ratio of the discharge energy when discharged at 
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-10°c to the discharge energy when discharged at 25°C was 
71. 4%. 

The composition and properties of the various 
electrical double-layer capacitors produced in the above 

s examples are summarized in Table 3 below. 

10 

Table 3 

Positive Negative Loss of binder Low 
Blee- composition and temperature electrode· Separator electrode trolyte electrode capability binder binder separation (t} 

Example 13 
(electrical Polycapro PTFE Polycapro PC none double-layer lactone PU lactone PU 
capacitor 1) 

Example 14 Polycapro 
(electrical Polycapro lactone PU Polycapro PC none double-layer lactone PU electrolyte lactone PU 
capacitor 2) film 

Example 15 Polycapro Polycapro 
'electrical lactone PU PTFE lactone PU PC none 80.2 double-layer (5 WU)+ (5 wU} + 
capacitor 3) PVDF (95 wU} PVDF (95 wU) 

Comparative 
Example 5 
(electrical PEG6000 PU PTFE PEG6000 PU PC yes 
double-layer 
capacitor 4) 

Comparative 
Example 6 
(electrical PVDP PTFE PVDP PC none 71.4 
double-layer 
capacitor 5) 

Low-temperature capability (%): (discharge energy at -10°C) I 
(discharge energy at 25° C) x 10.0 

As demonstrated in the foregoing examples, the 
invention provides thermoplastic resin-containing electrode 
binder compositions which have a number of excellent 
properties. For example, the resins within the compositions 

15 bond well with active materials or activated carbon, making 
it possible to use less binder in the composition; the 
compositions have a high ionic conductivity when swollen 
with an electrolyte solution, and are thus able to lower the 
internal resistance in non-aqueous electrolyte batteries and 

20 electrical double-layer capacitors; and the compositions 
adhere well to the surface of current collectors, enabling 
the formation of an active material (activated carbon) layer 
of sufficient flexibility.· 
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The invention also provides ion-conductive 
compositions which are well-suited for use as separators, 
both because they have a high ionic conductivity at ambient 
and low temperatures and can thus lower the internal 

s resistance within a battery or capacitor, and also because 
they have a high heat stability and excellent shapeability 
and can be heat-treated at elevated temperatures. 

Accordingly, the above electrode binder composition 
and/or ion-conductive compositions can be used to 

10 manufacture high-performance non-aqueous electrolyte 
batteries and electrical double-layer capacitors which do 
not suffer any loss of binder composition from the 
electrodes, separation of the active material (activated 
carbon) layers from current collectors, or cracking in 

15 assembly operations and during repeated charging and 
discharging, and which have excellent discharge load 
characteristics. 

-60-



. Hf Ill~ llllll lllll lllll II llll·. 
L M s * 

CLAIMS: 

1. An ion-conductive composition comprising an 

electrolyte solution composed of an ion-conductive salt and 

s a solvent in which the ion-conductive salt is soluble, in 

combination with a thermoplastic resin having a swelling 

ratio, as determined from the equation 

10 

swelling ratio = 
(%) 

weight in grams of swollen thermoplastic resin after 
24 hours immersion in electrolyte solution at 20°e (g) 

weight in grams of thermoplastic resin before 
immersion in electrolyte solution at 20°e (g) 

within a range of 150 to 800%. 

x 100 , 

2. The ion-conductive composition of claim 1 in wh.i.ch the 
thermoplastic resi.n contai.ns units of general formula (1) 

below 

(1) 

15 wherein the letter m is a number from 3 to 5, and the letter 
n i.s 5 .or more. 

3. The i.on-conductive composition of claim 1 or 2, 

wherein the thermoplastic resi.n contains 1 to 100 % by 
20 wei.ght, based on the overall thermoplastic resin, of a 

thermoplastic polyurethane resi.n prepared by reacting a 
polyol compound with a polyisocyanate compound and a chain 

extender. 

25 4 . The ion-conductive composition of claim 3, wherein the 

polyol compound is a polyester polyol, a polyester polyether 

polyol, a polyester polycarbonate polyol, a polycaprolactone 

polyol, or a mixture thereof. 
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5. A gel electrolyte prepared by shaping the 

thermoplastic resin according to any one of claims 1 to 4, 

then immersing the shaped resin in an electrolyte solution 

to effect swelling. 

6. The gel electrolyte of claim 5 which has an ionic 

conductivity ol (S/cm), as measured by the AC impedance 

method at 25°C, and an ionic conductivity 02 (S/cm}, 

similarly measured at -10°c, such that the ratio ol/02 is 

10 from 1 to 10. 

15 

7. A non-aqueous electrolyte battery comprising: 
a positive electrode, 

a negative electrode, 

a separator disposed· between the positive and negative 
electrodes, and 

an electrolyte solution; 
wherein, of the positive electrode and the negative 
electrode, either the positive electrode comprises a 

20 positive electrode current collector coated with a positive 

electrode binder composition composed primarily of the 
thermoplastic resin of any one of claims 1 to 4 and a 

positive electrode active material, or the negative 

electrode comprises a negative electrode current collector 
25 coated with a negative electrode binder composition composed 

primarily of the thermoplastic resin of any one of claims 1 

to 4 and a negative electrode active material. 

30 

8. A non-aqueous electrolyte battery comprising: 

a positive electrode, 

a negative electrode, 

a separator disposed between the positive and negative 
electrodes, and 

an electrolyte solution; 

35 wherein the positive electrode comprises a positive 

electrode current collector coated with a positive electrode 
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binder composition composed primarily of the thermoplastic 
resin of any one of claims 1 to 4 and a positive electrode 
active material, and the negative electrode comprises a 
negative electrode current collector coated with a negative 

5 electrode binder composition composed primarily of the 
thermoplastic resin of any one of claims 1 to 4 and a 
negative electrode active material. 

10 

9. A non-aqueous electrolyte battery comprising: 
a positive electrode and a negative electrode, each 

comprised of a current collector coated with a binder 
composition composed primarily of a thermoplastic resin and 
an active material, 

a separator disposed between the positive and negative 
15 electrodes, and 

an electrolyte solution; 
wherein 1 to 20 % by weight of the thermoplastic resin in 
the binder composition is a thermoplastic resin according to 
claim 1 which has a glass transition temperature lower than 

20 the freezing point of the electrolyte solution. 

10. The non-aqueous electrolyte battery of claim 9, 
wherein the thermoplastic resin having a glass transition 
temperature lower than the freezing point of the electrolyte 

25 solution is a thermoplastic polyurethane resin prepared by 
reacting a polyol compound with a polyisocyanate compound 
and a chain extender. 

11. The non-aqueous electrolyte battery of any one of 
30 claims 7 to 10, wherein the separator is composed of a 

separator base impregnated with an electrolyte solution. 

12. The non-aqueous electrolyte battery of any one of 
claims 7 to 10, wherein the separator is composed of the gel 

35 electrolyte of claim 5 or 6. 
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13. An electrical double-layer capacitor comprising: 

a pair of polarizable electrodes, 

a separator disposed between the polarizable 

electrodes, and 

an electrolyte solution: 

wherein one or both of the pair of polarizable electrodes is 

comprised of a current collector coated with a polarizable 

electrode binder composition composed primarily of the 

thermoplastic resin of any one of claims 1 to 4 and 

10 activated carbon. 

14. An electrical double-layer capacitor comprising: 

a pair of polarizable electrodes, each comprised of a 

current collector coated with a polarizable electrode binder 

15 composition composed primarily of a thermoplastic resin and 

activated carbon, 

a separator disposed between the polarizable 

electrodes, and 

an electrolyte solution: 

20 wherein 1 to 20 % by weight of the thermoplastic resin in 

the binder composition is a thermoplastic resin according to 

claim 1 which has a glass transition temperature lower than 

the freezing point of the electrolyte s'c:>liltion. 

25 15. The electrical double-layer capacitor of claim 14, 

wherein the thermoplastic resin having a glass transition 

temperature lower than the freezing point of the electrolyte 

solution is a thermoplastic polyurethane resin prepared by 

reacting a polyol compound with a polyisocyanate compound 

30 and a chain extender. 

35 

16. The electrical double-layer capacitor of any one of 

claims 13 to 15, wherein the separator is composed of a 

separator base impregnated with an electrolyte solution. 
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17. The electrical double-layer capacitor of any one of 
claims 13 to 15, wherein the separator is composed of the 
gel electrolyte of claim 5 or 6. 
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