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SOLID STATE ELECTROLYTE CELL HAVING AT 
LEAST ONE ELECTRODE IMPREGNATED WITH 

A SOLID ELECTROLYTE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a solid electrolyte cell in 
Which a solid electrolyte is impregnated in a positive elec 
trode active material or in a negative electrode active mate 
rial, and a method for producing the cell. 

[0003] 2. Description of the Related Art 

[0004] Recently, many types of portable electronic equip 
ments, such as a video tape recorder With a built-in camera, 
portable telephone or a portable computer, have made their 
debut, and attempts are being made for reducing their siZe 
and Weight. Also, researches into cells as portable poWer 
sources of these electronic equipments, in particular the 
secondary cells, are proceeding. Of lithium cells, among 
these secondary cells, researches and investigations into the 
thin type cell or foldable cells are proceeding most briskly. 
As the electrolytes for these cells, investigations into the 
solid electrolyte obtained on solidifying the electrolyte, are 
proceeding energetically. In particular, high molecular solid 
electrolyte having lithium salts dissolved in the high-mo 
lecular material or the gelated solid electrolyte containing a 
plasticiZer, are stirring up notice. 

[0005] With the solid electrolyte, the cell can be reduced 
in thickness more signi?cantly than With the liquid electro 
lyte, While there is no risk of leakage of the cell contents. 
HoWever, if the solid electrolyte is used in a cell, it is not 
?uid as is the liquid electrolyte, so that it can hardly be 
contacted in an ideal state With the electrode. Since ions are 
migrated in the cell through the solid electrolyte or the 
gelated electrode, the contacting state betWeen the solid 
electrolyte and the electrode affects the cell performance 
signi?cantly. If the contacting state betWeen the solid elec 
trolyte and the electrode is poor, the contact resistance 
betWeen the solid electrolyte and the electrode is increased 
to increase the internal resistance of the cell. Moreover, ions 
cannot be migrated in an ideal state betWeen the solid 
electrolyte and the electrode to decrease the cell capacity. It 
is therefore crucial for the solid electrolyte to have a 
sufficiently tight contact With a layer of the active material 
of the electrode. 

[0006] It is reported in Japanese Laying-Open Patent 
H-2-40867 to use a positive electrode composite, obtained 
on adding a solid electrolyte to the layer of the active 
material of the positive electrode to improve the contact 
state betWeen the solid electrolyte and the electrode. In the 
cell disclosed in this publication, a portion of the solid 
electrolyte is mixed to a layer of the active material of the 
positive electrode to improve the state of electric contact 
betWeen the solid electrolyte and the electrode. 

[0007] With the cell disclosed in this publication, since the 
positive electrode plate is fabricated using a positive elec 
trode composite admiXed With the solid electrolyte, and a 
solid electrolyte is layered on the positive electrode plate, it 
is difficult to realiZe an ideal contact state betWeen the 
positive electrode plate and the solid electrolyte. In particu 
lar, if the solid electrolyte having a roughed surface is 
layered on the electrode layer, the tWo are bonded only in a 
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poor contact state to increase the internal resistance, thus 
Worsening the load characteristics. 

[0008] Moreover, the positive electrode composite 
admiXed With the solid electrolyte, or the negative electrode 
composite, cannot be pressed suf?ciently because of the 
elasticity proper to the solid electrolyte to increase the 
inter-particulate distance in the composite and hence the 
internal resistance, thus again Worsening the load character 
istics. 

[0009] In addition, the positive electrode composite 
admiXed With the solid electrolyte, or the negative electrode 
composite, need to be fabricated at loW humidity to prevent 
decomposition of the electrolytic salt contained in the solid 
electrolyte. This not only raises dif?culties in quality control 
but increases the cost signi?cantly. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to 
provide a solid electrolyte cell in Which the electrical contact 
state betWeen the solid electrolyte and the layers of the 
active materials of the positive and negative electrodes and 
the inter-particulate distance in the layers of the active 
materials of the positive and negative electrodes can be 
optimiZed to assure superior load characteristics, and a 
method for producing the solid electrolyte cell. 

[0011] In one aspect, the present invention provides a solid 
electrolyte cell including an electrode having a current 
collector and a layer of an active material formed on the 
current collector and containing an active material and a 
binder, in Which a solid electrolyte layer is formed by 
impregnating a solid electrolyte dissolved in a solvent on the 
layer of the active material. 

[0012] In the solid electrolyte cell of the present invention, 
since the solid electrolyte is impregnated in the layer of the 
active material, adhesion betWeen the electrolyte and the 
active material is improved. 

[0013] In another aspect, the present invention provides a 
method for manufacturing a solid electrolyte cell including 
the steps of applying a paint containing an active material 
and a binder to a current collector to form a layer of an active 
material, and impregnating a solid electrolyte in the layer of 
the active material formed by the active material layer 
forming step. The impregnating step includes applying the 
paint comprised of the solid electrolyte dissolved in a 
solvent on the layer of the active material to alloW the paint 
to be permeated into the layer of the active material and 
subsequently drying the solvent. 

[0014] In the manufacturing method of the solid electro 
lyte cell according to the present invention, the paint con 
taining the active material and the binder is coated on the 
current collector to form a layer of the active material during 
the active material layer forming step. In the impregnating 
step, the paint comprised of the solid electrolyte dissolved in 
the solvent is applied on the layer of the active material to 
alloW the paint to be permeated into the active material layer. 
The solvent is then dried to impregnate the solid electrolyte 
in the active material layer. In the manufacturing method of 
the solid electrolyte cell according to the present invention, 
the adhesion betWeen the solid electrolyte and the active 
material is improved by impregnation of the solid electrolyte 
into the layer of the active material. 
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[0015] Thus, the contacting performance between the 
active material ands the electrolyte is improved to reduce the 
internal resistance to achieve a cell having superior load 
characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a cross-sectional vieW shoWing an illus 
trative structure of a solid electrolyte cell according to the 
present invention. 

[0017] FIG. 2 is a schematic perspective vieW shoWing 
only essential portions of another illustrative structure of a 
solid electrolyte cell according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] An illustrative structure of a solid electrolyte cell 
according to the present invention is shoWn in FIG. 1. The 
solid electrolyte cell includes a positive electrode plate 1, 
comprised of a layer of an active material of the positive 
electrode 1b and a solid electrolyte layer 1c formed on a 
positive electrode collector 1a, a negative electrode plate 2, 
comprised of a layer of an active material of a negative 
electrode 2b and a solid electrolyte layer 2c formed on a 
negative electrode collector 2a, and a separator 3 for sepa 
rating the positive electrode plate 1 from the negative 
electrode plate 2. The solid electrolyte cell also includes a 
sheathing material 4 for holding the positive electrode plate 
1, a sheathing material 5 for holding the negative electrode 
plate 5 and a hot melt material 6 for bonding the sheathing 
materials 4 and 5 together. 

[0019] The positive electrode plate 1 is comprised of a 
metal foil, such as an aluminum foil, serving as a positive 
electrode collector 1a, and a positive electrode mixture 
containing the active material for the positive electrode and 
the binder coated thereon and dried in situ to form the layer 
of the active material of the positive electrode 1b. On the 
layer of the active material of the positive electrode 1b is 
also formed a solid electrolyte layer 1c, as Will be explained 
subsequently. 
[0020] For the active material for the positive electrode, 
metal oxides, metal sul?des or speci?ed high-molecular 
materials may be used depending on the type of the cell 
under consideration. 

[0021] For constructing a lithium ion cell, for example, 
metal sul?des or oxides, such as TiS2, MoS2, NbSe2 or VZO5 
may be used as the active material for the positive electrode. 
Also, lithium compound oxides, formed mainly by LIXMOZ, 
Where M denotes one or more transition metals and X is 
usually not less than 0.05 and not larger than 1.10 depending 
on the charging/discharging state of the cell. As the transi 
tion metals M making up the lithium compound oxides, Co, 
Ni or Mn is preferred. Speci?ed examples of the lithium 
compound oxides include LiCoO2, LiNiO2, LiNiyCO1_yO2, 
Where 0<y<1, and LiMn2O4. These lithium compound 
oxides, capable of generating high voltage, can serve as an 
active material for the positive electrode having excellent 
energy density. Plural sorts of the active materials for the 
positive electrode can be used in combination as the positive 
electrode. 

[0022] As a binder for the positive electrode mixture, any 
suitable knoWn binder may be used, While an electrically 
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conductive agent or any suitable knoWn additive may be 
added to the positive electrode mixture. 

[0023] As for the negative electrode plate 2, a negative 
electrode mixture containing the active material for the 
negative electrode and the binder is coated on a metal foil, 
such as a copper foil, acting as a negative electrode collector 
2a, and is dried in situ to constitute a layer of an active 
material for the negative electrode 2b. On the layer of an 
active material for the negative electrode 2b is further 
formed a solid electrolyte layer 2c, as Will be explained 
subsequently. 

[0024] For producing the lithium ion cell, it is preferred to 
use a material capable of doping/undoping lithium as the 
active material for the negative electrode. Examples of the 
material capable of doping/undoping lithium include a car 
bonaceous material difficult to graphatiZe and a graphite 
based carbon material. 

[0025] The above-mentioned carbonaceous materials may 
be enumerated by pyrolytic carbon, cokes, graphites, vitre 
ous carbon ?bers, ?red organic high-molecular compounds, 
carbon ?bers and activated charcoal. The cokes may be 
enumerated by pitch coke, needle coke and petroleum coke. 
The ?red organic high-molecular compounds mean phenolic 
resins or furan resins ?red and carbonated at a suitable 
temperature. 

[0026] In addition to the carbon materials, high-molecular 
materials, such as polyacetylene or polypyrrole, or oxides, 
such as SnO2, may be used as the capable of doping/ 
undoping lithium. 

[0027] As a binder for the negative electrode mixture, the 
above-mentioned negative electrode mixture admixed With 
knoWn additives may be used in addition to knoWn binders. 

[0028] In the solid electrolyte cell of the present embodi 
ment, a solid electrolyte layer 1c is formed on the layer of 
an active material of the positive electrode 1b and a solid 
electrolyte layer 2c is formed on the layer of an active 
material of the negative electrode 2b. These solid electrolyte 
layers 1c, 2c are formed by impregnating the active material 
of the positive electrode lb or the active material of the 
negative electrode 2b With a solid electrolyte. By impreg 
nating layers of the active material With the solid electrolyte, 
the internal resistance of the cell is decreased, While the 
contact state betWeen the active material and the solid 
electrolyte layer is improved. 

[0029] It is desirable for the solid electrolyte used in the 
solid electrolyte cell of the present embodiment to contain a 
plasticiZer and to be in a gelated state. By using the gelated 
solid electrolyte, it is possible to improve the contact state 
betWeen the electrolyte and the active material and to render 
the cell ?exible. In the folloWing explanation, the gelated 
solid electrolyte containing the plasticiZer is termed a 
gelated electrolyte. 

[0030] For the plasticiZer, esters, ethers or carbonic acid 
esters may be used alone or as a component of the plasti 
ciZer. The content of the plasticiZer is preferably not less 
than 10 Wt % and not more than 80 Wt % based on the 
content of the gelated electrolyte. If the plasticiZer content is 
larger than 80 Wt %, mechanical strength cannot be main 
tained, even if the ionic conductivity is that high. If the 
content of the plasticiZer is less than 10 Wt %, ionic 
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conductivity is loW, even if the mechanical strength is high. 
The content of the plasticiZer is preferably not less than 10 
Wt % and not more than 80 Wt % based on the content of the 
gelated electrolyte for optimum tradeoff betWeen the ionic 
conductivity and the mechanical strength. 

[0031] The plasticiZer also contains lithium salts. As 
lithium salts used in the gelated electrolyte according to the 
present invention, those used for the usual cell liquid elec 
trolyte may be used. Examples of the lithium salts include 
LiPFG, LiBF4, LiAsF6, LiClO4, LiCF3FO3, LiN(SO2CF3)2, 
LiC(SO2CF3)3, LiAlCl4 and LiSiF6. Of these, LiPF6 and 
LiBF4 are preferred for oxidation stability. Although the 
concentration of lithium salts of not less than 0.1 mol/l and 
not larger than 3.0 mol/l is acceptable, it is desirably not less 
than 0.5 mol/l and not larger than 2.0 mol/l. 

[0032] As the high-molecular matrix material used for 
gelating the above-mentioned plasticiZers, a variety of high 
molecular materials used in constructing the gelated elec 
trolyte may be used. Speci?cally, ?uorine-based high-mo 
lecular materials, such as polyvinylidene ?uoride or a 
copolymer of polyvinylidene ?uoride With hexa?uoro pro 
pylene, etheric high-molecular materials, such as polyeth 
ylene oxide or cross-linked polyethylene oxide, methacry 
late esteric high-molecular materials, acrylate high 
molecular materials or polyacrylonitrile, may be used alone 
or in a mixture. Of these, the ?uorine-based high-molecular 
materials are preferred since these improve stability in 
oxidation and reduction. 

[0033] The high-molecular matrix material is preferably 
used in an amount of not more than 10 Wt % and not less 
than 50 Wt % based on the Weight of the gelated electrolyte. 

[0034] The solid electrolyte cell of the present invention is 
fabricated as folloWs: 

[0035] The positive electrode is prepared by evenly coat 
ing a positive electrode mixture containing the active mate 
rial for the positive electrode and the binder on a metal foil, 
such as an Al foil, functioning as a positive electrode 
collector 1a, and drying the mixture in situ to form a layer 
of an active material of the positive electrode 1b. As the 
binder for the positive electrode mixture, any suitable 
knoWn binder may be used, While any suitable knoWn 
additive may be added to the positive electrode mixture. 

[0036] The solid electrolyte layer 1c is formed on the layer 
of the active material of the positive electrode 1b to provide 
the positive electrode plate 1, While the solid electrolyte 
layer 2c is formed on the layer of an active material of the 
negative electrode 2b to provide the negative electrode plate 
2. 

[0037] For preparing the solid electrolyte layers 1c, 2c, a 
plasticiZer containing lithium salts and a high-molecular 
matrix material are dissolved in a solvent to prepare an 
electrolyte solution Which is then uniformly coated on the 
layer of an active material of the positive electrode 1b and 
the layer of an active material of the negative electrode 2b. 
The electrolyte solution is impregnated in the layer of an 
active material of the positive electrode 1b and the layer of 
an active material of the negative electrode 2b and ?nally the 
solvent is removed to gelate the electrolyte. The resulting 
gelated electrolyte is impregnated in the active materials to 
prepare solid electrolyte layers 1c, 2c. 
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[0038] The positive electrode plate 1 and the negative 
electrode plate 2, this prepared, are housed in the sheathing 
material for the positive electrode 4 and in the sheathing 
material for the negative electrode 5, respectively. The 
sheathing material for the positive electrode 4 housing the 
positive electrode plate 1 and the sheathing material for the 
negative electrode 5 housing the negative electrode plate 2 
are layered via a separator 3 so that the gelated electrolyte 
layer 1c and the gelated electrolyte layer 2c Will face each 
other via the separator 3. Finally, the outer rim portions of 
the sheathing material for the positive electrode 4 and the 
sheathing material for the negative electrode 5 are thermally 
fused together via hot-melt agent 6 and hermetically sealed 
together to complete the solid electrolyte cell. 

[0039] The separator 3 means a separator-insulator pro 
vided betWeen n the positive and negative electrodes. Any 
suitable knoWn porous ?lms of, for example, polyethylene, 
polypropylene, polyamide or vinylidene poly?uoride, used 
as the separator for the cell, may be used as the separator 3. 

[0040] Although the porous ?lm is used in the above 
described embodiments as the separator, the present inven 
tion is not limited thereto, and a solid electrolyte layer 
formed on the layer of the active material may be used as a 
separator, as shoWn in FIG. 2. 

[0041] It is noted that the thickness of the solid electrolyte 
layer is not less than 1 pm and not more than 300 pm. If the 
thickness of the solid electrolyte layer is less than 1 pm, the 
solid electrolyte layer tends to be ruptured under the effect 
of the electrode surface to produce internal shorting. If the 
thickness of the solid electrolyte layer is larger than 300 pm, 
the solid electrolyte layer tends to be increased in volume to 
loWer the energy density of the solid electrolyte cell. If the 
thickness of the solid electrolyte layer is not less than 1 pm 
and not more than 300 pm, the positive and negative 
electrodes can be isolated and insulated from each other 
more reliably to prevent internal shorting Without loWering 
the energy density of the solid electrolyte cell. More pref 
erably, the thickness of the solid electrolyte layer is not less 
than 5 pm and not more than 50 pm. 

[0042] The thickness of the solid electrolyte layer is the 
sum of the thickness of the solid electrolyte layer formed on 
the layer of the active material for the positive electrode and 
that of the solid electrolyte layer formed on the layer of the 
active material for the negative electrode, and can be 
adjusted by adjusting the amount of the electrolyte solution 
coated on the active material layers. 

[0043] More preferably, the thickness of the solid electro 
lyte layer is not less than 5 pm and not more than 50 pm, as 
described above. By setting the thickness of the solid 
electrolyte layer to not less than 5 pm, the internal shorting 
ratio of the solid electrolyte cell as a product can be 
suppressed to not more than 10%. On the other hand, by 
setting the thickness of the solid electrolyte layer to not more 
than 50 pm, it is possible to assure a volumetric energy 
density of not less than 300 Wh/l. 

[0044] There is no limitation to the shape of the solid 
electrolyte cell of the present invention since it may be 
designed to be cylindrical, angular, coin-shaped or button 
shaped, While it may be of any suitable different siZes, such 
as a thin siZe or a large siZe. 
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EXAMPLES 

[0045] A ?at-type gelated electrolyte cell, having the 
above structure, Was prepared. 

Example 1 

[0046] A positive electrode Was prepared as folloWs: 

[0047] First, lithium carbonate and cobalt carbonate Were 
mixed at a ratio of 0.5 mol to 1 mol, and the resulting 
mixture Was ?red in air at 900° C. for ?ve hours to produce 
LiCoO2 as an active material for the positive electrode. 

[0048] 91 parts by Weight of LiCoO2, thus obtained, 6 
parts by Weight of an electrically conductive agent and 10 
parts by Weight of the binder Were mixed to prepare a 
positive electrode mixture. As the electrically conductive 
agent and as the binder, graphite and a copolymer of 
vinylidene ?uoride and hexa?uoro propylene Were used, 
respectively. 

[0049] Finally, the positive electrode mixture Was dis 
persed in N-methyl-2-pyrrolidone to give a slurry Which 
then Was coated uniformly on a surface of an aluminum foil 
20 pm thick serving as a positive electrode collector and Was 
dried in situ to form a layer of an active material of the 
positive electrode. The resulting product Was compression 
molded in a roll press to prepare a positive electrode. 

[0050] A negative electrode Was prepared as folloWs: 

[0051] First, 42.5 parts by Weight of ethylene carbonate, 
42.5 parts by Weight of propylene carbonate and 15 parts by 
Weight of LiPF6 Were mixed together to prepare a plasticiZer. 

[0052] Then, 30 parts by Weight of the above plasticiZer, 
10 parts by Weight of a copolymer of vinylidene ?uoride and 
hexa?uoropropylene and 60 parts by Weight of tetrahydro 
furan Were mixed together to prepare a gelated electrolyte 
solution. 

[0053] On the layer of an active material of the positive 
electrode and the layer of an active material of the negative 
electrode Was evenly coated the above gelated electrolyte 
solution. The resulting assembly Was alloWed to stand at 
room temperature for eight hours to alloW the gelated 
electrolyte solution to be impregnated in the layer of the 
active material of the positive electrode and the layer of the 
active material of the negative electrode. Finally, tetrahy 
drofuran, as a solvent of the solution of the gelated electro 
lyte, Was vaporiZed off to form the layer of the gelated 
electrolyte on the layers of the active materials of the 
positive and negative electrodes. 

[0054] The negative electrode impregnated With the 
gelated electrolyte and the positive electrode impregnated 
With the gelated electrolyte Were placed face-to-face and 
pressure bonded together on the gelated electrolyte sides 
thereof to produce a ?at-plate gelated electrolyte cell having 
an area of 2.5 cm by 4.0 cm and a thickness of 0.3 mm. 

Example 2 

[0055] A gelated electrolyte cell Was prepared in the same 
Way as in Example 1 except using a copolymer of vinylidene 
?uoride and hexa?uoropropylene and polyvinyl ?uoride as 
a positive electrode binder and as a negative electrode 
binder, respectively. 
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Example 3 

[0056] A gelated electrolyte cell Was prepared in the same 
Way as in Example 1 except using polyvinylidene ?uoride 
and a copolymer of vinylidene ?uoride and hexa?uoropro 
pylene and as a positive electrode binder and as a negative 
electrode binder, respectively. 

Example 4 

[0057] A gelated electrolyte cell Was prepared in the same 
Way as in Example 1 except using polyvinylidene ?uoride as 
the binders for the positive and negative electrodes, respec 
tively. 
[0058] In the folloWing Examples 5 and 6, a gelated 
electrolyte Was impregnated in the layer of the active 
material of one of the electrodes, While a gelated electrolyte 
Was previously added to the electrode mixture of the other 
electrode. 

Example 5 

[0059] A positive electrode Was prepared as folloWs: 

[0060] First, lithium carbonate and cobalt carbonate Were 
mixed together at a ratio of 0.5 mol to 1 mol and ?red in air 
at 900° C. for ?ve hours to prepare LiCoO2 as an active 
material for the positive electrode. 

[0061] 42.5 parts by Weight of ethylene carbonate, 42.5 
parts by Weight of propylene carbonate and 15 parts by 
Weight of LiPF6 Were mixed together to prepare a plasticiZer. 

[0062] 83 parts by Weight of LiCoO2, 6 parts by Weight of 
the electrically conductive agent, 3 parts by Weight of a 
binder and 8 parts by Weight of the plasticiZer Were mixed 
together and dispersed in tetrahydrofuran to give a slurry. As 
the electrically conductive agent and as the binder, graphite 
and polyvinylidene ?uoride Were used, respectively. 

[0063] This slurry Was uniformly coated on a surface of a 
strip-shaped aluminum foil 20 pm thick operating as a 
positive electrode collector and dried in situ to form a layer 
of an active material of the positive electrode. The resulting 
product Was compression-molded by a roll press to prepare 
a positive electrode. 

[0064] A negative electrode Was prepared as folloWs: 

[0065] First, 90 parts by Weight of pulveriZed graphite 
poWders and 10 parts by Weight of a binder Were mixed 
together to prepare a negative electrode mixture. As the 
binder, a copolymer of vinylidene ?uoride and hexa?uoro 
propylene Was used. The binder Was dispersed in N-methyl 
2-pyrrolidone to form a slurry, Which Was uniformly coated 
on a surface of a strip-shaped copper foil 10 pm thick 
operating as a negative electrode collector and Was dried in 
situ to form a layer of an active material of the negative 
electrode. The resulting product Was compression-molded in 
a roll press to prepare a negative electrode. 

[0066] A gelated electrode solution Was prepared as fol 
loWs: 

[0067] First, 42.5 parts by Weight of ethylene carbonate, 
42.5 parts by Weight of propylene carbonate and 15 parts by 
Weight of LiPF6 Were mixed together to prepare a plasticiZer. 

[0068] Then, 30 parts by Weight of the above plasticiZer, 
10 parts by Weight of a copolymer of vinylidene ?uoride and 
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hexa?uoropropylene and 60 parts by Weight of tetrahydro 
furan Were mixed together to prepare a gelated electrolyte 
solution. 

[0069] On the layer of an active material of the negative 
electrode Was evenly coated the above gelated electrolyte 
solution. The resulting assembly Was alloWed to stand at 
room temperature for eight hours to alloW the gelated 
electrolyte solution to be impregnated in the layer of an 
active material of the negative electrode. Finally, tetrahy 
drofuran, as a solvent of the solution of the gelated electro 
lyte, Was vaporiZed off to form a layer of the gelated 
electrolyte on the layer of the negative electrode. 

[0070] The negative electrode impregnated With the 
gelated electrolyte and the positive electrode Were placed 
face-to-face and pressure bonded together to produce a 
?at-plate gelated electrolyte cell having an area of 2.5 cm by 
4.0 cm and a thickness of 0.3 mm. 

Example 6 

[0071] A positive electrode Was prepared as folloWs: 

[0072] First, lithium carbonate and cobalt carbonate Were 
mixed together at a ratio of 0.5 mol to 1 mol and ?red in air 
at 900° C. for ?ve hours to prepare LiCoO2 as an active 
material for the positive electrode. 

[0073] 91 parts by Weight of LiCoO2, 6 parts by Weight of 
the electrically conductive agent and 10 parts by Weight of 
the binder Were mixed together to prepare a positive elec 
trode mixture. As the electrically conductive agent and as the 
binder, graphite and polyvinylidene ?uoride Were used, 
respectively. 

[0074] Finally, the positive electrode mixture Was dis 
persed in N-methyl-2-pyrrolidone to give a slurry Which Was 
then coated uniformly on a sole side of an aluminum foil 20 
pm thick operating as a positive electrode collector and Was 
dried in situ to form a layer of a positive electrode active 
material. The resulting product Was compression-molded by 
a roll press to prepare a positive electrode. 

[0075] A negative electrode Was prepared as folloWs: 

[0076] First, 42.5 parts by Weight of ethylene carbonate, 
42.5 parts by Weight of propylene carbonate and 15 parts by 
Weight of LiPF6 Were mixed together to prepare a plasticiZer. 

[0077] Then, 65 parts by Weight of pulveriZed graphite, 10 
parts by Weight of polyvinylidene ?uoride, as a binder, and 
25 parts by Weight of the above plasticiZer, Were mixed 
together and dispersed in tetrahydrofuran to prepare a slurry. 

[0078] Finally, this slurry Was coated evenly on one sur 
face of a strip-shaped copper foil, 10 pm thick, operating as 
a negative electrode collector, an Was dried in situ to form 
a layer of an active material of the negative electrode. The 
resulting product Was compression-molded on a roll press to 
prepare a negative electrode. 

[0079] A gelated electrode solution Was prepared as fol 
loWs: 

[0080] First, 42.5 parts by Weight of ethylene carbonate, 
42.5 parts by Weight of propylene carbonate and 15 parts by 
Weight of LiPF6 Were mixed together to prepare a plasti 
ciZer. 
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[0081] Then, 30 parts by Weight of the above plasticiZer, 
10 parts by Weight of a copolymer of vinylidene ?uoride and 
hexa?uoropropylene and 60 parts by Weight of tetrahydro 
furan Were mixed together to prepare a gelated electrolyte 
solution. 

[0082] On the layer of an active material of the positive 
electrode Was evenly coated the above gelated electrolyte 
solution. The resulting assembly Was alloWed to stand at 
room temperature for eight hours to alloW the gelated 
electrolyte solution to be impregnated in the layer of an 
active material of the positive electrode. Finally, tetrahydro 
furan, as a solvent of the solution of the gelated electrolyte, 
Was vaporiZed off to form the layer of the gelated electrolyte 
on the layers of the active material of the positive electrode. 

[0083] The negative electrode impregnated With the 
gelated electrolyte and the positive electrode impregnated 
With the gelated electrolyte Were placed face-to-face and 
pressure bonded together to produce a ?at-plate gelated 
electrolyte cell having an area of 2.5 cm by 4.0 cm and a 
thickness of 0.3 mm. 

Example 7 

[0084] A gelated electrolyte cell Was prepared in the same 
Way as in Example 1 except arraying a porous ?lm of 
polyethylene as a separator betWeen the positive and nega 
tive electrodes. 

[0085] In the Comparative Example 1, shoWn beloW, a 
gelated electrode Was sandWiched betWeen the layer of an 
active material of the positive electrode and a layer of an 
active material of the negative electrode, to prepare a cell, 
Without impregnating the layer of the active material With 
the gelated electrolyte. In the Comparative Example 2, a 
gelated electrolyte Was previously mixed into the electrode 
mixture. In the Comparative Example 3, the gelated elec 
trolyte Was sandWiched betWeen the layer of an active 
material of the positive electrode and a layer of an active 
material of the negative electrode, to prepare a cell, Whilst a 
gelated electrolyte Was previously mixed into the electrode 
mixture. 

Comparative Example 1 

[0086] A positive electrode Was prepared as folloWs: 

[0087] First, lithium carbonate and cobalt carbonate Were 
mixed together at a ratio of 0.5 mol to 1 mol and ?red in air 
at 900° C. for ?ve hours to prepare LiCoO2 as an active 
material for the positive electrode. 

[0088] 91 parts by Weight of LiCoO2, 6 parts by Weight of 
the electrically conductive agent and 10 parts by Weight of 
the binder Were mixed together to prepare a positive elec 
trode mixture. As the electrically conductive agent and as the 
binder, graphite and a copolymer of polyvinylidene ?uoride 
and hexa?uoropropylene Were used, respectively. 

[0089] Finally, the positive electrode mixture Was dis 
persed in N-methyl-2-pyrrolidone to give a slurry Which Was 
then coated uniformly on a sole side of an aluminum foil 20 
pm thick operating as a positive electrode collector and Was 
dried in situ. The resulting product Was compression-molded 
by a roll press to prepare a positive electrode. 
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[0090] A negative electrode Was prepared as follows: 

[0091] First, 90 parts by Weight of pulverized graphite 
poWders and 10 parts by Weight of a binder Were mixed to 
prepare a negative electrode mixture. As a binder, a copoly 
mer of vinylidene ?uoride and hexa?uoropropylene Was 
used. The binder Was dispersed in N-methyl-2-pyrrolidone 
to form a slurry. This slurry Was evenly coated on a sole 
surface of a strip-shaped copper foil, 10 pm thick, operating 
as a negative electrode collector, and Was dried in situ to 
form a layer of an active material of the negative electrode, 
Which Was then compression-molded to form a negative 
electrode. 

[0092] A gelated electrolyte Was produced as folloWs: 

[0093] First, 42.5 parts by Weight of ethylene carbonate, 
42.5 parts by Weight of propylene carbonate and 15 parts by 
Weight of LiPF6 Were mixed together to prepare a plasticiZer. 

[0094] To 30 parts by Weight of the plasticiZer Were mixed 
10 parts by Weight of a copolymer of vinylidene ?uoride and 
hexa?uoropropylene and 60 parts by Weight of tetrahydro 
furan and dissolved to prepare a gelated electrolyte. 

[0095] The gelated electrolyte Was coated on a Te?on 
sheet to give a ?lm of a gelated electrolyte Which Was 
sandWiched betWeen a layer of an active material of the 
positive electrode and a layer of an active material of the 
negative electrode and pressure bonded together to prepare 
a ?at-plate gelated electrolyte cell having an area of 2.5 cm 
by 4.0 cm and a thickness of 0.3 mm. 

Comparative Example 2 

[0096] A positive electrode Was prepared as folloWs: 

[0097] First, lithium carbonate and cobalt carbonate Were 
mixed at a ratio of 0.5 mol to 1 mol, and the resulting 
mixture Was ?red in air at 900° C. for ?ve hours to produce 
LiCoO2 as an active material for the positive electrode. 

[0098] 42.5 parts by Weight of ethylene carbonate, 42.5 
parts by Weight of propylene carbonate and 15 parts by 
Weight of LiPF6 Were mixed together to prepare a plasticiZer. 

[0099] 83 parts by Weight of LiCoO2, 6 parts by Weight of 
the electrically conductive agent, 3 parts by Weight of the 
binder and 8 parts by Weight of the plasticiZer Were mixed 
together and dispersed in tetrahydrofuran to give a slurry. As 
the electrically conductive agent and as the binder, graphite 
and polyvinylidene ?uoride Were used, respectively. 

[0100] Finally, this slurry Was uniformly coated on a 
surface of a strip-shaped aluminum foil 20 pm thick, oper 
ating as a positive electrode collector, and Was dried in situ 
to form a layer of an active material of the positive electrode. 
The resulting product Was compression-molded by a roll 
press to prepare a positive electrode. 

[0101] A negative electrode Was prepared as folloWs: 

[0102] 42.5 parts by Weight of ethylene carbonate, 42.5 
parts by Weight of propylene carbonate and 15 parts by 
Weight of LiPF6 Were mixed together to prepare a plasticiZer. 

[0103] Then, 65 parts by Weight of pulveriZed graphite 
poWders, 10 parts by Weight of polyvinylidene ?uoride, as a 
binder, and 25 parts by Weight of the plasticiZer, Were mixed 
together and dispersed in tetrahydrofuran to prepare a slurry. 
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[0104] Finally, this slurry Was uniformly coated on a 
surface of a strip-shaped copper foil, 10 pm thick, operating 
as a positive electrode collector, and Was dried in situ to 
form a layer of an active material of the negative electrode. 
The resulting product Was compression-molded by a roll 
press to prepare a negative electrode. 

[0105] The positive electrode and the negative electrode 
Were placed face-to-face and pressure bonded together to 
form a ?at-plate gelated electrolyte cell having an area of 2.5 
cm by 4.0 cm and a thickness of 0.3 mm. 

Comparative Example 3 

[0106] A positive electrode Was prepared as folloWs: 

[0107] First, lithium carbonate and cobalt carbonate Were 
mixed at a ratio of 0.5 mol to 1 mol, and the resulting 
mixture Was ?red in air at 900° C. for ?ve hours to produce 
LiCoO2 as an active material for the positive electrode. 

[0108] 42.5 parts by Weight of ethylene carbonate, 42.5 
parts by Weight of propylene carbonate and 15 parts by 
Weight of LiPF6 Were mixed together to prepare a plasticiZer. 

[0109] 83 parts by Weight of LiCoO2, 6 parts by Weight of 
the electrically conductive agent, 3 parts by Weight of the 
binder and 8 parts by Weight of the plasticiZer Were mixed 
together and dispersed in tetrahydrofuran to give a slurry. As 
the electrically conductive agent and as the binder, graphite 
and polyvinylidene ?uoride Were used, respectively. 

[0110] This slurry Was uniformly coated on a surface of a 
strip-shaped aluminum foil 20 pm thick, operating as a 
positive electrode collector, and Was dried in situ to form a 
layer of an active material of the positive electrode. The 
resulting product Was compression-molded by a roll press to 
prepare a positive electrode. 

[0111] A negative electrode Was prepared as folloWs: 

[0112] 42.5 parts by Weight of ethylene carbonate, 42.5 
parts by Weight of propylene carbonate and 15 parts by 
Weight of LiPF6 Were mixed together to prepare a plasticiZer. 

[0113] Then, 65 parts by Weight of pulveriZed graphite 
poWders, 10 parts by Weight of polyvinylidene ?uoride, as a 
binder, and 25 parts by Weight of the plasticiZer, Were mixed 
together and dispersed in tetrahydrofuran to prepare a slurry. 

[0114] This slurry Was coated evenly on a sole surface of 
a strip-shaped copper foil, 10 pm thick, operating as a 
negative electrode collector, and Was dried in situ to prepare 
a negative electrode. 

[0115] A gelated electrolyte Was prepared as folloWs: 

[0116] First, 42.5 parts by Weight of ethylene carbonate, 
42.5 parts by Weight of propylene carbonate and 15 parts by 
Weight of LiPF6 Were mixed together to prepare a plasticiZer. 

[0117] To 30 parts by Weight of the plasticiZer Were mixed 
10 parts by Weight of a copolymer of vinylidene ?uoride and 
hexa?uoropropylene and 60 parts by Weight of tetrahydro 
furan and dissolved to prepare a gelated electrolyte. 

[0118] The gelated electrolyte Was coated on a Te?on 
sheet to give a ?lm of a gelated electrolyte Which Was 
sandWiched betWeen a layer of an active material of the 
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positive electrode and a layer of an active material of the 
negative electrode to prepare a ?at-plate gelated electrolyte 
cell. 

Evaluation of Characteristics 

[0119] For each cell, prepared as described above, a theo 
retical capacity Was found, and time rate discharge Was 
carried out to evaluate the discharging capacity. 

[0120] The evaluation Was made under the conditions of 
room temperature of 23° C. First, for each cell, an upper 
limit of the charging voltage Was set to 4.2 V, and the 
constant current constant voltage charging Was carried out at 
a charging current of 6 mA. Each charged cell Was then 
discharged at a constant current until a electrode voltage of 
2.5 v Was reached. For discharging, the current Was set to 3 
mA, 15 mA and to 30 mA for the 10-hour rate discharge, 
2-hour rate discharge and to 1-hour rate discharge, respec 
tively. 
[0121] From the average voltage at the time of discharg 
ing, an output at each time rate discharging Was found. 

[0122] Table 1 shoWs a theoretical capacity and a dis 
charge output for each of the cells of the Examples 1 to 7 and 
the Comparative Examples 1 to 3. 

theoretical 
capacity discharging output mWh 

(mAh) 1/C 1/5C 1/2C 1C 

Ex.1 30.0 108.0 107.5 104.4 89.9 
Ex.2 30.0 107.9 107.5 104.1 90.1 
Ex.3 29.8 107.9 106.8 103.6 88.5 
Ex.4 29.8 107.2 106.9 103.3 88.2 
Ex.5 29.9 107.1 104.9 100.8 84.1 
Ex.6 30.0 107.7 106.7 102.2 85.4 
Ex.7 29.9 107.6 106.5 103.5 88.8 
Comp. Ex.1 30.0 37.4 13.2 3.4 <1.0 
Comp. Ex.2 29.9 106.6 103.3 88.9 70.1 
Comp. Ex.3 29.9 106.1 95.4 74.2 43.3 

[0123] As may be seen from Table 1, in the Examples 1 to 
6 in Which the gelated electrolyte Was impregnated in at least 
one of the layers of the active materials of the tWo elec 
trodes, the cells having high discharging outputs and supe 
rior load characteristics Were obtained. Also, from Example 
7, it Was seen that a cell having a high discharging output 
and superior load characteristics could be obtained even in 
case a separator Was arranged betWeen the positive and 
negative electrodes. 

[0124] In the Comparative Example 1 in Which the gelated 
electrode is not impregnated in the layer of an active 
material of the electrode and is sandWiched betWeen the 
layers of the active material, the discharge output Was loW, 
Whereas, in the Comparative Example 2 in Which the gelated 
electrolyte is previously added to the electrode mixture, a 
sufficient output Was not achieved. In the Comparative 
Example 3 in Which part of the gelated electrolyte is added 
to the electrode mixture and the gelated electrolyte and is 
sandWiched betWeen the layers of the active material, the 
discharge output could not be improved. 

[0125] Thus, it has been found that, by applying the 
solution of the gelated electrolyte on the layer of an active 
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material of the electrode and by impregnating the gelated 
electrolyte in the layer of an active material of the electrode, 
a cell can be obtained Which has superior contact properties 
betWeen the active material and the electrolyte and a high 
discharge output. 

What is claimed is: 
1. A solid electrolyte cell comprising: 

an electrode having a current collector and 

a layer of an active material formed on said current 
collector and containing an active material and a 

binder; 
a solid electrolyte layer being formed by impregnating a 

solid electrolyte dissolved in a solvent on said layer of 
the active material. 

2. The solid electrolyte cell according to claim 1 Wherein 
said solid electrolyte contains a high-molecular matrix mate 
rial and is in a gelated state. 

3. The solid electrolyte cell according to claim 2 Wherein 
the high-molecular matrix material and the binder in said 
layer of the active material are the same compound. 

4. The solid electrolyte cell according to claim 3 Wherein 
the high-molecular matrix material and the binder are a 
?uorine-based high-molecular material. 

5. The solid electrolyte cell according to claim 4 Wherein 
the ?uorine-based high-molecular material is polyvinylidene 
?uoride. 

6. The solid electrolyte cell according to claim 4 Wherein 
the ?uorine-based high-molecular material is a copolymer of 
vinylidene ?uoride and hexa?uoropropylene. 

7. The solid electrolyte cell according to claim 1 Wherein 
the negative electrode contains a material capable of doping/ 
undoping lithium. 

8. The solid electrolyte cell according to claim 7 Wherein 
the material capable of doping/undoping lithium is a carbon 
material. 

9. The solid electrolyte cell according to claim 1 Wherein 
the positive electrode contains a compound oxide of lithium 
and a transition metal. 

10. The solid electrolyte cell according to claim 1 Wherein 
said solid electrolyte layer is formed on each of a layer of an 
active material of a positive electrode and a layer of an 
active material of a negative electrode, With the solid elec 
trolyte layers being in contact With each other. 

11. The solid electrolyte cell according to claim 1 Wherein 
said solid electrolyte layer is formed on each of a layer of an 
active material of a positive electrode and a layer of an 
active material of a negative electrode, With the solid elec 
trolyte layers facing each other With a separator in-betWeen. 

12. A method for manufacturing a solid electrolyte cell 
comprising the steps of: 

applying a paint containing an active material and a 
binder to a current collector to form a layer of an active 

material; and 

impregnating a solid electrolyte in said layer of the active 
material formed by said active material layer forming 
step; 

said impregnating step including applying the paint com 
prised of said solid electrolyte dissolved in a solvent on 
the layer of the active material to alloW the paint to be 
permeated into the layer of the active material and 
subsequently drying the solvent. 
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13. The method according to claim 12 wherein said solid 
electrolyte contains a high-molecular matrix material and 
Wherein 

said high-molecular matrix material and the binder are the 
same compound, 

14. The method according to claim 13 Wherein said 
high-molecular matrix material and the binder are ?uorine 
based high-molecular material. 
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15. The method according to claim 14 Wherein said 
?uorine-based high-molecular material is polyvinylidene 
?uoride. 

16. The method according to claim 14 Wherein said 
?uorine-based high-molecular material is a copolymer of 
vinylidene ?uoride and hexa?uoropropylene. 

* * * * * 


