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(54) [Title of the Invention] Battery
(57) [Abstract]
[Problem]

To provide a lightweight, safe, and inexpensive
battery.

[Solution]

Provided is a battery having a non-circular or
oval-shaped wound power generating element i :
with a positive electrode plate, an isolator, and a \
negative electrode plate housed inside a pouch- [ 9
like single battery case, wherein insulating tape is
placed on at least one of the positive electrode / e
plate and negative electrode plate, the width of /
the insulating tape is wider than the electrode \/
3

width, and the applied adhesive agent width is
narrower than the electrode width.

Zhuhai CosMX Battery Co. EX1011
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.



[Claims]
[Claim 1]

A battery having a non-circular or oval-shaped
wound power generating element with a
positive electrode plate, an isolator, and a
negative electrode plate housed inside a pouch-
like single battery case, wherein insulating tape
is placed on at least one of the positive electrode
plate and negative electrode plate, the width of
the insulating tape is wider than the electrode
width, and the applied adhesive agent width is
narrower than the electrode width.

[Claim 2]

The battery according to claim 1, wherein
insulating tape is placed on one of the electrode
plates, and a current collector end face or lead
terminal that does not retain active material is
present on the side of the other electrode plate
opposite the one electrode plate.

[Claim 3]

The battery according to claim 1 or 2, wherein
the pouch-like single battery case has an
airtight structure and houses an oval-shaped
wound power generating element whose
winding central axis is perpendicular to the
opening surface of the pouch-like single battery
case.

[Claim 4]

The battery according to any of claims 1 to 3,
wherein the material of the pouch-like single
battery case is metal laminated plastic film.

[Detailed Description of the Invention]
[0001]
[Technical Field of the Invention]

The present invention relates to a battery using
a wound power generating element.

[0002]
[Background Art]

In recent years, electronic devices such as
mobile phones, portable personal computers,
and portable video cameras have been
developed, and various electronic devices have
been miniaturized to the extent that they can be
carried. As a result, lightweight batteries with
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high energy density are being used as built-in
batteries. A typical battery that satisfies these
requirements is a non-aqueous electrolyte
secondary battery, in which an active material
in which lithium metal or a lithium alloy or a
lithium intercalation compound in which lithium
ions are absorbed in a carbon host material
(where host material refers to a material that
can absorb and release lithium ions) is used as
the negative electrode active material and a
nonprotonic organic solvent in which a lithium
salt such as LiClO4 or LiPFe is dissolved is used
as the electrolyte.

[0003]

This non-aqueous electrolyte secondary battery
comprises a negative electrode plate consisting
of this negative electrode active material held in
a negative electrode current collector serving as
its support, a positive electrode plate consisting
of a positive electrode active material, such as
a lithium cobalt composite oxide, which
reversibly reacts electrochemically with lithium
ions, held in a positive electrode -current
collector serving as its support, and a separator
that holds the electrolyte and is interposed
between the negative electrode and positive
electrode plates to prevent a short circuit
between the electrode plates.

[0004]

The positive electrode plate and the negative
electrode plate are formed into thin sheets or
foils, which are laminated or wound around each
other in a spiral shape via a separator to form a
power denerating element. This power
generating element is then placed in a battery
container made of stainless steel, nickel-plated
iron, aluminum, or some other metal, and after
pouring in the electrolyte, the battery is sealed
with a lid plate to complete the assembly.

[0005]

However, the use of metal battery containers,
although airtight and mechanically strong, is a
major limitation in terms of battery weight
reduction and battery container materials and
design.

[0006]

A method of storing the power generating
element in a pouch-like single battery case has
been proposed as a solution to this problem. In
particular, use of metal laminate resin film with
an airtight structure as the material for the



pouch-like single battery case prevents leakage
of electrolyte and the intrusion of water and
other substances from outside the battery, while
also reducing battery weight.

[0007]

As for the shape of the power generating
element, a wound type, especially with a non-
circular or oval-shaped cross section, allows for
a larger electrode surface area and simplifies
the manufacturing process.

[0008]
[Technical Problem]

However, when such a metal laminate resin film
with low mechanical strength is used in a single
battery case, stress from outside the battery is
transmitted directly to the power generating
element, causing deformation of the element
and resulting in short circuiting, which in turn
reduces battery safety.

[0009]

In particular, because shorts between the
current collectors of the positive and negative
electrodes or between the current collectors and
the drawn lead terminals are metal-on-metal
shorts, they cause a large localized current to
flow, resulting in abnormal heat generation in
the battery and reduced safety. Attaching
insulating tape to the exposed metal has been
proposed as a solution to this problem.

[0010]

However, conventional insulating tape covers an
entire electrode in the width direction where
active material is not retained because the
adhesive is applied over the entire surface of the
tape. Therefore, when insulating tape wider
than the width of an electrode is attached, the
adhesive on the portion protruding from the
electrode adheres to the isolator or counter
electrode during winding, causing the winding to
shift around, increasing the defect rate, and

making the manufacturing process more
complicated.
[0011]

If the difference between the electrode width
and the insulating tape width is reduced to avoid
these problems, the precision of the equipment
used to attach the tape and the accuracy of the
insulation tape width have to be increased,
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making the production equipment more

expensive and increasing the defect rate.
[0012]

The present invention provides a battery that
does not cause a reduction in battery safety,
even when the battery is subjected to external
stress, and does not cause complications in the
manufacturing process.

[0013]
[Solution to Problem]

The present invention is a battery having a non-
circular or oval-shaped wound power generating
element with a positive electrode plate, an
isolator, and a negative electrode plate housed
inside a pouch-like single battery case, wherein
insulating tape is placed on at least one of the
positive electrode plate and negative electrode
plate, the width of the insulating tape is wider
than the electrode width, and the applied
adhesive agent width is narrower than the
electrode width.

[0014]

In the battery of the present invention,
insulating tape is placed on one of the electrode
plates, and a current collector end face or lead
terminal that does not retain active material is
present on the side of the other electrode plate
opposite the one electrode plate.

[0015]

In the battery of the present invention, the
pouch-like single battery case has an airtight
structure and houses an oval-shaped wound
power generating element whose winding
central axis is perpendicular to the opening
surface of the pouch-like single battery case.

[0016]

In the battery of the present invention, the
material of the pouch-like single battery case is
metal laminated plastic film.

[0017]

[Embodiments of the Invention]

An embodiment of the present invention will
now be described with reference to the drawings,

using a non-aqueous electrolyte secondary
battery with an oval-shaped wound power



generating element in a pouch-like single
battery case as an example. The external
appearance of the battery in the present
invention is shown in FIG. 1. In FIG.1, 1 is a
pouch-like single battery case, 2 is a power
generating element, and 3 is a heat-sealable
portion of the pouch-like single battery case.

[0018]

In the battery of the present invention,
insulating tape is placed on at least one of the
positive electrode plate and negative electrode
plate, the width of the insulating tape is wider
than the electrode width, and the applied
adhesive agent width is narrower than the
electrode width.

[0019]

Also, in the present invention, the pouch-like
single battery case has an airtight structure and
houses an oval-shaped wound power generating
element whose winding central axis is
perpendicular to the opening surface of the
pouch-like single battery case. Vertical does not
have to mean perfectly vertical, it may also
mean roughly vertical.

[0020]

In the present invention, metal laminated
plastic film is used as the material for the pouch-
like single battery case.

[0021]

Aluminum, an aluminum alloy, titanium foil, etc.
can be used as the metal material in the metal
laminated resin film.

[0022]

Any thermoplastic polymer material, such as
polyethylene or polypropylene, can be used as
the material for the heat sealable portion of the
metal laminated resin film.

[0023]

The resin layer and metal foil layer of metal
laminated resin film are not limited to one layer
each. Each can be two or more layers.

[0024]
The electrolyte solvent used in the non-aqueous

electrolyte secondary battery of the present
invention can be, for example, ethylene
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carbonate, propylene carbonate, dimethyl
carbonate, diethyl carbonate, y-butyrolactone,
sulfolane, dimethyl sulfoxide, acetonitrile,
dimethylformamide, dimethylacetamide, 1,2-
dimethoxyethane, 1,2 diethoxyethane,
tetrahydrofuran, 2-methyltetrahydrofuran,
dioxolane, methylacetate, and other polar
solvents. Mixtures of these can also be used.

[0025]

The lithium salts that dissolve in organic
solvents include LiPFs, LiClO4, LiBF4, LiAsFg,
LiCF3CO,, LiCF3S0s3, LiN(SO2CF3)3,
LiN(SO,CF,CF3),, LIN(COCF3)2, LiIN(COCF,CF3)3,
and mixtures of these.

[0026]

The isolator in the non-aqueous electrolyte
secondary battery of the present invention can
be an insulating polyethylene microporous
membrane impregnated with electrolyte, a solid
polymer electrolyte, or gel electrolyte
containing the electrolyte in a solid polymer
electrolyte. An insulating microporous
membrane may also be used in combination
with a solid polymer electrolyte, etc. When a
porous polymer electrolyte membrane is used
as the solid polymer electrolyte, the electrolyte
in the polymer and the electrolyte in the pores
may be different.

[0027]

Inorganic compounds that can absorb and
release lithium as positive electrode active
materials include composite oxides represented
by composition formula LixMO; or LiyM;04
(where M is a transition metal, 0 < x < 1,and 0
<y £ 2), oxides with tunnel-like vacancies, and
metal chalcogenides with a layered structure.
Specific examples include LiCoO;, LiNiOy,
LiMn;04, Li2MNn204, MNnO;, FeO;, V205, VeOi3,
TiOz, and TiS;, etc. Organic compounds include,
for example, conductive polymers such as
polyaniline. A mixture of active materials,
whether inorganic or organic compounds, may
also be used.

[0028]

Compounds that can be used as the negative
electrode active material include alloys of Al, Si,
Pb, Sn, Zn, Cd, etc. with lithium, transition
metal oxides such as LiFe;03, WO;, and MoO,,
carbonaceous materials such as graphite and
carbon, lithium nitride such as Lis(LisN), metal
lithium foil, and a mixture of these.



[0029]
[Examples]

Next, the present invention will be explained
using a preferred example.

[Example 1]

The non-aqueous electrolyte secondary battery
of the present invention consists of an oval-
shaped wound power generating element
having a positive electrode plate, an isolator,
and a negative electrode plate stored, together
with a non-aqueous electrolyte (not shown), in
a pouch-like single battery case consisting of a
heat sealable metal laminated resin film so that
the winding center axis of the wound power
generating element is perpendicular to the
opening surface of the pouch-like single battery
case.

[0030]

Lithium cobalt composite oxide was used as the
positive electrode active material. The positive
electrode plate is a current collector with the
lithium cobalt composite oxide held as the active
material. The current collector is aluminum foil
with a thickness of 20 pm. The positive
electrode plate was created by mixing 8 parts of
polyvinylidene fluoride (the binding agent) and
5 parts of acetylene black (the conductive
agent) with 87 parts of active material, adding
N-methylpyrrolidone as appropriate, to prepare
a paste, and then applying the paste to both
sides of the current collector and drying.

[0031]

The negative electrode plates were created by
mixing 92 parts of graphite as the host material
and 8 parts of polyvinylidene fluoride as the
binding agent, adding N-methylpyrrolidone as
appropriate, to prepare a paste, and then
applying the paste to both sides of the current
collector and drying. The current collector of the
negative electrode plate was 14 pm thick copper
foil.

[0032]

The isolator was a microporous polyethylene
membrane, and the electrolyte was an ethylene
carbonate:diethyl carbonate = 4:6 (volume
ratio) mixture containing 1 mol/l of LiPFe.

[0033]
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The dimensions of the electrode plates are as
follows: the positive electrode plate is 180 um
thick and 49 mm wide, the separator is 25 pm
thick and 53 mm wide, and the negative
electrode plate is 170 um thick and 51 mm wide.
After welding lead terminals to the positive
electrode plate and negative electrode plate,
polyimide insulation tape was attached. The
dimensions of the insulating tape are 55 mm
wide and 25 mm long, with 10 mm on the top
and bottom of the tape in the width direction not
coated with adhesive. FIG. 2 shows the
electrodes. FIG. 2-1 is a plan view, and FIG. 2-
2 is a cross-sectional view. In FIG. 2, 4 is a lead
wire, 5 is an exposed portion of the current
collector where the active material is not
retained, 6 is a portion of the current collector
where the active material is retained, and 7 is
insulating tape.

[0034]

The positive and negative electrode plates and
the separator were stacked in this order and
wound around a rectangular winding core in an
elliptical spiral shape, so that the long side was
parallel to the winding center axis of the power
generating element, in order to form a power
generating element with dimensions of 53 x 35
x 4 mm. FIG. 3 is a cross-sectional view of the
winding core of the power generating element.
In FIG. 3, 8 is a positive electrode plate, 9 is a
negative electrode plate, 10 is a separator, 11 is
insulating tape, 12 is a positive electrode lead
terminal, and 13 is a negative electrode lead
terminal.

[0035]

An insulated portion of the electrodes was then
affixed to a side wall portion of the power
generating element parallel to the winding
center axis by polyethylene-based tape for
winding (here, adhesive is applied to one side)
over a length corresponding to the electrode
width (length of the power generation element
parallel to the axis of winding for the power
generating element), and the power generating
element was wound and secured.

[0036]

The long, oval-shaped winding-type power
generation element was placed in a pouch-like
metal laminate resin film case so that the
central axis of winding was perpendicular to the
opening surface of the pouch-like metal
laminate resin film case. The lead terminals
were secured, the case was sealed, and the



electrolyte was vacuum-injected in an amount
that sufficiently wetted the electrodes and
isolator and prevented free electrolyte outside
the power generating element.

[0037]

Finally, this was sealed and fused to obtain a
laminated single cell (A) with a nominal
capacitance of 500 mAh.

[0038]

Next, comparison batteries were prepared.
Comparison battery (B) was different in that the
adhesive was applied to the entire surface of the
insulating tape use, and comparison battery (C)
was different in that the adhesive agent was
applied to the entire surface of the insulating
tape and made the same width as the electrode
width.

[0039]
Table 1 shows the number of defects during

winding of battery (A) in the example of the
invention and comparison batteries (B) and (C).

(6)

JP 2000-285902 A

[0041]

Comparison battery (B) could not be used in the
trial production of a good product because
portions on which the adhesive agent had been
applied adhered in unwanted places during
winding, resulting in winding misalignment
defects.

[0042]

The following tests were conducted on battery
(A) in the example and comparison battery (C).
First, 20 batteries of each were prepared, and
after constant-current charging at 500mA to
4.1V, they were charged at a constant voltage
(for a total of 5 hours of charging). Then, in Test
1, 10 batteries of each were struck with a
hammer, aiming at the end face of the power
generating element, until the battery short-
circuited. In Test 2, the remaining 10 batteries
were compressed in a flat-plate press at a
pressure of 200 kgf. The maximum temperature
reached on the surface of the battery after
short-circuiting in Test 1, and whether or not
there was a short-circuit after being struck for

[0040] one minute in Test 2 are shown in Table 2. An
asterisk (*) in the table indicates that heavy
[Table 1] smoke was observed from the battery during
the test.
Battery Number of Defects
During Winding [0043]
A 0/50 units
B 50/50 units [Table 2]
C 0/50 units
Battery Test 1 Test 2
A C A C
1 62°C 69°C No abnormalities Short circuit
2 78°C > 200°C* No abnormalities Short circuit
3 55°C > 200°C* No abnormalities Short circuit
4 62°C > 200°C* No abnormalities Short circuit
5 59°C 98°C No abnormalities No abnormalities
6 64°C > 200°C* No abnormalities Short circuit
7 66°C > 200°C* No abnormalities Short circuit
8 71°C 86°C No abnormalities Short circuit
9 68°C > 200°C* No abnormalities No abnormalities
10 65°C 63°C No abnormalities Short circuit




[0044]

In all tests, battery (A) in the example was
shown to have better short-circuit resistance
and safety in the event of a short-circuit than
comparison battery (C).

[0045]
[Effects of the Invention]

The present invention can provide a battery in
which an oval-shaped wound power generating
element is housed inside a metal laminate resin
film case in the form of a pouch-like single
battery case, which is very safe, does not cause
a decline in battery characteristics, and does not
cause complications in the manufacturing
process.

[Brief Description of the Drawings]
[FIG. 1]

FIG. 1 is a perspective view of the battery of the
present invention.

[FIG. 2]
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FIG. 2 is a cross-sectional view of the battery of
the present invention.

[FIG. 3]

FIG. 3 is a cross-sectional view of the core of
the power generating element.

[Reference Numbers]

1: Pouch-like single battery case

2: Power generating element

3: Heat-sealed portion of the pouch-like battery
case

4: Lead terminal

5: Exposed portion of the current collector
where the active material is not retained

6: Portion of the current collector where the
active material is retained

7: Insulating tape

8: Positive electrode plate

9: Negative electrode plate

10: Separator

11: Insulating tape

12: Positive electrode lead terminal

13: Negative electrode lead terminal
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