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(57) ABSTRACT 

The following aspects (1) to (4) of the present invention can 
provide an electrode for nonaqueous electrolyte battery 
having excellent Safety and charged Storage properties and 
good high rate charge-discharge properties. (1) An electrode 
for nonaqueous electrolyte battery including a particulate 
active material having a porous film formed thereon. (2) An 
electrode for nonaqueous electrolyte battery including an 
active material having a filler held in pores. (3) An electrode 
for nonaqueous electrolyte battery including an active mate 
rial which undergoes Volumetric expansion and Shrinkage 
during charge-discharge, having a filler held in pores. (4) 
The electrode for nonaqueous electrolyte battery according 
to aspect (1), wherein the porous film is an ionically 
conductive film. 
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ELECTRODE FOR NONAQUEOUS 
ELECTROLYTE BATTERY 

TECHNICAL FIELD 

0001. The present invention relates to an electrode for 
nonaqueous electrolyte battery. 

BACKGROUND OF THE INVENTION 

0002. In recent years, with the development of electronic 
apparatus, the appearance of a novel high performance 
battery has been expected more and more. At present, as 
primary battery used as power Supply for electronic appa 
ratus there is mainly used manganese dioxide-Zinc battery. 
AS Secondary battery used as power Supply for electronic 
apparatus there is mainly used nickel battery Such as nickel 
cadmium battery, nickel-Zinc battery and nickel-metal 
hydride battery or lead-acid battery. 
0003. As the electrolyte solution for these batteries there 
is used an aqueous Solution of alkali Such as potassium 
hydroxide or an aqueous Solution of Sulfuric acid or the like. 
The theoretical decomposition voltage of water is 1.23 V. A 
battery System having an electromotive force of higher than 
this value is liable to decomposition of water that makes it 
difficult to stably Store an electric energy. Therefore, nothing 
but a battery System having an electromotive force of about 
2 V at highest has been put into practical use. Accordingly, 
as the electrolyte Solution for high voltage batteries having 
an electromotive force of not lower than 3 V there must be 
used a nonaqueous electrolyte Solution. A typical example of 
Such a battery is a So-called lithium battery comprising 
lithium as a negative electrode. 
0004 Examples of primary lithium battery include man 
ganese dioxide-lithium battery, and carbon fluoride-lithium 
battery. Examples of Secondary lithium battery include man 
ganese dioxide-lithium battery, and Vanadium oxide-lithium 
battery. 
0005. A secondary battery comprising metallic lithium as 
a negative electrode is disadvantageous in that it is liable to 
internal short due to dendritic growth of metallic lithium and 
thus has a reduced life. Further, Since metallic lithium has a 
high reactivity, Such a Secondary battery can be hardly 
provided with a high Safety. In order to eliminate these 
difficulties, a So-called lithium ion battery comprising graph 
ite or carbon instead of metallic lithium and lithium cobal 
tate or lithium nickelate as a positive electrode has been 
devised and used as a high energy density battery. In recent 
years, with the expansion of usage, batteries having higher 
performance and Safety have been desired. 
0006 Unlike lead-acid battery, nickel-cadmium battery 
and nickel-metal hydride battery, which comprise an aque 
ous Solution as an electrolyte, lithium battery and lithium ion 
battery (hereinafter collectively referred to as “lithium 
based battery’) comprise a combustible organic electrolyte 
Solution as an electrolyte. For the Sake of Safety, the lithium 
based battery needs to be equipped with various Safety 
elements such as safety valve, protective circuit and PTC 
element which add to cost. The conventional batteries com 
prising a nonaqueous electrolyte Solution are liable to vapor 
ization of the electrolyte Solution due to heat generation 
during Shortcircuiting or other troubles, which causes a 
Sudden rise in the inner pressure thereof. A lithium ion 
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battery comprising a carbon-based negative electrode rep 
resented by Li C, as the percent utilization of negative 
electrode is raised and intercalation proceeds, the rise in the 
temperature and pressure in the battery due to internal short 
or other troubles causes lithium and carbon in the negative 
electrode to react with each other to produce lithium carbide 
with the generation of heat. As a result, the inner preSSure of 
the battery shows a sudden further rise. Thus, this lithium 
ion battery leaves Something to be desired in Safety. Accord 
ingly, at present, the percent utilization of the carbon-based 
negative electrode is limited to less than 60% (LiC, 
0SX-0.6) taking-into account the Safety, making it impos 
Sible to obtain a practical battery having a high energy 
density. 

0007 Further, since the lithium-based battery exhibits a 
higher battery voltage than the aqueous Solution battery, the 
electrolyte Solution undergoes decomposition by oxidation 
or reduction while it is kept being charged. Thus, the 
lithium-based battery has deteriorated charged Storage prop 
erties. 

0008. In an attempt to improve the safety and charged 
Storage properties of battery, the use of a Solid electrolyte 
having a reduced chemical reactivity instead of electrolyte 
solution has been proposed (Electrochimica Acta 40 (1995) 
2117). Further, in an attempt to render the battery shape 
flexible, Simplify the production proceSS and reduce the 
production cost, the application of a Solid polymer electro 
lyte has been proposed. 
0009 Concerning ionically-conductive polymers, many 
complexes of polyether Such as polyethylene oxide and 
polypropylene oxide with alkali metal Salt have been Stud 
ied. However, polyether cannot provide a high ion conduc 
tivity while maintaining a Sufficient mechanical Strength. 
Further, the ion conductivity of the polyether is drastically 
affected by temperature and thus cannot provide a Sufficient 
ion conductivity at room temperature. Thus, the use of 
comb-shaped polymer having polyether in its side chains, 
copolymer of polyether chain with other monomers, poly 
cyloxane having polyether in its Side chains or croSSlinked 
polyphosphaZene or polyether has been attempted. 
0010. In an ionically-conductive polymer having a salt 
dissolved therein Such as polyether-based polymer electro 
lyte, both cation and anion migrate. Such an ionically 
conductive polymer normally exhibits a cation transport 
number of not more than 0.5 at room temperature. Thus, in 
an attempt to provide a lithium ion transport number of 1, 
ionically-conductive polymer containing an anionic group 
such as -SO and -COO has been synthesized. How 
ever, lithium ion is Strongly constrained by anionic group in 
Such a compound. Thus, Such a compound cannot be hardly 
used in lithium-based batteries. 

0011 Further, the application of a gel Solid electrolyte 
prepared by impregnating a polymer with an electrolyte 
Solution to lithium-based batteries has been attempted. 
Examples of polymer used in the gel Solid electrolyte 
include polyacrylonitrile (J. Electrochem. Soc. 137 (1990) 
1657, J. Appl. Electrochem. 24 (1994) 298), polyvinylidene 
fluoride (Electrochimica Acta 28 (1983) 833, 28 (1983) 
591), polyvinyl chloride (J. Electrochem. Soc. 140 (1993) 
196), polyvinylsulfone (Electrochimica Acta 40 (1995) 
2289, Solid State Ionics 70/71 (1994) 20), and polyvinylpyr 
rolidinone. In an attempt to reduce the degree of crystalli 
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Zation of polymer, facilitating the impregnation thereof with 
an electrolyte Solution and hence improving the ion conduc 
tivity, the use of a copolymer of vinylidene fluoride with 
hexafluoropropylene has been proposed (U.S. Pat. No. 
5,296,318). The preparation of a lithium ionically-conduc 
tive polymer film which comprises drying a lateX Such as 
nitrile rubber, styrene butadiene rubber, polybutadiene and 
polyvinyl pyrrollidone to prepare a polymer film, and then 
impregnating the polymer film with an electrolyte Solution 
has been proposed (J. Electrochem. Soc. 141 (1994) 1989, J. 
Polym. Sci. A 32 (1994) 779). Referring to the preparation 
of a polymer electrolyte from a latex, the mixing of two 
kinds of polymerS has been proposed to provide a mixture of 
a polymer phase which can hardly be impregnated with an 
electrolyte Solution and thus maintains a high mechanical 
Strength and a polymer phase which can easily be impreg 
nated with an electrolyte Solution and thus exhibits a high 
ion conductivity and hence provide a polymer film which 
gives a high mechanical Strength and a high ion conductiv 
ity. 
0012 Further, a solid electrolyte obtained by filling the 
pores in a microporous polyolefin film with a polymer 
electrolyte for the purpose of increasing the mechanical 
Strength and improving the handleability of polymer elec 
trolyte film (J. Elecrochem. Soc. 142 (1995) 683) and a 
polymer electrolyte comprising an inorganic Solid electro 
lyte powder incorporated therein for the purpose of improv 
ing the ion conductivity and increasing the cation transport 
number (J. Power Sources 52 (1994) 261, Electrochimica 
Acta 40 (1995) 2101, 40 (1995) 2197) have been reported. 
0013 AS mentioned above, various polymer electrolytes 
have been proposed. However, no polymer electrolytes 
giving essential Solution to the problem of diffusion of 
lithium ion have been reported. Thus, the properties of 
nonaqueous batteries have not been Sufficient as compared 
with that of aqueous batteries. In a lithium-based battery, the 
majority of lithium ions taking part in the electrode reaction 
during charge-discharge reaction is not dissolved in the 
electrolyte originally, but released from the active material 
in an opposing electrode. Thus, the moving distance of 
lithium ion is long. Further, the transport number of lithium 
ion in the electrolyte of a lithium-based battery at room 
temperature is normally not more than 0.5 while the trans 
port number of proton and hydroxide ion in the aqueous 
battery is close to 1. In a lithium-based battery, the moving 
rate of ion in the electrolyte is governed by the diffusion of 
ion. Moreover, Since an organic electrolyte has a higher 
Viscosity than an aqueous Solution, it allows ion diffusion at 
a lower rate than an aqueous Solution. Accordingly, a 
lithium-based battery comprising an organic electrolyte 
Solution is disadvantageous in that it is inferior to an aqueous 
battery in high rate charge-discharge properties. This prob 
lem becomes very remarkable at low temperatures. A 
lithium-based battery comprising a polymer electrolyte Solu 
tion allows ion diffusion at a even lower rate than one 
comprising an organic electrolyte instead of electrolyte 
Solution and thus is disadvantageous in that it is more 
inferior to a nonaqueous battery comprising an organic 
electrolyte Solution in high rate charge-discharge properties. 

0.014. As the solid electrolyte to be used in a lithium 
based battery there has been applied a lithium ionically 
conductive inorganic Solid electrolyte besides polymer elec 
trolyte. However, Such a lithium ionically-conductive 
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inorganic Solid electrolyte has Some disadvantages. In other 
words, it cannot provide a Sufficient lithium ion conductiv 
ity. Further, it lacks resistance to reduction-oxidation. More 
over, the Volumetric expansion and Shrinkage of the active 
material during charge-discharge causes the active material 
to be peeled off the inorganic Solid electrolyte. Thus, Such a 
lithium ionically-conductive inorganic Solid electrolyte has 
never been put into practical use. 
0015 Since an organic electrolyte is combustible, a 
lithium-based battery comprising an organic electrolyte 
needs to be equipped with various Safety elements Such as 
safety valve, protective circuit and PTC element for the sake 
of Safety, adding to cost. Further, Since a lithium-based 
battery exhibits a higher battery Voltage than an aqueous 
Solution battery, the electrolyte Solution undergoes decom 
position by oxidation or reduction while it is kept being 
charged. Thus, a lithium-based battery has deteriorated 
charged Storage properties. Alithium-based battery compris 
ing a polymer electrolyte instead of an electrolyte Solution 
for the purpose of improving the Safety and charged Storage 
properties thereof is disadvantageous in that it allows ion 
diffusion in the electrolyte at a reduced rate and thus cannot 
perform charging and discharging at a high rate. Such a 
lithium-based battery exhibits remarkably deteriorated high 
rate charge-discharge properties at low temperatures. The 
present invention has been worked out in the light of these 
problems. The present invention provides an electrode for 
nonaqueous electrolyte battery which exhibits excellent 
Safety and charged Storage properties and good high rate 
charge-discharge properties. 

DISCLOSURE OF THE INVENTION 

0016 One aspect of the present invention concerns an 
electrode for nonaqueous electrolyte battery based on quite 
a novel principle comprising a particulate active material 
having a porous film formed thereon. Thus, a nonaqueous 
electrolyte battery excellent in Safety, charged Storage prop 
erties and high rate charge-discharge properties can be 
provided. 
0017 Another aspect of the present invention concerns 
an electrode for nonaqueous electrolyte battery based on 
quite a novel principle comprising an active material having 
a filler held in pores. Thus, a nonaqueous electrolyte battery 
excellent in Safety, charged Storage properties and high rate 
charge-discharge properties can be provided. 
0018. A further aspect of the present invention concerns 
an electrode for nonaqueous electrolyte battery based on 
quite a novel principle comprising an active material which 
undergoes Volumetric expansion and Shrinkage during 
charging and discharging, having a filler held in pores. Thus, 
a nonaqueous electrolyte battery excellent in Safety, charged 
Storage properties and high rate charge-discharge properties 
can be provided. 
0019. A still further aspect of the present invention con 
cerns an electrode for nonaqueous electrolyte battery based 
on quite a novel principle comprising a particulate active 
material having a porous ionically-conductive film formed 
thereon. Thus, a nonaqueous electrolyte battery excellent in 
Safety, charged Storage properties and high rate charge 
discharge properties can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a graph illustrating the discharge prop 
erties of batteries (A) and (B) according to the present 
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invention obtained in the following examples and a conven 
tional known battery (D) of Comparative Example 2. 

BEST MODE FOR CARRYING OUT THE 
PRESENT INVENTION 

0021. In the conventional liquid electrolyte lithium-based 
battery, the particulate active material is covered by an 
organic electrolyte Solution and comprises the organic elec 
trolyte Solution in the pores. Thus, the particulate active 
material comes in contact with a large amount of the organic 
electrolyte Solution. Since the organic electrolyte Solution is 
combustible and has a higher chemical reactivity than an 
aqueous Solution, the chemical reaction of the active mate 
rial with the electrolyte Solution can easily proceed when the 
inner temperature of the battery rises due to the shortcir 
cuiting of the battery, external heating, etc. If this reaction is 
an exothermic reaction, it proceeds explosively, possibly 
causing the battery to be ignited and detonated. Further, 
since a lithium-based battery exhibits a higher battery volt 
age than an aqueous Solution-based battery, it undergoes 
decomposition of the electrolyte Solution due to oxidation or 
reduction while being Stored charged when the particulate 
active material comes in contact with a large amount of an 
organic electrolyte Solution. Thus, a lithium-based battery 
exhibits deteriorated charged Storage properties. 
0022. In order to solve these problems, the use of a solid 
electrolyte instead of an organic electrolyte Solution has 
been attempted. However, an organic Solid electrolyte 
allows ion diffusion at a very low rate and thus provides 
deteriorated high rate charge-discharge properties. The use 
of an inorganic Solid electrolyte has Some disadvantages. In 
other words, it cannot provide a Sufficient lithium ion 
conductivity. Further, it lackS resistance to reduction-Oxida 
tion. Moreover, the Volumetric expansion and Shrinkage of 
the active material during charge-discharge causes the active 
material to be peeled off the inorganic Solid electrolyte. 
0023 The foregoing problems can be solved by one 
aspect of the present invention which provides an electrode 
for nonaqueous electrolyte battery comprising a particulate 
active material a porous film formed thereon. 
0024. The foregoing problems can be solved by another 
aspect of the present invention which provides an electrode 
for nonaqueous electrolyte battery comprising an active 
material having a filler held in pores. 
0.025 The foregoing problems can be solved by a further 
aspect of the present invention which provides an electrode 
for nonaqueous electrolyte battery comprising an active 
material which undergoes Volumetric expansion and Shrink 
age during charge-discharge, having a filler held in pores. 
0026. The foregoing problems can be solved by a still 
further aspect of the present invention which provides an 
electrode for nonaqueous electrolyte battery comprising a 
particulate active material a porous ionically-conductive 
film formed thereon. 

0027. In the nonaqueous electrolyte battery comprising 
an electrode comprising a particulate active material having 
a porous film formed thereon according to the present 
invention, the amount of an organic electrolyte Solution in 
contact with the active material can be drastically reduced, 
making it possible to inhibit the reaction of the active 
material with the organic electrolyte Solution and hence 
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remarkably improve the Safety and charged Storage proper 
ties of the battery. Further, the particulate active material is 
covered by a film. Therefore, unlike the conventional solid 
electrolyte battery, the nonaqueous electrolyte battery com 
prises a Solid electrolyte having an extremely Small thick 
neSS and an organic electrolyte Solution present even in the 
vicinity of the particulate active material. Ion can easily 
migrate in an organic electrolyte Solution. Thus, ion can 
diffuse through an organic electrolyte Solution at a high rate. 
Further, Since the film covering the active material is porous, 
the electrolyte Solution can be contained in the pores in the 
film So that ion can readily diffuse in the pores, providing a 
battery excellent in high rate charge-discharge properties. 
Even if the film is porous, the amount of the organic 
electrolyte Solution in contact with the active material can be 
drastically reduced. As a result, a battery excellent all in 
Safety, charged Storage properties and high rate charge 
discharge properties can be provided. Further, by making the 
porous film lithium ionically-conductive, a battery more 
excellent in high rate charge-discharge properties can be 
provided. 

0028. Also in a nonaqueous electrolyte battery compris 
ing an electrode comprising an active material having a filler 
held in pores, the contact area of the particulate active 
material with the electrolyte Solution can be drastically 
reduced as in the electrode comprising a particulate active 
material having a porous film formed thereon. Further, Since 
the amount of the organic electrolyte Solution in the vicinity 
of the particulate active material can be reduced, the self 
discharge reaction of the active material with the electrolyte 
Solution and the explosive eXothermic reaction of the active 
material with the electrolyte Solution during the rise in the 
inner temperature of the battery can be inhibited, making it 
possible to remarkably improve the Safety and charged 
Storage properties of the battery. Further, Since lithium ion 
can migrate in the Solid phase of the particulate active 
material, and the transport number of lithium ion in this case 
is 1, lithium ion can rapidly migrate throughout the particu 
late active material even if no electrolyte Solution is present 
in the pores of the particulate active material. Accordingly, 
the resulting battery is excellent all in Safety, charged Storage 
properties and high rate charge-discharge properties. In a 
nonaqueous electrolyte battery comprising an electrode 
comprising an active material having a filler held in pores, 
the particulate active material comes in contact with the 
electrolyte solution on the surface thereof other than the 
inner surface of the pores. Thus, the battery exhibits very 
excellent high rate charge-discharge properties. An electrode 
comprising a particulate active material having a filler held 
in pores, Said particulate active material being covered by a 
lithium ionically-conductive film or porous film, can provide 
a battery having very excellent Safety and charged Storage 
properties. The conventional Solid electrolyte battery is 
liable to the peeling of the active material off the electrolyte 
at the interface thereof due to the Volumetric expansion and 
Shrinkage of the active material during charge-discharge. In 
a nonaqueous electrolyte battery comprising an electrode 
comprising an active material having a filler held in pores 
according to the present invention, the material which has 
filled the pores in the particulate active material cannot 
easily come out of the pores even if the active material 
undergoes Volumetric expansion and Shrinkage during 
charge-discharge. Thus, in the present invention, even if the 
active material undergoes Volumetric expansion and Shrink 
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age during charge-discharge, the Safety and charged Storage 
properties of the battery can be improved. 
0029. A lithium ion battery comprising a carbon-based 
negative electrode represented by Li C, as the percent 
utilization of negative electrode is raised and intercalation 
proceeds, the rise in the temperature and pressure in the 
battery due to internal short or other troubles causes lithium 
and carbon in the negative electrode to react with each other 
to produce lithium carbide (Li2C) with the generation of 
heat. As a result, the inner pressure of the battery shows a 
Sudden further rise. Thus, this lithium ion battery leaves 
Something to be desired in Safety. Accordingly, at present, 
the percent utilization of the carbon-based negative elec 
trode is limited to less than 60% (Li C, 0s x<0.6) taking 
into account the Safety, making it impossible to obtain a 
practical battery having a high energy density. The applica 
tion of the present invention to a lithium-based battery 
comprising a carbon-based negative electrode, if the amount 
of the organic electrolyte Solution present in the vicinity of 
the particulate active material is reduced, makes it difficult 
to raise the inner pressure in the vicinity of the active 
material because there is less electrolyte Solution in the 
vicinity of the active material. Thus, the lithium carbide 
production reaction can be inhibited, making it possible to 
drastically the Safety of the battery. Accordingly, the present 
invention is very effective for a lithium ion battery com 
prising a carbon-based negative electrode. 
0.030. As the carbon-based negative electrode to be used 
in a lithium ion battery there may be mainly used graphite 
having a high degree of crystallization and carbon having a 
low degree of crystallization. The particulate negative active 
material made of carbon has more pores than the particulate 
negative active material made of graphite. Accordingly, the 
conventional battery comprising an organic electrolyte Solu 
tion contains a large amount of an organic electrolyte 
Solution in the particulate negative active material and thus 
leaves Something to be desired in Safety. The application of 
the present invention to a lithium ion battery comprising a 
carbon-based negative electrode, if an active material having 
a filler held in pores is used, makes it possible to drastically 
reduce the amount of the electrolyte Solution in the particu 
late active material and hence drastically improve the Safety 
and charged Storage properties of the battery. Accordingly, 
the present invention is extremely effective for a lithium ion 
battery comprising a carbon-based negative electrode. 
0031. The present invention will be further described in 
the following preferred examples. 

0.032 The preparation of the positive electrode will be 
described hereinafter. In some detail, a mixture of 70 wt-% 
of lithium cobaltate, 6 wt-% of acetylene black, 9 wt-% of 
polyvinylidene fluoride and 15 wt-% of n-methyl-2-pyrroli 
done (NMP) was applied to a stainless steel sheet having a 
width of 20 mm, a length of 480 mm and a thickness of 20 
lum, and then dried at a temperature of 150° C. to cause NMP 
to vaporize. This procedure was effected on both sides of the 
Stainless Steel sheet. The StainleSS Steel sheet thus coated was 
then pressed to form a positive electrode. The positive 
electrode thus formed had a thickness of 170 um. The weight 
of the active material, electrically conducting agent and 
binder packed per unit area was 23 ug/cm. 
0033. The negative electrode was prepared as follows. 
Low crystallinity amorphous mesocarbon microbeads 
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(MCMB) having a particle diameter of 25 um prepared by 
calcining at a temperature of 1,000 C. were immersed in a 
solution of 1% by weight of a vinylidene fluoride-hexafluo 
ropropylene copolymer (P(VDF/HFP))(88:12) having a 
molecular weight of about 380,000 in NMP. The mixture 
was then filtered with Suction to remove extra NMP Solution 
of P(VDF/HFP). Thus, MCMB grains were coated with 
NMP solution of P(VDF/HFP) to a small thickness. The 
MCMB grains were then dried at a temperature of 150 C. 
for 1 hour to remove NMP and solidify P(VDF/HFP) coat on 
MCMB grains. Thus, MCMB grains coated with P(VDF/ 
HFP) to a small thickness were prepared. The P(VDF/HFP) 
film was then Subjected to porous treatment as follows. In 
Some detail, the particulate negative active material which 
had been coated with P(VDF/HFP) and dried was immersed 
in a 60° C. dimethyl carbonate (DMC) having lithium 
chloride dissolved therein to saturation so that the P(VDF/ 
HFP) film was impregnated with DMC solution of lithium 
chloride. The mixture was then filtered to remove DMC 
Solution. The particulate negative active material was then 
rapidly cooled to 10° C. As a result, lithium chloride in the 
film became crystalline grain. The particulate negative 
active material was immersed in DMC so that the crystalline 
lithium chloride was dissolved in DMC. The mixture was 
filtered and heat-dried to remove DMC and lithium chloride 
from the particulate negative active material. By thus remov 
ing the crystalline lithium chloride from the P(VDF/HFP) 
film, the P(VDF/HFP) film became microporous. Thus, a 
particulate negative active material covered by a 
microporous P(VDF/HFP) film was prepared. Water was 
added to the MCMB grains covered by this microporous 
film-to form a slurry. A foamed nickel having a porosity of 
90%, a thickness of 400 am, a width of 22 mm and a length 
of 480 mm was then filled with the slurry, dried at a 
temperature of 100° C. in vacuo for 1 hour, and then pressed 
to obtain a negative electrode having a thickness of 200 um. 
0034. The positive electrode and negative electrode thus 
prepared were then wound with a polyethylene Separator 
having a porosity of 40% provided interposed therebetween. 
The wound combination of positive electrode and negative 
electrode was then inserted into a stainless Steel case 
equipped with a Safety valve having a height of 47.0 mm, a 
width of 22.2 mm and a thickness of 6.4 mm. These 
elements were then assembled into a rectangular battery. 
Into the battery case was then Vacuum-injected 2.5g of an 
electrolyte Solution obtained by mixing ethylene carbonate 
(EC) and diethyl carbonate (DEC) at a volumetric ratio of 
1:1, and then adding LiPF to the mixture in an amount of 
1 mol/l. The P(VDF/HFP) coat on the particulate negative 
active material Swelled in the electrolyte Solution to provide 
a lithium ionically-conductive polymer electrolyte. In this 
manner, a battery (A) of the present invention having a 
nominal capacity of 400 mAh was prepared. Further, by 
using P(VDF/HFP) having different molecular weights and 
mixtures of vinylidene fluoride and hexafluoropropylene 
having different mixing proportions, the wettability of 
P(VDF/HFP) by the electrolyte solution can be controlled. 
0035) A battery (B) of the present invention having a 
nominal capacity of 400 mAh was prepared in the same 
manner as in the battery (A) of the present invention except 
that the pores in the particulate active material were filled 
with a polyvinyl chloride (PVC) instead of coating the 
particulate negative active material with a film. The filling of 
the pores in the particulate active material with PVC was 



US 2005/0053717 A1 

accomplished as follows. In some detail, MCMB grains 
were immersed in a solution of 12% by weight of PVC 
having a molecular weight of 1,100 in NMP. The mixture 
was then pressed at 700 kgf/cm to fill the pores in the 
MCMB grains with the NMP solution of PVC. The mixture 
was filtered with Suction to remove extra NMP Solution of 
PVC, and then dried at a temperature of 150° C. to remove 
NMP and solidify PVC. The MCMB grains were then 
immersed in NMP for only 30 minutes so that the PVC film 
covering the area of the grains other than the pores was 
dissolved in NMP while PVC in the pores was not dissolved 
in NMP. The mixture was then filtered with Suction to 
remove NMP. The foregoing continuous procedure involv 
ing the filling of the pores in the MCMB grains with NMP 
solution of PVC, drying of the grains, and removal of PVC 
film from the area of the grains other than the pores was 
repeated five times so that the pores in the MCMB grains 
were filled with PVC. 

0036) A conventional known battery (C) of Comparative 
Example 1 having a nominal capacity of 400 mAh was 
prepared in the same manner as in the battery (A) of the 
present invention except that the MCMB grains were not 
coated with P(VDF/HFP). 
0037. A conventional known battery (D) of Comparative 
Example 2 having a nominal capacity of 400 mAh was 
prepared in the same manner as in the battery (A) of the 
present invention except that the gap between the negative 
active material grains was filled with a Solid polymer 
electrolyte and only a slight amount of a free electrolyte 
Solution was present in the negative active material layer. 
The filling of the gap between the negative active material 
grains with a Solid polymer electrolyte was carried out as 
follows. In some detail, a solution of 12% by weight of 
P(VDF/HFP) (88:12) in NMP and MCMB were mixed at a 
weight ratio of 8:2. A foamed nickel having a porosity of 
90%, a thickness of 400 um, a width of 22 mm and a length 
of 480 mm was then filled with the mixture, dried at a 
temperature of 150° C. for 1 hour, and then pressed to 
prepare a negative electrode having a thickness of 200 um. 
This pressing made it possible to eliminate the most of Voids 
in the negative electrode. These elements were then 
assembled into a battery in the same manner as in the battery 
(A) of the present invention. When an electrolyte solution 
was then injected into the battery, P(VDF/HFP) in the 
negative electrode was impregnated with the electrolyte 
Solution to obtain a lithium ionically-conductive polymer 
electrolyte. 

0038. The batteries (A) and (B) according to the present 
invention and the conventional known battery (C) of Com 
parative Example 1 were then Subjected to the following 
comparison test for Safety. These batteries were charged at 
a current of 1 CA to 4.5 V at room temperature. Subse 
quently, these batteries were charged at a constant Voltage of 
4.5 V for 2 hours. Thereafter, a pin having a diameter of 3 
mm was passed through these batteries. Table 1 shows the 
results. 

TABLE 1. 

Safety valve Fire 

Battery (A) Worked None 
Battery (B) Worked None 
Battery (C) Worked Observed 
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0039. As can be seen in Table 1, the conventional known 
battery (C) allowed the safety value to work and showed 
emission while the batteries (A) and (B) according to the 
present invention allowed the safety value to work but 
showed no fire. These results show that the batteries (A) and 
(B) according to the present invention exhibit a better Safety 
than the conventional known battery (C) of Comparative 
Example 1. 
0040. A comparison test for discharge capacity at low 
temperature was effected on the batteries (A) and (B) 
according to the present invention and the conventional 
known battery (D) of Comparative Example 2. At a tem 
perature of -10° C., these batteries were charged at 1 CA to 
4.1 V, charged at a constant Voltage of 4.1 V for 2 hours, and 
then discharged at 1 CA to 3.0 V. 
0041 FIG. 1 is a graph illustrating the comparison of 
these batteries thus tested in discharge properties. AS can be 
seen in FIG. 1, the batteries (A) and (B) according to the 
present invention exhibit excellent low temperature dis 
charge properties as compared with the conventional known 
battery (D). Though not shown, the conventional known 
battery (C) of Comparative Example 1 was subjected to the 
Same charge-discharge test as mentioned above. As a result, 
the battery (C) exhibited almost the same discharge prop 
erties as the battery (B) of the present invention. These 
results show that the batteries (A) and (B) according to the 
present invention exhibit almost the same low-temperature 
high-rate discharge properties as the conventional battery 
(C), demonstrating that the covering of the particulate active 
material by a porous film or the filling of the pores in the 
particulate active material with a material other than elec 
trolyte solution allows the batteries to have little or no effect 
on the discharge properties thereof even at low temperature. 
0042 A battery (E) of the present invention having a 
nominal capacity of about 400 mAh was prepared in the 
same manner as the battery (A) of the present invention 
except that the particulate negative active material was 
covered by a polyacrylonitrile (PAN) film which had been 
Subjected to porous treatment by a casting-extraction 
method instead of being covered by the PVC film which had 
been Subjected to porous treatment by the removal of 
crystalline Salt grains from the film. The term “casting 
extraction method” as used herein is meant to indicate a 
process which comprises Substituting a Solvent (a) dissolv 
ing an polymer therein by a Solvent (b) Soluble in the Solvent 
(a) and in which the polymer is insoluble So that a porous 
polymer is produced. The preparation of the particulate 
negative active material covered by a porous PAN film was 
carried out by the following manner. In some detail, MCMB 
grains were immersed in a solution of 1% by weight of PAN 
powder having a molecular weight of about 100,000 in 
NMP. The mixture was then filtered with Suction to remove 
extra NMP solution of PAN so that MCMB grains were 
coated with the NMP Solution of PAN to a small thickness. 
The MCMB grains thus treated were then immersed in water 
so that NMP in the NMP solution of PAN was replaced by 
water to prepare MCMB grains coated with a continuously 
porous PAN film. The MCMB grains thus treated were then 
dried at a temperature of 100° C. for 1 hour to remove water 
content therefrom. A foamed nickel was then coated on the 
MCMB grains in the same manner as the battery (A) of the 
present invention. The electrode was then assembled into a 
battery in the same manner as the battery (A) of the present 
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invention. Into the battery was then injected an electrolyte 
solution so that the PAN film having pores coated on a 
particulate active material was impregnated with the elec 
trolyte Solution to form a lithium ionically-conductive poly 
mer electrolyte. 

0043. The battery (E) of the present invention thus pre 
pared was then Subjected to the same test for discharge 
properties and Safety as effected on the batteries (A) and (B) 
of the present invention. As a result, the battery (E) of the 
present invention exhibited excellent discharge properties 
and safety similar to that of the battery (A) of the present 
invention. 

0044) In the foregoing examples, as the material to be 
used as the film covering the particulate active material or 
the material which fills the pores in the particulate active 
material there was used P(VDF/HFP), PAN or PVC. How 
ever, the present invention is not limited to these com 
pounds. For example, polyether Such as polyethylene oxide 
and polypropylene oxide, polyacrylonitrile, polyvinylidene 
fluoride, polyvinylidene chloride, polymethyl methacrylate, 
polymethyl acrylate, polyvinyl alcohol, polymethacryloni 
trile, polyvinyl acetate, polyvinyl pyrrollidone, polyethylene 
imine, polybutadiene, polystyrene, polyisoprene, and 
derivatives thereof may be used singly or in admixture. 
Alternatively, a polymer obtained by the copolymerization 
of various monomers constituting the foregoing polymers 
may be used. Alternatively, an inorganic material may be 
used besides the foregoing polymers. A mixture of inorganic 
material and organic material may be used. 
0045. In the preparation of the batteries (A) and (E) of the 
foregoing example, the film formed on the particulate active 
material was rendered porous by removing grains from the 
polymer film covering the particulate active material or by 
a casting-extraction method. The present invention is not 
limited to these porous treatment processes. Either the use of 
a foaming agent or the Solidification of the polymer Solution 
by cooling may be employed. 

0046. In the nonaqueous electrolytic batteries of the 
foregoing examples, as the organic electrolyte Solution there 
was used a mixture of EC and DEC. However, the present 
invention is not limited to this electrolyte solution. For 
example, a polar Solvent Such as ethylene carbonate, pro 
pylene carbonate, dimethyl carbonate, diethyl carbonate, 
y-butyrolactone, Sulfolan, dimethyl Sulfoxide, acetonitrile, 
dimethylformamide, dimethylacetamide, 1.2-methyltetrahy 
drofuran, dioxolan and methyl acetate or a mixture thereof 
may be used. 
0047. In the foregoing examples, as the lithium salt to be 
incorporated in the organic electrolyte Solution there was 
used LiPF. Besides this lithium salt, a lithium salt such as 
LiBF, LiASF, LiCIO, LiSCN, LiI, LiCFSO, LiCl, Li Br 
and LiCFCO or a mixture thereof may be used. 
0.048. In the foregoing examples, as the compound 
capable of intercalating and deintercalating lithium as a 
positive material there was used LiCoO. However, the 
present invention is not limited to this compound. Besides 
this compound, a composite oxide represented by the com 
position formula LiMO or LiMO (in which M repre 
Sents a transition metal, X represents a number of from not 
less than 0 to not more than 1, and y represents a number of 
from not less than 0 to not more than 2), an oxide having 
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tunnel-like Voids and a lamellar metallic chalogen may be 
used. Specific examples of these compounds include 
LiCoO, LiNiO, LiMnO, LiMnO, MnO, Fe0, VOs, 
VO, TiO, and TiS. Examples of organic compound 
capable of intercalating and deintercalating lithium include 
electrically-conductive polymerS Such as polyaniline. Fur 
ther, a mixture of the foregoing active materials may be used 
regardless of which they are inorganic or organic. 
0049. In the foregoing examples, as the compound to be 
used as a negative active material there was used carbon. 
Besides carbon, an alloy of Al, Si, Pb, Sn, Zn or Cd with 
lithium, a composite transition metal oxide Such as LiFe2O, 
MoO, a transition metal oxide Such as tin oxide, a carbon 
based material Such as high crystallinity graphite, lithium 
nitride Such as Lis(LiN), metallic lithium, or a mixture 
thereof may be used. 
0050. In the foregoing examples, a film was formed on 
the particulate negative active material. Alternatively, a filler 
was held in the pores in the negative active material. 
However, even if a film is formed on the particulate active 
positive electrode or a filler is held in the pores in the 
positive active material, a nonaqueous electrolyte battery 
excellent in Safety, charged Storage properties and high rate 
charge-discharge properties can be provided as in the case of 
negative electrode. 
0051. In the foregoing examples, as the current collector 
for positive and negative electrodes there was used a stain 
less steel sheet or foamed nickel. However, the present 
invention is not limited to these materials. Any of iron, 
copper, aluminum, Stainless Steel and nickel may be used. 
The current collector employable herein may be in the form 
of sheet, foamed body, Sintered porous body or the like. 
0052. In accordance with the present invention, the safety 
and high rate charge-discharge properties of batteries can be 
improved by covering the particulate active material with a 
porous film or holding a filler in pores in the active material. 
0053 As mentioned above, one aspect of the electrode 
for nonaqueous electrolyte battery according to the present 
invention comprises a particulate active material having a 
porous film formed thereon. In this arrangement, the amount 
of an organic electrolyte Solution in contact with the active 
material can be drastically reduced, making it possible to 
inhibit the reaction of the active material with the organic 
electrolyte Solution and hence remarkably improve the 
Safety and charged Storage properties of the battery. Further, 
the particulate active material is covered by a film. There 
fore, unlike the conventional Solid electrolyte battery, the 
nonaqueous electrolyte battery comprises a Solid electrolyte 
having an extremely Small thickness and an organic elec 
trolyte Solution present even in the vicinity of the particulate 
active material. Ion can easily migrate in an organic elec 
trolyte Solution. Thus, ion can diffuse through an organic 
electrolyte Solution at a high rate. Further, Since the film 
covering the active material is porous, the electrolyte Solu 
tion can be contained in the pores in the film So that ion can 
readily diffuse in the pores, providing a battery excellent in 
high rate charge-discharge properties. Even if the film is 
porous, the amount of the organic electrolyte Solution in 
contact with the active material can be drastically reduced. 
AS a result, a battery excellent all in Safety, charged Storage 
properties and high rate charge-discharge properties can be 
provided. Further, by making the porous film lithium ioni 
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cally-conductive, a battery more excellent in high rate 
charge-discharge properties can be provided. 
0054) One aspect of the nonaqueous electrolyte battery 
according to the present invention comprises an active 
material having a filler held in pores. Also in this nonaque 
ous electrolyte battery, the contact area of the particulate 
active material with the electrolyte Solution can be drasti 
cally reduced as in the electrode comprising a particulate 
active material having a porous film formed thereon. Fur 
ther, Since the amount of the organic electrolyte Solution in 
the vicinity of the particulate active material can be reduced, 
the Self discharge reaction of the active material with the 
electrolyte Solution and the explosive exothermic reaction of 
the active material with the electrolyte Solution during the 
rise in the inner temperature of the battery can be inhibited, 
making it possible to remarkably improve the Safety and 
charged Storage properties of the battery. Further, Since 
lithium ion can migrate in the Solid phase of the particulate 
active material, and the transport number of lithium ion in 
this case is 1, lithium ion can rapidly migrate throughout the 
particulate active material even if no electrolyte Solution is 
present in the pores of the particulate active material. 
Accordingly, the resulting battery is excellent all in Safety, 
charged Storage properties and high rate charge-discharge 
properties. In a nonaqueous electrolyte battery comprising 
an electrode comprising an active material having a filler 
held in pores, the particulate active material comes in 
contact with the electrolyte solution on the surface thereof 
other than the inner Surface of the pores. Thus, the battery 
exhibits very excellent high rate charge-discharge proper 
ties. An electrode comprising a particulate active material 
having a filler held in pores, Said particulate active material 
being covered by a lithium ionically-conductive film or 
porous film, can provide a battery having very excellent 
Safety and charged Storage properties. The conventional 
solid electrolyte battery is liable to the peeling of the active 
material off the electrolyte at the interface thereof due to the 
Volumetric expansion and shrinkage of the active material 
during charge-discharge. In a nonaqueous electrolyte battery 
comprising an electrode comprising an active material hav 
ing a filler held in pores according to the present invention, 
the material which has filled the pores in the particulate 
active material cannot easily come out of the pores even if 
the active material undergoes Volumetric expansion and 
Shrinkage during charge-discharge. Thus, in the present 
invention, even if the active material undergoes Volumetric 
expansion and Shrinkage during charge-discharge, the Safety 
and charged Storage properties of the battery can be 
improved. 
0055. In a lithium ion battery comprising a carbon-based 
negative electrode represented by Li C, as the percent 
utilization of negative electrode is raised and intercalation 
proceeds, the rise in the temperature and pressure in the 
battery due to internal short or other troubles causes lithium 
and carbon in the negative electrode to react with each other 
to produce lithium carbide (Li2C) with the generation of 
heat. As a result, the inner pressure of the battery shows a 
Sudden further rise. Thus, this lithium ion battery leaves 
Something to be desired in Safety. Accordingly, at present, 
the percent utilization of the carbon-based negative elec 
trode is limited to less than 60% (Li C, 0s x<0.6) taking 
into account the Safety, making it impossible to obtain a 
practical battery having a high energy density. The applica 
tion of the present invention to a lithium-based battery 
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comprising a carbon-based negative electrode, if the amount 
of the organic electrolyte Solution present in the vicinity of 
the particulate active material is reduced, makes it difficult 
to raise the inner preSSure in the vicinity of the active 
material because there is less electrolyte Solution in the 
vicinity of the active material. Thus, the lithium carbide 
production reaction can be inhibited, making it possible to 
drastically improve the Safety of the battery. Accordingly, 
the present invention is very effective for a lithium ion 
battery comprising a carbon-based negative electrode. 

0056. As the carbon-based negative electrode to be used 
in a lithium ion battery there may be mainly used graphite 
having a high degree of crystallization and carbon having a 
low degree of crystallization. The particulate negative active 
material made of carbon has more pores than the particulate 
negative active material made of graphite. Accordingly, the 
conventional battery comprising an organic electrolyte Solu 
tion contains a large amount of an organic electrolyte 
Solution in the particulate negative active material and thus 
leaves Something to be desired in Safety. The application of 
the present invention to a lithium ion battery comprising a 
carbon-based negative electrode, if an active material having 
a filler held in pores is used, makes it possible to drastically 
reduce the amount of the electrolyte Solution in the particu 
late active material and hence drastically improve the Safety 
and charged Storage properties of the battery. 

0057 Thus, a nonaqueous electrolyte battery which 
exhibits better Safety and charged Storage properties than the 
conventional nonaqueous electrolyte battery and better high 
rate charge-discharge properties than the conventional Solid 
electrolyte battery can be provided. 

0058. The features of the present invention are as fol 
lows: 

0059) 1. An electrode for nonaqueous electrolyte 
battery comprising a particulate active material hav 
ing a porous film formed thereon. 

0060 2. An electrode for nonaqueous electrolyte 
battery comprising an active material having a filler 
held in pores. 

0061 3. An electrode for nonaqueous electrolyte 
battery comprising an active material which under 
goes Volumetric expansion and Shrinkage during 
charge-discharge, having a filler held in pores. 

0062 4. An electrode for nonaqueous electrolyte 
battery comprising a particulate active material hav 
ing a porous lithium ionically-conductive film 
formed thereon. 

0063 5. The electrode for nonaqueous electrolyte 
battery according to any one of Clauses 1 to 4, 
comprising a carbon-based negative active material. 

0064 6. The electrode for nonaqueous electrolyte 
battery according to Clause 5, comprising a low 
crystallinity carbon as an negative active material. 

0065 7. The electrode for nonaqueous electrolyte 
battery according to any one of Clauses 1 to 6, 
wherein Said film to be formed on Said particulate 
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active material or Said material to fill the pores in the 
active material is a polyvinylidene fluoride, polyvi 
nyl chloride, polyacrylonitrile or a copolymer com 
prising as main components monomers constituting 
these compounds. 

0066 8. A process for the preparation of a particu 
late active material having a porous film formed 
thereon, which comprises covering a particulate 
active material by a polymer film, and then removing 
the grains from the polymer film So that Said film is 
rendered porous. 

0067 9. A process for the preparation of a particu 
late active material having a porous film formed 
thereon, which involves porous treatment by a cast 
ing-extraction method. 

0068) 
0069. In accordance with the present invention, an elec 
trode for nonaqueous electrolyte battery having excellent 
Safety and charged Storage properties and good high rate 
charge-discharge properties can be provided. 

Industrial applicability. 

What is claimed is: 
1. A proceSS for the preparation of an electrode compris 

ing a particulate active material having a porous film formed 
thereon, comprising the Steps of: 

covering a particulate active material by a porous film, 
and 

then attaching Said particulate active material to a current 
collector. 
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2. A proceSS as claimed in claim 1, comprising the Steps 
of: 

forming a slurry comprising Said particulate active mate 
rial covered with Said porous film, 

then coating Said slurry on Said current collector, and 
then drying Said Slurry. 
3. A process as claimed in claim 1, wherein Said current 

collector is made of iron, copper, aluminum, Stainless Steel 
or nickel. 

4. A process as claimed in claim 1, wherein Said current 
collector is in the form of a sheet, foamed body or sintered 
porous body. 

5. A proceSS as claimed in claim 1, wherein Said electrode 
is for a nonaqueous electrolyte battery. 

6. A proceSS as claimed in claim 1, wherein Said electrode 
is for a lithium battery. 

7. A process as claimed in claim 1, wherein the active 
material is a carbon-based negative active material. 

8. A proceSS as claimed in claim 1, comprising Swelling 
Said porous film with an electrolyte Solution So that ions 
move through pores in the film and through Said film formed 
on Said particulate active material. 

9. A proceSS as claimed in claim 1, comprising the Steps 
of: 

preparing a Solution having a polymer dissolved in a 
Solvent (a), 

coating a particulate active material with Said Solution, 
and replacing Said Solvent (a) in Said Solution by a 
solvent (b), wherein said solvent (b) is soluble in said 
Solvent (a) and said polymer is insoluble in said Solvent 
(b). 


