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(57) ABSTRACT 

An electrode substrate is formed by mechanically processing 
a nickel foil so as to be made three dimensional through the 
creation of concave and convex parts, and then, this sub 
strate is ?lled With active material or the like so that an 
electrode is manufactured, Wherein the above described 
concave and convex parts are rolling pressed so as to incline 
in one direction. Furthermore, an electrode for secondary 
battery is formed by using the above described method. 
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Fig.2 



Patent Application Publication Jan. 27, 2005 Sheet 3 0f 13 US 2005/0019664 A1 

Fig.3 
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Fig.5 
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Fig.6 
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Fig-.7 
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Fig.8 
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Fig. 10 
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Fig. 11 
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Fig12 
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Fig.1 3 
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NON-SINTERED TYPE THIN ELECTRODE FOR 
BATTERY, BATTERY USING SAME AND 

PROCESS FOR SAME 

FIELD OF INVENTION 

[0001] The present invention relates to a paste type thin 
electrode for a battery, in Which the cost is reduced and the 
high rate discharge characteristics and the cycle life are 
improved, and to a secondary battery using this electrode. 

BACKGROUND OF THE INVENTION 

[0002] At present electrodes for batteries, used commer 
cially for secondary batteries, are broadly categoriZed as 
sintered type electrodes and non-sintered type electrodes. In 
the sintered type electrodes, active material is ?lled into a 
highly porous three dimensional substrate Where metal poW 
der is sintered to have a large porosity on both sides of a tWo 
dimensional metal substrate. In the non-sintered type elec 
trodes, the active material poWder With a binder is coated on 
a tWo dimensional metal substrate or grid, or ?lled into a 

three dimensional substrate, such as foamed nickel, metal 
bag or tube, Without employing a sintered substrate. 

[0003] In general, the former exhibits excellent character 
istics in electronic conductivity (high-rate charge and dis 
charge characteristics) due to a large amount of metal used 
in the sintered plaque and has a long cycle-life With excellent 
mechanical strength and stability in the shedding of active 
material, While it has the defect that the electrode is heavy 
and has a small volumetric energy density due to a small 
amount of active material impregnated therein because of a 
large volume of the electrode substrate. 

[0004] On the contrary, a representative and simple non 
sintered type electrode is inexpensive and light Weight, and 
has a large volumetric energy density because of using an 
inexpensive substrate of a small volumetric amount in the 
electrode, Which is easy to manufacture, through the coating 
or direct ?lling process of active material poWder, While it 
entails the problem that the entire electrode is inferior in 
current collection ability as a Whole, in the mechanical 
strength and in the holding of the active material. These are 
signi?cant problems in secondary batteries Where charging 
and discharging is repeated and, therefore, a variety of ideas 
are incorporated into respective battery systems. 

[0005] As a result, non-sintered types have a variety of 
substrates to improve the above problems, as represented by 
a paste type or an application type, Wherein active material 
poWder is mixed With conductive material or a binder Which 
is then mixed together With a solution and the obtained paste 
or slurry is coated on a tWo dimensional substrate of a 
variety of shapes, or in some cases the active material 
poWders are ?lled in a pocket type or a tube type substrate 
Which has innumerable small pores for electrochemical 
reactions. 

[0006] As examples of non-sintered type electrodes, 
Which are of the former type, a cadmium negative electrode, 
a metal hydride negative electrode for alkaline storage 
batteries, the positive and negative electrodes for lithium ion 
batteries and the positive and negative electrodes for lead 
acid batteries are cited. Non-sintered type batteries Which 
are of the latter type are, for example, employed in part of 
the nickel positive electrode for large scale alkaline storage 
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batteries or for certain types of lead acid batteries. As a 
substrate of the electrodes described herein, punching metal, 
a metal screen, foamed metal, a metal grid or the like are 
individually utiliZed according to the battery systems or the 
purpose. 

[0007] HoWever, recently, neW types of electrodes in 
Which a paste of active materials is ?lled into a foamed 
nickel porous substrate or into a nickel ?ber substrate, Which 
have a three dimensional structure, in the high density 
(hereinafter abbreviated as 3DM type), have started being 
employed as proposed in US. Pat. No. 4,251,603, Which 
belongs to another non-sintered type in classi?cation. HoW 
ever, though these types of electrodes have a high capacity 
and a high reliability and are easily made to have higher 
capacity and to be lighter Weight compared With the sintered 
type, due to a small amount of metal employed in the 
substrate, they have the technical problems that the 
mechanical strength is loW and the electronic conduction of 
the entire electrode is inferior due to a large pore diameter 
Within the substrate and, in addition, have the technical 
problem that the cost of the substrate is high. 

[0008] Since the present invention of paste type electrode 
relates to an improvement of the three dimensional substrate 
used in the above described 3DM system, in particular for 
alkaline storage battery system currently, for the conve 
nience of the detail technological description of prior art, a 
nickel positive electrode for a small sealed cylindrical 
Ni/MH batteries is focused on thereafter. 

[0009] As for the nickel positive electrode for alkaline 
storage batteries, the sintered type electrode, Which Was 
developed in Germany during the Second World War, has a 
high performance and is durable, Which replaced the previ 
ous non-sintered type electrode, that is to say, the pocket 
type electrode, and, therefore, a sintered type electrode 
started to be used for rectangular Ni/Cd batteries requiring 
high performance and high reliability. As for the negative 
electrode, a similar conversion to the sintered type has 
occurred. As for the electrodes of sealed cylindrical Ni/Cd 
batteries developed afterWards, sintered type positive and 
negative electrodes have become the most popular because 
they are easily processed into thin electrodes. The small 
sealed cylindrical batteries represented by this nickel-cad 
mium battery (Ni/Cd battery) have achieved a dramatic 
groWth as a poWer supply for portable compact electronic 
equipments, such as camcorders or CD players, Which have 
achieved a remarkable groWth in Japan starting in the 
1980’s. HoWever, in the 1990’s, a neW type of nickel-metal 
hydride storage battery (Ni/MH battery) and a lithium ion 
battery successively have been put into practical use so as to 
begin expansion into the market of nickel-cadmium batter 
1es. 

[0010] And, as for a neW market, applications for poWer 
supplies as poWer tools, applications for mobile poWer 
supplies, that is to say, for electrical vehicles (EVs), hybrid 
electrical vehicles (HEVs), electric poWer assisted bicycles 
or the like have neWly started groWing in recent years, and 
for those poWer supplies mainly Ni/MH batteries have 
started being used. A nickel positive electrode is employed 
for the positive electrodes of the above described Ni/Cd 
batteries and Ni/MH batteries for Which the groWth recently 
has been remarkable and the sintered types and 3DM types 
are used respectively, according to the applications under the 
present circumstances. 
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[0011] As for the structure of this nickel positive electrode 
for a mass-production level, the non-sintered type Was 
limited only to the pocket type, due to the electrode 
mechanical stability. The pocket type electrode has a struc 
ture Wherein active material poWder is ?lled into a electro 
lyte proof metal bag With innumerable small pores to 
prevent the shedding of active metal poWders as described 
above. The sintered type adopts a structure Wherein a 
solution of active material salt is impregnated into the space 
of a three dimensional sintered plaque, folloWed by the 
process of conversion to the active material With alkaline 
solution. Naturally, the active material in this case is not in 
a poWder condition. 

[0012] Another non-sintered 3DM type, Which is different 
from the pocket type, is reported as a nickel positive 
electrode employing foamed nickel in the ECS Fall Meeting 
(Detroit) Abstract No. 10 in 1981. This electrode has a 
structure using a foamed nickel porous body as a substrate, 
into Which active material poWder is ?lled. 

[0013] Though a light Weight nickel positive electrode 
With a high capacity is realiZed by using this foamed nickel 
as a substrate, it has the problems that the high poWer drain 
of the entire active material is not sufficient due to the large 
diameter of the internal spherical space, Which is approxi 
mately 450 pm in the case of even the smallest diameter, and 
it is expensive. Therefore, batteries using a sintered type 
nickel positive electrode Which exhibit excellent character 
istics in high-rate discharge are still the most popular for 
applications requiring high poWer drain. 

[0014] HoWever, the folloWing shortcomings of the sin 
tered type electrodes for those applications have been 
increasing, as problems in practical use, While applications 
are expanding, and, therefore, the introduction of the paste 
type electrodes are desirable. The shortcomings are: small 
energy density; heavy Weight; large self-discharge due to the 
Well-knoWn shuttle reaction betWeen nitride and nitrate ions, 
Which is not present in the non sintered type. Since those 
applications require a high-rate discharge, thin electrodes 
are, in general, employed to increase the electrode surface 
area in order to have a large active area, Which also increases 
the area of the substrates of the electrodes. Accordingly, a 
tWo dimensional substrate or a three dimensional substrate 
of loW cost are particularly required and also light Weight is 
a prerequisite for these high-poWer uses. 

[0015] Therefore, neW structures of three dimensional 
substrates to replace expensive foamed nickel such as in the 
3DM type, Which is a kind of the paste type of light Weight, 
are proposed as folloWs: 

[0016] (1) One sheet of electrode is formed by overlap 
ping a plurality of extremely thin electrodes Wherein 
active material poWder is coated on the porous sub 
strate, such as thin punched metal and foamed metal. 

[0017] (2) Innumerable pieces of metal in the form of 
bristle or Whisker are attached to a porous substrate, 
such as metal foil and punched metal (US. Pat. No. 
5,840,444). 

[0018] (3) Burrs are provided on a metal plate in the 
direction of the thickness of the plate (US. Pat. No. 
5,543,250). 

[0019] (4) A metal plate is processed to have a three 
dimensional corrugated form. Holes With burrs are 
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provided on the crests of the corrugated form so as to 
increase the three dimensional shape (US. Pat. No. 
5,824,435). 

[0020] The structures or the substrates in the above 
described (1) to (4), hoWever, have not solved all of the 
problems. In (1), there still remains the problem of the active 
mass shedding of each thin electrode due to the sWelling of 
the active material during charge and discharge cycles, 
Which essentially cannot be prevented. In (2), the thickness 
of the paste layer lacks uniformity due to the loW binding 
strength betWeen the metal ?ber in bristle or Whisker, or due 
to the non-uniformity of the holes of the substrate itself With 
respect to its characteristics and, additionally, it costs more 
than the conventional substrates. In (3), the structure is 
basically not three dimensional and, therefore, it has prob 
lems in the shedding of the active material poWders folloW 
ing a decay in charge and discharge characteristics. In (4), 
though the above described problems have been improved to 
some extent and loW cost can be expected, there still remains 
the problem that a desired three dimensional substrate shape 
is dif?cult to maintain. Because, the substrate of the corru 
gated form is easily expanded in the direction of the Wave 
form during the electrode press Work, Which leads to the 
problem that the active material is easily peeled off from the 
substrate When it is Wound into an electrode of a spiral form 
or When charging and discharging are repeated. 

[0021] In addition, poWer supplies for electric poWer tools 
are desired, derived from hoW poWer tools are used, to have 
high-rate discharge characteristics, and the batteries for 
poWer-use, such as electric vehicles (EVs), hybrid electric 
vehicles (HEVs) and electric poWer assisted bicycles are 
desired to have improved high-rate discharge characteristics, 
particularly desired to be smaller and to be lighter in order 
to secure space Within the vehicles and in order to improve 
fuel ef?ciency respectively, that is to say, to increase volume 
energy density (Wh/l) and gravimetric energy density (Wh/ 
kg). 

SUMMARY OF THE INVENTION 

[0022] The present inventor solved the above described 
problems by forming an electrode for alkaline storage bat 
teries as an application example as folloWs: 

[0023] (a) Forming a conductive electrode substrate 
from a metal foil Which is provided With innumerable 
concave and convex holloW parts or forming the same 
shape metal substrate by the metal deposition through 
an electrolytic method; 

[0024] (b) Adjusting the thickness of the above 
described electrode substrate to substantially the same 
thickness as that of the electrode; 

[0025] (c) For limiting the above described substrate to 
become tWo dimensional, partially or as a Whole, by the 
electrode press Work after ?lling the paste of active 
material poWders as the main material, arranging the 
position of said concave and convex parts of the 
conductive electrode substrate to maintain the current 
collection ability of the Whole electrode; and 

[0026] (d) Preventing the peeling of the active material 
poWders layer from the substrate through the spirally 
Winding process of the electrode and also the shedding 
of active material poWders that formed the electrode 
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through the repetitive charging and discharging after 
Wards, by bending the Walls of the concave and convex 
hollow parts into one direction speci?cally in the 
vicinity of the edge, just as to Wrap the space betWeen 
the concave and the next concave or the convex and the 
next convex in order to prevent the shedding of the 
active material poWders. 

[0027] In addition, by maintaining all the active material 
poWder, Within 150 pm in the distance from the nearest 
conductive electrode substrate, the charging and discharging 
reaction, particularly the high rate discharge reaction, of the 
active material poWder is enhanced and by using a cylin 
drical battery case Wherein a ratio (t2/t1) of the thickness (t2) 
of the bottom to the thickness (t1) of the side Walls is 1.5 or 
more, that is to say, by using a case of Which the side Walls 
have become thinner, the secondary battery is further made 
lighter and made larger in capacity 

[0028] Though the present invention is not particularly 
limited to a nickel positive electrode, in the case of appli 
cation for a nickel positive electrode, in particular, a thinner 
nickel positive electrode is provided in Which the thickness 
is 500 pm or less for alkaline storage batteries, and the 
electrode uses an inexpensive, light Weight and conductive 
metal substrate that can be formed only through mechanical 
operations on a metal foil or only through electrolytic metal 
deposition on the same pattern, Without sintering or plating, 
resulting in excellent characteristics in charge and discharge 
characteristics, restraining the shedding of active material 
poWder and light Weight. Therefore, an inexpensive, light 
Weight sealed cylindrical or prismatic nickel-metal hydride 
battery (Ni/MH battery) that shoWs excellent characteristics 
of high-rate charge/discharge and long cycle-life is 
achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a schematic cross section vieW of a nickel 
positive electrode according to one mode of the present 
invention; 

[0030] FIG. 2 shoWs a nickel positive electrode according 
to one embodiment of the present invention. The cross 
section vieW along A-A is shoWn in FIG. 1; 

[0031] FIG. 3 shoWs a sealed cylindrical Ni/MH battery 
(AA siZe) construction according to one mode of the present 
invention; 

[0032] FIG. 4 shoWs an electrode substrate in a Wide 
belt-like form utiliZed for the nickel positive electrode 
according to one mode of the present invention; 

[0033] FIGS. 5(a) and 5(b) shoW tWo examples of patterns 
for unevenness processing; 

[0034] FIG. 6 shoWs a pressing process for the nickel 
positive electrode according to one mode of the present 
invention; 

[0035] FIG. 7 is a cross section vieW of the electrode after 
?lling the paste of active material poWder into the substrate; 

[0036] FIG. 8 shoWs high-rate discharge characteristics of 
a sealed cylindrical Ni/MH battery (AA siZe) using a nickel 
positive electrode according to one embodiment of the 
present invention; 

Jan. 27, 2005 

[0037] FIG. 9 shoWs cycle-life characteristics of a sealed 
cylindrical Ni/MH battery (AA siZe) using a nickel positive 
electrode according to one mode of the present invention. 

[0038] 
[0039] FIG. 11 is an enlarged cross section vieW of a 
battery case manufactured through the stroking and squeeZ 
ing step; 

[0040] FIG. 12 shoWs high-rate discharge characteristics 
of the nickel positive electrode according to one mode of the 
present invention (half cell); and 

[0041] FIG. 13 shoWs high-rate discharge characteristics 
of the nickel positive electrode according to one mode of the 
present invention (half cell). 

FIG. 10 shoWs a stroking and squeezing step; 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0042] In the folloWing, in reference to the draWings, a 
sealed cylindrical nickel-metal hydride battery is described 
as an example Wherein an electrode obtained by Winding a 
nickel positive plate 1, Whose main material is nickel 
hydroxide poWder and Whose electrode thickness is 500 pm 
or less, and an alloy negative plate 2, Whose main material 
is hydrogen absorption alloy poWders and of Which elec 
trode thickness is much thinner than that of the positive 
electrode, together With a separator 3 made of non-Woven 
sheet of polyole?n-type synthetic resin ?ber, is inserted into 
a cylindrical metal case and then an alkaline electrolyte 
solution is poured in the case, Which is then sealed. 

[0043] Here, an electrode obtained by ?lling the paste 10, 
that has been obtained by mixing the main material and the 
like, into a conductive electrode substrate 9 Which is made 
three dimensional through a press Work applied to a nickel 
foil of a thickness of 20 to 50 pm betWeen the upper and the 
loWer plate dies, Wherein an innumerable number of con 
cavities and convexities are mutually provided so as to 
engage each other and, then, by pressing after drying, is used 
as the positive electrode. From the vieWpoint of cost 
effectiveness and ease for producing the same type of a 
substrate, particularly in the case Where the thickness close 
to 20 pm, the method of electrolytic nickel deposition is 
available as Well. In this case, the nickel deposition of about 
20 pm is carried out on the cathode, the surface of Which has 
innumerable holloW concavities and convexities of a desired 
pattern, in the conventional electrolysis bath of pH 2.0 
containing mainly nickel sulfate. And, this method can also 
can provide a long strip of substrate With innumerable 
holloW concavities and convexities by employing a rotary 
drum as the cathode. After the said substrate is annealed at 
approximately 850° C. to have much more mechanical 
strength, it can be used for the electrode substrate. 

[0044] Long cycle-life electrodes With excellent charge/ 
discharge characteristics can be obtained through the three 
dimensional structure of the substrate, Which is made as a 
Shree dimensional model to almost the same thickness as the 
electrode, particularly, through a structure Wherein the 
shapes of the holloW concavities and convexities bend, in 
one direction, to a greater extent in relation to proximity to 
the edges so as to Wrap the space of the substrate. The 
resultant structure is excellent in current collection and 
Wraps the active mass tightly in a manner not inferior to that 
in the sintered type or 3DM type. 
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[0045] Long cycle-life electrodes With excellent charge/ 
discharge characteristics can be obtained because the above 
described conductive electrode substrate has a structure 
Which is excellent in current collection performance and the 
Wrapping of the active material poWder is not inferior to that 
of sintered type or 3DM type, since it is made to be a three 
dimensional structure of approximately the same thickness 
as the ?nal electrode, particularly, to be a structure Wherein 
the closer to the edges of the holloW unevenness the stronger 
they become and the more bent they are in one direction so 
as to enclose(?) the space areas in the substrate. In addition, 
since this substrate can be manufactured only by passing 
betWeen dies Which engage With each other through the 
unevenness, it becomes inexpensive because of the simple 
process and When it is Wound to an electrode of a spiral 
Wound form, the electrode is not broken apart. As a result, 
Ni/MH batteries are obtained that are easy to process and 
Which are inexpensive With high performance and high 
reliability. 
[0046] Since the alloy negative electrode is improved in 
the electric current collection performance due to the thick 
ness Which is approximately 1/2 of the positive electrode, it 
can Withstand a high-rate discharge of approximately 20C 
discharge at room temperature. HoWever, in the case that a 
much higher rate discharge is necessary, it is preferable to 
adopt a three dimensional nickel electrode substrate accord 
ing to the present invention for the alloy negative electrode. 

[0047] Here, though, Ni/MH batteries are described for the 
convenience of the description above, the present invention 
can be applied in the same Way to electrodes for Ni/Cd 
batteries or Li secondary batteries Which need a high-rate 
discharge. 

[0048] FIG. 1 shoWs a cross section vieW taken along line 
A-A in FIG. 2 of the nickel positive electrode 1 according 
to the present invention. In FIG. 1, a nickel metal part 
forming a three dimensional nickel substrate is denoted as 9, 
and mixed poWder mainly containing nickel hydroxide 
poWder ?lled into this substrate is denoted as 10 and a 
holloW area is denoted as 11. The Walls of the convex part 
B or B‘ and of the concave part C or C‘ in the three 
dimensional substrate processed from a nickel foil have a 
contour While tilting to one side and the edge D or D‘ of 
nickel part is less thick and further more tilting to the side. 
This contour and the tilt of the edges limit the shedding of 
the ?llings such as the active material poWder from the 
substrate. The tilt of the edges do not cause microscopic 
short circuit With the opposite electrode by becoming an 
electrode Whisker and, therefore, this also has the effect of 
making the shortest distance from the nickel substrate to the 
active material poWder grain (in the vicinity of M in the 
?gure) Which is farthest aWay to be shorter than in the case 
of not bending (in the vicinity of M‘), that is to say, the effect 
of enhancing the current collection ability of the entire 
electrode is provided. In the case of a nickel positive 
electrode, When the commercially available active material 
poWder is used and the distance from the conductive elec 
trode substrate becomes more than 150 pm, the deterioration 
of voltage at high-rate discharge occurs and the rate of 
utiliZation of the active material is loWered. Therefore, it is 
preferable to use a metallic plate Wherein the conductive 
electrode substrate of a thin electrolyte-proof metal foil has 
a three dimensional structure by forming innumerable con 
cave and convex parts and the shortest distance betWeen a 
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majority of said poWders and the said conductive electrode 
substrate is maintained Within 150 pm. In addition, unlike 
the electrode substrate Which has electric conductivity, the 
active material has very little electric conductivity since it is 
mainly composed of Ni(OH)2. Therefore, it is preferable to 
add about 5 Wt % of a poWder With electric conductivity and 
cobalt oxide in the active material poWder paste in order to 
enhance current collection characteristics. Further, in the 
case Where further improvement of high-rate discharge 
characteristics is desired With the requirement of higher 
poWer as a battery, it is preferable to use the active materials 
in the active material layer on a substrate having a three 
dimensional structure by forming concave and convex parts 
With the shortest distance betWeen a majority of said poW 
ders and the said conductive electrode substrate being 
maintained Within 150 pm. This because When the amount of 
a poWder With electric conductivity and cobalt oxide added 
in the active material poWder in order to enhance current 
collection characteristics is increased, the amount of the 
active materials contained is decreased. When the speci?c 
explanation is made using the Figure, it is preferable to 
decide the siZe of the concavities and convexities as Well as 
the pitch so that the distance betWeen the m‘ in FIG. 1 and 
the closest conductive electrode substrate is maintained 
Within 150 pm. 

[0049] FIG. 2 shoWs an overall vieW of a nickel positive 
electrode 1 Which has a structure as shoWn in FIG. 1, Which 
is a thin nickel positive electrode Whose the thickness is 500 
pm or less. 

[0050] FIG. 3 is a schematic diagram of a sealed cylin 
drical Ni/MH battery construction of AA siZe Which is 
obtained by the combination of a thin nickel positive elec 
trode in FIG. 2 and a thin alloy negative electrode Wherein 
MmNiS type hydrogen absorbing alloy poWder is coated on 
punched(?) metal in the same Way as in a prior art. With 
respect to each of the components other than electrodes of 
the battery, basically they are the same as those in a 
conventional battery structure. 

[0051] The conductive electrode substrate according to the 
present invention may be any material as long as it has a 
conductivity and the process for providing the unevenness 
and for contour and tilts of the Walls is possible after the 
?lling of the active material poWder and is not limited 
particularly. HoWever, the material of the conductive elec 
trode substrate is properly used at least on the surface of the 
conductive electrode substrate by selecting one kind or more 
from a group consisting of nickel, copper, aluminum, lead 
and alloys Whose main components are those metals, Which 
are employed in a variety of electrodes for batteries at 
present. Particularly, it is preferable for materials used as a 
nickel electrode for an alkaline storage battery to be selected 
at least one from a group consisting of cobalt, calcium, 
titanium, silver, yttrium, lanthanide, carbon and/or their 
oxides, Which are arranged on the major part of the surface, 
from the vieW point of easiness of processing. The thickness 
of the conductive electrode substrate Which is made three 
dimensional With the holloW concave and convex parts of 
the conductive electrode substrate according to the present 
invention is the thickness Which is approximately the same 
as the ?nal electrode Which is pressed after the poWder 
mainly containing the active material poWder or pseudo 
active material poWder is ?lled in or coated on the electrode 
and, more concretely, it is preferable for the above described 
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thickness of the conductive electrode substrate to be 0.5 to 
2.0 times as large as the thickness of the ?nal electrode. 

[0052] In the case that the thickness of the above described 
conductive electrode substrate is 0.5 or less times as large as 
the thickness of the ?nal electrode, the high rate discharge 
characteristics are slightly loWered, and the contact area 
betWeen the active material poWders or pseudo-active mate 
rial poWders and conductive electrode substrate is 
decreased, Which is not preferable because the active mate 
rial poWder becomes to be shedded. In the case that the 
thickness of the above described conductive electrode sub 
strate is 2.0 or more times as large as the thickness of the 
?nal electrode, it becomes dif?cult to form a metal foil With 
concave and convex parts and to form the same by an 
electrolytic deposition method as Well, and therefore it is not 
preferable. Particularly, in the case that the present invention 
is used for a nickel positive electrode, it is preferable that the 
thickness of the conductive electrode substrate is 1.0 to 2.0 
times as large as the thickness of the ?nal electrode. Here, 
the ?nal electrode refers to an electrode obtained by press 
Work after the paste that mainly contains active material 
poWders is ?lled in or is coated on. 

[0053] The innurnerable concave and convex parts Which 
are holloW in the conductive electrode substrate according to 
the present invention represent concave and convex parts in 
a shape of having the inner Wall surfaces While the concave 
and the convex forms are not ?lled in With the material 
forming the conductive electrode substrate. 

[0054] The pseudo-active material in the present invention 
is the material that absorbs and desorbs active material such 
as Li (lithiurn), H (hydrogen), or the like. The active material 
may be occluded in the pseudo-active material or may be 
occluded in a form of a compound With other materials as 
long as it is released as a active material. 

[0055] The method of ?lling in or coating of the paste of 
Which the main material is the active material poWders or the 
pseudo-active rnaterial poWders according to the present 
invention is not particularly limited, and a Well known 
method for ?lling in or coating can be applied. 

[0056] The shapes of the concave parts and convex parts 
in the conductive electrode substrate according to the 
present invention are not particularly limited and, therefore, 
they may be a holloW cone form, or a holloW polygonal 
pyrarnid form such as a triangular pyrarnid forrn, quadran 
gular pyrarnid form or a hexagonal pyrarnid forrn. Though 
the respective edges of the concave parts and convex parts 
may have open holes or may be closed, it is preferable to 
have open holes since the strength against rnechanical 
(physical) peeling of the active material layer and uniformity 
of the electrode reaction on active material layers on both 
sides of the substrate are easily obtained. 

[0057] The above described conductive electrode sub 
strate in the present invention is a substrate having innu 
rnerable rnicroscopic concavities and convexities on the 
major part of the surface, Which is preferable for increasing 
the cycle life and the high-rate charge / discharge charac 
teristics since is further increases the electric conductivity 
betWeen the substrate and the active material or pseudo 
active material. 

[0058] As for the arrangement pattern of most concave 
and convex parts in the above described substrate according 
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to the present invention, it is preferable for columns of many 
concave parts or concave part groups, as Well as columns of 

many convex parts or convex part groups to be mutually 
provided approximately in parallel to each other to form an 
angle in the range of 30 degrees to 60 degrees With the 
direction of electrode length. By providing the above 
described columns of many concave parts or concave part 
groups, as Well as columns of many convex parts or convex 

part groups, alternately approxirnately parallel to each other, 
the distance betWeen respective convex parts (concave parts) 
is easily maintained at a constant value and stability is 
provided, Which lead to good Wrapping ability of the active 
material poWders in the substrate and good conductivity 
over the entire electrode. 

[0059] The conductive electrode substrate in the present 
invention has the folloWing concave and convex parts or 
groups thereof. That is, the number of the concave parts is 
not less than half the number of concave and convex parts, 
Wherein the said concave and convex parts are adjacent and 
closest to the convex part, the number of groups of concave 
parts is not less than half the number of groups of concave 
and convex parts, Wherein the said groups of concave and 
convex parts are adjacent and closest to the groups of convex 
parts, the number of convex parts is not less than half the 
number of concave and convex parts, Wherein the said 
concave and convex parts are adjacent and closest to the 
concave part, and the number of groups of convex parts is 
not less than half the number of groups of concave and 
convex parts, Wherein the said concave and convex parts are 
adjacent and closest to the groups of concave parts. 

[0060] Together With this, as described in the above, by 
providing columns of many concave parts or concave part 
groups and many convex parts or convex part groups at an 
angle Within the range of 30 degrees to 60 degrees With the 
direction of electrode length, an excessive expansion and an 
uneven expansion of the substrate can be restrained at the 
time of press Work of the electrode to maintain a uniform 
three dimensional substrate Within the electrode. 

[0061] The contour and the tilts of the Walls of the convex 
and the concave parts in the conductive electrode substrate 
according to the present invention can be formed through 
press Work With a rolling press rnachine cornprising pre 
press Work through a pair of rollers with small diameters and 
real press Work for forming the ?nal electrode through a pair 
of rollers With large diarneters. Since this press Work pro 
cessing is applied to the conductive electrode substrate 
Wherein the active material or the pseudo-active material is 
?lled in or coated on, the Walls of the concave and convex 
parts are made to have contours in the direction of the 
thickness of the conductive electrode substrate so as to be 
more tilted in one direction at areas closer to the edges of the 
concave and convex parts. If the thickness of the substrate 
before ?lling in the active material poWder is large enough, 
When the active material poWder is ?lled in the substrate 
having a thick thickness as shoWn in the partially enlarged 
vieW of FIG. 7, both surfaces of the substrate may be bent 
slightly in advance so as to be bent in one direction. In 
addition, in the above described roll press Work, pre-pres 
suring may be carried out by passing the processed material 
through a slit With a doctor knife or a rubber spatula or by 
brushing With a rotary rush. And, in the case that the 
conductive electrode substrate is made three dimensional to 
a greater degree as described above, inclination of the 
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concave and convex parts in one direction, particularly a 
greater inclination of the edge parts as shoWn in Part D of 
FIG. 1 can be effectuated, by means of press Work With a 
rolling machine only using a large diameter roll, and omit 
ting a pre-press process. 

[0062] It is preferable that the ?nal electrode is coated 
With ?ne poWders of ?uororesin. This is in order to prevent 
the edges of the concave and convex parts of the conductive 
electrode substrate from sticking out of the electrode like 
Whiskers or from sticking out of the separator, Which can 
cause short circuits, in addition to preventing the active 
material poWder from shedding. Accordingly, as for the 
kinds of synthetic resins used for the coating of the elec 
trode, in addition to the ?uororesin, resins having electro 
lyte-proof and binding characteristics such as resins con 
taining polyole?ne, polyvinyl-type and polysulfone poWders 
or their copolymers as the main material can be applied. 

[0063] In the case that the paste-type thin electrode for 
batteries according to the present invention is processed into 
a spiral electrode, the edges of the concave and convex parts 
of the conductive electrode substrate are, preferably, tilted in 
the direction perpendicular to the Winding direction so as to 
prevent them from forming Whiskers through the electrode 
sWelling due to the repetition of charging and discharging. 

[0064] In addition, a secondary battery according to the 
present invention is a battery Wherein the above described 
electrodes are inserted into a battery case and the positive 
electrode lead is connected to a lid by means of spot 
Welding, or the like, and then the lid is caulked to the 
aperture part of the battery case. 

[0065] Asecondary battery according to the present inven 
tion can be obtained by inserting the above described 
electrodes according to the present invention into a container 
of a battery case of the desired external diameter siZe such 
as D, C, AA, AAA and AAAA. 

[0066] As for a battery case in a secondary battery accord 
ing to the present invention, in the case that the secondary 
battery of the present invention is used in the application 
Where the capacity is enlarged and Weight reduced in, for 
example, a battery for an HEV, it is preferable to use a light 
Weight battery case Wherein the ratio (t2/t1) of the thickness 
(t2) of the bottom to the thickness (t1) of the side Wall is 1.5 
or more and, moreover, it is more preferable for the ratio 
(t2/t1) of the thickness (t2) of the bottom to the thickness (t1) 
of the side Wall to be approximately 2.0, from the vieW point 
of extra strength against internal cell pressure of the side 
Walls of the container and a secure crack prevention Which 
might occur from the spot Welding to the bottom. In the case 
that a secondary battery according to the present invention 
shoWs superior characteristic in connecting cells in series by 
spot Welding Which is important for HEVs, or the like, the 
battery has a, thick bottom case in the conventional, pre 
venting from making a bloW-hole in a battery during the 
Welding process. In further explanation, making the ratio 
(t2/t1) of the thickness (t2) of the bottom to the thickness (t1) 
of the side Wall 1.5 or more, the thickness that can Withstand 
the spot Welding is secured for the thickness of the bottom 
compared to an ordinary battery case Where the thickness of 
the side Walls and the thickness of the bottom of a battery 
case are approximately the same. In addition, by making the 
side Walls thinner it becomes possible to reduce the Weight 
of the battery case by approximately 30% Without changing 
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the material so that the inside volume simultaneously 
increases, Which alloWs the capacity of the secondary battery 
to be larger. Here, the above described Welding is carried out 
according to a Well knoWn Welding method and is carried out 
Within the range of 1000° C. to 3000° C. of the Welding 
temperature at the spot Welding part. 

[0067] In a secondary battery according to the present 
invention, in the case of a battery case of AAAA siZe 
Wherein the ratio (t2/t1) of the thickness (t2) of the bottom to 
the thickness (t1) of the side Wall is 1.5 or more, When a 
battery case in Which the thickness of the bottom is approxi 
mately 0.2 mm and the thickness of the side Walls is 0.11 
mm (t2/t1=1.82), a capacity increase of approximately 5% is 
achieved compared to the case Where a battery case of the 
same material is used in Which the thickness of the bottom 
is approximately 0.2 mm and of Which the thickness of the 
side Walls is 0.2 mmm (t2/t1=1). 

[0068] Though the material of the battery case in a sec 
ondary battery of the present invention is not particularly 
limited, it is preferable to use iron With an applied nickel 
plating for an alkaline storage battery from the vieWpoint of 
electrolyte-proof properties and it is preferable to use alu 
minum, or aluminum alloy, in addition to iron for a lithium 
secondary battery from the vieWpoint of Weight reduction. 

[0069] Though the above described battery case can be 
manufactured by a Well knoWn method, including several 
times of ironing processes, it is preferable to manufacture by 
drawing and ironing processing at the same time in order to 
attain a thinner side Wall and a ratio (t2/t1) of the thickness 
(t2) of the bottom to the thickness (t1) of the side Wall of 1.5 
or more. In case that the battery case is manufactured by 
ironing process using many processing steps to move closer 
to the desired battery case structure, generally the thickness 
of the bottom and of the side Walls become approximately 
equal. HoWever, since ironing With draWing process is a 
method for forming a cylindrical container 14 With a bottom 
from a metal plate through extrusion by one revolution of the 
spindle 13 as shoWn in FIG. 10, a battery case having a 
desired thickness of the side Walls easily can be formed to 
gain the above described battery case by adjusting the gap 
betWeen the spindle and the mold 15. 

[0070] In the battery case of a secondary battery according 
to the present invention, it is preferable that thicker parts are 
provided along the border betWeen the side Walls 16 and the 
bottom 17 Within the battery case in order to secure the 
mechanical strength. The above described thicker parts are 
the parts indicated by R in FIG. 11 and by processing the 
external periphery of the edge part of the spindle used at the 
time of battery case formation so as to be rounded, the 
thicker parts of the corresponding battery case can be 
provided easily. Effects can be recogniZed even When a 
spindle to Which a slight rounding processing is applied is 
used and rounding of 1 mm of diameter is appropriate for a 
battery case of AA siZe Without loWering the battery capac 
ity. 

[0071] Though a secondary battery according to the 
present invention can be made lighter in battery Weight by 
employing the above described electrodes, a further lighter 
secondary battery can be provided by using a battery case in 
Which the side Walls are further thinner and in Which the 
ratio (t2/t1) of the thickness (t2) of the bottom to the 
thickness (t1) of the side Wall is 1.5 or more. 












