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(54) [Title of the Invention] Organic Electrolyte Battery and Manufacturing Method Therefor

(57) [Abstract]

[Problem] To provide an organic electrolyte battery that
can prevent lithium dendrite precipitation caused by
exposed metal portions on the surface of the negative
electrode layer, prevent erosion of exposed metal
portions, achieve high voltage and high energy density,
and realize excellent mass production and reliability.

[Solution] When manufacturing an organic electrolyte
battery of the type in which lithium ions are carried in the
electrode layer and an negative electrode is used with an
exposed metal portion on the surface of the negative
electrode layer, the exposed metal portion is coated with
an insulating composition in liquid or paste-like form, a
separator is overlaid on the negative electrode layer
before the insulating composition has cured to enable the
insulating composition to penetrate into the separator,
and the insulating composition is cured.

[Selected Drawing] FIG. 3

Zhuhai CosMX Battery Co. EX1016

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

An organic electrolyte battery comprising:

an organic electrolyte;

a positive electrode composed of a positive electrode layer and a positive electrode current collector;
a negative electrode composed of a negative electrode layer and a negative electrode current collector,
and an exposed metal portion on the surface of the negative electrode layer; and

a separator interposed between the positive electrode and the negative electrode to separate the
positive electrode and the negative electrode,

the organic electrolyte battery characterized in that the organic electrolyte solution contains a lithium
salt and a non-protonic organic solvent,

the negative electrode layer contains a substance capable of reversibly absorbing lithium ions, and
when viewing the organic electrolyte battery from a direction orthogonal to the cross-section of the
layers composed of the positive electrode, the separator, and the negative electrode,

the portion of the separator that overlaps the exposed metal portion is impregnated with an insulating
composition,

the insulating composition being in contact with the exposed metal portion such that the insulating
composition completely covers the exposed metal portion, and

at least a portion of the insulating composition being in contact with or permeating the positive
electrode layer.

[Claim 2]

The organic electrolyte battery according to claim 1, wherein when the organic electrolyte battery is
viewed from a direction orthogonal to the cross-section, the portion of the surface of the positive
electrode layer that overlaps the exposed metal portion is completely covered by the insulating
composition.

[Claim 3]

The organic electrolyte battery according to claim 1 or 2, wherein the positive electrode and the
negative electrode are wound together via a separator.

[Claim 4]

The organic electrolyte battery according to any one of claims 1 to 3, wherein the negative electrode
tab terminal is joined to the negative electrode by stitching.

[Claim 5]

The organic electrolyte battery according to any one of claims 1 to 4, wherein the positive electrode
current collector and the negative electrode current collector each have holes passing through the
front and back surfaces.

[Claim 6]

A method for manufacturing an organic electrolyte battery comprising:

an organic electrolyte;

a positive electrode composed of a positive electrode layer and a positive electrode current collector;

a negative electrode composed of a negative electrode layer and a negative electrode current collector,
and an exposed metal portion on the surface of the negative electrode layer; and

a separator interposed between the positive electrode and the negative electrode to separate the
positive electrode and the negative electrode,

the method characterized in that the organic electrolyte solution contains a lithium salt and a non-
protonic organic solvent,

the negative electrode layer contains a substance capable of reversibly absorbing lithium ions, and the
method comprises:
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coating the exposed metal portion with an insulating composition in liquid or paste-like form;
overlaying the separator on the negative electrode layer before the insulating composition has cured;
allowing the insulating composition to penetrate into the separator; and

curing the insulating composition.

[Claim 7]

The method for manufacturing an organic electrolyte battery according to claim 6, further comprising:
overlaying the separator on the negative electrode layer and overlaying the positive electrode layer
thereupon to allow the insulating composition to penetrate into the positive electrode layer; and
curing the insulating composition.

[Claim 8]

The method for manufacturing an organic electrolyte battery according to claim 6 or 7, further
comprising winding the positive electrode and the negative electrode together via a separator.

[Claim 9]

The method for manufacturing an organic electrolyte battery according to any of claims 6 to 8, ,
further comprising joining the negative electrode tab terminal to the negative electrode by stitching.

[Claim 10]

The method for manufacturing an organic electrolyte battery according to any of claims 6 to 9,
wherein the positive electrode current collector and the negative electrode current collector each have
holes passing through the front and back surfaces.

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

The present invention relates to a method for manufacturing a battery (organic electrolyte battery)
using an electrolyte (organic electrolyte) in which the supporting electrolyte is dissolved in an organic
solvent.

[Background Art]
[0002]

As electronic devices have become smaller, thinner, and more functionally capable in recent years, the
demand for smaller, thinner, lighter, higher capacitance, and higher voltage batteries for use as main
and backup power sources for such devices has also increased. Various types of primary and
secondary batteries are used as these batteries. Among these, secondary batteries that can be
repeatedly charged and discharged and do not require replacement are particularly suitable for these
applications.

[0003]

Examples of such secondary batteries include lithium-ion batteries and nickel-metal hydride batteries,
etc., primarily for main power supply applications, and manganese-lithium alloy and manganese-
silicon lithium batteries for backup applications. While these are all 3V-type batteries and have high
capacitance, problems remain with reliability characteristics such as cycle characteristics and over-
discharge characteristics. Meanwhile, organic capacitors, such as electric double-layer capacitors, have
excellent cycle life and high-temperature load characteristics, but their capacitance is relatively small,
mainly 2 V, so higher voltage and higher capacitance are desired.
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[0004]

Energy storage devices that combine the energy storage principles of lithium-ion batteries and electric
double-layer capacitors have been attracting attention in recent years as energy storage devices that
can simultaneously meet requirements for high capacitance, high output, and high reliability. One of
these is an organic electrolyte capacitor that can significantly improve energy density by lowering the
negative electrode potential through chemically or electrochemically absorbing lithium ions into a
carbon material that can absorb and desorb (load and dope) lithium ions in advance (see Patent
Document 1).

[0005]

Although this type of organic electrolyte capacitor is expected to have high performance, it requires an
extremely long time to absorb lithium ions in the negative electrode layer in advance, and there are
problems with absorbing lithium ions uniformly throughout the entire negative electrode layer.
Practical application has been particularly difficult for large, high-capacitance cells such as cylindrical
batteries with wound electrodes and square batteries with multiple electrode layers stacked on top of
each other.

[0006]

An organic electrolyte battery has been proposed as a solution to these problems in which the positive
electrode current collector and the negative electrode current collector each have holes passing
through the front and back surfaces. The negative electrode active material can reversibly absorb
lithium ions, and lithium ions are absorbed in the negative electrode layer via electrochemical contact
with lithium metal placed opposite the negative or positive electrode (see Patent Document 2). In
other words, Patent Document 2 discloses a cylindrical, wound lithium-ion battery in which, in one
example of an organic electrolyte battery, lithium metal is attached to the outermost negative
electrode current collector of a wound unit (wound electrode unit) consisting of a positive electrode
and negative electrode wound together via a separator, or cylinder-shaped lithium metal is placed in
the center of this wound unit, and the lithium metal is electrically connected to the negative electrode
layer to absorb lithium ions into the negative electrode layer.

[Patent Document 1] JP H08-107048 A (Claims)
[Patent Document 2] WO 98/033227 Al (Claims)
[Summary of the Invention]

[Technical Problem]

[0007]

In an organic electrolyte battery of the type described above in which lithium ions are loaded in the
electrode layer, crystals called lithium dendrites precipitate as the battery passes through charge-
discharge cycles, causing short circuits and capacitance degradation. This phenomenon tends to occur
on the periphery of the electrode, where the electric field is concentrated. To prevent this, measures
such as making the periphery of the negative electrode larger than that of the positive electrode and
covering the periphery of the electrode with insulating material are usually taken.

[0008]

In addition to the periphery of the electrode, if metal is exposed on the surface of the negative
electrode layer due to the configuration of the battery, the electric field may be concentrated in that
region and lithium dendrites may precipitate, as described above. For example, in a cell design in
which the negative electrode tab terminal is stitched from the back side of the electrode current
collector on which the negative electrode layer is formed to join the negative electrode tab terminal to
the negative electrode, metal portions of the negative electrode current collector and tab terminal
flattened by pressure are inevitably exposed on the surface of the negative electrode layer at the
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joined position. (Note that this stitching is sometimes generally referred to as “stitching to the
electrode current collector,” but this expression focuses on the target surface where the stitching is
performed and has the same meaning as “stitching to the electrode” in the present invention.)

[0009]

For example, as shown in FIG. 1, stitching is a physical joining method in which an electrode
consisting of an electrode layer 6 and an electrode current collector 5 is overlaid on the tab terminal
pressure flattened portion 2 of a tab terminal 1 consisting of a tab terminal pressure flattened portion
2, a tab terminal round bar portion 3, and a tab terminal CP wire portion 4, a stitching needle is
passed through the electrode from the tab terminal pressure flattened portion 2 side, and the folded
electrode and tab terminal pressure flattened portion 2 is crushed to form a petal 8. This petal portion
8 is exposed on the surface of the negative electrode layer as a metal portion. In FIG. 1, arrow 7
indicates the direction in which the stitching needle passes.

[0010]

In such cases, lithium precipitation occurs on the exposed metal portion of the surface of the negative
electrode layer, represented by the petal portion in the stitching. Therefore, the metal portion exposed
on the surface of the negative electrode layer has to be covered with an insulating material. A simple
method of covering the exposed metal surface is to apply insulating sealing tape, but this method has
the following problems.

[0011]

When the metal portion 16 exposed on the surface of the negative electrode layer is covered with
insulating sealing tape 14, as shown in FIG. 2, the portion on the positive electrode (denoted by 17 in
FIG. 2) opposite the separator from the negative electrode covered portion loses its counter electrode
properties for charging and discharging.

[0012]

In such a case, the electric field is concentrated in the vicinity 15 of the negative electrode covered
portion, and lithium dendrites may precipitate. To prevent this, the portion 17 of the positive electrode
layer that is opposite to the negative electrode coated portion via a separator is also covered with the
same insulating sealing tape 14', as shown in Fig. 6, or the separator is covered with a sealing tape
with insulating properties. In both cases, the manufacturing process is complicated, leading to a
decrease in productivity.

[Solution to Problem]
[0013]

One aspect of the present invention is an organic electrolyte battery comprising:

an organic electrolyte;

a positive electrode composed of a positive electrode layer and a positive electrode current collector;
a negative electrode composed of a negative electrode layer and a negative electrode current collector,
and an exposed metal portion on the surface of the negative electrode layer; and

a separator interposed between the positive electrode and the negative electrode to separate the
positive electrode and the negative electrode,

the organic electrolyte battery characterized in that the organic electrolyte solution contains a lithium
salt and a non-protonic organic solvent,

the negative electrode layer contains a substance capable of reversibly absorbing lithium ions, and
when viewing the organic electrolyte battery from a direction orthogonal to the cross-section of the
layers composed of the positive electrode, the separator, and the negative electrode,

the portion of the separator that overlaps the exposed metal portion is impregnated with an insulating
composition,

the insulating composition being in contact with the exposed metal portion such that the insulating
composition completely covers the exposed metal portion, and
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at least a portion of the insulating composition being in contact with or permeating the positive
electrode layer.

[0014]

This aspect of the present invention provides an organic electrolyte battery that can prevent lithium
dendrite precipitation due to exposed metal portions on the surface of the negative electrode layer.
Also, an organic electrolyte battery that prevents erosion of exposed metal portions can be obtained.

[0015]

When the organic electrolyte battery is viewed from a direction orthogonal to the cross-section, the
portion of the surface of the positive electrode layer that overlaps the exposed metal portion is
preferably completely covered by the insulating composition.

[0016]

Another aspect of the present invention is a method for manufacturing an organic electrolyte battery
comprising:

an organic electrolyte;

a positive electrode composed of a positive electrode layer and a positive electrode current collector;
a negative electrode composed of a negative electrode layer and a negative electrode current collector,
and an exposed metal portion on the surface of the negative electrode layer; and

a separator interposed between the positive electrode and the negative electrode to separate the
positive electrode and the negative electrode,

the method characterized in that the organic electrolyte solution contains a lithium salt and a non-
protonic organic solvent,

the negative electrode layer contains a substance capable of reversibly absorbing lithium ions, and the
method comprises:

coating the exposed metal portion with an insulating composition in liquid or paste-like form;
overlaying the separator on the negative electrode layer before the insulating composition has cured;
allowing the insulating composition to penetrate into the separator; and

curing the insulating composition.

[0017]

This aspect of the present invention can prevent lithium dendrite precipitation due to exposed metal
portions on the surface of the negative electrode layer, and can also realize an organic electrolyte
battery that can prevent erosion of exposed metal portions and that has good mass production
efficiency.

[0018]

Preferably the method further comprises: overlaying the separator on the negative electrode layer and
overlaying the positive electrode layer thereupon to allow the insulating composition to penetrate into
the positive electrode layer; and curing the insulating composition.

[0019]

In two aspects of the present invention, preferably, the method further comprises winding the positive
electrode and the negative electrode together via a separator (which may also have been wound), and
joining the negative electrode tab terminal to the negative electrode by stitching (which also may have
been joined), wherein the positive electrode current collector and the negative electrode current
collector each have holes passing through the front and back surfaces.

[Effects of the Invention]

[0020]
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The present invention can prevent lithium dendrite precipitation due to exposed metal portions on the
surface of the negative electrode layer. It can also prevent erosion of exposed metal portions. Organic
electrolyte batteries with high voltage, high energy density, mass production properties, and high
reliability can be realized.

[Best Mode of Carrying Out the Invention]
[0021]

The following is a description of an embodiment of the invention using figures, tables, and examples,
etc. These figures, tables, examples, etc., and descriptions are intended to illustrate the invention and
do not limit the scope of the invention. It goes without saying that other embodiments may be
encompassed by the scope of the invention as long as they conform to the purpose of the invention.
In the figures, identical elements are denoted by the same reference numbers.

[0022]
(Organic electrolyte battery)

The present invention is an organic electrolyte battery comprising:

an organic electrolyte;

a positive electrode composed of a positive electrode layer and a positive electrode current collector;

a negative electrode composed of a negative electrode layer and a negative electrode current collector,
and an exposed metal portion on the surface of the negative electrode layer; and

a separator interposed between the positive electrode and the negative electrode to separate the
positive electrode and the negative electrode.

[0023]

In this organic electrolyte battery,

the organic electrolyte solution contains a lithium salt and a non-protonic organic solvent,

the negative electrode layer contains a substance capable of reversibly absorbing lithium ions, and
when viewing the organic electrolyte battery from a direction orthogonal to the cross-section of the
layers composed of the positive electrode, the separator, and the negative electrode,

the portion of the separator that overlaps the exposed metal portion is impregnated with an insulating
composition,

the insulating composition being in contact with the exposed metal portion such that the insulating
composition completely covers the exposed metal portion, and

at least a portion of the insulating composition being in contact with or permeating the positive
electrode layer.

[0024]

This is shown schematically in FIG. 7. In FIG. 7, the organic electrolyte battery is composed of a
positive electrode 18 composed of a positive electrode layer 10 and a positive electrode current
collector 9, a negative electrode 19 composed of a negative electrode layer 12 and a negative
electrode current collector 11, and a separator 13 interposed between the positive electrode 18 and
the negative electrode 19 to separate the positive electrode 18 and the negative electrode 19. This is
filled in its entirety with an organic electrolyte.

[0025]

The negative electrode 19 has an exposed metal portion 16, and when viewing the organic electrolyte
battery from a direction orthogonal to the cross-section of the layers composed of the positive
electrode 18, the separator 13, and the negative electrode 19 (the view from the top of the paper
toward the bottom of the paper in FIG. 7), the insulating composition 71 is in contact with the
exposed metal portion 16 such that the insulating composition 71 impregnated in the separator 13
completely covers the exposed metal portion 16, and comes into contact with the positive electrode
layer.
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[0026]

In this way, the organic electrolyte battery in which the organic electrolyte solution contains a lithium
salt and a non-protonic organic solvent and the negative electrode layer contains a material capable of
reversibly absorbing lithium ions, unlike a case in which the separator is covered in at least two places
with insulating tape as described above, can effectively suppressed lithium deposition simply by
impregnating the separator with the insulating composition. In addition, since the metal portions are
no longer directly exposed to the organic electrolyte, erosion of the metal portions can be prevented.

[0027]

The lithium ion source (such as the lithium in lithium foil, etc.) in the present invention is usually
provided on another conductor. This conductor is sometimes called a lithium electrode current
collector, and the lithium on the conductor is called a lithium electrode. For example, lithium metal can
be formed on a conductive porous material. Use of a metal porous material that does not react with
the lithium ion source, such as a stainless steel mesh, is preferred as such a conductive material. By
electrically connecting this conductor to the negative electrode current collector or the positive
electrode current collector and injecting the organic electrolyte, lithium metal is eluted and the eluted
lithium ions migrate to the negative electrode layer or positive electrode layer over time and are
absorbed in the negative electrode layer or positive electrode layer.

[0028]

In such a state, lithium precipitation can be effectively suppressed by covering and insulating the
metal portions exposed on the surface of the negative electrode layer, together with the corresponding
portion of the separator, as described above. In addition, since the metal portions are no longer
directly exposed to the organic electrolyte, erosion of metal portions can be prevented.

[0029]

As a result, lithium dendrites caused by exposed metal portions on the surface of the negative
electrode layer are less likely to occur during charge-discharge cycles, resulting in a highly reliable
organic electrolyte battery.

[0030]

The exposed metal portion of the present invention can be of any configuration as long as it is on the
surface of the negative electrode layer, and the present invention is especially useful when the tab
terminal for the negative electrode is joined to the negative electrode by stitching. However, even if
other terminal joining methods such as resistance welding, ultrasonic welding, cold welding, etc. are
used, the present invention can be used as long as the exposed metal portion is on the surface of the
negative electrode layer.

[0031]

The material of the exposed metal portion in the present invention includes, but is not limited to,
copper, nickel, copper-nickel alloys, stainless steel, or any other material used in negative electrode
current collectors or negative electrode terminals of organic electrolyte batteries in which lithium ions
are loaded in the electrode layer.

[0032]

The insulating composition may partially penetrate into the negative electrode or positive electrode. If
the exposed metal portion is completely covered, any negative electrode surface other than the
exposed metal portion may also be covered. However, there is no particular advantage to coating the
surface of the negative electrode with the insulating composition in portions other than the exposed
metal portion. Coating that extends out to 1 to 3 mm is easy to realize from a practical standpoint.
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[0033]

Regarding the contact of the insulating composition with the positive electrode layer, it is sufficient if
at least some of the insulating composition is in contact with or permeates into the positive electrode
layer. However, as stated above, preferably, when the organic electrolyte battery is viewed from a
direction orthogonal to the cross-section, the portion of the surface of the positive electrode layer that
overlaps the exposed metal portion is completely covered by the insulating composition. Otherwise, a
positive electrode portion that has lost its counter electrode properties would remain, which could
cause a concentration in the electric field. In the present invention, “contact” and “coating” are
concepts that include not only simple contacting with the target surface of the object (for example, the
surface of the positive electrode in contact with the separator), but penetration into the interior of the
object (for example, the positive electrode).

[0034]

The organic electrolyte battery in the present invention preferably has a positive electrode and
negative electrode wound via a separator into the cross-sectional structure shown in FIG. 3. In FIG. 3,
a positive electrode 18 composed of a positive electrode layer and a positive electrode current
collector, and a negative electrode 19 composed of a negative electrode layer and a negative electrode
current collector are wound together via a separator 13, and lithium 20, usually in foil form, is joined
to the outermost part of the negative electrode 19 (more precisely, the lithium 20 is joined to the
negative electrode current collector). The lithium may be provided in the center of the wound
electrode unit. Both configurations may be used together. The wound electrode unit is then immersed
in an organic electrolyte solution to form an organic electrolyte battery. After a certain period of time,
the lithium 20 is absorbed into the negative electrode and disappears.

[0035]

The positive electrode layer is primarily composed of positive electrode active material. The positive
electrode active material is not limited as long as it can reversibly absorb lithium ions and/or anions.
Examples include activated carbon, conductive polymers, and polyacene-based organic
semiconductors (PAS), which are heat-treated aromatic condensation polymers with a polyacene-
based backbone. Lithium-containing metal oxides represented by the general formula of LixM,0,
(where M is two or more metals) such as LixCoO3, LixNiOz, LixMnO,, and LixFeO,, can also be used, as
well as transition metal oxides such as those of cobalt, manganese, and nickel.

[0036]

The negative electrode layer is primarily composed of negative active material. The negative electrode
active material is not limited as long as it can reversibly absorb lithium ions and/or anions. Examples
include graphite, non-graphitizable carbon, easily graphitizable carbon, activated carbon, and
polyacene-based organic semiconductors (PAS), which are heat-treated aromatic condensation
polymers with a polyacene-based backbone structure.

[0037]

The positive electrode layer and negative electrode layer in the present invention are formed on a
metal current collector, and any commonly known method can be used. Specifically, an electrode
active material powder, binder, and conductive powder, if necessary, are dispersed in an aqueous or
organic solvent to form a slurry, which is then applied to the current collector and dried, or the slurry
is formed into a sheet in advance and attached to the current collector. The binder used here can be a
rubber-based binder such as SBR, a fluorinated resin such as polytetrafluoroethylene or polyvinylidene
fluoride, or a thermoplastic resin such as polypropylene or polyethylene.

[0038]
The positive electrode layer and negative electrode layer may also contain a conductive material such

as acetylene black, graphite, or a metal powder as needed. In addition to mixing these conductive
materials with the electrode active material as described above, they may also be coated on the metal
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current collector in advance to form a conductive layer. In such a case, the positive electrode consists
of a positive electrode layer, a positive electrode current collector, and a conductive layer, and the
negative electrode consists of a negative electrode layer, a negative electrode current collector, and a
conductive layer. The conductive layer may be applied to only one of the positive electrode or negative
electrode.

[0039]

Any material proposed for use in organic electrolyte batteries can be used as the current collectors in
the present invention. Aluminum and stainless steel, etc. can be used for the positive electrode
current collector, and copper, nickel, and stainless steel, etc. can be used for the negative electrode
current collector. Various shapes can be selected, such as a foil or mesh, etc. However, especially
when lithium ions are absorbed beforehand in the negative electrode layer or positive electrode layer.
Materials with holes passing through the front and back surfaces are preferably used, such as
expanded metal, perforated metal, metal meshes, foams, porous foils, and paper-like materials with
through-holes imparted by etching, etc. Using a material with holes passing through the front and
back surfaces as a current collector, as shown in FIG. 3, provides the advantage that lithium ions
produced by dissolving lithium can easily reach the negative electrode layer and positive electrode
layer inside the wound electrode unit. Current collectors with holes passing through the front and back
surfaces are pre-coated with conductive material, even when electrode layers are formed after the
conductive layers have been formed, lithium ions can easily pass through these conductive layers
because the conductive layers are formed from fine conductive powder.

[0040]

As for the materials for the tab terminals connected to the positive electrode and the negative
electrode in the present invention, aluminum or stainless steel, etc. can be used for the positive
terminal, and copper, nickel, copper-nickel alloy, or stainless steel, etc. can be used for the negative
terminal. They are connected by stitching, resistance welding, ultrasonic welding, cold welding, or
some other methods depending on the shape and specifications of the battery.

[0041]

The organic electrolyte of the present invention consists of a supporting electrolyte dissolved in an
organic solvent. The support electrolyte can be selected from among support electrolytes known to be
used in organic electrolyte batteries. However, any material that can transfer lithium ions, does not
cause electrolysis even at high voltages, and allows lithium ions to exist stably can be used. Lithium
salts such as LiClOg4, LiAsFs, LiBF4, LiPFs, and Li(C2FsS03)2N can be used as the supporting electrolyte.

[0042]

The organic solvent can be selected from any solvents known to be used in organic electrolyte
batteries, but non-protonic organic solvents that can form non-protonic organic solvent electrolyte
solutions are preferred. These non-protonic organic solvents include ethylene carbonate, propylene
carbonate, dimethyl carbonate, diethyl carbonate, y-butyl lactone, acetonitrile, dimethoxyethane,
tetrahydrofuran, dioxolane, methylene chloride, and sulfolane. Mixtures of two or more of these non-
protonic organic solvents can also be used.

[0043]

In addition to the organic electrolyte, organic and/or inorganic additives known to be effective in terms
of various battery properties may be selected as a third component.

[0044]
The separator in the present invention is an electrically non-conductive porous material with

continuous pores which are durable with respect to the organic electrolyte, electrode active materials,
and insulating composition used in the present invention and through which the insulating composition
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can penetrate, pass through, or impregnate the separator. The separator can be made of cellulose
(paper), polyethylene, polypropylene, or any other known material.

[0045]

There is no restriction on the degree of insulating properties that the insulating composition in the
present invention possesses, and should be determined based on actual use. For example, it may be
selected from among those generally considered to have insulating properties.

[0046]

The insulating composition of the present invention may be a single substance or multiple substances.
Therefore, a substance having insulating properties and a mixture of substances having insulating
properties are both considered insulating compositions of the present invention.

[0047]

There are no restrictions on the composition of the insulating composition, and may be selected from
among known compositions, but for practical use, it must be durable with respect to organic
electrolytes and electrode active materials. These insulating compositions include epoxy, acrylic,
silicone, phenolic, ester, and synthetic rubber resins. Insulating compositions of the present invention
may have a designation other than “composition.” For example, what is called “adhesive” may also
belong to the category of composition in the present invention. When a curable resin is used, this
insulating composition falls under the category of cured compositions.

[0048]
(Method for manufacturing an organic electrolyte battery)

The present invention is also a method for manufacturing an organic electrolyte battery comprising:
an organic electrolyte;

a positive electrode composed of a positive electrode layer and a positive electrode current collector;

a negative electrode composed of a negative electrode layer and a negative electrode current collector,
and an exposed metal portion on the surface of the negative electrode layer; and

a separator interposed between the positive electrode and the negative electrode to separate the
positive electrode and the negative electrode,

the method characterized in that the organic electrolyte solution contains a lithium salt and a non-
protonic organic solvent,

the negative electrode layer contains a substance capable of reversibly absorbing lithium ions, and the
method comprises:

coating the exposed metal portion with an insulating composition in liquid or paste-like form;
overlaying the separator on the negative electrode layer before the insulating composition has cured;
allowing the insulating composition to penetrate into the separator; and

curing the insulating composition.

[0049]

In this way, the cured insulating composition covers and insulates the exposed metal portion, and at
the same time, secures the negative electrode layer and separator in the exposed metal portion.

[0050]
Since at least some of the insulating composition reaches the surface of the separator (the surface
opposite to the surface facing the negative electrode layer), a portion of the surface of the positive

electrode layer facing the exposed metal portion via the separator is also substantially covered (that
is, to the extent that the formation of lithium dendrites can be suppressed).

[0051]
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In this way, the present invention can prevent the precipitation of lithium dendrites caused by exposed
metal portions on the surface of the negative electrode layer. It can also prevent erosion of the
exposed metal portions.

[0052]

As a result, when the organic electrolyte contains a lithium salt and a non-protonic organic solvent,
and the negative electrode layer contains a substance capable of reversibly absorbing lithium ions,
lithium dendrites caused by exposed metal portions on the surface of the negative electrode layer
during the charge-discharge cycle are much less likely to be generated, and a highly reliable organic
electrolyte battery can be realized using a simple method. In other words, a high voltage, high energy
density organic electrolyte battery with excellent mass production properties and reliability can be
obtained.

[0053]

The method in this aspect of the present invention can be used to produce the organic electrolyte
battery in the other aspect of the present invention. However, the organic electrolyte battery itself in
the other aspect of the present invention is not restricted to a specific manufacturing method, and can
be produced using a manufacturing method other than the one in this aspect of the present invention.
For example, for the sake of manufacturing convenience, an organic electrolyte battery in the other
aspect of the present invention can be obtained by first coating the portion of the positive electrode
surface portion opposite the exposed metal portion via the separator with the insulating composition,
rather than coating the exposed metal portion with the insulating composition. Such organic
electrolyte batteries also fall within the scope of the present invention.

[0054]

In the method of the present invention, after the insulating composition in liquid or paste-like form
has been applied dropwise to or coated on the metal exposed portion on the surface of the negative
electrode layer (for example, the petal portion of a tab terminal stitched to the negative electrode),
the separator is overlaid on the negative electrode layer before the insulating composition has cured,
allowing the insulating composition to penetrate into the separator, and the insulating composition is
cured to cover and insulate the metal portion and simultaneously secure the negative electrode layer
to the separator.

[0055]

In this case, if the negative electrode layer is overlaid with a separator and the positive electrode layer
is overlaid thereupon, the insulating composition can penetrate into the positive electrode, which is
convenient because the portion of the surface of the positive electrode layer opposite the exposed
metal portion via the separator can be more fully covered.

[0056]

This process will now be explained using FIG. 4 and FIG. 5. The insulating composition 41 in liquid or
paste-like form is applied dropwise to or coated on the exposed metal surface 16 on the surface of the
negative electrode layer 12. By then overlaying the separator 13 before the insulating composition 41
has cured, the insulating composition is able to permeate into the separator 13. At this time, the
positive electrode layer 10 may be overlaid before the insulating composition has cured, allowing this
insulating composition to penetrate into the positive electrode layer. However, FIG. 5 does not depict
penetration of the insulating composition into the positive electrode layer. When viewing the organic
electrolyte battery from a direction orthogonal to the cross-section of the layers composed of the
positive electrode, the separator, and the negative electrode, FIG. 5 depicts the surface of the positive
electrode layer that overlaps the exposed metal portion completely covered by the insulating
composition. However, as mentioned earlier, even if the overlapping exposed metal portion is partially
coated, it belongs to the scope of the present invention.

[0057]
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Crimping may be used for the overlapping. Any method for curing an insulating composition can be
selected, such as natural curing, heat curing, or UV curing, etc., depending on the type of insulating
composition used and the most convenient process. A two-part insulating composition may be applied
dropwise sequentially and reaction-cured. Because the organic electrolyte cannot or will not penetrate
into this permeated and cured region of the insulating composition, the concentration of electric fields
and the formation of lithium dendrites, as shown in FIG. 1, can be prevented.

[0058]

The features and attributes of the elements of the method in the present invention can be considered
in the same way as the features and attributes of the elements of the organic electrolyte battery of
the present invention described above. Specifically, the positive electrode and negative electrode being
wound together via a separator, the tab terminal for the negative electrode being joined to the
negative electrode by stitching, and the positive electrode current collector and the negative current
collector having holes passing through the front and back surfaces, are preferred aspects of the
present invention.

[0059]

In the product aspect of the present invention, the insulating composition loses its fluidity under the
operating temperature, such as after curing. However, in the present aspect of the invention, there is
an additional requirement that the insulating composition be in liquid or paste-like form. Typically, the
composition is uncured. This is a requirement to allow for impregnation and penetration. Therefore, if
the desired rate and state of impregnation can be obtained at the temperature in the separator
impregnation step when used, the requirement of “liquid or paste-like” in the present aspect of the
invention can be said to be satisfied.

[0060]

A specific example will now be described along with comparative examples. The characteristics used in
the evaluation were obtained using the following methods.

[0061]

(Cell capacitance)

A cell is connected to a charge-discharge testing device (from Toyo Systems) and a constant-
current/constant-voltage charge is applied for 1 minute, consisting of charging at a constant current of
5 A until a cell voltage of 3.6 V is reached, followed by the application of a constant voltage of 3.6 V.
The cell capacitance was then determined as the capacitance (mAh) when the cell voltage was
discharged at a constant current of 5 A until it reached 1.9 V. The measurement was taken at 25°C.
[0062]

(Internal resistance)

After the cell has discharged to 1.9 V, the AC internal resistance was measured at 1 KHz by connecting
the cell to a milliohm high tester (from Hioki Electric). The measurement was taken at 25°C.

[Examples]
[0063]
[Example 1]

(Creation of the positive electrode)
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A slurry for the positive electrode layer was obtained by thoroughly mixing 100 parts by weight of
commercially available activated carbon powder having a specific surface area of 1950 m2/g with a
solution of 10 parts by weight of polyvinylidene fluoride powder dissolved in 100 parts by weight of N-
methylpyrrolidone.

[0064]

Next, a non-aqueous carbon-based conductive coating (EB-815 from Nippon Atchison) was spray-
coated on one side of 35 um thick (50% porosity) aluminum expanded metal (from Nippon Metal
Industry), and dried to obtain a positive electrode current collector on which a conductive layer has
been formed. The overall thickness (current collector thickness plus conductive layer thickness) was
45 ym, and the through-holes in the current collector were almost completely blocked by the
conductive coating. Because the conductive layer made of the conductive coating allows lithium ions to
pass through easily, the through-holes of the current collector being blocked by the conductive coating
does not hinder the diffusion of lithium ions.

[0065]

Using a roll coater, the positive electrode layer slurry was applied to the surface of the positive
electrode current collector on which a conductive coating had been formed, and pressed to obtain a
positive electrode with an overall electrode thickness of 175 pm.

[0066]
(Creation of the negative electrode)

A 0.5 mm thick molded phenolic resin plate was placed in a silicon unit electric furnace and heated at
a rate of 40°C/hour in a nitrogen stream to 660°C to obtain a polyacene-based organic material (PAS)
in plate form. The resulting PAS was milled in a nylon ball mill to obtain PAS powder. The hydrogen to
carbon molar ratio (H/C) of the PAS powder was 0.21 according to the combustion method.

[0067]

Next, a negative electrode layer slurry was obtained by thoroughly mixing 100 parts by weight of the
PAS powder with a solution of 10 parts by weight of polyvinylidene fluoride powder dissolved in 80
parts by weight of N-methylpyrrolidone. The slurry was formed using a die coater on one side of 32-
pm-thick (50% porosity) expanded copper metal (from Nippon Metal Industry), and after pressing, a
negative electrode was obtained with an overall thickness of 82 pm (the negative electrode layer
thickness on one side plus the negative electrode current collector thickness). The expanded copper
metal corresponds to a current collector with holes passing through the front and back surfaces.

[0068]
(Creation of the wound electrode unit)

A 175 um thick positive electrode was cut to 3.0 cm? wide x 56.0 cm? long, an aluminum tab terminal
was placed on the surface of the positive electrode current collector without the electrode layer, and
the tab terminal was joined to the positive electrode by stitching.

[0069]

A 82 um thick negative electrode was cut to 3.2 cm? wide x 58.0 cm? long, a tab terminal made of a
copper-nickel alloy (nickel content 43 wt%) (the lead wire portion being tin plated CP wire) was placed
on the surface of the negative current collector without the electrode layer, and the tab terminal was
joined to the negative electrode by stitching.

[0070]
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The tab terminal joined to the negative electrode formed a petal due to stitching on the surface of the
negative electrode layer. A one-part epoxy-based insulating composition is applied dropwise to cover
the petal, and before the insulating composition was cured, the positive electrode and negative
electrode were arranged via a 35-pm-thick cellulose-fiber separator so that the tab terminals of the
positive electrode and negative electrode were on the same side of the wound electrode unit cross
section. Tape was wound around the outermost surface separator such that the negative electrode
layer enveloped the opposing positive electrode layer, and a three-electrode wound unit was produced.
These electrode wound units were vacuum dried at 180°C for 12 hours to dry the units and fully cure
the insulating composition at the same time.

[0071]
(Creation of the battery)

Lithium metal foil (136 um, 3.0 x 4.0 cm?, 400 mAh/g phase, etc.) serving as the lithium electrode
was pressed onto 32 um thick expanded copper metal (50% porosity) serving as the lithium electrode
current collector. The lithium electrode is placed on the outermost surface of the wound electrode unit
so that it did not overlap the winding tape and so that the lithium metal side of the lithium electrode
was on the inside. The terminal welded portions of the lithium electrode current collector and the
negative electrode current collector were resistance welded to obtain a three-electrode wound unit.

[0072]

The three-electrode wound unit was inserted into an aluminum outer can with an outer diameter of 18
mm (diameter) and a height of 40 mm, the unit was vacuum impregnated at a concentration of 1
mol/L with a solution obtained by dissolving of LiPFs in @ mixed solvent of ethylene carbonate, diethyl
carbonate, and propylene carbonate at a weight ratio of 3:4:1, and three cylindrical lithium-ion
capacitor cells were assembled by covering them with a butyl rubber cap and crimping the outer can.

[0073]
(Battery characteristic evaluation)

One cell was disassembled 20 days after cell assembly to confirm that the lithium metal was
completely gone. For the remaining two cells, a constant-current/constant-voltage charge was
performed for 1 minute, in which the cells were charged at a constant current of 5 A until the cell
voltage reached 3.6 V and then a constant voltage of 3.6 V was applied. The cells were then
discharged at a constant current of 5 A until the cell voltage reached 1.9 V. This 3.6 V/1.9 V cycle was
repeated 100,000 times. The results of evaluating cell capacitance and internal resistance before and
after the cycles are shown in Table 1. The data is the average of the two cells.

[0074]

The cells were then disassembled and the stitched portion of the negative electrode tab terminal was
observed. As a result, it was found that there was no lithium precipitation around the stitched portion
and that no short circuit or capacitance degradation occurred even after prolonged use.

[0075]

The petal portion of the stitching was bonded to the separator, there was no erosion of the stitching,
and the connection between the tab terminal and the negative electrode remained strong.

[0076]
[Comparative Example 1]
The three cells were assembled in the same manner as in Example 1, except that the petal of the tab

terminal formed by stitching on the surface of the negative electrode layer was covered with insulating
sealing tape made of PPS (polyphenylene sulfide) instead of being covered with an insulating
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composition. One cell was disassembled 20 days after cell assembly to confirm that the lithium metal
was completely gone. Similar charge/discharge cycles were performed on the remaining two cells. The
results of the cell capacitance and internal resistance evaluation before and after the cycles are shown
in Table 1. The data is the average of the two cells. The cells were then disassembled and the stitched
portion of the negative electrode tab terminal was observed. As a result, although the connection
between the tab terminal and the negative electrode remained strong, slight traces of lithium
dendrites were observed at the periphery of the insulating sealing tape on the surface of the negative
electrode layer. In other words, the battery was found to be susceptible to short circuits and
capacitance degradation if used for extended periods of time.

[0077]
[Comparative Example 2]

The three cells were assembled in the same manner as in Example 1, except that the tab terminal
petal formed by stitching on the surface of the negative electrode layer was not covered with
insulation. One cell was disassembled 20 days after cell assembly to confirm that the lithium metal
was completely gone. Similar charge/discharge cycles were performed on the remaining two cells. The
results of the cell capacitance and internal resistance evaluation before and after the cycles are shown
in Table 1. The data is the average of the two cells. The cells were then disassembled and the stitched
portion of the negative electrode tab terminal was observed. As shown in Table 1, the cell capacitance
was significantly lower and the internal resistance was significantly higher. In addition, a large amount
of lithium dendrites were found to have been deposited on the petal portion of the negative electrode
layer surface after cell disassembly. The negative electrode had an eroded stitching portion and the
connection between the tab terminal and the negative electrode was weak. These circumstances
suggest that dendrite precipitation and erosion weakened the connection strength of the stitched
portion and increased the contact resistance of the connected portion, resulting in an increase in
internal resistance in the cell and a consequent decrease in capacitance. It was also found that if the
cycles had been continued longer, dendrites would have grown and led to shorting.

[0078]

As shown in the test results, an organic electrolyte battery with excellent reliability and mass
production properties could be obtained by covering the exposed metal portion on the surface of the
negative electrode layer with an insulating composition, overlaying the separator on the negative
electrode layer before curing the insulating composition, and then curing the insulating composition.

[0079]
[Table 1]
Analog Tab Terminal 1st Cycle 10,000th Cycle Lithium Deposit on
Stitched Portion Cell Internal Cell Internal Stitched Portion
Sealing Method Capacitance | Resistance | Capacitance | Resistance After Cycles
(mAh) (mQ) (mAh) (mQ)
Ex. 1 Insulating adhesive 20.7 41 18.1 46 None
C.Ex. 1 Insulating tape 20.6 41 17.8 51 Slight Deposit
C. Ex. 3 Untreated 21.0 42 12.3 108 Significant Deposit

[Brief Description of the Drawings]

[0080]

[FIG. 1]

FIG. 1 is a schematic diagram used to explain the stitching.

[FIG. 2]
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FIG. 2 is a schematic diagram showing a situation in which the exposed metal portion on the surface
of the negative electrode layer is covered with insulating sealing tape.

[FIG. 3]
FIG. 3 is a schematic diagram of the wound unit of the present invention.
[FIG. 4]

FIG. 4 is a schematic diagram used to explain a situation in which the insulating composition is applied
dropwise to coat the metal portion exposed on the surface of the negative electrode layer.

[FIG. 5]

FIG. 5 is a schematic diagram used to explain stacking of the separator and positive electrode layer on
top of the insulating composition.

[FIG. 6]

FIG. 6 is a schematic diagram showing a situation in which the exposed metal portion on the surface
of the negative electrode layer is covered with insulating sealing tape, and the positive electrode
surface portion opposite the covered portion via a separator is also covered with insulating sealing
tape.

[FIG. 7]

FIG. 7 is a diagram viewed in a direction perpendicular to the cross-section of the layers consisting of
the positive electrode, separator and negative electrode that shows the insulating composition in the
separator 13 between the positive electrode 18 and the negative electrode in contact with the exposed
metal portion of the negative electrode so that it completely covers the exposed metal portion of the
negative electrode and also makes complete contact with the positive electrode layer.

[Reference Numbers]
[0081]

: Tab terminal

: Tab terminal pressure flattened portion
: Tab terminal round bar portion

: Tab terminal CP wire portion

: Electrode current collector

: Electrode layer

: Direction of stitching

: Bent portion (petal)

: Positive electrode current collector

10: Positive electrode layer

11: Negative electrode current collector
12: Negative electrode layer

13: Separator

14: Insulating sealing tape

14': Insulating sealing tape

15: Location of concentration of electric fields
16: Exposed metal portion

17: Portion of the surface of the positive electrode layer opposing the exposed metal portion but
separated by the separator

18: Positive electrode

19: Negative electrode

20: Lithium

41: Insulating composition

OCoONOOTUDWNE
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71: Insulating composition
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[FIG. 6]
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