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(57) [Abstract]

[Problem] To provide a lithium-ion secondary
battery that can suppress dendrite formation due
to lithium precipitation at the negative electrode
side lead wire connection to the negative
electrode current collector.

[Solution] A positive electrode plate 1 and a
negative electrode plate 2 are wound around each
other via a separator 3 in a spiral to form a group
of electrode plates. A lithium ion migration
preventing insulator 4 is placed between the
negative electrode side lead wire connection 2c to
the negative electrode current collector 2a and
the inner winding layer 3b of the separator 3
(corresponding to the other end 1d of the positive
electrode plate 1).
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[Claims]
[Claim 1]

A lithium-ion secondary battery having a group
of electrode plates composed of a strip-shaped
positive electrode plate, in which a positive
electrode active material layer primarily
composed of metal oxide is supported on a
positive electrode current collector, and a strip-
shaped negative electrode plate, in which a
negative electrode active material layer
primarily composed of a carbon material
capable of doping and de-doping lithium is
supported on a negative electrode current
collector, are wound in a spiral shape around a
strip-shaped separator, a portion of the positive
electrode current collector being exposed from
one end of the positive electrode plate located
on the inner circumference of the group of
electrode plates in the longitudinal direction to
form a positive electrode side lead wire
connection, a portion of the negative electrode
current collector being exposed from one end of
the negative electrode plate located on the
outer circumference of the group of electrode
plates in the longitudinal direction to form a
negative electrode side lead wire connection,
the positive electrode side lead wire connection
and the negative electrode side lead wire
connection being located between two adjacent
separator winding layers formed by the wound
separator, and the other end of the wound
positive electrode plate in the longitudinal
direction being positioned to face the negative
electrode side lead wire connection via the
separator winding layer positioned inside, the
lithium-ion secondary battery characterized in
that a lithium ion migration preventing insulator
is placed between the negative electrode side
lead wire connection and the other end of the
positive electrode plate to prevent lithium ion
migration therebetween.

[Claim 2]

The lithium-ion secondary battery according to
claim 1, wherein the lithium ion migration
blocking insulator is positioned between the
negative electrode side lead wire connection
and the separator winding layer positioned
inside.

[Claim 3]

The lithium-ion secondary battery according to
claim 1, wherein the lithium ion migration
blocking insulator has an opposing portion that
opposes the negative electrode side lead wire
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connection over the entire surface and a pair of
extended portions that extend from the
opposing portion to both sides of the electrode
plate group in the circumferential direction.

[Claim 4]

The lithium-ion secondary battery according to
claim 1, wherein the lithium ion migration
blocking insulator is a sheet-like member made
of synthetic resin.

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

The present invention relates to a lithium-ion
secondary battery, and specifically to a lithium-
ion secondary battery having a group of
electrode plates comprising a positive electrode
plate and a negative electrode plate wound
together in a spiral via a separator.

[0002]
[Background Art]

Lithium batteries that use metallic lithium as the
negative electrode active material have high
energy, but repeated charge-discharge cycles
cause so-called dendrites to grow, in which,
lithium precipitates in the form of needles on the
negative electrode plate. When dendrites grow
large enough to break through the separator
and reach the positive electrode plate, a short
circuit occurs in the battery, resulting in
significant degradation of battery performance
and, in the worst case scenario, rupture or
explosion of the battery. Therefore, a lithium-
ion secondary battery has been proposed in
which a carbon material capable of doping and
de-doping lithium is used as the negative
electrode active material in the negative
electrode plate and a metal oxide is used as the
positive electrode active material in the positive
electrode plate. One type of battery of this type
is a spiral wound lithium-ion secondary battery,
in which a group of electrode plates consisting
of a negative electrode plate with a negative
electrode active material layer formed on a
negative electrode current collector made of
metal foil and a positive electrode plate with a
positive electrode active material layer made of
metal oxide wound in a spiral shape via a
separator is arranged in a battery can.

[0003]



[Technical Problem]

Usually, in a spiral lithium-ion secondary battery,
a portion of the negative electrode current
collector is exposed from one longitudinal end of
the negative electrode plate to form a negative
electrode side lead wire connection to which the
lead wire connecting to the negative electrode
terminal of the battery is connected. This
negative electrode side lead wire connection
faces the end of the positive electrode plate via
a separator winding layer located on the inside.
Because the metal surface of the negative
electrode side lead wire connection directly
faces the positive electrode plate via the
separator, lithium may precipitate on the
surface and dendrites may occur depending on
the battery charging conditions. When the
battery is charged under normal charging
conditions, lithium is not deposited at the
negative electrode side lead wire connection
because the potential of the negative electrode
plate does not drop to the lithium deposition
potential. However, during rapid charging, the
potential of the negative electrode plate may fall
below the lithium deposition potential
depending on the current value, constant
voltage value, and other conditions. In these
situations, there is a problem with lithium
precipitation at the negative electrode side lead
wire connection of the current collector.

[0004]

It is an object of the present invention to
provide a lithium-ion secondary battery that can
suppress dendrite formation due to lithium
precipitation at the negative electrode side lead
wire connection of the negative electrode
current collector.

[0005]
[Solution to Problem]
A lithium-ion secondary battery of the present

invention has a group of electrode plates
composed of a strip-shaped positive electrode

plate, in which a positive electrode active
material layer primarily composed of metal
oxide is supported on a positive electrode

current collector, and a strip-shaped negative
electrode plate, in which a negative electrode
active material layer primarily composed of a
carbon material capable of doping and de-
doping lithium is supported on a negative
electrode current collector, are wound in a spiral
shape around a strip-shaped separator. A
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portion of the positive electrode current
collector is exposed from one end of the positive
electrode plate located on the inner
circumference of the group of electrode plates
in the longitudinal direction to form a positive
electrode side lead wire connection, and a
portion of the negative electrode current
collector is exposed from one end of the
negative electrode plate located on the outer
circumference of the group of electrode plates
in the longitudinal direction to form a negative
electrode side lead wire connection. The positive
electrode side lead wire connection and the
negative electrode side lead wire connection are
located between two adjacent separator winding
layers formed by the wound separator, and the
other end of the wound positive electrode plate
in the longitudinal direction is positioned to face
the negative electrode side lead wire connection
via the separator winding layer positioned inside.

[0006]

In the present invention, a lithium ion migration
preventing insulator is placed between the
negative electrode side lead wire connection
and the other end of the positive electrode plate
to prevent lithium ion migration therebetween.

[0007]

In the present invention, lithium ion migration
between the negative electrode side lead wire
connection and the other end of the positive
electrode plate can be prevented by the lithium
ion migration preventing insulator. Therefore,
even if the potential of the negative electrode
plate falls below the lithium deposition potential
during rapid charging, etc., lithium can be
prevented from being deposited at the negative
electrode side lead wire connection of the
negative electrode current collector.

[0008]

The lithium ion transfer preventing insulator can
be placed anywhere between the negative
electrode side lead wire connection and the
positive electrode plate. For example, it may be
placed between the portion of the positive
electrode plate corresponding to the negative
electrode side lead wire connection and the
separator winding layer located to the outside,
or between the negative electrode side lead wire
connection and the separator located to the
inside.

[0009]



In order to almost completely prevent lithium
ion migration between the positive electrode
plate and the negative electrode lead wire
connection of the negative electrode current
collector, the lithium ion migration preventing
insulator can be configured to have an opposing
portion that fully faces the negative electrode
lead wire connection and a pair of extended
portions that extend from the opposing portion
to both sides of the electrode group in the
circumferential direction.

[0010]

The lithium ion migration preventing insulator
can be a sheet-like component made of a
synthetic resin such as polypropylene,
polyethylene, or polyimide.

[0011]
[Embodiments of the Invention]

The following is a detailed description of an
embodiment of the invention with reference to
the drawings. FIG. 1 is a cross-sectional view of
a group of electrode plates in a lithium-ion
secondary battery (nominal capacitance 1000
mAh). As shown in the figure, the group of
electrode plates consists of a strip-shaped
positive electrode plate 1 and a strip-shaped
negative electrode plate 2 wound together in a
spiral shape via a strip-shaped separator 3. The
positive electrode plate 1 consists of a positive
electrode active material layer 1b, which is
primarily composed of a metal oxide consisting
of lithium cobaltate, on both sides of a positive
electrode current collector 1la made of
aluminum foil, and has a thickness of 150 pm.
Specifically, the positive electrode plate 1 was
produced by mixing a conductivity aid consisting
of LiCoO; and carbon with PVDF at a weight ratio
of 85:5:10, dispersing the mixture in N-methyl
2-pyrrolidone to make a slurry, and applying the
slurry on the positive electrode current collector
la (aluminum foil) and drying. At one end of the
positive electrode current collector 1a on the
inner circumferential side of the group of
electrode plates with the positive electrode plate
1, a positive electrode side lead wire connection
1c is formed on which no positive electrode
active material layer has been formed and some
of the current collector is exposed. The positive
electrode side lead wire connection 1c faces the
other end 2d of the negative electrode plate 2
in the longitudinal direction via the outer
winding layer 3a of the separator 3 and is
connected to a lead wire, not shown, that is
connected to the positive electrode terminal.

(4)

JP H10-326629 A

[0012]

The negative electrode plate 2 consists of a
negative electrode active material layer 2b,
which is primarily composed of amorphous
carbon material, on both sides of a negative
electrode current collector 2a made of copper
foil, and has a thickness of 200 pm. Specifically,
the negative electrode plate 2 was produced by
dispersing a mixture of amorphous carbon and
PVDF at a weight ratio of 90:10 in N-methyl 2-
pyrrolidone to make a slurry, and then applying
this slurry to the negative electrode current
collector 2a (copper foil) and drying. At one end
of the negative electrode current collector 2a on
the outer periphery of the group of plates with
the negative electrode plate 2, a negative
electrode side lead wire connection 2c is formed
on which no negative electrode active material
layer has been formed and some of the collector
is exposed. The negative electrode-side lead
wire connection 2c faces the other end 1d of the
positive electrode plate 1 in the longitudinal
direction via the inner winding layer 3b of the
separator 3, and a lead wire, not shown, is
connected to the negative electrode terminal.
The separator 3 consists of an outer winding
layer 3a that wraps around the outside of the
negative electrode plate 2 and an inner winding
layer 3b that wraps around the inside of the
negative electrode plate 2. The outer winding
layer 3a and inner winding layer 3b each have a
polypropylene film structure with numerous
holes for ion migration and a thickness of 25 um.

[0013]

Between the negative electrode side lead wire
connection 2c of the negative electrode current
collector 2a and the inner winding layer 3b of
the separator 3 (the portion corresponding to
the other end 1d of the positive electrode plate
1), a lithium ion migration preventing insulator
4 is provided between the negative electrode
side lead wire connection 2c and the other end
1d of the positive electrode plate 1. The lithium
ion migration preventing insulator 4 is formed of
a 25 pm thick sheet-like member made of
polypropylene. The lithium ion migration
preventing insulator 4 has an opposing portion
4a that opposes the negative electrode side lead
wire connection 2c over the entire surface and
a pair of extending portions 4b, 4b that extend
from the opposing portion 4a to both sides of
the group of electrode plates in the
circumferential direction. The lengths of the pair
of extending portions 4b, 4b extending to both
sides in the circumferential direction are
dimensions that can sufficiently prevent the



migration of lithium ions. The insulator 4 may
be arranged without using a bonding means, or
may be bonded to the separator 3 by adhesive
or other bonding means.

[0014]

Next, a life span characteristics test was
conducted wusing the lithium-ion secondary
battery in the embodiment of the present

invention (the lithium-ion secondary battery in
the example) and a lithium-ion secondary
battery in a comparative example (nominal
capacitance 1000mAh) having the same
structure as the example but without the lithium
ion migration preventing insulator 4. Specifically,
charging was performed wunder each of
Conditions 1 to 3 shown in Table 1, followed by
discharging at a current value of 1000 mA to a
termination voltage of 25 V, both at a
temperature of 25 + 2°C. The number of cycles
(number of life span cycles) was measured to
when the discharge capacitance became 70% or

less of the discharge capacitance of the first cycle.

In other words, the discharge conditions and
temperature conditions were the same for each,
and only the charging conditions were different
for each. Table 2 shows the results of the
measurements.

[0015]
[Table 1]
Condition 1 | 4.2 V (Limiting current value
1000 mA) Constant Voltage
Charging 2.5 Hours
Condition 2 | 4.3 V (Limiting current value
1000 mA) Constant Voltage
Charging 1.5 Hours
Condition 3 | 4.3 V (Limiting current value
2000 mA) Constant Voltage
Charging 1.0 Hours
[Table 2]
Condition Service Life
(No. of Cycles)
Example 1 883
Example 2 752
Example 3 722
Comparative 1 719
Example
Comparative 2 315
Example
Comparative 3 189
Example
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Table 2 shows that the lithium-ion secondary
battery in the example has a longer life cycle
than the lithium-ion secondary battery in the
comparative example. Under conditions 2 and 3,
in which the potential of the negative electrode
plate tended to be below the lithium deposition
potential, the difference in life cycle was
especially remarkable. When the battery in the
example was disassembled after one cycle
under each condition, no lithium precipitation
was observed at any of the negative electrode
side lead wire connections. In contrast, when
the battery in the comparative example was
disassembled after one cycle, lithium
precipitation was observed at the negative
electrode side lead wire connection under
conditions 2 and 3.

[0016]

In the example, the lithium ion migration
preventing insulator 4 was placed between the
negative electrode side lead wire connection 2c
of the negative electrode current collector 2a
and the inner winding layer 3b of the separator
3. However, the lithium ion migration preventing
insulator 4 can be placed at other positions,
such as between the portion of the positive
electrode plate 3 corresponding to the negative
electrode side lead wire connection 2c and the
outer winding layer 3a of the separator 3.

[0017]
[Effects of the Invention]

In the present invention, lithium ion migration
between the negative electrode side lead wire
connection and the positive electrode plate can
be prevented by a lithium ion migration
preventing insulator. Therefore, even if the
potential of the negative electrode plate falls
below the lithium deposition potential during
rapid charging, etc., lithium can be kept from
being deposited at the negative electrode side
lead wire connection of the negative electrode
current collector. As a result, internal short
circuits in batteries can be prevented and
battery life can be extended.

[Brief Description of the Invention]
[FIG. 1]
FIG. 1 is a cross-sectional view of a group of

electrode plates for a lithium-ion secondary
battery (nominal capacity 1000 mAh).



[Reference Numbers]

1: Positive electrode plate

la: Positive electrode current collector

1b: Positive electrode active material layer

1c: Positive electrode side lead wire connection
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2: Negative electrode plate

2a: Negative electrode current collector

2b: Negative electrode active material layer
2c: Negative electrode side lead wire
connection

3: Separator

4: Lithium ion migration preventing insulator
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