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(54) Title of the Invention
Cylindrical Battery

(57) Abstract
The present invention provides a small cylindrical battery that

achieves both improved battery characteristics and enhanced long-term 
reliability and safety. The cylindrical battery has a bottomed cylindrical 
battery case (1), an electrode assembly (5) housed in the battery case (1) 
together with an electrolyte, a sealing member (8) embedded in an opening 
of the battery case (1), and a gasket (9) sandwiched between the sealing 
member (8) and the battery case (1), wherein the opening of the battery 
case (1) is sealed by drawing process applied to the open end portion of 
the battery case (1). Furthermore, the battery case (1) is made of stainless 
steel. In addition, the outer diameter of the battery case (1) is 10 mm or 
less, and the thickness of the battery case (1) is 0.05 mm or more and 0.2 
mm or less.
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1. A cylindrical battery, comprising a bottomed cylindrical battery case, an electrode assembly housed in the battery 
case together with an electrolyte, a sealing member embedded in an opening of the battery case, and a gasket sandwiched 
between the sealing member and the battery case, the opening of the battery case is sealed by a drawing process applied 
to the open end portion of the battery case, wherein 

the battery case is made of stainless steel with a carbon content of 0.03% by mass or less, 
the outer diameter of the battery case is 10 mm or less, 
the thickness of the battery case is 0.05 mm or more and 0.2 mm or less. 
2. The cylindrical battery according to claim 1, wherein the stainless steel forming the battery case is austenitic 

stainless steel. 
3. The cylindrical battery according to claim 1 or 2, wherein the stainless steel forming the battery case is stainless 

steel with a copper content of 1.0% by mass or more and 6.0% by mass or less. 
4. The cylindrical battery according to claim 1 or 2, wherein the outer diameter of the battery case is 6 mm or less. 
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Cylindrical Battery 

Technical Field 
[0001] The present invention relates to cylindrical batteries with a battery case, such as lithium-ion secondary 
batteries. 
 
Background Art 
[0002] In recent years, lithium-ion secondary batteries have been widely used as a power source to drive electronic 
devices such as mobile digital devices. In particular, in multifunctional and high-load portable devices such as 
smartphones, there has been a continuous demand for improved battery characteristics, such as energy density and load 
characteristics, as well as lightweight design, for the batteries used as their power sources. Moreover, there has been a 
constant demand for improved long-term reliability and safety. 
[0003] Lithium-ion secondary batteries typically have a metal battery case. By reducing the thickness of the battery 
case, increasing the internal volume, and filling the battery case with power generation elements at a high density, the 
energy density can be improved. Reducing the thickness of the battery case is particularly effective for increasing the 
internal volume of small batteries. As another example, there are lithium-ion batteries that use metal-resin laminated 
sheets instead of battery cases. In this case, by encapsulating battery components such as positive and negative electrodes, 
separators, and electrolytes within such thin sheets, weight reduction can be achieved along with increased energy density. 
[0004] Prior Art Documents 
[0005] Patent Documents 
[0006] Patent Document 1: Japanese Patent Application Laid-Open Publication No. 2009-181754 
[0007] Patent Document 2: Japanese Patent Application Laid-Open Publication No. 2008-223087 
[0008] Patent Document 3: Japanese Patent Application Laid-Open Publication No. 2007-227339 
 
Summary of the Invention 
[0009] Problem to be Solved by the Invention 
[0010] However, in batteries such as lithium-ion secondary batteries, it is difficult to simultaneously improve battery 
characteristics and improve long-term reliability and safety. For example, in lithium-ion secondary batteries, iron or 
aluminum are generally used as the battery case material. Therefore, if the thickness of the metal plate that forms the 
battery case is reduced in order to increase energy density, the strength of the battery case decreases. A decrease in the 
strength of the battery case will lead to a decrease in sealing performance and a decrease in the tolerance for expansion 
of the electrode plates due to repeated charge-discharge cycles or an increase in internal pressure due to gases. As a 
result, the battery case is prone to deformation or the battery characteristics deteriorate, making it difficult to achieve 
long-term reliability. 
[0011] Furthermore, when metal-resin laminated sheets are used instead of battery cases, although energy density can 
be improved, problems caused by the decrease in battery case strength become significant. For example, if only the usual 
charge-discharge cycles are repeated, gases are generated due to the decomposition of the electrolyte, which causes the 
battery to expand significantly due to the increase in internal pressure. In addition, moisture can easily intrude from the 
outside of the battery into the interior due to weak sealing performance in the vicinity of the lead portion. Therefore, 
gases are generated due to the moisture, which causes the internal pressure to increase and the battery to expand. There 
are concerns that the aforementioned expansion may compromise the sealing of the laminated sheets. 
[0012] Thus, in order to balance the improvement of battery characteristics with the improvement of long-term 
reliability and safety, when a battery case is used, it is very important to reduce the thickness of the battery case while 
achieving high strength and high sealing performance. 
[0013] Therefore, in order to achieve high sealing performance when the opening of the battery case is sealed by crimp 
sealing, technologies have been proposed to improve the strength of the opening of a battery case by increasing only the 
thickness of the opening in the battery case (for example, see Patent Document 1). However, such battery cases are 
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difficult to mold and process due to their complex shape, and are not suitable for mass production. 
[0014] In addition, technologies have been proposed to use aluminum alloy materials, whose strength has been 
improved by adding dissimilar metals and heat treatment, as battery case materials (for example, see Patent Document 
2). However, if only the strength of a battery case is increased, the processability of the battery case decreases, making 
it difficult to achieve high sealing performance. 
[0015] Therefore, an objective of the present invention is to provide a small cylindrical battery that achieves both 
improved battery characteristics and enhanced long-term reliability and safety. 
[0016] Means for solving the problem 
[0017] Through in-depth research, the inventors have discovered the conditions under which the improvement of 
battery characteristics and the enhancement of long-term reliability and safety can be achieved in small cylindrical 
batteries. 
[0018] A cylindrical battery according to the present invention comprises a bottomed cylindrical battery case, an 
electrode assembly housed in the battery case together with an electrolyte, a sealing member embedded in an opening of 
the battery case, and a gasket sandwiched between the sealing member and the battery case, wherein the opening of the 
battery case is sealed by drawing process applied to the open end portion of the battery case. Moreover, the battery case 
is made of stainless steel.  The outer diameter of the battery case is 10 mm or less, and the thickness of the battery case 
is 0.05 mm or more and 0.2 mm or less. 
[0019] Effects  of the Invention 
[0020] The cylindrical battery according to the present invention can achieve both improved battery characteristics 
and enhanced long-term reliability and safety. 
[0021] Although novel features of the present invention are described in the appended claims, both aspects of the 
structure and content of the present invention, as well as other objects and features of the present invention, will be better 
understood from the following detailed description in conjunction with the accompanying drawings. 
 
Brief Description of the Accompanying Drawings 
[0022] FIG. 1 is a longitudinal cross-sectional view schematically illustrating a cylindrical battery according to an 
embodiment of the present invention. 
 
Detailed Description of the Embodiments 
[0023] First, the cylindrical battery of the present invention will be described. 
[0024] The cylindrical battery according to the present invention comprises a bottomed cylindrical battery case, an 
electrode assembly housed in the battery case together with an electrolyte, a sealing member embedded in an opening of 
the battery case, and a gasket sandwiched between the sealing member and the battery case, wherein the opening of the 
battery case is sealed by drawing process applied to the open end portion of the battery case. Moreover, the battery case 
is made of stainless steel.  In addition, the outer diameter of the battery case is 10 mm or less, and the thickness of the 
battery case is 0.05 mm  or more and 0.2 mm or less. 
[0025] As shown in Table 1, stainless steel has a very high tensile breaking strength compared with iron (Fe) or 
aluminum (Al). Furthermore, Table 1 lists SUS316L (austenitic stainless steel) as an example of stainless steel. Therefore, 
as the present invention uses stainless steel as the material for the battery case, high strength can be maintained in the 
battery case even when the thickness of the battery case is reduced in a uniform manner. In addition, stainless steel, 
despite its high strength, has excellent machinability. Therefore, a high degree of sealing can be achieved in the battery 
case. 
[0026] Table 1 
[0027] 
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Density 
(g/cm) 

Tensile breaking 
strength (MPa) 

Elongation 
(%) 

SUS316L 8.03 481 40 

Fe 7.78 196 60 

Al 2.70 55 30 
 

[0028] Moreover, the inventors have discovered that high sealing performance can be achieved in small cylindrical 
batteries with an outer diameter of 10 mm or less, especially when the thickness of the battery case is 0.05 mm or more 
and 0.2 mm or less. In addition, the inventors have found that these conditions are particularly preferred for small 
cylindrical batteries with an outer diameter of 6 mm or less. Therefore, in small cylindrical batteries, when sealing the 
opening of the battery case by applying drawing process to the open end of the battery case, the thickness of the battery 
case is very important as a condition for improving the sealing performance. 
[0029] If drawing process is applied to the open end of the battery case, the drawn portion of the battery case shrinks 
(i.e., the diameter of the battery case decreases). When the diameter of the battery case before drawing process is 15 mm 
or more, the shrinkage rate of the battery case 1 caused by the drawing process is small and hardly affects the sealing 
performance. However, when the diameter of the battery case 1 before the drawing process is 10 mm or less, the 
shrinkage rate of the battery case 1 increases due to the drawing process, and abnormal deformations such as a decrease 
in roundness or wrinkles are easily generated at the open end of the battery case. Such problems are significant when the 
diameter of the battery case before the drawing process is 6 mm or less, which reduces the sealing performance. Thus, 
in small cylindrical batteries where the shrinkage rate of the battery case 1 is large due to the drawing process, the 
inventors have found that high sealing performance can be achieved when the battery case 1 is made of stainless steel 
and the thickness of the battery case 1 is 0.05 mm or more and 0.2 mm or less. 
[0030] When the cylindrical battery is a lithium-ion battery, it is preferable that the battery case is made of a material 
with a broad potential window and high acid corrosion resistance. Regarding this point, stainless steels such as SUS316L 
have a very strong potential relative to the reduction side, and although not as strong as aluminum on the oxidation side, 
they have a broader potential window than that of iron or copper. Furthermore, regarding aluminum, if a reduction 
potential is applied in the presence of lithium ions, surface lithium plating occurs, and an alloy with lithium is formed. 
Because such alloying reactions are accompanied by volume expansion, the battery case becomes brittle and its strength 
decreases when it is made of aluminum, making it difficult to achieve long-term battery reliability. 
[0031] In addition, stainless steel has higher acid corrosion resistance than iron, copper, and aluminum. This is because 
stainless steel has a protective layer on its surface. In lithium-ion batteries, lithium hexafluorophosphate (LiPF6) is 
generally used as a supporting electrolyte. Such a supporting electrolyte can achieve excellent load characteristics while 
forming an electrolyte with high ionic conductivity. On the other hand, if moisture is present, lithium 
hexafluorophosphate produces, via hydrolysis, hydrofluoric acid (HF), which is a strong acid. Therefore, in lithium-ion 
batteries, in addition to improving the sealing to prevent moisture from entering from the outside, improving the acid 
corrosion resistance of the battery case is also important for achieving long-term reliability. This is because corrosion of 
the battery case allows moisture to penetrate, which accelerates the corrosion process. 
[0032] Therefore, the cylindrical battery according to the present invention can achieve both improved battery 
characteristics and enhanced long-term reliability and safety. In addition, the thickness of the battery case can be made 
uniform, so the molding and quality management of the battery case is easy. 
[0033] In the preferred specific configuration of the above-mentioned cylindrical battery, the stainless steel forming 
the battery case is austenitic stainless steel with a low carbon content. Furthermore, the stainless steel forming the battery 
case is preferably stainless steel with a carbon content of 0.08% by mass or less. Furthermore, the carbon content in the 
stainless steel is more preferably 0.05% by mass or less, and particularly preferably 0.03% by mass or less. 
[0034] As shown in Table  1, stainless steel with such a low carbon content has high elongation and high tensile 
breaking strength. Therefore, stainless steel with a low carbon content has high machinability. In other words, when 
forming the battery case 1, it is easy to stretch the stainless steel for thinning, and the processing accuracy is also high. 
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For example, in slender cylindrical batteries, a battery case with a high height-to-diameter ratio can be easily and 
precisely formed, for instance, through deep drawing process. Therefore, it is possible to easily form with high precision 
a battery case 1 with a thickness of 0.05 mm or more and 0.2 mm or less, resulting in the stable manufacture of cylindrical 
batteries with high sealing performance. 
[0035] In other preferred specific configurations of the above-described cylindrical battery, the stainless steel forming 
the battery case 1 is stainless steel with a copper content of 1.0% by mass or more and 6.0% by mass or less. More 
preferably, the copper content is 1.5% by mass or more and 5.0% by mass or less. Thus, copper-containing stainless steel 
has high tensile breaking strength, elongation, and acid corrosion resistance, and as shown in Table 2, the contact 
resistance on the surface of stainless steel is small. Furthermore, a protective layer that enhances acid corrosion resistance 
is usually formed on the surface of stainless steel. In the case of stainless steel that does not contain copper, this protective 
layer becomes the cause of increased contact resistance. On the other hand, by including copper in stainless steel, the 
resistance of the protective layer is reduced, which in turn reduces the contact resistance. 
[0036] Table 2 
[0037] 

 Contact resistance (load 40g) 
(mΩ) 

Austenitic stainless steel (including copper) 40 
Austenitic stainless steel (no copper included) 8000 

 

[0038] According to copper-containing stainless steel, electrical contact with a device can be easily obtained without 
forming a new surface layer or terminal. Furthermore, by increasing the contact area with the electrodes inside the battery, 
the internal resistance of the battery is reduced even without joining the battery case and electrodes by welding or other 
means, resulting in good load characteristics. 
[0039] As mentioned above, stainless steel has high strength. Therefore, a large force is required when processing 
stainless steel into a desired shape. Therefore, the battery case is preferably a bottomed cylindrical battery case formed 
by applying deep drawing to a thin stainless steel sheet. By means of deep drawing, battery cases that are thin and 
uniform in thickness, and have minimal deviations in shape and thickness can be produced. Furthermore, if deep drawing 
is applied, the material loss is small. Therefore, a balance between improving battery characteristics and enhancing long-
term reliability and safety can be achieved in cylindrical batteries. 
[0040] Furthermore, methods for processing stainless steel into a bottomed cylindrical shape include stamping 
processing method, DI (Drawing & Ironing) processing method, etc. However, these processing methods require the 
application of large forces evenly and continuously during the forming process, which is difficult to control, thus the 
shape and thickness of battery cases are prone to deviation. Especially when reducing the thickness of the battery case, 
holes are sometimes made or rupture occurs. In addition, methods for processing stainless steel into a bottomed 
cylindrical shape include a method of cutting cylindrical materials. However, in this method, although the shape of 
battery cases is not easily deviated, the material loss is large and the efficiency is low. 
[0041] Next, the embodiments of the present invention will be described in detail with reference to the accompanying 
drawings. Furthermore, various components of the present invention are not limited to the embodiments, and various 
modifications can be made within the technical scope described in the claims. 
[0042] FIG. 1 is a longitudinal cross-sectional view schematically illustrating a cylindrical battery according to an 
embodiment of the present invention. As shown in FIG. 1, the cylindrical battery has a bottomed cylindrical battery case 
1, an electrode assembly 5 housed in the battery case 1 together with an electrolyte, a sealing member 8 embedded in 
the opening of the battery case 1, and a gasket 9 sandwiched between the sealing member 8 and the battery case 1. 
[0043] Battery Case 
[0044] The battery case 1 is formed by applying deep drawing processing to stainless steel with uniform thickness. 
The outer diameter of the battery case 1 is preferably 10 mm or less, more preferably 6 mm or less. The thickness of the 
battery case 1 is 0.05 mm or more and 0.2 mm or less. Furthermore, the ratio of the thickness of the sidewall (side 
thickness) to the thickness of the bottom (bottom thickness) of the battery case 1 is 0.20 or more and 1.20 or less, 
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preferably 0.33 or more and 1.05 or less. 
[0045]  The stainless steel forming the battery case 1 is preferably austenitic stainless steel with a low carbon content. 
In addition, the stainless steel forming the battery case 1 is preferably stainless steel with a low carbon content of 0.08% 
by mass or less. Furthermore, the carbon content in the stainless steel is more preferably 0.05% by mass or less, and 
particularly preferably 0.03% by mass or less. 
[0046] Preferably, the stainless steel forming the battery case 1 contains copper. In such a battery case 1, the copper 
content is preferably 1.0% by mass or more and 6.0% by mass or less, more preferably 1.5% by mass or more and 5.0% 
by mass or less. 
[0047] Sealing member and gasket 
[0048] The sealing member 8 and the gasket 9 are components used to seal the opening of the battery case 1. 
Specifically, the sealing member 8 and the gasket 9 are inserted into the opening of the battery case 1, such that the 
gasket 9 is sandwiched between the sealing member 8 and the battery case 1. Then, drawing processing is applied to the 
open end of the battery case 1, and its open end is crimped onto the sealing member 8. Therefore, the gasket 9 is sealed 
tightly to the side of the sealing member 8 and the inner surface of the battery case 1 in a compressed state. In this way, 
the opening of the battery case 1 is sealed. Furthermore, a perforated circular plate 11 made of an electrically insulating 
material is embedded in the protrusion exposed to the outside of the battery case 1 in the sealing member 8. The circular 
plate 11 is used to prevent electrical short circuits between the sealing member 8 and the battery case 1. 
[0049] Regarding the gasket 9, its material can use polypropylene (PP), polyethylene (PE), polyphenylene sulfide 
(PPS), perfluoroalkyl ethylene-hexafluoropropylene copolymer (PFA), cross-linked rubber, etc. In particular, PFA is 
preferred because of its low moisture permeability, which can suppress the intrusion of moisture into the battery, thus 
preventing the degradation of lithium-ion batteries. 
[0050] Electrode assembly 
[0051] The electrode assembly 5 has a negative electrode plate 2, a positive electrode plate 3, and a separator 4. In the 
electrode assembly 5, the negative electrode plate 2 and the positive electrode plate 3 are wound together while 
overlapping each other with a separator 4 sandwiched there between. In order to prevent winding slippage in the electrode 
assembly 5, the winding end portion of at least one of the negative electrode plate 2 and the positive electrode plate 3 is 
fixed to the outer peripheral surface of the electrode assembly 5 with fixing tape. Then, the electrode assembly 5 and a 
non-aqueous electrolyte (not shown) are accommodated together in the battery case 1. With such an electrode assembly 
5 , the reaction area is increased, which can achieve strong load characteristics. 
[0052] The negative electrode plate 2 and the positive electrode plate 3 are, as respectively described later, composed 
of a current collector, i.e., a core material, and a mixture layer (containing an active material) formed on the surface of 
the core material. Moreover, in order to increase battery capacity, the mixture layer is formed on the surface of the core 
material in a compressed state. Therefore, in the electrode assembly 5, if the radius of the winding heads of the negative 
electrode plate 2 and the positive electrode plate 3 is too small, there is a concern that the mixture layer may peel off 
from the core material, thus causing an electrical short circuit (internal short circuit) in the battery case 1. On the other 
hand, if the radius of a winding head is too large, the amount of the active material accommodated in the battery case 1 
decreases, and the battery capacity decreases. Therefore, it is necessary to start winding the negative electrode plate 2 
and the positive electrode plate 3 with an appropriate radius. For example, when a core is used to wind the negative 
electrode plate 2 and the positive electrode plate 3, the diameter R of the core is preferably 0.6 mm or more and less than 
3.0 mm, more preferably 0.8 mm or more and less than 1.5 mm. A space with no active material exists near the central 
axis of the electrode assembly 5, and this space is preferably 3.0 mm or less in diameter, and more preferably less than 
1.5 mm in diameter. 
[0053] A negative electrode lead 6 is electrically connected to the negative electrode plate 2 (specifically, the negative 
electrode core material described later), and the end of the negative electrode lead 6 is joined to the inner surface of the 
side wall of the battery case 1 by spot welding or the like. Furthermore, if the stainless steel forming the battery case 1 
contains copper, it is also possible to make the negative electrode lead 6 only contact the inner surface of the side wall 
of the battery case 1. Thus, the negative electrode plate 2 is electrically connected to the battery case 1, and the battery 
case 1 functions as the negative electrode terminal. Regarding the negative electrode lead 6, its material can use, for 
example, nickel, iron, stainless steel, copper, etc. The negative electrode lead 6 has the characteristic of bending with 
small pressure, and its shape is not particularly limited, which may be, for example, a rectangular shape with a welding 
allowance to the negative electrode core material and a welding allowance to the battery case 1, or an ellipse or polygon 
inscribed in the rectangular shape. In addition, the thickness of the negative electrode lead 6 is preferably 10 μm or more 
and 120 μm or less, more preferably 20 μm or more and 80 μm or less. 
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[0054] A positive electrode lead 7 is electrically connected to the positive electrode plate 3 (specifically, the positive 
electrode core material described later), and the end of the positive electrode lead 7 is joined to the sealing member 8 by 
spot welding or the like. Thus, the positive electrode plate 3 is electrically connected to the sealing member 8, and the 
sealing member 8 functions as the positive electrode terminal. Regarding the positive electrode lead 7, its material can 
use, for example, aluminum. The positive electrode lead 7 has the characteristic of bending with small pressure, and its 
shape is not particularly limited, which may be, for example, a rectangular shape. In addition, the thickness of the positive 
electrode lead 7 is preferably 40 μm or more and 150 μm or less, and even more preferably 50 μm or more and 100 μm 
or less. 
[0055] Furthermore, an annular intermediate member 10 made of an electrical insulating material is disposed between 
the electrode assembly 5 and the sealing member 8, and the positive electrode lead 7 passes through the inner side of the 
intermediate member 10 and is connected to the positive electrode plate 3 and the sealing member 8. Thus, the 
intermediate member 10 prevents electrical short circuits between the negative and positive electrodes. 
[0056] <Negative electrode plate> 
[0057] The negative electrode plate 2 is composed of a negative electrode current collector, i.e., a negative electrode 
core material, and a negative electrode mixture layer formed on the surface of the negative electrode core material. The 
negative electrode plate 2 is formed, for example, by depositing a negative electrode active material in a thin film on the 
surface of the negative electrode core material. The negative electrode core material is a metal foil. For example, a long 
conductive substrate with a porous or non-porous structure can be used for the negative electrode core material. Materials 
used as negative electrode core materials can include, for example, stainless steel, nickel, or copper. The thickness of the 
negative electrode core material is not particularly limited, but it is preferably 1 μm or more and 500 μm or less, more 
preferably 5 μm or more and 20 μm or less. According to the negative electrode core material with such a thickness, the 
strength of the negative electrode plate 2 can be maintained, while the negative electrode plate 2 can be made lighter. 
[0058] The negative electrode mixture layer contains a negative electrode active material. Therefore, the negative 
electrode active material will be described in detail below. Furthermore, it is preferable that the negative electrode 
mixture layer contains a binder and other materials in addition to the negative electrode active material. 
[0059] (Negative electrode active material) 
[0060] A lithium-ion intercalation/deintercalation material can be used as the negative electrode active material. 
Examples of such negative electrode active materials can include metals, metal fibers, carbon materials, oxides, nitrides, 
silicon compounds, tin compounds, or various alloy materials. Specific examples of carbon materials can include various 
types of natural graphite, coke, incompletely graphitized carbon, carbon fibers, spherical carbon, various types of 
artificial graphite, or amorphous carbon. 
[0061] Here, the capacity density of elemental substances, such as silicon (Si)or tin (Sn), or silicon compounds and tin 
compounds is high. Therefore, silicon, tin, silicon compounds, or tin compounds are preferably used as negative 
electrode active materials. Specific examples of silicon compounds can include SiOX (wherein 0.05 < x < 1.95) or silicon 
alloys, silicon solid solutions, or the like formed by using at least one or more elements selected from B, Mg, Ni, Ti, Mo, 
Co, Ca, Cr, Cu, Fe, Mn, Nb, Ta, V, W, Zn, C, N, Sn, and other elements to substitute part of Si. In addition, specific 
examples of tin compounds can include Ni2Sn4, Mg2Sn, SnOx (wherein 0<x<2), SnO2, or SnSiO3. Furthermore, the 
negative electrode active material can separately use one of the negative electrode active materials listed above, or can 
use two or more in combination. 
[0062] <Positive electrode plate> 
[0063] The positive electrode plate 3 is composed of a positive electrode current collector, i.e., a positive electrode 
core material, and a positive electrode mixture layer formed on the surface of the positive electrode core material. The 
positive electrode core material is a metal foil. For example, a long conductive substrate with a porous or non-porous 
structure can be used for the positive electrode core material. Materials used as positive electrode core materials can 
include, for example, aluminum. The thickness of the positive electrode core material is not particularly limited, but it is 
preferably 8 μm or more and 25 μm or less, more preferably 10 μm or more and 15 μm or less. According to the positive 
electrode core material with such a thickness, it is possible to form a smoothly curved electrode assembly 5 with a small 
diameter. 
[0064] The positive electrode mixture layer contains a positive electrode active material, a binder, and a conductive 
agent. Therefore, the positive electrode active material, binder, and conductive agent are described in detail below. 
[0065] (Positive electrode active material) 
[0066] Lithium-containing composite oxides are preferably used as the positive electrode active material, and 
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examples can include LiCoO2, LiNiO2, LiMnO2, LiCoxNi1xO2, LiCoxM1xO2, LiNixM1xO2, LiNi1/3Co1/3Mn1/3O2, LiMn2O4, 
LiMnMO4, LiMePO4, LiMePO4F (wherein M is at least one of Na, Mg, Sc, Y, Mn, Fe, Co, Ni, Cu, Zn, Al, Cr, Pb, Sb, 
and B. x is 0<x<1. Me is at least one metallic element selected from Fe, Mn, Co, and Ni), and compounds formed by 
substituting a portion of the elements in these lithium-containing compounds with a different element. In addition, 
positive electrode active materials that have undergone surface treatment with metal oxides, lithium oxides, or 
conductive agents can also be used as the positive electrode active material. Examples of surface treatment can include 
hydrophobic treatment. 
[0067] The average particle size of the positive electrode active material is preferably 5 μm or more and 20 μm or less. 
If the average particle size of the positive electrode active material is less than 5 μm, the surface area of the active 
material particles is increased significantly. Therefore, the amount of a binder used to obtain the bonding strength that 
can be processed on the positive electrode plate 3 is increased to an extreme degree. Therefore, the mass of the active 
material in each electrode plate decreases, resulting in a reduction in capacity. On the other hand, if exceeding 20 μm, 
coating streaks can easily occur when coating the positive electrode core material with the positive electrode mixture 
slurry. 
[0068] (Binder) 
[0069] The binder can use, for example, PVDF, polytetrafluoroethylene, polyethylene, polypropylene, aromatic 
polyamide resin, polyamide, polyimide, polyamideimide, polyacrylonitrile, polyacrylic acid, polymethylacrylate, 
polyethylacrylate, polyhexylacrylate, polymethacrylic acid, poly(methyl methacrylate), poly(ethyl methacrylate), 
poly(hexyl methacrylate), polyvinyl acetate, polyvinylpyrrolidone, polyether, polyethersulfone, 
polyhexafluoropropylene, styrene-butadiene rubber, or carboxymethyl cellulose, etc. In addition, copolymers made by 
copolymerization of two or more materials selected from tetrafluoroethylene, hexafluoroethylene, hexafluoropropylene, 
perfluoroalkyl vinyl ether, vinylidene fluoride, trifluorochloroethylene, ethylene, propylene, pentafluoropropylene, 
fluoromethyl vinyl ether, acrylic acid, and hexadiene, or mixtures made by mixing two or more selected materials can 
be listed. 
[0070] Among the binders listed above, particularly PVDF and its derivatives are chemically stable in non-aqueous 
electrolyte secondary batteries, and can fully bond the positive electrode mixture layer and the positive electrode core 
material, and at the same time fully bond the positive electrode active material, the binder, and the conductive agent 
forming the positive electrode mixture layer. Therefore, good charge and discharge cycle characteristics and discharge 
performance can be achieved. Therefore, PVDF or its derivatives are preferably used as the binder in this embodiment. 
In addition, PVDF and its derivatives are inexpensive, and thus become a preferred choice in terms of cost. Furthermore, 
to fabricate a positive electrode using PVDF as a binder, examples of using PVDF dissolved in N-methylpyrrolidone or 
using powdered PVDF dissolved in a positive electrode mixture slurry can be listed. 
[0071] (Conductive agent) 
[0072] The conductive agent can use, for example, graphite such as natural graphite or artificial graphite, carbon black 
such as acetylene black (AB), Ketjen black, channel black, furnace black, lamp black, or thermal black, conductive fibers 
such as carbon fiber or metal fibers, fluorinated carbon, metal powders such as aluminum, conductive whiskers such as 
zinc oxide or potassium titanate, conductive metal oxides such as titanium oxide, or organic conductive materials such 
as phenylene derivatives. 
[0073] <Separator> 
[0074] The separator 4 can use a microporous membrane, woven fabric, or nonwoven fabric with high ion permeability 
and specified mechanical strength and electrical insulation. In particular, polyolefins such as polypropylene and 
polyethylene are preferred materials for the separator 4. Polyolefins have excellent durability and a shut-off function, 
thus improving the safety of lithium-ion secondary batteries. 
[0075] The thickness of the separator 4 is generally 10 μm or more and 300 μm or less, preferably 10 μm or more and 
40 μm or less. In addition, the thickness of the separator 4 is more preferably 15 μm or more and 30 μm or less, and even 
more preferably 10 μm or more and 25 μm or less. Furthermore, when using a microporous membrane as the separator 
4, the microporous membrane can be a single-layer membrane made of one material, or a composite membrane or 
multilayer membrane made of one or more materials. Furthermore, the porosity of the separator 4 is preferably 30% or 
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more and 70% or less, more preferably 35% or more and 60% or less. The so-called porosity here refers to the ratio of 
the total volume of the pores to the total volume of the separator 4. 
[0076] <Non-aqueous electrolyte> 
[0077] A liquid, gel, or solid non-aqueous electrolyte can be used as the non-aqueous electrolyte accommodated in the 
battery case 1. The liquid non-aqueous electrolyte contains an electrolyte salt (e.g., lithium salt) and a non-aqueous 
solvent that dissolves the electrolyte salt. The gel non-aqueous electrolyte contains a non-aqueous electrolyte and a 
polymeric material that retains the non-aqueous electrolyte. Examples of such polymer materials can include 
polyvinylidene fluoride, polyacrylonitrile, polyoxyethylene, polyvinyl chloride, polyacrylate, or polyvinylidene fluoride 
hexafluoropropylene. The solid non-aqueous electrolyte contains polymer solid electrolytes. 
[0078] Non-aqueous solvents and electrolyte salts contained in the liquid non-aqueous electrolyte are described in 
detail below. 
[0079] (Non-aqueous solvent) 
[0080] Known non-aqueous solvents can be used as a non-aqueous solvent to dissolve electrolyte salts. There are no 
particular limitations on the type of the non-aqueous solvents. For example, cyclic carbonates, chain carbonates, or cyclic 
carboxylic acid esters can be used. Specific examples of cyclic carbonates herein can include propylene carbonate (PC) 
and ethylene carbonate (EC). In addition, specific examples of chain carbonates can include diethyl carbonate (DEC), 
ethylmethyl carbonate (EMC), or dimethyl carbonate (DMC). In addition, specific examples of cyclic carboxylic acid 
esters can include γ-butyrolactone (GBL) or γ-valerolactone (GVL). The non-aqueous solvent can separately use only 
one of the non-aqueous solvents listed above, or can use two or more in combination. 
[0081] (Electrolyte salt) 
[0082] Examples of electrolytes that dissolve in the non-aqueous solvent can include LiClO4, LiBF4, LiPF6, LiAlCl4, 
LiSbF6, LiSCN, LiCF3SO3, LiCF3CO2, LiAsF6, LiB10Cl10, lithium salts of lower aliphatic carboxylic acids, LiCl, LiBr, 
Lil, lithium chloroborane, borate salts, or imide salts. Specific examples of borate salts here can include lithium bis[1,2-
benzenediol(2-)-O,Oʼ]borate, lithium bis[2,3-naphthodiol(2-)-O,Oʼ]borate, lithium bis[2,2ʼ-biphenyldiol(2-)-
O,Oʼ]borate, or lithium bis(5-fluoro-2-hydroxy-benzenesulfonic acid-O,Oʼ)borate. In addition, specific examples of 
imide salts can include lithium bis(trifluoromethanesulfonyl)imide ((CF3S2NLi), lithium trifluoromethanesulfonyl 
nonafluorobutanesulfonyl imide (LiN(CF3SO2)(C4F9SO2)), or lithium bis(pentafluoroethanesulfonyl)imide 
(C2F5SO2)2NLi). The electrolyte salt can separately use only one of the electrolytes listed above, or can use two or more 
in combination 
[0083] Relative to the non-aqueous solvent, the solubility of the electrolyte salt is preferably 0.5 mol/m3 or more and 
2 mol/m3 or less. 
[0084] The liquid non-aqueous electrolyte may further contain, in addition to electrolyte salts and non-aqueous 
solvents, additives such as those that form, by decomposition, a film with high lithium-ion conductivity on the negative 
electrode, thereby improving the charge-discharge efficiency of the battery. Examples of additives with such functions 
can include vinylene carbonate (VC ), 4-methyl vinylene carbonate, 4,5-dimethyl vinylene carbonate, 4-ethyl vinylene 
carbonate, 4,5-diethyl vinylene carbonate, 4-propyl vinylene carbonate, 4,5-dipropyl vinylene carbonate, 4-
phenylvinylene carbonate, 4,5-diphenyl vinylene carbonate, vinyl ethylene carbonate (VEC), or divinyl ethylene 
carbonate. The additive can separately use only one of the additives listed above, or can use two or more in combination. 
In particular, it is preferred to select at least one of vinylene carbonate, vinyl ethylene carbonate, and divinyl ethylene 
carbonate from the additives listed above. Furthermore, the additive may also be an additive made by replacing some of 
the hydrogen atoms of the additives listed above with fluorine atoms.  
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[0085] In addition, the liquid non-aqueous electrolyte may further contain, in addition to electrolyte salts and non-
aqueous solvents, well-known benzene derivatives that decompose on electrodes during overcharging to form a film to 
deactivate the battery. The benzene derivative with such function is preferably a substance that contains a phenyl group 
and a cyclic compound group adjacent to the phenyl group. Specific examples of the benzene derivatives here can include 
cyclohexylbenzene, biphenyl, or diphenyl ether. Furthermore, specific examples of the cyclic compound group contained 
in the benzene derivatives can include phenyl groups, cyclic ether groups, cyclic ester groups, cycloalkyl groups, or 
phenoxy groups. The benzene derivative can separately use only one of the benzene derivatives listed above, or can use 
two or more in combination. However, the content of the benzene derivatives relative to the non-aqueous solvent is 
preferably 10 vol% or less of the total non-aqueous solvent. 
[0086] Embodiments 
[0087] The embodiments of the present invention will be specifically described below. 
[0088] <Embodiment 1> 
[0089] (Fabrication of the positive electrode plate) 
[0090] LiNi0.82Co0.15Al0.03O2 with an average particle size of 10 μm is prepared as the positive electrode active material. 
4.7 vol% PVDF relative to 100 vol% of the positive electrode active material is prepared as the binder. 4.5 vol% acetylene 
black relative to 100 vol% of the positive electrode active material is prepared as the conductive agent. In addition, N-
methylpyrrolidone (NMP) is prepared as the solvent, and a solution is prepared by dissolving the prepared binder in the 
solvent. Then, the prepared positive electrode active material, conductive agent, and solution are mixed to prepare a 
positive electrode mixture slurry. 
[0091] Next, an aluminum foil with a thickness of 15 μm is prepared as the positive electrode core material, and the 
positive electrode mixture slurry is coated on both sides of the aluminum foil and then dried. Then, the positive electrode 
core material coated with the positive electrode mixture slurry on both sides and dried is rolled to produce a plate-shaped 
positive electrode plate with a thickness of 0.12 mm. Then, by cutting the positive electrode plate into pieces with a 
width of 30.5 mm and a length of 19.0 mm, to fabricate a positive electrode plate 3 with a thickness of 0.12 mm, a width 
of 30.5 mm, and a length of 19.0 mm. 
[0092] (Fabrication of the negative electrode plate) 
[0093] Flake graphite with an average particle size of 20 μm is prepared as the negative electrode active material. 4.7 
vol% SBR relative to 100 vol% of the negative electrode active material is prepared as the binder. 4.5 vol% acetylene 
black relative to 100 vol% of the negative electrode active material is prepared as the conductive agent. In addition, pure 
water is prepared as the solvent, and a solution is prepared by dissolving the prepared binder in the solvent. Then, the 
prepared negative electrode active material, conductive agent, and solution are mixed to prepare a negative electrode 
mixture slurry. 
[0094] Next, a copper foil with a thickness of 8 μm is prepared as the negative electrode core material, and the negative 
electrode mixture slurry is coated on both sides of the copper foil and then dried. Then, the negative electrode core 
material coated with the negative electrode mixture slurry on both sides and dried is rolled to produce a plate-shaped 
negative electrode plate with a thickness of 0.15 mm. Then, by cutting the negative electrode plate into pieces with a 
width of 29.5 mm and a length of 37.0 mm, to fabricate a negative electrode plate 2 with a thickness of 0.15 mm, a width 
of 29.5 mm, and a length of 37.0 mm. 
[0095] (Preparation of the non-aqueous electrolyte) 
[0096] A mixed solvent is prepared, as the non-aqueous solvent, by mixing ethylene carbonate and dimethyl carbonate 
at a volume ratio of 1:3. LiPF6is prepared as the electrolyte salt. Then, 5 wt% of vinylene carbonate is added to the 
prepared non-aqueous solvent as an additive to improve the charge-discharge efficiency of the battery, while the 
electrolyte salt, LiPF6, is dissolved in such a manner that the molar concentration relative to the non-aqueous solvent 
reaches 1.4 mol/m3, thereby preparing the non-aqueous electrolyte. 
[0097] (Fabrication of the cylindrical battery) 
[0098] First, an aluminum positive electrode lead 7 is installed on the positive electrode core material of the prepared 
positive electrode plate 3. In addition, a nickel negative electrode lead 6 is installed on the negative electrode core 
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material of the prepared negative electrode plate 2. Then, the negative electrode plate 2 and the positive electrode plate 
3 are wound together with a polyethylene separator 4 (16 μm thick) sandwiched therebetween, thereby fabricating the 
electrode assembly 5. In addition, a battery case 1 with a thickness of 0.1 mm and an outer diameter of 3.5 mm is made 
of SUS316L (copper-free, austenitic stainless steel with a carbon content of 0.03% by mass or less). 
[0099] Next, an intermediate member 10 is disposed at the upper end of the electrode assembly 5. Then, the negative 
electrode lead 6 is soldered to the battery case 1, and the positive electrode lead 7 is soldered to the sealing member 8. 
Then, the electrode assembly 5 is accommodated inside the battery case 1. Then, the non-aqueous electrolyte is injected 
into the battery case 1 using a depressurization method. Then, the sealing member 8 and the gasket 9 made of PFA are 
inserted into the opening of the battery case 1 by clamping the gasket 9 between the battery case 1 and the sealing 
member 8. Then, a cylindrical battery with a diameter of 3.5 mm and a height of 35 mm is made by crimping the open 
end of the battery case 1 to the sealing member 8. The cylindrical battery is used as Embodiment 1. 
[0100] <Embodiment 2> 
[0101] Austenitic stainless steel with a copper content of 3.80% by mass is used as the stainless steel forming the 
battery case 1. Other fabrication conditions are the same as in Embodiment 1. The cylindrical battery made in this way 
is used as Embodiment 2. 
[0102] <Embodiment 3> 
[0103] SUS316L is used as the material forming the battery case 1. In addition, the thickness of the battery case 1 
(outer diameter 3.5 mm) is specified as 0.15 mm. Other fabrication conditions are the same as in Embodiment 1. The 
cylindrical battery made in this way is used as Embodiment 3. 
[0104] <Embodiment 4> 
[0105] SUS316L is used as the material forming the battery case 1. In addition, the thickness of the battery case 1 
(outer diameter 3.5 mm) is specified as 0.20 mm. Other fabrication conditions are the same as in Embodiment 1. The 
cylindrical battery made in this way is used as Embodiment 4. 
[0106] <Comparative Example 1> 
[0107] SUS316L is used as the material forming the battery case 1. In addition, the thickness of the battery case 1 
(outer diameter 3.5 mm) is specified as 0.25 mm. Other fabrication conditions are the same as in Embodiment 1. The 
cylindrical battery made in this way is used as Comparative Example 1. 
[0108] <Comparative Example 2> 
[0109] iron (Fe) is used as the material forming the battery case 1 (thickness 0.1 mm, outer diameter 3.5 mm). Other 
fabrication conditions are the same as in Embodiment 1. The cylindrical battery made in this way is used as Comparative 
Example 2. 
[0110] <Comparative Example 3> 
[0111] iron (Fe) is used as the material forming the battery case 1. In addition, the thickness of the battery case 1 (outer 
diameter 3.5 mm) is specified as 0.2 mm. Other fabrication conditions are the same as in Embodiment 1. The cylindrical 
battery made in this way is used as Comparative Example 3. 
[0112] Five cylindrical batteries are fabricated for each of Embodiments 1 to 4 and Comparative Examples 1 to 3. The 
average energy density, leakage rate, and internal short circuit rate of these cylindrical batteries are calculated. The 
results are shown in Table 3. Furthermore, the internal short circuit rate is the short circuit rate when the top of a 1.0 mm 
diameter rod is in contact with the side of a cylindrical battery and a stress of 1.5 kgf is applied under this condition. 
[0113] Table 3 
[0114] 
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 Battery case Characteristic 

Material 
Cu 

 (mass%) 
C 

 (mass%) 
Thickness 

(mm) 
Outer diameter 

(mm) 
Energy density 

(Wh/L) 
Leakage rate 

(%) 
Internal short circuit 

rate (%) 
Embodiment 1 SUS316L 0 <0.03 0.10 3.5 385 0 0 
Embodiment 2 SUS 3.80 <0.03 0.10 3.5 385 0 0 
Embodiment 3 SUS316L 0 <0.03 0.15 3.5 362 0 0 
Embodiment 4 SUS316L 0 <0.03 0.20 3.5 340 0 0 
Comparative 
Example 1 SUS316L 0 <0.03 0.25 3.5 318 80 0 

Comparative 
Example 2 Fe - - 0.10 3.5 385 20 80 

Comparative 
Example 3 Fe - - 0.20 3.5 339 80 0 

[0115] Furthermore, long-term reliability tests are conducted on the cylindrical batteries of Embodiments 1 to 4 and 
the cylindrical batteries of Comparative Examples 1 to 3. Specifically, after storing these cylindrical batteries in an 
atmosphere of 85℃-90% RH for 20 days, the expansion rate of the battery case 1 and the capacity retention rate of the 
batteries are calculated. Furthermore, as the expansion rate of battery case 1, the proportion of the increase in the outer 
diameter of the battery case1 is calculated. In addition, the battery capacity retention rate is calculated based on the initial 
battery capacity. The results are shown in Table 4. 
[0116] Table 4 
[0117] 

 
Battery case Characteristic 

Material Cu 
 (mass%) 

C 
 (mass%) 

Thickness 
(mm) 

Outer diameter 
(mm) 

Expansion rate 
(%) 

Capacity retention 
rate (%) 

Embodiment 1 SUS316L 0 <0.03 0.10 3.5 0 75 
Embodiment 2 SUS 3.80 <0.03 0.10 3.5 0 75 
Embodiment 3 SUS316L 0 <0.03 0.15 3.5 0 75 
Embodiment 4 SUS316L 0 <0.03 0.20 3.5 0 50 
Comparative 
Example 1 SUS316L 0 <0.03 0.25 3.5 0 8 

Comparative 
Example 2 Fe - 

 - 0.10 3.5 18 10 

Comparative 
Example 3 Fe - - 0.20 3.5 4 30 

[0118] By comparing Embodiments 1 to 4 and Comparative Example 1 in Table 3, it can be seen that in Comparative 
Example 1, where the thickness of the battery case 1 is large, the energy density is small, and the smaller the thickness 
of the battery case 1, the greater the energy density is. This is because as the thickness of the battery case 1 decreases, 
the internal volume of the battery case 1 (which accommodates the power generation elements) increases. 
[0119] By comparing Embodiment 1and Comparative Example 2 in Table 3 and Table 4, it can be seen that although 
the thickness of the battery case 1 is the same at 0.10 mm, there are also the following differences. In other words, in 
Comparative Example 2, where the battery casing 1 is made of iron, it is easy for an internal short circuit to occur and it 
is easy for the battery case 1 to expand, while in Embodiment 1, where the battery case 1 is made of SUS316L, no 
internal short circuit occurs and the battery case 1 does not expand. This is believed that the strength of SUS316L is 
higher than that of iron (Fe), and thus the strength of the battery case 1 made of SUS316L is increased. Furthermore, it 
is believed that the expansion of the battery case 1 in Comparative Example 2 is due to the generation of hydrogen gas 
caused by the moisture that has penetrated into the battery case. 
[0120] By comparing Embodiments 1 to 4 and Comparative Example 1 in Table 3, it can be seen that: although the 
material of the battery case 1 is the same SUS316L, and the outer diameter is the same 3.5 mm, leakage tends to occur 
in Comparative Example 1, where the thickness of the battery case 1 is 0.25 mm, while no leakage occurs in 
Embodiments 1 to 4, where the thickness is 0.20 mm or less. In other words, it can be seen that high sealing performance 
can be achieved in Embodiments 1 to 4. This is because, in Embodiments 1 to 4, no abnormal shapes such as decreased 
roundness or wrinkles are produced, and thus no path for leakage is formed. 
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[0121] By comparing Embodiments 1 to 4 and Comparative Example 1 in Table 4, it can be seen that: although the 
material of the battery case 1 is the same SUS316L, the capacity retention rate is very low in Comparative Example 1, 
where the thickness of the battery case 1 is 0.25 mm, while the capacity retention rate is as high as 50% or more in 
Embodiments 1 to 4, where the thickness is 0.20 mm or less. This is because, in Embodiments 1 to 4, no abnormal shapes 
such as decreased roundness or wrinkles are produced, thereby suppressing the evaporation of the electrolyte and the 
intrusion of moisture from the outside. 
[0122] On the other hand, in Comparative Examples 2 and 3 where the battery case 1 is made of iron (Fe), the capacity 
retention rate is very low. This is because the battery case 1 has low strength, and thus the battery case 1 is prone to 
expansion along with the generation of hydrogen gas, which deteriorates the sealing performance (refer to the leakage 
rate in Table 3) and degrades the battery characteristics. Furthermore, the battery case is corroded by the production of 
strong acid, i.e., hydrofluoric acid. This corrosion leads to the intrusion of moisture, which accelerates the corrosion 
process. Therefore, it is believed that high battery capacity cannot be maintained. 
[0123] By comparing Embodiment 1and Embodiment 2 in Table 3 and Table 4, it can be seen that even if the stainless 
steel forming the battery case 1 contains copper, the copper does not have an adverse effect on the battery characteristics 
and long-term reliability. Furthermore, the copper contained in the stainless steel reduces the contact resistance of the 
stainless steel surface. 
[0124] These results show that stainless steel is the preferred material for the battery case 1 in order to improve the 
strength of the battery case 1. Therefore, it is not easy for internal short circuits to occur. In addition, by further specifying 
the thickness of the battery case 1 to be 0.2 mm or less, the energy density is increased, while the sealing performance 
and the capacity retention rate are improved. As a result, the improvement of battery characteristics and the enhancement 
of long-term reliability and safety can be achieved at the same time. 
[0125] <Embodiment 5> 
[0126] SUS316L is used as the material forming the battery case 1. In addition, the outer diameter of the battery case 
1 (thickness 0.1 mm) is specified as 6 mm. Other fabrication conditions are the same as in Embodiment 1. The cylindrical 
battery made in this way is used as Embodiment 5. 
[0127] <Embodiment 6> 
[0128] SUS316L is used as the material forming the battery case 1. In addition, the outer diameter of the battery case 
1 (thickness 0.1 mm) is specified as 10 mm. Other fabrication conditions are the same as in Embodiment 1. The 
cylindrical battery made in this way is used as Embodiment 6. 
[0129] <Comparative Example 4> 
[0130] SUS316L is used as the material forming the battery case 1. In addition, the outer diameter of the battery case 
1 (thickness 0.1 mm) is specified as 15 mm. Other fabrication conditions are the same as in Embodiment 1. The 
cylindrical battery made in this way is used as Comparative Example 4. 
[0131] <Comparative Example 5> 
[0132] SUS316L is used as the material forming the battery case 1. In addition, the thickness of the battery case 1 is 
specified as 0.2 mm, and the outer diameter is specified as 15 mm. Other fabrication conditions are the same as in 
Embodiment 1. The cylindrical battery made in this way is used as Comparative Example 5. 
[0133] <Comparative Example 6> 
[0134] Iron (Fe) is used as the material forming the battery case 1. In addition, the outer diameter of the battery case 
1 (thickness 0.1 mm) is specified as 6 mm. Other fabrication conditions are the same as in Embodiment 1. The cylindrical 
battery made in this way is used as Comparative Example 6. 
[0135] <Comparative Example 7> 
[0136] Iron (Fe) is used as the material forming the battery case 1. In addition, the outer diameter of the battery case 
1 (thickness 0.1 mm) is specified as 10 mm. Other fabrication conditions are the same as in Embodiment 1. The 
cylindrical battery made in this way is used as Comparative Example 7. 
[0137] <Comparative Example 8> 
[0138] Iron (Fe) is used as the material forming the battery case 1. In addition, the outer diameter of the battery case 
1 (thickness 0.1 mm) is specified as 15 mm. Other fabrication conditions are the same as in Embodiment 1. The 
cylindrical battery made in this way is used as Comparative Example 8. 
[0139] <Comparative Example 9> 
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[0140] Iron (Fe) is used as the material forming the battery case 1. In addition, the thickness of the battery case 1 is 
specified as 0.2 mm, and the outer diameter is specified as 15 mm. Other fabrication conditions are the same as in 
Embodiment 1. The cylindrical battery made in this way is used as Comparative Example 9. 
[0141] Five cylindrical batteries are fabricated for each of Embodiments 1, 5, and 6 and Comparative Examples 2 and 
4 to 9. The leakage rate, internal short circuit rate, and battery capacity retention rate of these cylindrical batteries are 
calculated. The results are shown in Table 5. Furthermore, the internal short circuit rate is the short circuit rate when the 
top of a 1.0 mm diameter rod is in contact with the side of a cylindrical battery and a stress of 1.5 kgf is applied under 
this condition. The capacity retention rate of a cylindrical battery is determined after it has been stored in an atmosphere 
of 85℃ -90% RH for 20 days. In addition, the battery capacity retention rate is calculated based on the initial battery 
capacity. 
[0142] Table 5 
[0143] 

 

Battery case Characteristic 

Material Cu 
 (mass%) 

C 
 (mass%) 

Thickness 
(mm) 

Outer 
diameter 

(mm) 
Leakage rate (%) Internal short 

circuit rate (%) 

Capacity 
retention 
rate (%) 

Embodiment 1 SUS316L 0 <0.03 0.10 3.5 0 0 75 
Embodiment 5 SUS316L 0 <0.03 0.10 6 0 0 75 
Embodiment 6 SUS316L 0 <0.03 0.10 10 20 0 75 
Comparative 
Example 4 SUS316L 0 <0.03 0.10 15 60 20 60 

Comparative 
Example 5 SUS316L 0 <0.03 0.20 15 0 0 75 

Comparative 
Example 2 Fe - - 0.10 3.5 20 80 10 

Comparative 
Example 6 Fe - - 0.10 6 20 80 10 

Comparative 
Example 7 Fe - - 0.10 10 40 80 5 

Comparative 
Example 8 Fe - - 0.10 15 40 80 5 

Comparative 
Example 9 Fe - - 0.20 15 0 0 75 

[0144] In Table 5, by comparing Embodiments 1, 5, and 6 with Comparative Example 4, it can be seen that although 
the material of the battery case 1 is the same SUS316L and the thickness is the same 0.10 mm, there are still the following 
differences. In other words, in Comparative Example 4, where the outer diameter of the battery case 1 is 15 mm, it is 
easy for an internal short circuit to occur, while in Embodiments 1, 5, and 6, where the outer diameter thereof is 10 mm 
or less, no internal short circuit occurs. This is based on the following reasons. In other words, even when the battery 
case 1 is made of high-strength SUS316L, the curvature of the side of the battery case 1 is reduced when the outer 
diameter of the battery case 1 is large. As a result, the battery case 1 is easily deformed relative to external forces. In 
contrast, if the outer diameter of the battery case 1 decreases, the curvature of the side of the battery case 1 increases, 
resulting in that the battery case 1 is difficult to deform relative to external forces. 
[0145] On the other hand, in Comparative Examples 2 and 6 to 8, where the battery case 1 is made of iron (Fe), the 
internal short circuit rate is very high. This is because the battery case 1 has low strength, so the battery case 1 is easy to 
deform relative to external forces. Furthermore, in Comparative Examples 2 and 6 to 8, leakage is prone to occur due to 
the low strength of the battery case 1. In addition, in Comparative Examples 2 and 6 to 8, the capacity retention rate is 
very low. This is because the battery case 1 has low strength, and thus the battery case 1 is prone to expansion along 
with the generation of hydrogen gas, which deteriorates the sealing performance and degrades the battery characteristics. 
Furthermore, the battery case is corroded by the production of strong acid, i.e., hydrofluoric acid. This corrosion leads 
to the intrusion of moisture, which accelerates the corrosion process. Therefore, it is believed that high battery capacity 
cannot be maintained. 
[0146] These results show that stainless steel is the preferred material for the battery case 1 in order to improve the 
strength of the battery case 1. Therefore, it is not easy for internal short circuits to occur. In addition, by further specifying 
the outer diameter of the battery case 1 to be 10 mm or less, the sealing performance and the capacity retention rate are 
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improved. As a result, the improvement of battery characteristics and the enhancement of long-term reliability and safety 
can be achieved at the same time. Furthermore, the results from Comparative Examples 5 and 9 show that when the outer 
diameter of the battery case 1 is large (greater than 10 mm), regardless of the material of the battery case 1, the long-
term reliability and safety can be enhanced by increasing the thickness of the battery case 1. However, when the outer 
diameter of the battery case 1 is small (10 mm or less), if the thickness of the battery case 1 is increased, the internal 
volume decreases significantly. In addition, sealing by the drawing process becomes difficult, and the sealing 
performance deteriorates. 
[0147] <Embodiment 7> 
[0148] The material used to form the battery case 1 is SUS316 (austenitic stainless steel with a carbon content of 0.08% 
by mass or less). Other fabrication conditions are the same as in Embodiment 1. The cylindrical battery made in this way 
is used as Embodiment 7. 
[0149] Five cylindrical batteries are fabricated for each of Embodiments 1 and 7, and the leakage rate and capacity 
retention rate of these cylindrical batteries are calculated. The results are shown in Table 6. Furthermore, the capacity 
retention rate of a cylindrical battery is determined after it has been stored in an atmosphere of 85℃ -90% RH for 20 
days. In addition, the battery capacity retention rate is calculated based on the initial battery capacity. 
[0150] Table 6 
[0151] 

 

Battery case Characteristic 

Material 
Cu 

 (mass%) 
C 

 (mass%) 
Thickness (mm) Outer diameter (mm) Leakage rate (%) Capacity retention rate (%) 

Embodiment 1 SUS316L 0 <0.03 0.10 3.5 0 75 
Embodiment 7 SUS316 0 <0.08 0.10 3.5 2.0 55 

 
[0152] From the results shown in Table 6, it can be seen that in Embodiments 1 and 7, where the carbon content is 
0.08% by mass or less, leakage is not easy to occur, and the capacity retention rate is also high. Furthermore, it can be 
seen that the carbon content is more preferably 0.03% by mass or less. 
[0153] As shown in Table 1, stainless steel with a low carbon content has high elongation and high tensile breaking 
strength. Therefore, stainless steel with low carbon content has high machinability. In other words, when forming the 
battery case 1, it is easy to stretch the stainless steel for thinning, and the processing accuracy is also high. Therefore, it 
is possible to easily form with high precision a battery case 1 with small thickness, resulting in the stable manufacture 
of cylindrical batteries with high sealing performance. 
[0154] The results show that the stainless steel forming the battery case is preferably stainless steel with a carbon 
content of 0.08% by mass or less, and more preferably stainless steel with a carbon content of 0.03% by mass or less. 
Consequently, the sealing performance and the capacity retention rate are improved. As a result, the improvement of 
battery characteristics and the enhancement of long-term reliability and safety can be achieved at the same time. 
[0155] <Embodiment 8> 
[0156] In Embodiment 2, a cylindrical battery is fabricated without soldering the negative electrode lead 6 to the 
battery case 1, but only making them contact each other. Other fabrication conditions are the same as in Embodiment 2. 
The cylindrical battery made in this way is used as Embodiment 8. 
[0157] <Embodiment 9> 
[0158] In Embodiment 1, a cylindrical battery is fabricated without soldering the negative electrode lead 6 to the 
battery case 1, but only making them contact each other. Other fabrication conditions are the same as in Embodiment 1. 
The cylindrical battery made in this way is used as Embodiment 9. 
[0159] The internal resistance of the cylindrical battery in Embodiments 8 and 9 is determined. The results are shown 
in Table 7. 
[0160] Table 7 
[0161] 
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Battery case Characteristic 

Material Cu 
 (mass%) 

C 
 (mass%) 

Thickness 
(mm) 

Outer diameter 
(mm) 

Internal resistance 
(Ω) 

Embodiment 8 SUS 3.80 <0.03 0.10 3.5 1 

Embodiment 9 SUS316L 0 <0.03 0.10 3.5 20 

 
[0162] As can be seen from the results shown in Table 7, when the negative lead 6 is only in contact with the battery 
case 1, the internal resistance is significantly increased in Embodiment 9 that does not contain copper, while in 
Embodiment 8 that contains copper, the internal resistance is significantly decreased. In other words, by mixing copper 
into austenitic stainless steel, the contact resistance of the stainless steel surface decreases. 
[0163] This is based on the following reasons. In other words, a protective layer that enhances acid corrosion resistance 
is usually formed on the surface of stainless steel. In the case of stainless steel that does not contain copper, this protective 
layer becomes the cause of increased contact resistance. On the other hand, by including copper in stainless steel, the 
resistance of the protective layer is reduced, which consequently reduces the contact resistance. 
[0164] Therefore, by mixing copper into the stainless steel forming the battery case 1, the welding of the battery case 
1 and the negative electrode lead 6 can be omitted. In addition, in a cylindrical battery (Embodiment 2) where the 
negative electrode lead 6 is welded to the battery case 1, for example, even in the event that the welded portion fractures 
during use, the internal resistance remains low as long as the negative electrode lead 6 is in contact with the battery case 
1. 
[0165] Although the present invention has been described based on the currently preferred embodiments, it should be 
understood that these contents are not to be construed as limiting. Undoubtedly, various changes and improvements will 
be obvious to those skilled in the art after reading the content above. Therefore, it is intended that the appended claims 
be interpreted to cover all changes and modifications that fall within the true spirit and scope of the present invention. 
[0166] Potential for industrial applications 
[0167] The cylindrical battery according to the present invention can be used as a power source in a variety of 
electronic devices such as mobile digital devices. 
[0168] Description of symbols 
[0169] 1-battery case, 2-negative electrode plate, 3-positive electrode plate, 4-separator, 5-electrode assembly, 6-
negative electrode lead, 7-positive electrode lead, 8-sealing member, 9-gasket, 10-intermediate member, 11-circular 
plate. 
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