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(54) [Title of the Invention] Lithium Secondary Battery and Manufacturing Method for Positive Electrode Plate
Used in This Battery

(57) [Abstract]

[Problem] To provide a superior battery with high
discharge performance while suppressing a decrease in
battery capacitance by forming a small active material-
free portion to weld positive electrode leads, and a
method for manufacturing the positive electrode plate
used in this battery.

11

[Solution] A positive electrode active material layer

formed on a current collector is peeled off using an
ultrasonic horn or heating plate or by applying a solvent, 4~
and removed using a brush or scraping board, and a i (b) I
positive electrode lead 2 is welded to the positive 16
electrode active material-free portion 11, which is
narrower than the width of the electrode plate, to
produce a positive electrode plate 1. The positive
electrode plate 1 and an negative electrode plate 3 are
wound around each other via a separator so that the
position of positive electrode lead 2 on the positive 3
electrode plate 1 is in the active material region of the

negative electrode plate 3 and the position of the

negative electrode lead 4 on the negative electrode

plate 3 is outside of the positive electrode active

material layer to produce an electrode plate group. A

battery is configured using this electrode plate group.
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[Claims]
[Claim 1]

A lithium secondary battery comprising a case
containing a group of electrode plates, in which
the positive electrode plate and negative
electrode plate are insulated from each other via
a separator, and the positive electrode lead of
the positive electrode is located within the
region of the opposing negative electrode active
material layer, the lithium secondary battery
characterized in that the group of electrode
plates is configured so that the positive
electrode lead is welded to a region with a
positive electrode active material-free portion
that is free of a positive electrode active
material layer in a range narrower than the
width of the positive electrode plate, and the
negative electrode lead of the negative
electrode is arranged outside of the positive
electrode active material layer region.

[Claim 2]

The lithium secondary battery according to
claim 1, wherein the positive electrode active
material-free portion is formed in the minimum
area in which the positive electrode lead can be
stably welded to an edge of the positive
electrode plate.

[Claim 3]

A method for manufacturing a positive electrode
plate comprising, in sequential order, the steps
of: coating and drying a positive electrode
active material on a hoop-shaped current
collector; rolling the coated positive electrode
active material to form a hoop-shaped positive
electrode plate; stripping the positive electrode
active material from the hoop-shaped positive
electrode plate at a predetermined interval in
the width direction at predetermined feed
intervals in the length direction; removing the
stripped active material to form a free portion;
and welding the positive electrode lead to the
free portion and attaching insulation tape,
wherein the free portion is formed so as to be
twice the required area in the width direction of
the hoop-shaped positive electrode plate in the
stripping step and removal step, the hoop-
shaped positive electrode plate with the free
portion is slit in the middle between the center
of the free portion and an adjacent free portion
to form a plurality of slit hoop-shaped positive
electrode plates, the hoop-shaped positive
electrode plates after slitting and division are
wound in parallel, positive electrode leads are
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welded to the positive electrode active material-
free portion formed on an edge of the hoop-
shaped electrode plates after the slitting, and
insulating tape is affixed to the positive
electrode leads.

[Claim 4]

The method for manufacturing a positive
electrode plate according to claim 3, wherein
the stripping step is a step of pressing an
ultrasonic horn against a predetermined
position on the hoop-shaped positive electrode
at a predetermined pressure to strip the positive
electrode active material layer from the current
collector.

[Claim 5]

The method for manufacturing a positive
electrode plate according to claim 3, wherein
the stripping step is a step of applying a solvent
to predetermined positions on the hoop-shaped
positive electrode plate using a coating nozzle
device with a solvent splash-preventing cover,
and stripping the positive electrode active
material layer from the current collector.

[Claim 6]

The method for manufacturing a positive
electrode plate according to claim 3, wherein
the stripping step is a step of applying a heated
metal plate that has been heated to a
predetermined temperature to a predetermined
position of the hoop-shaped positive electrode
plate at a predetermined pressure to strip the
positive electrode active material layer from the
current collector.

[Detailed Description of the Invention]

The present invention relates to a lithium
secondary battery and a manufacturing method
for the positive electrode plate used in this
battery, and in particular to a high capacitance
lithium secondary battery in which a group of
electrode plates has been wound uniformly, and
a manufacturing method for the positive
electrode plate used in this battery.

[0001]

[Background Art]

In recent years, the performance of portable
electronic devices such as mobile phones and

personal digital assistants has come to depend
greatly on the performance of the secondary



batteries used in these devices in addition to the
semiconductor devices and electronic circuits
they contain. In addition to increasing the
capacitance of secondary batteries, there is also
a desire to make them lighter and more
compact. Nickel-metal hydride batteries, which
have an energy density about twice that of
nickel-cadmium batteries, were developed as
secondary batteries that meet these desires.
Lithium secondary Dbatteries were then
developed, which have an even higher energy
density than nickel-metal hydride batteries, and
therefore have attracted even greater attention.

[0002]

In a lithium secondary battery, the positive and
negative electrodes are arranged in a non-
aqueous electrolyte, and each electrode plate
consists of a current collector with a positive
electrode active material attached to the surface
and a current collector with a negative electrode
active material attached to the surface. The
electrode plates used in these batteries are
generally created by coating a paste-like
compound obtained by mixing and dispersing an
active material (positive or negative active
material), a conductive material, and a binding
agent (binding agent) in a solvent on one or
both sides of a current collector, drying the film,
rolling the plates to a predetermined thickness,
and then cutting the plates to a predetermined
shape.

[0003]

As shown in FIG. 8 (a), the positive electrode
plate 1 in a conventional lithium secondary
battery has a positive electrode active material-
free portion 11, where some of the positive
electrode active material layer portion has been
removed from the positive electrode plate 1.
One end of the positive electrode lead 2 is
connected to this portion, and the other end is
connected to the positive electrode terminal of
the battery. Similarly, as shown in FIG. 8 (b),
one end of the negative electrode lead 4 is
connected to a negative active material-free
portion 12, where the negative active material
layer has been partially removed from the
negative electrode plate 3, and the other end is
connected to the negative terminal of the
battery. Insulating tape 15, 16 is attached,
respectively, to the positive electrode lead 2 and
the negative electrode lead 4.
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[0004]

Methods used to form the positive electrode
active material-free portion 11 and the negative
electrode active material-free portion 12 include
stripping performed with an ultrasonic horn, the
local application of a solvent to predetermined
locations on the active material to wet the active
material and weaken its bond with the current
collector and to mechanically strip this portion
using a stripping tool (JP H08-138655 A), and
softening the active material layer by locally
applying a hot plate that has been heated to a
temperature that causes the binding agent to
soften and delaminate the active material layer
from the metal foil, and then removing the
active material from the delaminated portion
using a stripping tool (JP H11-7939 A).

[0005]
[Technical Problem]

However, because the active material-free
portion used to weld the lead does not
contribute to battery capacitance, there is a
demand for batteries with an excellent high rate
of discharge by forming the active material-free
portions as small as possible to suppress the
decrease in battery capacitance, and obtain a
group of electrode plates that is uniformly
wound because it is unimpaired by active
material due to an active material layer-free
portion.

[0006]

It is an object of the present invention to
provide a battery that satisfies these
requirements and a manufacturing method for
the positive electrode plate used in this battery.

[0007]
[Solution to Problem]

A first aspect of the present invention used to
realize this object is a lithium secondary battery
comprising a case containing a group of
electrode plates, in which the positive electrode
plate and negative electrode plate are insulated
from each other via a separator, and the positive
electrode lead of the positive electrode is
located within the region of the opposing
negative electrode active material layer, the
lithium secondary battery characterized in that
the group of electrode plates is configured so
that the positive electrode lead is welded to a
region with a positive electrode active material-



free portion that is free of a positive electrode
active material layer in a range narrower than
the width of the positive electrode plate, and the
negative electrode lead of the negative
electrode is arranged outside of the positive
electrode active material layer region.
Preferably, the positive electrode active
material-free portion is formed in the minimum
area in which the positive electrode lead can be
stably welded to an edge of the positive
electrode plate.

[0008]

In the first aspect of the present invention,
because the area that is stripped to become a
free portion is smaller, more positive electrode
active material is utilized in the stripped portion,
contributing to higher battery capacitance.
Because the position of the positive electrode
lead for the positive electrode plate is in the
active material region of the negative electrode
plate, and the position for the negative
electrode plate is located outside of the positive
electrode active material layer, deformation
during winding the group of plates due to the
negative electrode lead can be prevented, and
a uniformly wound group of plates can be
obtained. By reducing the area of the positive
electrode-free portions, the positive electrode
active material layer is not obstructive in the
free portions, and the current density moves in
the direction of dispersion because the electrode
reaction area is larger. This results in an
excellent high-rate of discharge and reduced
manufacturing costs by reducing the number of
leads and amount of insulating tape used.

[0009]

A second aspect of the present invention is a
method for manufacturing a positive electrode
plate comprising, in sequential order, the steps
of: coating and drying a positive electrode
active material on a hoop-shaped current
collector; rolling the coated positive electrode
active material to form a hoop-shaped positive
electrode plate; stripping the positive electrode
active material from the hoop-shaped positive
electrode plate at a predetermined interval in
the width direction at predetermined feed
intervals in the length direction; removing the
stripped active material to form a free portion;
and welding the positive electrode lead to the
free portion and attaching insulation tape,
wherein the free portion is formed so as to be
twice the required area in the width direction of
the hoop-shaped positive electrode plate in the
stripping step and removal step, the hoop-
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shaped positive electrode plate with the free
portion is slit in the middle between the center
of the free portion and an adjacent free portion
to form a plurality of slit hoop-shaped positive
electrode plates, the hoop-shaped positive
electrode plates after slitting and division are
wound in parallel, positive electrode leads are
welded to the positive electrode active material-
free portion formed on an edge of the hoop-
shaped positive electrode plates after the
slitting, and insulating tape is affixed to the
positive electrode leads.

[0010]

Here, the stripping step can be a step of
pressing an ultrasonic horn against a
predetermined position on the hoop-shaped
positive electrode at a predetermined pressure
to strip the positive electrode active material
layer from the current collector, a step of
applying a solvent to predetermined positions
on the hoop-shaped positive electrode plate
using a coating nozzle device with a solvent
splash-preventing cover, and stripping the
positive electrode active material layer from the
current collector, or a step of applying a heated
metal plate that has been heated to a
predetermined temperature to a predetermined
position of the hoop-shaped positive electrode
plate at a predetermined pressure to strip the
positive electrode active material layer from the
current collector.

[0011]
[Embodiments of the Invention]

Embodiments of the present invention will now
be described with reference to the drawings.

[0012]

FIG. 1 is a plan view of the positive electrode
plate in the present invention. In the positive
electrode plate 1, a paste obtained by kneading
and dispersing a conductive agent, a thickener,
and a binding agent with a positive electrode
active material in a solvent is applied to one or
both sides of a current collector, which is made
of aluminum foil or lath-processed or etched foil
with a thickness of 10 ym to 60 pm, dried, and
rolled to create an active material layer.

[0013]
Positive electrode active materials include, but

are not limited to, a lithium-containing
transition metal compound that can accept



lithium ions as guests. Preferred examples
include composite metal oxides of lithium with
at least one metal selected from among cobalt,
manganese, nickel, chromium, iron and
vanadium, such as LiCoO;, LiMnO;, LiNiOy,
LiCOxNi(l-x)Oz (0 < X< 1), LiCrOz, GLiFeOZ, and
LiVO3.

[0014]

The binding agent is not limited as long as it can
be kneaded and dispersed in a solvent. For
example, fluorine-based binding agents, acrylic
rubbers, modified acrylic rubbers, styrene-
butadiene rubber (SBR), acrylic polymers, and
vinyl polymers can be used alone or in a mixture
or copolymer with two or more. Preferred
examples of fluorine-based binding agents
include polyvinylidene fluoride, copolymers of
vinylidene fluoride and hexafluoropropylene,
and polytetrafluoroethylene resin dispersions.

[0015]

The positive electrode active material and a
binding agent can be mixed with a conductive
agent and thickening agent if necessary.
Acetylene black, graphite, or carbon fiber, etc.
can be used as a conductive agent, either alone
or in a mixture of two or more, and ethylene-
vinyl  alcohol copolymer, carboxymethyl
cellulose, or methyl cellulose, etc. can be used
as a thickening agent.

[0016]

The solvent used should be one that the binding
agent can dissolve in. When an organic binding
agent is used, preferred solvents include organic
solvents such as N-methyl-2-pyrrolidone, N,N-
dimethylformamide, tetrahydrofuran,
dimethylacetamide, dimethyl sulfoxide,
hexamethylsulfuramide, tetramethylurea,
acetone, or methyl ethyl ketone, etc., or a
mixture of these solvents. When a water-based
binding agent is used, preferred solvents include
water and warm water.

[0017]

The method used to prepare the paste-like
compound by kneading and dispersing the
active material, binding agent, and a conductive
agent (if necessary) in a solvent is not
particularly limited. Examples include use of a
planetary mixer, homogenizer, pin mixer, or
kneader. These can be used alone or in
combination.

(5)

JP 2003-068271 A

[0018]

Various dispersants, surfactants, stabilizers, etc.
can also be added if necessary when kneading
and dispersing the paste-like compound.

[0019]

The step of coating the current collector and
drying in the present invention is not
particularly limited. For example, the kneaded
and dispersed paste-like compound can be
easily applied using a slit die coater, reverse roll
coater, lip coater, blade coater, knife coater,
gravure coater, or dip coater. Drying closer to
natural drying is preferred, but from a
productivity standpoint, drying at a temperature
from 70°C to 300°C for 5 hours to 1 minute is
preferred.

[0020]

The rolling step is carried out using a roll press
machine, and rolling is performed several times
at a linear pressure of 1,000 to 2,000 kg/cm
until the predetermined thickness is reached,
preferably while changing the linear pressure.

[0021]

The step of stripping the active material layer in
order to weld the positive electrode lead 2 to the
predetermined position on the positive electrode
plate 1 can be performed by selecting one of the
following means: the means shown in FIG. 5 of
applying  concave-convex processing at
predetermined intervals and predetermined
positions by arranging a grounded ultrasonic
horn 21a or small grounded ultrasonic horns
spaced in parallel and stripping the active
material layer from the current collector by
pressing the grounded parts or small ultrasonic
horns against the hoop-shaped positive
electrode plate 20 at a predetermined pressure;
the means shown in FIG. 6 of arranging a hot
plate 25 in a predetermined position on a hoop-
shaped positive electrode plate 20 and pressing
it against the plate at a predetermined pressure
to strip the active material layer from the
current collector; and the means shown in
FIG. 7 of arranging a coating nozzle device 28
with a solvent splash-preventing cover at a
predetermined position on the hoop-shaped
positive electrode plate 20 and applying a
solvent to strip the active material layer from
the current collector.



[0022]

By removing the stripped active material in the
removal step using a metal or resin brush 22 or
scraper plate 26 at the point where the active
material was stripped in the stripping step,
spark defects can be eliminated during lead
welding.

[0023]

The stripping and removal steps are performed
continuously at a predetermined pitch in the
length direction. Then, the active material layer
is slit from the center of the hoop-shaped free
portion 24 that has been stripped on the current
collector, each hoop-shaped electrode plate
divided along this slit is wound in parallel, and
the free portion 32 after slitting is located on a
certain side in the winding direction for welding
the positive electrode lead 2.

[0024]

A cylindrical lithium secondary battery using the
positive electrode plate 1 produced in this way
will now be described using FIG. 2.

[0025]

In FIG. 2, a spirally wound group of electrode
plates, in which the positive electrode plate 1
and the negative electrode plate 3 are insulated
via a separator 5, is housed in a bottomed
battery case 8 that is open at the top, the other
end of the positive electrode lead 2 connected
to the positive electrode plate 1 is connected to
a sealing plate used to seal the opening in the
battery case 8 via a gasket 9, and the other end
of the negative electrode lead 4 connected to
the negative electrode plate is connected to the
bottom of the battery case 8.

[0026]

When the group of electrode plates is prepared
using an electrode plate hoop with free portions
for welding leads, the leads are first welded and
attached to the electrode plate hoop while
maintaining constant tension, and then
insulating tape is applied. The positive electrode
plate 1 and the negative electrode plate 3 must
be insulated via a separator 5 and spirally
wound so that the position of the positive
electrode lead 2 of the positive electrode plate
1 is located within the negative electrode active
material layer region of the opposing negative
electrode plate 3.
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[0027]

The positive electrode plate 1 is welded to the
positive electrode active material-free portion
11 for welding the positive electrode lead 2.
However, from the standpoint of weldability
such as spot welding or resistance welding and
suppressing any decrease in battery
capacitance, the dimensions of the positive
electrode active material-free portion 11 should
be 5 mm to 15 mm in the width direction and
1 mm to 2 mm wider than the width of the
positive electrode lead 2 in the longitudinal
direction.

[0028]

The insulating tape 15 is affixed so that it does
not cover the active material layer of the
positive electrode plate 1, in order to enable a
uniformly wound group of electrode plates to be
obtained.

[0029]

The negative electrode plate 3 is created by
coating and then drying one side of the current
collector with a paste-like compound obtained
by kneading and dispersing a negative electrode
active material, a binding agent, and, if
necessary, a conductivity aid, in an organic
solvent, followed by coating and drying the
other side of the current collector before rolling.

[0030]

The current collector of the negative electrode
consists of a copper foil, lath-finished foil, or
etched foil, with a preferred thickness in the
range of 10 pm to 50 pm.

[0031]

The negative-electrode active material is not
limited to any particular material. For example,
carbon materials obtained by firing organic
polymer compounds (phenol resin,
polyacrylonitrile,  cellulose, etc.), carbon
materials obtained by firing coke or pitch,
artificial graphite, and natural graphite, etc. can
be used in the form of spheres, flakes, or clumps.

[0032]
Any of the binding agents for the positive

electrode plate can be used as a binding agent,
and a thickener that can be added if needed.



[0033]

Use of microporous polyolefin resins such as
polyethylene and polypropylene resins is
preferred as the separator 5.

[0034]

The negative electrode plate 3 has the negative
electrode lead 4 welded to the negative
electrode active material-free portion 12.
However, since it is preferable to configure the
electrode group so that the negative electrode
lead 4 is located outside of the positive electrode
active material layer region, the negative
electrode lead 4 is attached to the longitudinal
end of the negative electrode plate 3 and placed
at the beginning edge of the group of electrode
plates when the positive electrode plate 1 and
the negative electrode plate 3 start to be
simultaneously wound together, or the negative
electrode lead 4 is placed at the beginning of the
group of electrode plates when the negative
electrode plate 3 starts to be wound ahead of
the positive electrode plate 3. Since the
negative electrode active material-free portion
12 is outside the region of the positive electrode
active material layer, the capacitance is reduced
even when formed along the entire width.
However, from the standpoint of lowering
production costs by reducing the number of
leads and amount of insulating tape used, a
range from 5 mm to 15 mm is preferred. The
upper and lower portions of the group of
electrode plates are provided with insulating
plates 6, 7.

[0035]

The battery case 8 is filled with a non-aqueous
electrolyte and then sealed with a sealing plate
10 including a safety mechanism, by inwardly
crimping the periphery of the opening of the
battery case 8 via an insulating gasket 9.

[0036]

The electrolytic solution is
dissolving an electrolyte

prepared by
in a non-aqueous

solvent. Examples of non-aqueous solvents
include ethylene carbonate, propylene
carbonate, butylene carbonate, dimethyl
carbonate, diethyl carbonate, gamma-

butyrolactone, 1,2-dimethoxyethane, 1,2-
dichloroethane, 1,3-dimethoxypropane, 4-
methyl-2 pentanone, 1,4-dioxane, acetonitrile,
propionitrile, butyronitrile, valeronitrile,
benzonitrile, sulfolane, 3-methyl-sulfolane,
tetrahydrofuran, 2-methyl-tetrahydrofuran,
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dimethylformamide, dimethylsulfoxide,
dimethylformamide, dimethyl sulfoxide,
dimethylformamide, trimethyl phosphate, and
triethyl phosphate. These non-aqueous solvents
can be used alone or in a mixture of two or more.

[0037]

Lithium salts with strong electron-withdrawing
properties can be used as the electrolyte in the
nonaqueous electrolytic solution. Examples
include LiPFs, LiBF4, LiClO4, LiAsFe, LiCF3SO0s3,
LiN(SOzCF3)2, LiN(SOzCst)z, and LiC(SOzCF3)3.
These electrolytes may be used alone or in
combinations of two or more. These electrolytes
are preferably dissolved in the non-aqueous
solvent at a concentration of 0.5 to 1.5 M.

[0038]
[Examples]

The present invention will now be described in
detail with reference to examples and
comparative examples, which in no way limit the
invention.

[0039]

(Example 1) A positive electrode active
material-free portion 11 for welding the positive
electrode lead 2 to the positive electrode plate
1 shown in FIG. 1 (a) was created as follows.

[0040]

First, in the step of coating and drying the
positive electrode active material on the current
collector, 100 parts by weight of lithium
cobaltate serving as the positive electrode
active material, 3 parts by weight of acetylene
black serving as a conductive agent, 4 parts by
weight of polytetrafluoroethylene (PTFE) resin
serving as a binding agent in terms of solids,
and 0.8 parts by weight of carboxymethyl
cellulose were kneaded and dispersed using
water as a solvent to prepare a paste. This paste
was applied continuously and intermittently to a
current collector consisting of a strip of 20 ym-
thick aluminum foil, dried, and then heat-
treated at 250°C for 10 hours, resulting in a
thickness of 290 um. This was then rolled to a
predetermined thickness in the rolling step.

[0041]
The rolling step was performed by performing

rolling three times at a linear pressure of
1,000 kg/cm to a thickness of 180 pm.



[0042]

In the step of stripping the active material to
form a free portion to weld the positive
electrode lead 2, in order to ensure that the
dimensions to be stripped were 5.0 mm in the
width direction and 6.0 mm in the longitudinal
direction on the hoop-shaped electrode plate 20
as shown in FIG. 5, an active material stripping
device 21 with a concavo-convex processing
ultrasonic horn 21a made of SUS316 with
grounded and ungrounded portions during
concavo-convex processing at predetermined
intervals was used to press against the hoop-
shaped electrode plate 20 at 0.1 MPa of
pressure to strip the active material layer and
form a hoop-shaped stripped portion 23.

[0043]

In the step of removing the stripped active
material layer, the metal foil portion of the
current collector was exposed using an active
material-removing tool 22 consisting of a
rotating brass brush. This stripped and removed
the active material layer from multiple locations
on the hoop-shaped electrode plate 20 in the
width direction to form a hoop-shaped free
portion 24.

[0044]

The stripping and removal steps are performed
continuously at a pitch of 355 mm in the
longitudinal direction relative to the length of
the hoop-shaped electrode plate 20. The hoop-
shaped electrode plate 20 was slit from the
center of the hoop-shaped free portion 24, and
the separate hoop-shaped electrode plates 33
were wound so that the slitted free portion 32
was located on a certain side relative to the
winding direction.

[0045]

The negative electrode plate 3 shown in
FIG. 1 (b) was created as follows.

[0046]

First, in the step of coating and drying the
negative electrode active material on the
current collector, 100 parts by weight of flaky
graphite capable of absorbing and releasing
lithium serving as the negative electrode active
material, 4 parts by weight of a water-soluble
dispersion of styrene butadiene rubber (SBR)
serving as the binding agent, 0.8 parts by
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weight of carboxymethyl cellulose serving as a
thickening agent were kneaded and dispersed in
water serving as the solvent to form a paste.

[0047]

This paste was applied continuously and
intermittently to a current collector consisting of
a strip of 14 pm-thick copper foil, then dried at
110°C for 30 minutes, resulting in a thickness
of 300 pm.

[0048]

The rolling step was performed by performing
rolling three times at a linear pressure of
110 kg/cm to a thickness of 196 um.

[0049]

In the step of stripping the active material to
form a free portion to weld the negative
electrode lead 4, in order to ensure that the
dimensions to be stripped were 10.0 mm in the
width direction and 5.0 mm in the longitudinal
direction on the hoop-shaped electrode plate 20
as shown in FIG. 5, small ultrasonic horns
arranged in parallel at predetermined intervals
were used to press against the hoop-shaped
electrode plate 20 at 0.2 MPa of pressure to strip
the active material layer.

[0050]

An active material-removing tool 26 consisting
of a rotating brass brush was then used to
remove the stripped negative electrode active
material in the same manner as the positive
electrode plate 1. This was done continuously in
the longitudinal direction of the hoop-shaped
electrode plate 20 at a pitch of 430 mm in the
longitudinal direction. The hoop electrode plate
was slit from the center of the hoop-shaped free
portion 24 and the slit hoop-shaped electrode
plates 33 were wound in parallel with reference
to the slit position 31, so that the free portion
32 after slitting was positioned on a certain side
in the winding direction.

[0051]

The positive electrode lead 2 or the negative
electrode lead 4 are preferably welded to the
slitted free portion 32 on the slitted hoop-
shaped electrode plates 33 under a certain
tension just before the electrode group is
formed because this method is superior in terms
of mass production.



[0052]

In the case of the positive electrode lead 2, an
aluminum positive electrode lead 2 that is
4.5 mm wide and 14.0 mm long is spot-welded
to the slitted free portion 32 while keeping the
slitted hoop-shaped electrode plate 33 under
constant tension at 0.71 N/cm, and
polypropylene resin insulating tape 15 that is
6.0 mm wide and 11.0 mm long was affixed to
cover the positive electrode lead 2 and prevent
an internal short circuit. In other words, a
positive electrode plate 1 with a width
dimension of 38 mm and a length dimension of
355 mm having a positive electrode active
material-free portion 11 with a width dimension
of 5 mm and a length dimension of 6 mm for
welding the positive electrode lead 2 was
prepared, and this was designated as positive
electrode A.

[0053]

In the case of the negative electrode lead 4, a
nickel negative electrode lead 4 that is 4.0 mm
wide and 30 mm long is spot-welded to the
slitted free portion 32 while keeping the slitted
hoop-shaped electrode plate 33 under constant
tension at 0.95 N/cm, and polypropylene resin
insulating tape 15 that is 5.0 mm wide and
16.0 mm long was affixed to cover the negative
electrode lead 4 and prevent an internal short
circuit. In other words, a negative electrode
plate 3 with a width dimension of 40 mm and a
length dimension of 430 mm having a negative
electrode active material-free portion 12 with a
width dimension of 30 mm and a length
dimension of 5.5 mm for welding the negative
electrode lead 4 was prepared.

[0054]

A spirally wound group of electrode plates, in
which the positive electrode A and the negative
electrode plate 3 were insulated via a separator
5, was housed in a bottomed battery case 8 that
is open at the top, so that the position of
positive electrode lead 2 of positive electrode A
is located within the negative electrode active
layer region of the opposing negative electrode
3 and the position of negative electrode lead 4
of the negative electrode 3 is located outside of
the positive active layer region of the opposing
positive electrode A, the other end of the
positive electrode lead 2 connected to the
positive electrode A was connected to the
sealing plate 10, and the other end of the
negative lead 4 connected to the negative
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electrode 3 was connected to the bottom of the
battery case 8.

[0055]

An upper insulating plate 6 and a lower
insulating plate 7 were placed above and below
the group of electrode plates.

[0056]

An electrolyte solution containing 1.3 mol of
lithium hexafluorophosphate (LiPFs) serving as
the electrolyte in a mixed solvent of ethylene
carbonate and ethyl methyl carbonate was
poured into the battery case 8 to a
predetermined volume, and the battery case
was sealed with the sealing plate 10 via a
polypropylene resin gasket 9 to produce an
ICR17500 size battery with a capacitance of
800 mAh. This was designated as battery A.

[0057]

Positive electrode plates B to D were made in
the same way except that the dimensions of the
free portion 11 in battery A in the width
direction were 10 mm, 15 mm, 20 mm, and
30 mm. These were wused in batteries
designated as batteries B to D.

[0058]

(Example 2) The slitted free portion 32 welded
the positive electrode lead 2 to positive
electrode plate 1 shown in FIG. 3 (a) was made
as follows.

[0059]

A hoop-shaped electrode plate 20 with a
thickness of 180 pym was made by coating,
drying, and rolling as in Example 1. A heating
plate 25 as shown in FIG. 6 was placed at a
position on the hoop-shaped electrode plate 20
so that the dimensions to be stripped off the
hoop-shaped electrode plate 20 were 5.0 mm in
the width direction and 6.0 mm in the
longitudinal direction. This was pressed against
the hoop-shaped electrode plate 20 at a
pressure of 0.3 MPa to strip off the active
material layer and form a hoop-shaped stripped
portion 23.

[0060]
In the step of removing the stripped active

material layer, the active material was stripped
off in the width direction of the hoop-shaped



electrode plate 20 by exposing the metal foil
portion of the current collector using an active
material-removing tool 26 consisting of a
urethane resin scraper plate to complete the
hoop-shaped free portion 24 for welding the
positive electrode lead 2.

[0061]

This was done continuously in the length
direction of the hoop-shaped electrode plate 20
at a pitch of 355 mm, which is the longitudinal
dimension of the electrode plate. The hoop
electrode plate was slit from the center of the
hoop-shaped free portion 24 and the slit hoop-
shaped electrode plates 33 were wound in
parallel with reference to the slit position 31, so
that the slitted free portion 32 for welding the
positive electrode lead 2 was positioned on a
certain side in the winding direction.

[0062]

This positive electrode plate 1, which was
prepared in the same way as in Example 1, was
used as positive electrode E. As in Example 1, a
spirally wound group of electrode plates, in
which the positive electrode E and the negative
electrode plate 3 were insulated via a separator
5, was housed in a bottomed battery case 8 that
is open at the top as shown in FIG. 2, so that
the position of positive electrode lead 2 of
positive electrode E is located within the
negative electrode active layer region of the
opposing negative electrode 3 and the position
of negative electrode lead 4 of the negative
electrode 3 is located outside of the positive
active layer region of the opposing positive
electrode E, the other end of the positive
electrode lead 2 connected to the positive
electrode E was connected to the sealing plate
10, and the other end of the negative lead 4
connected to the negative electrode 3 was
connected to the bottom of the battery case 8.
This battery, prepared in the same manner as in
Example 1, was designated battery E.

[0063]

(Example 3) A free portion 11 for welding the
positive electrode lead 2 to the positive
electrode plate 1 shown in FIG. 3 (a) was
prepared as follows.

[0064]
As in Example 1, a hoop-shaped electrode plate

20 with a thickness of 180 ym was made by
coating and drying the positive electrode active
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material on a current collector before
performing rolling. In the step of stripping the
active material to form a free portion 11 for
welding the positive electrode lead 2, using an
application nozzle device 27 with a solvent
splash preventing cover 28, a solvent consisting
of ethanol was applied for 30 seconds at
predetermined intervals so that the dimensions
to be stripped on the hoop-shaped electrode
plate 20 shown in FIG. 7 were 15.0 mm in the
width direction and 6.0 mm in the longitudinal
direction, and the active material layer was
stripped off to form a hoop-shaped stripped
portion 23.

[0065]

A positive electrode plate 1 made in the same
way as in Example 1 in all other respects was
used as positive electrode F, and a battery made
with this plate was designated as battery F.

[0066]

(Comparative Example) A positive electrode
plate 1 made in the same way as in Example 1,
except that the dimensions of the free portion
11 of the positive electrode plate 1 was 38 mm
in the width direction and 6 mm in the
longitudinal dimension, that is, the free portion
covered the entire width direction, was used as
positive electrode G, and a battery made with
this plate was designated as battery G.

[0067]

The relationship between the lead ground area
in the free portion 11 and electrical resistance
was evaluated for positive electrode plate A to
positive electrode G. In the evaluation method,
20 units each of positive electrode plates A to G
were prepared as shown in FIG. 4,
measurement points 11a were set on the free
portion where the active material layer had been
stripped off and removed at the bottom edge of
positive electrode plate 1, which is the longest
distance from the welding position of the
positive electrode lead 2, and electrical
resistance between the points was measured
with a digital milliohm meter. The results are
shown in Table 1.
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[0068]
[Table 1]
Positive

Positive Electrode Discharge Discharge Discharge

Electrode Battery Bare Portion Plate Capacitance Rate Rate
Electrical 0.2C 1C/0.2C 2C/0.2C
Resistance

Positive Battery A 5mm 20.5 mQ 846 mAh 96.1% 88.3%
Electrode A

Positive Battery B 10 mm 20.4 mQ 842 mAh 96.3% 88.0%
Electrode B

Positive Battery C 15 mm 20.3 mQ 839 mAh 96.2% 87.7%
Electrode C

Positive Battery D 20 mm 20.3 mQ 837 mAh 96.0% 86.2%
Electrode D

Positive Battery E 30 mm 20.5 mQ 834 mAh 96.2% 85.1%
Electrode E

Positive Battery F 5 mm 848 mAh 96.3% 87.8%
Electrode F

Positive Battery G 38 mm 830 mAh 95.8% 80.2%
Electrode G (entire width)

There was concern that electrical resistance
might increase as the lead grounding area in the
free portion 11 decreased, but it is clear from
the results in Table 1 that there was no
significant difference in electrical resistance
between positive electrode plate G with a free
portion 11 extending across the full width of
positive electrode plate 1 and positive electrode
plate A to positive electrode F, in which the
positive electrode lead 2 is provided in a free
portion 11 of the present invention.

[0069]

Next, 20 cells each of batteries A to G were
prepared for evaluation of discharge
characteristics, and the average results are
shown in Table 1.

[0070]

The test conditions at 20°C were constant-
current/constant-voltage charging at a charging
current of 160 mA (0.2 C) and a termination
voltage of 4.2 V, and constant-current
discharging at discharge currents of 160 mA
(0.2 C), 800 mAh (1.0 C), and 1600 mA (2.0 C)
and a termination voltage of 3.0 V.

[0071]

The results in Table 1 show that as the
dimensions, or area, of the free portion 11 are
reduced, the area of the positive electrode
active material opposing the negative electrode

is enlarged, and the battery capacitance is
improved by 0.2 C as a percentage of the
enlargement. The discharge rate at 1.0 C
(1.0 C/0.2 C) does not correlate with the
dimensions of the active material-free portion.
However, the discharge rate at 2.0C
(2.0 C/0.2 C) is significantly different between
battery G with a full-width free portion and
batteries A to F without a full-width free portion,
so it was found that the range of 5 mm to 15mm
for the free portion 11 is particularly desirable.
This is believed to have occurred because
positioning the positive electrode lead 2 of the
positive electrode plate 1 in the active material
region of the negative electrode plate 3, and
positioning the negative electrode lead 4 of the
negative electrode plate 3 outside of the
positive electrode active material layer, prevents
deformation of the group of plates by negative
electrode lead 4 when winding the group of
plates, and results in a uniformly wound group
of plates. In addition, by reducing the area of
the free portion 11, the positive electrode active
material layer is not blocked by the free portion
11, and by expanding the electrode plate
reaction area, the current density moves in the
direction of dispersion, which is thought to have
resulted in the effect of a high discharge rate of
2.0 C.

[0072]
In this example, cylindrical ICR17500 size

batteries were used, but naturally the same
effect can be obtained using square batteries.



In battery systems where the battery size is
smaller and the length of the electrode plates is
shorter, the partially active material-free
portions of the present invention are effective in
maintaining battery capacitance.

[0073]
[Effects of the Invention]

As explained above, in the present invention,
the positive electrode lead is welded to a portion
free of positive electrode active material that is
narrower than the width of the positive
electrode plate and is located within the
opposing negative electrode active material
layer region, and the negative electrode lead is
located outside the positive electrode active
material layer region. As a result, the area of
the electrode plate contributing to the reaction
is increased, battery capacitance is increased,
and high-rate discharge performance is
improved. In addition, the number of leads and
the amount of insulating tape used can be
reduced, thereby lowering manufacturing costs.

[Brief Description of the Drawings]

[FIG. 1] FIG. 1 (a) is a plan view of the positive
electrode plate and FIG. 1 (b) is a plan view of
the negative electrode plate in an embodiment
of the present invention.

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

[FIG. 3] FIG. 3 (@) is a plan view of the positive
electrode plate and FIG. 3 (b) is a plan view of
the negative electrode plate in another
embodiment of the present invention.

[FIG. 4] FIG. 4 is a plan view showing the
method wused to measure the electrical
resistance with the positive electrode plate.

[FIG. 5] FIG. 5 is a perspective view of a method

used to manufacture the positive electrode plate.

[FIG. 6] FIG. 6 is a perspective view of another
method used to manufacture the positive
electrode plate.

[FIG. 7] FIG. 7 is a perspective view of yet
another method used to manufacture the
positive electrode plate.
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[FIG. 8] FIG. 8 (a) is a plan view of the positive
electrode plate and FIG. 8 (b) is a plan view of
the negative electrode plate of a conventional
example.

[Reference Numbers]

: Positive electrode plate

: Positive electrode lead

: Negative electrode plate

: Negative electrode lead

: Separator

: Battery case

11: Positive electrode active material-free portion
12: Negative electrode active material-free
portion

15: Positive electrode insulating tape

16: Negative electrode insulating tape
20: Hoop-shaped electrode plate

21: Ultrasonic stripping device

21a: Ultrasonic horn

22, 26, 29: Active material-removing tool
23: Hoop-shaped stripped portion

24: Hoop-shaped free portion

25: Heating plate

27: Solvent applying device

28: Solvent splash-preventing cover

31: Slit position

32: Slitted free portion

33: Slitted electrode plate
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[FIG. 5] [FIG. 6]

[FIG. 7] [FIG. 8]
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