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(57) ABSTRACT

Provided are an electrode for lithium ion secondary batteries
which is an electrode for obtaining a lithium ion secondary
batteries having high energy density with foam metal as the
collector, and further being able to improve durability and
input/output characteristics (output density), as well as a
lithium ion secondary battery made using this electrode for
lithium ion secondary batteries. The electrode layer of the
electrode for lithium ion secondary batteries using a collec-
tor consisting of foam metal is configured by dividing into
a plurality of electrode divided parts, whereby the migration
distance of electrons and migration distance of ions in each
of the electrode divided parts is shortened.
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ELECTRODE FOR LITHIUM ION
SECONDARY BATTERIES AND LITHIUM
ION SECONDARY BATTERY

[0001] This application is based on and claims the benefit
of priority from Japanese Patent Application No. 2020-
024969, filed on 18 Feb. 2020, the content of which is
incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to an electrode for
lithium ion secondary batteries, and a lithium ion secondary
battery made using this electrode for lithium ion batteries.

Related Art

[0003] Thus far, lithium ion secondary batteries are
becoming widespread as secondary batteries having high
energy density.

[0004] Lithium ion secondary batteries have a structure
made by having a separator present between the positive
electrode and negative electrode, and filling a liquid elec-
trolyte (electrolytic solution).

[0005] For such a lithium ion secondary battery, there are
various requirements according to the application, and in the
case of the application being an automobile or the like, for
example, there is a demand for further raising the volumetric
energy density.

[0006] To address this, methods for increasing the filling
density of electrode active material can be exemplified.
[0007] As a method of increasing the filling density of
electrode active material, it has been proposed to use foam
metal as the collector constituting the positive electrode
layer and the negative electrode layer (refer to Patent Docu-
ments 2 and 3).

[0008] The foam metal has a network structure with
uniform micropore size, and large surface area.

[0009] By filling the electrode mixture containing the
electrode active material inside of this network structure, it
is possible to increase the amount of active material per unit
area of the electrode layer.

[0010] Patent Document 1: Japanese Unexamined Patent
Application, Publication No. 2000-106154

[0011] Patent Document 2: Japanese Unexamined Patent
Application, Publication No. H07-099058

[0012] Patent Document 3: Japanese Unexamined Patent
Application, Publication No. H08-329954

SUMMARY OF THE INVENTION

[0013] However, although the electrode made using foam
metal as the collector can prepare an electrode of high
loaded volume compared to a coated electrode made using
metal foil as the collect, the migration distance of electrons
and lithium ions has been longer due to the film thickness
becoming greater.

[0014] FIG. 2 shows an electrode made using foam metal
as the collector. With the electrode 100 shown in FIG. 2, an
electrode mixture containing electrode active material is
filled into the collector consisting of foam metal, whereby
the electrode layer 101 is formed. Then, the electrode tab
102 connected by ultrasonic welding or the like to the foam
metal extends from an end face of the electrode layer 101.

Aug. 19, 2021

[0015] In FIG. 2, the arrows of solid lines indicate the
movement of lithium ions in the electrode layer 101, and the
arrows of dotted lines indicate the movement of electrons in
the electrode layer 101.

[0016] As shown in FIG. 2, the electrode 100 establishing
foam metal as the collector can form the electrode layer 101
ot high loaded volume compared to an electrode coating the
electrode mixture onto a metal foil.

[0017] However, due to the film thickness of the electrode
layer increasing, the migration distance of electrons indi-
cated by the arrows of dotted lines, and the migration
distance of lithium ion indicated by the arrows of solid lines
become large.

[0018] More specifically, in FIG. 2, the region of the
electrode layer 101 in the vicinity of the electrode tab
indicated by “A” is a region in which the cell reaction tends
to advance due to the migration distance of electrode being
short, and thus degradation of the electrode is fast.

[0019] On the other hand, “B” which is a region of the
electrode layer far from the electrode tab is a region in which
the cell reaction hardly advances due to the migration
distance of electrons being large, and thus degradation of the
electrode is low.

[0020] In this way, with the electrode establishing a foam
metal as the collector including the electrode layer 101 of
large film thickness, since the migration distance of elec-
trodes becomes long, a region in which the cell reaction
tends to advance and a region in which hardly advancing are
produced, and thus reaction variation occurs.

[0021] As a result thereof, localized degradation occurs,
and the durability of the battery is poor.

[0022] In addition, with the electrode establishing foam
metal as the collector having an electrode layer with thick-
ness, the migration distance of ions within the electrode
becomes long, and thus ion diffusion resistance increases.
[0023] As a result thereof, the situation has been that an
increase in cell resistance and a decline in rate characteristic
occur, and thus durability declines.

[0024] In addition, since the electrode made using foam
metal as the collector becomes an electrode having large film
thickness, the permeability of the electrolytic solution
declines, and permeation of the electrolytic solution to the
electrode interior becomes insufficient.

[0025] For this reason, the supply of anions and cations is
deficient, and the internal resistance of the formed lithium
ion secondary battery cell increases, whereby the input/
output characteristics of the batter (output density) declines.
[0026] The present invention has been made taking
account of the above, and the objection thereof is to provide
an electrode for lithium ion secondary batteries which is an
electrode for obtaining a lithium ion secondary batteries
having high energy density with foam metal as the collector,
and further being able to improve durability and input/output
characteristics (output density), as well as a lithium ion
secondary battery made using this electrode for lithium ion
secondary batteries.

[0027] The present inventors have carried out thorough
examination in order to solve the above problem.

[0028] Then, it was found that, if configuring the electrode
layer of an electrode for lithium ion secondary batteries
using a collector consisting of foam metal by dividing into
a plurality of electrode divided parts, since the migration
distance of electrons and migration distance of ions in each
of the electrode divided parts becomes shorter, it is possible
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to realize lithium ion secondary battery having improved
durability and input/output characteristics (output density),
while maintaining the energy density to be high, thereby
arriving at completion of the present invention.

[0029] More specifically, an aspect of the present inven-
tion is an electrode for lithium ion secondary batteries,
including: a collector which is a foam porous body consist-
ing of metal; an electrode layer in which an electrode
mixture is filled into the collector; and an electrode tab, in
which the electrode layer is configured by a plurality of
electrode divided parts.

[0030] A flow channel may be provided between the
electrode divided parts which are adjacent.

[0031] An electrolytic solution may be filled into the flow
channel.

[0032] The electrode divided parts may be disposed on a
base plate.

[0033] The electrode layer may be configured by two
electrode divided parts.

[0034] A plurality of the electrode divided parts may be
connected to the electrode tab.

[0035] The electrode layer may be configured by four
electrode divided parts.

[0036] The flow channels may be disposed substantially in
parallel.

[0037] The flow channels may be disposed substantially in
perpendicular.

[0038] The collector may be foam aluminum.

[0039] The electrode for lithium ion secondary batteries

may be a positive electrode.

[0040] The foam porous body may be foam copper.
[0041] The electrode for lithium ion secondary batteries
may be a negative electrode.

[0042] In addition, another aspect of the present invention
is a lithium ion secondary battery including: a positive
electrode; a negative electrode; and a separator or solid
electrolyte layer located between the positive electrode and
the negative electrode, in which at least one of the positive
electrode and the negative electrode is the electrode for
lithium ion secondary batteries as described above.

[0043] According to the electrode for lithium ion second-
ary batteries of the present invention, it is possible to obtain
a lithium ion secondary battery having high energy density,
and improved durability and input/output characteristics.

BRIEF DESCRIPTION OF THE DEPICTINGS

[0044] FIG. 1 is a view showing an embodiment of an
electrode for lithium ion secondary batteries of the present
invention;

[0045] FIG. 2 is a view showing an embodiment of an
electrode for lithium ion secondary batteries made using
foam metal as a current collector;

[0046] FIG. 3 is a view showing an embodiment of an
electrode laminate body made using the electrode for lithium
ion secondary batteries of the present invention;

[0047] FIG. 4 is a view showing an embodiment of an
electrode laminate body made using the electrode for lithium
ion secondary batteries of the present invention;

[0048] FIG. 5 is a view showing an embodiment of an
electrode laminate body made using the electrode for lithium
ion secondary batteries of the present invention;

[0049] FIG. 6 is a graph showing the initial cell resistances
of lithium ion secondary batteries prepared in the Examples
and Comparative Examples;
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[0050] FIG. 7 is a graph showing the C-rate characteristic
of lithium ion secondary batteries prepared in the Examples
and Comparative Examples; and

[0051] FIG. 8 is a graph showing the capacity retention
rate for every 200 cycles of lithium ion secondary batteries
prepared in the Examples and Comparative Examples.

DETAILED DESCRIPTION OF THE
INVENTION

[0052] Hereinafter, an embodiment of the present inven-
tion will be explained while referencing the drawings.

<Electrode for Lithium Ion Secondary Batteries>

[0053] The electrode for lithium ion secondary batteries
includes: a collector which is a foam porous body consisting
of metal, electrode layers in which an electrode mixture is
filled into the collector, and electrode tabs.

[0054] The batteries to Which the electrode for lithium ion
secondary batteries of the present invention can be applied
are not particularly limited, so long as using an electrolytic
solution which is a liquid electrolyte.

[0055] In addition, the electrolyte for lithium ion second-
ary batteries of the present invention can be used without
problem even if be applied to the positive electrode of a
lithium ion secondary battery, applied to the negative elec-
trode, or applied to both.

[0056] When comparing the positive electrode and nega-
tive electrode, since the electron conductivity of the active
material which can be used in the negative electrode is high,
the electrode for lithium ion secondary batteries of the
present invention can acquire a higher effect when used in
the positive electrode.

[0057] Furthermore, the structure of the electrode for
lithium ion secondary batteries of the present invention is
not particularly limited, and nay be laminate type or winding

type.

(Collector)

[0058] The collector constituting the electrode for lithium
ion secondary batteries of the present invention is a foam
porous body consisting of metal.

[0059] The foam porous body consisting of metal is not
particular limited so long as being a porous body of metal
having voids due to foaming.

[0060] The metal foam has a network structure, in which
the surface area is high.

[0061] By using a foam porous body consisting of metal as
the collector, since it is possible to fill the electrode mixture
containing electrode active material inside of this network
structure, it is possible to increase the active material amount
per unit area of the electrode layer, and as a result thereof,
possible to improve the volumetric energy density of the
lithium ion secondary battery.

[0062] In addition, since immobilization of the electrode
mixture becomes easy, it is possible to thicken the electrode
mixture layer without thickening the coating slurry serving
as the electrode mixture.

[0063] In addition, it is possible to decrease the binding
agent consisting of an organic polymer compound which has
been necessary in thickening.

[0064] Therefore, comparing with the electrode using a
conventional metal foil as the collector, it is possible to
thicken the electrode mixture layer, a result of which it is
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possible to increase the volume per unit area of the elec-
trode, and realize the capacity increase of the lithium ion
secondary battery.

[0065] As the metal of the foam porous body consisting of
metal, for example, nickel, aluminum, stainless steel, tita-
nium, coppet, silver, etc. can be exemplified.

[0066] Among these, as the collector constituting the
positive electrode, a foam aluminum is preferable, and as the
collector constituting the negative electrode, foam copper or
foam stainless steel can be preferably used.

(Electrode Layer)

[0067] The electrode layer in the electrode for lithium ion
secondary batteries of the present invention has an electrode
mixture filled into the collector, which is a foam parous body
consisting of metal.

[0068] The thickness of the electrode layer is not particu-
larly limited; however, the electrode for lithium ion second-
ary batteries of the present invention can form an electrode
layer of large thickness due to using a foam porous body
consisting of metal as the collector. As a result thereof, the
active material amount per unit area of the electrode layer
increases, and it is possible to obtain a battery of high energy
density.

[0069] The thickness of the electrode layer of the electrode
for lithium ion secondary batteries of the present invention
is 200 to 400 um, for example.

(Electrode Mixture)

[0070] The electrode mixture constituting the electrode
layer of the present invention at least includes the electrode
active material. The electrode mixtures which can be applied
to the present invention may optionally include other com-
ponents, so long as including the electrode active material as
an essential component.

[0071] The other components are not particularly limited,
and it is sufficient so long as being a component which can
be used upon preparing the lithium ion secondary battery.
[0072] For example, a solid-state electrode, conductive
auxiliary agent, binding agent, etc. can be exemplified.

(Positive Electrode Mixture)

[0073] In the positive electrode mixture constituting the
positive electrode layer, it may include at least the positive
electrode active material, and as other components, may
include a solid-state electrolyte, conduction auxiliary agent,
binding agent, etc., for example.

[0074] As the positive electrode active material, so long as
being a material which can occlude and release lithium .ions,
it is not particularly limited; however, LiCoO,, Li(Nig,
10C0,/,0Mn, )0, Li(Nig,0C0o,10Mny 1 0)0,,  Li(Nig,
10C01,1oMy10)0,,  Li(Nip 5Coq 15Al 65)05,  Li(Ni, 5Coy,
6Mn, 5)O,,  Li(Ni, 5Co,5Mn, 5)0,, LiCoO,, LiMn,O.,
LiNiO,, LiFePO,, lithium sulfide, sulfur, etc. can be exem-
plified.

(Negative Electrode Mixture)

[0075] In the negative electrode mixture constituting the
negative electrode layer, it may include at least the negative
electrode active material, and as other components, may
include a solid-state electrolyte, conduction auxiliary agent,
binding agent, etc., for example.
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[0076] As the negative electrode active material, although
not particularly limited so long as being able to occlude and
release lithium ions, for example, it is possible to exemplify
metallic lithium, lithium alloy, metal oxide, metal sulfide,
metal nitride, Si, SiO, and carbon materials such as artificial
graphite, natural graphite, hard carbon and soft carbon.

(Electrode Divided Part)

[0077] The electrode layer in the electrode for lithium ion
secondary batteries of the present invention is configured by
a plurality of electrode divided parts.

[0078] By configuring the electrode layer of the electrode
for lithium ion secondary batteries using the collector con-
sisting of foam metal, by dividing into a plurality of elec-
trode divided parts, the electrode for lithium ion secondary
batteries of the present invention can shorten the migration
distance of electrons and the migration distance of ions in
each of the electrode divided parts.

[0079] By the migration distance of electrons in each of
the electrode divided parts shortening, the reaction variation
is suppressed, whereby it is possible to suppress local
degradation of the electrode. As a result, it is possible to
improve the input/output characteristics (output density)
along with the durability, while maintaining the energy
density of the obtained lithium ion secondary battery to be
high as is.

(Base Plate)

[0080] The electrode layer in the electrode for lithium ion
secondary batteries of the present invention is preferably
arranged on a base plate having electron conductivity.
[0081] In other words, the electrode divided parts consti-
tuting the electrode layer are preferably established in a state
arranged on the base plate.

[0082] By the electrode divided parts being arranged on
the base plate having electron conductivity, electron con-
ductivity is imparted to the electrode for lithium ion sec-
ondary batteries of the present invention, and migration of
electrons between electrode divided parts is facilitated, and
thus it is possible to further suppress local variation in the
cell reaction.

[0083] The base plate having electron conductivity is not
particularly limited; however, aluminum foil, copper foil,
stainless steel foil, etc. can be exemplified, for example.

(Shape of Electrode Divided Part)

[0084] The shape of the electrode divided part is not
particularly limited.

[0085] It can be formed in various shapes.

[0086] Thereamong, the electrode divided part is prefer-
ably a square column or circular column shape.

[0087] The square columnar or circular columnar elec-
trode divided part is easily prepared, and thus uniformly
forming the flow channels described layer in the electrode
layer becomes easy.

(Connection to Electrode Tabs)

[0088] Each of the plurality of electrode divided parts is
preferably connected to an electrode tab. It is possible to
facilitate current collection of the electrode by the electrode
tabs being connected to each of the electrode divided parts.
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[0089] In addition, in the case of adopting a base plate, it
is more preferable to connect the electrode tabs to the base
plate.

[0090] It should be noted that, although it may be a

configuration in which one electrode divided part is con-
nected to one electrode tab, in the electrode for lithium ion
secondary batteries of the present invention, it is preferable
for a plurality of electrode divided parts to be connected to
one electrode tab.

[0091] If a form in which a plurality of electrode divided
parts is connected to one electrode tab, since it is possible to
decrease the total number of electrode tabs in the electrode,
the volume of the electrode can be made smaller, a result of
which it is possible to suppress a decline in the volumetric
energy density of the cell.

(Number of Electrode Divided Parts)

[0092] So long as the number of electrode divided parts
constituting the electrode layer is at least two, it is not
particularly limited. However, if the number is too large,
since difficulty will arise in connection, etc. with electrode
tab, it is preferable to set as a maximum of ten in each of the
electrode layers.

[0093] In the case of the electrode layer of the electrode
for lithium ion secondary batteries of the present invention
being configured by two electrode divided parts, for
example, it is preferable for the electrode tab to be connected
to each electrode divided part.

[0094] In the case of the electrode layer being configured
by two electrode divided parts, it becomes possible to
suppress a resistance increase, without causing the energy
density to decline.

[0095] In addition, in the case of the electrode layer being
configured by four electrode divided parts, for example, it is
preferable for two electrode divided parts to be connected to
one electrode tab.

[0096] By two electrode divided parts being connected to
one electrode tab, it becomes possible to simultaneously
improve the electron conductivity and ion conductivity, and
the input/output characteristics greatly improves.

(Flow Channel)

[0097] In the electrode layer of the electrode for lithium
ion secondary batteries of the present invention, a flow
channel is preferably provided between adjacent electrode
divided parts.

[0098] In other words, in the electrode layer of the elec-
trode for lithium ion secondary batteries, the electrode
divided parts each preferably exist as a separate, indepen-
dent island.

[0099] Then, the flow channel is formed in the gap
between adjoining electrode divided parts.

[0100] It should be noted that the face forming the flow
channel of the electrode divided part is the state of the
electrode layer in which the electrode mixture is filled into
the foam porous body.

[0101] Then, in the electrode layer of the electrode for
lithium ion secondary batteries of the present invention, an
electrolytic solution is preferably filled into the flow chan-
nel.

[0102] By the electrolytic solution being filled into the
flow channel, the permeability of the electrolytic solution to
the electrode interior improves, and it is possible to shorten
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the migration distance of anion and cation, and the ion
conductivity can be sufficiently ensured,

[0103] By sufficiently permeating electrolytic solution to
the electrode interior, and suppressing a supply deficit, of
anion and cation, it is possible to suppress an increase in the
internal resistance of the formed lithium ion secondary
battery cell, and improve the input/output characteristics
(output density) of the battery.

[0104] In addition, even if the film thickness of the elec-
trode layer is larger, since it is possible to shorten the
migration distance of ions within the electrode, it is possible
to suppress an increase in the ion diffusion resistance, and as
a result thereof, it is possible to improve the durability of the
rate characteristic, etc.

[0105] In particular, since it becomes possible to rapidly
supply ions .in the case of a high load such as a rapid charger
being applied, it can contribute to a durability improvement
under a high load environment.

[0106] Furthermore, even if the film thickness of the
electrode layer is large, since it is possible to suppress a
supply shortage of electrons, it is possible to suppress an
increase in electron resistance, and improve the output
characteristic of the lithium ion secondary battery.

(Arrangement of Flow Channel)

[0107] The flow channel is preferably formed so as to
make an arrangement passing through substantially the
center in the plane of the electrode layer.

[0108] By being formed so as to pass through substantially
the center in the plane of the electrode layer, in the case of
the electrolytic solution being filled into the flow channel, it
makes it easier to allow the electrolytic solution to diffuse
over the entirety of the electrode layer.

[0109] In particular, in the case of a plurality of flow
channels being formed in an arrangement which is sym-
metrical relative to the center of the electrode layer, it is
possible to cause the electrolytic solution to more uniformly
diffuse over the entirety of the electrode layer.

[0110] For example, in the case of the electrode layer
being formed by two electrode divided parts, only one flow
channel comes to be formed. Then, this one flow channel is
preferably formed so as to pass through substantially the
center in the plane of the electrode layer.

[0111] In addition, for example, in the case of the electrode
layer being formed by four electrode divided parts, two or
three of the flow channels will be formed.

[0112] As the arrangement of two, an example can be
exemplified arranging these two flow channels substantially
perpendicular, so as depict a cross intersecting at substan-
tially the center in the plane of the electrode layer.

[0113] In addition, as an arrangement of three, an example
can be exemplified configuring so that one among these
three flow channels passes through substantially the center
in the plane of the electrode layer, and arranging the remain-
ing two flow channels substantially in parallel at almost
equal intervals, so as to be substantially symmetrical with
the one as the center.

[0114] The arrangement of the electrode divided parts and
flow channels of the electrode for lithium ion secondary
batteries of the present invention will be explained using
FIG. 1.

[0115] FIG. 1 is a view showing an embodiment of an
electrode for lithium ion secondary batteries of the present
Invention.
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[0116] In the electrode for lithium ion secondary batteries
10 of the present invention as shown in FIG. 1, the electrode
layer is configured by four of the electrode divided parts 11,
and the four electrode divided parts 11 are formed on the
base plate 13.

[0117] In addition, two of the electrode tabs 12 are extend-
ing from the pair of corresponding end faces of the electrode
layer.

[0118] In the electrode for lithium ion secondary batteries

10 of the present invention shown in FIG. 1, two flow
channels are formed substantially perpendicularly between
the adjoining electrode divided parts 11 in the electrode
layer, so as to depict a cross intersecting at substantially the
center in the plane of the electrode layer.

[0119] The shape of the four electrode divided parts 11 in
FIG. 1 is a square column of substantially the same size.
[0120] Then, the two flow channels are formed so as to
penetrate the electrode layer from one end face of the
electrode layer until another end face.

[0121] The electrolytic solution is filled into the two flow
channels, and the arrow of the solid line in FIG. 1 indicates
the movement of lithium ion in the electrode layer, and the
arrows of the dotted line indicate the movement of electrons
in the electrode layer.

[0122] In the electrode for lithium ion secondary batteries
10 of the present invention shown in FIG. 1, by the two flow
channels being formed substantially perpendicular so as to
depict a cross intersecting at substantially the center in the
plane of the electrode laminate, it is possible to easily supply
electrolytic solution to the central part of the electrode layer.
[0123] As a result thereof, it is possible to improve move-
ment of the electrolytic solution, and migration of lithium
ion, and thus possible to suppress the ion diffusion resis-
tance.

[0124] In addition, due to dividing the electrode layer into
the four electrode divided parts 11, the migration distance of
electrons in each electrode divided part 11 becomes shorter,
and thus variation in cell reaction can be suppressed.
[0125] Furthermore, since the base place 13 having high
electron conductivity is arranged at the lower part of the
electrode divided parts 11, the migration of electrons
between electrode divided parts 11 is facilitated, and it
becomes possible to further suppress reaction variation.

(Occupancy Rate of Flow Channel in Electrode Layer)

[0126] The occupancy rate of the flow channels in the
electrode layer is not particularly limited; however, it is
preferably set to 0.5% to 5% relative to the electrode layer
overall.

[0127] In the case of being less than 0.5%, the decline in
volumetric energy density of the cell stays at no more than
5 Wh/L, and thus there is no great influence; however, in the
case of exceeding 5%, since the amount of electrolytic fluid
increases in addition to the decline in volumetric energy
density, the electron conductivity declines at the same time
as the weight energy density declining, and thus the input/
output characteristics of the cell overall declines.

<Production Method of Electrode for Lithium Ion
Secondary Batteries>

[0128] The production method of the electrode for lithium
ion secondary batteries of the present invention is not
particularly limited, and can adopt a usual method in the
present technical field.
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[0129] The electrode for lithium ion secondary batteries of
the present invention has an electrode layer in which an
electrode mixture is filled in the collector consisting of foam
porous body consisting of metal, and the electrode layer is
configured by a plurality of electrode divided parts.

(Method of Filling Flectrode Mixture)

[0130] The method of filling the electrode mixture into the
collector is not particularly limited; however, for example, a
method of filling a slurry containing the electrode mixture
inside of the network structure of the collector using a
pressure-type die coater and applying pressure can be exem-
plified.

[0131] After filling the electrode mixture, it is possible to
obtain the electrode for lithium ion secondary batteries by
adopting a common method in the present technical field.
[0132] For example, the electrode for lithium ion second-
ary batteries is obtained by drying the collector in which the
electrode mixture was filled, followed by pressing.

[0133] The density of the electrode mixture can be
improved by pressing, and it is possible to adjust so as to be
the desired density.

(Method of Forming Electrode Divided Part)

[0134] The method of forming the electrode divided part
is not particularly limited; however, for example, a method
of shearing the foam metal in advance and filling the
electrode mixture, and a method of shearing after filling of
the electrode mixture can be exemplified.

(Method of Connecting Electrode Tab)

[0135] The method of connecting the electrode tab to the
electrode divided part is not particularly limited; however,
for example, ultrasonic welding, spot welding, etc. can be
exemplified.

<Lithium Ion Secondary Battery>

[0136] The lithium ion secondary battery of the present
invention includes a positive electrode, a negative electrode,
and a separator or solid-state electrolyte layer located
between the positive electrode and negative electrode.
[0137] In the lithium ion secondary battery of the present
invention, at least one of the positive electrode and negative
electrode is the above-mentioned electrode for lithium ion
secondary batteries of the present invention.

[0138] In other words, the lithium ion secondary battery of
the present invention, the positive electrode may be the
electrode for lithium ion secondary batteries of the present
invention, the negative electrode may be the electrode for
lithium ion secondary batteries of the present invention, or
both may be the electrode for lithium ion secondary batteries
of the present invention.

(Positive Electrode and Negative Electrode)

[0139] In the lithium ion secondary battery of the present
invention, the positive electrode or the negative electrode
not adopting the electrode for lithium ion secondary batter-
ies of the present invention is not particularly limited, and
may be any electrode functioning as the positive electrode
and negative electrode of a lithium ion secondary battery.

[0140] The positive electrode and negative electrode con-
stituting the lithium ion secondary battery can constitute any
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battery by selecting two types from among materials which
can constitute electrodes, comparing the charge/discharge
potentials of the two types of compounds, then using one
exhibiting electropositive potential as the positive electrode,
and one exhibiting electronegative potential as the negative
electrode.

(Separator)

[0141] In the case of the lithium ion secondary battery of
the present invention containing a separator, the separator is
located between the positive electrode and the negative
electrode.

[0142] The material, thickness, etc. thereof are not par-
ticularly limited, and it is possible to adopt a known sepa-
rator which can be used in a lithium ion secondary battery.

(Solid-State Electrolyte Layer)

[0143] In the case of the lithium ion secondary battery of
the present invention containing a solid-state electrolyte, the
solid-state electrolyte constituting a cell is located between
the positive electrode and the negative electrode.

[0144] The solid-state electrolyte contained in the solid-
state electrolyte layer is not particularly limited, and is
sufficient so long as lithium ion conduction between the
positive electrode and negative electrode is possible.
[0145] For example, an oxide-based electrolyte or sulfide-
based electrolyte can be exemplified.

EXAMPLES

[0146] Examples, etc. of the present invention will be
explained hereinafter; however, the present invention is not
to be limited to these Examples, etc.

Example 1

(Production of Positive Electrode for Lithium lon Secondary
Batteries)

[0147] A foam aluminum having a thickness of 1.0 mm,
porosity of 95%, cell number of 46-50 per inch, pore size of
0.5 mm, and specific surface area of 5000 m*/m> was
prepared as the collector.

(Preparation of Positive Electrode Mixture Slurry)

[0148] LiNi, sCo, ,Mn, ;O, was prepared as the positive
electrode active material.

[0149] The positive electrode mixture slurry was produced
by mixing 94 mass % positive electrode active materiel, 4
mass % carbon black as the conduction auxiliary agent, and
2 mass % polyvinylidene fluoride (PVDF) as a binder, and
dispersing the obtained mixture i.n the appropriate amount
of N-methyl-2-pyrrolidone (NMP).

(Preparation of Positive Electrode Divided Part)

[0150] Next, foam aluminum was sheared into four pieces
with sizes of 35 mm height and 40 mm width.

(Formation of Positive Electrode Layer)

[0151] Using a plunger-type die coater, the prepared posi-
tive electrode mixture slurry was coated onto four pieces of
foam aluminum, so as have a coating amount of 90 mg/cm?.
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[0152] Then, by drying for 12 hours at 120° C. in vacuum
and then roll pressing with 15 tons pressure, the positive
electrode layer for lithium ion secondary batteries was
produced.

(Connection of Positive Electrode Tab)

[0153] Next, one tab was welded to two positive electrode
layers by ultrasonic welding.

[0154] Similarly, by welding a tab to the remaining two
positive electrode layers, two identical pieces were prepared.
[0155] The positive electrode divided part of the obtained
positive electrode for lithium ion secondary batteries had a
basis weight of 90 mg/cm?, and density of 3.2 g/cm®.
[0156] The obtained positive electrode for lithium ion
secondary batteries is shown in FIG. 3.

[0157] In Example 1, four positive electrode divided parts
21 of 35 mm height, 40 mm width and 300 pm thickness
were formed, and two flow channels of 1 mm width were
formed substantially perpendicular in the positive electrode
layer, so as to depict a cross intersecting substantially the
center in the plane of the positive electrode layer. Then, the
two flow channels were formed so as to penetrate the
electrode layer from one end face of the positive electrode
layer until the other end face.

[0158] Furthermore, in a form in which two positive
electrode tabs 22 respectively connect to two positive elec-
trode divided parts 21, they extend from a pair of corre-
sponding end faces of the positive electrode layer.

(Production of Negative Electrode for Lithium Ion
Secondary Batteries)

[0159] A foam aluminum was prepared having a thickness
of 1.0 mm, porosity of 95%, cell number of 46 to 50 per
inch, pore size of 0.5 mm and specific surface area of 5000
m?*/m? as the collector.

(Production of Negative Electrode Mixture Slurry)

[0160] A negative electrode mixture slurry was produced
by mixing 96.5 mass % of natural graphite, 1 mass % of
carbon black as a conduction auxiliary agent, 1.5 mass % of
styrene-butadiene rubber (SBR) as a binder, and 1 mass %
of sodium carboxymethyl cellulose (CMC) as a thickening
agent, and dispersing the obtained mixture in the appropriate
amount of distilled water.

(Formation of Negative Electrode Layer)

[0161] The produced negative electrode mixture slurry
was coated onto the collector using a die coater so as to make
a coating amount of 45 mg/cm?.

[0162] By drying for 12 hours at 120° C. in vacuum and
then roll pressing with 10 tons pressure, the negative elec-
trode for lithium ion secondary batteries was produced.
[0163] The electrode layer of the obtained negative elec-
trode for lithium ion secondary batteries had a basis weight
of 45 mg/cm?, and density of 1.5 g/cm®.

[0164] The produced negative electrode was used by
punch processing to 74 mmx84 mm.

[0165] (Connection of Negative Electrode Tab)

[0166] Next, tabs were welded to both ends by ultrasonic
waves.

[0167] The obtained negative eclectrode for lithium ion

secondary batteries is shown in FIG. 3.
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[0168] In Example 1, a negative electrode layer of 74 mm
height, 84 mm width and 300 um thickness was formed, and
two negative electrode tabs 32 extend from a pair of corre-
sponding end faces of the negative electrode layer.

[0169]

[0170] A micrcporous membrane made into a three-layer
laminate of polypropylene/polyethylene/polypropylene of
25 um thickness was prepared as the separator, and punched
to a a size of 80 mmx90 mm. Inside of the product of heat
sealing an aluminum laminate for secondary batteries and
processing into a bag shape, a laminate made by arranging
the separator between the positive electrode and negative
electrode prepared as described above was inserted to pre-
pare a laminate cell.

[0171] As the electrolytic solution, a solution was pre-
pared in which 1.2 moles of LiPF ; was dissolved in a solvent
prepared by mixing ethylene carbonate, dimethyl carbonate
and ethyl methyl carbonate in the volumetric; ratio of 3:4:3,
then injected into the above-mentioned laminate to produce
the lithium ion secondary battery.

[0172] The configuration of the electrode laminate of the
lithium ion secondary battery produced in Example 1 is
shown in FIG. 3.

[0173] InExample 1, a separator S1 was arranged between
the positive electrode and negative electrode, and two posi-
tive electrode tabs 22 and two negative electrode tabs 32
made a perpendicular arrangement.

(Production of Lithium ion Secondary Battery)

Example 2

(Production of Positive Electrode for Lithium lon Secondary
Batteries)

[0174] The positive electrode for lithium ion secondary
batteries was produced similarly to Example 1.

[0175] The positive electrode divided parts in the obtained
positive electrode, for lithium ion secondary batteries had a
basis weight of 90 mg/cm?, and density of 3.2 g/cm®.

[0176] The obtained positive electrode for lithium ion
secondary batteries is shown in FIG. 4.

[0177] In Example 2, similarly to Example 1, four positive
electrode divided parts 41 of 35 mm height, 40 mm width
and 300 um thickness were formed, and two flow channels
of 1 mm width were formed substantially perpendicular in
the positive electrode layer, so as to depict a cross intersect-
ing substantially the center in the plane of the positive
electrode layer.

[0178] Then, the two flow channels were formed so as to
penetrate the electrode layer from one end face of the
positive electrode layer until the other end face.

[0179] Furthermore, in a form connecting two positive
electrode tabs 42 to two positive electrode divided parts 41,
respectively, they extend from a pair of corresponding end
faces of the electrode layer.

(Production of Negative Electrode for Lithium Ion
Secondary Battery)

(Preparation of Negative Electrode Mixture Slurry)

[0180] The negative electrode mixture slurry was pro-
duced similarly to Example 1.
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(Formation of Negative Electrode Layer)

[0181] A foam copper was prepared having a thickness of
1.0 mm, porosity of 95%, cell number of 46 to 50 per inch,
pore size of 0.5 mm and specific surface area of 5000 m*/m>
as the collector.

(Preparation of Negative Electrode Divided part)

[0182] Next, foam copper was sheared into four with sizes
of 37 mm height and 42 mm width.

(Formation of Negative Electrode Layer)

[0183] Using a die coater, the prepared negative electrode
mixture slurry was coated onto the four pieces of foam
coppet, so as have a coating amount of 45 mg/cm?.

[0184] By drying for 12 hours at 120° C. in vacuum and
then roll pressing with 10 tons pressure, the negative elec-
trode layer for lithium ion secondary batteries was produced.

(Connection of Negative Electrode Tab)

[0185] Next, one tab was welded to two negative electrode
layers by ultrasonic welding.

[0186] Similarly, by welding a tab to the remaining two
negative electrode layers, two identical pieces were pre-
pared.

[0187] The negative electrode divided part in the electrode
layer of the obtained negative electrode for lithium ion
secondary batteries had a basis weight of 45 mg/cm?, and
density of 1.5 g/cm®.

[0188] The obtained negative electrode for lithium ion
secondary batteries is shown in FIG. 4.

[0189] In Example 2, four negative electrode divided parts
51 of 37 mm height, 42 mm width and 300 um thickness
were formed, and two flow channels of 1 mm width were
formed substantially perpendicular in the negative electrode
layer, so as to depict a cross intersecting substantially the
center in the plane of the negative electrode layer. Then, the
two flow channels were formed so as to penetrate the
electrode layer from one end face of the positive electrode
layer until the other end face.

[0190] Furthermore, in a form in which two negative
electrode tabs 52 respectively connect to two negative
electrode divided parts 51, they extend from a pair of
corresponding end faces of the negative electrode layer.

(Production of Lithium Ion Secondary Battery)

[0191] Except for using the positive electrode and nega-
tive electrode prepared above, the lithium ion secondary
battery was produced similarly to Example 1.

[0192] The configuration of the electrode laminate of the
lithium ion secondary battery produced in Example 2 is
shown in FIG. 4.

[0193] InExample 2, a separator 82 was arranged between
the positive electrode and negative electrode, and two posi-
tive electrode tabs 42 and two negative electrode tabs 52
made a perpendicular arrangement.

Comparative Example 1>

(Production of Positive Electrode for Lithium lon Secondary
Batteries)

[0194] The positive electrode layer for lithium ion sec-
ondary batteries was produced similarly to Example 1, other
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than punching to 70 mmx80 mm and using without forming
positive electrode divided parts.

[0195] Only one positive electrode tab was connected by
the same method as Example 1 to the prepared positive
electrode layer to obtain the positive electrode for lithium
ion secondary batteries.

[0196] The electrode layer in the positive electrode in the
obtained positive electrode for lithium ion secondary bat-
teries had a basis weight of 90 mg/cm?, and density of 3.2
g/em?®.

(Production of Negative Electrode for Lithium Ion
Secondary Batteries)

[0197] The negative electrode for lithium ion secondary
batteries was produced similarly to Example 1, except for
connecting only one negative electrode tab.

(Production of Lithium Ion Secondary Battery)

[0198] A lithium ion secondary battery was produced
similarly to Example 1, other than using the positive elec-
trode and negative electrode prepared above.

[0199] The configuration of. the electrode laminate body
of the lithium ion secondary battery produced in Compara-
tive Example 1 is shown in FIG. 5.

[0200] In Comparative Example 1, a separator 83 was
arranged between the positive electrode and negative elec-
trode, and the positive electrode tab 62 and negative elec-
trode tab 72 made an arrangement, extending from a pair of
opposing end faces.

(Evaluation of Lithium Ion Secondary Battery)

[0201] The following evaluations were performed on the
lithium ion secondary batteries obtained in Examples 1 and
2, and Comparative Example 1.

(Initial Discharge Capacity)

[0202] The lithium ion secondary battery was left for 3
hours at the measurement temperature (25° C.), constant-
current charging was performed until 4.2 V at 0.33C, then
constant-voltage charging was performed for 5 hours at a
voltage of 4.2 V, and left for 30 minutes, followed by
performing discharging until 2.5 V at a discharge rate 0£ 0.33
C to measure the discharge capacity.

[0203] The obtained discharge capacity was defined as the
initial discharge capacity.

(Initial Cell Resistance)

[0204] The lithium ion secondary batteries after the initial
discharge capacity measurement were adjusted to 50%
charge level (SOC (State of Charge)).

[0205] Next, they were discharged for 10 seconds with a
current value of the value of 0.2 C, and the voltage after 10
seconds was measured. Then, with the current value as the
horizontal axis and the voltage as the vertical axis, each
voltage after 0.1 seconds, 1 second and 10 seconds was
plotted relative to the current of 0.2 C.

[0206] Next, after leaving for 10 minutes, the SOC was
returned to 50% by performing auxiliary charging, and then
left for 10 more minutes. Next, the same operations as
mentioned above were performed for each C rate of 0.5 C,
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1.0C,1.5C,2.0C, 2.5 C,and each voltage after 0.1 seconds,
1 second and 10 seconds relative to charging at each C rate
were plotted.

[0207] The slope of the approximate line obtained from
each plot was defined as the initial cell resistance of the
lithium ion secondary battery.

(C Rate Characteristic)

[0208] The lithium ion secondary battery after the initial
discharge capacity measurement was left for 3 hours at the
measurement temperature (25° C.), the constant-current
charging was performed until 4.2 V at 0.33 C, then constant-
voltage charging was performed for 5 hours until the voltage
of 4.2 V, and left for 30 minutes, followed by performing
discharging until 2.5 V at the discharge rate of 0.5 C to
measure the discharge capacity.

[0209] The above-mentioned experiments were performed
for each Crate of 1 C, 1.5 C, 2 C and 2.5 C, and the data
summarizing the discharge capacities at each C rate by the
capacity retention rate when defining the capacity of 0.33 C
as 100% was defined as the C rate characteristic.

(Endurance Discharge Capacity)

[0210] As a charge/discharge cycle endurance test, one
cycle was defined as the operations of performing constant-
currant charging until 42 V at 0.6 C with a constant
temperature oven at 45° C., followed by performing con-
stant-voltage changing until the voltage of 4.2 V or charging
for 5 hours or until becoming a current of 0.1 C, and then
leaving for 30 minutes, and then performing constant-
current discharge until 2.5 V at a discharge rate 0f 0.6 C and
leaving for 30 minutes, and this operation was repeated for
200 cycles.

[0211] After the completion of 200 cycles, the constant
temperature oven was set to 25° C., and left for 24 hours in
a state after 2.5 V discharging, after which the discharge
capacity was measured similarly to the measurement of the
initial discharge capacity. This operation was repeated for
every 200 cycles, and measured until 600 cycles.

(Endurance Cell Resistance)

[0212] After completion of 600 cycles, it was adjusted to
50% charge level (SCO (State of Charge)), and the endur-
ance cell resistance was obtained by a method similar to the
measurement of the initial cell resistance.

(Capacity Retention)

[0213] The discharge capacity for every 200 cycles rela-
tive to the initial discharge capacity was obtained, and
defined as the capacity retention for each cycle.

(Resistance Change Rate)

[0214] The cell resistance after enduring 600 cycles rela-
tive to the initial cell resistance was obtained, and defined as
the resistance change rate.

[0215] Table 1 shows various measurement results of the
lithium ion secondary batteries produced in the Examples
and Comparative Examples. FIG. 6 shows the initial cell
resistance of the lithium ion secondary batteries produced in
the Examples and Comparative Examples, and FIG. 7 shows
the C rate characteristic of the lithium ion secondary bat-
teries produced in the Examples and Comparative
Examples. FIG. 8 shows the capacity retention for every 200
cycles.
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TABLE 1
Comparative
Example 1 Example 2 Example 1
Initial discharge capacity (mAh) @4 1659 1729
Initial cell 0.1®: Electronic resistance 53 35 81
resistance (Q) 1®: Reaction resistance 6 3 11
at discharge side  1(®: Ion diffusion resistance 15 9 20
Total 74 47 112
C-rate 0.5 C Discharge capacity (mAh) 1620 1626 166
characteristic 0.5 C Capacity retention (%) 96.2 98.0 96.4
0.75 C Discharge capacity (mAh) 1578 1601 1628
0.75 C Capacity retention (%) 33.7 96.5 34.2
1.0 C Discharge capacity (mAh) 1548 1578 1X@6
1.0 C Capacity retention (%) 91.9 95.1 923
1.5 C Discharge capacity (mAh) 1502 1540 1548
1.5 C Capacity retention (%) 89.2 92.8 89.6
2.0 C Discharge capacity (mAh) 1465 1507 1484
2.0 C Capacity retention (%) 86.9 99.9 @.9
2.5 C Discharge capacity (mAh) 1416 145®@ 197
2.5 C Capacity retention (%) 84.1 89.2 733
3.0 C Discharge capacity (mAh) 1274 1457 1044
3.0 C Capacity retention (%) 75.6 87.8 60.4
3.5 C Discharge capacity (mAh) 1114 1416 @72
3.5 C Capacity retention (%) ®@6.1 85.4 504
4.0 C Discharge capacity (mAh) 974 13@ 741
4.0 C Capacity retention (%) 37®@ 78.6 429
Durability test Discharge capacity after 200 cycles (mAh) 1643 1@ 1422
Capacity retention after 200 cycles (%) 97® 100.0 @11
Discharge capacity after 400 cycles (mAh) 1547 1618 1332
Capacity retention after 400 cycles (%) 91® 97.5 77.1
Discharge capacity after 600 cycles (mAh) 1476 1®49 1269
Capacity retention after 200 cycles (%) 87.6 934 @4
Cell resistance after 600 cycle endurance (Q) 97 77 1@7
Resistance change rate (%) 131.6 161.8 175®@

@ indicates text missing or illegible when filed

[0216] As shown in FIG. 6, with the batteries of Examples
1 and 2 made using the electrodes for lithium ion secondary
batteries of the present invention configuring the electrode
layers by electrode divided parts, the cell resistance was
suppressed compared to the battery of Comparative
Example 1.

[0217] As shownin FIG. 7, the C rate characteristics of the
batteries of Examples 1 and 2 became high values compared
to the battery of Comparative Example 1.

[0218] In other words, with the battery made using the
electrode for lithium ion secondary batteries of the present
invention configuring the electrode layers by electrode
divided parts, the ion diffusivity improved.

[0219] As shown in FIG. 8, the capacity retention for
every 200 cycles of the batteries of Examples 1 and 2
becomes a higher value as the cycle number increases,
compared to the battery of Comparative Example 1.
[0220] In other words, with the battery made using the
electrode for lithium ion secondary batteries of the present
invention configuring the electrode layers by the electrode
divided parts, the durability improved.

EXPLANATION OF REFERENCE NUMERALS

[0221] 10, 100 electrode

[0222] 11 electrode divided part

[0223] 101 electrode layer

[0224] 12, 102 electrode tab

[0225] 13 base plate

[0226] 21, 41 positive electrode divided part
[0227] 61 positive electrode layer

[0228] 22, 42, 62 positive electrode tab

[0229] 31, 71 negative electrode layer

[0230] 51 negative electrode divided part

[0231] 32, 52, 72 negative electrode tab

[0232] 81, 82, 83 separator

[0233] A region of electrode layer near electrode tab
[0234] B region of electrode layer far from electrode tab

What is claimed is:

1. An electrode for lithium ion secondary batteries, com-
prising: a collector which is a foam porous body consisting
of metal; an electrode layer in which an electrode mixture is
filled into the collector; and an electrode tab,

wherein the electrode layer is configured by a plurality of

electrode divided parts.

2. The electrode for lithium ion secondary batteries
according to claim 1, further comprising a flow channel
between the electrode divided parts which are adjacent.

3. The electrode for lithium ion secondary batteries
according to claim 2, wherein an electrolytic solution is
filled into the flow channel.

4. The electrode for lithium ion secondary batteries
according to claim 1, wherein the electrode divided parts are
disposed on a base plate.

5. The electrode for lithium ion secondary batteries
according to claim 1, wherein the electrode layer is config-
ured by two electrode divided parts.

6. The electrode for lithium ion secondary batteries
according claim 1, wherein a plurality of the divided parts is
connected to the electrode tab.

7. The electrode for lithium ion secondary batteries
according to claim 1, wherein the electrode layer is config-
ured by four electrode divided parts.
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8. The electrode for lithium ion secondary batteries
according to claim 2, wherein the flow channels are disposed
substantially in parallel.

9. The electrode for lithium ion secondary batteries
according to claim 2, wherein the flow channels are disposed
substantially in perpendicular.

10. The electrode for lithium ion secondary batteries
according to claim 1, wherein the collector is foam alumi-
num.

11. The electrode for lithium ion secondary batteries
according to claim 1, wherein the electrode for lithium ion
secondary batteries is a positive electrode.

12. The electrode for lithium ion secondary batteries
according to claim 1, wherein the foam porous body is foam
coppet.

13. The electrode for lithium ion secondary batteries
according to claim 1, wherein the electrode for lithium ion
secondary batteries is a negative electrode.

14. A lithium ion secondary battery, comprising: a posi-
tive electrode a negative electrode; and a separator or solid
electrolyte layer located between the positive electrode and
the negative electrode, wherein at least one of the positive
electrode and the negative electrode is the electrode for
lithium ion secondary batteries according to claim 1.

#* #* #* #* #*



