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(57) ABSTRACT 

A lithium secondary battery includes an internal electrode 
body including a positive electrode, a negative electrode, a 
separator, the positive electrode and the negative electrode 
being Wound via the separator so that the positive electrode 
and the negative electrode are not brought into direct contact 
With each other, an organic electrolyte, and a battery case 
containing the internal electrode body. Apipe is used as the 
battery case. The lithium secondary battery is excellent in 
reliability and can be produced at loW processing costs. 
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LITHIUM SECONDARY BATTERY 

BACKGROUND OF THE INVENTION AND 
RELATED ART STATEMENT 

[0001] The present invention relates to a lithium second 
ary battery Which makes it possible to produce a highly 
reliable battery in particular preferably to be used for driving 
a motor of an electric vehicle, etc. at loW processing costs. 

[0002] In recent years, While it is eagerly desired to 
regulate the emission of exhaust gas including carbon dioX 
ide and other harmful substances With the elevation of 
environment protection campaign as a background, in the 
automobile industry, in replacement of automobiles using 
fossil fuels, such as a vehicle driven by gasoline, the 
campaign to promote introduction of an electric vehicle 
(EV) and a hybrid electric vehicle (HEV) has become active. 

[0003] A lithium secondary battery as a motor-driving 
battery acting as a key for putting such EV as Well as HEV 
into practical use, is required to have such characteristics as 
large battery capacity as Well as high battery output. Here, 
large battery capacity means that an absolute value of energy 
to be stored becomes larger, thus measures must be planned 
so that the safety at the time of handling as Well as charging 
and discharging may be secured. In addition, for the purpose 
of obtaining higher output, it is necessary to make the 
internal resistance of a battery, that is, a value of resistance 
betWeen a positive output terminal and a negative output 
terminal, smaller. 

[0004] Therefore, by making the battery’s capacity large, 
volume per a unit battery, namely the battery siZe, must be 
inevitably made larger, and, to a battery case to be used in 
accordance With this, such mechanical characteristics as 
Well as electric characteristics that secure the above 
described safety and output are requested. 

[0005] Here, as for a battery case for a small-siZed lithium 
secondary battery, etc., a case With one-end sealing produced 
by deep draWing is used as the battery case, but in the case 
Where battery siZe has been made larger, there is a disad 
vantage that it is technologically difficult to produce a case 
by Way of deep draWing, and in addition, resulting in highly 
costs to be incurred. 

[0006] In addition, as described later, as for a Wound-type 
internal electrode body, it is preferable that current collect 
ing tabs for the positive pole should be connected to one end 
of the internal electrode body, and current collecting tabs for 
the negative pole should be connected to the other end 
thereof respectively from the vieWpoint of securing the 
safety, but in the case Where a case With one-end sealing has 
been used, there Was a problem that it was difficult to 
connect to the case With a plurality of current collecting tabs 
Which have been connected at the time of Winding at one 
end. 

SUMMARY OF THE INVENTION 

[0007] The present invention Was made by contemplating 
the problems of the prior art mentioned above. That is, 
according to the present invention, there is provided a 
lithium secondary battery, comprising: an internal electrode 
body including a positive electrode, a negative electrode, 
and a separator, the positive electrode and the negative 
electrode being Wound via the separator so that the positive 
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electrode and the negative electrode are not brought into 
direct contact With each other, 

[0008] organic electrolyte, and 

[0009] 
body; 

a battery case containing the internal electrode 

[0010] Wherein a pipe is used as the battery case. 

[0011] In such a lithium secondary battery of the present 
invention, from the vieWpoint of safety, it is preferable that 
the pipe is arranged to be electrically neutral. In addition, it 
is preferable that at least one end of the pipe is subjected to 
cramping processing, With Which forming of an eXternal 
output terminal, etc. becomes easier. Of course, it is espe 
cially preferable that both ends of the pipe are subjected to 
the cramping processing. Moreover, it is preferable to pro 
vide a necking portion at an end of the pipe having been 
subjected to the cramping processing, and is preferable to 
provide bursting mechanism at least at one end of the 
battery. With this arrangement, for eXample, even in the case 
Where the bursting mechanism provided in the battery case 
has operated as a result of increase in battery’s internal 
pressure due to short circuit having taken place betWeen a 
positive and a negative electrodes of the battery, popping out 
of the internal electric body from the open portion in the 
bursting mechanism is prevented. 

[0012] In addition, if a positive output terminal is arranged 
to be formed at one end of a battery, and a negative output 
terminal is arranged to be formed at the other end of the 
battery, reduction in battery’s internal resistance can be 
planned and preferable since not only production of a battery 
is simple but also a battery case does not have to be a current 
path. And, as a material for the battery case, aluminum or 
aluminum alloy, or stainless steel is preferably selected. 

[0013] Incidentally, the characteristics of the above 
described lithium secondary battery of the present invention 
are preferably adopted as a lithium secondary battery With 
battery capacity of not less than 5 Ah, and the lithium 
secondary battery of the present invention is preferably used 
for an electric vehicle (EV) or for a hybrid electric vehicle 

(HEV). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a perspective vieW shoWing the structure 
of a Wound-type internal electrode body. 

[0015] FIG. 2 is a cross-sectional vieW shoWing one 
embodiment according to the lithium secondary battery of 
the present invention. 

[0016] FIG. 3 is a cross-sectional vieW shoWing another 
embodiment according to the lithium secondary battery of 
the present invention. 

[0017] FIG. 4 is a cross-sectional vieW shoWing still 
another embodiment according to the lithium secondary 
battery of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

[0018] An internal electrode body of a lithium secondary 
battery of the present invention (hereinafter referred to as 
“battery”) comprises a positive electrode, a negative elec 
trode and a separator made of porous polymer ?lm, the 
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positive electrode and the negative electrode being Wound 
for con?guration so that the positive electrode and negative 
electrode are not brought into direct contact With each other 
via the separator. In particular, as shoWn in FIG. 1, an 
internal electrode body 1 is formed by Winding a positive 
electrode 2 and a negative electrode 3 via a separator 4, and 
tabs 5 are provided respectively for each of the positive and 
negative electrodes 2, 3 (hereinafter referred to as “elec 
trodes 2, 3”). These tabs 5 can be attached to the electrodes 
2, 3 by means such as supersonic Welding, etc. at the time 
When the electrodes 2, 3 are Wound together With the 
separator 4. Incidentally, each tab 5’s end part of the 
opposite side having been connected to the electrodes 2, 3 is 
attached to an output terminal (not shoWn) or a current 
extracting terminal (not shoWn) being conductive to the 
output terminal. 

[0019] As concerns the electrodes 2, 3, foils of metals such 
as aluminum and titanium for the positive electrode 2 and 
copper and nickel for the negative electrode 3 are employed 
as electricity collection body, and the electrodes 2, 3 are 
produced by forming an electrode active material layer With 
electrode active materials being coated respectively onto 
metal foils. In addition, the tabs 5 are disposed at one side 
line of such a metal foil, and in general, those in thin band 
shape are used so that the part to Which the tabs 5 of the 
electrodes 2, 3 are attached Will not sWell toWard the other 
periphery When the internal electrode body 1 has been 
produced. At that time, it is preferable that each tab 5 is 
disposed at approximately even distance so that a single tab 
5 may conduct electricity collection from a constant area in 
the electrodes 2, 3, and as concerns a material for the tab 5, 
in many cases, the same material as the metal foil to Which 
the tabs 5 are attached is adopted. 

[0020] Alithium transition metal compound oxide such as 
lithium cobalt oxide (LiCoO2), lithium nickel oxide 
(LiNiOZ), or lithium manganese oxide LiMn2O4) is used as 
a positive active material to be used for production of the 
positive electrode 2. Incidentally, in order to improve the 
conductivity of these positive active materials, it is prefer 
ably conducted to mix With an electrode active material, a 
carbon poWder such as acetylene black, or graphite poWder. 
On the other hand, for the negative active materials, an 
amorphous carbon material such as soft carbon or hard 
carbon, or carbon poWder such as arti?cial graphite or 
natural graphite is used. These electrode active materials are 
transformed into a slurry, coated onto the electricity collec 
tion body and stuck, thus the electrodes 2, 3 are produced. 

[0021] As the separator 4, it is preferable to use one having 
a three-layer con?guration in Which a polyethylene ?lm 
having lithium ion permeability and including micropores 
has been sandWiched betWeen porous polypropylene ?lms 
having lithium ion permeability. This serves also as a safety 
mechanism in Which When the temperature of internal 
electrode body 1 is raised, the polyethylene ?lm is softened 
at about 130° C. so that the micropores are collapsed to 
control the movement of lithium ions, that is, the battery 
reaction. And With this polyethylene ?lm being sandWiched 
betWeen the polypropylene ?lms having a softening tem 
perature higher than the said polyethylene ?lm, it becomes 
possible to prevent the direct contact betWeen the electrodes 
2, 3. 

[0022] As electrolyte a carbonic acid ester family such as 
ethylene carbonate (EC), diethyl carbonate (DEC), and 
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dimethyl carbonate (DMC), and a nonaqueous organic elec 
trolyte in Which one or more kinds of lithium ?uoride 
complex compound such as LiPF6, and LiBF4 or lithium 
halide such as LiCl4 as an electrolyte are dissolved in a 
single solvent or mixed solvent of organic solvents such as 
propylene carbonate (PC), y-butyrolactone, tetrahydrofuran, 
and acetonitrile are preferably used. 

[0023] As a material for a battery case in the lithium 
secondary battery of the present invention to be produced by 
using such con?gurating members, a pipe is used. FIG. 2 is 
a cross-sectional vieW shoWing one embodiment according 
to the lithium secondary battery of the present invention, and 
one end (upper end) of a pipe 11 has been subjected to 
cramping (cramping processing portion 12). In addition, at 
the other end (loWer end), a draWing portion 13 is provided 
in a pipe 11 so that the internal electrode body 1 may not 
slide doWnWard to fall, but instead of providing the draWing 
portion 13, an insulating spacer may be placed betWeen a 
loWer end cap 14 (loWer cap 14) and the internal electrode 
body 1 to control the movement of the internal electrode 
body 1 inside a battery 10. Incidentally, at the boundary 
betWeen the internal Wall of the pipe 11 and the internal 
electrode body 1, an insulating ?lm 26 is disposed so that 
any short circuit betWeen the internal electrode body 1 and 
the pipe 11 may not take place. But, the insulation betWeen 
the pipe 11 and the internal electrode body 1 may be secured 
by the separator 4 of the internal electrode body 1. 

[0024] Taking a further look at the structure of the battery 
10 in detail, ?rst, at the upper part of the battery 10, the tabs 
5 attached to the internal electrode body 1 is connected to an 
output terminal 15 Which is provided so as to pierce through 
an upper cap 16. Here, if the tabs 5 are integrated into one 
body in advance by Welding, cramping, and eyelet before 
being connected to the output terminal 15, a bad effect due 
to such as oxidiZed ?lms to be generated on the surface of 
each tab 5 consequently to cause variation in resistance of 
each tab 5 can be removed, Which is preferable. 

[0025] As the upper cap 16, metal materials are usually 
used, but it is also possible to use hard plastic material such 
as bakelite. In addition, a groove-type bursting mechanism 
17 is provided in the upper cap 16 so that the internal 
pressure of the battery is released to the atmospheric pres 
sure if the internal pressure has been increased. That upper 
cap 16 to Which the output terminal 15 has been attached is 
attached in such a manner that one end of the pipe 11 is 
sealed by cramping processing via an insulating sealing 
member 18 to ?ll the gap betWeen the upper cap 16 and the 
pipe 11. If at the time of the cramping processing a necking 
portion 19 has been provided to the pipe 11, then, the 
internal electrode body 1’s movement inside the battery 10 
can be controlled, and moreover, cramping processing 
becomes easy to be conducted. 

[0026] On the other hand, With respect to the loWer end of 
the battery 10, the tabs 5 are connected to a current extract 
ing terminal 20 similarly to the upper end, and the loWer cap 
14 to Which the current extracting terminal 20 has been 
attached is junctioned With the pipe 11 by Welding at an 
Welded portion 21, thereby the end portion has been sealed. 
The loWer cap 14 in this case is made of metal and is to have 
con?guration so that a current path is secured from the 
current extracting terminal 20 to an output terminal 22 
having been provided at the upper end of the battery 10 via 
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the pipe 11. Here, the output terminal 22 is to be electrically 
insulated against the upper cap 16 and the output terminal 15 
due to the sealing member 18. Incidentally, a groove-type 
pressure release mechanism 17 is also provided in the loWer 
cap 14, but it Will do if the pressure release mechanism 17 
is provided to at least either the upper cap 16 or the loWer 
cap 14. 

[0027] FIG. 3 is a cross-sectional vieW shoWing another 
embodiment according to the lithium secondary battery of 
the present invention. A battery 30 has the same upper end 
con?guration as the battery 10 Which has been shoWn in 
FIG. 2, but also the loWer end has been subjected to 
cramping processing similarly to the upper end and more 
over provided With a necking portion 19. Here, as a loWer 
cap 23 the one made of metal has been used, and the loWer 
end of the pipe 11 has been sealed via seal rings 24, 25, 
having been disposed at the upper and loWer side of the 
loWer cap 23. Since at least one of the tWo seal rings 24, 25 
is made of metal, the conduction betWeen the current 
extracting terminal 20 and the output terminal 22 via the 
pipe 11 can be secured. Thereby, the number of seal rings 
may be one, and in the case Where tWo seal rings are used, 
an insulator such as rubber and polymer, etc. having elas 
ticity can be used for one seal ring. 

[0028] Thus, by providing the necking portions 19 at both 
ends of the pipe 11, namely, at both ends of the battery 30, 
it Will become possible to prevent such an accident that the 
internal electrode body 1 pops out from the open portion in 
the pressure release mechanism 17 even if the internal 
pressure of the battery 30 has been increased and the 
bursting mechanism 17 has been operated due to erroneous 
use such as excess discharge, etc., making higher safety to 
be secured. Moreover, in the case Where both ends of the 
pipe 11 are sealed by cramping processing, there are advan 
tages such that the ?exibility in designing the structure of 
end portions of the battery 30 Will increase, and there is an 
advantage that disposition of not only the bursting mecha 
nism 17 but also other safety mechanisms Will become 
easier. 

[0029] NoW, FIG. 4 is a cross-sectional vieW shoWing still 
another embodiment according to the lithium secondary 
battery of the present invention. At the upper part of a battery 
40, the tabs 5 attached to the internal electrode body 1 are 
connected to the output terminal 15 Which has been provided 
so as to pierce through the upper cap 16, and the upper cap 
16 to Which the output terminal 15 has been attached has a 
con?guration so as to have been attached in such a manner 
that one end of the pipe 11 is sealed by cramping processing 
via an insulating sealing member 18 to ?ll the gap betWeen 
the upper cap 16 and the pipe 11, and the loWer end has the 
same structure as the upper end, too. That is, the output 
terminal for the positive pole has been disposed at one end 
of the battery 40, and the output terminal for the negative 
pole has been provided at the other end. Thus, in the case 
Where both ends of a battery have been sealed by cramping 
processing, similarly to the case of the before-described 
battery 30, current extraction from the internal electrode 
body 1 Will become easier to conduct. And, in case of a large 
capacity battery, it becomes possible to decrease the internal 
resistance Without causing any problems related to manu 
facturing process since it is easy to connect the output 
terminal 15, etc. to the tabs 5 even in larger quantity to be 
disposed. 
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[0030] Incidentally, in the battery 40, although both ends 
of the pipe 11 have been subjected to cramping processing 
similarly to the above described battery 30, unlike the 
battery 30, the pipe 11 is not used as a current path and is 
kept in an electrically neutral state. Thus, by not using any 
pipe 11 as a current path, the internal resistance of the battery 
is reduced. In addition, in the case Where both positive and 
negative output terminals 15, 22 have been disposed at one 
end of a battery like in the case of the batteries 10, 30, 
accidents such that tools, etc. might short-circuit betWeen 
the output terminals 15, 22 by mistake may easily happen at 
the time of handling, for example at the time When current 
cables are attached to the output terminals 15, 22, etc., but 
on the contrary, in the battery 40, it becomes possible to 
remove such risk and improve the safety at the time of 
handling. 

[0031] In the batteries of the above described present 
invention having various structures, a material for the bat 
tery case, namely a material for the pipe 11, is preferably 
aluminum, aluminum alloy or stainless steel. The pipes 11 
With various diameters made of such materials are being 
marketed, and therefore are easily available and cheap, and 
moreover, make it possible to produce highly reliable bat 
teries, nevertheless, at loW costs since as described above it 
is possible to proceed With processing of the end portions. 
Incidentally, although aluminum refers to pure aluminum, it 
is possible to use Without any problems the aluminum With 
purity of not less than 90%. 

[0032] The characteristics of the above described lithium 
secondary battery of the present invention are preferably 
adopted especially as a large battery With battery capacity of 
not less than 5 Ah, Which, hoWever, do not serve to prevent 
an application to batteries With not more than such battery 
capacity. In addition, the lithium secondary battery of the 
present invention can be preferably used especially for an 
electric vehicle or for a hybrid electric vehicle, taking 
advantage of characteristics of its large capacity, loW costs 
and high reliability. 

[0033] As described above, the lithium secondary battery 
of the present invention Was explained by shoWing various 
embodiments, but it goes Without saying that the present 
invention Will not be limited to the above described embodi 
ments. In addition, in the batteries 10, 30, 40 for the above 
described embodiments, a groove-type mechanism Was 
exempli?ed as a bursting mechanism, but it goes Without 
saying that the bursting mechanisms (pressure releasing 
mechanisms) using various metal foils Which have been 
previously disclosed in Japanese Patent Application No. 
09-202963 and Japanese Patent Application No. 09-331537 
by the present inventors. 

[0034] As described above, according to a lithium sec 
ondary battery of the present invention, such an excellent 
effect can be achieved that it Will become possible to reduce 
the material cost by using a pipe Which is cheap as a battery 
case material and has Wide variety of selection on shape. In 
addition, the end portion of the pipe can easily be sealed by 
cramping processing, thus the process cost can be reduced, 
and furthermore, since it is possible to easily proceed With 
takeout of the tabs from the internal electrode body and 
connection to the output terminal, etc., there is an advantage 
that Wide variety of designing of structure of ends of a 
battery Will become possible. Moreover, a necking portion 
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may be provided in a battery case, thereby such an excellent 
effect can be achieved that even in the case Where a bursting 
mechanism has operated as a result of increase in battery’s 
internal pressure, popping out of the internal electric body is 
prevented, thus the safety Will be increased. 

What is claimed is: 
1. A lithium secondary battery, comprising: 

an internal electrode body including a positive electrode, 
a negative electrode, and a separator, the positive 
electrode and the negative electrode being Wound via 
the separator so that the positive electrode and the 
negative electrode are not brought into direct contact 
With each other, 

organic electrolyte, and 

a battery case containing the internal electrode body; 

Wherein a pipe is used as the battery case. 
2. The lithium secondary battery according to claim 1, 

Wherein the pipe is electrically neutral. 
3. The lithium secondary battery according to claim 1, 

Wherein at least one end of the pipe Was subjected to 
cramping processing. 

4. The lithium secondary battery according to claim 2, 
Wherein at least one end of the pipe Was subjected to 
cramping processing. 

5. The lithium secondary battery according to claim 3, 
Wherein a necking portion is provided at an end of the pipe 
Which Was subjected to cramping processing. 

6. The lithium secondary battery according to claim 4, 
Wherein a necking portion is provided at an end of the pipe 
Which Was subjected to cramping processing. 

7. The lithium secondary battery according to claim 1, 
Wherein a bursting mechanism is provided at least at one end 
of the battery. 

Jul. 12, 2001 

8. The lithium secondary battery according to claim 2, 
Wherein a bursting mechanism is provided at least at one end 
of the battery. 

9. The lithium secondary battery according to claim 1, 
Wherein a positive output terminal is provided at one end of 
the battery and a negative output terminal is provided at the 
other end of the battery. 

10. The lithium secondary battery according to claim 2, 
Wherein a positive output terminal is provided at one end of 
the battery and a negative output terminal is provided at the 
other end of the battery. 

11. The lithium secondary battery according to claim 1, 
Wherein a material for the battery case is aluminum or 
aluminum alloy, or stainless steel. 

12. The lithium secondary battery according to claim 1, 
Wherein battery capacity is set not less than 5 Ah. 

13. The lithium secondary battery according to claim 2, 
Wherein battery capacity is set not less than 5 Ah. 

14. The lithium secondary battery according to claim 1, 
Wherein the battery is used for an electric vehicle or a hybrid 
electric vehicle. 

15. The lithium secondary battery according to claim 2, 
Wherein the battery is used for an electric vehicle or a hybrid 
electric vehicle. 

16. The lithium secondary battery according to claim 3, 
Wherein the battery is used for an electric vehicle or a hybrid 
electric vehicle. 

17. The lithium secondary battery according to claim 7, 
Wherein the battery is used for an electric vehicle or a hybrid 
electric vehicle. 


