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57 ABSTRACT 

A rechargeable lithium battery comprising at least a cathode, 
a separator, an anode, and an electrolyte or electrolyte 
Solution integrated in a battery housing, characterized in that 
Said rechargeable lithium battery is provided with a preSSure 
means comprising a polymer gel for pressing Said anode and 
cathode. 

29 Claims, 7 Drawing Sheets 
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RECHARGEABLE LITHIUM BATTERY 
HAVING ASPECIFIC PRESSURE MEANS 

COMPRISING A POLYMER GEL MATERIAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a highly reliable recharge 
able lithium battery using intercalation and deintercalation 
reactions of lithium ions in charging and discharging. 

The rechargeable lithium battery using intercalation and 
deintercalation reactions of lithium ions in charging and 
discharging will be hereinafter simply referred to as 
rechargeable lithium battery. And the rechargeable lithium 
battery in the present invention is meant to include a lithium 
ion battery. 
More particularly, the present invention relates to an 

improved, highly reliable rechargeable lithium battery pro 
Vided with a specific pressure means comprising a polymer 
gel material for pressing the anode and the cathode arranged 
therein, which is low in internal impedance, and has an 
improved charge-and-discharge efficiency and a prolonged 
charging and discharging cycle life. 

2. Related Background Art 
In recent years, global warming from the So-called green 

house effect has been predicted due to increased level of 
atmospheric CO. To prevent this warming phenomenon 
from further developing, there is a tendency to prohibit the 
construction of new Steam-power generation plants which 
exhaust a large quantity of CO. 

Under these circumstances, proposals have been made to 
institute load leveling in order to effectively utilize power. 
Load leveling involves the installation of rechargeable bat 
teries at general locations to Serve a Storage for Surplus 
power unused in the night, known as dump power. The 
power thus stored is available in the day time when the 
power demand is increased, leveling the load requirements 
in terms of power generation. 

Separately, there is an increased Societal demand for 
developing a high performance rechargeable battery with a 
high energy density for an electric Vehicle which would not 
exhaust air polluting Substances. There is further increased 
Societal demand for developing a miniature, lightweight, 
high performance rechargeable battery usable as a power 
Source for portable instruments Such as Small personal 
computers, word processors, Video cameras, and pocket 
telephones. 

In order to attain Such a miniature and light weight 
rechargeable battery, various Studies have been made of a 
rechargeable lithium battery which would allow the appli 
cation of a high Voltage and which would excel in energy 
density. For instance, a lithium-graphite intercalation com 
pound as an anode active material in a rechargeable battery 
has been proposed (see, Journal of the Electrochemical 
Society, 117, 222, (1970)). 

Since then, public attention has focused on a rocking chair 
type lithium ion battery. And various Studies have been made 
in order to develop Such a rocking chair type lithium ion 
battery. The rocking chair type lithium ion battery is typi 
cally configured Such that a carbonous intercalation material 
is used as an anode active material and another intercalation 
compound intercalated with lithium ions is used as a cathode 
active material, and lithium ions are intercalated into the 
Six-membered network layer planes provided by carbon 
atoms to Store in the battery reaction upon charging. 
Presently, there are known Several rocking chair type lithium 
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2 
ion batteries having Such configuration, which are practi 
cally usable. In these lithium ion rechargeable batteries, the 
carbonous material Serving as a host for allowing lithium 
ions as a guest to intercalate (or insert) into or deintercalate 
(or release) from the six-membered network layer planes of 
the carbonous material is used as the anode active material 
to prevent the growth of a lithium dendrite so that the 
charging and discharging cycle life is prolonged. 

In the conventional rechargeable lithium batteries includ 
ing these lithium ion batteries, Since lithium deposited upon 
charging is readily reactive with moisture, there is generally 
used a nonaqueous Solvent as the Solvent for the electrolyte 
used. Particularly, in the case of a nonaquecuS Series elec 
trolyte Solution prepared by dissolving a given electrolyte in 
a nonaqueous Solvent, its ion electrical conductivity is lower 
than that of an aqueous Series electrolyte Solution. 
Therefore, in the case of a rechargeable lithium battery in 
which Such a nonaqueous Series electrolyte Solution is used, 
in order to reduce the battery impedance, the distance 
between the cathode and anode is narrowed by pressing the 
cathode and anode. Whether or not the electrode impedance 
can be reduced greatly influences the battery characteristics. 
If a desirable reduction in the electrode impedance should be 
attained, an improvement can be attained in not only the 
charge-and-discharge efficiency but also the charging and 
discharging cycle life. For instance, in the case of a spiral 
wound rechargeable lithium battery comprising a Stacked 
body (comprising an anode, a separator, and a cathode) 
wound in multiple on a predetermined axis, the distance 
between the anode and cathode can be easily narrowed by 
applying a desired tension in a spiral State upon winding the 
Stacked body in multiple. However, in the case of a large 
rectangular prismatic rechargeable lithium battery produced 
by laminating a rectangular cathode and a rectangular anode, 
an appropriate preSSure means capable of uniformly narrow 
ing the distance between Said rectangular cathode and anode 
is not available at the present time. Therefore, it is difficult 
to attain a practical employable large capacity rechargeable 
lithium battery which is high enough in charge-and 
discharge efficiency and long enough in charging and dis 
charging cycle life. 

Separately, for the conventional lithium ion battery, there 
is a problem in that a lithium dendrite is often generated 
upon overcharging to cause internal-shorts between the 
anode and cathode, where a large electric current Suddenly 
flows causing temperature rise in the battery whereby the 
organic Solvent of the electrolyte Solution is decomposed to 
increase the internal preSSure of the battery. In order to 
prevent the occurrence of this problem, the use of a Safety 
means is known. AS Such safety means, there is known to 
employ a Separator comprising a polyethylene or polypro 
pylene capable of fusing to fill micropores upon temperature 
rise. Besides this, it is known to install a PTC (positive 
temperature coefficient) element in the battery. Further, it is 
known to install a overcharge preventive circuit in the 
battery. The use of these Safety means unavoidably makes 
the resulting lithium ion battery to be high in production 
COSt. 

Hence, there is an increased demand for simplifying the 
Structure of, particularly, a rechargeable lithium battery 
having a large battery capacity especially in terms of the 
Safety means. 

SUMMARY OF THE INVENTION 

A principal object of the present invention is to eliminate 
the foregoing problems found in the prior art and to provide 
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a highly reliable rechargeable lithium battery which is free 
of Such problems. 
A further object of the present invention is to provide an 

improved, highly reliable rechargeable lithium battery par 
ticularly having a large capacity which is provided with a 
Specific pressure means comprising a polymer gel material 
for pressing the anode and cathode and which has a high 
energy density and a prolonged charging and discharging 
cycle life. 
A typical embodiment of a rechargeable lithium battery 

which attains the above objects of the present invention 
comprises at least an anode, a separator, a cathode, and an 
electrolyte (or an electrolyte Solution) integrated in a battery 
housing, characterized in that the rechargeable lithium bat 
tery is provided with a Specific pressure means comprising 
a polymer gel material for pressing the anode and cathode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic view illustrating an example of the 
constitution of a rechargeable lithium battery provided with 
preSSure means comprising a polymer gel material according 
to the present invention. 

FIG. 2 is a Schematic diagram illustrating the mechanism 
for a polymer gel material sheet as a preSSure means used in 
a rechargeable lithium battery to exhibit pressing by way of 
Swelling in the present invention. 

FIGS. 3(A) through 3(D) are schematic views respec 
tively illustrating a polymer gel material in the form of a 
film-like shape or sheet-like shape which constitutes a 
principal part of a pressure means used in a rechargeable 
lithium battery in the present invention. 

FIG. 4 is a schematic perspective view illustrating an 
example of the constitution of a prismatic rechargeable 
lithium battery according to the present invention. 

FIG. 5 is a Schematic croSS-Sectional view illustrating an 
example of a single-layer System flat rechargeable lithium 
battery according to the present invention. 

FIG. 6 is a Schematic croSS-Sectional view illustrating an 
example of a spiral-wound cylindrical rechargeable lithium 
battery according to the present invention. 

FIG. 7 is a Schematic croSS-Sectional view illustrating an 
example of a prismatic rechargeable lithium battery accord 
ing to the present invention. 

FIG. 8 is a Schematic cross-sectional view illustrating 
another example of a rectangular prismatic rechargeable 
lithium battery according to the present invention. 

DESCRIPTION OF THE INVENTION AND 
PREFERRED EMBODIMENTS 

AS previously described, the present invention provides a 
highly reliable rechargeable lithium battery comprising at 
least an anode, a separator, a cathode and an electrolyte or 
electrolyte Solution integrated in a battery housing, charac 
terized in that Said rechargeable lithium battery is provided 
with a Specific pressure means comprising a polymer gel 
material for pressing the anode and cathode. The pressure 
means enables control of the distance between the anode and 
cathode as desired So as to attain a desirably adjusted 
internal impedance of the battery. 

In a preferred embodiment, the pressure means for press 
ing the anode and cathode comprises a polymer gel material 
capable of being expanded or shrunk depending upon the 
concentration of a Solvent. In this case, by adding an 
appropriate Solvent into the polymer gel material of the 
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4 
preSSure means disposed in a fabricated rechargeable lithium 
battery, uniform preSSure can be attained between the anode 
and the cathode. This situation enables construction of a 
largeSize rechargeable lithium battery. By this, there can be 
attained a large capacity rechargeable lithium battery having 
an increased charge-and-discharge efficiency, a prolonged 
charging and discharging cycle life, and a high energy 
density. 

In the present invention, the Separator itself interposed 
between the anode and the cathode may be designed to also 
exhibit a pressing performance for the anode and cathode by 
providing a layer comprising a polymer gel material capable 
of being expanded or shrunk depending upon the concen 
tration of a solvent (this layer will be hereinafter referred to 
as polymer gel material layer) at the separator Such that the 
Separator is covered by the polymer gel material layer. In 
this case, when the electrolyte Solution is also incorporated 
into the polymer gel material layer covering the Separator, 
the polymer gel material layer is expanded or shrunk by 
virtue of the solvent contained in the electrolyte solution to 
attain a close relationship between the anode and the cathode 
through the Separator having the electrolyte Solution therein. 
AS a result a desirable reduction in the internal impedance of 
the battery is attained and the electrolyte Solution is immo 
bilized in the polymer gel material layer to prevent the 
electrolyte Solution from being decomposed particularly 
upon operating charging. Also, the generation of a lithium 
dendrite on the Surface of the anode upon operating charging 
is effectively prevented. And if said lithium dendrite should 
be generated, the lithium dendrite is prevented from growing 
while preventing it from being Separated. This situation 
prolongs the charging and discharging cycle life of the 
rechargeable lithium battery. 

In the present invention, the polymer gel material capable 
of being expanded or shrunk depending upon the concen 
tration of a Solvent, which is used as the preSSure means for 
the anode and cathode, may preferably comprise a polymer 
gel material excelling in rigidity which is prepared using a 
Side chain-bearing monomer, or an ionic polymer gel mate 
rial having a group capable of dissociating to convert into an 
ion in a Solvent. Any of these polymer gel materials is 
advantageous in that it is discontinuously expanded and 
shrunk. 

Further, in the present invention, the polymer gel material 
capable of being expanded or shrunk depending upon the 
concentration of a Solvent, which is used as the preSSure 
means for the anode and cathode, may preferably comprise 
a polymer gel material capable of being shrunk upon tem 
perature rise. In this case, the preSSure means performs Such 
that it releases the pressure between the anode and the 
cathode upon temperature rise to increase the internal 
impedance of the battery thereby controlling the electric 
current flown in the battery. By this, the rechargeable lithium 
battery is always maintained in a Safe State. Particularly, 
when the Separator itself interposed between the anode and 
the cathode is constituted by at least a polymer gel material 
capable of being shrunk upon temperature rise So that it also 
exhibit a performance of releasing the pressure between the 
anode and the cathode upon temperature rise, there is 
provided an advantage in that when the temperature of the 
battery is raised due to internal-shorts or the like inside of 
the battery, the Separator is shrunk to increase the internal 
impedance of the battery thereby preventing the electrolyte 
Solution from being decomposed. Accordingly an improve 
ment is attained in the Safety of the rechargeable lithium 
battery. When the above polymer gel material capable of 
being shrunk upon temperature rise comprises a polymer gel 
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material excelling in rigidity which is prepared using a side 
chain-bearing monomer, or an ionic polymer gel material 
having a group capable of dissociating to convert into an ion 
in a Solvent, any of these polymer gel materials is readily 
shrunk upon temperature rise. Hence, it is desired to use any 
of these polymer gel materials as the pressure means which 
releases the pressure between the anode and cathode upon 
temperature rise. 

In the present invention, the pressure means comprising 
the foregoing polymer gel material for pressing the anode 
and the cathode may be configured Such that preSSure means 
comprises a polymer gel material shaped into a sheet-like 
form (this will be hereinafter referred to as polymer gel 
sheet). In this case, there are provided advantages in that the 
Volume occupied by the pressure means in the rechargeable 
lithium battery is minimized, and a uniform pressure is 
applied against the anode and the cathode. 

In the case where the polymer gel sheet is of a configu 
ration formed by Subjecting a powdery polymer gel material 
to preSS-molding or by dispersing a polymer gel material on 
or in a Support member, the size of the polymer gel sheet can 
uniformly controlled as desired upon the preparation 
thereof. The use of Such a polymer gel sheet applies a 
uniform pressure against the anode and the cathode. This 
Situation makes the rechargeable lithium battery have uni 
form battery characteristics. 

The rechargeable lithium battery according to the present 
invention may be configured Such that a plurality of lami 
nates each comprising the anode, the Separator (having the 
electrolyte Solution retained therein) and the cathode are 
respectively housed in a heat-shrinkable tubing in a plurality 
of unit cells. The plurality of unit cells are Stacked into a 
Stacked body, and the Stacked body is placed in the battery 
housing Such that the Stacked body is Sandwiched between 
a pair of the pressure means comprising the foregoing 
polymer gel material in the battery housing. This configu 
ration has advantages Such that there is no occasion for the 
anode and the cathode to be Stacked in a deviated State upon 
the fabrication of a rechargeable lithium battery, the Stacked 
body can be readily inserted into the battery housing, and the 
rechargeable lithium battery has improved uniform battery 
characteristics. Further, in the case where an end portion of 
each of the above heat-shrinkable tubings, where the power 
outputting and inputting terminals of the anode and cathode 
are not present, is Sealed, the electrolyte Solution retained in 
the Separator is not diffused into the polymer gel material of 
the pressure means. Because of this, the polymer gel mate 
rial of the pressure means does not Suffer from phase change 
of an influence due to a certain factor other than the 
temperature, where the pressure means desirably exhibit a 
pressing performance against the Stacked body. 

In the case where the polymer gel material as the pressure 
means in the present invention comprises a powdery poly 
mergel material, the powdery polymer gel material allows 
a Solvent to readily penetrate thereinto thereby making phase 
change readily occur in the pressure means So that an 
improvement is provided in the expanding and shrinking 
efficiency of the pressure means. In this case, the powdery 
polymer gel material of the pressure means can be readily 
combined with other polymer material. This situation pro 
vides a polymer gel sheet having a thickness excelling in 
uniformity and which is expanded and shrunk in an 
improved uniform State. Hence, there can be attained a 
sheet-like Shaped pressure means having an improved uni 
form thickness. 

In the following, the present invention is further described 
while referring to FIGS. 1 to 3. 
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6 
FIG. 1 is a conceptual view of a rechargeable lithium 

battery according to the present invention. The rechargeable 
lithium battery comprises a Stacked body Sandwiched 
between a pair of preSSure means 100 each including a layer 
comprising the foregoing polymer gel material which is 
supported on a support member 101. The stacked body 
comprises a plurality of laminates each comprising at least 
an anode 102, a separator 104 having an electrolyte solution 
retained therein and a cathode 103. Reference numeral 105 
indicates a battery housing (which is not expressly shown in 
the figure for simplification). 
The preSSure means herein uses a property of the polymer 

gel material at expanding depending upon the concentration 
of a Solvent. By configuring the polymer material into a 
sheet (that is, the layer) on the support member 101 as shown 
in FIG. 1, after the above stacked body is inserted into the 
battery housing, the Stacked body can readily be pressed 
from the opposite sides by the pair of the preSSure means. 
According to the configuration of FIG. 1, the fabrication of 
a rechargeable lithium battery can be efficiently conducted 
and the Stacked body can be uniformly pressed. 

FIG. 2 is a conceptual view for explaining an example of 
the mechanism for the preSSure means 100 comprising the 
polymer gel material shown in FIG. 1 to exhibit a pressing 
performance by way of Swelling the polymer gel material by 
virtue of a given solvent. In FIG. 2, reference numeral 200 
indicates a polymer gel material sheet (corresponding to the 
polymer gel material layer as the pressure means 100 in FIG. 
1), reference numeral 201 a Support member (corresponding 
to the Support member 101 in FIG. 1), reference numeral 205 
a battery housing, and reference numeral 206 volume Swell 
(or Volume expansion). Now, as shown in FIG. 2, by adding 
a given Solvent (capable of being adsorbed by the polymer 
gel material to Swell the polymer gel material) into the 
polymer gel material sheet 200, the polymer gel material 
sheet is expanded in terms of the Volume as indicated by the 
numeral reference 206 in FIG. 2. Therefore, by arranging the 
polymer gel material sheet 200 in the battery housing 205 
Such that it is in parallel to the Side plane of the Stacked body 
(see, FIG. 1, not shown in FIG. 2), a uniform pressure can 
applied against the respective anodes and cathodes of the 
Stacked body, where the distance of each pair of the anode 
and cathode in the Stacked body can be uniformly shortened 
to result in a reduction in the internal impedance of the 
battery. Herein, it is required for the polymer gel Sheet to be 
designed Such that it is expanded to cause a pressure in the 
direction perpendicular to the plane without causing a pres 
Sure in the direction parallel to the plane. In order to attain 
this, it is possible to employ a construction wherein the 
polymer gel material sheet is prepared by drying a given 
polymer gel material and press-molding the dried polymer 
gel material in the plane direction to be pressed or a 
construction wherein the size of the polymer gel material 
sheet is appropriately adjusted in advance while having a 
due care about the size thereof upon the Volume expansion. 

For the mechanism for the polymer gel sheet as the 
preSSure means to be shrunk upon temperature rise to release 
the pressure between the anode and cathode, it can be easily 
understood from the description of FIG. 2. 

FIGS. 3(A) to 3(D) are schematic views respectively 
illustrating a polymer gel material in the form of a film-like 
shape or sheet-like shape prior to Swelling, which constitutes 
a principal part of the pressure means used in a rechargeable 
lithium battery according to the present invention. 

Particularly, FIG. 3(A) is a schematic view illustrating a 
preSSure means comprising a polymer gel material 300 only. 
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FIG. 3(B) is a schematic view illustrating a pressure means 
comprising a polymer gel material 301 implanted in a 
nonwoven member (e.g., a nonwoven fabric) as a Support 
member. FIG. 3(C) is a schematic view illustrating a pres 
Sure means comprising a powdery polymer gel material 302 
dispersed in another polymer material 303. FIG. 3(D) is a 
Schematic view illustrating a pressure means comprising a 
polymer gel material 304 held on a support member 305. 

The pressure means shown in FIG.3(A) may be prepared 
in a manner wherein a polymer gel material is directly 
formed from an appropriate monomer by way of polymer 
ization and crosslinking reaction or in a manner wherein a 
polymer gel material is formed by polymerizing an appro 
priate monomer to obtain a polymer and Subjecting the 
polymer to crosslinking. 

The pressure means shown in FIG.3(B) may be prepared 
in a manner wherein an appropriate nonwoven member as a 
Support member is immersed in a Solution of an appropriate 
monomer and the resultant is Subjected to crosslinking to 
convert the monomer held on the nonwoven member into a 
polymer gel material or in a manner wherein an appropriate 
nonwoven member as a Support member is immersed in a 
Solution of an appropriate polymer and the resultant is 
Subjected to crosslinking to convert the polymer held on the 
nonwoven member into a polymer gel material. 

The pressure means shown in FIG.3(C) may be prepared 
in a manner wherein a powdery polymer gel material is 
formed from an appropriate monomer by way of polymer 
ization and crosslinking reaction and the powdery polymer 
gel material is dispersed in a Solution of an appropriate 
polymer to Solidify the powdery polymer gel material in the 
polymer. 

The pressure means shown in FIG.3(D) may be prepared 
in a manner (a) wherein a Solution of an appropriate polymer 
is cast onto the Surface of an appropriate Support member 
and the resultant is Subjected to crosslinking to convert the 
polymer Solution held on the Support member into a polymer 
gel material or in a manner (b) wherein a Solution of an 
appropriate monomer is cast onto the Surface of an appro 
priate Support member and the resultant is Subjected to 
polymerization and/or crosslinking to convert the monomer 
Solution held on the Support member into a polymer gel 
material. For the thickness of the polymer gel material 304 
in the pressure means shown in FIG. 3(D), it may be the 
thickness of the polymer gel material obtained in the any of 
the above while appropriately adjusting the concentration of 
the Solution for the polymer gel material as desired. 
Alternatively, it may be appropriately adjusted as desired by 
drying the polymer gel material formed on Support member 
in any of the above and Subjecting the resultant to preSS 
treatment to attain a uniform thickneSS for the polymer gel 
material. 

The thickness of the polymer gel material may be appro 
priately adjusted as desired by adjusting the kind and 
concentration of a Solvent used or the depth of a reaction 
vessel used. 

For the expansion coefficient of the polymer gel material, 
it may be appropriately adjusted by appropriately adjusting 
the related factorS Such as the kind, polymerization degree, 
or crosslinking degree of a monomer used, the kind and 
concentration of a Solvent used, the concentration of an 
electrolyte contained in a Solvent used, and the like. 

The nonwoven member as the Support member used in the 
pressure means shown in FIG. 3(B) can include nonwoven 
members of polyolefins Such as polypropylene, nonwoven 
members made of glass, and nonwoven members made of 
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8 
metallic materials. Specific preferable examples are non 
woven members made of metals. Such as nickel, copper, or 
the like; nonwoven members made of metal alloys Such as 
Stainless Steel; and nonwoven members made of ceramics 
Such as alumina, or the like. 

Specifically, the formation of a film-like or sheet-like 
shaped polymer gel material (for example, of the configu 
ration shown in FIG. 3(A) or 3(C)) may be conducted, for 
example, by means of liquid casting process wherein a 
polymer Solution obtained by dissolving a given polymer in 
a Solvent is cast onto an even Surface of a metallic Support 
member while rotating the metallic Support member to 
covert the polymer Solution into a film on the metallic 
Support member, a melt extrusion process wherein a poly 
mer liquid obtained by heat-fusing a given polymer is 
Subjected to T-die eXtrusion to convert the polymer liquid 
into a film; or a calendering process wherein a given 
polymer material is passed between two or more rolls to 
calender the polymer material into a film. 

In a detailed embodiment of the liquid casting process, for 
instance, a polymer gel material film is formed by using a 
polymer Solution containing a given powdery polymer gel 
material dispersed therein, or a polymer gel material film is 
formed by converting a given noncrosslinked polymer Solu 
tion into a film and Subjecting the film to crosslinking. In a 
detailed embodiment of the melt extrusion process, for 
instance, a polymer gel material film is formed by convert 
ing a given noncrosslinked polymer liquid into a film and 
Subjecting the film to crosslinking. In a detailed embodiment 
of the calendering process, for instance, a polymer gel 
material film is formed by using a dried polymer gel 
material. 

In the present invention, as previously described, the 
preSSure means for applying a pressure against the anode 
and the cathode So that the distance between the anode and 
the cathode is shortened to reduce the internal impedance of 
the battery may preferably to comprise a polymer gel 
material capable of expanding and shrinking depending 
upon the concentration of a Solvent and capable of Shrinking 
upon temperature rise. In order for the pressure by the 
preSSure means to be uniformly applied against the anode 
and the cathode So as to shorten the distance between the two 
electrodes as desired and also in order for the preSSure means 
to be readily introduced into the battery housing, the pres 
Sure means may preferably be shaped in a sheet-like form as 
previously described. A polymer gel material sheet as Such 
a sheet-like shaped preSSure means may be prepared also in 
a manner (a) of providing a given sheet-like shaped polymer 
material and Subjecting the sheet-like shaped to crosslinking 
or in a manner (b) of providing a given polymer gel material 
and Subjecting the polymer gel material to press-molding. 

In the case where the pressure means takes Such a 
configuration comprising a polymer gel material layer held 
on a support member as shown in FIG. 3(D), there are 
advantages Such that the Size of the pressure means can be 
readily controlled as desired, and the pressure means can be 
easily handled. The Support member in this case can include 
members made of metallic materials, members made of 
ceramics, glass members, and members made of plastics. 
The Support member may be shaped in a plate-like form, 
punching metal form, woven fabric form, or nonwoven 
fabric form. 

The polymer gel material in this case may be formed on 
the Support member in accordance with the foregoing liquid 
casting process, melt extrusion proceSS, calendering process, 
manner (a), or manner (b). Particularly, for instance, it may 
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be formed in a manner of impregnating a given polymer gel 
material in a given Support member Such that pores present 
in the Support member are filled by the polymer gel material; 
a in manner of applying a given polymer Solution onto the 
Surface of a given Support member to form a coat on the 
Support member and Subjecting the coat to crosslinking to 
gelate the coat on the Support member into a polymer gel 
material; or in a manner wherein a given Support member is 
immersed in a given polymer Solution, followed by Subject 
ing to crosslinking, to form a polymer gel material held on 
the Support member. Alternatively, it may employ a manner 
wherein a given powdery polymer gel material is dispersed 
in a rubber Series polymer having a large elongation per 
centage and the resultant is processed into a polymer gel 
material sheet. 
AS the polymer gel material constituting the pressure 

means for the electrodes (that is, the anode and cathode) in 
the rechargeable lithium battery according to the present 
invention, there can be used, for example, polymer gels 
(belonging to the so-called organogel) having a network 
Structure Swelled by a Solvent comprising an organic com 
pound (hereinafter referred to as organic Solvent). 

Specifically, there can be used, for example, polymer gels 
having a three-dimensional network Structure which is 
insoluble in an organic Solvent, and which are in a Swelled 
State while absorbing Said Solvent. 
AS Such a polymer gel, there can be mentioned, for 

example, acrylamide derivatives Such as diethylacrylamide 
Sodium acrylate copolymer, N-isopropylacrylamide-Sodium 
acrylate copolymer, N,N'-diethylacrylamide-Sodium acry 
late copolymer, and acrylamide(methacrylamidepropyl) 
trimethylammoniumchloride copolymer, acrylamide 
trimethyl(N-acryloyl-3-aminopropyl)ammonium iodide 
copolymer, polyvinyl methyl ether, polyvinyl alcohol 
polyacrylic acid composite gel; polyacrylic acid; poly 
methacrylic acid; methacrylic acid 2-hydroxyethyl, cellu 
lose, polyethylene glycol, polyethylene oxide, polyvinyl 
alcohol; and the like. 
The formation of the polymer gel may be conducted by 

way of chemical bonding or intermolecular bonding. 
Particularly, in the formation of a polymer gel by way of 

chemical bonding, polymerization is conducted while con 
ducting crosslinking or after conducting polymerization, 
crosslinking is conducted, thereby forming a polymer gel. 
The formation of a polymer gel by way of intermolecular 
bonding may be conducted by causing crosslinking between 
polymer chains by way of hydrogen bonding, ionic bonding, 
or coordination bonding. 

Specifically, the crosslinking process may be conducted in 
a manner of forming a crosslinked Structure by way of 
polymerization condensation of a divinyl compound or 
multifunctional compound, a manner of conducting poly 
merization and crosslinking at the same time by using 
thermal energy, photo energy, X-ray, or plasma, or a manner 
wherein a Straight chain polymer is prepared, followed by 
Subjecting the polymer to crosslinking. 

In the case where crosslinking is conducted upon prepar 
ing a polymer by way of polymerization reaction, there can 
be employed polymerization by Virtue of a radical polymer 
ization initiator while using a crosslinking agent comprising, 
for example, ethyleneglycoldimethacrylate or methylenebi 
Sacrylic amide, radiation-induced polymerization with the 
irradiation of gamma rays or electron beam; or photopoly 
merization with the irradiation of light having a wavelength 
equivalent to the light absorption wavelength of a vinyl 
monomer in the presence of a photo-crosslinking agent or 
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10 
with the irradiation of light under condition with the addition 
of a photo Sensitizer. 

In the case of crosslinking between polymer chains, there 
can be employed a construction wherein cellulose or polvi 
nyl alcohol having hydroxyl groups is crosslinked by way of 
chemical reaction with aldehyde. N-methylol compound, 
carboxylic acid, or bisepoxide; a construction wherein an 
amino acid group-bearing polymer is gellated with aldehyde 
or glycidyl group, a construction wherein polyvinyl alcohol 
or polymethylvinyl ether is crosslinked in water with the 
irradiation of radiation rayS. Such as gamma rays, a construc 
tion wherein polyvinyl alcohol or N-vinyl pyrrolidone is 
crosslinked with the use of photo-crosslinking agent com 
prising diazo resin, bisazido, or bichromate; a construction 
wherein a water Soluble polymer Such as polyvinyl alcohol 
is dimerized with a polymer having a photoSensitive group 
Such as Stilbazolium Salt, or a construction wherein a poly 
mer is contacted with a plasma generated by way of dis 
charge in a gas to thereby crosslink the polymer. 
The formation of the polymer gel may be conducted by 

way of the foregoing hydrogen bonding or ionic bonding 
between polymer chains or by way of chelate formation. 
Specifically, the formation of the polymer gel may be 
conducted in a manner wherein hydrogen bond is formed 
between polymer chains by way of freeze-vacuum drying or 
freeze-defrosting drying, in a manner wherein two different 
polymers are mixed, Specifically for instance, methacrylic 
acid is mixed with polyethylene glycol, or polyacrylic acid 
is mixed with polyvinyl alcohol, or in a manner wherein 
polycation Such as polyvinylbenzyltrimethylammonium is 
mixed with polyanion Such as Sodium polystyreneSulfonate, 
a polyion complexed gel is obtained in this manner. Besides 
these, there can be also employed a construction wherein 
polycarboxylic acid Such as polyacrylic acid or Strongly 
acidic polymer Such as polystyrene Sulfonic acid is bonded 
with an alkali metal or alkaline earth metal to obtain a 
polymer gel. 

In the following, description will be made of the mecha 
nism of the polymer gel material constituting the preSSure 
means to be expanded and shrunk in the rechargeable 
lithium battery according to the present invention. 

In the case where the polymer gel material is present in a 
good Solvent in which the segments of the polymer (that is, 
the respective monomer portions constituting the polymer) 
by which the polymer gel material is constituted and the 
Solvent molecule are pulled with each other, the coil-like 
polymer chain is spread So as to maximize the interaction 
between the Segments and the Solvent molecule where the 
coil-like polymer chain is expanded. As a result, the Volume 
of the polymer gel material is expanded. The Volume expan 
Sion is continued until the elastic force of the polymers 
network Structure is balanced with the penetration quantity 
of the solvent molecule. By the way, in the case where the 
polymer gel material is present in a bad Solvent, it is shrunk. 

In the case where the polymer by which the polymer gel 
material is constituted has an ion-dissociating group (which 
is capable of donating or receiving an electron to convert 
into an ion), opposite ions are gathered around charges 
possessed by the polymer chain to neutralize the charges in 
an electrolyte Solution and due to this, the expanded coil-like 
polymer chain is returned to the original State. 
The Strength to expand or shrink the network Structure of 

the polymer by which the polymer gel material is constituted 
is decided based on the sum of the rubber elasticity, affinity 
among the polymers and ion concentration. Therefore, the 
polymer gel material arranged in the rechargeable lithium 
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battery can be expanded by increasing the ratio of the good 
Solvent in the polymer gel material to increase the polymer 
polymer affinity. 

In the present invention, the expansion mechanism is 
employed in a rechargeable lithium battery in order to apply 
a pressure against the anode and the cathode to shorten the 
distance between the anode and the cathode thereby reduc 
ing the internal impedance. 
Now, in the present invention, it is possible to use a highly 

Stiff polymer gel obtained by polymerizing a side chain 
bearing monomer or a polymer gel having an ion 
dissociating group as the polymer gel material. In this case, 
by increasing the restoring force for the chain Shrinkage or 
the ion density around the polymer, the polymer gel material 
can be shrunk, whereby the distance between the anode and 
the cathode can be controlled as desired. 

In the case of using a polymer gel having an ion 
dissociating group as the polymer gel material, by making it 
Such that the density of an ion having a polarity opposite that 
of the dissociated group of the polymer gel is increased 
when the temperature is raised in a Solvent, the polymer gel 
material can be shrunk. Increase at the density of an ion 
having a polarity opposite that of the dissociated group of 
the polymer gel may be conducted by using a dilute Solution 
of a Salt capable of increasing the thermal motion rate of an 
ion having the same polarity as that of the dissociated group 
of the polymer gel as a Solvent for the polymer gel or by 
using a Solution of a Salt having a Solubility capable of being 
Suddenly increased upon temperature rise, wherein the poly 
mer gel is Swollen in the Solution and is shrunk upon 
temperature rise. The phase change temperature at which the 
polymer gel is Suddenly shrunk is decided based on the 
related factors including the kind, polymerization degree 
and crosslinking degree of the monomer of the polymer gel, 
the ratio between the good Solvent and the poor Solvent, the 
ionic concentration in the Solvent, and the like. Therefore, by 
optimizing these related factors, it is possible to make the 
polymer gel So that it causes phase change to Shrink. 
To Suddenly increase the concentration of the ion at a 

given temperature may be effectively conducted by using a 
polymer gel or a Solution in which microcapsules each 
comprising a given Salt covered by a material capable of 
being dissolved at Said temperature are dispersed. 

In the rechargeable lithium battery according to the 
present invention, the foregoing phenomena are used to 
Shrink the polymer gel material constituting the pressure 
means So as to increase the internal impedance of the battery, 
whereby the quantity of the electric current to be outputted 
and inputted when the temperature of the battery is raised is 
decreased to prevent the occurrence of a State in which the 
internal pressure of the battery is increased due to the 
decomposition of the electrolyte Solution. 

In the following, description will be made of each of the 
the constituents (excluding the pressure means) of the 
rechargeable lithium battery according to the present inven 
tion. 

ANODE 

The anode (indicated by reference numeral 102 in FIG. 1) 
comprises an anode active material (capable of Serving as a 
host material of allowing lithium ions to insert therein and 
to release therefrom) and an anode collector. 

Such anode active material can include lithium metal, 
carbonous materials including graphite which are capable of 
intercalating lithium upon charging, transition metal com 
pounds Such as transition metal oxides and transition metal 
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Sulfides which are capable of intercalating lithium ion upon 
charging, metallic materials capable of alloying with 
lithium, porous metallic materials having pores capable of 
Storing a lithium, which will be deposited, therein and which 
are capable of Serving also as an anode collector, and the 
like. 

In the case where the anode active material comprises a 
lithium metal, the anode may be prepared, for example, by 
laminating a lithium metal foil on a Surface of a given anode 
collector. 

In the case where the anode active material comprises a 
carbonous material capable of intercalating lithium upon 
charging, the anode may be prepared, for example, by 
applying a paste comprising Said carbonous material or 
transition metal compound and a binder on a Surface of a 
given anode collector to form an anode active material layer 
on the anode collector, or by forming an anode active 
material layer comprising Said carbonous material or tran 
Sition metal compound on a Surface of a given anode 
collector by way of chemical vapor deposition process. 

In the case of using a aluminum foil having an etched 
Surface with an increased specific Surface area, it can be used 
as the anode as it is. 

AS the porous metallic material having pores capable of 
storing lithium, which will be deposited, therein and which 
is capable of Serving also as an anode collector, there can be 
mentioned, for example, metallic materials of copper or the 
like having a number of pores distributed not only at their 
Surfaces but also inside. 

The anode collector Serves to efficiently Supply an electric 
current consumed in and to efficiently collect an electric 
current generated in the battery reaction upon operating 
charging and discharging. The anode collector is therefore 
desired to be constituted by a material which has a high 
electrical conductivity and is inactive to the battery reaction. 
The material by which the anode collector is constituted can 
include metals. Such as Ni, Ti, Cu, Al, Pt, Pd, Au, and Zn, and 
alloys of two or more these metals Such as Stainless Steel. 
The anode collector may be shaped in a plate-like form, 

foil-like form, mesh form, porous form-like Sponge, fabric 
form, punching metal form, or expanded metal form. 
The binder usable upon the formation of the anode active 

material layer can include polyolefins Such as polyethylene, 
polypropylene, and the like, and fluororesins Such as poly 
Vinylidene fluoride, tetrafluoroethylene polymer, and the 
like. 

CATHODE 

The cathode (indicated by reference numeral 103 in FIG. 
1) generally comprises a cathode collector, a cathode active 
material (capable of Serving as a host material of allowing 
lithium ions to insert therein and to release therefrom), an 
electrically conductive assistant, and a binder. 
The cathode is generally formed by disposing a mixture of 

a cathode active material, an electrically conductive assis 
tant and a binder on a member capable of Serving as a 
cathode collector. 

The material by which the cathode active material is 
constituted can include transition metal oxides, transition 
metal Sulfides, lithium-transition metal oxides, and lithium 
transition metal Sulfides. The transition metal element of 
these transition metal oxides and transition metal Sulfides 
can include transition metal elements partly having a d-shell 
or f-shell Such as Sc, Y, lanthanoids, actinoids, Ti, Zr, Hf, V, 
Nb, Ta, Cr, Mo, W, Mn, Tc, Re, Fe, Ru, Os, Co, Rh, Ir, Ni, 
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Pd, Pt, Cu, Ag, and Au. Particularly, Ti, V, Cr, Mn, Fe, Co, 
Ni, and Cu belonging to the first transition Series metal 
element. These are the most appropriate. 

The cathode collector Serves to efficiently Supply an 
electric current consumed in and to efficiently collect an 
electric current generated in the battery reaction upon oper 
ating discharging and discharging. The cathode collector is 
therefore desired to be constituted by a material which has 
a high electrical conductivity and is inactive to the battery 
reaction. The material by which the cathode collector is 
constituted can include metals such as Ni, Ti, Cu, Al, Pt, Pd, 
Au, and Zn, and alloys of two or more these metals. Such as 
Stainless Steel. 

The cathode collector may be shaped in a plate-like form, 
foil-like form, mesh form, porous form-like Sponge, fabric 
form, punched metal form, or expanded metal form. 

The above binder can include polyolefins such as 
polyethylene, polypropylene, and the like, and fluororesins 
Such as polyvinylidene fluoride, tetrafluoroethylene 
polymer, and the like. 

The above electrically conductive assistant can include 
carbon blackS Such as acetylene black and ketjen black, 
graphite, and metals which are inactive to the battery reac 
tion. 

SEPARATOR 

The separator (indicated by reference numeral 104 in FIG. 
1) is disposed between the anode and the cathode, and Serves 
to prevent the anode and the cathode from Suffering internal 
Shorts. The separator also serves to retain an electrolyte (or 
an electrolyte Solution) as previously described. 
The separator is required to have a structure having a 

number of fine perforations capable of allowing lithium ions 
to pass through and it is also required to be insoluble in and 
stable to the electrolyte solution. 

The Separator is preferably constituted by a nonwoven 
member or a membrane having a micropore Structure made 
of glass, polyolefins Such as polypropylene, polyethylene 
and the like, or fluororesin. Alternatively, the Separator may 
be constituted by a metal oxide film or a resin film combined 
with a metal oxide, having a plurality of fine perforations. In 
a preferred embodiment, the Separator is constituted by a 
multilayered metal oxide film. In this case, the Separator 
effectively prevents a dendrite from passing through and 
because of this, the occurrence of internal-shorts between 
the anode and the cathode is prevented. In another preferred 
embodiment, the Separator is constituted by an incombus 
tible fluororesin, glass or metal oxide film. In this case, an 
improvement can be attained in terms of the Safety even in 
the case where the foregoing internal-shorts should unex 
pectedly occur. 

ELECTROLYTE 

In the present invention, there can be used an appropriate 
electrolyte as it is, a Solution of Said electrolyte dissolved in 
a Solvent, or a material of Said Solution having been immo 
bilized using a gelation agent. However, it is preferable that 
an electrolyte Solution obtained by dissolving an appropriate 
electrolyte in a Solvent is used Such that Said electrolyte 
Solution is retained in a porous member as the Separator. 

The higher the electrical conductivity of the electrolyte or 
electrolyte solution, the better. Particularly, it is desired to 
use an electrolyte or an electrolyte Solution Such that the 
electrical conductivity at 25° C. is preferably 1x10 S/cm 
or more, or more preferably, 5x10 S/cm or more. 
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The electrolyte uSable in the present invention can include 

inorganic acids such as HSO, HCl and HNO; salts of Li" 
(lithium ion) with Lewis acid ion such as BF, PF, ASF, 
CIO, CFSO, or BPhil (with Ph being a phenyl group); 
and mixtures of two or more of Said Salts. 

Besides these Supporting electrolytes, Salts of the above 
described Lewis acid ions with cations Such as Sodium ions, 
potassium ions, tetraalkylammonium ions, or the like can 
also be used. 

In any case, it is desired that the above Salts are used after 
they are Subjected to dehydration or deoxygenation, by way 
of heat treatment at a reduced preSSure, for example. 
The solvent in which the electrolyte is dissolved can 

include acetonitrile, benzonitrile, propylene carbonate, eth 
ylene carbonate, dimethyl carbonate, diethyl carbonate, 
dimethylformamide, tetrahydrofuran, nitrobenzene, 
dichloroethane, diethoxyethane, 1,2-dimethoxyethane, 
chlorobenzene, Y-butyrolactone, dioxolan, Sulfolan, 
nitrometane, dimethyl sulfide, dimethyl sulfoxide, methyl 
for mate, 3 - methyl-2- o X da Zoly din one, 
2-methyltetrahydrofuran, 3-propylsydonone, Sulfur dioxide, 
phosphoryl chloride, thionyl chloride, Sulfulyl chloride, and 
mixtures of two or more of these. 

It is desired that these solvents be subjected to dehydra 
tion using activated alumina, molecular Sieve, phosphorous 
pentaoxide, or calcium chloride prior to their use. 
Alternatively, it is possible for them to be subjected to 
distillation in an atmosphere of inert gas in the presence of 
an alkali metal, wherein moisture and foreign matters are 
removed. 

In order to prevent leakage of the electrolyte Solution, it 
is desired for the electrolyte Solution to be gelated using an 
appropriate gelation agent. 
The gelation agent usable in this case can include poly 

merS having a property Such that they absorb the Solvent of 
the electrolyte Solution to Swell. Specific examples of Such 
polymers are polyethylene oxide, polyvinyl alcohol, and 
polyacrylamide. 

SHAPE AND STRUCTURE OF THE 
RECHARGEABLE LITHIUM BATTERY 

There is no particular limitation for the shape of the 
rechargeable lithium battery according to the present inven 
tion. 
The rechargeable lithium battery according to the present 

invention may be in the form of a flat round shape (or a 
coin-like shape), a cylindrical shape, a prismatic shape, or a 
sheet-like shape. 
The present invention having a principal feature in the use 

of the foregoing specific pressure means is markedly effec 
tive in the production of a highly reliable, large prismatic 
rechargeable lithium battery. 

It should be noted that as previously described, in the 
prior art, it is difficult to attain the production of a reliable 
large prismatic rechargeable lithium battery because there is 
not available an appropriate pressure means capable of 
uniformly applying a pressure against the rectangular anode 
and cathode Such that the distance between the two elec 
trodes is uniformly narrowed, although in the case of a 
Spiral-wound rechargeable lithium battery produced by 
winding a Stacked body comprising a separator interposed 
between an anode and cathode in multiple, the distance 
between the anode and cathode can be easily narrowed by 
applying a desired tension in a spiral State upon winding the 
Stacked body. 
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Now, in the case of a prismatic rechargeable lithium 
battery, there is an advantage in that the Volume of the device 
for housing the rechargeable lithium battery can be effi 
ciently used. Fully using this advantage, the foregoing 
Specific preSSure means is employed in the rechargeable 
lithium battery in the present invention. 

Besides this, the foregoing specific pressure means 
according to the present invention can be desirably used also 
in other rechargeable lithium batteries in the form of a flat 
round shape, a cylindrical shape, or a sheet-like shape. In 
any case, there is provided a pronounced advantage. 
AS previously described, by making the Separator to be 

provided with the foregoing polymer gel material having a 
function of Shrinking to release the pressure upon abnormal 
temperature rise in the rechargeable lithium battery, a Sud 
den increase in the internal pressure of the rechargeable 
lithium battery is prevented before it occurs and therefore, 
the rechargeable lithium battery is always ensured in terms 
of the safety. 

The shape and Structure employable in the rechargeable 
lithium battery according to the present invention will be 
described in more detail with reference to the drawings. 

The rechargeable lithium battery according to the present 
invention may take a configuration shown in FIG. 4, 5 or 6. 

Particularly, FIG. 4 is a schematic perspective view 
illustrating an example of a prismatic rechargeable lithium 
battery. FIG. 5 is a schematic cross-sectional view illustrat 
ing an example of a Single-layer Structure type flat recharge 
able lithium battery. FIG. 6 is a schematic cross-sectional 
View illustrating an example of a spiral-wound cylindrical 
rechargeable lithium battery. 

The prismatic rechargeable lithium battery shown in FIG. 
4 comprises a plurality of unit cells integrated in parallel 
connection through a collector 402 in a battery housing 409 
having a capping, wherein each unit cell comprises a sepa 
rator 408 having an electrolyte solution retained therein 
interposed between an anode 401 comprising an anode 
active material and a cathode 403 comprising a cathode 
active material. The anode 401 is electrically connected to 
an anode terminal 406, and the cathode 403 is electrically 
connected to a cathode terminal 407. The prismatic 
rechargeable lithium battery is provided with a plurality of 
safety vents 410 at the capping of the battery housing 409. 

The fabrication of a prismatic rechargeable lithium bat 
tery of the configuration shown in FIG. 4 is conducted, for 
example, in the following manner. A plurality of unit cells 
each comprising the separator 408 Sandwiched between the 
anode 401 and the cathode 403 are integrated in parallel 
connection through the collector 402 into a stacked body. 
The stacked body is positioned in the battery housing 409. 
Thereafter, an electrolyte Solution is injected into each 
Separator of the Stacked body situated in the battery housing 
409. Then, the collector 402 is electrically connected to the 
anode terminal 406 and also to the cathode terminal 407. 
Finally, the capping is put on the battery hosing 409 to seal 
the inside of the battery housing. 
Now, the battery housing 409 in the configuration shown 

in FIG. 4 is constituted by a metal Such as Zinc, StainleSS 
Steel, titanium clad Stainless Steel, copper clad StainleSS 
Steel, nickel-plated Steel, a plastic Such as polypropylene, or 
a composite of a metal or glass fiber with plastic. 

In FIGS. 5 and 6, each of reference numerals 500 and 600 
indicates an anode collector, each of reference numerals 501 
and 601 an anode active material layer, reference 502 (in 
FIG. 5) an anode, each of reference numerals 503 and 603 
a cathode active material layer, each of reference numerals 
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505 and 605 an anode terminal (or an anode cap), each of 
reference numerals 506 and 606 a cathode can, each of 
reference numerals 507 and 607 a separator with an elec 
trolyte (or an electrolyte Solution) retained therein, and each 
of reference numerals 510 and 610 an insulating packing. In 
the configuration shown in FIGS. 5 and 6, the cathode can 
(506, 606) also serves as a cathode terminal. 

In FIG. 6, reference numeral 604 indicates a cathode 
collector, and reference numeral 611 an insulating plate. 

Particularly, in the Single-layer Structure type flat 
rechargeable lithium battery shown in FIG. 5, a stacked body 
comprising the cathode containing the cathode active mate 
rial (503) and the the anode (502) containing the anode 
active material (501) and the anode collector (500) stacked 
and having at least the separator (507) interposed between 
the cathode and the anode and having an electrolyte Solution 
retained therein is housed in the cathode can 506 on the 
cathode side. The stacked body in the cathode can 506 is 
Sealed by the insulating packing 510 (comprising an insu 
lating member) and the anode terminal 505 (or the anode 
cap). 

In the Spiral-wound cylindrical rechargeable lithium bat 
tery shown in FIG. 6, a stacked body wounded in multiple 
about a predetermined axis is housed in the cathode can 606 
Such that the Side face and a given bottom face Side of the 
Stacked body are covered by the cathode can, the Stacked 
body comprising at least the separator (607) having an 
electrolyte Solution retained therein interposed between the 
cathode containing the cathode active material (603) and the 
anode containing the anode active material (601). The 
stacked body in the cathode can 606 is sealed by the 
insulating packing 610 (comprising an insulating member) 
and anode cap 605. 
The fabrication of a rechargeable lithium battery of the 

configuration shown in FIG. 5 or FIG. 6 is conducted, for 
example, in the following manner. A combination compris 
ing the separator (507, 607) interposed between the anode 
active material layer (501, 601) and the cathode active 
material layer (503, 603) is positioned in the cathode can 
(506, 606). Thereafter, the electrolyte is introduced. The 
resultant is assembled with the anode cap (505, 605) and the 
insulating packing (510, 610), followed by caulking treat 
ment. Thus, there is obtained the rechargeable lithium bat 
tery. 
The preparation of the constituent materials for the 

rechargeable lithium battery is desired to be conducted in a 
dry air atmosphere free of moisture or a dry inert gas 
atmosphere free of moisture in order to prevent the occur 
rence of chemical reaction of lithium with water and also in 
order to prevent the rechargeable lithium battery from dete 
riorating due to chemical reaction of lithium with water in 
the inside of the battery. 
As the constituent of the insulating packing (510, 610), 

there can be used fluororesin, polyamide resin, polysulfone 
resin, or various rubbers. The Sealing is typically conducted 
using a gasket Such as the insulating packing, as shown in 
FIGS. 5 and 6. Besides this, it can be conducted by means 
of glass Sealing, adhesive Sealing, welding or Soldering. 
AS the constituent of the insulating plate 611 shown in 

FIG. 6, there can be used organic resins and ceramics. 
The cathode can (506, 606) and/or the anode cap (505, 

605) may be constituted by stainless steel, titanium clad 
Stainless Steel, copper clad Stainless Steel, or nickel-plated 
Steel. 

In any of the configurations shown in FIGS. 5 and 6, the 
cathode can (506, 606) is designed to serve also as a battery 
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housing. In the case where a battery housing is indepen 
dently used, the battery housing can be constituted by a 
metal Such as Zinc, an alloy Such as Stainless Steel, a plastic 
Such as polypropylene, or a composite of a metal or glass 
fiber with plastic. 

Although this scenario is not shown in any of FIGS. 5 and 
6, it is possible to use an appropriate Safety vent in any of 
the configurations shown in FIGS. 5 and 6, which serves to 
ensure the Safety when the iside pressure of the rechargeable 
lithium battery is incidentally increased, by communicating 
the inside of the rechargeable lithium battery with the 
outside to thereby reduce the increased inside pressure of the 
rechargeable lithium battery. The Safety vent may be con 
Stituted by a material comprising a rubber, a Spring or a 
rupture foil. 

In the following, the present invention will be described 
in more detail with reference to examples, which are only for 
illustrative purposes but not intended to restrict the Scope of 
the present invention. 

EXAMPLE 1 AND COMPARATIVE EXAMPLE 1. 

Example 1 
There was prepared a prismatic rechargeable lithium 

battery of the configuration shown in FIG. 7. 
In FIG. 7, reference numeral 700 indicates a pressure 

means (comprising a polymer gel), reference numeral 710 an 
anode comprising an anode active material layer 701 and an 
anode collector 702, reference numeral 711 a cathode com 
prising a cathode active material layer 703 and a cathode 
collector 704, reference numeral 708 a separator, and refer 
ence numeral 709 a battery housing (made of an insulating 
material) having a capping provided with a pair of power 
outputting and inputting terminals 706 and 707. Reference 
numeral 705 indicates an electric connection wiring. 
The prismatic rechargeable lithium battery was prepared 

in the following manner. 
1. Preparation of pressure means 700: 
As the pressure means 700, there were prepared two 

sheet-like shaped pressure means in a manner as will be 
described below. 

(1) Preparation of polymer gel: 
In a reaction vessel, N-isopropylacrylamide as a monomer 

capable of forming a polymer and N,N'- 
methylenebisacrylamide as a crosslinking agent were dis 
Solved in water to obtain an aqueous Solution, and the 
aqueous Solution was Suspended in an paraffin oil to obtain 
a Suspension. The inside atmosphere of the reaction vessel 
was Substituted by nitrogen gas, a polymerization initiator 
comprising ammonium perSulfate and tetramethylethylene 
diamine was added into the Suspension, followed by Sub 
jecting the Supension to chemical reaction for about 30 
minutes, to obtain a gel. The resultant gel was washed with 
water to remove unreacted monomer, followed by drying 
under reduced pressure condition, to obtain a powdery 
polymer material. 

(2) Preparation of pressure means 700: 
The powdery polymer material obtained above was mixed 

with an ethylene-propylene-diethane polymer in an amount 
of 10 wt.%, followed by adding cyclohexane, to obtain a 
paste. The paste was applied on a nonwoven polypropylene 
fabric by means of coating process, followed by drying. The 
resultant was Subjected to roll-press treatment to obtain a 
polymer gel sheet comprising a polymer gel Supported by 
the nonwoven fabric as the pressure means 700. 

In this way, there were obtained two sheet-like shaped 
preSSure means 700 each comprising the polymer gel Sup 
ported by the nonwoven fabric. 
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2. Formation of anode 710: 

There were formed three anodes each comprising an 
anode active material layer 701 and an anode collector 702. 

(1) One of the three anodes was formed in the following 
C. 

5 wt.% of a polyvinylidene fluoride powder was mixed 
in a natural graphite fine powder obtained by Subjecting 
natural graphite to heat treatment at 2000 C. in a stream of 
argon, followed by adding N-methyl-2-pyrrolidone, to 
obtain a paste. The paste was applied on a Surface of a 
rectangular copper foil provided with an extended connec 
tion terminal as the anode collector 702 by means of coating 
process, followed by drying at 150° C. under reduced 
preSSure condition, whereby an anode active material layer 
701 was formed on the Surface of the anode collector 702. 

Thus, there was obtained an anode 701 (hereinafter 
referred to as anode 710a). 

(2) The remaining two anodes were formed into a lami 
nate comprising an anode collector 702 Sandwiched between 
a pair of anode active material layers 701 in the following 

C. 

5 wt.% of a polyvinylidene fluoride powder was mixed 
in a natural graphite fine powder obtained by Subjecting 
natural graphite to heat treatment at 2000 C. in a stream of 
argon, followed by adding N-methyl-2-pyrrolidone, to 
obtain a paste. The paste was applied on opposite Surfaces of 
a rectangular copper foil provided with an extended con 
nection terminal as the anode collector 702 by means of 
coating process, followed by drying at 150° C. under 
reduced pressure condition, whereby an anode active mate 
rial layer 701 was formed on each of the opposite surfaces 
of the anode collector 702. 

Thus, there was obtained an anode laminate comprising 
the copper foil as the anode collector 702 Sandwiched 
between a pair of anode active material layers 701 
(hereinafter referred to as anode laminate 710b). 
3. Formation of cathode 711: 

There were formed three cathodes each comprising a 
cathode active material layer 703 and a cathode collector 
704. 

(1) One of the three cathodes was formed in the following 
C. 

There were mixed lithium carbonate and cobalt carbonate 
with a mol ratio of 1:2, followed by subjecting to heat 
treatment in an air stream maintained at 800° C., to obtain 
a lithium-cobalt oxide material. 
The lithium-cobalt oxide material obtained in the above 

was mixed with 3 wt.% of acetylene black powder and 5 wt. 
% of polyvinylidene fluoride powder, followed by adding 
N-methyl-2-pyrrolidone, to obtain a paste. 
The paste was applied on a Surface of a rectangular 

aluminum foil provided with an extended connection termi 
nal as the cathode collector 704 by means of coating process, 
followed by drying at 150° C. under reduced pressure 
condition, whereby a cathode active material layer 703 was 
formed on the Surface of the cathode collector 704. 

Thus, there was obtained a cathode 711 (hereinafter 
referred to as cathode 711a). 

(2) The remaining two cathodes were formed into a 
laminate comprising a cathode collector 704 sandwiched 
between a pair of cathode active material layers 703 in the 
following manner. 

There were mixed lithium carbonate and cobalt carbonate 
with a mol ratio of 1:2, followed by subjecting to heat 
treatment in an air stream maintained at 800° C., to obtain 
a lithium-cobalt oxide material. 
The lithium-cobalt oxide material obtained in the above 

was mixed with 3 wt.% of acetylene black powder and 5 wt. 
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% of polyvinylidene fluoride powder, followed by adding 
N-methyl-2-pyrrolidone, to obtain a paste. 

The paste was applied on opposite Surfaces of a rectan 
gular aluminum foil provided with an extended connection 
terminal as the cathode collector 704 by means of coating 
process, followed by drying at 150° C. under reduced 
preSSure condition, whereby a cathode active material layer 
703 was formed on each of the opposite surfaces of the 
cathode collector 704. 

Thus, there was obtained a cathode laminate comprising 
the aluminum foil as the cathode collector 704 Sandwiched 
between a pair of cathode active material layers 703 
(hereinafter referred to as cathode laminate 711b). 
4. Preparation of electrolyte solution: 

There was provided a moisture-free mixed Solvent com 
posed of ethylene carbonate (EC) and dimethyl carbonate 
(DMC) with an equivalent mixing ratio. 1M (mol/l) of 
lithium tetrafluoroborate was dissolved in the mixed solvent. 
Thus, there was obtained an electrolyte Solution. 
5. Separator 708: 

There were provided three polyethylene members having 
a number of fine perforations as the separator 708. 

In each of the three separators 708, the electrolyte solution 
obtained in the above Step 4 was incorporated Such that it is 
retained in the Separator. 
6. Fabrication of rechargeable lithium battery: 
The fabrication of a rechargeable lithium battery was 

conducted in a dry argon atmosphere. 
There was obtained a Stacked body by laminating the 

polymer gel sheet 700, the anode 710a, the separator 708 
(having the electrolyte Solution retained therein), the cath 
ode laminate 711b, the separator 708 (having the electrolyte 
Solution retained therein), the anode laminate 710b, the 
separator 708 (having the electrolyte solution retained 
therein), the cathode 711a, and the polymer gel sheet 700 in 
the named order. The Stacked body was placed in a battery 
housing 709 made of polypropylene. 

Then, dimethyl sulfoxide was injected into each of the 
polymer gel sheets 700 situated at the opposite outermost 
Sides of the Stacked body to expand the two polymer gel 
sheets, whereby pressing the Stacked body (excluding the 
polymer get sheets) from the opposite sides. Thereafter, the 
connection terminals of the anode 710a and the anode 
laminate 710b were electrically connected to the power 
outputting and inputting terminal 706 of the capping of the 
battery housing 709. Similarly, the connection terminals of 
the cathode 711a and the cathode laminate 711b were 
electrically connected to the power outputting and inputting 
terminal 707 of the capping of the battery housing 709. 
Thereafter, the capping was put to the battery housing to Seal 
the inside of the battery housing. 

Thus, there was obtained a rechargeable lithium battery of 
the configuration shown in FIG. 7. 

Comparative Example 1 

The procedures of Example 1 were repeated, except that 
each of the two polymer gel sheets 700 was replaced by a 
polypropylene sheet and no dimethyl Sulfoxide was injected 
into each polypropylene sheet, to thereby obtain a recharge 
able lithium battery of the configuration shown in FIG. 7. 

Evaluation 

For each of the rechargeable lithium batteries obtained in 
Example 1 and Comparative Example 1, evaluation was 
conducted with respect to battery characteristics, i.e., 
charge-and-discharge efficiency (Coulombic efficiency), 
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charging and discharging cycle life, and average discharge 
Voltage through the charging and discharging cycle test. 

The charging and discharging cycle test was conducted by 
placing each rechargeable lithium battery in a charging and 
discharging device HJ-106M (produced by Hokuto Denko 
Kabushiki Kaisha), where charging and discharging were 
alternately repeated under conditions of 1 C (electric current 
of 1 times the electric capacity per an hour based on the 
theoretical electric capacity calculated from the cathode 
active material of each rechargeable lithium battery) for the 
charging and discharging, and 30 minutes for the rest. For 
the other conditions, the cut-off voltage upon operating 
charging was made 4.5 V and the cut-off voltage upon 
operating discharging was made 2.5 V. 
The charging and discharging cycle test was initiated by 

operating the charging. 
In the charging and discharging test, for each rechargeable 

lithium battery, evaluation was conducted with respect to (a) 
charge-and-discharge efficiency (Coulombic efficiency), (b) 
charging and discharging cycle life, and (c) average dis 
charge Voltage, 
The charge-and-discharge efficiency (a) was based on a 

Coulombic efficiency, that is, a ratio of a discharge capacity 
to a charge capacity at the time of the third charging and 
discharging cycle. 

In Table 1, the charge-and-discharge efficiency of the 
rechargeable lithium battery of Example 1 is shown in a 
value relative to the charge-and-discharge capacity of the 
rechargeable lithium battery of Comparative Example 1, 
which is set at 1. 
The charging and discharging cycle life (b) was based on 

the number of the charging and discharging cycles repeated 
until the battery capacity became less than 60% of that after 
the third charging and discharging cycle. 

In Table 1, the charging and discharging cycle life of the 
rechargeable lithium battery of Example 1 is shown in a 
value relative to the charging and discharging cycle life of 
the rechargeable lithium battery of Comparative Example 1, 
which is set at 1. 
The evaluation of the average discharge Voltage (c) was 

conducted in the following manner. That is, the third dis 
charging has been operated until the time when the discharg 
ing voltage reached the cut-off voltage (2.5 V), where there 
was examined a ratio of an electric energy capable of being 
discharged by the battery to the electric capacity possessed 
by the battery. The average discharge Voltage was based on 
this ratio. 

In Table 1, the average discharge Voltage of the recharge 
able lithium battery of Example 1 is shown as a value 
relative to the average discharge Voltage of the rechargeable 
lithium battery of Comparative Example 1, which is set at 1. 

Based on the results shown in Table 1, it is understood that 
the rechargeable lithium battery obtained in Example 1 is 
apparently Surpassing the rechargeable lithium battery 
obtained in Comparative Example 1 in terms of the charge 
and-discharge efficiency, charging and discharging cycle 
life, and average discharge Voltage. 

Example 2 
There was prepared a prismatic rechargeable lithium 

battery having a configuration Similar to the configuration 
shown in FIG. 7. 
1. Preparation of pressure means 700: 
As the pressure means 700, there were prepared four 

sheet-like shaped pressure means in a manner as will be 
described below. 
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(1) Preparation of polymer gel: 
In a reaction vessel, acrylamide and trimethyl(N-acryloyl 

3-aminopropyl)ammoniumiodide respectively as a mono 
mer capable of forming a polymer, and N,N'- 
methylenebisacrylamide as a crosslinking agent were 
dissolved in water to obtain an aqueous Solution, and the 
aqueous Solution was Suspended in an paraffin oil to obtain 
a Suspension. The inside atmosphere of the reaction vessel 
was Substituted by nitrogen gas, 2,2'-azobis(2- 
aminodipropane)dihydrochloride as a polymerization initia 
tor was added into the Suspension, followed by Subjecting 
the Suspension to chemical reaction for about 30 minutes, to 
obtain a gel. The resultant gel was washed with water to 
remove unreacted monomers, followed by drying under 
reduced pressure condition, to obtain a powdery cationic 
polymer material. 

(2) Preparation of pressure means 700: 
The powdery cationic polymer material obtained in the 

above was mixed with an ethylene-propylene-diethane poly 
mer in an amount of 10 wt.%. The resultant mixture was 
mixed with magnesium iodide as a Salt capable of causing a 
Sudden Solubility increase upon temperature rise, followed 
by adding cyclohexane, to obtain a paste. The paste was 
applied on a nonwoven polypropylene fabric by means of 
coating process, followed by drying. The resultant was 
Subjected to roll-press treatment to obtain a polymer gel 
sheet comprising a polymer gel Supported by the nonwoven 
fabric as the pressure means 700. 

In this way, there were obtained four sheet-like shaped 
preSSure means 700 each comprising the polymer gel Sup 
ported by the nonwoven fabric. 
2. Formation of anode 710: 

There were formed three anodes 710 each comprising an 
anode active material layer 701 and an anode collector 702. 

Each anode was formed in the following manner. That is, 
5 wt.% of a polyvinylidene fluoride powder was mixed in 
a natural graphite fine powder obtained by Subjecting natural 
graphite to heat treatment at 2000 C. in a stream of argon, 
followed by adding N-methyl-2-pyrrolidone, to obtain a 
paste. The paste was applied on a Surface of a rectangular 
copper foil provided with an extended connection terminal 
as the anode collector 702 by means of coating process, 
followed by drying at 150° C. under reduced pressure 
condition, whereby an anode active material layer 701 was 
formed on the Surface of the anode collector 702. 

Thus, there were obtained three anodes 710. 
3. Formation of cathode 711: 

There were formed three cathodes 711 each comprising a 
cathode active material layer 703 and a cathode collector 
704. 

Each cathode was formed in the following manner. That 
is, there were mixed lithium carbonate and cobalt carbonate 
with a mol ratio of 1:2, followed by subjecting to heat 
treatment in an air stream maintained at 800° C., to obtain 
a lithium-cobalt oxide material. 
The lithium-cobalt oxide material obtained in the above 

was mixed with 3 wt.% of acetylene black powder and 5 wt. 
% of polyvinylidene fluoride powder, followed by adding 
N-methyl-2-pyrrolidone, to obtain a paste. 

The paste was applied on a Surface of a rectangular 
aluminum foil provided with an extended connection termi 
nal as the cathode collector 704 by means of coating process, 
followed by drying at 150° C. under reduced pressure 
condition, whereby a cathode active material layer 703 was 
formed on the Surface of the cathode collector 704. 

Thus, there were obtained three cathodes 711. 
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4. Preparation of electrolyte solution: 

There was provided a moisture-free mixed Solvent com 
posed of ethylene carbonate (EC) and dimethyl carbonate 
(DMC) with an equivalent mixing ratio. 1M (mol/l) of 
lithium tetrafluoroborate was dissolved in the mixed solvent. 
Thus, there was obtained an electrolyte Solution. 
5. Separator 708: 

There were provided three polyethylene members having 
a number of fine perforations as the separator 708. 

In each of the three separators 708, the electrolyte solution 
obtained in the above Step 4 was incorporated Such that it is 
retained in the Separator. 
6. Fabrication of rechargeable lithium battery: 
The fabrication of a rechargeable lithium battery was 

conducted in a dry argon atmosphere. 
There were provided three laminates each obtained by 

laminating the anode 710, the separator 708 (having the 
electrolyte solution retained therein), and the cathode 711. 

Each laminate was introduced into a heat-shrinkable 
tubing made of a tetrafluoroethylene-hexafluoropropylene 
copolymer (not shown in the figure), followed by Subjecting 
to heat-pressure treatment at 120° C., where an end side of 
the heat-shrinkable tubing with the absence of the connec 
tion terminals of the anode and cathode was fuse-Sealed, to 
obtain a packaged cell unit. 

In this way, there were obtained three cell units. 
Each cell unit was Sandwiched between a pair of the 

polymer gel sheets 700 to obtain a stacked body having a 
configuration comprising the polymer gel sheet/the unit 
cell/the polymer gel sheet/the unit cell/the polymer gel 
sheet/the unit cell/the polymer gel Sheet. 
The resultant Stacked body was placed in a battery hous 

ing 709 made of polypropylene. 
Then, a mixed solvent composed of ethylene carbonate 

and dimethyl carbonate was injected into each of the poly 
mer gel Sheets 700 to expand each polymer gel sheet, 
whereby pressing each unit cell (comprising the anode, 
Separator and cathode) by the two polymer gel sheets 
Situated on the opposite sides of the unit cell. Thereafter, the 
connection terminals of the three anodes 710 were electri 
cally connected to the power outputting and inputting ter 
minal 706 of the capping of the battery housing 709. 
Similarly, the connection terminals of the three cathodes 711 
were electrically connected to the power outputting and 
inputting terminal 707 of the capping of the battery housing 
709. Thereafter, the capping was put to the battery housing 
to Seal the inside of the battery housing. 

Thus, there was obtained a prismatic rechargeable lithium 
battery. 

In the above, by using the foregoing heat-shrinkable 
tubing, the anode, Separator and cathode could be readily 
integrated as desired without being deviated. Therefore, the 
fabrication of the rechargeable lithium battery could be 
efficiently conducted. In addition, by packing each laminate 
(comprising the anode, separator and cathode) in the heat 
Shrinkable tubing one end Side of which being Sealed, even 
in the case where the amount of the electrolyte Solution 
should be excessive, the occurrence of a problem of leaking 
the electrolyte Solution to invade into the the polymer gel 
sheet whereby causing a phase change in the polymer gel 
layer of the polymer gel sheet could be prevented. And the 
preSSure in the battery could be uniformly maintained. 
Hence, the rechargeable lithium battery continuously exhib 
ited a desirable battery performance. 

Evaluation 

For the rechargeable lithium battery obtained in Example 
2, evaluation was conducted with respect to (a) charge-and 
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discharge efficiency (Coulombic efficiency), (b) charging 
and discharging cycle life, and (c) average discharge Voltage 
through the charging and discharging cycle test in the same 
manner as in Example 1 and Comparative Example 1. 

In Table 2, the charge-and-discharge efficiency of the 
rechargeable lithium battery of Example 2 is shown as a 
value relative to the charge-and-discharge capacity of the 
rechargeable lithium battery of Comparative Example 1 
(obtained in the foregoing evaluation), which is set at 1. 

In Table 2, the charging and discharging cycle life of the 
rechargeable lithium battery of Example 2 is shown as a 
value relative to the charging and discharging cycle life of 
the rechargeable lithium battery of Comparative Example 1 
(obtained in the foregoing evaluation), which is set at 1. 

In Table 2, the average discharge Voltage of the recharge 
able lithium battery of Example 2 is shown as a value 
relative to the average discharge Voltage of the rechargeable 
lithium battery of Comparative Example 1 (obtained in the 
foregoing evaluation), which is set at 1. 

Based on the results shown in Table 2, it is understood that 
the rechargeable lithium battery obtained in Example 2 
Surpasses the rechargeable lithium battery obtained in Com 
parative Example 1 in terms of the charge-and-discharge 
efficiency, charging and discharging cycle life, and average 
discharge Voltage. 

EXAMPLE 3 AND COMPARATIVE EXAMPLE 2 

Example 3 
There was prepared a single-layer Structure type flat 

rechargeable lithium battery of the configuration shown in 
FIG. 5 in the following manner. 
1. Formation of anode 502: 

There was provided an Al/Cu clad foil having a surface 
etched with the use of an aqueous Solution containing 5 wt. 
% of potassium hydroxide. The Al/Cu clad foil was 
immersed in a Sulfuric acid aqueous Solution of 12M(mol/l) 
as an electrolyte Solution, and a glassy carbon member as a 
counter electrode was also immersed in Said Sulfuric acid 
aqueous Solution. And a D.C. Voltage of 30 V was impressed 
between the Al/Cu clad foil and the glassy carbon member, 
whereby the etched surface of the Al/Cu clad foil was 
anodized. The Al/Cu clad foil thus treated was washed with 
pure water, Successively washed with acetone and isopropyl 
alcohol, followed by drying. The resultant was dried at 150 
C. under reduced pressure condition. Thus, there was 
obtained an anode 502. 
2. Formation of cathode 503: 

There were mixed manganese nitrate and lithium carbon 
ate with a mol ration of 7:3, followed by Subjecting to heat 
treatment in an air stream maintained at 650 C., to obtain 
a lithium-manganese oxide material. 
The resultant lithium-manganese oxide material was 

mixed with 5 wt.% of acetylene black powder and 5 wt.% 
of polyvinylidene fluoride powder, followed by adding 
N-methyl-2-pyrrolidone, to obtain a paste. 

The paste thus obtained was applied on an aluminum foil 
as a cathode collector by means of coating process, followed 
by drying at 150° C. under reduced pressure condition. 

Thus, there was obtained a cathode 503. 
3. Coating the anode and cathode by a polymer gel: 

The anode 502 obtained in the above step 1 was cut into 
a round shape. Similarly, the cathode 503 obtained in the 
above Step 2 was cut into a round shape. On a Surface of each 
round-shaped electrode, an aqueous Solution of polyethylene 
glycol was applied by means of coating process to form a 
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liquid coat. The liquid coat formed on each round-shaped 
electrode was Subjected to irradiation of electron beam to 
crosslink the liquid coat into a polyethylene glycol gel layer. 
Each round-shaped electrode covered by the polyethylene 
glycol gel layer was Subjected to freeze drying under 
reduced pressure condition, followed by Subjecting it to 
preSSure molding, then followed by Subjecting, drying under 
reduced pressure condition. By this, there were obtained an 
anode 502 covered by a polyethylene glycol dry gel layer 
and a cathode 503 covered by a polyethylene glycol dry gel 
layer. 

Herein, the polyethylene glycol dry gel layer Serves as a 
separator 507. 
4. Preparation of electrolyte solution: 

There was provided a moisture-free mixed Solvent com 
posed of ethylene carbonate (EC) and dimethyl carbonate 
(DMC) with an equivalent mixing ratio. 1M (mol/l) of 
lithium tetrafluoroborate was dissolved in the mixed solvent. 
Thus, there was obtained an electrolyte Solution. 
5. Fabrication of rechargeable lithium battery: 
The fabrication of a rechargeable lithium battery was 

conducted in a dry argon atmosphere. 
The cathode 503 covered by the polyethylene glycol dry 

gel layer and the anode 502 covered by the polyethylene 
glycol dry gel layer in combination were inserted into a 
cathode can 506 made of a titanium clad stainless steel Such 
that the polyethylene glycol dry gel layer of the cathode was 
contacted with that of the anode. Then, the electrolyte 
Solution was injected into the polyethylene glycol dry gel 
layer of each of the cathode and anode. The resultant was 
Sealed using an anode cap 505 made of a Stainless Steel and 
an insulating packing 510 made of polypropylene. 

Thus, there was obtained a single-layer structure type flat 
rechargeable lithium battery. 

Comparative Example 2 
The procedures of Example 3 were repeated, except that 

no polyethylene glycol dry gel layer was formed on any of 
the anode and cathode, and a separator 507 comprising a 
polyethylene member with a number of fine perforations and 
having the electrolyte Solution retained therein was inter 
posed between the anode 502 and the cathode 503, to obtain 
a single-layer Structure type flat rechargeable lithium battery. 

Evaluation 

For each of the rechargeable lithium batteries obtained in 
Example 3 and Comparative Example 2, evaluation was 
conducted with respect to (a) charge-and-discharge effi 
ciency (Coulombic efficiency), (b) charging and discharging 
cycle life, and (c) average discharge Voltage through the 
charging and discharging cycle test in the same manner as in 
Example 1 and Comparative Example 1. 

In Table 3, the charge-and-discharge efficiency of the 
rechargeable lithium battery of Example 3 is shown as a 
value relative to the charge-and-discharge efficiency of the 
rechargeable lithium battery of Comparative Example 2, 
which is set at 1. 

In Table 3, the charging and discharging cycle life of the 
rechargeable lithium battery of Example 3 is shown as a 
value relative to the charging and discharging cycle life of 
the rechargeable lithium battery of Comparative Example 2, 
which is set at 1. 

In Table 3, the average discharge Voltage of the recharge 
able lithium battery of Example 3 is shown in a value 
relative to the average discharge Voltage of rechargeable 
lithium battery of Comparative Example 2, which is set at 1. 
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Based on the results shown in Table 3, it is understood that 
the rechargeable lithium battery obtained in Example 3 is 
apparently Surpassing the rechargeable lithium battery 
obtained in Comparative Example 2 in terms of the charging 
and discharging cycle life, and the former is Superior to the 
latter also in terms of the charge-and-discharge efficiency 
and average discharge Voltage. 

EXAMPLE 4 AND COMPARATIVE EXAMPLE 3 

Example 4 
There was prepared a spiral-wound cylindrical recharge 

able lithium battery of the configuration shown in FIG. 6 in 
the following manner. 
1. Preparation of polymer gel: 

In accordance with the procedures for the preparation of 
polymer gel in the foregoing step 1-(1) in Example 1, there 
was prepared a powdery polymer gel material. 
2. Preparation of separator 607: 

The powdery polymer gel material obtained in the above 
Step 1 was dispersed in an aqueous Solution of polyethylene 
glycol to obtain a dispersion (comprising the powdery 
polymer gel material dispersed in the polyethylene glycol 
aqueous Solution). The dispersion thus obtained was applied 
the entire Surfaces of a polypropylene film having a number 
of fine perforations by means of dip coating process to form 
a coat film on the polypropylene film, followed by drying 
under reduced preSSure condition, to obtain a separator film 
covered by a polymer gel layer as the separator 607. 
3. Formation of anode 601: 

There was provided an Al/Cu/Alclad foil having opposite 
aluminum Surfaces etched with the use of an aqueous 
Solution containing 5 wt.% of potassium hydroxide. The 
Al/Cu/Al clad foil was immersed in a Sulfuric acid aqueous 
solution of 12M(mol/l) as an electrolyte solution, and a 
glassy carbon member as a counter electrode was also 
immersed in Said Sulfuric acid aqueous Solution. And a D.C. 
voltage of 30 V was applied between the Al/Cu/Al clad foil 
and the glassy carbon member, whereby the etched opposite 
aluminum Surfaces of the Al/Cu/Al clad foil were anodized. 
The Al/Cu/Al clad foil thus treated was washed with pure 
water, Successively washed with acetone and isopropyl 
alcohol, followed by drying. The resultant was dried at 150 
C. under reduced pressure condition. Thus, an anode 601 
was obtained. 

At an end portion of the resultant anode 601, a power 
outputting and inputting terminal 600 comprising a nickel 
foil tab was welded using laser. 
4. Formation of cathode 603: 

There were mixed manganese dioxide and lithium nitrate 
with a mal ration of 7:3, followed by Subjecting to heat 
treatment in an air stream maintained at 330 C., to obtain 
a lithium-manganese oxide material. 
The resultant lithium-manganese oxide material was 

mixed with 3 wt.% of acetylene black powder and 5 wt.% 
of polyvinylidene fluoride powder, followed by adding 
N-methyl-2-pyrrolidone, to obtain a paste. 

The paste thus obtained was applied on opposite Surfaces 
of an aluminum foil provided with an extended connection 
terminal as a cathode collector by means of coating process, 
followed by drying and then followed by drying at 150 C. 
under reduced pressure condition. 

Thus, a cathode 603 was obtained. 
5. Preparation of electrolyte solution: 

There was provided a moisture-free mixed Solvent com 
posed of ethylene carbonate (EC) and dimethyl carbonate 
(DMC) with an equivalent mixing ratio. 1M (mol/l) of 
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lithium tetrafluoroborate was dissolved in the mixed solvent. 
Thus, an electrolyte Solution was obtained. 
6. Fabrication of rechargeable lithium battery: 
The fabrication of a rechargeable lithium battery was 

conducted in a dry argon atmosphere. 
The cathode 603, the separator 607 (covered by the 

polymer gel layer) and the anode 601 were wound by means 
of a winding machine while applying a tension in a spiral 
like state to obtain a sprirally wound stacked body. The 
connection terminal of the cathode of the Spirally wound 
Stacked body was Spot-welded to a bottom portion of a 
cathode can 606 made of a titanium clad StainleSS Steel, and 
the Spirally wound Stacked body was inserted into the 
cathode can 606. In the following calking Step, the cathode 
can 606 was furrowed by means of a necking device. Then, 
the connection terminal of the anode of the Spirally wound 
stacked body was welded to an anode cap 605 made of a 
Stainless Steel using laser. Successively, the electrolyte Solu 
tion was injected into the separator 607 of the sprirally 
wound Stacked body. Thereafter, an insulating packing 610 
made of polypropylene was arranged in the cathode can 606, 
and the anode cap 605 was capped to the cathode can. The 
resultant was treated by means of a caulking machine. Thus, 
a spiral-wound cylindrical rechargeable lithium battery was 
obtained. 

Comparative Example 3 
The procedures of Example 4 were repeated, except that 

a polypropylene film having a number of fine perforations 
which is provided with no Such polymer gel layer as in 
Example 4 was used as the separator 607, to thereby obtain 
a spiral-wound cylindrical rechargeable lithium battery. 

Evaluation 

For each of the rechargeable lithium batteries obtained in 
Example 4 and Comparative Example 3, evaluation was 
conducted with respect to (a) charge-and-discharge effi 
ciency (Coulombic efficiency), (b) charging and discharging 
cycle life, and (c) average discharge Voltage through the 
charging and discharging cycle test in the same manner as in 
Example 1 and Comparative Example 1. 

In Table 4, the charge-and-discharge efficiency of the 
rechargeable lithium battery of Example 4 is shown as a 
value relative to the charge-and-discharge efficiency of the 
rechargeable lithium battery of Comparative Example 3, 
which is set at 1. 

In Table 4, the charging and discharging cycle life of the 
rechargeable lithium battery of Example 4 is shown as a 
value relative to the charging and discharging cycle life of 
the rechargeable lithium battery of Comparative Example 3, 
which is set at 1. 

In Table 4, the average discharge Voltage of the recharge 
able lithium battery of Example 4 is shown as a value 
relative to the average discharge Voltage of rechargeable 
lithium battery of Comparative Example 3, which is set at 1. 

Based on the results shown in Table 4, it is understood that 
the rechargeable lithium battery obtained in Example 4 
Surpasses the rechargeable lithium battery obtained in Com 
parative Example 3 in terms of the charging and discharging 
cycle life, and the former is Superior to the latter also in 
terms of the charge-and-discharge efficiency and average 
discharge Voltage. 

EXAMPLE 5 AND COMPARATIVE EXAMPLE 4 

Example 5 
There was prepared a prismatic rechargeable lithium 

battery of the configuration shown in FIG. 8. 
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The rechargeable lithium battery shown in FIG. 8 com 
prises a Stacked body comprising three unit cells integrated 
in Series connection Sandwiched between a pair of Sheet-like 
shaped preSSure means each comprising a polymer gel 
material layer 800 and a electrically conductive metal plate 
(810, 820) situated on the side of the stacked body so as to 
contact the anode or cathode collector of the Stacked body in 
a battery housing 808 (made of an insulating material), 
wherein a first unit cell comprises an anode has an anode 
collector 812 and an anode active material layer 811, a 
Separator 818, and a cathode comprising a cathode active 
material layer 813 and a cathode collector 814; a second unit 
cell comprises an anode comprising an anode collector 822 
and an anode active material layer 821, a separator 828, and 
a cathode comprising a cathode active material layer 823 
and a cathode collector 824, and a third unit cell comprises 
an anode collector 832 and an anode active material layer 
831, a separator 838, and a cathode comprising a cathode 
active material layer 833 and a cathode collector 834. The 
battery housing has a capping provided with a pair of power 
outputting and inputting terminals 806 and 807 each being 
electrically connected to the metal plate 810 or 820 con 
tacted with the anode collector or the cathode collector of the 
stacked body by way of a connection wire 805. 

The prismatic rechargeable lithium battery was prepared 
in the following manner. 
1. Preparation of pressure means: 
AS the pressure means, there were prepared two sheet-like 

shaped pressure means, namely, first and Second sheet-like 
shaped pressure means (a) and (b) each comprising a poly 
mergel material layer 800 and a Support member 810 or 820 
(comprising an electrically conductive metal plate). 

The first and Second sheet-like shaped pressure means 
were prepared in the following manner. 
(1) Preparation of polymer gel: 

In a reaction vessel, Sodium Styrene Sulfonate as a mono 
mer capable of forming a polymer and N,N'- 
methylenebisacrylamide as a crosslinking agent were dis 
Solved in water to obtain an aqueous Solution, and the 
aqueous Solution was Suspended in an paraffin oil to obtain 
a Suspension. The inside atmosphere of the reaction vessel 
was Substituted by nitrogen gas, a polymerization initiator 
comprising ammonium perSulfate and tetramethylethylene 
diamine was added into the Suspension, followed by Sub 
jecting to chemical reaction for about 30 minutes, to obtain 
a gel. The resultant gel was washed with water to remove 
unreacted monomer, followed by drying under reduced 
preSSure condition, to obtain a powdery anionic polymer gel 
material. 

(2) Preparation of first and Second sheet-like shaped 
preSSure means: 

The polymer gel material obtained in the above was 
mixed with an ethylene-propylene-diethane polymer in an 
amount of 10 wt. 76 to obtain a mixture. The resultant 
mixture was mixed with microcapsules each comprising 
Sodium iodide enclosed by a low molecular weight polyeth 
ylene capable of being fused at a temperature of about 100 
C., followed by adding N-methyl-2-pyrrolidone to obtain a 
paste. 
A part of the paste was applied on a Surface of a copper 

plate as the electrically conductive plate 810 by means of 
coating process, followed by drying under reduced preSSure 
condition, to obtain a first sheet-like shaped pressure means 
(a) comprising a polymer gel layer 800 Supported on the 
copper plate 810. 

Similarly, the remaining paste was applied on a Surface of 
an aluminum plate as the electrically conductive plate 820 
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by means of coating process, followed by drying under 
reduced pressure condition, to obtain a Second sheet-like 
shaped pressure means (b) comprising a polymer gel layer 
800 Supported on the aluminum plate 820. 
2. Formation of anode: 

There were formed first, second and third anodes (a), (b) 
and (c) each comprising an anode active material layer (811, 
821, 831) and an anode collector (812, 822, 832). 

Each of the three anodes was formed in the following 
C. 

5 wt.% of a polyvinylidene fluoride powder was mixed 
in a natural graphite fine powder obtained by Subjecting 
natural graphite to heat treatment at 2000 C. in a stream of 
argon, followed by adding N-methyl-2-pyrrolidone, to 
obtain a paste. The paste was applied on a Surface of a 
rectangular copper foil as the anode collector (812, 822, 
832) by means of coating process, followed by drying at 
150 C. under reduced pressure condition, whereby an anode 
active material layer (811, 821, 831) was formed on the 
surface of the anode collector (821, 822, 832) (comprising 
the copper foil). 

Thus, there were obtained a first anode (a), a second anode 
(b) and a third anode (c). 
3. Formation of cathode: 

There were formed first, second and third cathodes (a), (b) 
and (c) each comprising a cathode active material layer (813, 
823, 833) and a cathode collector (814, 824, 834). 

Each of the three cathodes was formed in the following 
C. 

There were mixed lithium nitrate and nickel carbonate 
with a mol ratio of 1:1, followed by subjecting to heat 
treatment in an air stream maintained at 750 C., to obtain 
a lithium-nickel oxide material. 
The lithium-nickel oxide material obtained in the above 

was mixed with 3 wt.% of acetylene black powder and 5 wt. 
% of polyvinylidene fluoride powder, followed by adding 
N-methyl-2-pyrrolidone, to obtain a paste. 
The paste was applied on a Surface of a rectangular 

aluminum foil the cathode collector (814, 824, 834) by 
means of coating process, followed by drying at 150 C. 
under reduced pressure condition, whereby a cathode active 
material layer (813, 823, 833) was formed on the surface of 
the cathode collector (814, 824, 834) (comprising the alu 
minum foil). 

Thus, there were obtained a first cathode (a), a second 
cathode (b) and a third cathode (c). 
4. Preparation of electrolyte solution: 

There was provided a moisture-free mixed Solvent com 
posed of ethylene carbonate (EC) and dimethyl carbonate 
(DMC) with an equivalent mixing ratio. 1M (mol/l) of 
lithium tetrafluoroborate was dissolved in the mixed solvent. 
Thus, there was obtained an electrolyte Solution. 
5. Separator: 

There were provided three polypropylene members hav 
ing a number of fine perforations as the separators 818, 828, 
and 838. 

In each of the three separators 818, 828, and 838, the 
electrolyte Solution obtained in the above Step 4 was incor 
porated Such that it is retained in the Separator. 
6. Fabrication of rechargeable lithium battery: 
The fabrication of a rechargeable lithium battery was 

conducted in a dry argon atmosphere. 
There was obtained a Stacked body comprising three unit 

cells in the following manner. There were laminated the first 
anode (a), the separator 818 (having the electrolyte solution 
retained therein) and the first cathode (a) to establish a first 
unit cell; the second anode (b), the separator 828 (having the 
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electrolyte Solution retained therein) and the Second cathode 
(b) to establish a second unit cell; and the third anode (c), the 
separator 838 (having the electrolyte solution retained 
therein) and the third cathode (c) to establish a third unit cell. 
The stacked body was sandwiched between the first sheet 
like shaped pressure means (a) and the Second sheet-like 
shaped pressure means (b) Such that the anode collector 812 
of the first unit cell was contacted with the copper plate 810 
of the first sheet-like shaped pressure means (a) and the 
cathode collector 834 of the third unit cell was contacted 
with the aluminum plate 820 of the second sheet-like shaped 
pressure means (b). 

The resultant obtained was inserted in a battery housing 
808 made of polypropylene, having a capping provided with 
a pair of power outputting and inputting terminals 806 and 
807. 

Then, dimethyl carbonate was injected into the polymer 
gel layer 800 of each of the first and second sheet-like 
shaped pressure means (a) and (b) Situated on the opposite 
outermost Sides of the Stacked body to expand the two 
polymer gel layers, whereby pressing the Stacked body from 
the opposite Sides through the copper and aluminum plates 
810 and 820. Thereafter, the copper plate 810 of the first 
sheet-like shaped pressure means (a) was electrically con 
nected to the power outputting and inputting terminal 806 of 
the capping of the battery housing 808 by way of a connec 
tion wire 805. Similarly, the aluminum plate 820 of the 
Second sheet-like shaped pressure means (b) was electrically 
connected to the power outputting and inputting terminal 
807 of the capping of the battery housing 808 by way of a 
connection wire 805. Then, the capping was capped to the 
battery casing to Seal the battery casing. 

Thus, there was obtained a rectangular prismatic 
rechargeable lithium battery. 

Incidentally, it should be understood that the microcap 
Sules dispersed in the polymer gel layer 800 of each of the 
foregoing first and Second sheet-like shaped preSSure means 
(a) and (b) are fused and broken to release the Sodium iodide 
contained therein and the Sodium iodide is dissolved in the 
dimethyl carbonate as a Solvent Serving to expand the 
polymer gel material of the polymer gel material layer, 
where the Sodium iodide is dissociated into ions. 

Comparative Example 4 
The procedures of Example 5 were repeated, except that 

the first and Second sheet-like shaped pressure means (a) and 
(b) were replaced by a copper plate coated with polypropy 
lene and an aluminum plate coated with polypropylene, to 
thereby obtain a prismatic rechargeable lithium battery. 

Evaluation 

For each of the rechargeable lithium batteries obtained in 
Example 5 and Comparative Example 4, evaluation was 
conducted with respect to (a) charge-and-discharge effi 
ciency (Coulombic efficiency), (b) charging and discharging 
cycle life, and (c) average discharge Voltage through the 
charging and discharging cycle test in the same manner as in 
Example 1 and Comparative Example 1. 

In Table 5, the charge-and-discharge efficiency of the 
rechargeable lithium battery of Example 5 is shown as a 
value relative to the charge-and-discharge capacity of the 
rechargeable lithium battery of Comparative Example 4, 
which is set at 1. 

In Table 5, the charging and discharging cycle life of the 
rechargeable lithium battery of Example 5 is shown as a 
value relative to the charging and discharging cycle life of 
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the rechargeable lithium battery of Comparative Example 4, 
which is set at 1. 

In Table 5, the average discharge Voltage of the recharge 
able lithium battery of Example 5 is shown as a value 
relative to the average discharge Voltage of the rechargeable 
lithium battery of Comparative Example 4, which is set at 1. 

Based on the results shown in Table 5, it is understood that 
the rechargeable lithium battery obtained in Example 5 
Surpasses the rechargeable lithium battery obtained in Com 
parative Example 4 in terms of the charge-and-discharge 
efficiency, charging and discharging cycle life, and average 
discharge Voltage. 

Separately, for the rechargeable lithium batteries obtained 
in the foregoing Examples 1 to 5 and Comparative Examples 
1 to 4, evaluation was conducted with respect to internal 
resistance as will be described below. 

(1) For each of the rechargeable lithium batteries obtained 
in Examples 1 and 2 and Comparative Example 1, through 
the foregoing charging and discharging cycle test, the charg 
ing and discharging cycle was conducted once, and the 
internal resistance (hereinafter referred to as first internal 
resistance (i)) was measured while maintaining the recharge 
able lithium battery at 25 C. Thereafter, the rechargeable 
lithium battery was heated to 100° C., and the internal 
resistance (hereinafter Second internal resistance (ii)) was 
measured. Successively, the rechargeable lithium battery 
was cooled down to 25 C., and the internal resistance 
(hereinafter referred to as third internal resistance (iii)) was 
measured. For the measured three internal resistances (i) to 
(iii), a rate of change based on the first internal resistance (i) 
was calculated. 

In Table 6, the first internal resistance (i) for each of the 
rechargeable lithium batteries of Examples 1 and 2 is shown 
in a value relative that for the rechargeable lithium battery 
of Comparative Example 1, which is Set at 1. 

(2) In the same manner as in the above (1), the first 
internal resistance (i) for each of the rechargeable lithium 
batteries of Example 3 and Comparative Example 2. In 
Table 6, the resultant rate of change for the rechargeable 
lithium battery of Example 3 is shown as a value relative that 
for the rechargeable lithium battery of Comparative 
Example 2, which is set at 1. 

(3) In the same manner as in the above (1), the first 
internal resistance (i) was obtained for each of the recharge 
able lithium batteries of Example 4 and Comparative 
Example 3. In Table 6, the first internal resistance (i) for the 
rechargeable lithium battery of Example 4 is shown as a 
value relative that for the rechargeable lithium battery of 
Comparative Example 3, which is Set at 1. 

(4) In the same manner as in the above (1), the first 
internal resistance (i) was obtained for each of the recharge 
able lithium batteries of Example 5 and Comparative 
Example 4. In Table 6, the first internal resistance (i) for the 
rechargeable lithium battery of Example 5 is shown as a 
value relative that for the rechargeable lithium battery of 
Comparative Example 4, which is Set at 1. 

(5) For each of the rechargeable lithium batteries of 
Examples 1, 2, 4, and 5, each of the Second internal 
resistance (ii) (measured when the temperature of the 
rechargeable lithium battery was raised from 25 C. to 100 
C.) and the third internal resistance (iii) (measured when the 
temperature of the rechargeable lithium battery was cooled 
from 100° C. to 25° C) is shown as Table 7 in a value 
relative to the first internal resistance (i) (measured when the 
temperature of the rechargeable lithium battery was main 
tained at 25 C.), which is set at 1. 
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Based on the results shown in Table 6, it is understood that 
the use of the polymer gel material as the pressure means 
according to the present invention enables to reduce the 
battery's internal resistance as desired: 

Based on the results shown in Table 7, the following facts 
are understood. That is, for a rechargeable lithium battery in 
which a given pressure means comprising the polymer gel 
material according to the present invention is used, when as 
the pressure means, one prepared by an appropriate prepa 
ration manner is used, the internal resistance of the recharge 
able lithium battery is raised when the rechargeable lithium 
battery is heated. In addition, in this case, the raised internal 
resistance recovers to a reduced level when the rechargeable 
lithium battery is cooled to low temperature (see, the 
changes in internal resistances of Examples 1, 2, 4, and 5 in 
Table 7). And the internal pressure raised when the recharge 
able battery is heated to high temperature is maintained 
without being reduced even when the rechargeable lithium 
battery is cooled to low temperature. 

According to the present invention, by using the Separator 
having a micropore Structure comprising polyethylene or 
polypropylene in combination of the pressure means com 
prising the polymer gel material, there can be efficiently 
produced a highly reliable rechargeable lithium battery 
excelling in Safety at a reduced production cost. 
Now, in the foregoing Examples 1 to 5, there were used 

lithium-cobalt oxide material, lithium-manganese oxide 
material, and lithium-nickel oxide material as the cathode 
active material. However, these oxide materials are not 
limitative. Besides these, other various metal oxide materials 
Such as lithium-Vanadium oxide material, lithium-iron oxide 
material, and the like are also effectively usable as the 
cathode active material in the present invention. Similarly, in 
the foregoing Examples 1 to 5, there was used only one kind 
of the electrolyte solution. However, this is not limitative. 
Other appropriate electrolyte Solutions may be optionally 
used in the present invention. 

Further, in the foregoing Examples 1, 2 and 5, three unit 
cells each comprising a pair of an anode and a cathode were 
integrated in Series connection or parallel connection. 
However, these are not limitative. It should be understood 
that they may be modified as desired. 
AS above described, the present invention enables to 

attain the production of a highly reliable lithium battery 
which is low in internal resistance. The present invention is 
extremely effective in the production of a highly reliable 
prismatic rechargeable lithium battery which is low in 
internal resistance. Particularly, the present invention 
enables attaining the production of a highly reliable 
rechargeable lithium battery having a large electric capacity 
and which has a prolonged charging and discharging cycle 
life and an increased energy density. This rechargeable 
lithium battery according to the present invention exhibits 
performance Such that the internal resistance is increased 
upon temperature rise and therefore, it is always maintained 
in a safe State even when the temperature thereof is raised. 

TABLE 1. 

charge-and-discharge efficiency 1.6 
charging and discharging cycle life 3.7 
average discharge Voltage 1.2 
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TABLE 2 

charge-and-discharge efficiency 1.6 
charging and discharging cycle life 4.5 
average discharge Voltage 1.2 

TABLE 2 

charge-and-discharge efficiency 1.6 
charging and discharging cycle life 4.2 
average discharge Voltage 1.1 

TABLE 4 

charge-and-discharge efficiency 1.2 
charging and discharging cycle life 1.8 
average discharge Voltage 1.1 

TABLE 5 

charge-and-discharge efficiency 1.7 
charging and discharging cycle 3.8 
average discharge Voltage 1.3 

TABLE 6 

Internal Resistance at 25 C. 

Example 1/Comparative Example 1 O.12 
Example 2/Comparative Example 1 O.10 
Example 3/Comparative Example 2 0.46 
Example 4/Comparative Example 3 O.73 
Example 5/Comparative Example 4 O.09 

TABLE 7 

25° C. 25° C. - 100° C. 1OO C. - 25 C. 

Example 1 1. 13 1.1 
Example 2 1. 1O 1.4 
Example 4 1. 4.1 1.1 
Example 5 1. 27 15 

What is claimed is: 
1. A rechargeable lithium battery comprising at least an 

anode, a separator, a cathode, and an electrolyte or electro 
lyte Solution integrated in a battery housing, Said recharge 
able lithium battery being provided with a sheet comprising 
a polymer gel that presses Said anode and cathode. 

2. A rechargeable lithium battery according to claim 1, 
wherein the polymer gel is included in at least the Separator 
So that it has a pressing function. 

3. A rechargeable lithium battery according to claim 1, 
wherein the sheet contains a polymer gel capable of expand 
ing or Shrinking depending upon the concentration of a 
Solvent. 

4. A rechargeable lithium battery according to claim 1, 
wherein the polymer gel of the pressure means contains a 
material capable of being shrunk upon temperature rise to 
release the preSSure between the anode and cathode. 

5. A rechargeable lithium battery according to claim 1, 
wherein the polymer gel comprises a polymer with a 
molecular structure having Side chains. 

6. A rechargeable lithium battery according to claim 1, 
wherein the polymer gel is an ionic gel having at least one 
group capable of being dissociated into an ion. 
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7. A rechargeable lithium battery according to claim 1, 
wherein the sheet comprising the polymer gel comprises a 
Support member for Supporting the polymer gel. 

8. A rechargeable lithium battery according to claim 7, 
wherein the Support member comprises a nonwoven fabric. 

9. A rechargeable lithium battery according to claim 1, 
wherein the polymer gel is in a powdery form. 

10. A rechargeable lithium battery according to claim 7, 
wherein the polymer gel is arranged in or on the Support 
member. 

11. A rechargeable lithium battery according to claim 1, 
wherein the anode, Separator and cathode are Sequentially 
Stacked into a Stacked body and Said Stacked body is placed 
in a heat-shrinkable tubing. 

12. A rechargeable lithium battery according to claim 11, 
wherein an end portion of the heat-shrinkable tubing on the 
Side opposite to the other end portion of Said heat-shrinkable 
tubing where power outputting terminals of the battery are 
Situated is closed. 

13. A rechargeable lithium battery having a Stacked body 
comprising a plurality of cell units, each of Said plurality of 
cell units comprising a cathode containing a cathode active 
material, a separator having an electrolyte Solution retained 
therein, and an anode containing an anode active material 
Sequentially Stacked, characterized in that at least Said 
Stacked body is held between opposite sheets each compris 
ing an expandable and Shrinkable polymer gel. 

14. A rechargeable lithium battery which comprises a 
Stacked body comprising a cathode containing a cathode 
active material, a layer comprising an expandable and 
Shrinkable polymer gel and having an electrolyte Solution 
retained therein, and an anode containing an anode active 
material Sequentially Stacked, and a battery housing in 
which said Stacked body is housed. 

15. A rechargeable lithium battery comprising a Stacked 
body housed in a battery housing, Said Stacked body com 
prising at least a cathode containing a cathode active 
material, a separator covered by a layer comprising an 
expandable and shrinkable polymer gel, and an anode con 
taining an anode active material Sequentially Stacked. 

16. A rechargeable lithium battery according to claim 15, 
wherein the Stacked body has a cylindrical multiplet Struc 
ture in which the stacked body is wound in multiple about 
an axis. 

17. A rechargeable lithium battery comprising at least an 
anode, a separator, a cathode, and an electrolyte or electro 
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lyte Solution, integrated in a battery housing, Said recharge 
able lithium battery being provided with a polymer gel that 
preSSes Said anode and cathode, Said polymer gel being 
provided along a face of Said anode or a face of Said cathode, 
or both. 

18. A rechargeable lithium battery according to claim 17, 
wherein the polymer gel is included in at least the Separator 
So that it has a pressing function. 

19. A rechargeable lithium battery according to claim 17, 
wherein the polymer gel is capable of expanding or shrink 
ing depending upon the concentration of a Solvent. 

20. A rechargeable battery according to claim 17, wherein 
the polymer gel contains a material capable of being shrunk 
upon temperature rise to release the pressure between the 
anode and the cathode. 

21. A rechargeable lithium battery according to claim 17, 
wherein the polymer gel comprises a polymer with a 
molecular structure having Side chains. 

22. A rechargeable lithium battery according to claim 17, 
wherein the polymer gel is an ionic gel having at least one 
group capable of being dissociated into an ion. 

23. A rechargeable lithium battery according to claim 17, 
wherein the polymer gel comprises a sheet. 

24. A rechargeable lithium battery according to claim 23, 
wherein the sheet comprises a Support member for Support 
ing the polymer gel. 

25. A rechargeable lithium battery according to claim 24, 
wherein the Support member comprises a non-woven fabric. 

26. A rechargeable lithium battery according to claim 17, 
wherein the polymer gel is in a powdery form. 

27. A rechargeable lithium battery according to claim 24, 
wherein the polymer gel is provided in or on the Support 
member. 

28. A rechargeable lithium battery according to claim 17, 
wherein the anode, Separator, and cathode are Sequentially 
Stacked into a Stacked body and Said Stacked body is placed 
in a heat-shrinkable tubing. 

29. A rechargeable lithium battery according to claim 28, 
wherein an end portion of the heat-shrinkable tubing on the 
Side opposite to the other end portion of Said heat-shrinkable 
tubing where power outputting terminals of the battery are 
Situated is closed. 
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CERTIFICATE OF CORRECTION 
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DATED : December 29, 1998 

INVENTOR(S): SOICHIRO KAWAKAMI Page 1 of 5 
It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

COLUMN 1 

Line 52, "a" should read --use of a- - . 

COLUMN 2 

Line 55, "a" should read - -an--. 

COLUMN 4 

Line 22, "result" should read -- result, --. 
Line 59, "exhibit" should read -- exhibits - - - 
Line 64, "Accordingly" should read - -Accordingly, --. 

COLUMN 5 

Line 20, "can" should read -- can be - - - 

COLUMN 6 

Line 13, "at" should read -- of- - . 
Line 40, "can" should read -- can be - - . 
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

COLUMN 8 

Line 37, "to" should be deleted. 
Line 61, "punching" should read --punched -- . 

COLUMN 9 

Line 4, "a in" should read -- in a- - - 

COLUMN 11 

Line 22, "at" should read -- of- - . 

COLUMN 12 

Line 4, "deposited, " should read -- deposited- - - 
Line 21, "a" should read - -an--. 
Line 25, "deposited, " should read -- deposited--. 
Line 39, "more" should read -- more of - - - 
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COLUMN 17 

Line 8, "iside" should read -- inside--. 

COLUMN 9 

Line 42, "get" should read - - gel -- . 

COLUMN 2 O 

Line 21, "voltage, . " should read --voltage. -- . 

COLUMN 24 

Line 7, "subjecting; " should read -- subjecting it to -- . 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 5,853,914 

DATED : December 29, 1998 

INVENTOR(S) : SOICHIRO KAWAKAMI Page 4 of 5 
It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 

corrected as shown below: 

COLUMN 25 

Line 51, "mal" should read -- mol -- . 

COLUMN 26 

Line 14, "calking" should read -- caulking -- . 

COLUMN 27 

Line 9, "comprises" should read --has-- ; and 
"has" should read - comprising -- . 

Line 4 O, "an" should be deleted. 

COLUMN 3 O 

Line 37, "for" should read -- was obtained for - - - 
Line 64, "in" (2nd occurrence) should read-as-- . 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 5,853, 914 

DATED : December 29, 1998 

INVENTOR(S) ; SOICHIRO KAWAKAMI Page 5 of 5 
It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 

corrected as shown below: 

COLUMN 31 

Line 4, "desired : " should read -- desired. -- . 

COLUMN 32 

Table 2, Line 9, "TABLE 2" (second occurrence) should 
read - - TABLE 3 - - ; and "1. 6" should read - - 1.1 - - - 

Signed and Sealed this 
Eighteenth Day of April, 2000 

2.76% 
Q. TODD DICKINSON 

Attesting Officer Director of Patents and Trademarks 
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