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(54) [Title of the Invention] Non-Aqueous Electrolyte Secondary Battery
(57) [Abstract]

[Problem] If an internal short circuit occurs between an
uncoated portion of a positive electrode current
collector and a negative electrode plate coated with a
negative electrode active material, a large current may
flow, causing a large drop in open circuit voltage and
heat generation.

[Solution] A non-aqueous electrolyte secondary battery
having a group of electrodes composed of a positive
electrode plate obtained by coating a positive electrode
active material on a positive electrode current collector
and a negative electrode plate obtained by coating a
negative electrode active material on a negative
electrode current collector, the positive electrode plate
and the negative electrode plate being wound together
via a barrier membrane, wherein the positive electrode
plate has an uncoated portion somewhere other than
the end portions in the length direction, a positive
electrode lead is connected to the uncoated portion of
the positive electrode plate, the positive electrode lead
is covered with tape, and a heat-resistant protective
film is formed on the surface of the negative electrode
plate opposite the uncoated portion of the positive
electrode plate.

[Selected Drawing] FIG. 4

Zhuhai CosMX Battery Co. - EX1013
Zhuhai CosMX Battery Co. v. Ningde Amperex Tech. Ltd.
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[Claims]
[Claim 1]

A non-aqueous electrolyte secondary battery having a group of electrodes including a positive electrode
plate composed of a positive electrode current collector to which a positive electrode active material has
been applied and a negative electrode plate composed of a negative electrode current collector to which
a negative electrode active material has been applied, the positive electrode and the negative electrode
being wound together via an isolation membrane, the non-aqueous electrolyte secondary battery
characterized in that an uncoated portion is provided other than at the end of the positive electrode
plate in the length direction, a positive electrode lead is connected to the uncoated portion, the positive
electrode lead is covered with tape, and a heat-resistant protective film is formed on the surface of the
negative electrode plate facing the uncoated portion.

[Claim 2]

A non-aqueous electrolyte secondary battery having a group of electrodes including a positive electrode
plate composed of a positive electrode current collector to which a positive electrode active material has
been applied and a negative electrode plate composed of a negative electrode current collector to which
a negative electrode active material has been applied, the positive electrode and the negative electrode
being wound together via an isolation membrane, the non-aqueous electrolyte secondary battery
characterized in that an uncoated portion is provided other than at the end of the positive electrode
plate in the length direction, a positive electrode lead is connected to the uncoated portion, and a heat-
resistant protective film is formed on the surface of the negative electrode plate facing the uncoated
portion.

[Claim 3]

The non-aqueous electrolyte secondary battery according to claim 1 or 2, wherein the positive electrode
active material is represented by general formula LixNi(1-y-)CoyM,0> (where x is a variable that changes
during charging and discharging, 0 < x < 1.1, 0 <y £0.5,0 < z < 0.5, and M is at least one element
selected from the group consisting of Al, Mn, Mg, Ca, Fe, Ti, Zn, Sr, Ba, Zr, Y, B, and Ta).

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

The present invention relates to a non-aqueous electrolyte secondary battery, and specifically to the
structure of the positive electrode plate and negative electrode plate.

[Background Art]
[0002]

In recent years, there has been a rapid increase in the portability and cordlessness of electronic devices
such as AV equipment and computers, and there is a growing demand for non-aqueous electrolyte
secondary batteries that are compact, lightweight, and have a high energy density as a power source
for these devices. Lithium-ion secondary batteries, of which non-aqueous electrolyte secondary batteries
are one type, are widely expected to have especially high voltage and high energy density, and the race
to increase capacitance, output, and reliability is intensifying. A non-aqueous electrolyte secondary
battery has a group of electrodes including a positive electrode plate composed of a positive electrode
current collector to which a positive electrode active material has been applied on both sides and a
negative electrode plate composed of a negative electrode current collector to which a negative electrode
active material has been applied to both sides, the positive electrode and the negative electrode being
wound together via a separator serving as an isolation membrane. There is a possibility that the
uncoated portions of the positive electrode current collector and the negative electrode plate would
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short-circuit and generate heat by penetrating the separator in the portion where the uncoated part of
the positive electrode current collector and the negative electrode plate face each other via the separator.

[0003]

In order to prevent the generation of heat, providing a heat-resistant protective film on some or all of
the uncoated portion of a current collector facing the other electrode on the positive electrode plate and
negative plate located at the winding beginning end and the winding terminating end of the electrode
group has been proposed (see, for example, Patent Example 1).

[Patent Document 1] JP 2004-63343 A
[Summary of the Invention]

[Technical Problem]

[0004]

An internal short-circuit test using foreign substances was adopted as a test to confirm the safety of
non-aqueous electrolyte secondary batteries. In order to intentionally cause internal short circuits when
making groups of electrodes, for example, this test embeds foreign metal substances such as iron in
the negative electrode plate in advance. The test involves repeating the charging and discharging
process many times to cause an internal short circuit. The test result is determined by attaching a
thermocouple to the battery in advance and determining that the battery is “generating heat” when the
temperature reaches 100°C or more. If an internal short circuit occurs between the uncoated portion of
the positive electrode current collector and the negative electrode plate coated with active material, a
large current flows, and there is a possibility of a significant drop in open circuit voltage and abnormal
heat generation.

[0005]

The following problems have been found with Patent Document 1. If a heat-resistant protective film is
to be applied to some or all of an uncoated portion of a current collector facing the other electrode, the
heat-resistant protective film must be formed on the surface of the current collector. As a result,
adhesion between the heat-resistant protective film and the current collector becomes poor, and the
heat-resistant protective film delaminates when the electrode group is created. The uncoated portion is
recessed compared to the electrode portion where the active material has been applied, and so it is
difficult to apply a heat-resistant protective film only to the uncoated portion in the manufacturing
process (so that the heat-resistant protective film does not cover the portion coated with the active
material).

[0006]

For the same reason, it is difficult to precisely form a heat-resistant protective film in the manufacturing
process when a lead is connected to the uncoated portion. In a cylindrical non-aqueous electrolyte
secondary battery with the positive electrode lead attached to the uncoated portion of a current collector
at the winding beginning end of the electrode group, the positive electrode lead is connected by welding
to the innermost surface, where the radius of curvature is smallest. As a result, the edge of the positive
electrode lead damages the positive electrode plate on the outer circumference, causing the positive
electrode plate to break.

[0007]

It is an object of the present invention to solve these problems by providing a non-aqueous electrolyte
secondary battery that can form a negative electrode active material layer with very little unevenness
and a dense, heat-resistant protective film with high adhesiveness to suppress heat generated during
internal short-circuiting, without forming a heat-resistant protective film on the uncoated portion of the
positive electrode current collector, by forming a negative electrode mix portion facing the uncoated
portion.
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[Solution to Problem]
[0008]

In order to solve this problem, the present invention is a non-aqueous electrolyte secondary battery
having a group of electrodes including a positive electrode plate composed of a positive electrode current
collector to which a positive electrode active material has been applied and a negative electrode plate
composed of a negative electrode current collector to which a negative electrode active material has
been applied, the positive electrode and the negative electrode being wound together via an isolation
membrane, wherein an uncoated portion is provided other than at the end of the positive electrode plate
in the length direction, a positive electrode lead is connected to the uncoated portion, the positive
electrode lead is covered with tape, and a heat-resistant protective film is formed on the surface of the
negative electrode plate facing the uncoated portion.

[0009]

Another aspect of the present invention is a non-aqueous electrolyte secondary battery, wherein an
uncoated portion is provided other than at the end of the positive electrode plate in the length direction,
a positive electrode lead is connected to the uncoated portion, and a heat-resistant protective film is
formed on the surface of the negative electrode plate facing the uncoated portion.

[0010]

By doing this, the generated heat is suppressed when an internal short circuit occurs between the
uncoated portion of the positive electrode current collector, which is the component with the highest risk
of overheating, and the negative electrode plate coated with negative electrode active material.

[Effects of the Invention]
[0011]

In the present invention, if an internal short circuit occurs between the uncoated portion of the positive
electrode current collector and the negative electrode plate coated with negative electrode active
material, heat generation does not become high. By protecting only the uncoated portion of the positive
electrode current collector and the negative electrode plate coated with negative electrode active
material with heat-resistant protective film, the energy density per unit volume of the non-aqueous
electrolyte secondary battery can be increased compared to when the entire negative electrode plate is
coated with a heat-resistant protective film. Also, by arranging the uncoated portion of the positive
electrode current collector in a position other than the edge of the positive electrode plate, for example,
by placing the welded part of the positive electrode lead in the center of the positive electrode plate,
when the electrode group is created, the winding diameter at the positive electrode lead welding point
does not become small, and the damage to the electrode plates due to the lead edge can be greatly
alleviated.

[Best Mode of Carrying Out the Invention]
[0012]

An embodiment of the present invention is a hon-aqueous electrolyte secondary battery having a group
of electrodes including a positive electrode plate composed of a positive electrode current collector to
which a positive electrode active material has been applied and a negative electrode plate composed of
a negative electrode current collector to which a negative electrode active material has been applied,
the positive electrode and the negative electrode being wound together via an isolation membrane,
wherein an uncoated portion is provided other than at the end of the positive electrode plate in the
length direction, a positive electrode lead is connected to the uncoated portion, the positive electrode
lead is covered with tape, and a heat-resistant protective film is formed on the surface of the negative
electrode plate facing the uncoated portion.
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[0013]

By doing this, a heat-resistant protective film with good adhesion can be densely formed, and the heat
generated during internal short-circuiting between the uncoated portion of the positive electrode current
collector, which is the portion with the highest risk of heat generation, and the negative electrode plate
coated with negative electrode active material, can be suppressed.

[0014]

In another embodiment of the present invention, the non-aqueous electrolyte secondary battery has an
uncoated portion somewhere other than the end of the positive electrode plate in the length direction,
the positive electrode lead is connected to the uncoated portion of the positive electrode plate, and a
heat-resistant protective film is formed on the surface of the negative electrode plate opposite the
uncoated portion of the positive electrode.

[0015]

By doing this, a heat-resistant protective film with good adhesion can be densely formed, and the heat
generated during internal short-circuiting between the uncoated portion of the positive electrode current
collector, which is the portion with the highest risk of heat generation, and the negative electrode plate
coated with negative electrode active material, can be suppressed. Also, the risk of overheating is
eliminated even if there is no tape affixed to prevent internal short circuits caused by “burrs” generated
on the positive electrode lead, so the energy density per unit volume can be increased even further. In
a preferred embodiment of the present invention, the positive electrode active material of the non-
aqueous electrolyte secondary battery is represented by general formula LixNi(1-y-)CoyM,0> (where x is
a variable that changes during charging and discharging, 0 < x<1.1,0<y <0.5,0=<z<0.5and M
is at least one element selected from the group consisting of Al, Mn, Mg, Ca, Fe, Ti, Zn, Sr, Ba, Zr, Y, B,
and Ta).

[0016]

By doing this, a heat-resistant protective film with good adhesion can be densely formed, and the heat
generated during internal short-circuiting between the uncoated portion of the positive electrode current
collector, which is the portion with the highest risk of heat generation, and the negative electrode plate
coated with negative electrode active material, can be suppressed.

[0017]

The positive electrode will now be described in detail.

[0018]

The positive electrode active material can be a lithium-containing transition metal oxide such as lithium

cobaltate (LiCo03;) or lithium nickelate (LiNiOz). Spinel-type composite oxides with manganese, which is
a relatively inexpensive raw material, such as lithium manganese oxide (LiMn;04), can also be used.

[0019]

Thickening agents that can be used in the positive electrode include carboxymethyl cellulose (CMC),
methyl cellulose (MC), hydroxy methyl cellulose (HMC), ethyl cellulose, polyvinyl alcohol (PVA), oxidized
starch, phosphorylated starch, and casein.

[0020]

There are no particular restrictions on the conductive agent, as long as it is an electrically conductive
material. Examples include graphite such as natural graphite (flaky graphite, etc.), artificial graphite,
and expanded graphite; carbon blacks such as acetylene black, channel black, furnace black, and
thermal black; conductive fibers such as carbon fibers and metal fibers; metal powders such as copper
and nickel; and organic conductive materials such as polyphenylene derivatives. These can be used
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alone or in a mixture of two or more. Among these conductive agents, artificial graphite, acetylene black,
and carbon fibers are especially preferred. The amount of conductive agent added is not particularly
limited, but 1 to 30 wt% is preferred relative to the weight of the negative electrode active material,
and 1 to 10 wt% by weight is even more preferred.

[0021]

The material in the positive electrode current collector can be aluminum (Al), titanium (Ti), tantalum
(Ta), and other metals and their alloys, but aluminum (Al) and its alloys are preferred because they are
lightweight and have a high energy density.

[0022]
The negative electrode will now be described in detail.
[0023]

Negative electrode active materials include graphite-based and amorphous carbon materials, as well as
mixtures of these, in addition to alloys and metal compounds. These can be used alone or in mixtures
of two or more. Alloys are preferably composed of at least one element selected from the group
consisting of silicon, tin, aluminum, zinc, magnesium, titanium, and nickel. In addition, metal
compounds include at least one selected from the group consisting of oxides and carbides of silicon, tin,
aluminum, zinc, magnesium, titanium, and nickel. The average particle size of the negative electrode
active material is not particularly limited, but 1 to 30 um is preferred.

[0024]

The negative electrode current collector can be any electrochemically stable electronic conductor, and
metals such as copper, nickel, and stainless steel can be used. Among these, copper foil is preferred
because it is inexpensive and easy to process into a thin film. There are no particular restrictions on
thickness, but 5 to 25 pym is preferred.

[0025]

There are no particular restrictions on the binder used in the manufacture of the positive and negative
electrode plate, as long as it is a material that is stable in relation to the solvents and electrolytes used
in the manufacture of the electrodes. For example, polyvinylidene fluoride (PVDF),
polytetrafluoroethylene (PTFE), styrene-butadiene rubber (SBR), isoprene rubber, butadiene rubber, and
ethylene-propylene-diene polymer (EPDM) can be used.

[0026]
The non-aqueous electrolytes will now be described in detail.
[0027]

The non-aqueous solvent is preferably a carbonate. Both cyclic and linear carbonates can be used.
Suitable cyclic carbonates include propylene carbonate (PC), ethylene carbonate (EC), and butylene
carbonate (BC). These high dielectric constant solvents may be used alone or in combinations of two or
more. Examples of aliphatic carbonates include dimethyl carbonate (DMC), diethyl carbonate (DEC),
ethyl methyl carbonate (EMC), di-n-propyl carbonate, methyl-n-propyl carbonate, and ethyl-i-propyl
carbonate. These low-viscosity solvents may be used alone or in combinations of two or more. Cyclic
carbonates and linear carbonates can be used in any combination.

[0028]
Electrolyte salts include inorganic lithium salts selected from lithium perchlorate (LiClO4), lithium

hexafluorophosphate (LiPFe), and lithium tetrafluoroborate (LiBF4), as well as fluorine-containing organic
lithium salts, such as LiCF3SOs, LiN( CF3S0;);, LiIN(CF3CF2S03)2, LiN(CF3S0,)(C4F9S0O;), and
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LiC(CF3S0;)3. Among these electrolyte salts, LiPFs or LiBF4 is preferred. These electrolyte salts can be
used alone or in a combination of two or more. These electrolyte salts are preferably prepared and used
at a concentration of 0.1 to 3.0 mol/L, preferably 0.5 to 2.0 mol/L, in the non-aqueous solvent.

[0029]

The non-aqueous electrolyte may also contain additives that increase resistance to overcharging. A
benzene derivative consisting of a phenyl group or adjacent cyclic compound group is preferably used
as an additive. Examples of such benzene derivatives include biphenyl, cyclohexylbenzene, diphenyl
ether, and phenyl lactone.

[0030]

There are no particular restrictions on the shape of the non-aqueous electrolyte secondary battery, which
may be a cylinder with spiral-wound sheet electrodes and a separator, a cylinder with an inside-out
structure combining pellet electrodes and a separator, or a coin with layered pellet electrodes and a
separator.

[0031]

There are no particular restrictions on the method used to manufacture the non-aqueous electrolyte
secondary battery, and the method can be selected from among those that are commonly used.

[Examples]

[0032]

An embodiment of the present invention will nhow be described.
[0033]

(Example 1)

The method used to create the positive electrode plate will be described first. A positive electrode active
material consisting of lithium cobaltate (LiCoO.) was made by mixing lithium carbonate (Li»CO3) and
cobalt(III) oxide (Co304) and then calcining the mixture at 900°C in air. This positive electrode active
material was then mixed with a conductive material consisting of acetylene black (AB), and a binder
consisting of polyvinylidene fluoride (PVDF) at a weight ratio of 100:2:3. The mixed materials were then
kneaded and dispersed using N-methyl-2-pyrrolidone (NMP) serving as the dispersant to produce a
positive electrode paste. The positive electrode paste was applied to the 15pum-thick aluminum foil
serving as the current collector and then dried. The composite layer containing the positive electrode
active material was then rolled to a density of 3.5 to 3.6 g/cm3, and the total thickness of the positive
electrode plate was adjusted to 0.17mm. This was cut to a total length of 612 mm, including a 6.5 mm
uncoated portion, and a width of 57 mm. At this time, the uncoated portion was positioned so that it
was 40 to 46.5 mm from the edge of the electrode plate in the longitudinal direction.

[0034]
Next, the positive electrode plates 1 and 2 were prepared a described below.
[0035]

First, the uncoated portion of the electrode plate, which consists of coated and uncoated portions, was
connected to the positive electrode lead 7 using ultrasonic welding to create positive electrode plate a.

[0036]

Next, a positive electrode plate B was prepared with 9 mm wide polypropylene (PP) tape affixed to
protect the lead of the positive electrode plate a.
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[0037]

At this time, the positive electrode leads 7 to positive electrode plates a and B were both made to have
a 50 to 200 pm burr in the direction opposite to the positive electrode plate.

[0038]
Cross-sectional views of positive electrode plates a and B are shown in FIG. 1 and FIG. 2, respectively.
[0039]

The method used to create the negative electrode plate will now be described. A negative electrode
active material consisting of artificial graphite and a binder consisting of PVDF were mixed together at
a weight ratio of 100:6, and then kneaded and dispersed using NMP as the dispersant to prepare a
negative electrode paste. The negative electrode paste was applied to 10 pm thick copper foil serving
as the current collector and dried. The composite layer containing the negative electrode active material
was then rolled to a density of 1.57 g/cm3.

[0040]

The total thickness of the negative electrode plate was set at 0.17 mm. Afterward, the negative electrode
plate a was cut to 59 mm in width and 645 mm in length, the negative electrode lead was welded to
the outermost surface, and PP tape was affixed only on the peripheral portion of the negative electrode
lead.

[0041]

Then, when the electrode group was created on negative electrode plate a, a heat-resistant protective
film was formed at a “location opposite the positive electrode lead 7,” as explained below.

[0042]

Here, the “location opposite the positive electrode lead” refers to a location opposite a 15mm long
section of positive electrode plate a or 3, including the 6.5 mm uncoated portion.

[0043]

The heat-resistant protective film was prepared as follows. First, 960 g of alumina with a median
diameter of 0.3 pm serving as an inorganic oxide filler, 500 g of modified acrylonitrile rubber serving as
a binder, and a suitable amount of NMP were placed into a twin-arm kneader and stirred together to
produce a heat-resistant protective film precursor paste. The heat-resistant protective film precursor
paste was applied to the negative electrode plate 1, which is opposite the positive electrode lead 7. After
drying, the heat-resistant protective film was formed to a thickness of 6 um, and the negative electrode
plate B was complete.

[0044]

Next, negative electrode plate y was produced in the same way as the negative electrode plate a except
that titania was used as the inorganic oxide filler instead of alumina.

[0045]

Positive electrode plates a and B and negative electrode plates a, B, and y produced in this way were
combined to make non-aqueous electrolyte secondary batteries. The combinations are shown in Table
1. Electrode groups a to f were produced by winding positive and negative electrode plates together via
an interposed separator made of microporous polyethylene resin with a thickness of 16 ym. Cross-
sectional views of the region around the positive electrode lead 7 in electrode groups c and f are shown
in FIG. 3 and FIG. 4, respectively.
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[0046]

Electrode groups a to f prepared in the manner described above were each placed in a cylindrical nickel-
plated iron battery case 1, and polypropylene (PP) insulating plates were placed on the upper and lower
surfaces of the electrode group. In order to collect the current from the positive and negative electrode
plates, positive and negative electrode plate leads were led out from the current collectors of the positive
and negative electrode plates, and the negative plate lead was connected to the battery case 1 by
resistance welding.

[0047]

Next, ethylene carbonate (EC) and diethyl carbonate (DEC) were mixed together at a 1:1 volume ratio
and lithium hexafluorophosphate (LiPFs) was dissolved at 1 mol/L to produce the non-aqueous
electrolyte solution that was injected into the battery case 1 containing the electrode groups. The
positive electrode lead 7 drawn from the electrode group, was welded to a sealing plate with a pre-
installed gasket. Afterward, the sealing plates were attached to the battery cases 1 and sealed by
crimping to obtain non-aqueous electrolyte secondary batteries A to F. The electrode groups used in
each battery are shown in Table 1.

[0048]
[Table 1]
Non-Aqueous Electrode Positive Negative Remarks
Electrolyte Secondary Group Electrode Plate | Electrode Plate
Battery
A a a a Conventional Battery
B b a B Battery of the Present Invention
C [¢ a \% Battery of the Present Invention
D d B a Conventional Battery
E e B B Battery of the Present Invention
F f B ' Battery of the Present Invention

One-hundred cells each for batteries A to F were prepared and charging and discharging was repeatedly
performed 100 times at 25°C. As for the charging conditions, the constant-current/constant voltage
method was used at 4.2V, with a maximum current of 1500mA and a cut-off current of 100mA. As for
the discharge conditions, the constant current method was used, with a current of 400mA and a
terminating voltage of 3.0V. These batteries had “burrs” intentionally attached to the positive electrode
lead, so there was an ever-present possibility of overheating due to an internal short circuit caused by
the “burr” on the positive electrode lead during charging and discharging. Table 2 shows the heat
generation rate that occurred during the repetition of 100 cycles.

[0049]
[Table 2]
Non-Aqueous Electrolyte Heat Generation Rate
Secondary Battery

A 27/100
B 0/100
C 0/100
D 2/100
E 0/100
F 0/100

From the results in Table 2, which compare batteries B, C, E, and F to batteries A and D, it was clear
that batteries A and D had a higher heat generation rate. From this, it can be seen that batteries B, C,
E and F, which had a porous insulator applied to the surface of the negative electrode plate, were not
generating heat. When the batteries A and D that had overheated were disassembled to check for short
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circuits, it was found that the separator in the position opposite the positive electrode lead had turned
black, and that the cause of the overheating was the “burr” on the positive electrode lead.

[0050]

(Example 2)

In the following example, a positive electrode active material other than lithium cobaltate was used.
[0051]

A nickel-cobalt mixed solution was prepared by dissolving nickel sulfate and cobalt sulfate in water at a
cobalt to nickel molar ratio of 20%. Nickel-cobalt hydroxide was obtained by adding sodium hydroxide
to the nickel-cobalt mixed solution and allowing it to coprecipitate. The resulting nickel-cobalt hydroxide
was washed, dried at 80°C to make a nickel-cobalt hydroxide (Nig.sCoo.2(OH)2) powder.

[0052]

The nickel-cobalt hydroxide prepared in this way was mixed with lithium hydroxide hydrate at a Li/(Ni
+ Co) molar ratio of 1/1. This was sintered at 700°C for 20 hours in an oxygen atmosphere and
pulverized to obtain LiNip.sC00.20:3.

[0053]

The LiNio.sC00.202 positive electrode active material obtained in this way was mixed with AB serving as
the conductive material and PVDF serving as the binding agent at a weight ratio of 100:2:3. The positive
electrode paste prepared by kneading and dispersing the components using NMP as the dispersant was
applied, rolled, and cut in the same manner as in Example 1. Then, positive electrode plates y and &
were prepared by connecting positive electrode leads 7 by ultrasonic welding in the same manner as
positive electrode plates a and B in Example 1.

[0054]
Here, too, the positive electrode leads 7 of positive electrode plates y and & had 50 to 100 uym “burrs”
in the opposite direction of the positive electrode plates.

[0055]

Then, negative electrode plates a, B, and y in Example 1 were combined with positive electrode plates
y and & to create electrode groups g to | using the same production method as in Example 1. Non-
aqueous electrolyte secondary batteries G to L were prepared using electrode groups g to |. The positive
electrode plates, negative electrode plates, and electrode groups used in batteries G to L are listed in
Table 3.
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[0056]
[Table 3]
Non-Aqueous Electrode Positive Negative Remarks
Electrolyte Secondary Group Electrode Plate | Electrode Plate
Battery

Conventional Battery
Battery of the Present Invention
Battery of the Present Invention
Conventional Battery
Battery of the Present Invention
Battery of the Present Invention

r|X|—[—= IO

— |~ = |z ha

NI < <
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One hundred cells each of batteries G to L were prepared and charging/discharging was performed
repeatedly at 25°C for 100 cycles. The charging and discharging conditions were the same as those in
Example 1. These batteries had “burrs” intentionally attached to the positive electrode lead, so there
was an ever-present possibility of overheating. Table 4 shows the heat generation rate that occurred
during the repetition of 100 cycles.

[0057]
[Table 4]
Non-Aqueous Electrolyte Heat Generation Rate
Secondary Battery

G 25/100
H 0/100
I 0/100
] 3/100
K 0/100
L 0/100

The results in Table 4 comparing batteries H, I, K, and L with batteries G and J clearly show that batteries
G and J had higher heat generation rates. Therefore, batteries with porous insulators applied to the
surface of the negative electrode plate, such as batteries H, I, K, and L, do not generate heat.
Disassembling batteries G and J and checking the short-circuit locations revealed that the separator
opposite the positive electrode lead had turned black, indicating that the heat was generated by the
“burr” in the positive electrode lead.

[0058]

These results show that even if the “burr” on the positive electrode lead is as large as 100 ym, an
internal short circuit caused by the “burr” on the positive electrode lead does not generate heat, and a
safe non-aqueous electrolyte secondary battery can be provided.

[0059]

While the present invention was described above using lithium secondary batteries as the non-aqueous
electrolyte secondary batteries, the same effect can be obtained in non-aqueous electrolyte secondary
batteries other than lithium secondary batteries, such as magnesium secondary batteries.

[Industrial Applicability]

[0060]

The non-aqueous electrolyte secondary battery of the present invention is useful as a main power source
for electronic devices. For example, it is suitable for use as the main power supply for portable consumer

products such as mobile phones and notebook PCs, the main power supply for power tools such as
electric screwdrivers, and main power supply in industrial applications such as EV vehicles.
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[Brief Description of the Drawings]
[0061]
[FIG. 1]

FIG. 1 is a schematic cross-sectional view of positive electrode plate a used in an example of the present
invention.

[FIG. 2]

FIG. 2 is a schematic cross-sectional view of positive electrode plate B used in an example of the present
invention.

[FIG. 3]

FIG. 3 is a schematic cross-sectional view of electrode group c used in an example of the present
invention near the position of the positive electrode lead.

[FIG. 4]

FIG. 4 is a schematic cross-sectional view of electrode group f used in an example of the present
invention near the position of the positive electrode lead.
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